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Technological Change: Dynamic, Technological Change: Dynamic, 
Cumulative, Systemic and UncertainCumulative, Systemic and Uncertain

 Incremental Incremental –– gradual (continuous) gradual (continuous) 
and cumulative improvementsand cumulative improvements

 Abrupt Abrupt –– radical, discontinuous and radical, discontinuous and 
disruptive as disruptive as ““gales of creative gales of creative 
destructiondestruction””
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Use of Passenger TransportUse of Passenger Transport
(per passenger(per passenger--kilometer)kilometer)

Source: Source: FouguetFouguet and Pearson, 2003and Pearson, 2003
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Use of Passenger TransportUse of Passenger Transport
(per passenger(per passenger--kilometer)kilometer)

Source: Source: FouguetFouguet and Pearson, 2003and Pearson, 2003
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Price of Passenger TransportPrice of Passenger Transport
(per passenger(per passenger--kilometerkilometer--hour)hour)

Source: Source: FouguetFouguet and Pearson, 2003and Pearson, 2003
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France France –– Mobility by Travel ModeMobility by Travel Mode
(passenger(passenger--kilometers per day per person)kilometers per day per person)
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ITU MalaysiaITU Malaysia
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Growth of InterconnectivityGrowth of Interconnectivity

Internet and Precursors: Number of Hosts
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Virus Attacks and Network GrowthVirus Attacks and Network Growth

Data: Hostscount: M. Lottor, ISC, 1986-2001. Virus incidents: CERT Coordination Center, Carnegie Mellon University.
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The Outbreak of Code Red Worm The Outbreak of Code Red Worm 
A Spatial Diffusion AnimationA Spatial Diffusion Animation
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Diffusion in Space and TimeDiffusion in Space and Time
A Simple Conceptual Diffusion ModelA Simple Conceptual Diffusion Model

Source: Source: MorillMorill,, 19681968
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Source: After 
Godlund, 1952

Spatial Diffusion of Railways in EuropeSpatial Diffusion of Railways in Europe

Source: GrSource: Grüübler, 1998bler, 1998
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USA USA –– Growth of InfrastructuresGrowth of Infrastructures
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Car Prices and DiffusionCar Prices and Diffusion
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Number of Car MakesNumber of Car Makes

Source: Source: RoseggerRosegger & Baird,& Baird, 19871987
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USA USA –– Number of Horses and CarsNumber of Horses and Cars

Source: Nakicenovic, 1984Source: Nakicenovic, 1984..
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USA USA –– Horses vs. Cars for Road TransportHorses vs. Cars for Road Transport
(fractional share F in total fleet; linear plot and (fractional share F in total fleet; linear plot and logitlogit transform)transform)
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UK UK –– Replacement within Vehicle FleetsReplacement within Vehicle Fleets
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Aero Engines Best PerformanceAero Engines Best Performance

Source: GrSource: Grüübler, 1987bler, 1987
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Energy Efficiency (%) and Emissions (g/km) for Energy Efficiency (%) and Emissions (g/km) for 
Horses, and Early and Contemporary AutomobilesHorses, and Early and Contemporary Automobiles
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US US –– Merchant Merchant VesselsVessels

SourceSource: Nakicenovic, 1987: Nakicenovic, 1987
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US US –– Car Fleet Emissions ControlCar Fleet Emissions Control
US Car Fleet Emission Control Systems
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FSU FSU –– Transport in Transport in CoalCoal MinesMines
FSU - Underground Transport in Coal Mines
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US US –– Steel Production MethodsSteel Production Methods
US Steel Production
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World World –– PrimaryPrimary EnergyEnergy
World Primary Energy
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US US –– Media SubstitutionMedia Substitution
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Vision of a Sailing RailwayVision of a Sailing Railway
Monorail using sails proposed by Henry R. Palmer in 1828Monorail using sails proposed by Henry R. Palmer in 1828

Source: Marshall, 1938Source: Marshall, 1938
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The objective is to explore:The objective is to explore:

 Uncertain technology characteristics Uncertain technology characteristics 
as well as learning ratesas well as learning rates

 Sequential resolution of uncertainty Sequential resolution of uncertainty 
with one deterministic demandwith one deterministic demand

 Ensembles with different systems Ensembles with different systems 
costs, development paths and costs, development paths and 
technology portfoliostechnology portfolios

An An ““EndogenousEndogenous”” TC ApproachTC Approach
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Synthetic fuels and hydrogen
Ethanol or H2 from biomass
Methanol or H2 from natural gas
Methanol or H2 from coal / 20%

Solar thermal to hydrogen
Solar radiation to H2 (thermal pr.)
10 %, medium size

Nuclear HTR
Nuclear high temp. reactor for H2
10%, very large

Hydrogen liquefaction
Gaseus hydrogen to liquid
10%, medium size

FC in Transport
Hydrogen (liq. and gas)
Methanol/Ethanol
30% reduction, small size

FC Decentralized
Hydrogen FC in Industry
Hydrogen FC in Res/Comm
30% reduction, medium to large

FC Centralized
Natural gas
Coal-based
30% reduction, large

Infrastructure
Hydrogen transp/distr
Liq. Hydrogen transp/distr
10%, large

Wind PPL
Wind power plant

15%, small to medium

High risk associated 
with large unit size

“soft” links (imperfect substitution in RD&D)

iGritsevkyiGritsevkyi&Nakicenovic&Nakicenovic 3535 IIASA 2000IIASA 2000

Solar PV
Solar PV in Energy Sector

Industry, Res/Comm
30%, small to medium
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Energy Scenarios with Technological UncertaintyEnergy Scenarios with Technological Uncertainty
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Spatial HeterogeneitySpatial Heterogeneity

 New emphasis in technology studiesNew emphasis in technology studies

 Spatial diffusion and heterogeneity in Spatial diffusion and heterogeneity in 
adoption environmentadoption environment

 Spatially explicit scenarios (downscaling Spatially explicit scenarios (downscaling 
and modeling)and modeling)

 UrbanizationUrbanization
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Global PopulationGlobal Population
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Global Final EnergyGlobal Final Energy
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Capital Stock in PPPCapital Stock in PPP
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InternetInternet

2000
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Heterogeneity in Technology Diffusion: Internet DomainsHeterogeneity in Technology Diffusion: Internet Domains

Source: Zook, 2002
http://mappa.mundi.net/maps/maps_016/
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Food for a Week, Darfur Refugees, ChadFood for a Week, Darfur Refugees, Chad
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Food for a Week, GermanyFood for a Week, Germany
©© 2005 PETER MENZEL PHOTOGRAPHY2005 PETER MENZEL PHOTOGRAPHY


