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Global Primary Energy ScenariosGlobal Primary Energy Scenarios
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World Economic MapWorld Economic Map
Areas of Regions Proportional to 1990 GDP Areas of Regions Proportional to 1990 GDP 

(mer)(mer)

DCsDCs = 16% of world = 16% of world GDP(merGDP(mer); 35% of world GDP (); 35% of world GDP (pppppp))
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World Economic MapWorld Economic Map
Areas of Regions Proportional to 1990 GDP Areas of Regions Proportional to 1990 GDP 

(mer)(mer)

GDP mer 1990
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Evolution of Global Primary EnergyEvolution of Global Primary Energy
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Global Final Energy by FormGlobal Final Energy by Form
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Global Carbon Dioxide EmissionsGlobal Carbon Dioxide Emissions



Global Mean Temperature ChangeGlobal Mean Temperature Change

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (IPCC)



Global Mean Temperature ChangeGlobal Mean Temperature Change
Six illustrative SRES scenarios, full range Six illustrative SRES scenarios, full range 

s

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (IPCC)
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Carbon Emissions: Scenarios Carbon Emissions: Scenarios 
and Stabilization Profilesand Stabilization Profiles
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Global Carbon Dioxide EmissionsGlobal Carbon Dioxide Emissions
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Global Carbon Dioxide EmissionsGlobal Carbon Dioxide Emissions
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Technical Options for a more Sustainable Future

• Improved Energy Efficiency - especially at the point of 
end-use in buildings, electric appliances, vehicles, and 
production processes.

• More Renewable Energy: such as biomass, wind, solar, 
hydro, and geothermal

• Advanced Energy Technologies: 

• next generation fossil fuel and carbon sequestration 
technologies

• nuclear technologies, if the issues can be resolved.
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Learning CurvesLearning Curves
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Brazil Brazil –– Ethanol Learning CurveEthanol Learning Curve

0

50

100

150

200

0 10 20 30

Cumulative production 106bbl

Producer price

Regression

Oil price

1978 1985 1988 1990 1995
Data: Goldenberg, 1996

Cumulative
subsidy
1billion $

0.6 billion $
0.3 billion $ ?

30 % cost reduction
for each doubling
of cum. production

0

50

100

150

200

0 10 20 30

Cumulative production 106bbl

Producer price

Regression

Oil price

1978 1985 1988 1990 1995
Data: Goldenberg, 1996

Cumulative
subsidy
1billion $

0.6 billion $
0.3 billion $ ?

30 % cost reduction
for each doubling
of cum. production

0

50

100

150

200

0 10 20 30

Cumulative production 106bbl

Producer price

Regression

Oil price

1978 1985 1988 1990 1995
Data: Goldenberg, 1996

Cumulative
subsidy
1billion $

0.6 billion $
0.3 billion $ ?

30 % cost reduction
for each doubling
of cum. production

0

50

100

150

200

0 10 20 30
Cumulative production 106 bbl

O
il-

eq
ui

va
le

nt
 p

ric
e 

$/
bb

l

Producer price

Regression

Oil price

1978 1985 1988 1990 1995

Estimated

30 % cost reduction
for each doubling
of cum. production

Source: Goldemberg, 1996

??
$2billion“Subsidy”

GrGrüüblerbler IIASA 2002IIASA 2002



IIASAIIASA ICTP 2003ICTP 2003

0.0

0.5

1.0

1.5

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Number of doublings (installed capacity)

C
os

t i
nd

ex
 ($

/k
W

)

0.0

0.5

1.0

1.5

Nuclear Reactors France 1977-2000

PVs Japan 
1976-1995

0.1%

0.1%

50% interval

90% interval

mean learning rate
(115 case studies):
-20% per doubling

Technological Uncertainties Technological Uncertainties 
Learning rates (push) and market growth (pull)Learning rates (push) and market growth (pull)



IIASAIIASA ICTP 2003ICTP 2003

Energy Investment Costs from LiteratureEnergy Investment Costs from Literature
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Distribution of Investment Costs in 2020Distribution of Investment Costs in 2020
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Diffusion of Fossil TechnologiesDiffusion of Fossil Technologies
IIASA IPCC SRES and PostIIASA IPCC SRES and Post--SRES ScenariosSRES Scenarios

2000 2020 2040 2060 2080 2100
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Electricity Generation in 2020Electricity Generation in 2020
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The Innovation Chain

•Research and development
•Demonstration projects
•Early deployment (cost buy down)
•Widespread diffusion



Investments in Energy Supply

• Investment in energy supply projected at 
$300-500 billion per year for the next 20 
years, depending on path chosen

• Less than 10% of total overall investments

Issue:  Mobilization of capital for energy 
supply investments
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TIME FOR A CHANGETIME FOR A CHANGE
Typical diffusion time constraints for replacing Typical diffusion time constraints for replacing 
80% of energy capital stock are 20 to > 50 80% of energy capital stock are 20 to > 50 
yearsyears

Premature replacement of capital by new Premature replacement of capital by new 
technologies is too costlytechnologies is too costly

Start experimentation and technological Start experimentation and technological 
learning now to prepare for future capital learning now to prepare for future capital 
replacementreplacement
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Number of Draft Animals and 
Automobiles in the USA

TNT 2000
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Global Hydrocarbon Reserves and ResourcesGlobal Hydrocarbon Reserves and Resources
in ZJ (10in ZJ (102121J)J)

                                     Consumption       Reserves   Resources    Resource     Additional
1860-1998 1998 base Occurrences

Oil
Conventional 4.85 0.13 6 6 12
Unconventional 0.29 0.01 6 16 22 60

Gas
Conventional 2.35 0.08 6 11 17
Unconventional 0.03 -- 9 26 35 800

Coal 5.99 0.09 21 179 200 140

Total 13.51 0.31 48 238 286 1000

Source: Nakicenovic et al., 1996; Nakicenovic, Grübler and McDonald, 1998; WEC, 1998; Masters et al., 1994; Rogner et al., 2000
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Relationship between resource use Relationship between resource use 
and energy demandand energy demand
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