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Forecasting future production peak needs to estimate the future production from 2023 towards 

the end of the production, which is called remaining reserves at end 2022. Future production 

from 2023 plus cumulative production at end 2022 is called ultimate. 

Ultimate reserves are estimated by geologists and production engineers from known 

discoveries. But most of the past discovered real reserves (2P = proven + probable being the 

most likely value) with the range from 1P = proven = 90% probability value to 3P = proven + 

probable + possible = 10% probability value) are owned by private producers and are 

confidential. Most of private oil producers are listed on the US stock market and are obliged 

by the SEC (Security and Exchange Commission) to report only audited proven reserves 

(remaining as today) defined as the future production with a "reasonable certainty to exist 

with today technology and price", giving "financial reserves data" in case of bankruptcy to 

protect bankers and shareholders, but the future conditions will change. SEC rules on oil 

reserves are bad practices, giving later an important proven reserves growth which is 

artificial. 

Oil producers in private apply SPE rules (WPRM) to estimate 2P reserves, which are 

confidential (SEC rules oblige to not report 2P reserves), but these data obtained (how?) by 

scouting can be bought from scout companies. But within a company there are several 

different sources of 2P reserves (geologists, reservoir engineers, producers, economists). 
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OPEC oil quotas are based on proven oil reserves and from 1985 to 1989 OPEC members 

fought on quotas and increased OPEC proven by 300 Gb of speculative resources, giving 

"political reserves data". 

The discrepancy between the technical confidential 2P crude oil remaining reserves and the 

published political/financial1P remaining reserves is very large. Extra-heavy (XH) oil 

(heavier than water) has a different trap than crude oil field (water level below oil below gas 

below cap) and represents huge resources: Canada oilsands = bitumen produced by mining or 

with steam and Venezuela Orinoco. 

2P world and 1P crude oil reserves are two different worlds and two different trends.  

But 1P data is bad practice as the arithmetic sum of the field proven (minimum) reserves of a 

country is not the proven (minimum) reserves of the country: it is less as it is unlikely that all 

the field reserves would be at minimum. 

See my 2021 paper World oil production: past & forecasts https://aspofrance.org/2021/06/27/world-

oil-production-past-forecasts/: 

 
 

The crude oil reserves data from different sources is striking!  
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The only countries reporting 2P oil & gas estimates by field are the UK (UK oil & gas 

authority) and the US Federal Gulf of Mexico (BOEM).  

Norway (NPD) reports reserves by field but there are not 2P but what is decided for the 

development by the producer without knowing their rules.  

NPD reports only developed discoveries, in contrary to 2P for undeveloped discoveries. 

 
 

2P reserves confidential data (obtained from producers) are sold by scout companies, as IHS 

or Rystad. 

 

But future production will come from past discoveries but also from "yet to find" discoveries. 

These yet to find can be estimated using creaming curves: extrapolation of cumulative 

discoveries versus the cumulative number of exploratory wells (or new field wildcats or 

number of fields) 

Creaming curve for Europe in 1998    in 2012 

 
 

 

Because the unreliable reserves data to estimate ultimate, the approach of using past data to 

extrapolate the past annual production/cumulative production towards zero being the 

estimated ultimate was introduced by King Hubbert known as the Hubbert linearization: see 

https://en.wikipedia.org/wiki/Hubbert_linearization. 

This approach could be pessimistic as forgetting new discoveries and new technology, despite 

that past data includes also the past evolution of discovery and technology. 

This paper is based on ASPO France data. 

 

 

-ASPO France data 
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ASPO France data is found on https://www.gostatit.com/aspo_france. 

The world and regions are studied from data from ASPO France (reported by Hugo Duterne) 

Data is broken down by regions (seven) and by political entities = OPEC, NOPEC (non-

OPEC), European Union, Middle East and by producing countries. 

Regions: 7 making the world 

Africa, Asia (All Asia countries except CIS states, including Turkey), Europe (All Europe 

countries, except CIS states, including Georgia, excluding Turkey), CIS (CIS States includes 

Armenia, Azerbaijan, Belarus, Kazakhstan, Kyrgyzstan, Moldova, Russian Federation, 

Tajikistan, Turkmenistan, Uzbekistan), North America (Refers to US + Canada, excluding 

Mexico), Latin America (All America countries except US and Canada), Oceania (Australia, 

New Zealand, Timor, Papua). 

 

Items are Brown coal production, Hard coal production, Condensate production, Crude oil 

production, Extra-heavy oil production, NGPL production, Light tight oil production, Natural 

gas production, Hydroelectricity, Nuclear Power Generation, Solar power generation, 

Offshore wind generation, Onshore wind power generation, All liquids hydrocarbons 

production, Total primary electricity generation. 

 

For comparison Petroconsultants (IHS later) was reporting 8 regions: Africa, Australasia, CIS, 

Europe, Fareast, Latin America, Middle East, North America but data excludes the USL48 

onshore and West Canadian Sedimentary basin. 

 

-world primary energy 

HL of world primary energy trends towards 50 ZJ for the last few years, but could trends to 

100 ZJ, meaning a peak in 2022 or in 2060, when WEO2021SP forecasts it well beyond 2050.   

  
 

Primary energy is likely peaking and will decline in the future and the world is not prepared 

to this decline. 

WEO2021 displays primary energy graphs for Stated Policies = STEPS and NZE = net zero 

emissions (unlikely forecast): 
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The world hopes to reduce the anthropic global warming by reducing the CO2 emissions, but 

most of the projects are by removing the CO2 = CCS = carbon capture and storage 

CCS is used today to improve oil production by miscible gas injection (CH4 or CO2), but the 

volume of CCS is presently 1000 less than the CO2 fossil fuels emissions. CCS uses energy. 

CCS technology is expected to use between 10 and 40 percent of the energy produced by a 

power station. Energy for CCS is called an energy penalty. 

A recent paper by JP Morgan March 2023 finds that 80% of planned CCS projects were never 

built. 

IEA https://www.iea.org/fuels-and-technologies/carbon-capture-utilisation-and-storage 

There are around 35 commercial facilities applying CCUS to industrial processes, fuel 

transformation and power generation, with a total annual capture capacity of almost 

45 Mt CO2. CCUS deployment has been behind expectations in the past, but momentum has 

grown substantially in recent years, with around 300 projects in various stages of 

development across the CCUS value chain. 

Project developers have announced ambitions for over 200 new capture facilities to be 

operating by 2030, capturing over 220 Mt CO2 per year. However, only around 

10 commercial capture projects under development have taken FID as of June 2022. 

Nevertheless, even at such level, CCUS deployment would remain substantially below what is 

required in the Net Zero Scenario. 

While our country emits roughly 5 billion tons of carbon into the atmosphere every year, 

removing 1 billion tons of that through direct air capture would require nearly the entire 

electricity output of the United States. 

 

WEO-NZE (see above) requires more energy to reduce CO2 emissions by CCS but at the 

same time forecasts a decrease in energy production: it is contradictory! 

 

IEA primary energy does not include food for Humans (larger than nuclear and fuelwood), as 

fodder as it is done by Harvard University for energy consumption in Mtoe. 
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The percentage shows that fossil fuels represent more than 75% of the primary energy 

consumption since 1960, despite the 27 COPs on global warming! 

 
 

World primary energy from different sources displays similar trends, with a growth rate of 

4.6%/a from 1945 to 1977 (oil shock) and from 1977 to 2019 of 1.8 %/a, quite a change! 

Primary energy correlates with GDP as shown in this graph in log scale to compare growth. 
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Since the oil shock of 1973 GDP is manipulated with hedonic factor and other items. 

 

HL of Harvard world energy consumption trends towards 3400 Gtoe, meaning a peak around 

2060, in contrary with a peak in 2020 from the above graph from ASPO data. This shows the 

uncertainty of forecasting peak from similar data. But both forecast a peak in energy, when 

the world seems to live as growth will be forever: earth is finite! 

 
 

Harvard energy consumption forecast is compared with ASPO primary energy forecast. It 

appears that the ultimate of 100 ZJ looks better! 
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-world fossil fuels and electricity generation 

HL of hard coal production in Mt trends poorly towards 1000 Gt, but HL of brown coal 

production is better trending towards 150 Gt, but the heat content by tonne of hard coal is 

about 50 % above brown coal. They should be reported in toe or Joule 1toe = 42 GJ. 

  
Brown coal production has peaked in 2011 and hard coal could peak around 2050: 

 
 

The amount of coal resources is huge, but production is limited by EROI= energy return in 

energy invested. Coal reserves are limited by the depth and the thickness of the seams. Coal is 

not reported be produced beyond 1500 m depth and only onshore, when gold is produced over 

4000 m deep. The largest volume of gold (as uranium) is found in the sea waters (up to 20 Mt 

against a global cumulative gold production of 0.2 Mt), but presently no one tries to produce 

gold from sea waters, as the concentration is 1 g/100 Mt of water when presently gold is 

mined with 1 g/t of ore. 

 

World coal consumption are reported by Harvard University in Mtoe and the HL trends 

towards 400 Gtoe; meaning a peak in 2013, in contrary with above, broken down into brown 

peak (peak 2013) and hard (peak 2047): 

0,0

0,5

1,0

1,5

2,0

2,5

3,0

0 200 000 400 000 600 000 800 000 1 000 000 1 200 000 1 400 000

a
P

/C
P

%

cumulative production 

HL of hard coal production

Jean Laherrere April 2023

0

200

400

600

800

1000

1200

1400

1600

1800

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

5

0 20 000 40 000 60 000 80 000 100 000 120 000 140 000 160 000 180 000 200 000

a
P

 M
t

a
P

/C
P

%

cumulative production 

HL of brown coal production

aP/CP%

aP

Jean Laherrere April 2023

0

500

1000

1500

2000

2500

3000

3500

4000

4500

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

1850 1900 1950 2000 2050 2100 2150

M
to

e

M
t

world coal production in Mt

U=1000  Gt

Hard coal

U=150  Gt

Brown coal

coal Rutledge Mt

coal Mtoe

Jean Laherrere April 2023

ASPO France data



 9 

 
 

HL of world crude oil (excluding LTO and XH) production trends towards 330 G.m3 (km3), 

meaning the crude oil (unclear definition, here excluding LTO and XH) production has 

peaked in 2016. 

  
 

HL of extra-heavy (XH) oil production is disturbed by the political problems of Venezuela 

and a past trend was taken for an ultimate of 16 km3 = 100 Gb 

Extra-heavy oil reserves are mainly Athabasca oilsands and Venezuela Orinoco. 

  
 

Orinoco XH, contrary to Athabasca XH known since centuries, does not outcrop and the 4 

fields were found from 1936 to 1939 by drilling. 

The first cross-section interpreted by Carlos Cramez displays the pinch-out of the Cretaceous 

(source rock in green) and Oficina XH  
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The second cross-section shows the complexity of the reservoirs: 

 
The Oficina reservoirs 
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The net oil sand thickness is shown on the 4 XH areas but the recovery factor is poor in 

Boyaca, better in Junin and even more in Ayacucho and Carabobo 

 
 

The good pay is in orange on this horizontal well. 
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My 2019 XH forecast was based on ultimates of 500 Gb (5 more time), showing 

IEA/WEO2018 forecast. It is obvious that forecasting XH ultimate from past production will 

give pessimistic results. The problem of XH production is that it needs big energy to produce 

(steam) and big investments to transport (upgrader), needing long and stable contracts which 

is not the case in the present Venezuela. 

 
 

HL of world LTO (light tight oil) mainly in the US trends towards 7 km3 (45 Gb) (my 

estimate for US LTO ultimate is 35 Gb), meaning that world LTO production is peaking. 
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HL of world NGPL trends (very poor quality) towards 100 km3, meaning a peak around 2050 

  
But see page 26 more detail on NGPL. 

HL of world liquids production (not all as excluding refinery gain and other liquids as XTL 

(X to liquids, X being biomass, coal, NG, shale)) trends towards 600 km3, meaning a peak 

before 2040 

  
But this 600 km3 liquids ultimate  (fair quality) is well above the sum of the different oils 

being 470 km3, but with different HL qualities (in particular for NGPL), giving a peak now  
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HL of NG world production trends towards 500 T.m3 

  
IEA/WEO2022 SP is less optimistic than the HL for the value of the NG peak! 

 

 

Hydroelectricity could be considered as renewable or not. The problem of renewables going 

to a peak with Hubbert curve or an asymptote with S curve is found page 65.  

HL of world hydroelectric generation trends (poor) towards 550 PWh, meaning a peak in 

2050 with a value lower than WEO2021 SP (which matches with S curve) and much lower 

than WEO2021 NZE       
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HL of world nuclear generation trends towards 300 PWh (HL US 50 PWh), meaning a peak 

about 2040.  

  
IEA/WEO2021 SP is in line with S curve and looks very optimistic: 

 
Obviously, the generation of a nuclear plant is quite different from the oil or NG production of 

an oil or NG field, as a nuclear plant has a certain capacity and can produce this capacity all 

the time, except when stopped for maintenance: its supply is in fact its load factor. The life of 

a nuclear plant can be 60 to 80 years. The nuclear generation of a country depends upon the 

number of nuclear plants and their sizes. 

It appears that the modelling with Hubbert cycles of a country nuclear generation is not the 

best! It could be modelled with S curve: see further. 

The production of Fessenheim in France from 1977 to 2020: its closure was a political 

decision. 
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HL of the world solar generation is very poor as started only after 2000: an ultimate of 50 

PWh was taken as 100 PWh and 200 PWh, even 5000 or 10 000 TWh S curves give a forecast 

below IEA/WEO2022 forecast, which looks very optimistic: solar energy is intermittent, in 

France only a load factor of 13 % in 2021: 

  
 

HL of world wind generation trends poorly towards 100 PWh, but 200 PWh is also taken, 

giving a S curve in line with IEA/WEO2021 SP:  
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HL of world primary electricity generation excluding FF is useless and ultimates of 1000 and 

1 500 PWh are chosen but giving peaks well below WEO2021:WEO2021NZE looks 

unrealistic. 

 
 

HL of world primary electricity generation from EIA trends fairly towards 2 000 PWh, giving 

a peak in 2032 and S curve is below WEO2022 SP: 

 
 

World primary energy is compared with primary electricity generation with and without fossil 

fuels, showing the small part of electricity 1 TWh = 278 EJ: 
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EIA forecasts for 2050 40 PWh (50 for IEA) and 23 PWh for my above forecast.  

Most of EIA growth is in Non-OECD: 

 
 

HL of biofuels consumption from Harvard trends towards 3 Gtoe, meaning a peak (or an 

asymptote) in 2019 

 
 

HL of Harvard world food for Humans consumption trends towards 220 Gtoe, meaning a 

peak around 2075: 
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World food for human consumption per capita correlates fairly well with world population 

since 1820: 

 
 

 

-CO2 emissions from energy combustion 

IEA reports CO2 emissions in GtCO2 from energy combustion 1899-2021 and before OWID 

data was used from 1750. 

HL of world CO2 emissions trends (fair) towards 3500 GtCO2, giving a peak in 2028 at 37 

GtCO2 (36.3 in 2021) 
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I remind my previous papers on CO2 emissions: 

-Laherrere J.H. 2021 «COP21 commitments for CO2 emissions from 2019 data for world and 

main countries” February- https://aspofrance.org/2021/02/27/cop21-commitments-for-co2-emissions-from-

2019-data-for-world-and-main-countries/ 
-Laherrere J.H. 2019 «Are there enough fossil fuels to generate the IPCC CO2 baseline scenario?” 
 https://aspofrance.files.wordpress.com/2019/08/ipccco2rcp.pdf  
-Durand B. & Laherrere J.H. 2015 « Fossil Fuels Ultimate Recovery Appraisal, Clue to Climate 

Change Modelling » International Scientific Conference 7-10 juin Paris  
https://aspofrance.org/2015/12/11/fossil-fuel-ultimate-recovery-appraisal-clue-to-climate-change-modeling-

december-2015-bernard-durand/ 

My 2015 graph converting each fossil fuel past production and forecast into CO2 emissions, 

(for the COP21 in Paris) forecasted a peak of CO2 FF emissions in 2030 at 40 GtCO2, close 

to my present forecast above. It is good to find the same forecast 8 years later using a different 

approach. 

 
These forecasts are very far from the IPCC scenario SSP5 (shared socio-economic pathways) 

forecasting an increase of 4 °C! 

 

-oil & gas data 

Oil and gas production data is a jungle because the competition between producers which 

keep their data confidential. And energy agencies as EIA, IEA, OPEC have different goals. 
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OPEC oil production quotas were the reason for fight during the 1980s on reserves (300 Gb of 

speculative resources) and on production. 

There is no consensus on most of the definitions. 

Contrary to the football game with world rules, umpires and red cards, the oil industry has no 

world rules, no umpires and no red cards. Most oil reserves followed the SEC (Security and 

Exchange Commission) rules which are financial, other oil reserves followed the OPEC rules 

which are political. Every oil producer uses the SPE (Society of Petroleum Engineers) 

techniques (PRMS) to estimate their confidential reserves. 

The only product with a world consensus is bitumen because the term was defined in 1982 at 

the II international conference on heavy crude and tar sands organized by Unitar (United 

Nations Institute for Training and Research), as an oil with a viscosity greater than 10 000 

centipoise at original reservoir temperature.  

But there is no world consensus on the definition of crude oil, condensate or natural gas 

liquids. 

 

The IEA (International Energy agency) was created in opposition with the OPEC. 

OPEC quotas for its members on oil production apply to crude oil, but not to condensate. 

IEA bad definition on condensate is either crude oil if sold with crude or NGL if sold with 

NGL: it is ambiguous! 

 
 

But EIA glossary distinguishes in production: 

- Crude Oil:  A mixture of hydrocarbons that exists in liquid phase in natural underground 

reservoirs and remains liquid at atmospheric pressure after passing through surface 

separating facilities 

-Lease Condensate:  A mixture consisting primarily of pentanes and heavier hydrocarbons 

which is recovered as a liquid from natural gas in lease separation facilities.  This category 

excludes natural gas plant liquids, such as butane and propane, which are recovered at 

downstream natural gas processing plants or facilities. 

-Natural Gas Plant Liquids:  Those hydrocarbons in natural gas that are separated as liquids 

at natural gas processing plants, fractionating and cycling plants, and, in some instances, 

field facilities. Lease condensate is excluded. Products obtained include ethane; liquefied 

petroleum gases (propane, butanes, propane-butane mixtures, ethane-propane mixtures); 
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isopentane; and other small quantities of finished products, such as motor gasoline, special 

naphthas, jet fuel, kerosene, and distillate fuel oil. 

EIA for US oil production reports lease condensate with crude oil, but natural gas plant field 

production called NGL (?) https://www.eia.gov/dnav/pet/pet_pnp_gp_dc_nus_mbbl_m.htm 

 
 

EIA for US consumption with products reports US monthly field production 

https://www.eia.gov/dnav/pet/pet_sum_snd_d_nus_mbbl_m_cur.htm dec2022 as crude = 375 Mb and 

NGL = 171 Mb 

 
 

EIA international browser https://www.eia.gov/international/data/world/petroleum-and-other-liquids/ 

reports crude oil with lease condensate. 

 
Crude Oil data for Canada include Alberta oil sands production. 

Other Liquids includes biodiesel, ethanol, liquids produced from coal, gas, and oil shale, 

Orimulsion, blending components, and other hydrocarbons. 

Negative refinery processing gain data values indicate the reported volumetric output is lower 

than reported inputs. 
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In theory NGL = NGPL + condensate, but it is not always the case, as condensate can be 

reported within crude oil 

 

OPEC general notes define crude oil as including lease condensate: 

Crude oil: a mixture of hydrocarbons that exists in a liquid phase in natural underground 

reservoirs and remains liquid at atmospheric pressure after passing through surface 

separating facilities. For statistical purposes, volumes reported as crude oil include: 

- liquids technically defined as crude oil; 

- small amounts of hydrocarbons that exist in the gaseous phase in natural underground 

reservoirs, but which are liquid at atmospheric pressure after being recovered from oil well 

(casing head) gas in lease separators; 

- small amounts of non-hydrocarbons produced with the oil; 

- very heavy and extra-heavy crude oils with viscosity less than 10,000 mPa-s (centipoises) at 

original reservoir conditions. 

 

OPEC monthly report April 2023 has two sets of production data: secondary sources and 

direct communication (nothing from Iran and Libya 

 
Why two sources? Which one is right? 

 

The world oil supply is given by OPEC monthly report as 101.9 Mb/d for March 2023 
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All liquids in Mb/d include crude oil, NGL, but also refinery gain (in volume, not in weight) 

and other liquids = biofuels, coal to liquids, gas to liquids, shale to liquids = XTL= X to 

liquids with X= biomass, shale, coal, gas) 

 
 

HL of world other liquids trends towards 100 Gb, meaning a peak in 2024 at 4.2 Mb/d 
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In volume (Mb/d), there is some discrepancies between EIA, IEA and OPEC data: 

 
 

in weight (energy) 1 toe = 42 GJ 

From IEA energy graph (Mtoe), in 2018 oil is the largest energy supply 
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Oil production historical production varies from different sources because the poor definition 

of oil in these data. 

 
 

When plotting the ratio barrel/tonne from published data, it appears that for the all-liquids the 

source is in volume and the data in weight is done by using a conversion of 7.7 b/t 

The all-liquids production data in weight is wrong., using a constant ratio to convert volume 

into energy. 

 

Using ASPO and BP data in volume, the b/t curves are contradictory: all liquids (red) b/t on 

increase (liquids barrel becoming lighter) and crude (green) b/t on the decrease (crude barrel 

becoming heavier) 
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It is a mess because of poor reliability of the weight data. It is obvious that most weight data 

are volume data converted with a constant ratio! 

 
 

Other data on density and b/t for different products 

  
 

EIA 2014 world crude oil heat content by country and 2004 b/t 
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ASPO France data reports oil production in volume (M.m3) and energy but only crude is 

converted with a constant heat content, when usually heat content varies with field and with 

time for the sum of fields. See page 31 the forecast. 

 
 

For the US production EIA last monthly report displays heat content changes in crude 

production since 2015 and for NGPL since 1949. Crude oil imports are heavier since 1985. 

NGPL heat content has sharply declined from 1950 to 1985! 
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The constant US crude oil production heat content at 5.8 GBtu/b from 1949 to 2014 looks 

queer, compared with the variation of crude imports, but EIA is used to report estimate and 

not real data (form 910)!  

 

 

 -oil in weight 

HL of world crude oil production in weight is good from 1994 to 2019 trending towards an 

ultimate of 350 Gt 

 
 

HL of world all liquids in weight is more difficult to extrapolate: the plot 2010-2019 trends 

towards 650 Gt: 

3

3,5

4

4,5

5

5,5

6

6,5

1940 1950 1960 1970 1980 1990 2000 2010 2020 2030

G
B

tu
/b

US heat content of US oil & NGPL production

Crude Oil Imports

Crude Oil Production

Natural Gas Plant Liquids

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

5

0 50 100 150 200 250 300 350 400

a
P

/C
P

%

cumulative production Gt

Hl of world crude oil production in Gt 1857-2021     

aP/CP%

1994-2019

Linéaire (1994-2019)

Jean Laherrere April 2023



 30 

 
For an ultimate of 350 Gt for crude and 700 Gr for all liquids, the peak is past for crude and 

2040 for all liquids. 

 
 

 -oil in volume 

HL of world oil production in volume from ASPO data  

The quality of HL varies widely. 
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World forecast from the above ultimates: 
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The sum of the 5 ultimates is 330+80+16+10+7 =443 km3 when the HL of all oil is rather 

600 km3, showing the uncertainty of the estimates 

But the HL for crude oil is rather of fair quality and it is for NGPL and extra-heavy that 

ultimates should be increased. NGPL is forecasted further below with more detail. 

 

 -NG in volume 

My March 2023 paper NG ultimate reserves: creaming curve, parabolic fractal, HL or decline 
https://aspofrance.org/2023/03/17/https-aspofrance-files-wordpress-com-2023-03-ngultimatemarch2023-pdf/ 

 
world NG ultimate = 475 000 km3 (17 Pcf) giving a peak in 2040 
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 -NGPL in volume 

ASPO data displays NGPL production by regions 

 
 

HL of world NGPL production is very poor and an ultimate of 60 km3 was chosen, giving a 

peak in 2040:. 

0

18

35

53

71

88

106

124

141

159

177

194

212

0

500

1 000

1 500

2 000

2 500

3 000

3 500

4 000

4 500

5 000

5 500

6 000

1 900 1 925 1 950 1 975 2 000 2 025 2 050 2 075 2 100 2 125 2 150

a
D

 T
c
f

a
P

  
G

.m
3
 =

 k
m

3

world NG marketed production & discovery with forecasts

aP

U=475 000 km3

U=350 000 km3

aD

Jean Laherrere Dec 2022

CD = 11 500 Tcf 
= 325 000 km3

CP = 4750 Tcf 
= 135 000 km3

0

500

1000

1500

2000

2500

3000

3500

4000

4500

1900 1925 1950 1975 2000 2025

a
n

n
u

a
l 

p
ro

d
u

ct
io

n
 G

.m
3

=
k

m
3

world & regions NGPL production from ASPO data

world

asia

north-america

cis

africa

europe

latin-america

oceania



 34 

 
 

Hl of world condensate production trends towards 17 km3, giving a peak in 2019: 

 
 

HL by regions: 

Africa NGPL has peaked in 2010: 

  
 

Asia NGPL will peak in 2026 
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CIS NGPL has a queer value in 1966 and has peaked in 2015: 

 
 

Europe NGPL has peaked in 2001: 

 
 

Latin America NGPL has peaked in 2013: 
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Oceania NGPL has peaked in 2021: 

 
 

Middle East NGPL  will peak in 2026 

 
 

OPEC NGPL will peak in 2023: 
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Non-OPEC NGPL will peak in 2037: 

  
 

Canada NGPL will peak in 2023: 

 
 

US NGPL will peak in 2027: 
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 -comparison NG & NGPL forecasts 

The comparison of NGPL (M.m3) and NG (G.m3) allows to see better data problems. 

Most of comparisons are good, meaning that their forecasts are reliable. 

World NG and NGPL could peak around 2040, when IEA forecasts a peak sooner 

 
 

But IEA world NGL data and EIA NGPL data show in 2019 large discrepancies and it is hard 

to know which source is right! As NGL is lighter than crude,  the right data is in weight 
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Africa HL is very poor for NG and NGPL and many giant gas fields have been discovered 

lately in deep water around Africa.  

Africa NG and NGPL could peak around 2030. IEA forecasts a peak at the same time but 

lower:: 

 
 

Asia NG & NGPL could peak around 2025: IEA reports only Asia Pacific, with a smaller 

decline: 

 
 

Europe NG & NGPL have peaked about 2005: again IEA forecasts a smaller decline: 
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CIS NGPL peak in 1966 looks very questionable: it is well known that Russian data during 

the cold war was not reliable. 

CIS NG is peaking: 

 
 

The comparison with NGPL and NG data for Russia and USSR confirms the bad data before 

1980. 

Russia NG & NGPL have peaked: 
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Russia old data from other sources show a peak in 1990 for NG and condensate: 

 
 

Latin America NG & NGPL productions have peaked when IEA forecasts a peak beyond 

2050, with a trough in 2030? 
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North America NG & NGPL could peak around 2030, in line with IEA/WEO22SP, but the 

decline is smaller: 

 
 

Oceania NGPL trough in 2015 looks queer in comparison with NG: 

Oceania NG & NGPL have peaked in 2020: 
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Middle East NG & NGPL could peak around 2030 when IEA forecast is beyond 2050: 

 
 

OPEC NG & NGPL could peak around 2025: 
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NOPEC NG & NGPL could peak around 2040: 

 
 

US NG & NGPL could peak in 2027, in line with WEO22SPfor NG but not with AEO2022 

for NGPL: 
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Canada NG & NGPL could peak around 2025 when WEO22P forecast is beyond 2050: 

 

 

The comparison of the scales of NG and NGPF of the above graphs shows that the correlation 

varies with regions as the heat content of the volume of NG and NGPL varies with the 

composition of the production (different amount of C and of H in the produced hydrocarbons 

CnHm). 
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 -US production  

US number of producing wells 1920-2021 shows the switch after 1985 from oil to gas. Oil & 

gas producing number declines after the peak of 2014, but the number of horizontal producers 

starts to increase sharply since 2010: 

 
 

 
 

US number of oil and gas wells drilled: the number of drilled wells correlates well with the 

footage up to 2005 when the shale play increases widely the footage with long horizontal 

extents.  

The success ratio of oil and gas wells varies from 60 to 90% now with almost no exploration 

left, only development drilling with LTO. 

The peak 1981-1984 in wells drilling was due to the high oil price of 1979, drilling all the old 

poor oil projects flattens the success ratio which resumes from 70% to 90 % on 2010. 
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The US oil 2P discovery (EIA/DOE0534) and UD number of wells. The 1983 minimum of 

discoveries corresponds in the drilling peak (all left over projects). 

 
 

Fred St Louis reports an oil & gas wells price index which correlates well with oil price WTI 

after a shift of 6 months. 
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US drilled footage par well increases sharply since 2008 with LTO (lateral length up to 10 000 

ft), when the number of wells per drilled decreases. 

 

 
 

Permian productivity and lateral length. 
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But the problem with LTO is that the completion of LTO is done later   with horizontal 

fracking and the number of DUC= drilled but uncompleted wells varied sharply on oil (8000 

in 2019) and gas (700 in 2019) regions. 

 
 

Most of US wells are now horizontal and their number are increasing, but most of the shale 

plays are almost drilled and there is now interference between parent and child wells. 

Shale play displays quick decline after few years, needing new wells to replace declining 

wells. It is called the “Red Queen Effect”. 

EIA/AEO 2022 oil and gas forecasts see 2050 production not yet on decline, because EIA 

assume that there is no problem to drill new wells, but it is a huge problem as shown by David 

Hughes in his "Shale reality check 2021". 

The best shale play areas are almost fully drilled in 2021, except the Marcellus, but drilling is 

forbidden in the New York State because the problem of earthquakes created by high injection 

of water in fracking. 
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EIA/AEO reports in table 14 oil and gas supply the forecast for future number of wells in 

USL48. 

The plot for AEO 2012, 2017 and 2022 number of wells shows that these reference forecasts 

are completely unrealistic and contrary to recent data for AEO 2012 with forecast of 55 000 

wells in 2021 against half in real data. Any LTO horizontal well produces more than a vertical 

wells. Adding horizontal and vertical wells is adding apples and oranges. 

But EIA does not learn from their past mistakes and continue to be unrealistic as their goal is 

to deny any decline, hoping an eternal increase! 
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AEO 2022 reference does not forecast any decline in the 2050 number of wells, ignoring the 

geology of the shale plays: it is unrealistic, it is mad! 

Furthermore, the low and gas supply scenario is still high in 2050 compared with my forecast. 
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The comparison of AEO2022 with my HL forecasts for 2050 is huge: for oil: 30 times the 

reference, 20 times the low supply; for gas 6 times the reference, 3 times the low supply. 

 

 
 

Most of the US 2021 oil production comes from wells producing between 100 and 1000 b/d 

(grey area). 

 
Most of the US NG production comes from wells producing between 100 and 1000 boe/d, 

same as oilwells: these oil and gas wells represents about 40 0000 wells or 40% of the wells. 

 
 

The distribution of US wells by daily production in 2017 from EIA displays contradictory 

data ? 

US production 2021 Tcf 2050 Tcf 2021 Mb/d 2050 Mb/d

AEO2022 ref 34.4 42.6 11.1 13.0

AEO2022 low 34.4 28.0 11.1 7.0

HL forcast 34.0 1.4 11.2 2.1

ref/HL 30 6

low/HL 20 3
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The US heat content of crude oil production is constant from 1949 to 2014 (queer?) and 

presently declining with LTO, when the heat content of imported crude increases since 1985. 

The heat content of US NGPL declines sharply since 1949, less since 1980. 

 
 

The comparison of US NG & NGPL production and forecast is good with peak in 1973 and 

2023. In the next display, US NG production correlates well with US NGPL from 1900 to 

2015 and beyond NGPL grows faster than NG. In the second display NG and NGPL correlate 

fairly well from 2015 to the end. 

 
IEA/WEO2022 SP is too optimistic for NG in 2050 and EIA/AEO2022 ref is unrealistic for 

NGPL beyond 2025. US NG and NGPL production will decline after their peak in 2027 as 

fast as they increased since 2008. 
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The evolution of EIA/AEO reference NGPL forecasts from the editions of 1979 to 2022 

displays very poor estimates. For AEO2022 NGPL peak is beyond 2050: completely 

unrealistic!  

 
 

 

 -Saudi Arabia NG & NGPL production 

HL of SA NGPL production trends fairly towards 5 km3 and HL of SA NG production trends 

poorly towards 6 km3, both giving a peak in 2023, when WEO2022SP forecasts for NG a 

peak beyond 2050! 
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Saudi Arabia claims the discovery of an unconventional gas field: Jafurah with 200 Tcf (in 

place?) 

 

 
Offshore technology forecasts Jafurah cumulative future production of 1 Gb of crude 

+condensate, 4.5 Tcf of NG (where are the 200 Tcf?) and 0.1 Gb of NGL: those reserves with 

6 significant digits mean that this study knows little on uncertainty! 
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I remind that Saudi Arabia oil proven reserves have been around 260 Gb for the last 30 years, 

meaning that every year Saudi Arabia finds the same volume of oil that produced: it is a joke! 

 
Publishing oil reserves in Saudi Arabia is a political act and no other government can say that 

they lie! 

 

 -Qatar NG & NGPL production 

Qatar has with North Field two thirds of the largest gas field in the world: North Dome (larger 

than the largest oil field Ghawar in Gboe). 
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Hl of Qatar NGPL production trends poorly towards 1.2 km3 or 2 km3 and HL of Qatar NG 

production trends poorly towards 10 000 km3 (350 Tcf) far from the North field 2P of 1000 

Tcf or towards 20 000 km3. 

 
North Field is a huge gas field developed by phase and it is likely that the extrapolation of 

past production with HL cannot deliver the right value of Qatar NG ultimate.  

Qatar NGPL a NG peak could be about 2030 to 2050 and IEA/WEO2022SP forecast NG peak 

beyond 2050!  

 
 

 

 -Iran NG & NGPL production 

HL of Iran NG production trends towards 600 M.m3 and HL of NGPL trends towards 11 000 

G.m3: 
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With those ultimates Iran NG and NGPL will peak before 2030 (South Pars could change this 

forecast) 

 
 

I remind that Iran oil reserves vary widely with sources as shown in 2009 and Iran gas 

reserves in 2013. 
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 -recap on NGPL & NG 

 
 

 
 

HL for the world NG production is good with an ultimate of 500 000 km3 (G.m3) when the 

sum of the seven regions is only about half, showing the uncertainty of the method. 

 

The ratio NG/NGPL in k.m3 for cumulative production 2021 and ultimate varies between 2 

and 10 

 

M.m3 M.m3 M.m3 M.m3 Gb M.m3

NGPL 2021 CP 2021 U quality rem 2021 rem 2021 peak peak yr

world 668 20500 60000 VP 39500 248 837 2037

Africa 31 900 2000 P 1100 7 35 2010

Asia 194 5100 12000 F 6900 43 205 2026

CIS 42 2150 3500 VP 1350 8 48 2015

Europe 19 1050 1350 P 300 2 29 2001

Lat Am 29 1600 2000 F 400 3 45 2013

North Am 345 9500 20000 VP 10500 66 414 2027

Oceania 6 190 265 VP 75 0 6 2021

sum 7 666 20490 41115 20625 130

world-sum 2 10 18885 18875 119

Mid East 170 4400 10000 F 5600 35 175 2026

OPEC 174 5000 10000 F 5000 31 176 2023

NOPEC 493 5500 45000 VP 39500 248 700 2037

US 296 7900 14500 VP 6600 42 338 2027

Canada 49 1600 3000 VP 1400 9 50 2023

G.m3 G.m3 G.m3 G.m3 Tcf G.m3

NG 2021 CP 2021 U quality rem 2021 rem 2021 peak peak yr

world 4146 134000 500000 F 366000 12928 4950 2044

Africa 277 6000 20000 P 14000 495 312 2034

Asia 1210 24500 60000 F 35500 1254 1260 2025

CIS 897 32700 60000 P 27300 964 914 2021

Europe 220 15700 19000 F 3300 117 350 2005

Lat Am 180 6700 9000 F 2300 81 218 2014

North Am 1153 47300 72000 VP 24700 872 1295 2025

Oceania 167 2400 4500 P 2100 74 72 2020

sum 7 4104 135300 244500 109200 3857

world-sum 42 -1300 255500 256800 9071

Mid East 734 13400 37000 P 23600 834 797 2026

OPEC 685 15500 40000 P 24500 865 715 2028

NOPEC 3473 119400 400000 F 280600 9912 4150 2043

US 1016 41000 70000 VP 29000 1024 1086 2027

Canada 203 7900 12000 VP 4100 145 218 2025

G.m3 G.m3 M.m3 M.m3 k.m3 k.m3

NG NG CP U NG NGPL CP U  NGPL NG/NGPL CP NG/NGPL U

world 134000 500000 30500 77000 4 6

Africa 6000 20000 2200 3700 3 5

Asia 24500 60000 8800 17000 3 4

CIS 32700 60000 3450 6500 9 9

Europe 15700 19000 1550 1950 10 10

Lat Am 6700 9000 2200 2800 3 3

North Am 47300 72000 11800 23000 4 3

Oceania 2400 4500 460 715 5 6

sum 7 135300 244500 30460 55665 4 4

Mid East 13400 37000 7600 14500 2 3

OPEC 15500 40000 8500 15000 2 3

NOPEC 119400 400000 12000 57000 10 7

US 41000 70000 10000 17000 4 4

Canada 7900 12000 1760 3300 4 4
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 -condensate production 

HL of world condensate production (red) trends towards 17 km3, in line with annual decline 

(blue). World condensate production has peaked in 2019. 

 
Africa condensate production has peaked in 2010: 

 
 

Asia condensate production has peaked in 2013: 

 
 

CIS condensate production will peak in 2025: 
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Europe condensate production has peaked in 2003: 

 
 

Latin America condensate production in 2015 

 
 

North America condensate has peaked in 2019: 
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Oceania condensate production has peaked in 1998: 

 
 

OPEC condensate production has peaked in 2011: 

 
 

ME condensate production peaked in 2012: 
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Canada condensate production should peak in 2025: 

 
 

US condensate production has peaked in 2014: 

 
 

 

 -condensate + NGPL production = NGL 

The forecast for condensate and NGPL is added to get the NGL, and the sum of the 7 regions 

is added to get the world production but it appears clearly that the sum of the 7 regions is far 

less than the forecast of the world.  

It is more reliable to forecast the total than a part of it. 
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World condensate production is lower than NGPL production and has peaked when NGPL 

will peak around 2040. 

World NGL will peak between 2025 and 2030 with less than 19 Mb/d when IEA/WEO 2021 

SP forecasts beyond 2050 above 21 Mb/d: quite a difference!  

ExxonMobil energy outlook 2021 sees a peak in NGPL in 2050 

 
 

ExxonMobil Energy outlook 2021 displays global liquids supply where NGL are in fact 

NGPL because condensate is included with crude oil: 

 
 

 

Africa condensate production is higher than NGPL production in contrary with Asia and 

Europe 
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CIS NGPL peak in 1966 is questionable. 
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OPEC NGL production forecast with HL declines when IEA/WEO2019 increases with no 

peak before 2040, looking unrealistic. 

In contrary, NOPEC HL forecast agrees with OPEC WWO 2022 and WEO 2019  

 

 
 

 

 -recapitulation on condensate, NGL and NG 

The recapitulation of condensate data and ultimates is combined with NGPL to give NGL. 

For condensate: 
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For NGPL: 

 
 

For NGL: 

 
 

In 2021 the remaining ultimate for condensate is 7 km3 = 44 Gb and for NGL 40 km3 = 248 

Gb, giving for NGL about 300 Gb  

M.m3 M.m3 M.m3 M.m3 Gb M.m3

condensate 2021 CP 2021 U quality rem 2021 rem 2021 peak peak yr

world 335 10000 17000 F 7000 44 2018 363

Africa 28 1300 1700 F 400 3 2010 52

Asia 146 3700 5000 F 1300 8 2012 180

CIS 68 1300 3000 VP 1700 11 2025 74

Europe 7 500 600 F 100 1 2003 33

Lat Am 13 600 800 P 200 1 2015 22

North Am 65 2300 3000 P 700 4 2019 71

Oceania 8 270 450 P 180 1 1998 10

sum 7 335 9970 14550 4580 29

world-sum 0 30 2450 2420 15

Mid East 142 3200 4500 F 1300 8 2012 165

OPEC 110 3500 5000 F 1500 9 2011 1490

NOPEC 225 6500 12000 F 5500 35 2019 233

US 44 2100 2500 P 400 3 2014 52

Canada 21 160 300 P 140 1 2025 23

M.m3 M.m3 M.m3 M.m3 Gb M.m3

NGPL 2021 CP 2021 U quality rem 2021 rem 2021 peak peak yr

world 668 20500 60000 VP 39500 248 837 2037

Africa 31 900 2000 P 1100 7 35 2010

Asia 194 5100 12000 F 6900 43 205 2026

CIS 42 2150 3500 VP 1350 8 48 2015

Europe 19 1050 1350 P 300 2 29 2001

Lat Am 29 1600 2000 F 400 3 45 2013

North Am 345 9500 20000 VP 10500 66 414 2027

Oceania 6 190 265 VP 75 0 6 2021

sum 7 666 20490 41115 20625 130

world-sum 2 10 18885 18875 119

Mid East 170 4400 10000 F 5600 35 175 2026

OPEC 174 5000 10000 F 5000 31 176 2023

NOPEC 493 5500 45000 VP 39500 248 700 2037

US 296 7900 14500 VP 6600 42 338 2027

Canada 49 1600 3000 VP 1400 9 50 2023

M.m3 M.m3 M.m3 M.m3 Gb

cond+NGPL 2021 CP 2021 U rem 2021 rem 2021

world 1003 30500 77000 46500 292

Africa 59 2200 3700 1500 9

Asia 340 8800 17000 8200 52

CIS 110 3450 6500 3050 19

Europe 26 1550 1950 400 3

Lat Am 42 2200 2800 600 4

North Am 410 11800 23000 11200 70

Oceania 14 460 715 255 2

sum 7 1001 30460 55665 25205 159

world-sum 2 40 21335 21295 134

Mid East 312 7600 14500 6900 43

OPEC 284 8500 15000 6500 41

NOPEC 718 12000 57000 45000 283

US 340 10000 17000 7000 44

Canada 70 1760 3300 1540 10
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-renewables = S curves 

Renewables are different from fossils fuels which are limited reserves. FF should be modelled 

with Hubbert curves, when renewables with S curves (same exponential growth but going 

towards an asymptote and not a peak  

However, if the lifetime of an oil field is about 20-100 years, the lifetime of a wind turbine is 

about 20 years, and the intermittency range is 23-30 % onshore and 35-39 % offshore 

https://www.sciencedirect.com/science/article/pii/S0196890421004520. 

In the past the number of windmills has peaked and declined 

The lifetime of a solar cell is 25-30 years. 

 

For all renewables, the range between S curve and H curve is huge, showing the uncertainty 

of the forecast. WEO2022 SP is identical to the S curve, meaning that their reference (Stated 

policies) scenario is rather on the upper range, making WEO2022 NZE unrealistic. 

 
 

 
 

It is very hard to find any historical data on the number of wind or water mills. In France there 

was from 16th to 18th century about 75 000 mills, today only about 100 water mills left! 
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UK share of energy consumption 1500-2000 www.lse.ac.uk/.../wp-content/.../Working-Paper-

209-Fouquet.pdf Lessons from energy history for climate policy shows that food for labour, 

provender for animals, biomass and wind has peaked on the period 1500-2000 and 

disappeared! 

Renewables production had peaks! 

 
 

 

-population 

My 2005 paper "Réflexions sur les lois de la nature et les prévisions énergétiques" UMR 

Espace 6012, Université d’Avignon 9 décembre 2005 

www.hubbertpeak.com/laherrere/Avignon-1.pdf, www.hubbertpeak.com/laherrere/Avignon-

2.pdf, http://www.groupe-dupont.org/Seminaire.htm displayed a graph using the HL approach 

as done by Bourgeois-Pichat (INED) in 1988 

 My 2004 forecast using Bourgeois-Pichat's approach was a peak around 2050 at 8.5 G when 

UN2003med was a peak on 2060 at 9.2 G 
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UN2022 forecasts the world population peaking around 10.5 G on 2080 for medium scenario, 

9 G on 2050 for low and the HL forecast is 8.5 G in 2040 

 
 

HL extrapolates towards zero to get the peak, but annual population growth in percentage and 

in number G versus time and versus annual population can be extrapolated towards zero being 

the peak (time and value). 

The last past three years of world annual population growth percentage trends towards a peak 

in 2030 at 8.5 G, far from UN2021 medium (2080-10.5 G), which corresponds with the trend 

of annual growth before 2000: 
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The plot of world population growth versus time and population gives the same result for a 

peak in 2030 at 8.5 G 

 

UN 2022 and 2003 forecasts are compared for medium and low, as my forecast for U= 1200 

G 

 
World 2100 medium population is forecasted 10.3 G for UN2022 but 9 G for UN2003, when 

5 G in my forecast. 

World 2100 low fertility population is forecasted 7 G for UN2022 but 5.5 G  for UN2003, 

when 5 G in my forecast 

UN became more optimistic on population forecasts. 

 

IPCC scenarios for AR6 are SSP = shared socio-economic pathways display a range for 

population: SSP3 (a rocky road) looks too high, SSP1 (taking the green road)) and SSP5 

(unrealistic fossil-fueled development) look more in line with UN2022 low and my forecast. 

SSP2, considered as the most likely looks high for population. 
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It is obvious that the HL extrapolated dotted linear lines can be plotted giving different peak 

times and different peak values, depending on the time period: it shows the uncertainty range 

about peak time (2030-2070) and peak value (8.3->10 G) 

 

For India and China 

HL of India and China population are hyperbolic and hard to extrapolate, an ultimate of 170 G 

was chosen for both.  

 
India annual population growth & % trend towards a peak around 2030 for the last few years 

but around 2050 for a longer period before.  
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China population peak is 2022 at 1425 G when India will peak around 2035 at 1500 G less 

than UN2021 low which peaks on 2045 at 1530 (medium peak in 2060 at 1700 G) 

 
 

China population was disturbed in 1958-1962 by the Great Chinese famine (Great Leap 

Forward!) and in1980-2015 by one child policy. 

wikipedia.org 
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Comparing China and North America population forecast; it appears that the goal of China to 

have before 2047 the largest GDP will not succeed, because its poor demography, the 

bankruptcy of Evergrande (housing), the bad behavior on covid and the present control of 

Internet successes (Alibaba. Tencent). 

Under our HL forecast, China population should be in decline in 2050, when North America 

peaking and in 2150 should be below North America. 

 
 

South Korea displays a very low fertility of 0.88 birth per woman in 2021, being in 2018 the 

first country below 1 birth per Woman. But UN2022 forecast a utopic rise in fertility from 

today to 2100, South Korea (blue) is compared with North Korea (red) where the fertility will 

decline. UB2019 forecasted same 2100 fertility for both. 

 
 

South Korea growth is today at zero, being at peak. North Korea growth trends to zero before 

2040  
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HL trends towards 6000 M for South Korea and 3000 M for North Korea, but both clearly 

hyperbolic: ultimates at 6100 M and 3600 M are chosen: 

 
 

With ultimates of 6100 M and 3600 M population, my forecast is identical with UN2022 low 

fertility and South Korea would be almost extinct in 2200:   

  
 

 

Europe population has peaked: 
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North America displays for the last 3 years a sharp decrease in annual growth, but before the 

trend is for a peak beyond 2050. 
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Most of present population growth comes from sub-Sahara countries: 

 
 

 
 

The data for world less sub-Sahara trends for a peak around 2030 at 7.1 G: 
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The forecast for U=900 G peaking around 2030 is less than the UN2021 low forecast 

 
 

 

Past recent population data is not very reliable as needing census, which are difficult to run.  

 

UN forecasts are based on optimistic fertility scenarios where in the long term every country 

will trend towards the replacement ratio of 2 children per woman! It is just wishful thinking! 

Fertility is going down in most educated countries, well below the replacement ratio. 

The sub-Sahara fertility (in blue) is still in 2021 above 4.5 children per woman, being double 

of the world fertility and three times the Europe fertility! 
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Medium fertility forecasts display this utopic convergence: 

 
 

The world fertility medium forecast in 2100 is 1.8 birth per woman, well below the 

replacement ratio of 2.1, meaning that the world is going into extinction in few centuries! 

 

UN utopic views on Sub-Sahara fertility is obvious when comparing UN2010 data with 

UN2022 data: fertility data are estimated optimistically (low for emerging countries) against 

the real value. 

Niger fertility for 2012 was reported at 6.9 in 2010 edition in contrary to 7.4 in the 2022 

edition. 
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 80 

Nigeria fertility for 2007 was reported at 5.6 in 2010 edition in contrary to 6.1 in the 2022 

edition. 

 
 

The use of modern contraceptives in sub-Sahara is only 3.5% in Central African Republic, 4.8 

% in Chad, 10% in Nigeria, 11% in Niger. but 44 % in Namibia: "Coverage and determinants 

of modern contraceptive use in sub-Saharan Africa: further analysis of demographic and 

health surveys" Isaac Boadu 2022. The world use is about 44 %, when it is 60 % for high 

educated regions. 
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The UN2019 displays the prevalence of contraceptive from 1990 to 2030: 

https://www.un.org/en/development/desa/population/publications/pdf/family/World_Fertility_

and_Family_Planning_2020_Highlights.pdf 

 
 

The method of contraception varies with region: 

 
 

The plot contraception versus fertility in 1990 and 2019 shows the evolution of sub-Sahara 

(purple), quite different from the rest of the world: 
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UN2022 fertility medium forecasts are utopic, too low for the least developed countries and 

too high for the more developed countries (increasing fertility since 2022?) and for the world, 

wishing that the fertility will be the same after 2011 in every country= wishful thinking! 

 
But after 2100 UN2022 medium scenarios are below the replacement rate of 2.1, meaning that 

for UN the world is going into extinction in few centuries! 

 

 

I remind my 2022 paper "In 2021, 68% of the world is going into extinction" when almost no 

one in 1950! https://aspofrance.org/2022/09/18/in-2021-68-of-the-world-is-going-into-extinction/ 
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The rapid evolution of percentage of the world trending towards extinction confirms my 

forecast for a sooner and lower world population peak. 

Some forecasts that human population will disappear because lack of resources, it is likely 

that it will be by lack of births.  

 

The lifetime of past civilizations was few centuries:  
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The world relies now on digital data computers using magnetic disks. But the lifetime of hard 

disks is less than 5 years, magnetic tape less than 20 years. It is necessary to update magnetic 

data every 5 years. Paper is abandoned despite a very long lifetime. We are going towards a 

dangerous magnetic world! As a geophysicist I started in 1956 to work on seismic paper 

recording, then on photographic recording and later on magnetic recording, but most of the 

first magnetic tapes were moved to optical disks before being obsolete.  

 

 

The evolution of UN world population medium fertility forecasts has widely varied since 

1963 to 2022, showing poor certainty! 

 
 

The medium forecast for 2050 has varied in UN editions since 1963 to 2022 between 9 and 11 

G, but it is likely to be 8.5! 
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-gold modelling with Hubbert curves 

World gold production since 1850 is modelled with 9 cycles (the last one with a peak in 2040 

is questionable), showing a absolute peak in 2019: 

 
HL of world gold production trends poorly towards 325 kt: 

 
 

World gold grade is sharply declining and presently around 1 g per ore tonne.  

The decline of Australian gold grade from 1890 to 2005 is obvious: 
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Gold price increases today (2000 $/oz) as production declines and the cost increases (1700 

$/oz today against 700 $/oz in 2010.) 

 

 

 -copper peak 

HL of world copper production trends towards 2000 Mt, meaning a peak in 2033, but if HL 

rending towards 2400 Mt peak will be in 2040: 

 
The world expects that the electric cars will take over in the medium term, with a ban on the 

sale of thermic cars in 2035 in Europe. An electric car needs 4 times more copper than a 

thermic car. 

My forecast page 11 on world electric generation is a peak around 2050, making the goal of 

replacing thermic cars by electric cars. 

EIA passenger vehicle forecast in 2050 is 2.2 G (only 0.7 electric cars) against 1.3 G in 2020  
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-Conclusion 

Forecasting the peak of any commodity is hard because often there are several peaks. King 

Hubbert, using reserves, forecasted in 1956 USL48 crude oil peak in 1970, but he missed the 

2019 peak due to LTO, as horizontal well practice was low in the fifties! 

Furthermore, published reserves are often financial or political data (best example with the 

Saudi Arabia remaining oil reserves staying around 260 Gb for the last 30 years, meaning 

every year finding as much as produced = unrealistic!) are unreliable and technical reserves 

are confidential. 

Using past data is a way to get a minimum estimate for peak and future production. By past 

data can hardly forecast new technology (as LTO). 

HL is the only way to forecast peak before peak and only estimate for a linear trend for more 

than the last 10 years should be qualified of fair quality with reliable value. HL is very often 

not linear, but hyperbolic. 

To improve the forecast of the poor quality, it should be compared with similar product, for 

example NGL and NG. 

But HL forecasts appear to be too pessimistic, being rather a low scenario. 

Renewables can be modelled with S curves (H curve is the derivative of S curve) going 

towards an asymptote and not a peak. Most of IEA forecasts follow S curves, even for fossil 

fuels. It appears that IEA refuses to see the world declining. 

 

HL forecast for world population is a peak in 2040 around 8.6 G against a UN2022 medium 

forecast in 2085 at 10.3 G. 

UN medium fertility forecasts are utopic (wishful thinking toward future fertility equality): 

too low for less developed countries and too high for developed countries (increasing again!). 

However, UN2022 medium fertility forecasts beyond 2100 are below the replacement ratio of 

2.1, leading to world extinction in few centuries! Human population will disappear, not by 

lack of food or resources, but by lack of births. 
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Annex  

-CO2 emissions 

Those who claim that the present climate change is without precedent without any rule ignore 

the Little Ice age, the medieval optimum shown by the fluctuation of the largest Alps Aletsch 

glacier and the last glaciation 12 000 years ago where the sea was 120 m below. 

 
There is only one rule for climate: always changing as shown by the variation of the 

temperature measured in Vostok for the last 400 000 years modelled with 21 cycles of 20 000 

years. 

My 1999 modelling with 21 Hubbert cycles from Petit JR. et al 1997 "Four climate cycles in 

Vostok ice core" Nature, v387, 22 May p359. 

https://www.ogj.com/home/article/17230569/world-oil-supplywhat-goes-up-must-come-

down-but-when-will-it-peak 

World oil supply-what goes up must come down, but when will it peak? Feb 1999 

Consider the pattern in greater detail (Fig. 13). It is evident that the climate curve may be 

modeled by 21 Hubbert curves of the same width (c=16) but with decreasing peaks in a cycle 

of five peaks and with different intervals. Cycles A and B seem different from C and D, but it is 

due to the fact that the intervals are smaller and that the asymmetrical peak at 335 000 years 

ago is the sum of two Hubbert cycles B1 (red) and cycle B2 (green). It is the same for the 

large first peak of Cycle A made of two close Hubbert cycles. 
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Blue is data, red is Hubbert cycles 

As there are 21 Hubbert cycles for 400 000 years, there is a cycle every 20 000 years. Where 

is this 20 000 year cycle coming from? 

The climate variation depends first on the three astronomical parameters of the orbit of the 

earth around the sun: 

    Excentricity of the ellipse going from 0 to 7% with a period of around 100 000 years; 

    Precession of the axis of the poles (axis of rotation), which describes a cone with a period 

of 21 000 years; and 

    Obliquity of the polar axis with the perpendicular to the ecliptic plane going from 22% to 

25% with a period of 40 000 years. 

 Its precession variation of 21 000 years was discovered in 1842 by Adhemar, and the other 

parameters were largely known in 1930 as the Milankovitch periodicities. The combination of 

these three orbital variations, combined with the internal phenomena as the ice sheet 

dynamics and the deep oceanic currents (El Niño and the North Atlantic Deep Waters), 

controls the size and intervals of the cycles. There are many glaciations occurring during the 

Quaternary but few during the Tertiary and the Secondary! 

 

Jean Jouzel (former VP IPCC) has cosigned in 2003 an article on Vostok where CO2 follows 

temperature with a shift of 800 years, when now he claims the contrary for present 

temperature: https://www.science.org/doi/10.1126/science.1078758 

“Timing of Atmospheric CO2 and Antarctic Temperature Changes Across Termination III” 

CO2 is shifted by 800 years to fit temperature proxy (Ar) 
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Using land station to get global warming is misleading because their number has changed 

with time and most of land stations are disturbed by the urban warming due to the artificial 

ground, only satellite data is reliable and the last temperature peak is 2016 (El Nino) (before 

1998also El Nino).  

Temperature increases by step, in contrary with CO2 concentration in Mauna Loa  

UAH global monthly temperature anomaly 1979-March 2023 

 
 

My 2022 paper: "France et le monde : température, population & SO2" 

https://aspofrance.org/2022/05/30/france-et-le-monde-temperature-population-so2/  US temperature 

correlates very well from 1930 to 2015 with negative SO2 US emissions as SO2 cools the 

atmosphere and there is no correlation with US CO2 emissions: 
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World temperature fell from 1945 to 1975 when world negative SO2 emissions were the 

strongest and CO2 coalition displays this temperature decrease when CO2 emissions increase: 

  
 

Most of medias being politically correct claims that the anthropic global warming is proven 

with CO2. The CO2 emissions need to be reduced to decrease the climate change. One of the 

rules of climate is constant change with several cycles. Many will be disappointed in the 

future to see that the climate will not follow the CO2! 

For China and India particles pollution is more important than CO2 increase which increases 

the yield of cereals.  

Plastics pollution looks for many more important than CO2 pollution. 

 

The world last temperature peak is 2016 being due to El Nino which occurs without any 

correlation to known events. No one can forecast when will be the next El Nino! 

El Nino and El Nina 1950-2022 
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Fossil Fuels CO2 emissions since 1850 are plotted in log scale to compare growth: CO2 

concentration at Mauna Loa has a growth of 0,45 %/a 

 
It is amazing to see that the growth rate of FF CO2 emissions since 1975 ((oil shock) is the 

same for the period 1914-1949 = 1.5 %/a, when it was at 4.5%/a for the period 1800-1914 as 

the period 1947-1977 known as the 30 Glorious !  

It is hard to find an explanation for these similarities! No correlation with CO2 

concentrations! 

 

 

In US Atlantic, cyclone (hurricane) energy has been measured since 1850 (only anemometer 

for wind speed and clock are necessary) = ACE = accumulated cyclone energy: it is hard to 

see a trend on annual data, only cycles! Smooth curve sees peak around 1895, 1935, 1952, 

2002. 

The annual ACE record is 259 in 1933, second 250 on 2005.  

The strongest hurricane was in 1899 ACE = 73.6 with 28 days, second in 2004 70.4 with 23 

days 
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No correlation of ACE (wind) with CO2 emissions, as El Nino (wind)! 

 
 

 

-IPCC scenarios 

Most of medias quotes IPCC SSP5 scenarios giving an increase of 5°C in 2100, but SSP5 is 

very unrealistic forecasting CO2 FF emissions in 2050 at 86 GtCO2 against 31 for 

IEA/WEO2022SP: 

 
 

SSP5 scenario forecasts for 2100 a FF production of 36 Gtoe against my 2019 forecast of 5 

Gtoe: it is crazy! 
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source AOML, Energy Institute, Wikipedia

-20

-10

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

1850 1900 1950 2000 2050 2100 2150 2200 2250 2300

G
tC

O
2

world fossil fuels CO2 emissions, IPCC scenarios & IEA, ExxonMobil forecasts

U= 1600 Gtoe

FF CO2 emissions

BP CO2 emissions

SSP5-8.5

SSP3-7.0

SSP2-4.5

SSP1-2.6

SSP1-1.9

RCP8.5 FF

RCP6 FF

RCP4.5 FF

RCP2.6 FF

WEO2021 STEPS FF

WEO2021 NZE

EXXON2019 energy

Jean Laherrere March 2022



 94 

 
 

 

Dr. John F. Clauser, recipient of the 2022 Nobel Prize in Physics, has been elected to serve on 

the board of directors of the CO2 Coalition, 
https://co2coalition.org/publications/nobel-laureate-john-clauser-elected-to-co2-coalition-board-of-directors/ 

On May 8, 2023, Clauser was elected to the Board of Directors of the CO2 Coalition, a non-

profit composed largely of scientists who disagree with the claimed consensus of climate 

change and global warming. When elected, Clauser offered that the common narrative about 

climate change is a corruption of science, and stated "In my opinion, there is no real climate 

crisis. There is, however, a very real problem with providing a decent standard of living to the 

world’s large population and an associated energy crisis. The latter is being unnecessarily 

exacerbated by what, in my opinion, is incorrect climate science. 
https://en.wikipedia.org/wiki/John_Clauser 
 

On 23 September 2019 Professor Guus Berkhout send a letter to the secretary of the United 

Nations “there is no climate emergency” cosigned by 500 knowledgeable and experienced 

scientists and professionals in climate and related fields 

Most of these scientists are retired, free to speak: active scientists at University cannot search 

on politically incorrect subjects because funding will be refused.   

I was censured twice on the national French TV TF1 (Yann Arthus-Bertrand) and France 2 

(Elise Lucet) after interview on energy. My last TV energy interview on TV was for RT-

France (Russia today) in 2020. 

 

In France, ecologists attack Totalenergies for producing fossil fuels, but do not attack the 

consumers who buy Totalenergies products (being also themselves). 

 

Almost all medias say on global warming that the science is settled, because it is politically 

correct to put all the blame on anthropic CO2 emissions, but the impact on climate (by clear 

sky) of CO2 is only 26 % (Trenberth 1997 Earth's Annual Global Mean Energy Budget) when 

H2O is 60%, but 0% by cloudy sky; when ozone 15%! 
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I did not find any more recent estimate on contribution of greenhouse effect. 

 

It is impossible to model water with a grid of 150 km size (taking months to run a complete 

model with present computers), with a grid 100 times smaller on 1D, it will take in 3D 

millions of months! 

 

The last IPCC report AR6 is unable to measure the lifetime of CO2 = multiple! 
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The earth is not a greenhouse, as greenhouse does not work when air moves. The model 

should be only on absorption and not on greenhouse! 

Winds and clouds are always present on earth! 

It is hard to forecast rain beyond a week, it is hard to model precipitation for a century! 

Science cannot model properly climate changes: maybe with quantum computers? 

 

-NB 

Sorry for my broken English, but my use of unit follows the rule of SI (metric system) 

followed by 95 % of the world (except US and Liberia).  

SI is clear for writing numbers, decimal and thousand:  

USDOC/NIST 881 report requires using for thousand a spare and not a comma. 

 
 

Some confuse G.m3 and Gm3.  

Billion (US = 10 power 9) of cubic meter (Gcm) is often written Gm3 = cubic Gm = 10 power 

27 cm, when it should be written km3 or G.m3 

 

Total reported in 2019 their NG sales in Gm3 and not in km3 or G.m3 

Totalenergies reports the world oil reserves in 2019 in Bb instead of Gb: 
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Total ignores that the billion US is thousand million = G (and not B), when the billion SI is 

square million = T 

Furthermore, the world liquids 2019 proven reserves should be written 2 900 Gb and not 

2,900 Gb, which means in SI 2.9 Gb  

Totalenergies 2022 annual report uses G (GW) and B (Bboe) in the same paragraph: it is 

against SI rules, which is the law in France and for 95 % of the world population! 
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I sent a mail to the president of TotalEnergies about the bad use of SI, which is the law in 

France as Europe: he did not reply! 

It will be interesting to see if TotalEnergies 2023 reports correctly oil and gas data!  

In 1995, I had already sent a letter to Total HR manager (Pierre Proust) on the SI violation, in 

particulier for Gm3 instead of km3 (14 times) in TOTAL UPSTREAM n°8: no result!  

 

This paper is too long, but the reader can jump over many paragraphs, when others will find 

some graphs of interest. My goal is to update many of my old graphs with present data and to 

show some new ones. 

As today is my 92nd birthday, I am not sure to write many papers in the future. 


