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Figure 24.3 | R&D intensity (expenditures per value added, in percent) for selected sectors and OECD countries in 2002. Source: The OECD Research and Development
Expenditure in Industry database and STAN Database.
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Knowledge Depreciation Rates (% per year)

empirical studies reviewed GEA KM24 (2012) and
modeled R&D deprecation in US manufacturing (Hall, 2007)
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innovation market diffusion
(RD&D) formation

End-use & efficiency >>8 5 300-3500
Fossil fuel supply >12 200-550

Nuclear >10 3-8
Renewables >20
Electricity (Gen+T&D) >>1 ~100 450-520
Other* <15 n.a.

Total <150 1000 - <5000

non-OECD ~20 ~30 ~400 - ~1500
non-OECD share >40% <20% 40% - 30%

* hydrogen, fuel cells, other power & storage technologies, basic energy research
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UK Energy H

istory

Roger Fouquet's Data revealing a positive feedback loop
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Height over ground/sea level, Meters
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—&— Nuclear U5 Average and Minimum/Maximum 1971-1996
= Nuclear US: Single Reactor (No Range) 1971-1996

—=— Nuclear France: Average and Min/Max 1977-1999

o Offshore Wind: All EU project prices 1999-2008

100000 | —+— Onshore Wind Denmark: Average costs 1981-2009
] —=— Onshore Wind US: Capacity weighted average price 1964-2010
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------ < PV S Modules: World average prices (IPCC SRREN) 2003-2010
—=— PV Systems US: Average installation price +/- SD 19986-2009
—— Heatpumps Switzerland. Average cost of 7.6 kKW unit 1982-2008
—=— Heatpumps Sweden: Average cost of 6.6-8.6 KW unit 1994-2008
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[ Diffusion measures:

K = Saturation level
— t, = Diffusion mid-point (K/2)
At = Diffusion rate
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This process of Creative Destruction is the essential
fact about capitalism.”
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Source: Nakicenovic, 1984.
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primary energy
wood

coal

oil

gas

energy technologies
surface coal
infrastructure
canals

railways

roads

passenger transport
rail

car/bus

air

transport technologies

steam /motor ships
diesel/electric locomotives

military

nuclear warheads
labor force
agriculture

manufacturing
service

education

literacy rate

ty

1883
1885
1956
1990

1975

1840
1913
1916

1920
n.a.
2004

1886
1951

1970

1893
1930
1975

1822

USA

At(years)

65

79
112

70

48
92

51
67

75
13

31

115
120
224

to

1919
1926
1985
1983

1986

1843
1941
1941

1971
1976
2006

1900
1961

1982

1923

USSR

At (years)

77
76
120
47

59

113
101
101

57
53
80

27

Note similarities despite
fundamental different
diffusion environment:
Central Planning vs. Market

Biggest Difference:
Social “technologies”
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Total length of transport
infrastructure 1950 80

Growth of railways
1830-1930 1858 54
1930-1987 Decline Decline

Treated ties (USA) 1923 26

Track electrification
(USSR)

Replacement of steam

locomotives 1950 12

t, = diffusion midpoint (50% completion rate)
At = diffusion rate (years to grow from 10% to 90%)
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Perceived attributes of innovation
-- relative advantage

-- adoption effort

-- compatibility

-- observability

-- trialability
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http://www.iiasa.ac.at/Research/TNT/WEB/Software/
LSM2/Ism2-index.html
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