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World Energy in 2050

Vision

• Major changes, higher prices, & more sustainability

• Hydrogen, electric, & plug-in hybrid - cars, trucks & buses

• Liquid fuel consumption declining

• Airplanes still use liquid fuels

• Electric power largely from nuclear & renewables

Enabling technologies

• Energy efficiency in all sectors

• Hydrogen from nuclear & renewables

• Economic large-scale electric energy storage

• Liquid fuels from oil, heavy oil, coal, oil shale & cellulose



World Energy Resources in 2050

• Conventional oil  production 50% of 2008 level

• Natural gas  production 50% of 2030 level

• More uranium  discovered

• Cellulosic ethanol  approaching its maximum

• Potable water  increasingly produced using energy

• Major energy use for recycling



     The 2008 - 2050 Transition - 
Extremely Challenging

• World conventional oil production
will begin to decline in 2010-15.

• World natural gas production  will
begin decline in around 2030.

• Dire economic circumstances  will
ensue from 2010-2030, Since we Õre
ill prepared,
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Oil Peaking Is

Unavoidable
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Some Oil Field Production Profiles
(GOM Deepwater Fields)
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The World Is Consuming More Oil
Than It Has Been Finding.
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Some estimate we consume three barrels for each new barrel found.
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Sharp Peaking of World Oil Production
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A Production Plateau Is Possible
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If World Production Were To Plateau, Oil
Prices Would Rapidly Increase

Notional Trends

Time
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Existing World Oil Production Is Constantly
Declining

Decline Rate Estimates:

      CERAÉÉÉÉÉÉÉ .. 4.5% 
Schlumberger ÉÉ .ÉÉ .8%
Simmons ÉÉÉÉÉ ..8-10%

Past     Future

Time

 Oil
Production

Continuing plateau reference

New
production
needed to
maintain

the plateau
Now



Past   Future

Time

 Oil
Production

CERA Forecasted Growth to 112 MMbpd in 10 years

Decline of Existing Production

Existing Declines Plus Expansion

To reach 112 MM bpd in 10 years @ CERA Õs 4.5% decline would
require 75 MM bpd of new capacity = 8 new Saudi Arabias.

Dr. Moujahed Al-Husseini, Editor-in-Chief, GeoArabia
Dr. Sadad Al-Husseini, Saudi Aramco Exec. VP (Retired)



Critically Important

Peaking is maximum production.

  ItÕs NOT SOON running out .

Oil shortages are a Liquids
Supply problem, not Òenergy. Ó
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Where They Stand

•  IEA
•  Chevron
•  Shell
•  Total Oil
•  Chinese P.I.
•  Statoil,
•  Hess Oil,
•  Volvo Trucks

•  OPEC
•  EIA
•  CERA
•  ExxonMobil
•  Fewer & fewer others

• Jim Schlesinger
• Boone Pickens
• Matt Simmons
• Corps of Engineers
• CIBC
• Retired oil geologists
• Many others

Sounding the alarm:

Denying an imminent problem :



•Pickens, T. Boone  (Oil & gas investor)………………………..2005
•Deffeyes, K.  (Retired professor & retired Shell)………………………. 2005
•Westervelt, E.T. et al.  (US Army Corps of Engrs)………….……..At hand

•Bakhtiari, S .  (Iranian National Oil Co. planner)………………....2005
•Simmons, M.  (Oil expert & businessman)………………………Very soon

•Bentley, R.  (University energy analyst)……….………..……Around 2010

•Campbell, C.   (Retired oil company geologist).…………..  2010-
2011
•Skrebowski, C.  (Editor of Petroleum Review)……………….…. 2010-2011

•Pang, X (China Petroleum Univ.)…………………..…….  Around 2012
•Meling, L.M.   (Statoil oil company geologist)…..A challenge around 2011

Ð
•Volvo Trucks É É É É É É É É É ÉÉ É É ÉÉÉÉÉ ..Within a decade
•de Margerie, C.  (Oil company executive) ………………...Within a decade

•Husseini, S . (Retired Saudi Aramco)………………..…………… 2015
•Merrill Lynch  (Brokerage / Financial).…….………..……..…. Around 2015
•West, J.R., PFC Energy   (Consultants)..……………….……....2015-2020

•Maxwell, C.T.,  Weeden & Co.  (Brokerage)..Around 2020 or earlier
•Wood Mackenzie  (Energy consulting)……………..Tight balance by 2020

•Shell (Oil company)…….………………………………………..…….2025

•ExxonMobil  (Oil company)…….…………………No sign of peaking

•CERA (Energy consulting)……………………………………... After 2030

• EIA……………………………………………………………….... After 2030

• International Energy Agency …………….………... After 2030

~ Now

5 years

8-13 years

20+ years

World Maximum Oil Production Forecasts



Recently From the IEA
Dr. Fatih Birol, Chief Economist

• ÒEven if all (new oil E & P) projects É  already funded will be
implemented, the overall capacity they can bring for new oil
production is too little.

• ÒÉthis year for the first time we announce a "supply crunch" .

• ÒSeveral people now think that the global oil and gas
production will get into troubled waters soon , but this is not
only due to resource depletion . The lack of investments  are
another problem, as well as the fact that some countries don't
want to increase production. Ó

International Politik. May 2, 2008 .
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The Logistic Model For World

Conventional Oil Production

Peak near 50%

              Time

Production

History

People controlled &

production

INCREASED.

Post Peaking

Geology controls &

production

DECLINES.



 

The Logistic Model Maps Well for the U.S.

Cumulative Production
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What Are

Your Priorities
For Liquid Fuels?

•  Low Cost

•  Low Greenhouse  Gas Emissions

•  Adequate Supplies

•  Low Environmental  Damage



My Liquid Fuel Priorities
Least Damage to People

                        Priority Reasoning

Highest:   Shortages hurt individuals,
Adequate Supplies companies, and the

economy.

High:
Low Cost High costs reduce resources  

for other purposes

Very Important:

Low Environmental Minimize local / regional  
Damage impact

Low Greenhouse Global climate concerns
Gas Emissions



INESCAPABLE FACT:

It Will Take a Long Time & Huge Investment to

Modify or Replace Massively Deployed End-Use

Equipment Worldwide

Existing

Light Duty Vehicles, Heavy

Trucks, Buses, Ships, Airplanes,
Home Heating, Boats, Fork Lifts,

Cranes, Barges, Electric

Generators, etc.

Annual
Retirements

New Units
Added per

Year



U.S. Liquid Fuel Consuming Fleets

   Median Life          Cost to

                    (Years)     Replace Half
      

Automobiles ÉÉÉÉÉÉÉÉÉ 17ÉÉÉÉÉÉ $1.3 Trillion

Light Trucks ÉÉÉÉÉÉÉÉÉ 16ÉÉÉÉ .É ..$1.0 Trillion

Heavy Trucks . ÉÉÉÉÉÉÉÉ 28ÉÉÉÉ ..É $1.5 Trillion

Airplanes ÉÉÉÉÉÉÉÉÉ .É .22ÉÉÉÉ ..É $0.3 Trillion

Time & cost.



Mitigation Is An Essential Bridge to
Sustainability

• We must mitigate because it will require
decades  to massively modify or replace  the
world Õs existing end-use equipment.  Growing
fuel shortages will cause  economies to
deteriorate .

• Mitigation & movement to a sustainable future
must coexist for quite some time.



•   Highway speed limits

•   Carpooling

•   Telecommuting

•   Four day work week

•   Rationing

      +  Military

         +  Medical

         +  Farmers/food

•  Open ANWR, other areas    
     (Delayed impact)

•  Etc.

Administrative Mitigation Options



Physical Mitigation Options

- Vehicle Fuel Efficiency

- Heavy oil / oil sands

- Coal Liquefaction (CTL)

- Gas-To-Liquids (GTL)

- Enhanced Oil Recovery (EOR)

   Why these?  There Õre liquid fuels & ready
  for

   Deployment
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Options of Little Near Term Value

          Option                     Reasoning

– Nuclear

– Wind    ÉÉÉ ... Electric / Not Liquid Fuels

– Solar

– Hydrogen ÉÉÉÉÉ Neither ready nor economic

– Biomass ÉÉÉÉÉ . Not economic

– Shale Oil ÉÉÉÉÉ . Not commercial



Mitigation Study
A 2005 analysis for the U.S. DOE

         Scenario I - No action until peaking occurs

        Scenario II - Mitigation starts 10 years before peaking

       Scenario III - Mitigation starts 20 years before peaking

ASSUMED CRASH PROGRAM
IMPLEMENTATION:

THE MOST OPTIMISTIC
CASE
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Growing world liquid fuels
shortages for decades

Result For A Worldwide Mitigation Crash
Program Started At Peak
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Past Oil Shortages - 1973 & 1979

+ Recession   + Inflation 

+ Unemployment   + High interest rates

BRIEF interruptions caused É .

     World oil peaking won’t be BRIEF.



A Relationship Between
World Oil Shortage & World

GDP

• Only experience: 1973 & 1979.

• Since then, many differences,  complications, and
unknowns…

        Precision is impossible.

• From 1970s data & recent studies:

~ 1
     % Decline in GDP

% Decline in Oil Supply



Potential Impacts On World GDP
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Mitigation

• Will the world oil decline rate be 5%?  Less?  More?

• How close will world GDP decline follow oil decline?  Faster?  Slower?

• When will a world mitigation crash program start?  Sooner?  Later?

• What geopolitical events will intervene?



• The peak oil issue is percolating up

+  Growing numbers of items in the media
+  Recognized in the Administration
+  Growing interest on Wall Street
+  Google Peak Oil -- 4 million items

The Next Oil Shock Will Likely Be Psychological

When world oil decline
breaks into active public
consciousness

SHOCK!

• Expect 1973 & 1979 reactions:

+  Public panic & disorientation

+  Hoarding & instant shortages
+  Major negative reactions on Wall Street

+  Recession, unemployment, inflation, etc.



Conclusions

• Energy in 2050 looks good.

• Considering oil supply only , the world will have to work
through decades of dire economic circumstances.

• We have available options for near-term mitigation &
future options to get us to 2050.

The challenge ahead will be significant.

 Deployment of technologies essential

 Compromises required

 Timing & speed critical


