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Overview

•
 

Introduction
•

 
Two possible innovations:
-

 
Electric vehicles

-
 

Hydrogen fuel cell vehicles
•

 
Results Dutch case study

•
 

Conclusions
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A transition to a low-carbon transport sector 
is like a game of chess

2010? 
2030?
2050?

Consumer, 
industry, 

government

Presenter
Presentation Notes
… however not the usual game
… but an extended version with multiple challenges and more than two players
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We know why we play the game…

Source: European Environment Agency, 2009

2

1
2

•
 

Substantial GHG emission reductions 
needed to limit global warming

•
 

We are running out of (cheap) fossil fuel
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… and we have options on different levels

1. Reduce transport demand
2. Improve transport efficiency
3. Improve driving behaviour
4. Improve vehicle efficiency 
5. Use low carbon fuels Focus on

innovative
drivetrains
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Several innovative concepts available

ICE

FC

E-motor

ICE: internal combustion engine; FC: fuel cell; HEV: hybrid-electric vehicle; PHEV: 
plug-in hybrid-electric vehicle; EV: electric vehicle; HFCV: hydrogen fuel cell vehicle 

EV

HFCV

Hydrogen

(Green)
electricity

(bio)
fuel

HEV PHEV
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The innovation cycle: from pawn to queen

Time

Market share

R&D

Early 
markets

Commercialisation

Demonstration

H2FC

EV PHEV

1st gen 
Biofuels

HEV

2nd gen 
Biofuels
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Different innovations - different barriers

Technology &
range

Fuel
infrastructure

Acceptance 
consumer

Vested interests
and new actors
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Sustainable innovation in road transport: 
Dutch case study on innovation scenarios

•
 

Limited to Dutch road transport
•

 
Primarily from a sector perspective…

•
 

… but including chain effects
•

 
Limited set of innovations

•
 

Ambitious, but realistic scenario approach
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A closer look - hydrogen FC vehicle

Technology development

Prototype phase

Mass production

R&D
Demonstration projects
Early markets

H2 infrastructure

Several filling stations

National coverage

Initially: liquid H2 
distribution in trucks
Pipelines around 2030 

Hydrogen

Development market
Initial high cost of vehicle
Success of alternatives (lock-in)

“Disruptive technology”
Breaks through or not
Needs coordination!

Presenter
Presentation Notes
2020: 10%
2030: 30%
2040: 75%
Resultaat in 2040: 60% aandeel in vervoersprestatie
Hydrogen is a zero emission energy carrier
Hydrogen can be produced from many sources
However:
“Disruptive technology”
Breaks through or not
Mainly light vehicles and buses
Currently preparing for large scale demonstration projects
Breaks through or doesn’t:
Demand must increase sufficiently to recover the high cost of building up an infrastructure
Car industry needs market perspective to recover high vehicle development costs 

Hoge efficiëntie mogelijk over keten
Meer km per eenheid biomassa in vergelijking tot biofuels
Koolstofloze energiedrager
Te produceren uit alle bronnen 
Aandrijflijn: doorontwikkeling op hybride auto
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A closer look - electric vehicles 

Improved battery technology 
(cost, weight, range)

Charging infrastructure set up

Hybrid strong breakthrough via 
CO2 standards in EU

Further price 
decreases

Trust in battery 
technology

Solutions driving 
range 

(fast charging, 
battery swaps)

Further price 
decreases

All-electric Hybrid Petrol/Diesel/LPG

V
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Electricity

Until

Presenter
Presentation Notes
BEV shares newly sold passenger cars: 
2020: 10%
2030: 30%
2040: 45%
History
In the 1990s first prototypes were developed; bottlenecks battery technology and range
Recent developments:
Battery technology strongly improved
Hybrid technology developed
Controlled charging of electric cars may help to handle supply peaks of wind or solar energy
Many initiatives (new) market actors
However
Battery still heavy and expensive 
Charging time and driving range remain challenges
No mass production before 2015
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All-electric

Hydrogen

Plugin hybrid

Hybrid

Petrol/Diesel/LPG

Overview innovation scenarios

The Netherlands: Passenger car fleet

Both scenarios also contain 20-30% biofuels and some energy saving innovations

Presenter
Presentation Notes
In callouts: 30% biofuels in 2030 in scen 1, 20% in scenario 2/3, korte karakterisering 
Study with focus on road transport in the Netherlands
Assessment of emission reduction potential and costs
Limited number of innovations:
Electric vehicles including plug-in hybrids
Hydrogen fuel cell vehicles
Biofuels
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Historical data
Reference
Hydrogen: Basis
Hydrogen: 100 g/MJ
Hydrogen: 10 g/MJ

Other innovations
(e.g. biofuels etc)

Well-to-Wheel CO2 emission - hydrogen

Hydrogen

H2 FC
(10%-45% extra)

Production 
method is key: 
CCS or RES!

Presenter
Presentation Notes
Biomassa of wind: kleine verbetering (13>14 Mton)
Productie uit aardgas zonder CCS op lange termijn zeer onwenselijk (13 > 3 Mton)
Up to 13 Mton CO2 reduced in 2040 
Central assumption: hydrogen from natural gas with CCS
From biomass or wind: 1 Mton additional reduction
Without CCS: only 3 Mton reduction in 2040
Cost effectiveness: 300 €/ton CO2 in 2020 to 100 €/ton in 2040
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Historical data
Reference
Electricity: 500 > 300 g/kWh
Electricity: 600 g/kWh
Electricity: 100 g/kWh

Well-to-Wheel CO2 emission - electric

Electricity

Production 
method is key: 
CCS or RES!

Other innovations
(e.g. biofuels etc)

EV and PHEV
(5%-25% extra)

Presenter
Presentation Notes
Emission reduction highly depends on generation mix electricity
Moment of charging?
Shift to coal (baseload) or optimised integration of renewables?
The average or marginal generation mix?
Costs: All electric: >> 300 €/ton CO2 in 2020; 150 €/ton in 2040; PHEV still 300 €/ton CO2 in 2040

Central assumption: from 500 g/kWh in 2020 to 300 in 2040 (RES & CCS): 7,5 mln reduction
Coal without CCS (600 g/kWh): 2,3 Mton reduction
Sustainable: 100 g/kWh: 11 Mton reduction




15

Conclusions on electricity and hydrogen

•
 

Both innovations offer a potential winner: 
-

 
Efficiency gain compared to ICE

-
 

Zero direct emissions
-

 
Diversification

•
 

… but they are not ready yet
•

 
For low well-to-wheel emissions CCS or 
renewables are essential
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Towards a low carbon transport sector: 
Is there a winning strategy?

First phase: Use available technology
•

 
Proven technology

•
 

(Nearly) in commercialisation
•

 
Examples:
-

 

Improve ICE, incl hybrids
-

 

Biofuels (limited)
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Towards a low carbon transport sector: 
Is there a winning strategy?
Second phase: Develop the long-term winner
•

 
Support hydrogen and electric by large demonstration projects

•
 

“Wait and see” which pawn becomes the next queen

Presenter
Presentation Notes
Net als bij schaken:
Meerdere kanshebbers
Onzekere uitkomst
Lange weg: met weerstand
Beginnen is noodzakelijk!
Niet alles op 1 ‘paard’ inzetten
Winnen is op termijn mogelijk!
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Conclusions

•
 

In a low carbon transport sector, electric or hydrogen fuel cell 
vehicles are the future of passenger transport

•
 

Potential CO2 emission reduction substantial, but strongly 
depends on the method of production

•
 

The long term winner is not clear yet: All candidates (electric, 
plug-ins or hydrogen fuel cell) are still in demonstration phase 
and require a system innovation

•
 

Until winner is clear: 
-

 

use available technology to reduce emissions ICE (EE & RE)
-

 

support development of all potential long term winners
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Thank you!        Any questions?

Contact: Hanschke@ecn.nl

mailto:Hanschke@ecn.nl
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Comparison hydrogen and electricity

•
 

Both hydrogen and electric vehicles offer: 
-

 
Diversification

-
 

Zero direct emissions
-

 
Efficiency gain compared to ICE

•
 

Many differences…

Hydrogen Electricity

Energy density 
(kWh/kg)

1,7 0,13

Consumer acceptance Refuel in minutes; 
Perception less safe? 

Long recharge time
Driving range

Scarce resource Platina Lithium

System innovation 
required

Production,storage and 
distribution

Distribution (strengthening 
existing grid)

New actors Oil companies Electricity suppliers
New business concepts

Production method CCS essential or 
renewables

Renewables
Fossil fuels + CCS

Diesel: 12
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