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Price of Passenger Transport
(per passenger-kilometer-hour)

Source: Fouguet and Pearson, 2003
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Technological Change: Dynamic, 
Cumulative, Systemic and Uncertain

! Incremental – gradual (continuous) 
and cumulative improvements

! Abrupt – radical, discontinuous and 
disruptive as “gales of creative 
destruction”
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World Primary Energy
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INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (IPCC)

Global Mean Temperatures are Rising
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Reasons for Concern – “Red Amber”

2 oC

Source: Smith et al. PNAS, 2009Source: IPCC TAR, 2001
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Global Carbon Emissions
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New Worlds: What’s Needed

!Knowledge capital (including R&D)

! Investments into niche markets

!Technology deployment & diffusion 
(=investments, overcoming capital 
constraints, new combinations)



Global Investments in New Renewables

Source: IEA, 2009
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Technology Learning in SRES

100,00010,0001,000100101

Cumulative Installed Capacity [GW]

10,000

1,000

100

In
ve

st
m

en
t C

os
ts

 p
er

 k
W

 
in

 U
S$

90

100,00010,0001,000100101

Cumulative Installed Capacity [GW]

10,000

1,000

100

In
ve

st
m

en
t C

os
ts

 p
er

 k
W

 
in

 U
S$

90

Source: Riahi



Nakicenovic #12 2009

0

1000

2000

3000

4000

5000

6000

7000

8000

1430 1390 1090 970 820 670 590 520 480 450

ppmv - CO2 Equivalent

bi
lli

on
 U

S$
90 2000

2030
2050
2100

Energy Supply Investments
Global – Supply Side Only

*) maximum temperature change over the 21st century assuming 3C climate sensitivity
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*) maximum temperature change over the 21st century assuming 3C climate sensitivity
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Japan - PV Costs vs. Expenditures

Grübler, 2002
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How Much Energy RD&D is Enough?

! $10bn public & ~ $40bn private

! Investments ~ $350-500bn

! 20:80 Rule "#$%&#'()-100bn

! Required investments ~ $1000bn         
"#$%&#'()-100bn
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EUROPEAN UNION 25
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EUROPEAN UNION 25
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UNITED STATES

0

20

40

60

80

100

120

140

160

1953 1958 1963 1968 1973 1978 1983 1988 1993 1998 2003 2008

U
S 
G
ov
er
nm

m
en

t 
fu
nd

ed
 R
D
 (b

ill
io
n 
U
S 
$ 
20

08
)

Defense R&D

Other

Nat. Res /ENV

Energy

Gen. science

Space

Health

Data Source: Doornbosch, 2006



Nakicenovic #21 2009

Private-sector R&D is increasingly focused on projects with short-term payoffs.
Source: IEA Databases, Doornbosch, et al., 2008

Public Energy R&D in IEA Countries
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“Energy RD&D programs are not    
commensurate in scope and 
scale with the energy challenges 
& opportunities the 21st century 
will present.”

Source: PCAST, 1997





* The magnitude of the change required will be huge 
* The challenge is to find a way forward that addresses 

simultaneously multiple challenges ….climate change, 
security and equity issues ....

* Paradigm change is needed: radical increase in R&D 
efforts, both public and private, capacity building and 
technology deployment and diffusion

* Needs to be globally integrated but with maximum 
support of countries and local levels.

25

www.GlobalEnergyAssessment.org
Towards a more Sustainable Future
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