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Combustion Engines

Internal combustion engines:  
Four-stroke and two-stroke piston 

Continuous combustion: 
Gas turbines, jet engines and most rocket engines

External combustion engines: 
Steam engines, Stirling engines, in which the 
energy is delivered to a working fluid not consisting 
of, mixed with, or contaminated by combustion 
products. 
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Peak Fossil, the combustion engines 
and the Human Well-Being Equation

• Peak Oil, Peak Gas and Peak 
Coal

• The Human Well-Being 
Equation

• Food and Water
• Economy and Energy
• Peace and resources

• Climate
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Global Energy Resources
E = m c2

Bio energy and 
Sun, Wind and 
Water
(Geothermic)

The Global 
Fraction ~15% ?

Coal, Oil and
Natural Gas
Uranium-235

Global ~ 85%

Renewable 
Energy

Politically 
Correct

Fossil fuel and
Super Nova 
”Ashes”

Politically NOT 
Correct
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Where to find fossil fuel
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The Uppsala model – Peak Oil
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IEA - World Energy Outlook 2008
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Future Oil Production According to CERA

The February 2007 issue of JPT included a Guest Editorial by 
Peter M. Jackson of CERA.
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The unrealistic numbers

Fig. 1 in the Jackson article shows 
conventional oil production for 
2006 at approximately 74 million 
BOPD, with a forecast increase to 
a maximum of 96 million BOPD in 
2030, plateau production until 
2045, and a decline to 68 million 
BOPD in 2070. Integration under 
the CERA forecast plot gives total 
conventional oil production of 2050 
billion bbl. This is almost twice as 
much conventional oil reserves as 
we have today, according to CERA. 
I hope that CERA will publish a 
detailed analysis of its prediction, 
as we are doing.
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Transport Fuels in the Future
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Oil Price Forecast in 2001 (without 
compensation for inflation) 

Organization  2010 (US$/b) 2020 (US$/b)

US Department of Energy 21 22

International Energy Agency 20 27

European Commission 20 24

Canada Department of 
Energy

21 22

Standard & Poor 17 20

Wharton Econometrics 19 20

Deutsche Bank 18 18
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Oil prices 2002 - 2010
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What are important for today’s students? 

Students in Energy Systems at Uppsala University, Sweden

Food three times per day
Shelter 

To make money
Social relations 

Climate
Security
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The Human Well Being (HWB) equation

HWB = Food&Water + Economy + Climate + Security 
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The Human Well Being (HWB) equation

HWB(E) = 
Food&Water(E) + Economy(E) + Climate(E) + Security(E)

E = Energy   
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Energy supply in Sweden
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Energy use in Sweden
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ASPO – The Association for the Study of Peak Oil&Gas

"The term Peak Oil refers the maximum rate of the 
production of oil in any area under consideration, 

recognizing that it is a finite natural resource, subject 
to depletion." 
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First Press Release from ASPO 2002

“The world oil depletion curve, above, is based on all available 
information on oil reserves and estimates of the amounts yet-to-
find, and indicates that world oil production will reach a peak (87 
million barrels per day) around 2010 and decline thereafter.”

87 million barrels per day
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There must be places there we can find more oil
Oil endowment - USGS
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Discovery of oil
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Jack 2 –
Kebnekaise and 
Mount Everest

Jack 2

8.588 meter

8.848 meter

2.100 meter
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Deepwater Discoveries and the 
Largest Field per Region

•

Roncador (Brazil) 2.6 Gb Dalia (Angola) 0.94 Gb

Bonga (Nigeria) 1.0 Gb

Thunder Horse (US 
GoM) 1.0 Gb
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Deepwater Production Forecast

•

Deepwater 
Production

Jack???
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New discoveries from 1995 till 2025 is 100 billion barrels found and 
100 billion barrels expected to be found. USGS mean prediction for 
the same time period is 649 billion barrels. 
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Global crude oil reserves
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Fields needed for the best case oil end game
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Best case Oil fields in Iraq

Source: Strategic Forecasting, Inc
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Future Oil Production of Iraq

27 billion barrels 
(BP Stat. Rev.)

57 billion barrels 
$60/barrel = 3420 billion $ 
80 billion $ per year
Or 80 billion $ 

Future oil production in Iraq (Uppsala GES)
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Uppsala Giant Oilfield Model 
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Global oil production
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IEA, World Energy Outlook 2008, 
WEO 2008

WEO 2008 was released on November 12th. 
On page 51 the IEA states that

“the results of these analyses [prospects for 
oil and gas production] are intended to 
provide policy makers, investors and end 
users with a rigorous quantitative framework 
for assessing likely future trends in energy 
markets”. 
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IEA - World Energy Outlook 2008
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Giant oil & gas 
field research 
at Uppsala 
University, 
Sweden
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Giant oil & gas 
field research 
at Uppsala 
University, 
Sweden
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Depletion rate of remaining reserves

dδt = qt / (R0 – Qt)
where

dδt = depletion rate of remaining reserves
qt = production at time t

R0 = Initially present reserves or ultimate recoverable resources
Qt = Cumulative up to time t  

Kjell Aleklett, Mikael Höök, Kristofer Jakobsson, Bengt Söderbergh, 
The Peak of the Oil Age –

reviewing the Reference Scenario World Oil Outlook in IEA World Energy Outlook 2008, 
Energy Policy, submitted to Energy Policy
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Giant oil & gas 
field research 
at Uppsala 
University, 
Sweden
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The Norwegian Oil End Game

A field by field analysis with maximum discovery potential. As 
Norway uses 0.2 Mbpd the export in 2030 will be around 0.2 Mbpd



Kjell Aleklett

Depletion RR (dδ) – North Sea
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New field developments in WEO 2008
IEA, Economical limits
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Depletion (dδ) for fields to be 
developed in WEO 2008
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Production for fields to be developed 
with physical depletion rr (dδ) limits



Kjell Aleklett

IEA - World Energy Outlook 2008
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Historical crude oil discovery
114 billion barrels is OK 

121 bb (WEO 114 bb)
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Production from Yet-to-find fields 
in WEO 2008, economical limits
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Depletion (dδ) for fields 
Yet-To-Find in WEO 2008

Production WEO2008: 19 Mb/d
Our production in 2030: 9 Mb/d
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WEO 2008 and 
Uppsala Oil 

Outlook 2008 

Kjell Aleklett, Mikael Höök, 
Kristofer Jakobsson, Bengt Söderbergh, 

The Peak of the Oil Age –
reviewing the Reference Scenario World Oil 
Outlook in IEA World Energy Outlook 2008, 
Energy Policy, submitted to Energy Policy
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WEO 2008 and Uppsala Oil Outlook 2008 WEO 2008 and Uppsala Oil Outlook 2008 

Source: various
Range of Global Oil Supply Forecasts – 2030 – All Liquids

Uppsala University*

IEA, EIA, IOC’s
Douglas‐Westwood

Total
Production Capacity
Current Production

• Petroleum liquids 
supply forecasts from 
75 – 105 mbpd for 2030

• All are essentially peak 
oil forecasts

• Quiet consensus has 
emerged—
disagreements are 
increasingly narrow and 
specific

* Only material 
difference between 
Uppsala  and IEA is 
depletion rates on 
fields to be 
discovered and 
developed to 2030 

• Oil supply looks unlikely to keep up 
with demand over time
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We have to build a ”Crash Mat”
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A peak in discoveries must give a peak in production!
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UK Gas Production Peaked in 2000

Bengt Söderbergh

• The biggest gas 
producer of the 
EU.

• Became net 
importer of gas 
In 2004. 

• The UK and the 
Netherlands 
produce 70% of 
EU gas output

Sources: BP Statistical Review 2009, Söderbergh (2010)
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The Petroleum Producing Regions of Norway

• The Norwegian shelf 
is divided in three 
separate petroleum 
systems.

• 66% of production in 
the North Sea (2008).

• 31% of production in 
the Norwegian Sea 
(2008). 

• 2.4% of production 
in the Barents Sea 
Sea (2008).

Source: Söderbergh, B., et al., European energy security: The future of Norwegian natural gas…. 
Energy Policy (2009)

Source: NPD,(2008)
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Norway is becoming a mature gas producer

Source: Söderbergh, B., et al., European energy security: The future of Norwegian natural gas…. 
Energy Policy (2009)

• 80% of Norway’s initial reserves are concentrated in 
only 10 giant gas fields. 

• All Norwegian giant gas fields have been put in to 
production.

• With the exception of Ormen Lange and Snøhvit, all 
giant fields have already reached their planned 
production level. 

• The production from current reserves in the 
Norwegian North Sea peaked in 2006 at 73 bcm/year .

• Estimated peak in production from Norway’s current 
reserves in 2010 at 115bcm/year. 
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Declining discovery trend

Source: Söderbergh, B., et al., European energy security: The future of Norwegian natural gas…. 
Energy Policy (2009)

• No giant gas field 
discovered in 
Norway during the 
last 10 years. 

• About 85 
exploration wells 
drilled in the 
Barents Sea since 
1980.

• Only the Snohvit 
and Goliat fields 
discovered in the 
Barents Sea.

Norwegian Gas Discoveries 1966-2005
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Limited Norwegian Potential for Increase

Source: Söderbergh, B., et al., European energy security: The future of Norwegian natural gas…. 
Energy Policy (2009)

• Total 
Norwegian gas 
production 
peaks between 
2015 and 2020.

• By 2030 
Norwegian 
pipeline 
exports 80-95 
bcm/year.
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Norway – A Bottom-up Analysis

Bengt Söderbergh

• Field-by-field 
study of 
Norwegian gas 
production.

• Contingent and 
undiscovered 
resources 
included.

Norwegian Natural Gas Production Forecast – Reference Scenario

Source: Söderbergh, B., et al., European energy security: The future of Norwegian natural gas 
production, Energy Policy (2009)
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Western Siberia, Europe’s Energy Centre

• Nadym Pur Taz (NPT) Region 
is the world’s largest gas 
production center. 

• Over 90% of Russian 
production (about 20% of 
global production).

NPT Region

Source: Gazprom

Source: Gazprom
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The NPT Region is about to Peak

Source: Söderbergh, B., (2010). Production from Giant Gas Fields in Norway and Russia  and 
Subsequent Implications for European Energy Security 
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Development of New Areas – Tough Areas 
Left

• The Shtokman field, 
arctic offshore.

• The Yamal Peninsula 
– harsh weather 
conditions. 

• East Siberia and 
Sakhalin – remote 
areas.

Source: Gazprom

Source: Google Earth
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Yamal – The Future Russian Gas Centre
Yamal Peninsula Production Forecast

Source: Söderbergh, B., (2010). Production from Giant Gas Fields in Norway and Russia  and 
Subsequent Implications for European Energy Security 
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Future Russian Gas Production and Demand

Limited increase of export potential due to increasing 
Russian domestic demand.

Source: Söderbergh, B., (2010). Production from Giant Gas Fields in Norway and Russia  and 
Subsequent Implications for European Energy Security 

Russian domestic  
gas demand
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Limits to Available Gas Supplies for Europe

To Asian 
markets

? For 
European 
markets

Source: Söderbergh, B., (2010). Production from Giant Gas Fields in Norway and Russia  and 
Subsequent Implications for European Energy Security 
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If Yamal Delayed - No European Export 
Increase

Yamal development 
delayed five years.

Source: Söderbergh, B., (2010). Production from Giant Gas Fields in Norway and Russia  and 
Subsequent Implications for European Energy Security 



Kjell Aleklett



Kjell Aleklett

How Much Coal?
Science 13 March 2009
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How Much Coal?
Science 13 March 2009
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Coal Reserves
• Top Seven Coal Reserves 2006 [Mt]
• Country Reserve Share of world

1. USA 246 643 27.1 %
2. Russia 157 010 17.3 %
3. China 114 500 12.6 %
4. India 92 445 10.2 %
5. Australia 78 500 8.6 %
6. South Africa 30 500 3.7 %
7. Poland 7 500 0.9 %
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Coal Production
• Top Six Coal Producers 2006 [Mt]

Country Production Share of world
1. China 2 380 38,4 %
2. USA 1 054 17.0 %
3. India 447 7,2 %
4. Australia 374 6.0 %
5. Russia 309 4.9 %
6. South Africa 250 4.2 %
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Coal Usage

Coal usage
14%

12%

16%

58%

Residential,
agricultural, etc. 
Cement and other
industrial applications
Metallurgy (iron and
steel making)
Electricity and heat
generation
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Coal reserves in USA
 

Figure 2: Coal Production by Coal-Producing Region, 2005 
(Million Short Tons and Percent Change from 2004)

Source: EIA, Annual Coal Report, 2005
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Energy consumption of coal in the USA
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Peak Coal
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Coal statistics USA
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Future coal production in the USA
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Coal in Russia

Figure 8: Geographical distribution of the Russian coal basins
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Coal Reserves in China 

Distribution of coal deposits in China
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Coal to Liquids

Four million barrels per day:

60 % of Chinas coal production of today

60% more then USA coal production of today
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The Human Well Being (HWB) equation

HWB(E) = 
Food&Water(E) + Economy(E) + Climate(E) + Security(E)

E = Energy   
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Food and Fuel – can agriculture provide?

Agriculture as provider of both food and fuel 
Kersti Johansson, Karin Liljequist, Lars Ohlander, and Kjell Aleklett 

Accepted for publication in AMBIO 
The Royal Swedish Academy of Sciences 
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Food Energy on the Table

Nobel Dinner 2007

Recommended energy per person: 
2500 kcal per day

Recommended energy for the global 
population, 6.7 billion persons: 

7100 TWh per year

Or in oil equivalence:
12 million barrels per day
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Needed energy for food production

1 calorie on the table in USA needs 7.4 calories of energy.
With a global factor of 5 calories we get that 12 Mb/d food energy 

need around 60 Mb/d oil, gas and coal, and most of that is oil.
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Food and oil prices 1990 - 2009
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We are eating oil

Nobel Dinner 2007
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Food and Fuel

Global agricultural production and some scenarios for possible 
biogas and ethanol production compared to present consumption 

of fossil motor fuels and global food demand.
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Food or Fuel

Today’s agricultural 
cannot provide us 
with food and fuel.
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The Human Well Being (HWB) equation

HWB(E) = 
Food&Water(E) + Economy(E) + Climate(E) + Security(E)

E = Energy   
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GDP and oil use per capita
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Energy and Economic Growth
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GDP Per Capita
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“Business as Usual” and Oil Demand

World Energy Outlook 2008, International Energy Agency 
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World Production of Liquids and biofuels
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World Energy Outlook 2008
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A Sustainable World Scenario
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The Human Well Being (HWB) equation

HWB(E) = 
Food&Water(E) + Economy(E) + Climate(E) + Security(E)

E = Energy   
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Daqing
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Daqing - China

”Petroleum has a compact relationship with a 
countries political, economical and military 
strength.”
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The Human Well Being (HWB) equation

HWB(E) = 
Food&Water(E) + Economy(E) + Climate(E) + Security(E)

E = Energy   
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We need to extinguish the fossil fire! 
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Where to find fossil fuel
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Emission reductions before Copenhagen

2050

Renewable growth with 7% per year

Fossil reduction with 50%

Fossil reduction with 100%
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Emission reductions before Copenhagen

2050

Renewable growth with 7% per year

Fossil reduction with 50%

Fossil reduction with 100%

Food demand
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Future important trends for shipping
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Historical Crude Oil Expenditures and Recession

• By 2008, the supply-
demand balance had 
become untenable

• When crude oil 
expenditure reached 4% 
of GDP, the US fell into 
recession 

• As every other time 
since 1972

• Equals $80 oil

• WTI today: $75
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Transport Fuels in the Future
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“Business as Usual”
for the Aviation 

Industry
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Future Aviation Fuel
Demand and Production

Aviation fuel and future oil production scenarios, Emma Nygren, Kjell 
Aleklett, Mikael Höök, Accepted by Energy Policy 



Kjell Aleklett

Crude Oil and NGL
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Ideas about the future
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Conventional and Unconventional oil
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The Special Report on Emission 
Scenarios (SRES), IPCC

• Validity of the fossil fuel production outlooks in the 
IPCC Emission Scenarios

• Mikael Höök, Anders Sivertsson, and Kjell Aleklett
• Publiched by Natural Resources Research ( 2010)
• http://www.springerlink.com/content/105547/
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IPCC Emission Scenarios
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IPCC
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Uppsala Giant Oilfield Model 
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Comparison: Oil
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A peak in discoveries must give a peak in production!
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Comparison: Gas
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Coal production forecast

2006
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World outlook

Source: Höök et al (2010) Global coal production outlooks based on a logistic model, to be published
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Comparison: Coal
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President Barack Obama

"No single 
issue is as 
fundamental 
to our future 
as energy”

2009 Jan 26
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Uppsala Global Energy 
Systems

Web page: www.fysast.uu.se/ges


