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Agenda 

•  Objectives & motivations 
•  Hypotheses 
•  Results  
•  Discussion 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Objectives 

•  Assess various options for long‐term 
decarbonisation of road‐transport 

•  Develop original framework based on insights 
from historical and economic research on 
innovation and technical change  

•  Out of scope: biofuels, modal shifts, etc. 

Automotive futures 
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Prior art 
•  Environmental (and energy security) uncertainties  

–  e.g. time/place of charging, efficiency of H2 pathways 

•  Technical uncertainties  
–  e.g. current/projected status of lithium battery, PEM fuel 
cell, hydrogen storage 

•  Commercial uncertainties  
–  e.g. driving range, market acceptance of ‘city’ BEVs, limited 
H2 coverage) 

•  Infrastructure uncertainties  
–  e.g. impact of peak time charging, impact of H2 on natural 
gas markets, cost of various options 

‘Business as usual’ case 

High efficiency case  
(HEV, etc.) 

Decarbonisation 
(EV, HV, biofuels) 

To
ta
l C
O
2 

2050 

Why hydrogen & EVs? 
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Which is cleaner? 
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Which is cleaner? 
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Which is cleaner? 

Which is better? 
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Road transport as a system 

Regulations & policy 
Maintenance & 
distribution 

Settlement and 
mobility patterns 

Automobile 
technology Culture & symbolic 

meanings 

Road network & traffic 
system 

Fuel refining & distribution 
infrastructure 

High‐volume 
automobile 
production 
(‘Fordism’) 

Financial 
institutions 

Filling station 
networks 

Oil exploration and 
extraction 

Road transport 
system 

System transitions (EVs) 

Regulations & policy 
Maintenance & 
distribution 

Settlement and 
mobility patterns 

Automobile 
technology Culture & symbolic 

meanings 

Road network & traffic 
system 

Power generation & 
distribution infrastructure 

High‐volume 
production 

Financial 
institutions 

Charging 
infrastructure 

Electricity based road transport 
system 

Renewables 
CCS 
Smart grid 
(…) 

Advanced batteries 
Recycling infrastructure 

Post‐lithium batteries 
Renewable materials 

Electric motors 
Power electronics 
Hybrid powertrains 

High‐power supply (Level II) 
Street charging  
Smart metering 
Rapid charging 
Battery swapping 

Axial flux motors 
In‐wheel motors 

Renewable materials 

Wireless charging 
V2G 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Hypotheses 
•  Evolutionary potential as a key factor of success for 
new technologies and technological systems  
–  Representative examples: early gasoline ICEVs, railways, 
electricity, telephone, mobile phones & other ITC 

•  Key role of niche and hybrid applications as early 
market points 

•  Transitions supported by technology and infrastructure 
spillovers 

•  Endogenous R&D and infrastructure works came later 
•  As a result, radical change was effectively 
incrementalised over time and space 

The role of spillovers 

Spillovers 

Application 
x1 

Application 
x2  

Application 
x3  

Sub‐trajectory 1  Sub‐trajectory 2  Sub‐trajectory 3 

Synergies 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Externally support virtuous cycles 

Extra‐industry 
spillovers 

Niche & hybrid 
applications    

R&D and 

infrastructure 
Learning‐by‐

doing 

The case of early motor vehicles 

Change 

Radical technological change 
(e.g. HEV) 

Systemic transition 
(e.g. EV, HV) 

Infra‐ 
structure 

Technology 

Radical infrastructural change 
(e.g. 1st gen biofuels, NGV) 

Incremental innovation 
(e.g. advanced IC engines) 

Continuity  Change Technological 
change 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Research scope & methods 
•  Scope 

  Technology 
  Components (lithium batteries, fuel cells) 

  Vehicles (niche markets, hybrid architectures 

  Infrastructure 
  Technology (e.g. SMR) 

  Networks  

•  Methods 
  Extensive literature review & stakeholder interviews  
  Qualitative research  

  ‘Early’ applications (stationary, consumer electronics, materials handling, etc.)  

  Potential spillover effects 
  Assessment of infrastructure barriers & market entry points for EVs and FCVs 

  Bibliometric analysis of fuel cell and battery patents 

Key results 
•  FCVs are inherently more ‘revolutionary’  

–  Lack of starting infrastructure 
–  Low spillover potential from ‘early’ fuel cell applications  
–  Lack of niche/hybridisation paths 
–  Positives: merchant production capacity, large R&D efforts 
at OEMs 

•  ‘Evolutionary’ character of EVs was confirmed at all 
levels  
–  Power generation & grid capacity 
–  Decarbonisation of electricity 
–  Charging (~50% of households) 
–  Lithium battery technology ( 
–  Niche BEVs and plug‐in hybrids 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Leading FCV alliances  
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FHI 

Nissan 

Renault 

Mitsubishi 

Toyota 

Hyundai 

VW 

Honda 

AESC 

LEJ 

PEVE 

NEC 

GS Yuasa 

Panasonic 

LG Chem 

Toshiba 

Continental 

Isuzu 

BMW  JCS 

Blue Energy 

Johnson Controls 

PSA 

Enax 
Daimler 

GM 

Hitachi 

SAFT 

Ford 

Sanyo 

Leading EV alliances  

Leading battery IP owners 

Battery related patents (active), as of Dec. 31 2007 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Lithium battery markets 

Cellular phones 
53% Notebook PCs 

26% 

Other portable 
electronic 

11% 

Power tools 
3% 

Other 
7% 

2006, by volume 

Portable/
consumer 

Portable/
industrial 

HEV 

Synergies 

PHEV 

Commuter 
BEV 

Mainstream 
EV 

On-going battery technology development 

LIB migration path 
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PEMFC migration path 
Military & 

space 

APU 

CHP 

Synergies 

Materials 
handling 

Mainstream 
FCV 

On-going fuel cell technology development 

Backup 
power 

Fuel cell bus 

EV infrastructure pathways 

Private 
garages & 
office car 
parks 

Charging 
posts (city 
centres) 

Charging 
posts 
(residential 
areas) 

Rapid 
charging 

Battery 
swapping 

V2G? 

time 

Number  
of EVs 

Smart 
metering 

Grid 
reinforcement 

New power 
generation  

Advanced 
DSM 

Charging network 
trajectory 

On‐going electricity 
system trajectory 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Transition pathways 

Change 

Radical technological change 
(e.g. HEV) 

Systemic transition 
(e.g. EV, HV) 

Infra‐ 
structure 

Technology 

Radical infrastructural change 
(e.g. 1st gen biofuels, NGV) 

Incremental innovation 
(e.g. advanced IC engines) 

Continuity  Change Technological 
change 

Transition pathways 

Change 

Radical technological change 
(e.g. HEV) 

Systemic transition 
(e.g. EV, HV) 

Infra‐ 
structure 

Technology 

Radical infrastructural change 
(e.g. 1st gen biofuels, NGV) 

Incremental innovation 
(e.g. advanced IC engines) 

Continuity  Change Technological 
change 

Hydrogen 

EVs 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Hydrogen revolutions 

Automotive futures 

•  Not predictive but indicative of what might 
happen 
– Depends on policy/economic environment 
– EVs still require strong market‐pull incentives 
– Hydrogen possible under ‘big bang’ ‘Apollo 
Project’ style approach 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Evolutionary vs. revolutionary 
pathways 

Evolutionary   

•  Technology spillovers 
•  Infrastructure spillovers/

synergies 

•  Niche and hybrid 
applications 

•  Incremental development/
expansion 

•  Market‐pull policies 

Revolutionary 

•  Endogenous R&D 
•  Endogenous infrastructure 

investment 

•  Step‐change (‘big bang’) 
•  Coordination mechanisms 
•  Technology (and 

infrastructure) push policies 

[R]evolutions 

It is important not to become beguiled by the 
possibility of revolutionary technology. Humanity can 
solve the carbon and climate problem in the first half 
of this century simply by scaling up what we already 
know how to do. 

                 Pacala and Socolow (2004) 


