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Chapter 5 UK Implementation Strategies for Fuel Cell Vehicles 

Using the approach of QSNM and the LEAF2 model, Chapter 4 identified and analysed 

the key aspects of the fuel cell vehicle niche. Chapter 5 extends this discussion by 

considering the niche within the context of the existing oil -ICE regime, with the aim of 

designing incentives to promote fuel cell vehicles in the UK. The chapter proceeds in 

two stages. Section 5.1 assesses factors that influence the development of the FCV 

niche and investigates its effect on the existing regime. Section 5.2 then develops a 

strategy with which to support the introduction of fuel cell vehicles (see Table 5.1). 

Table 5.1 : Plan of QSNM Analysis of technological niche and existing regime 

 Strategic Issues 

Level Classical SNM Quantitative SNM 

Analysis within 
Existing Regime 

Section 5.1 
·  Market Barriers for FCVs 
·  Market Niche Development 
·  Niche Competition 
·  Effect on Existing Regime 

Section 5.2 
·  Cleaner Vehicle Incentives 
·  Fuel Cell Vehicle Incentives 
·  Optimising UK Implementation 

Strategies for Fuel Cell Vehicles 

 

 

5.1 SNM Analysis of Fuel Cell Niche within Existing Regime 

5.1.1 Market Barr iers for Fuel Cell Vehicles 

New technologies are often associated with factors that impede their introduction. The 

IEA Report Implementation Barr iers of Cleaner Transport Fuels categorises these 

barriers as follows (IEA 1999): 

·  Technical: fuel and vehicle production, fuel infrastructure, fuel and vehicle use. 

·  Economic: capital vehicle, capital infrastructure, operating costs. 

·  Politi cal & Regulatory: legislative, regulatory, institutional inertia, safety issues. 

·  Social: organisational and public acceptance. 

The categories identified by the IEA are useful in understanding the factors that 

inhibit the up-take of fuel cell vehicles. According to ETSU, these include “user 
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perception and confidence, particularly on range and safety. Lower production costs, 

competitive ownership costs and supporting infrastructure have also to be achieved 

before serious market penetration can be attained and advance power-trains become a 

viable alternative to the internal combustion engine" (Swann 1999). Other barriers 

include the uncertainty about the choice of fuel used to deliver the hydrogen to vehicle 

(and hence infrastructure) and the organisational inertia, which favours the existing ICE 

regime. 

One of the real achievements of the fuel cell vehicle niche is that few technical 

barriers remain. There has been a great deal of convergence of vehicle design with the 

PEM emerging as the favoured fuel cell . In its simplest form, the pure hydrogen FCV is 

well tested and proven to deliver vehicle performance comparable with (or exceeding) 

that of a conventional vehicle. This is a significant development given that many other 

vehicle technologies have not lived up to initial expectations. For example, although 

battery electric vehicles date from the late nineteenth century, the specific energy 

density of most battery types continues to be unable to provide a vehicle with suff icient 

range. In contrast, FCVs that use compressed hydrogen storage already offer a viable 

technology suitable for commercialisation. Consequently, the focus of FCV 

development has moved from the fuel cell stack to the on-board storage of hydrogen gas 

or on-board reforming systems. 

Fuel infrastructural issues continue to pose a barrier for most fuel cell vehicle 

scenarios. If a fuel other than petrol is chosen, a significant change to the existing fuel 

infrastructure will be required. If the fuel is hydrogen, it will be extremely diff icult to 

make a case for installi ng a new hydrogen infrastructure while few FCVs exist. Hence 

the pressure to use a liquid fuel such as methanol or reformulated petrol. However, these 
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are associated with complex on-board reformer systems that are less advanced than the 

fuel cell system itself. According to the market report by Frost and Sulli van: 

“ Fuel suppliers have yet to formulate a strategy to achieve the scenario where 

pure hydrogen can be retailed to users of fuel cell vehicles just as petrol is today. 

The industry is facing enormous infrastructure investments, which cannot be 

recouped in the short to medium term by fuel revenues…Electrolysis is still i n the 

initial research stages leaving reforming as the current solution…for the 

immediate future, the industry is debating which fuel can be used instead of direct 

hydrogen,…petrol has a stronger business case, owing to the existence of a 

distribution infrastructure, and lack of customer acceptabilit y problems.  

However, it is still plagued by reformer technology problems, whilst methanol 

reforming is well established” (Clean-Vehicles 2001). 

Issues of fuel supply are not likely to inhibit the up-take of FCVs. On-site reforming 

of natural gas is the prime candidate for a UK hydrogen delivery system. If the fuel cell 

vehicle population increases as predicted by Hart, then the worldwide natural gas used 

for FCV fleets in 2030 would represent 19% of world gas consumption in 1998. In the 

UK, the figure would be around 23%. Hart notes, “while these figures appear large, 

they are unlikely to prove a barr ier” (Hart et al. 2000, p31). 

A major concern for the introduction of FCVs is the high cost of vehicle production. 

As discussed in Chapter 4, in 2000, the cost of hydrogen fuel cell vehicles was over 

seven times the price of their conventional ICE equivalents. The additional costs have 

been largely due to the high price of the fuel cell engine which cost “ in the region of 

¼����SHU�N: �FRPSDUHG�WR�DURXQG�¼���>SHU@�N: �IRU�WKH�FRQYHQWLRQDO�LQWHUQDO�

combustion engine”  (Clean-Vehicles 2001). At that time, the costs of the technology 

had not yet reduced to a point where fuel cell vehicles could be widely introduced. 
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However, a reduction in unit capital cost has begun and is predicted for mass-

production, resulting in vehicle price premiums of around 10%-20% for production 

volumes of at least 250,000 vehicles (see section 4.3.3).118  

From a marketing perspective, the long-term projections for FCV prices will not be 

particularly prohibitive for light-duty sales if we consider the high capital costs of 

battery and hybrid electric cars (as of 2001). Whereas battery electric vehicles (with a 

cost premium of over 50%) have not found significant market niches, petrol hybrids 

such as the Prius (with a 25% price premium) have had littl e diff iculty gaining sales.119 

Therefore, if fuel cell cars are 10%-20% more expensive than ICEs in the long-term, 

this is unlikely to seriously inhibit market up-take, given the vehicle’s superior 

performance.  

For the bus market, the long-term FCV additional cost is also predicted to be around 

20% or less. This is well within the premium of CNG and LPG heavy-duty vehicles, 

some of which are already finding niche markets in the UK. From a cost perspective, 

the fuel cell bus sector will have an advantage over the private car market for two 

reasons; (1) kilometrages are higher and therefore the bus sector will be able to take 

more advantage of reduced fuel and operating costs and (2) a lower discounting rate will 

apply than the private sector, typically an average 6% for business rate predicted for 

2002-2012.  

Though innovative, fuel cell vehicles will be subject to conventional market forces 

and will require selli ng in the same way as conventional vehicle products. However, 

there is littl e evidence that companies have yet given this much thought, relying to date 

on the interest of the trade press and early adopters. However, a high level of public 

                                                 

118 This expectation has led companies such as DaimlerChrysler to announce its intention to market an 
FCV (in 2004) at the same price as the conventional A-Class car (AEA 1999). 
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awareness will be required if fuel cell vehicles are to be successful in the wider market. 

Therefore, it is useful to gauge the current levels of awareness among non-specialists. 

Research conducted by Ludwig-Bolkow-Systemtechnik in Germany shows that 

hydrogen technologies enjoy a high level of acceptance among passengers using 

hydrogen buses who are in favour of the further development of hydrogen technologies 

(LBST 1999). Although respondents did perceive additional risks associated with the 

use of hydrogen, the study did not reveal any severe acceptance problems, with only 

0.3% explicitl y mentioning the Hindenburg airship disaster120 (Foley 2001). Most 

importantly, the German study shows a higher acceptance of hydrogen transport for 

persons who have had direct experience of a hydrogen vehicle. This research contrasts 

with a UK pilot study conducted by the candidate, which suggests that very few 

members of the British public are aware of hydrogen fuel cell vehicles. When asked to 

li st alternative vehicle types in an open style questionnaire, out of a sample of 360, only 

three people used the phrase ©fuel cell© and only seven people mentioned the word 

©hydrogen©. Given that several companies have announced their intention to market 

FCVs from 2004, it appears that UK consumers (unlike their German counterparts) will 

need to be made aware of their existence before they can be effectively marketed (Lane 

2000b). 

One further consideration is that organisational inertia may inhibit the introduction 

of fuel cell vehicles. As industry has developed to service the oil -ICE regime, it may 

prove diff icult to persuade organisations to support new transport fuel systems, even if 

                                                                                                                                               

119 Together with the promise of reduced operating (fuel) costs. 
120 In 1937, the Hindenburg hydrogen dirigible airship caught fire while coming in to land. The event was 
captured on film and is well known to the wider public. The event has led to a strong cultural association 
of hydrogen and the risk of explosion, even though subsequent analysis has shown that the use of 
hydrogen was not the accident©s primary cause. Recent research shows that "it was the extreme 
flammabilit y of the Hindenburg’s fabric envelope which caused the disaster and not the lifti ng gas inside" 
(Bokow 1997). 
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other factors are demanding change. This is particularly so given the large level of 

investment in the existing system.121 Any move towards a hydrogen economy is li kely 

to be resisted by vested interests (Kemp et al. 1996). 

5.1.2 Market Niche Development 

The Alli ance announced their intention to begin commercial production of a fuel cell 

bus engine in 2002, followed by a fuel cell car in 2004 (Maruo 1998; Hart et al. 2000). 

Toyota, Honda, Nissan, GM, Ford, Mazda, Renault and PSA have also announced 

commercial launches of production-ready fuel cell vehicles in 2003-2005. Given this 

level of interest, there is every chance that vehicles will be available (in small numbers 

at selected sites) by 2004. Therefore, if costs of producing fuel cells can be reduced, and 

if there is agreement about which fuel should be used, there is the potential for a rapid 

expansion of the FCV niche and the emergence of a stable market niche.  

Hart notes that, unlike traditional modelli ng of market transformation that assumes 

the standard sigmoid (‘S’) curve (see Chapter 3), the FCV market is li kely to be more 

akin to ‘binary’ behaviour. Hart writes, ªIf all criteria for success are met (performance, 

fuel availabilit y, price, etc.) then demand for fuel cell vehicles should be very great. If 

any of these are not met then sales may be disappointing, ¼and demand will not rise 

above very low limits. A forecast in which demand grows gradually is seen as unlikely” 

(Hart et al. 1999). Though this was said in relation to the fuel cell car market, the same 

is very li kely to apply to commercial vehicles where performance and costs are more 

criti cal than to the private vehicle user.  

Predictions of future sales are diff icult to make. According to HyWeb, the number 

of fuel cell car engines produced globally will be in the region of 40,000 in 2004, 

                                                 

121 The US fuel industry annually invests $1,220 (£800) per vehicle to maintain and upgrade the 
conventional fuel infrastructure (Thomas et al. 1999; 2000). 
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70,000 in 2005, and 100,000 units annually starting from 2006 (HyWeb 2001). The 

engines are likely to appear in Mercedes and Ford vehicles and other manufacturers 

who purchase fuel cell drive-train units. The passenger cars are likely to be fuelled by 

both methanol and hydrogen with petrol reformer units appearing at a later stage. These 

figures are broadly in agreement with estimates made by Hart who predicts global li ght-

duty vehicle sales of at least 40,000 (in 2004), 60,000 (2005) and 110,000 (2006), with 

over 180,000 units produced per annum thereafter (Hart et al. 2000). Global bus sales 

are 260, 440 and 720 for the respective years. ETSU predict a slower expansion of the 

global market with 200,000 annual sales by 2010 (Swann 1999).  

For the UK, Hart predicts light-duty fuel cell vehicle sales of less than 1000, less 

than 10,000 and around 110,000 for years 2004, 2007 and 2012 with over 200,000 

annual sales thereafter. For the hydrogen bus, Hart's figures are for 20, 80 and 1,500 

with over 2,500 annual sales thereafter (Hart et al. 2000).122 This is in accordance with 

the government's proposed target of around 10% of vehicle sales being ̀ low -carbon' 

vehicles by 2012 (DTLR 2001b). If half of these vehicles were fuel cell powered (other 

vehicle types being battery and hybrid electric), this would account for around 100,000 

vehicles, a figure which is consistent with the above predictions for UK FCV sales.  

Table 5.2 : Predictions of fuel cell vehicle parc and sales 2002-2012 
Vehicle parc 

(Sales) 
World UK 

Year Light-duty FCV Fuel Cell Bus Light-duty FCV Fuel Cell Bus 

2004 
 

(40,000) 
30,000 

(40,000) 
210 

(260) <1000 
<10 
(20) 

2007 
 

(>100,000) 
240,000 

(180,000) 
1,600 

(1,300) 
10,000 

(<10,000) 
100 
(80) 

2012  
3,900,000 

(2,900,000) 
28,000 

(13,000) 
140,000 

(110,000) 
1,700 

(1,500) 
Source HyWeb 2001 Hart et al. 2000 
 

                                                 

122 Hart also predicts that, by 2030, 40,000 of the 60,000 buses in the UK could be hydrogen SPFC 
vehicles (Hart et al. 2000). 
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The fuel cell vehicle market is predicted to develop in several stages. Markets for 

buses are likely to arise first as the vehicle's technical requirements are easier to 

achieve, and their drive-cycles are more predictable, than for cars. Fleet based operation 

is also more conducive to the introduction of centralised refuelli ng faciliti es such as 

small natural gas reformers. According to a member of the DaimlerChrysler Board of 

Management, Professor Vöhringer, "in 2002, DaimlerChrysler will deliver the first city 

buses with fuel cells, followed in 2004 by the first passenger cars" (DaimlerChrysler 

2001). This expectation is supported by the series of bus trials co-ordinated by 

DaimlerChrysler and others (e.g. CUTE Project), which are more advanced than the 

passenger vehicle trials (Haydock 2000).  

The first production vehicles are likely to be fuelled by pure hydrogen. These are 

likely to be depot-based fleets with non-hydrogen fuels appearing at a later stage. 

Therefore, the locations of the first fuel cell car sales will have to be closely co-

ordinated with fuel supply. For this reason, Ford "will primarily target fleet buyers as 

the first [ fuel cell car] consumers¼[and] will require people to have access to 

hydrogen or to create a hydrogen refuelli ng station". Therefore, the company will 

initially produce less than 1,000 cars a year because of the cost and limited supply of 

hydrogen (Popely 2001).  

It is diff icult to assess the level of realism behind market predictions for fuel cell 

vehicle sales. There is littl e detail given of the processes by which FCVs will move 

from a few expensive and subsidised vehicles through to unsubsidised mass-market use. 

There have been many previous examples of over optimistic projections for new vehicle 

technologies. For example, battery electric vehicles were vigorously promoted in the 
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1980-1990s but failed to achieve projected sales.123 The poor performance of BEVs also 

led to the abandonment of the original Cali fornian ZEV Sales Mandate for 1998.124 On 

the other hand, some technologies have out performed expectations. The hybrid electric 

option has gained a market foothold faster than many analysts predicted.125 Therefore, 

an important question to ask is: ‘ is there any reason to believe that the expectations for 

fuel cell technology are more founded then they were for battery electric vehicles?'  

In his in-depth analysis of the fuel cell niche, Maruo concludes that there are three 

possible future scenarios.126 In the optimistic scenario, the Alli ance continues to 

develop fuels cell stacks and vehicles at the current fast pace. In 2002, Ballard 

commercialises their bus engine (in parallel with continued demonstration). In 2004, 

DaimlerChrysler begin to introduce the Necar vehicles in (protected) niche markets, 

encouraging other manufacturers to launch vehicles at around the same time, using their 

own or XCELLSiS power-trains. In parallel, fuel companies start to build a hydrogen 

infrastructure for fleet use in urban areas, and governments initiate niche support by 

applying appropriate incentives. In this way, thousands of fuel cell vehicles begin to 

appear globally in 2004 increasing to hundreds of thousands or milli ons of vehicles by 

2012. ªA paradigm shift in automotive technology will have taken place” (Maruo 1998). 

Hybrid technologies will i nitially be in competition with fuel cell vehicles, but will 

eventually lose out due to the fuel cell 's superior cost and performance characteristics.  

In Maruo's realistic scenario, the fuel cell vehicle niche will develop along a path 

mid-way between the one taken by battery and hybrid electric vehicles. In this scenario, 

                                                 

123 In Europe, there are only around 1,000 BEV sales per year (DTI 2000). 
124 This decision was probably assisted by the growing expectations for FCVs. 
125 According to some reports, the Toyota Prius was designed from scratch within two years (Maruo 
1998). 
126 The views stated here are based on Maruo's original views, but are modified in the light of 
developments since 1998. 
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fuel cell vehicles will find some niche markets in 2004-2012 alongside battery and 

hybrid electric vehicles, but will be unable to totally challenge the existing regime. Fuel 

cell vehicles will be produced in hundreds to thousands of vehicles per year per 

manufacturer, but the cost will remain significantly higher than their conventional 

equivalents (over 50% additional capital cost). Some hydrogen fuel infrastructure is 

introduced, but is limited to urban areas where (small ) FCV fleets are concentrated. 

Maruo adds, ªto go further from this stage to the mass-production stage, strong 

government incentives will be needed” (Maruo 1998). 

The pessimistic scenario is one where fuel cells do not deliver the promised 

improvements in vehicle eff iciency and remain very expensive to manufacture, even at 

high production volumes. This is compounded by a low global price of crude oil with a 

high cost and low availabilit y of hydrogen. Due to the fuel cell vehicle's poor 

performance and the improvement of existing technologies, governments' interest in 

zero-emission vehicles wanes and the Cali fornian Sales Mandate is again suspended or 

modified. The Alli ance and other manufacturers wind down their fuel cell development 

activities and fuel companies withdraw their investment in hydrogen fuel infrastructure. 

The dominance of the oil -ICE regime continues unchallenged. 

Without being able to know which scenario is true, all that can be done is to 

consider the level of expectations as discussed in Chapter 4. This thesis notes that, at the 

start of 2002, the signs remain very positive with fuel cell manufacturers keeping to 

their announced market launch dates. This is supported by other indicators, which point 

to the successful expansion of the fuel cell vehicle niche. For example, the analysts 

Frost and Sulli van predict that the market for European fuel cell power-trains will grow 

from £2 milli on (2001) to over £32 billi on by 2040 (Clean-Vehicles 2001). Therefore, 

the odds remain on either the optimistic or the realistic scenario being correct. 
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Related fuel cell niches 

In the move towards a hydrogen economy, fuel cells are likely to have an important role 

to play in sectors other than transport. Two applications are the stationary and portable 

power generation niches.127 This multi -niche development for fuel cells has similarities 

to the introduction of new battery types in the 1980s and 1990s (e.g. nickel-cadmium 

and lithium-carbon). These first appeared in laptop computers before being used for 

transport applications. The high costs of these battery types initially restricted their use 

to low power, high value products before they could be adopted by heavy-duty 

applications.  

As with high performance batteries, fuel cells are finding early market applications 

as milli watt devices used to power portable products. Examples include a small direct 

methanol fuel cell produced by Smart Fuel Cell (Germany) for use in consumer 

electronics. The company presented the first prototype in 2001 and production is 

scheduled to start by the end of 2002. The Sony Frontier Science Laboratories have also 

developed a PEM cell the size of a credit card. Sony aim to market the cell for portable 

applications by 2003 (HyWeb 2001). For the domestic market, Manhattan Scientifics 

has developed and tested 670W-3kW fuel cell systems for applications that include 

bicycles, scooters, home generators and leisure use. The 3kW unit will be tested (in 

2002) by Electrolux, Aprili a (scooters) and the US 

Army (Manhattan Scientifics 2001). 

Figure 5.1 : Manhattan Scientifics fuel cell bicycle  
Manhattan Scientifi cs have developed a fuel cell bicycle 
for commercial production (an example of an early low 

power fuel cell application).  

                                                 

127 One the main applications in the twentieth century were for the space programme which 
combined both transport and power generation niches. AFCs were used in the Apollo programme and 
SPFCs in the Gemini Earth orbiting and Shuttle missions (Lemons 1990). 
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Unlike batteries, fuel cells are also suited to kilowatt applications for on- and off -

grid power generation. European players in the fuel cell power sector include Sulzer 

Hexis and the electric utilit y Energie Baden-Württemberg (EnBW) who together have 

provided five residential solid oxide fuel cell cogeneration units to German customers in 

2001. A further fifteen units are planned for 2002 and EnBW are to purchase between 

55-200 units from Hexis thereafter (HyWeb 2001). The German utilit y RWE, in 

partnership with Italian-American fuel cell company Nuvera, are also planning to 

launch small -scale combined heat and power (CHP) fuel cell systems by the end of 

2004. RWE estimates that power production based on fuel cells could represent 10% of 

the wholesale German market by 2015. In the UK, the country's first phosphoric acid 

fuel cell (PAFC)128 system was installed in Woking in 2000 as part of the local 

council 's ̀ green energy' initiative. The CHP unit  provides heat and power for a 

swimming pool and leisure centre, supplementing an existing system and providing an 

opportunity to compare the fuel cell with conventional systems (DTI 1999). 

Given the high energy-eff iciency of fuel cells, the stationary power generation 

market has been considered by many to be one of the first significant market niches for 

the technology. This view has been strengthened by deregulation of the energy sector in 

many countries and the move to privately funded, decentralised methods of power 

production. As legislation forces many conventional power stations to refit emission 

control technology at high cost, generating companies are beginning to consider cleaner 

technologies rather than invest in upgrading older equipment. Whether markets for fuel 

cell power plants or fuel cell vehicles occur first, there is a mutually beneficial synergy 

                                                 

128 PAFCs are the most commercially advanced stationary fuel cell system available, with over 150 
installations worldwide and systems that can be bought off the shelf in a 200kWe standard package. 
PAFCs can deliver electricity at around 40% electrical eff iciency and heat at around 45% thermal 
eff iciency, giving an overall system eff iciency of some 85% (DTI 1999b). 
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between the two niches. ªThese two important markets will play off each other: 

whichever happens first will ensure that the other quickly follows¼this greatly 

heightens the likelihood that both will happen” (Willi ams 1997). 

5.1.3 Niche Competition 

Many commentators are of the opinion that fuel cell vehicles will face strong market 

competition from the existing ICE regime and from other cleaner technologies. In the 

words of the ETSU Report, 

"The successful introduction of advance power-train vehicles (including fuel cell ) 

will have to compete against existing conventional technologies (principally 

based around the internal combustion engine) which have undergone decades of 

development and billi ons of dollars worth of investment. Barr iers to market entry 

for advance power-train vehicles are, however, less predominant than 10 years 

ago, particularly due to recent technological developments (e.g. Toyota Prius), 

allowing comparable performances to be achieved against conventionally 

powered vehicles” (Swann 1999). 

According to ETSU, the technologies, which should be considered as competing 

with fuel cell vehicles, include the following (Swann 1999): 

Spark Ignition ICE using cleaner petrol and alternative fuels.129
  Most work is going 

into the development of Gasoline Direct Injection (GDI) systems, which directly inject 

petrol into the cylinder as in a diesel engine. This replaces the more common Multi -

Point Injection, in which petrol is introduced to each intake port where it mixes with air 

before entering the cylinder. GDI offers the potential for an increase in combustion 

control and fuel economy. The world leader in this technology Mitsubishi is already 
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producing 40,000 units per month at their Kyoto plant. However, lean-burn GDI 

engines can increase emissions of NOx. One method of NOx control is the use of a 

lean-NOx catalyst. However, this is dependent on the availabilit y of ultra low sulphur 

fuels (<30 ppm) (see section 2.1.2). 

Diesel ICE using cleaner diesel.130 Compression Ignition Direct Injection (CIDI) diesel 

is the most eff icient and proven diesel technology. Main companies promoting this 

technology are Ford, Chrysler, GM, Isuzu and Volkswagen (the VW Lupo achieves 3 

lit res/100km). Future development will have to further reduce particulate and NOx 

emissions, probably at the cost of fuel eff iciency and vehicle cost (see section 2.1). 

Battery Electric is the only true zero-emission technology to be commercially available 

in 2001 with thousands of vehicles sold throughout Europe, the USA and Japan for 

niche market applications. Most promising traction battery types are Pb-Acid, Ni-Cd 

and Ni-MH, all of which are produced in significant volume by Saft and Panasonic. 

Future traction batteries may include Li-polymer and Li-ion. Due to its high power 

density, the Ni-MH is also for petrol hybrids (e.g. Prius). Main limitations of BEVs are 

cost and range (see section 2.2.4). 

Hybrid Electric vehicles have already had considerable success in gaining a foothold in 

the passenger car market with the introduction of the Toyota Prius (available in Japan 

from 1997 and EU from 2000). In the first month of production, monthly Prius sales in 

Japan exceeded total BEV sales in the EU. In general, parallel hybrid designs are 

favoured for light-duty vehicles (using battery energy storage) while series hybrids are 

more suited to the heavy-duty sector. However, urban buses are usually parallel hybrid 

                                                                                                                                               

129 Future petrol is likely to have reduced sulphur levels (around 10ppm). Other alternative fuels for SI 
engines include LPG for light-duty vehicles and CNG for the heavy-duty sector (see Chapter 2). 
130 Future diesel is likely to have reduced sulphur levels (around 10ppm). 
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(using battery, flywheel or super-capacitor storage) as this option offers the possibilit y 

of zero emission operation for part of the drive cycle (see section 2.2.5). 

The ETSU report assesses the main technology drivers for a number of different 

vehicle sectors. One of the main issues for the future UK urban bus sector is the abilit y 

for vehicles to run in zero-emission or ultra-low-emission mode. This is in order to 

comply with the introduction of Low Emission Zones (LEZs), which are planned for 

many cities over the next decade. Other heavy-duty vehicle requirements are high fuel-

eff iciency (low operating cost), fast refuelli ng and suff icient vehicle range, with 

performance being less of an issue. The report concludes that series hybrid and diesel 

ICE options are most likely to compete with fuel cell buses. The Cleaner Vehicle Task 

Force also identifies the potential of hybrid technology within the bus sector and 

concludes that the hybrid bus option will be highly cost-effective in reducing emissions 

by 2005 (DTI 2000). The ETSU report predicts that, to comply with tightening 

legislation, the diesel option will require the use of aftertreatment systems such as 

particulate traps and ̀ DeNOx' catalysts. These will reduce fuel eff iciency and increase 

vehicle costs (Swann 1999). This accords with UK developments (as of 2001), which 

are seeing the introduction of particulate traps for heavy-duty vehicles supported by 

grants from the CleanUp programme.  

For general-purpose cars, the main vehicle requirements identified by the ETSU 

report are good performance, a compact power-train, with less emphasis on zero-

emission operation. As congestion increases, engine technologies that can maximise 

energy use will be favoured. Future options identified by the study as future competitors 

to fuel cell vehicles, are the ICE and parallel hybrid. However, the report concludes that 

for small urban cars, BEVs and HEVs will be favoured over conventional ICEs due to 

the introduction of access restrictions such as urban LEZs (Swann 1999). 
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Overall , the ETSU study points to the continuing dominance of the ICE regime until 

at least 2010, with the increasing importance of all electric power-train options (battery, 

hybrid electric and fuel cell ). Beyond 2010, the report suggests that the electric drive 

options will secure tangible environmental and cost advantages over existing vehicle 

technologies, due to the fact that after-treatment systems required by ICEs will become 

increasingly cumbersome, energy intensive and costly. As discussed in Chapter 3, BEVs 

are unlikely to threaten the current ICE regime alone due to their inherent limitations of 

vehicle range. Therefore, it is the position of this thesis, that hybr id electr ic vehicle 

technology remains the main competitor to the emerging fuel cell vehicle niche. 

This position is in accordance with the views of David Cole, director of the Centre 

for Automotive Research (USA) who states, "it©s probably eight to 10 years before 

there©s a reasonable chance of it [ fuel cell technology] being economically viable. Even 

then, it©s questionable¼We©ll see a lot more hybrids before we see a lot of fuel-cell 

vehicles" and Bernard Robertson, senior vice president of DaimlerChrysler, who is of 

the opinion that, when fuel cell vehicles finally reach the market in large numbers, they 

are likely to have to co-exist with hybrid power-train vehicles (Popely 2001). 

Despite the optimism, there is still t he possibilit y that fuel cells will play a similar 

role to traction batteries as a stimulating technology. In section 3.1.4, it was noted ªeach 

time a problem has arisen with fuelli ng or the emissions of an ICE vehicle, BEVs have 

formed a useful benchmark for zero-emission vehicles with which to compare other 

technologies, which then are found to be superior in some way (infrastructure, range, 

etc.)” (Lane 1998a). One accomplishment of the BEV niche was to force ICE 

development. This resulted in improved ICE performance and the emergence of the 

hybrid electric niche, which can be considered as the merging of the ICE and BEV 

niches. Hybrid electric vehicles are therefore the legacy of the high expectations of the 
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BEV niche of the late twentieth century. If Maruo's pessimistic scenario turns out to be 

true, then this may also be the fate for fuel cell vehicles. The high expectations for 

FCVs may stimulate the development of conventional and hybrid vehicles, so reducing 

the environmental advantages offered by fuel cell technology. FCVs would then only be 

able to modify rather than overthrow the existing regime. This modification may lead to 

the development of a new niche, one in which the fuel cell and hybrid electric options 

are combined,131 or it may simply strengthen the hybrid option. As the main competitor 

to fuel cells, the more successful hybrids turn out to be, the longer FCVs will have to 

wait before they can find general market acceptance.132 

Although there is the possibilit y that fuel cell vehicles may only stimulate an 

improvement of hybrids, as discussed previously, there is every reason to believe that 

the fuel cell vehicle niche will expand. Global sales of milli ons of FCVs are predicted 

by 2012, with UK sales of around 100,000 vehicles per year. I t is the position of this 

thesis that the future vehicle fleet will i nclude significant numbers of both hybr id 

and fuel cell electr ic vehicles, which will share many aspects of system design. In 

the same way that the hybrid technology benefited from the previous development of 

the battery electric vehicle,133 so fuel cell vehicles will mutually benefit from the 

development of the hybrid vehicle niche. 

5.1.4 Effect on Existing Regime 

Combined with the likely increase in other cleaner vehicle types, notably petrol hybrids, 

there could be as many as 200,000 cleaner vehicles sold in the UK each year by 2012, 

                                                 

131 This niche merging has already occurred in two ways. Fuel cells have been developed solely to 
provide power for on-board electrical systems for ICE vehicles. BMW developed such a fuel cell unit for 
use with their Series 7 vehicles, though this was never commercialised. Secondly, most FCV designs are 
fuel cell hybrid vehicles that use batteries or ultra-capacitors for short-term energy storage. 
132 This is one reason why hybrids have been considered as one of the three baselines with which to 
compare the cost and emissions performance of fuel cell vehicles. 
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representing around 10% of annual UK sales.134 In these numbers, FCVs would begin to 

influence the existing regime. For example, conventional vehicle sales would be 

reduced, so increasing competition for market-share among motor manufacturers. Given 

the already over-stretched market, a 5-10% fall may be enough to create real problems 

within the auto-industry. 

The real test to the existing regime will probably come after 2012. By then, the 

experiments of the period 2002-2007 will have been completed, analysed and made 

public. The potential of fuel cell technology will be well understood and rates of FCV 

sales will have been established. The limits of conventional vehicle technology will also 

be more accurately known and it may be the case that petrol and diesel technology will 

be diff icult to further improve. If the signs continue to be positive at this stage (and if 

Maruo's optimistic scenario turns out to be true), then the predicted global FCV sales 

will be almost doubling every year (Hart et al. 2000). Annual sales in the UK are likely 

to increase by a similar proportion. With an increasing FCV fleet, the hydrogen fuel 

infrastructure (in whatever form it finally takes) will attract investment, so forming a 

virtuous circle. Once the magic ̀ 10%' fuel coverage (hydrogen versus conventional) is 

achieved, this will further reduce the reticence of f leet managers and the private 

motorist regarding the purchase of a fuel cell vehicle. 

In such a scenario, it would only take several years for annual UK fuel cell vehicle 

sales to exponentially rise from 100,000s to milli ons.135 This is Hart's prediction of a 

`binary' change from the conventional ICE regime to one increasingly dominated by 

hydrogen and the fuel cell vehicle. With this regime shift would come major changes in 

                                                                                                                                               

133 The early commercial hybrid vehicles have capitalised on the advances in battery performance and 
power-train design initially intended for BEVs. 
134 Sales of new vehicles in the UK were around 2 milli on in 2000 (DTLR 2001a). 
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many sectors. While the global demand for crude oil (for fuels and lubricating oil ) 

would not diminish immediately, it would signal to the fuel industry the end of the 

dominance of oil . Oil companies would be forced to take the position adopted by those 

who already see the potential of hydrogen (e.g. Shell , BPAmoco). This could create a 

diff icult position for the fuel industry as the need for new fuel infrastructure may occur 

simultaneously with the reduction in demand for conventional fuels.136 Manufacturing 

bases would also be changing fast with many motor manufacturers deciding to adopt 

fuel cell vehicle production. For some years, shared or parallel production lines would 

have to be set up to enable plants to produce both conventional and fuel cell vehicles to 

satisfy global markets. Perversely, the possible reduction in demand for oil and ICE 

vehicles may have the effect of reducing their price, so strengthening for a time, the 

faili ng regime. This may influence patterns of sales worldwide with fuel cell vehicles 

finding initial market in the US, Europe and Japan, and conventional ICE sales 

continuing, or even increasing, in non-western countries such as China as they rapidly 

industrialise.  

If this scenario is correct, fuel and vehicle companies will be forced by events to 

work more closely with each other than they do now. This thesis has already shown the 

importance of new company networks between the fuel cell i ndustry and the existing 

auto-manufacturers. There is no reason why this should diminish around 2012, when the 

fuel cell market niche will still be in its early stages. On the contrary, networks will 

have to expand as fuel companies co-ordinate fuel supply with FCV fleet expansion. 

Marketing agencies will be required to promote the new technology and the often 

                                                                                                                                               

135 The rate of change of vehicle technology would ultimately be limited by the age of the existing fleet. 
The average private car has a li fe of around 12 years; a bus around 9 years. 
136 Politi cal ramifications would accompany these changes. However, these are beyond the scope of this 
thesis and will t herefore not be discussed further here. 
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forgotten consumer will need to be involved within the marketing process if significant 

sales are to be realised. 

No matter how successful the technology, some issues are likely to remain 

unaffected by the advent of the fuel cell . This will be, in part, a result of the shift in 

technology, which will focus the attention of most players within the fuel and auto 

industries.  One issue likely to be overlooked is the appropriateness of the existing 

vehicle design. As discussed in section 4.1.6, there has been littl e experimentation with 

new passenger vehicle concepts such as the hypercar or other vehicles that differ from 

the 4-wheeled, 5-seater car concept.137 From a marketing perspective, this represents a 

missed opportunity, as hyper-eff icient micro-vehicles are a useful way of reducing fuel 

cell vehicle costs, given that they require smaller propulsion units. It could also be 

argued that a change in vehicle concept should be attempted at the same time as a 

technological regime shift is taking place. On the other hand, this may act only to 

increase market uncertainty, so reducing the ease of the transition. 

The other issue that is li kely to be missed is the way mobilit y is purchased. In other 

sectors, it is beginning to be recognised that consumers often do not want the product 

(e.g. gas and electricity), but rather the service it provides (e.g. heat and light). Energy 

utiliti es in the USA are contracted to sell the service rather than the energy. This logic 

has led to some American companies to distribute energy eff icient light bulbs (at no cost 

to the consumer) instead of building new generating plant. In this way, the industry can 

reduce its level of capital investment, the consumer receives the same service at lower 

cost and the environment benefits from the reduced use of primary energy.  

                                                 

137 There may be an exception with the development of fuel cell two-wheelers for some markets. 
However, the existing market for battery electric-assist cycles does not suggest that fuel cell bicycles and 
scooters will reduce the demand for cars in developed countries. 
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This approach could be transferred to the transport sector through the introduction 

of new mobili ty services such as ̀ Car Clubs' in which car ownership is shared among 

its members.138 These clubs have already gained popularity in Europe. Over 200 

schemes have been formed with a total subscription of more than 100,000 members (the 

most successful are in Switzerland and Germany). Though car clubs are well established 

on the continent, they have yet to make a significant impact in the UK. This is due to a 

number of factors including British attitudes to car ownership, different relative costs of 

private and public transport and a low market awareness of the concept. Within the UK, 

this situation is beginning to change through the involvement of organisations such as 

the Community Car Share Network, which is supporting ten pilot car clubs over the 

period 2000-2002 (Smart Moves 2001).  

The service offered by car clubs can be regarded as an extension of vehicle leasing, 

which is increasingly used in the company car and road haulage sectors. Given the fact 

that fuel cell vehicles (and other cleaner vehicles) are associated with high capital and 

low operating costs, a pay-as-you-use service could be used to reduce the negative 

effects of high vehicle price. This ill ustrates the synergy between cleaner vehicle 

technologies and alternative methods of purchasing mobil ity, one that could be 

advantageously exploited. This approach has already been adopted in a limited way by 

the BEV niche whereby batteries are usually leased to offset their high capital cost and 

to reduce customer uncertainties regarding performance. For these reasons, a leasing-

only strategy was adopted by General Motors for marketing the EV1. Car sharing could 

therefore work very well i n conjunction with new technologies such as FCVs.139 Indeed, 

                                                 

138 Vehicles are usually leased by a service provider (private company or co-operative) who then makes 
vehicles available to members through a contract agreement. 
139 The BEST Car Club in Bristol, UK already uses LPG ICE vehicles as part of its fleet (Smart Moves 
2001). 
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the capital cost barrier of the first generation of fuel cell vehicles may well force a new 

approach to marketing mobilit y, one in which the service and not the vehicle is sold. 

Figure 5.2 : The Optima concept car  
  

The ultimate mobilit y concept? 
Designed as a car-sharing vehicle, the 
Optima©s rear two seats are intended for 
‘hitch-hiking’ passengers. If a fuel cell 
powered Optima was operated by a car club, it 
would combine social and technological road 
transport innovations. 
 
 

 
5.2 Promoting the UK Fuel Cell Vehicle Niche  

The next sections investigate the use of measures that can be used to support the UK 

FCV niche. In the language of SNM, the application of these support mechanisms 

affords protection to the emerging niche. The measures include the use of regulatory 

and economic levers, as well as less visible forms of support including the allocation of 

resources, building of partnership networks and the use of demonstration programmes.  

5.2.1 Cleaner Vehicle Incentives 

The use of regulation has played an essential role in the reduction of the environmental 

impact of road transport. As was discussed in section 2.1, European regulatory 

instruments have included limits on regulated vehicle emissions and the phasing out of 

leaded fuel. This process will continue with the implementation of tighter vehicle 

emission and fuel standards until at least 2006 (see Annex 1). Section 4.2.1 discussed 

the use of other non-economic protection measures used to increase the availabilit y of 

cleaner vehicles. These include the Cali fornian sales mandate and the setting of `low-

carbon' vehicle sales targets, proposed for use in the UK. Many of the regulatory 

measures have been highly successful in achieving their objectives. For example, the 
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Euro standards have reduced regulated emissions from light-duty vehicles by over an 

order of magnitude (DETR 1999b). 

However, there are limits to the applicabilit y of regulatory measures. Firstly, in the 

UK, there is a reluctance to impose government led mandates on industry. The favoured 

approach has been for the government and industry to work in partnership towards 

negotiated goals. One example of this is the setting up of the Cleaner Vehicle Task 

Force established in 1997 (DTI 2000). Secondly, regulation tends to focus on the supply 

side, rather than on demand, which limits the extent of its impact. As noted by Foley, 

ªyou cannot mandate people to buy hydrogen vehicles” (Foley 2001). Thirdly, most 

regulatory measures are applied to incremental technologies in cases where the cost 

penalty is relatively low (e.g. catalytic converters). For more radical clean technologies 

with significant cost penalties, economic incentives have also been necessary to effect 

technological change (e.g. market up-take of LPG). Hence, the formation of the UK 

TransportAction programmes to assist with the capital purchase of cleaner vehicles. 

For these reasons, measures required to promote fuel cell vehicles will need to 

involve the use of economic incentives (in combination with regulatory tools). Before 

considering what form these might take, the next section discusses the current cost 

streams associated with road transport. Knowledge of the existing cost structure 

provides valuable information about how cost incentives can best be applied. 

Existing cost structure 

The present system of costs associated with road transport consists of f ixed and variable 

elements. The fixed parts include the initial capital purchase and a series of annual 

costs, which include Vehicle Excise Duty (VED), insurance premiums and the charge 

for the annual MOT test. VED rates are dependent on vehicle type, size and level of 

emissions while insurance is dependent on vehicle use, driver experience and their 
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propensity to be involved in accidents. Variable costs incurred during vehicle operation 

include fuel, maintenance and access charges (e.g. road tolls, parking charges), all of 

which can depend on vehicle type, level of use and degree of access required. The total 

costs associated with vehicle use involve the summation of all cost elements over the 

li fetime of the vehicle.  

For the purposes of comparative analysis, the established technique for calculating 

li fetime cost is to sum each cost element using an appropriate discount rate for future 

payments. The result is the Net Present Value (NPV) that is a measure of the total costs 

(present and future) in terms of a single present value.140 This is the approach adopted 

by the LEAF2 model (see Chapter 3). (In practice, private users rarely take such a 

rational approach to comparing costs of different vehicle options; the predominant costs 

being the vehicle purchase and price of fuel. However, the perspective of the private 

user can be modelled using the NPV method with an appropriate (high) discount factor) 

(DTI 2000). 

The temporal distribution of costs for alternatively fuelled vehicles is different to 

that for conventional vehicles. Compared to petrol and diesel ICEs, cleaner vehicles 

tend to be associated with higher capital costs and lower annual costs (fixed and 

variable). More often than not, cleaner fuelled vehicles offer the potential to offset 

higher capital costs by lower operational costs (e.g. lower fuel and maintenance 

charges). However, discounting has the effect of increasing the weight of up-front 

expenditure and reducing the significance of future costs that accrue during vehicle 

operation. Therefore, cleaner vehicle options are at a disadvantage if analysed using 

current economic methods (or the usual perception of cost of the private motorist). 
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The negative effect of discounting has acted as a barrier to a number of cleaner 

technologies in general. For example, renewable energy projects are relatively capital 

intensive as compared to conventional power schemes. Although the operational costs 

of renewable options are low (there being no fuel costs), the conventional options often 

appear more favourable in a discount analysis. This is one of the reasons why wind  

power has taken so long to find a UK market niche. Wind farms have had to compete, 

not only against existing technologies, but also within the existing discount costing 

structure. Evidence of the true potential of wind energy is seen by the fact that it has 

succeeded in gaining acceptance in the UK energy sector despite this disadvantage 

(Boyle 1996). 

Existing economic incentive mechanisms 

Incentive mechanisms are either `demand led', the support being used to reduce the 

costs for the user, or `supply led', financial assistance being given to the supplier of the 

service. The UK vehicle market has traditionally used demand led subsidies to support 

cleaner fuel and technologies.141 These can take the form of an up-front capital subsidy 

or through a reduction in any of the annual fixed or on-going variable costs. Examples 

include the PowerShift capital purchase subsidy, the introduction of variable Vehicle 

Excise Duty (VED) rates banded by CO2 or particulate emissions performance (see 

Tables 5.3 and 5.4)142 and the road charging exemptions for cleaner vehicles using the 

scheme proposed for London in 2003 (EST 2002). There is evidence to suggest that 

many cleaner fuels and vehicles would not have achieved the current market share had 

                                                                                                                                               

140 A full account of discounting analysis is given in Renewable Energy: Energy for a Sustainable Future 
(Boyle 1996). With a discount rate of r, the future discounted rate of amount A in year n is given by the 
formula A(1-r)n. Typical discount rates used for private, business and public use are 20%, 15% and 6%.  
141 Supply led incentives have been used within the vehicle sector to subsidise the building of new fuel 
infrastructure. Such support is given by the UK's CleanUp programme to assist with the installation of 
fast-fill natural gas refuelli ng points (EST 2001). 
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not capital vehicle subsidies (from PowerShift and elsewhere) been available (EST 

2001b). 

Fuel duty incentives have also been widely used within the transport sector to 

reduce costs for cleaner fuels. Typically, a favourable duty is applied for enough time to 

allow the market to respond. Once the market is secure, duty rates are usually increased 

in a staged manner to recoup some of the revenue lost as a result of the incentive, taking 

care not to reduce the fuel duty differential to zero. The control of fuel duty rates has 

been successfully used several times to stimulate cleaner fuels in the UK. For example, 

the transitions to both ULSD and ULSP were incentivised by modest fuel duty 

differentials (of around 2 p/lit re). The introduction of LPG vehicles has also been 

driven, in most part, by the low duty rates levied on gaseous fuels (see Table 5.5). This 

has resulted in over 20,000 LPG vehicle sales and conversions in 2001 (EST 2001b). 

Table 5.3 : Var iable VED rates for light-duty vehicles (2001-) 

 
Table 5.4 : Var iable VED rates for heavy-duty vehicles (2001-) 

Vehicle Excise 
Duty Bands A   B C D E F G 

Standard 
VED rate 

£165 £200 £450 £650 £1,200 £1,500 £1,850 

RPC* 
VED rate 

£160 £120 £210 £280 £700 £1,000 £1,350 

*Reduced Pollution Certificate 
 

Table 5.5 : UK fuel duty rates 2001-2002 

Fuel type Fuel Duty 

Ultra-Low Sulphur Petrol / Diesel (ULSP / ULSD) 45.82 p/lit re 
Road Fuel Gases (LPG and CNG) 7.05 p/kg 

Methanol (MeOH), Electricity, Hydrogen (H2) Zero 

                                                                                                                                               

142 Light-duty vehicles are banded according to their CO2 emissions. Heavy-duty vehicles pay a reduced 
VED rate if awarded with a Reduced Pollution Certificate. 

Vehicle Excise 
Duty Bands VED Band A VED Band B VED Band C VED Band D 

CO2 emissions Up to 150 g/km 151-165 g/km 166-185 g/km Over 185 g/km 

Cleaner vehicle £90 £110 £130 £150 

Petrol car £100 £120 £140 £155 

Diesel car £110 £130 £150 £160 
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Until 2002, operators of public service vehicles have been eligible for an 80% fuel 

duty rebate on diesel fuel (worth £330 milli on per year) (Foley 2001). This was 

originally introduced to subsidise public transport. Though successful in achieving its 

objective, the rebate has had the effect of reducing the impact of fuel duty differentials 

between diesel and cleaner fuels. This has effectively removed one of the main 

incentives to use cleaner fuels in the public transport sector. As a result, the Institute of 

Public Policy Research (IPPR) has recommended the replacing of the rebate with a 

mileage subsidy, which would allow the government to subsidise bus services and 

support the sector's use of cleaner fuels. This is li kely to be introduced in 2002 (Foley 

2001). 

Future challenges for existing financial incentives 

In 2001, the UK government raised £27.7 billi on from road taxes (fuel duty £22.3 

billi on, vehicle excise duty £5.4 billi on) (DVLA 2002) representing around 10% of the 

country's total tax revenue. In the same year, the fuel duty on gaseous fuels was 9 p/kg 

(with the gas/petrol fuel duty differential guaranteed until 2004) and was zero-rated for 

electricity. For switching to gaseous fuels, this represents a loss to the treasury of over 

30 p/lit re (petrol equivalent). New variable VED rates (from March 2001) and a new 

company tax regime (from April 2002), designed to stimulate a move to lower CO2 

emitting vehicles, will also result in a reduction of total fuel tax revenue. Therefore, the 

introduction of cleaner fuels and vehicles poses an interesting dilemma for governments 

who wish to incentivise cleaner options, but depend on revenue collected through 

taxation on fuel.  

In a report on this issue, Parkhurst states that, “ it is found that taxation revenue 

from car use will reduce over the decade [ in the UK] , unless increases in duty rates are 

made. The extent of the reduction will be strongly influenced by the rate of adoption of 
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alternative-fuel vehicles” (Parkhurst 2001). Estimates can be made of the change in 

revenue that would follow from the use of fuel-eff icient vehicles, alternative fuels and 

new VED and company tax rates. If LPG and CNG vehicles comprise 10% of the car 

fleet in 2010,143 Parkhurst predicts that the continued application of current fuel duty 

rates would result in an annual reduction of £2.1-£3.3 billi on144 in revenue by 2012 (as 

compared to 2000). For this reason, the government may be tempted to increase fuel 

duties for conventional and gaseous fuels to compensate for the loss in revenue. 

However, there are important politi cal reasons why the government will find it hard 

to make up for this shortfall by increasing fuel duties. Firstly, the UK public is already 

highly sensitive to the relatively high rates of fuel duty placed on petrol and diesel, as is 

evidenced by the ̀ fuel crisis' in 2000. Secondly, as the market for vehicles with high 

fuel economy improves, it may be perceived as unfair to owners of larger and older 

vehicles, if conventional fuel duties are increased. Thirdly, the market for alternative 

fuels and vehicles is already very sensitive to the levels of fuel duty, which is used to 

offset the higher vehicle cost (in conjunction with PowerShift capital grants). Owners of 

LPG cars are not going to take kindly when the advantage of low fuel costs is removed. 

For these three reasons, it will be diff icult for the UK government to increase fuel duties 

substantially over existing rates.145 

If the prospect of fuel-eff icient conventional and LPG vehicles is problematic from 

a revenue viewpoint, the advent of fuel cell and hybrid electric vehicles, which reduce 

fuel use by 30-50%, will only serve to further exacerbate the problem. Furthermore, the 

likelihood is that the emerging FCV fleet will be fuel-flexible, using several fuels 

                                                 

143 This is an achievable target given annual sales in 2001 of over 20,000 LPG cars in the UK (EST 
2001). 
144 Amount depends on the assumptions made about future traff ic levels. 
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including electricity, natural gas, methanol, LPG and reformulated petrol. With the 

exception of petrol, all these fuels are used in other sectors (e.g. domestic heating and 

industrial processing). This severely restricts the taxation options which a government 

can impose. For example, in the domestic sector, it is almost impossible to discriminate 

between electricity used for road vehicles and other uses. Even taxing hydrogen will 

become increasingly complex as non-transport sectors begin to use fuel cell CHP and 

other heating systems. In the words of Parkhurst, ªroad fuel duties may cease to be a 

tenable concept when there is no traded commodity as such to tax” (Parkhurst 2001). 

The awarding of capital vehicle subsidies is also likely to become problematic in 

the long-term as an incentive mechanism for cleaner vehicles. Although they are 

undoubtedly important in assisting the early stages of market introduction, they can 

quickly become very expensive for the Treasury and a drain on limited resources. For 

example, PowerShift subsidies of around £1000 per LPG car/conversion (available 

since 1996) have been highly successful in accelerating the market to over 20,000 sales 

in 2001. If all these vehicles were awarded a capital grant, this cost to the Energy 

Saving Trust would be over £20 milli on a year. This is significantly more than their 

annual budget. Therefore, capital subsidies need to be targeted and concentrated over 

short time-scales and reviewed at regular intervals in the light of market response. 

New economic incentive mechanisms 

These limitations have led to the consideration of new subsidy mechanisms that can 

perform the same role as a capital grant over a longer time-scale. There was, until 1992, 

a special car-purchase tax, which if still i n place, could have been used to provide a 

purchase cost differential between conventional and cleaner vehicles. A reappraisal of 

                                                                                                                                               

145 It may be to the government's advantage to change to a new fuel such as hydrogen, as it will offer an 
opportunity to simultaneously introduce new fuel duties. 
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this tax has led to the proposal of a ̀ feebate' scheme that uses a system of fees and 

rebates. Unlike capital subsidies, which are essentially a ̀ carrot' with no ̀stick', feebate 

schemes combine both ̀ carrot' and ̀ stick' within a revenue neutral package. This works 

by charging a fee for the purchase of the most polluting vehicles and using this revenue 

to award a rebate for the purchase of cleaner fuelled vehicles (Hughes 1993). The 

advantage of a feebate scheme is that it provides maximum support at the early stages of 

market transformation. When the conventional fleet is still l arge, only a small fee per 

vehicle is required to support an emerging cleaner vehicle market. 

This approach has been considered by the Canadian and Austrian governments who 

are introducing car feebate tax schemes with rates that vary according to engine size 

(Europa 2002). In principle, this system could be used in the UK for cleaner vehicles 

with a feebate scheme based on the current VED bands. Vehicles with above average 

CO2 emissions would be charged a fee to subsidise vehicles with lower than average 

emissions. The advantage of this approach is that it would be a technology-independent 

incentive, providing assistance to any vehicle technology that had the potential to 

reduce greenhouse gas emissions.146 

Whatever mix of incentives is adopted, as more cleaner fuels and vehicles are 

introduced, the current vehicle taxation system will become increasingly complex to 

implement and administer. There is, therefore, the need for a new incentive strategy to 

deal with the complexity of a multi -fuelled and multi -technology transport sector, one 

that promotes cleaner technologies without favouring one technological solution over 

others. It will need to cope with revenue reduction in the short-term (due to the use of 

fuel duty incentives), and to develop capital incentives that can be applied over the 



 300  

long-term. Furthermore, for fuels that require alternative refuelli ng networks, it will 

have to assist with the investment in new fuel infrastructure. 

Given the limitations for using fuel duties to provide incentives for cleaner fuels 

while maintaining government revenue, new road transport taxation options are being 

considered.147 These include charging for the use of inter-urban roads (road 

charging/tolls), entering urban areas (cordon charging) and access to work-based 

parking. These have been extensively assessed and are currently the subject of much 

politi cal debate.148
 As of 2001, local authorities have discretionary powers to introduce 

hypothecated urban cordon tolls and workplace parking charges. Although London has 

announced the introduction of cordon charging in 2003, there has been much debate 

about the exact charge that will be levied, the exemption groups allowed and the final 

amount of revenue expected (EST 2002).149 

It has been estimated that if current fuel duties were to be replaced by road charges, 

this could be accomplished by imposing a charge of 8 p/km. However, this would be 

considered relatively high as countries such as France and Italy charge in the region of 

3-4 p/km (Parkhurst 2001). In any case, it would make sense to retain at least some 

system of variable VED and targeted fuel duties (or introduce a generalised carbon tax) 

so as to incentivise cleaner and fuel-eff icient vehicles. Therefore, future road taxation 

revenues are likely to be raised through a mixture of taxation methods including VED, 

fuel duty, VAT, road charging and parking charges.  

                                                                                                                                               

146 In theory, a feebate scheme targeted on greenhouse gases should be based on li fecycle CO2 emissions. 
However, this would be almost impossible to administer for some fuels as hydrogen can be produced 
from a large number of primary energy sources, each yielding different li fecycle emissions. 
147 Only a brief discussion is presented here, the issue not being central to the thesis. 
148 More futuristic scenarios have assessed the possibilit y of using the global satellit e positioning systems 
(GPS) to monitor road movements in order to assess levels of personal and commercial taxation. These 
systems are already standard items on some new vehicles (Potter 2001). 
149 At the time of writing (February 2002), the charge was set at £5 per (non-concessionary) vehicle. 



 301  

This thesis now considers the use of a number of support mechanisms with which to 

promote fuel cell vehicles in the UK. These include the provision of capital subsidies 

for vehicles and fuel infrastructure, the use of fuel duty differentials to reduce operating 

costs and the support of the fuel cell vehicle industrial base. 

5.2.2 Developing Economic Incentives for UK Fuel Cell Vehicles 

As discussed in Chapter 3, the general principles of Strategic Niche Management can be 

used to construct an incentive strategy for cleaner vehicles. Once a technology has been 

identified, SNM recommends that appropriate protection measures should be applied 

where required (e.g. if li fetime costs inhibit market up-take). In the quantitative 

extension of the management tool, QSNM, the level of protection can be gauged by a 

quantitative (cost and emissions) comparison of the cleaner vehicle niche with the 

conventional baseline. Through the introduction of suitable protection measures (the 

incentives), a ̀ level playing field' is formed, on w hich the emerging niche and the 

existing regime can fairly compete. This allows the niche a chance to develop towards 

its full potential and provides time for expectations of the new technology to stabili se. 

After a suitable period, QSNM recommends the staged removal of protection measures 

in order that market forces can play their role in ̀ deciding' the most cost -effective 

technological option.  

An important principle of SNM is that the incentives employed should not favour 

any single technology. The incentives should be performance led, the objective (in this 

case) being the reduction of environmental impact. This approach, therefore, is 

particularly suited to supporting the fuel cell niche(s) given the large number of fuel cell 

options available. Furthermore, if other technologies do environmentally outperform 

fuel cells, this would be evident from a performance led approach.  
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It could be argued that an incentive strategy for fuel cell vehicles is favouring a 

particular technology (i.e. the fuel cell ). In response, this thesis argues that each FCV 

incentive can be seen as a mechanism to negate the inherent advantage of the 

conventional technology, which is continually supported by the existing regime. Treated 

on an equal basis, the fuel cell vehicle is able to show its true potential (which may be 

inferior or superior to the baseline technology). This view of the purpose of niche 

protection also ill ustrates the importance of the removal of incentives. Once the 

potential of the new niche has been established, it should be subject to normal market 

forces (in the long-term). 

Therefore, applying QSNM to the FCV niche(s) requires the following stages: 

1. Specify technology performance criteria. 

2. Identify beneficial fuel cell vehicle options (according to specified criteria). 

3. Design and quantify suitable protection measures. 

4. Apply protection measures if required for specified period. 

5. Remove protection measures in a structured exit strategy. 

Stages 1 and 2 have already been completed in previous chapters. As discussed in 

Chapter 1, this thesis takes the position that the fuel cell technology options that should 

be supported are those that significantly reduce both Euro 4 NOx and greenhouse gases 

by 75% (as defined in section 1.2.4). In Chapter 4, using the LEAF2 model, the li fetime 

emissions comparison identified four fuel cell car options that offer emission levels at, 

below or approaching both sustainable targets defined (see section 4.4.2). These are 

hydrogen fuelled FCVs using hydrogen produced from natural gas or from renewable 

electricity, and FCVs using either LPG or natural gas. It also identified two fuel cell bus 

niches with significant emission benefits. These are hydrogen fuelled FCVs using 

hydrogen produced from natural gas or from renewable electricity. These findings are 

summarised in Tables 4.15 and 4.16. 
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Based on this emissions assessment, this thesis recommends that, in general, 

the fuel cell niche should be afforded protection on the grounds of its abili ty to 

reduce NOx and greenhouse gas emissions. In par ticular , the assessment 

recommends strong support for the following options: 

·  Hydrogen fuel cell cars and buses using hydrogen produced from natural gas 

or from renewable electr icity.  

·  Hydrogen fuel cell cars using natural gas or liquefied petroleum gas as on-

board fuels. 

Quantifying levels of economic protection using the LEAF2 model 

The LEAF2 model was introduced to compare cleaner vehicle technologies according to 

li fetime emissions and costs. Chapter 4 used the model to compare the li fetime 

emissions and cost impact of fuel cell vehicle options with three baselines (see section 

4.4). Two (of the three) economic measures generated by the model are now used for 

further analysis of the FCV niche. The first of these is the ̀ li fetime private cost', which 

is a measure of the economic impact from the perspective of the user. The second is the 

`(public) cost-effectiveness' for each emission analysed. This is the emissions reduction 

per public pound spent. These measures are now used to quantify the levels of 

protection required by each of the FCV options. 

The following sections refer to the measures of li fetime private costs and (public) 

cost-effectiveness for the FCV niche as predicted by the LEAF2 model. Using the input 

data described in Chapter 4, the model generates the results shown in Figures 5.3-5.9 for 

cars. For brevity, the fuel cell bus niche is referred to only when necessary, the results 

being similar to cars in most cases. For reference, the results of the bus data are shown 

in Annex 2. 

Figures 5.3-5.9 comprise six sets of diagrams which are grouped in pairs for 2002-

2007, 2007-2012 and from 2012. The first of each pair shows results for cases where no 
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capital subsidy or fuel duty incentive is applied. The second shows results for cases 

where a capital subsidy and/or a fuel duty incentive are used. This is to explore the 

effect of these protection measures on the li fetime private costs. A summary of the cases 

explored is shown is shown in Table 5.6. 

Table 5.6 : Summary of the cases explored by LEAF2 
Figure Period Capital Subsidy Fuel Duty 

Figure 5.3 2002-2007 None None 
Figure 5.4 2002-2007 75% None 
Figure 5.5 2007-2012 None None 
Figure 5.6 2007-2012 50% None 
Figure 5.7 From 2012 None None 

Figure 5.8, 5.9 From 2012 None `Low', ̀ High'  
 

Figures 5.3-5.7 are structured in the following way. Each Figure is a set of four charts 

labelled (a) to (d) as follows:  

(a) Lifetime Private Cost 

(b) Lifetime Public Cost 

(c) NOx Reduced per Public Pound 

(d) GHGs Reduced per Public Pound 

 

Figures 5.8-5.9 are sets of two charts labelled (a) and (b) as shown.  

Note that the three baselines used are petrol ICE, petrol hybrid and BEV options. As 

was noted in Chapter 4, the future ICE regime may merge with the hybrid niche. 

Therefore, both the petrol ICE and petrol hybrid options are used as the main baselines. 

The BEV baseline is included to assess the benefits of fuel cell over battery electric 

vehicles.150  

Key findings of LEAF2 for lifetime private costs 

Figure 5.3a (2002-2007), shows that, with no incentives, the hybrid and all FCV cases 

are more expensive than petrol ICE baseline. This is especially true for the FCV using 
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hydrogen reformed from natural gas (which is most expensive option). The petrol 

hybrid case is marginally more costly than the petrol ICE baseline. When 75% capital 

subsidies are applied (Figure 5.4a), the hybrid and all FCV cases (with the exception of 

the option using hydrogen from natural gas) are now equal or lower in cost than the 

petrol ICE baseline. 

In Figure 5.5a (2007-2012), assuming no incentives, the cost difference has 

narrowed. All FCV options are still more expensive than the petrol ICE baseline. 

However, almost all FCV cases are cheaper than the BEV baseline. An FCV using 

hydrogen from natural gas is no longer the most costly option, which is now the petrol 

FCV case. Note that the petrol hybrid option is now marginally cheaper than the petrol 

ICE baseline. When 50% capital subsidies are applied (Figure 5.6a), the hybrid and all 

FCV options are now equal or lower in cost than the petrol ICE baseline. It is also 

broadly true, that the FCV cases have li fetime costs between the petrol ICE and petrol 

hybrid option (which is one of the cheapest). 

Figure 5.7a (from 2012) shows that, with no incentives, from 2012, the initial 

situation has been reversed. Now the hybrid and all FCV cases are less costly than the 

petrol ICE baseline. This is especially true for the FCV case using hydrogen reformed 

from natural gas (which is the lowest cost option). In addition, all hydrogen FCV 

options are less expensive than the petrol hybrid case. When fuel duty incentives are 

used for FCV cases (Figures 5.8a and 5.9a), li fetime private costs for hydrogen FCVs 

are increased to the level of cost of the petrol hybrid baseline. 

                                                                                                                                               

150 Note that, unlike BEVs, FCVs are assumed to provide adequate vehicle range. 
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F
igure 5.3 : C

osts and cost-effectiveness of fuel cell car 2002-2007 (no protection) 

 F
igure 5.4 : C

osts and cost-effectiveness of fuel cell car 2002-2007 (capital grant) 
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F
igure 5.5 : C

osts and cost-effectiveness of fuel cell car 2007-2012 (no protection) 

 
F

igure 5.6 : C
osts and cost-effectiveness of fuel cell car 2007-2012 (capital grant) 
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Figure 5.7 : Costs and cost-effectiveness of fuel cell car from 2012 (no protection) 

 
 

Niche protection through the use of vehicle capital incentives151 

The results of the LEAF2 modelli ng show that, for the period 2002-2012, with no 

capital assistance, all FCV options are more expensive on a li fetime private costing 

basis (see Figures 5.3a and 5.5a). Therefore, fuel cell vehicles will require economic 

incentives over this time-scale. After 2012, li fetime private costs are predicted to be 

lower than the petrol hybrid option, and therefore protection measures are no longer 

required (see Figure 5.7a).152  

The LEAF2 model also shows that, for 2002-2007, a 75% capital vehicle subsidy is 

necessary to reduce li fetime private costs to below the petrol ICE baseline for most FCV 

                                                 

151 Note that for the period 2002-2012, it is assumed that no fuel duty is levied on hydrogen fuel. 
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options (see Figure 5.4a). UK fuel cell vehicles are already considered for PowerShift 

demonstration grants, receiving 50% of additional capital costs.153 The above results 

show that, for 2002-2007, the fuel cell niche would benefit from higher capital subsidies 

than are available as of the end of 2001. From 2007-2012, a 50% subsidy is suff icient to 

reduce private costs to levels between the petrol ICE and hybrid cases (Figure 5.6a). 

If the market take-up of FCVs occurs as expected, by 2007 there could be of the 

order of 10,000 fuel cell car sales in the UK with 100,000s sales predicted for 2012. If 

every vehicle sold were to attract a capital subsidy, this would put a strain on the budget 

of programmes such as PowerShift that has an annual budget measured in tens of 

milli ons. Therefore, if the rate of FCV sales is as projected, such schemes may have to 

review the levels of awards they grant for fuel cell cars. If they have not done so by 

2012, the volume of sales will make the awarding of capital subsidies a very expensive 

exercise. For example, if PowerShift grants were to be continued beyond 2012, this 

would result in a subsidy of around £1000 per car. Applied to every sale, this would 

require an annual budget of £100 milli on, probably far in excess of future funds. This is 

less of a problem for fuel cell buses due to the smaller numbers of vehicles involved. A 

50% subsidy in 2007 for 100 fuel cell buses requires a budget of around £2 milli on. 

If it is decided that further capital support for fuel cell cars is required beyond 

annual sales of 100,000 vehicles, one option is the use of feebates (as considered 

above). Assuming annual sales of low-carbon cars of around 200,000 in 2012, a £100 

fee for each conventional vehicle would generate around £180 milli on per year. This 

could be used to provide a rebate for all l ow-carbon vehicles (DTLR 2001b). With a 

2010 UK government target of around 200,000 low-carbon vehicles, this would make 

                                                                                                                                               

152 If the cost and performance predictions discussed in Chapter 4 turn out to be overly optimistic, the 
niche may require further protection beyond 2012. 
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available around £900 per car, enough to part-compensate for the additional capital cost 

of future FCVs. This has been incorporated into Table 5.7, which suggests a three- stage 

strategy for capital subsidy incentives. 

Table 5.7 : Proposed capital subsidy strategy for low-carbon vehicles 
Period PowerShift 

rate 
PowerShift subsidy 

for FC cars 
FC car annual 
sales (order of) 

Annual capital 
subsidy 

2002-2006 75% £7,500 100s £0.75 milli on 
2007-2011 50% £1,500 10,000s £15 milli on 

2012-onwards Feebate scheme £1,000 100,000s £100 milli on 
 

Therefore, on the basis of the above analysis, this thesis recommends that:  

·  All FCV options should be awarded 75% capital grants for the period 2002-

2007 (or as long as vehicle pr ice premium is 50-100%). 

·  All FCV options should be awarded 50% capital grants for the period of 2007-

2012 (or as long as vehicle pr ice premium is 15-50%). 

·  No capital grants should be awarded to fuel cell vehicles after 2012 (as long as 

vehicle pr ice premium is less than 15%). I f fur ther capital support is required, 

this should be made using a feebate system based on a £100 fee for conventional 

cars. (The use of feebates is not assumed for the remainder of this thesis.) 

This is in agreement with the recommendations of the report H2: driving to the 

future by the Institute of Public Policy Research (IPPR), which has proposed new UK 

measures to support the emerging hydrogen FCV niche (Foley 2001). These include 

extension of the TransportAction capital subsidies to include ̀ Hydrogen Shift' grants 

for hydrogen buses. 

                                                                                                                                               

153 Established vehicle technologies are eligible for capital subsidies of up to 75% of additional costs. 
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Niche protection through the use of fuel duty incentives 

In conjunction with capital subsidies, the use of duty incentives is a useful tool with 

which to protect the FCV niche. As of 2002, no fuel duty is levied on hydrogen used for 

UK road transport. With a petrol fuel duty of around 46 p/lit re, and assuming a doubling 

of FCV fuel eff iciency, in effect, there is already a fuel duty differential of around 23 

p/lit re (petrol equivalent). Thomas has proposed that this situation should continue in 

order to provide initial support for the fuel cell vehicle niche. He states that, ªone could 

argue that governments might reduce or even eliminate taxes on fuels for FCVs at least 

initially. At this time, for example, highway taxes are not collected on battery electric 

vehicles” (Thomas et al. 2000). This position is supported by the LEAF2 model which 

shows that, with the capital support measures described in the last section, most FCV 

options have lower li fetime private costs than the petrol ICE baseline (2007-2012) and 

less than the petrol hybrid (from 2012).154 Therefore, the continued zero-rating of fuel 

duty for hydrogen over the period 2002-2012 will act as an effective FCV incentive.  

Therefore, this thesis recommends that, if fuel duty is to be applied to 

hydrogen, it should not be applied before 2012 at the ear liest. Fuel duty rates on 

hydrogen carr ier fuels should also be zero-rated (or not increased if fuel duties 

already apply)155 over the same period. 

From 2012, The LEAF2 model can be used to investigate what level of duties could 

be applied without removing all protection afforded by the existing fuel duty incentive 

measures.156 The model shows that `low' levels of fuel duties can be applied without 

li fetime private costs for hydrogen FCVs exceeding those for petrol hybrids (see Figure 

                                                 

154 The exception is the petrol FCV option. However, as it shares the same fuel with petrol ICE baseline 
case, fuel duty incentives are not able to provide support for this option. 
155 UK fuel duties are already levied on petrol, natural gas and LPG fuels. 
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5.8a). For those cases where fuel duties already exist (e.g. natural gas, LPG), the 2002 

fuel duty rates have been assumed.  

Figure 5.8 : Costs and cost-effectiveness of FCV from 2012 (‘ low’ fuel duty) 

 

These ̀ low' duty rates predicted by the LEAF2 model for 2012 onwards are as follows: 

·  Hydrogen – 75 p/kg (0.75 p/MJ) – (no road fuel duty rate as of 2002) 

·  Methanol – 4 p/lit re (0.26 p/MJ) – (no road fuel duty rate as of 2002) 

·  LPG – 9 p/kg (0.19 p/MJ) – (duty rate of 9 p/kg as of 2002) 

·  CNG – 9 p/kg (0.10 p/MJ) – (duty rate of 9 p/kg as of 2002) 

 

These figures can be used to estimate the level of fuel duties that could be applied to 

FCV fuels from 2012. As shown above, these duty rates would enable revenue to be 

generated without the total removal of (economic) niche protection. In the long-term, 

they provide a guide as to level of duties that could be levied on these fuels. In the 

short-term, they can be used to design a rational exit strategy for the removal of niche 

protection measures. These points will be discussed in a later section. 

                                                                                                                                               

156 If fuel duties are to be levied on FCV fuels, they should be introduced in a staged manner with at least 
12 months notice to industry to allow market response. 

Vehicle Year Usage User DR Pub DR Fuel Duty Powershift
CAR 2012 Private 20% 6% LOW 0%

(a) Lifetime Private Cost (£) (b) Lifetime Public Cost (£)
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Cost-effectiveness of cleaner vehicle options 

One output of the LEAF2 model not yet used in this analysis is the (public) cost-

effectiveness in reducing emissions. This measure is defined as the reduction in 

emission per unit public cost (see Chapter 3). The greater the level of cost-effectiveness, 

the larger the reduction per public pound spent. Using the results for li fetime emission 

reductions and li fetime public cost, the LEAF2 model estimates the ratio of these 

outputs for both NOx and greenhouse gases to provide two measures of cost-

effectiveness per option considered. The results are shown in Figures 5.3c-5.7c and 

5.3d-5.7d. Note that for cases where NOx and/or GHG emission are increased relative 

to petrol ICE baseline, zero cost-effectiveness is recorded. 

These results show that, the levels of cost-effectiveness respond to changes (over 

time) of the emissions and cost benefits associated with each option. For 2002-2012, 

with the exception of the grid-electric FCV option, the fuel cell options have broadly 

equivalent performance on a cost-effective basis (Figures 5.3c-5.6c and 5.3d-5.6d). 

However, their levels of cost-effectiveness are less than for the petrol hybrid option, 

which generally scores highest for reductions of NOx and GHG emissions. This means 

that the hybrid baseline case is providing a greater reduction per pound invested than is 

provided by the fuel cell options. (It should be noted that, for some cases, the actual 

emission reductions are greater for FCVs - see section 4.4.1.)  

Of particular importance are the levels of cost-effectiveness from 2012, as these 

represent the performance potential for each vehicle technology in the long-term. 

Figures 5.7c and 5.7d show the cost-effectiveness for NOx and GHGs for all options. 

The results show that, overall ,  the FCV options perform well on a cost-effective basis. 

For NOx, with the exception of the grid-electric FCV option, they out perform BEVs, 

which are associated with an increase in li fecycle NOx emissions. For GHGs, all  FCV 
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cases show a higher cost-effectiveness than the BEV option. The most important 

result is that the FCV case using hydrogen from reformed natural gas shows the 

highest levels of cost-effectiveness (for NOx and GHGs) and the level is higher than 

for the petrol hybr id baseline. This result reflects the highest levels of emission 

reductions per unit cost offered by a cleaner vehicle technology.  

Furthermore, attention should be given to the results for the petrol hybrid and 

hydrogen FCV cases (using hydrogen generated from natural gas). Not only do the 

figures show high cost-effectiveness, they also show negative levels of cost-

effectiveness (lines on charts extend below x-axis). This is interpreted as a reduction in 

emissions for reduced public unit cost. In other words, not only do these technologies 

provide li fetime emissions benefits, they also achieve this at reduced cost to the public 

purse. This is an important finding of this thesis, which therefore recommends: In the 

long-term (beyond 2012), par ticular niche support should be given to the petrol 

hybr id and hydrogen FCV (from natural gas) options due to their abili ty to 

provide reduced NOx and GHG emissions at reduced public cost. 

Another finding is that the FCV using renewable electricity to generate hydrogen is 

the second most cost-effectiveness fuel cell option for NOx and GHGs. This capitalises 

on the zero li fetime emissions offered by this option and assumes that renewable 

electricity will be equal in cost to other power sources available from the national grid 

by 2012. Therefore, this thesis recommends the use of renewable electr icity, for the 

production of hydrogen for FCV use. 

A third important result follows from a comparison of FCVs using natural gas and 

LPG. Both options were previously recommended for their abilit y to approach 

sustainable emissions targets by 2012. This analysis shows that their cost-effectiveness 

performance is broadly similar. Therefore, both on-board fuels offer similar emissions 
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and cost benefits. However, natural gas would require very much more assistance with 

fuel infrastructure support than LPG.157 Therefore, this thesis recommends that, used 

as an on-board FCV fuel, LPG should be pr ior itised over the use of natural gas. 

Strategic phase out of economic incentives 

Given the likelihood that fuel duty will continue to be used as a UK policy tool, this 

thesis has used the LEAF2 model to estimate the levels of duty that could be levied on 

FCV fuels after 2012. The model assumes that existing taxation measures continue to 

apply beyond 2012 and that any road charges introduced over this period do not favour 

any particular vehicle type.158 The analysis is based on the premise that no new fuel 

duties should be introduced before 2012, in order to stimulate the FCV niche.159 The 

analysis also assumes that petrol hybrids will be successful in gaining a significant 

market share by 2012, and therefore uses hybrids as the baseline for comparison.  

The LEAF2 model has been used to calculate the levels of fuel duty for FCV fuels 

that result in fuel cell cars having equal li fetime private costs to petrol hybrids (within 

confidence limits). This has been achieved by increasing fuel duties (from zero), until 

the li fetime private costs for FCVs are broadly in line with those of the hybrid electric 

option (see Figure 5.9a). The results are the ̀ high' fuel duty estimates, which if 

introduced from 2012, would lead to an approximate cost parity with petrol hybrids.160  

                                                 

157 Reformulated petrol, methanol and LPG require relatively low government support as is evidenced by 
the existence of over 1000 LPG refuelli ng points in the UK, most of which have been installed by the fuel 
industry (EST 2001). 
158 Although cleaner fuelled vehicles may initially be supported using incentives, all vehicles are likely to 
be treated equally in the long-term. 
159 This strategy would be unlikely to lead to major revenue loses alone due to the relatively low number 
of FCV predicted by 2012 (around 100,000). 
160 Compare with a 2002 petrol duty of 45.8 p/lit re (1.4 p/MJ). 
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The results are: 

·  Hydrogen ± 180 p/kg (1.5 p/MJ) ± (no road fuel duty rate as of 2002) 

·  Methanol ± 10 p/lit re (0.64 p/MJ) ± (no road fuel duty rate as of 2002) 

·  LPG ± 12 p/kg (0.25 p/MJ) ± (duty rate of 9 p/kg as of 2002) 

·  CNG ± 12 p/kg (0.26 p/MJ) ± (duty rate of 9 p/kg as of 2002) 

Figure 5.9 : Costs and cost-effectiveness of FCV from 2012 (‘high’ fuel duty) 

 

Note from Figure 5.9a that an exact match of li fetime private costs is not possible 

using fuel duty differentials because several cases share the same fuel. For example, the 

petrol hybrid and petrol FCV cases are both less costly than the petrol ICE option due to 

higher fuel economy. As they share the same fuel, no fuel duty leverage would be able 

to reduce the overall fuel cost differential. The same situation applies to the three 

hydrogen fuel cell options as they all use the same fuel. It also applies to all vehicle 

types that use LPG and natural gas, which have existing and equal fuel duties. 

Although there is only effectively one fuel case for fuel cell buses (hydrogen), a 

similar procedure is followed. The LEAF2 model predicts a value of 230 p/kg for the 

`high' fuel duty, which if introduced from 2012, would lead to an approximate cost 

parity with diesel hybrids. This is almost 30% higher than the ©high© rate for fuel cell 

cars. The difference arises due to the high fuel use by buses, which capitalise on the low 

pre-tax hydrogen costs to a larger extent than do cars. Consequently, if the hydrogen 

Vehicle Year Usage User DR Pub DR Fuel Duty Powershift
CAR 2012 Private 20% 6% HIGH 0%

(a) Lifetime Private Cost (£) (b) Lifetime Public Cost (£)
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fuel duty rate were set at 180 p/kg, fuel cell buses would continue to have lower li fetime 

private costs as compared to diesel. This would be to their advantage and could be 

considered an additional support measure for the fuel cell public transport sector. 

Therefore, this thesis will advocate the use of the ©high© fuel duty target for fuel cell cars. 

These figures are useful in determining what level of fuel duties could be 

introduced once the fuel cell vehicle market is secure (unlikely until 2012 at the earliest) 

and can be used to inform a phase out of protection measures.161
 However, these results 

need to be considered alongside the (previous) discussion of cost-effectiveness, which 

found that the FCV case using hydrogen from natural gas is the most cost-effective 

option. This suggests that the strategic phase out of support should favour (for a time) 

this particular FCV option. This could be implemented through the delaying of the 

introduction of fuel duties on relevant fuels (e.g. hydrogen).  

Based on these considerations, this thesis proposes the following phase out strategy 

for economic protection measures used to support the fuel cell vehicle niche.  

After 2012, once the level of 100,000 annual fuel cell car sales has been 

achieved and the FCV pr ice premium is less than 15%, fuel duties on FCV fuels 

should be set to the ‘ low’ levels, defined as: 

·  Hydrogen – 75 p/kg (0.63 p/MJ) – (no road fuel duty rate as of 2002) 

·  Methanol – 4 p/li tre (0.26 p/MJ) – (no road fuel duty rate as of 2002) 

·  LPG – 9 p/kg (0.19 p/MJ) – (duty rate of 9 p/kg as of 2002) 

·  CNG – 9 p/kg (0.10 p/MJ) – (duty rate of 9 p/kg as of 2002) 

                                                 

161 Other considerations need to be taken into account when setting future tax levels. For example, the 
fuel duty on road gases has been reduced from 15p/kg in 1999 to its present rate of 9p/kg in 2002. This 
change, and the promise of a fixed fuel duty differential until at least 2004, has been instrumental in 
transforming the LPG vehicle market (EST 2001). If rates are increased, the 12p/kg rate recommended 
above would probably not damage the market. However, a significantly higher duty rate for LPG FCVs 
would kill off the LPG ICE market at a stroke. 
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Beyond 2012, if and when the FCV niche is considered as ‘secure’ ,162 fuel 

duties on FCV fuels should be increased in a staged manner to the ‘high’ levels, 

defined as: 

·  Hydrogen ± 180 p/kg (1.5 p/MJ) ± (no road fuel duty rate as of 2002) 

·  Methanol ± 10 p/li tre (0.64 p/MJ) ± (no road fuel duty rate as of 2002) 

·  LPG ± 12 p/kg (0.25 p/MJ) ± (duty rate of 9 p/kg as of 2002) 

·  CNG ± 12 p/kg (0.26 p/MJ) ± (duty rate of 9 p/kg as of 2002) 

In order to extend the protection measures for the most cost effective FCV option, 

the fuel duty on hydrogen should remain at the ̀ low' duty (for a time) when the duties 

on other fuels are increased to the ̀ high' rate.  

 

5.3 Developing Rational Implementation Strategies for Fuel Cell Vehicles 

The following two sections draw the thesis to a conclusion. Based on the discussion in 

Chapters 4 and 5, previous findings are now used to construct a rational implementation 

strategy for fuel cell vehicles in the UK. 

5.3.1 Optimising UK Implementation Strategies for Fuel Cell Vehicles 

The development of an implementation strategy is informed by Quantitative Strategic 

Niche Management, which advocates the use of protection measures to support the 

emerging fuel cell niche. The protection measures employed include organisational, 

regulatory and economic incentives. Levels of protection that have a numeric basis have 

been quantified using the LEAF2 model. 

In Chapter 4, the LEAF2 model applied to the FCV niche showed that six sub-

niches are worthy of promotion on the basis of sustainabilit y and cost-effectiveness. 

                                                 

162 The term ̀ secure' has not been defined by this thesis.  
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These are hydrogen fuel cell buses and cars using hydrogen produced (off -board) from 

natural gas or from renewable electricity and fuel cell cars using natural gas or LPG as 

on-board fuels. Due to the cost-scale relationships identified in Chapter 4, the steam 

reforming of natural gas is recommended for hydrogen fuelled bus fleets of all sizes on 

economic grounds. For cars, hydrogen stations servicing less than 10 cars (or home 

refuelli ng), electrolysis is identified as the most cost-effective hydrogen production 

method. For larger fleets (30 or more), steam reforming of natural gas is the 

recommended option. One of the most important findings of this thesis is that, in the 

long-term (beyond 2012), particular support should be given to the FCV option using 

hydrogen reformed on-site from natural gas. This is due to its abilit y to offer 

significantly reduced NOx and GHG emissions at reduced public cost. In addition, as a 

result of having a more advanced fuel infrastructure, LPG should be prioriti sed over the 

use of natural gas as an on-board FCV fuel.  

Bus fleets are identified as one of the first road transport applications for fuel cells 

due to their depot-based operation. This reduces the fuel infrastructural barriers related 

to the installation of (initially costly) micro-scale hydrogen production plant. The higher 

mileage associated with fleet operation also takes maximum advantage of the benefits 

offered by lower fuel costs. Although the use of fuel cells within the private car sector 

will be more diff icult to achieve, as cars comprise over 80% of the UK vehicle fleet, it 

is important that FCVs are (eventually) adopted by this market. 

Non-economic protection measures 

One of the defining aspects of Strategic Niche Management is its identification of the 

importance of non-economic protection measures, required for the successful support of 

a new technological niche. Central to this approach is the use of experiments that are 

used to reduce the technical and social uncertainties surrounding a radical innovation. 
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SNM raises important issues about the way experiments are designed. In particular, it 

recommends that demonstrations should promote second-order learning (as defined in 

Chapter 3). This can be encouraged by the inclusion of a comprehensive set of 

stakeholders to ensure that all i nterests are adequately represented.  

As noted by Maruo in Chapter 4, the ideal experimental network would include a 

fuel cell (and component) manufacturer, an automaker, a fuel supplier, at least one 

government agency, an academic body, and an organisation representing the views of 

users. Therefore, in supporting demonstration projects, policy makers should ensure that 

all these stakeholders are present within the network. Analysis of the thirteen transport 

case studies introduced in Chapter 3 showed that users163 are often excluded from the 

learning process. SNM therefore recommends that experiments should "incorporate 

high profile users within the experimental network" (Weber et al. 1999). A model of a 

well -designed fuel cell vehicle experiment is the fuel cell ZEbus project conducted in 

Palm Springs, Cali fornia (see section 4.1.4). In addition to having Ballard and 

XCELLSiS as partners, this demonstration included a highly motivated Transit Agency 

(SunLine) who had proven commitment to cleaner vehicle technologies. The buses were 

operated on real routes, so involving fare-paying passengers. 

Chapter 4 also noted that, within the wider fuel cell niche, co-operative strategies 

between organisations are highly important. These can take the form of corporate 

ventures (e.g. the Alli ance) or public-private collaboration (e.g. Cali fornian Fuel Cell 

Partnership). According to Chris Fay, head of the British Shell:  

"Working together, energy companies, car manufacturers and niche market 

specialists¼are pushing back the technological  barr iers of what can be achieved. 

One thing is certain. Long-term improvements in air quality can only come about 
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through positive partnership between government, regulators, manufacturers, the 

energy industry and consumers. Partnership is the key" (Fay 1998). 

Support for fuel cell vehicles in the UK will undoubtedly involve the reinforcing of 

existing organisational li nks. These are likely to continue to be co-ordinated by the DTI, 

and require the formation of new partnerships between established and emerging 

organisations.   

The challenge posed by the introduction of hydrogen FCVs requires the use of an 

effective promotion programme. New agencies are likely to be needed for the co-

ordination of education and awareness raising activities. If vehicle users are to be able 

to make the increasingly complex choices between fuel and vehicle types, education 

programmes will be needed first for fleet operators, then by the general public. The 

design of effective educational material will it self require a high degree of 

sophistication if the messages are to be adequately conveyed. This is li kely to involve 

the use of research into the public understanding of science and technology. This is 

because ªpolicy tends to assume that providing environmental information and 

education will secure environmental change, when behaviour is in fact intimately 

dependent on public interpretation of the issues” (Eden 1996). Such research could be 

co-ordinated by the TransportAction programme whose personnel have the appropriate 

skill s and access to high quality information. In preparation, the Institute of Public 

Policy Research (IPPR) advocates the introduction of a national public education and 

awareness raising programme and the formation of a cross-party `10-Year Hydrogen 

Strategy' (Foley 2001).  

Given the high expectations for fuel cells, the development of manufacturing 

faciliti es in Britain would generate significant wealth and employment for the country 

                                                                                                                                               

163 The term ©users© includes fleet operators, passenger, drivers and/or consumers. 



 322  

over the coming decades. If there is to be a future UK industrial base for the R&D and 

manufacture of fuel cells, this will need extensive support, at least over the period 2002-

2012. Without significant investment, there is the likelihood that the UK fuel cell 

vehicle niche will expand using imported vehicles and fuel infrastructure systems (as 

has occurred in other cleaner technology sectors such as wind energy). Support for a 

UK fuel cell i ndustry is li kely to be provided by the existing government initiatives 

which include the DTI Foresight Vehicle Programme, New & Renewable Energy 

Programme, Fuel Cell Programme and the Sustainable Technologies Initiative (see 

section 4.2.1).  

While the introduction of fuel cell vehicles will l ead to major changes for motor 

manufacturing, the emerging industry will offer new opportunities to the transport 

sector. The UK is well placed to capitalise on its technological base and design 

expertise. This will be especially true if the new approaches to vehicle design are 

attempted, ones that capitalise on the benefits offered by full electric traction. These 

design opportunities were discussed in Chapter 4 (section 4.1.6) and include the use of 

vehicles as mobile sources of power. Social transport innovations such as car leasing 

and Car Clubs (see section 5.1.4) also offer the possibilit y of capitalising on the synergy 

between cleaner technologies and the development of new (mobilit y) service industries. 

Marketing new technologies through these ©pay-as-you-go© services has the effect of 

reducing the risk to the consumer, so increasing the chances of adoption. This thesis, 

therefore, recommends the development of new vehicle and mobilit y concepts with 

support provided by industry and government (through the DTI). 

Regulations will also act as useful support measures for the fuel cell vehicle niche. 

As of 2002, cleaner vehicles are already being considered for exemptions from 

proposed road user charging schemes (e.g. London cordon toll due for 2003). This type 
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of regulatory incentive is li kely to be widely applied with the introduction of Low 

Emission Zones, which are expected in many cities from 2005. In a departure from the 

traditional UK approach, this thesis also recommends the use of f leet mandates that are 

used or planned in Cali fornia and several European countries (see section 4.2.1). 

Applied to the UK situation, as recommended by the IPPR, ZEBUS mandates could be 

used within the public transport sector and considered for implementation at the local 

authority level (Foley 2001). These would be "negotiated" between Passenger Transport 

Authorities and local bus operators, possibly within the framework of ©Quality 

Partnerships©. Other incentives proposed by this thesis (and supported by IPPR) include 

the exemption of hydrogen vehicles from Company Car Tax and VED (Foley 2001).  

Economic protection measures 

Economic incentives can be applied through the use of capital subsidies (for vehicle and 

fuel infrastructure) and through the use of advantageous fuel duties for hydrogen and 

other hydrogen carrier fuels. These measures have been quantitatively assessed for fuel 

cell vehicles using the LEAF2 model. For vehicle purchase, capital subsidies are 

recommended (at least) over the period 2002-2012 for all fuel cell vehicles, irrespective 

of type, in order to stimulate the wider fuel cell vehicle niche. This should take the form 

of subsidies set at the 75% rate (of additional costs) for 2002-2007 and 50% rate for 

2007-2012 and administered through the PowerShift programme. As suggested by 

Foley, this grant programme could be called the ©Hydrogen Shift© fund, which could be 

used to subsidise fuel cell vehicles of all types.  This thesis introduces the caveat that 

the 75% rate should be given while the price premium is 50%-100%, the 50% rate for a 

price premium of 15%-50%.  

Beyond 2012, if FCV annual sales reach 100,000 vehicles and the vehicle price 

premium is less than 15%, then no capital subsidies are expected to be needed. 
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However, if further capital incentivises are required, this thesis recommends the 

introduction of a revenue-neutral feebate scheme, also administered through 

PowerShift. To maintain similar terminology for the parallel subsidy programmes, this 

could be known as the ©Carbon Shift© scheme. This would levy a £100 purchase-fee for 

all vehicles not classed as ©low-carbon© vehicles, the proceeds being used to subsidise 

©low-carbon© vehicle sales. 

The use of fuel duty incentives is also identified by the LEAF2 model as part of a 

package of economic measures. As of 2002, hydrogen is zero-rated for vehicle use. This 

thesis recommends that this situation should continue in order to support the first fuel 

cell vehicle fleets. It also recommends that, if fuel duty is to be applied to hydrogen, it 

should not do so before 2012 at the earliest. With sales predicted for 2012 of around 

100,000 vehicles, the loss of revenue should be within acceptable limits, and protection 

is provided for the period when the FCV niche requires most support. Similarly, fuel 

duty rates on hydrogen carrier fuels should also be zero-rated (e.g. methanol), or not 

increased if fuel duties already apply (e.g. LPG and natural gas). As part of this fuel 

duty strategy, this thesis recommends that the UK Treasury announce a moratorium on 

the imposition of fuel duty on hydrogen fuels until 2012 at the earliest. (For public 

transport, this measure will need to be accompanied by a review of the Fuel Duty 

Rebate, which removes most of the incentive offered for public service vehicles by the 

use of a fuel duty differential.) 

If expansion of the fuel cell niche is successful, collecting revenue from hydrogen 

fuel sales will become necessary at some stage in order to recoup losses from the use of 

fuel duty incentives. This requirement is consistent with the framework of QSNM, 

which advocates the phasing out of economic protection measures after an appropriate 

time. For the fuel cell vehicle niche, the end of full economic protection should 
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commence when the level of annual FCV sales reaches 100,000 and the FCV price 

premium is less than 15%. If these criteria are met then, fuel duties on FCV fuels should 

initially be set to the ̀ low' levels, which have been quantified by the LEAF2 model as 

75 p/kg for hydrogen, 4 p/lit re for methanol, and a continuation of 9 p/kg for LPG and 

natural gas. Beyond 2012, if and when the FCV niche is considered as ̀ secure', fuel 

duties on FCV fuels should be increased in a staged manner to the ̀ high' levels, defined 

as 180 p/kg for hydrogen, 10 p/lit re for methanol, and 12 p/kg for LPG and natural gas.  

Although a fuel duty of 230 p/kg for hydrogen is indicated for fuel cell buses (from 

2012), this thesis recommends that this sector should be able to benefit from an 

additional incentive given that it combines a technical innovation with a more 

sustainable transport mode. The rate of 180 p/kg (identified for cars) should therefore be 

preferentially adopted. In addition, in order to extend the protection measures for the 

most cost-effective FCV vehicles (those using hydrogen produced from natural gas), the 

fuel duty on hydrogen should remain at the ̀ low' duty (for a longer time) when the 

duties on other fuels are increased to the ̀ high' rate. Finally, the strategy of introducing 

hydrogen and methanol rates using the petrol/diesel hybrid as a baseline should be made 

public, so increasing the duty's politi cal acceptabilit y and securing a future revenue 

stream. 

The capital support mechanisms discussed above have focused on reducing vehicle 

costs. However, investment in new fuel infrastructure will also be required if the FCV 

niche is to succeed. Although the LEAF2 model identified hydrogen FCVs using 

hydrogen from reformed natural gas or renewable electricity, as the two most cost-

effective FCV cases from 2012, during the period 2002-2012, these options are 

associated with high li fetime private and public costs. Even after incentives are used, 

these options are still more expensive than the baselines. Therefore, during this period, 
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hydrogen fuel stations using on-site reformers and/or electrolysis units will require 

fiscal support over this period. This thesis recommends that hydrogen refuelli ng points 

based on natural gas steam reformers and electrolysis units should be provided with 

significant capital subsidies (at least) over the period of 2002-2012.   

As of 2001, several natural gas refuelli ng units for large CNG fleets have been 

granted subsidies through the CleanUp programme (a sister programme to PowerShift). 

Given the synergy between natural gas and hydrogen fuel infrastructures, it would 

therefore seem reasonable to use this existing funding scheme to subsidise hydrogen 

fuel infrastructure during the early stages of market transformation. This is in agreement 

with the approach of the IPPR, which has proposed a ̀ Hydrogen Infrastructure Fund'  to 

support the installation of a new hydrogen-refuelli ng network (Foley 2001). To ensure 

maximum utili sation, all i nfrastructure projects receiving funds would have the 

contractual requirement of allowing public access. 

5.3.2 Conclusion 

This section concludes by referring to the original objectives as set out at the start of 

the thesis. Chapter 1 began by assessing the usage and environmental impact of 

conventional motorised road transport technologies (fuels, vehicles and systems), which 

are dominated by the use of petrol, diesel and the internal combustion engine. This 

chapter developed criteria to define a sustainable road transport system and, in doing so, 

established that conventional technologies fail i n this respect. Chapter 2 discussed 

several ©alternative© technologies (natural gas, liquefied petroleum gas, battery electric, 

hybrid electric and fuel cell electric vehicles) that could be used to reduce the 

environmental impact of road transport, and included an initial analysis of their 

technical, social and economic impacts. The major part of this chapter detailed the 

multiple energy paths that are available for fuel cell road transport and identified the 
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most viable fuel cell vehicle technologies for use in the United Kingdom. Chapter 2 

concluded by showing that, whereas petrol, diesel, liquefied petroleum gas and natural 

gas fuels (used within an internal combustion engine) were not able to provide a 

significant reduction to greenhouse gas emissions, those technologies that employed 

electric drive trains could, in principle, deliver the magnitude of reductions necessary to 

achieve a sustainable road transport system. 

With a view to understanding how new vehicle types might most effectively reach 

the marketplace, Chapter 3 discussed several historical approaches to modelli ng 

innovation. After establishing the inherent limitations of the more traditional innovation 

models (e.g. ©technology push©, ©market pull©), the approach adopted by Strategic Niche 

Management (SNM) was proposed. This socio-technical analytical and management 

tool promotes "the creation, development and controlled break down of test beds (¼ 

demonstration projects) for promising new technologies with the aim of learning about 

the desirabilit y (for example in terms of sustainabilit y) and enhancing the rate of 

diffusion of the new technology" (Kemp, Schot and Hoogma 1998). In accordance with 

the original objectives of the thesis, SNM was extended to include a quantitative 

dimension through the addition of a li fe-cycle analytical tool, the Lifetime Evaluation of 

Alternative Fuels (LEAF2) model. This led to the development of Quantitative Strategic 

Niche Management (QSNM), which was used within the remainder of the thesis to 

design a rational implementation strategy for fuel cell vehicle technologies in the UK. 

Applied to the fuel cell technologies considered most viable for UK road transport, the 

thesis showed that three energy conversion routes are most worthy of promotion on the 

basis of sustainabilit y (according to the defined criteria) and cost-effectiveness (as 

modelled by the LEAF2 model). For fuel cell buses, these are using hydrogen produced 

off -board from natural gas and, for fuel cell cars, using hydrogen, either produced off -
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board from natural gas or renewable electricity,164 or generated on-board from LPG 

using a reformer. 

The primary objective of the thesis was to develop a rational implementation 

strategy to support the introduction of fuel cell powered road transport systems in 

the United Kingdom. To this end, Chapters 4 and 5 employed QSNM to provide 

evidence of the need for demonstration projects (experiments) to form a developing 

technological niche. The niche supports the emerging technology by protecting it from 

the inhibitory influence of the dominant regime (based on the internal combustion 

engine). The thesis identified the need for a number on non-economic protection 

measures with which to support the emerging UK niche in order to accelerate 

technology diffusion. Identified measures included the promotion of organisational 

partnerships (as fostered by the Cleaner Vehicle Task Force), the promotion of second-

order (open ended) learning throughout the partnership network, the need for national 

government support (as provided by the Powering Future Vehicles strategy), the setting 

up of a 10-year national public education programme  (as recommended by the IPPR) 

and continuing support for the emerging fuel cell i ndustrial base (through forums such 

as the Foresight Vehicle Programme). Furthermore, the thesis made a case for the 

development of new transport innovations that could synergistically promote fuel cell 

vehicle technology, including the promotion of lightweight fuel cell powered two-

wheelers and the provision of new forms of mobilit y service such as Car Clubs. These 

innovations would reduce the economic and (perceived) technical risks to future users 

of fuel cell vehicles and also provide more control to manufacturers in the rollout of 

new fuel cell based mobilit y products. 

                                                 

164 As noted in Section 4.4, for fuel cell car fleets of less than 10 vehicles, electrolysis is indicated as a 
cheaper option than steam reforming of natural gas. For fleets over 30 vehicles, the reverse is true. 



 329  

Through the application of the LEAF2 model, QSNM was also able to quantify a 

number of economic protection measures that would assist the introduction of fuel cell 

vehicles. From 2002-2012, the thesis identified that capital subsidies would continue to 

be required (at least at their present level) for fuel cell vehicles and new hydrogen (or 

hydrogen carrier) fuel infrastructure. (These are likely to be made through the existing 

TransportAction165 programme administered by the Energy Saving Trust.) QSNM also 

confirmed the continuing need for fuel duty incentives in the form of zero fuel duty on 

hydrogen, electricity and methanol and reduced rates for LPG and natural gas (March 

2002 rates). The thesis showed that these support mechanisms would need to be 

maintained until 2012 at the earliest. In accordance with the fundamental principles of 

QSNM, the thesis also identified a protection measure exit strategy for fuel cell vehicle 

niches to enable market forces to play their role in technology selection. This involved 

an assessment of the period over which capital subsidies would be required and the 

setting of upper limits for fuel duty rates that could be applied to hydrogen and 

hydrogen carrier fuels once a market niche had been established. Using the LEAF2 

model, the thesis found that, from 2012 onwards, if fuel cell vehicle sales reached 

100,000 vehicles per annum and if the additional vehicle capital cost represented less 

than 15% of its conventional equivalent, then vehicle capital subsidies would no longer 

be required. If this stage was reached, fuel duty on hydrogen and hydrogen carrier fuels 

could then be increased in a staged manner up to a maximum of 180 p/kg for hydrogen, 

10 p/lit re for methanol, and 12 p/kg for liquefied petroleum and natural gas.  

Through the use of QSNM and the LEAF2 model, this thesis has shown that fuel 

cell vehicles offer a technological solution that could be used to form part of a 

sustainable UK road transport system. Moreover, to maximise environmental benefit, 

                                                 

165 The ©TransportAction© programme was renamed ©TransportEnergy© in September 2002. 



 330  

hydrogen generated from renewable energy and utili sed by a fuel cell could provide 

zero-emission motorised mobilit y (on a li fe-cycle basis) at reasonable cost. However, 

although this goal is relatively well defined, the path of transition from a system based 

on fossil fuels and the internal combustion engine to one using hydrogen and the fuel 

cell i s highly uncertain. Not only are there several competing technical solutions 

(largely defined by the chosen type of on-board fuel storage mechanism), but also 

significant obstacles arise due to social and economic inertia within the existing regime. 

Therefore, if and when a regime shift occurs, the transition will be characterised by its 

complexity and chaos (in the mathematical sense). To help manage this process, this 

thesis has adopted the approach of Quantitative Strategic Niche Management to enable a 

rational approach to the construction of a transition strategy. This it achieves through 

the balanced consideration of both social and technical aspects of change. Informed by 

the LEAF2 model, QSNM is able to design targeted incentives with which to 

temporarily support the embryonic fuel cell niche. As (hopefully) this thesis has 

demonstrated, this approach is successful in reducing some of the uncertainties, and 

strengthening key expectations concerning the fuel cell niche. However, many questions 

remain. For example, even if Quantitative Strategic Niche Management is successful in 

supporting the fuel cell vehicle niche in the short-term, will market forces choose or 

preclude the more sustainable options once protection is removed?166 To help answer 

questions such as this, in what is a fast moving field, the work undertaken by this thesis 

could be extended and continued in a number of ways. Regarding the social elements of 

the QSNM approach, emerging fuel cell sub-niches could be further analysed to 

investigate the interconnections between their often separate but parallel evolution (e.g. 

                                                 

166 Historically, market forces alone have not succeeded in delivering sustainable technologies. However, 
in the UK over the past decade, there has been a trend in the energy market to replace coal and oil use by 
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stationary and mobile applications). It may be that there are new co-operative strategies 

that have yet to be identified which could assist the diffusion of fuel cell products. Also, 

further monitoring of the level and extent of expectations (using the approach of 

QSNM) is important so that the near-term fuel cell developments can be predicted (and 

planned for) with some accuracy. Regarding technical and economic issues, continuing 

quantitative analysis is required to reduce the uncertainties associated with modelli ng of 

the most promising fuel cell vehicle technologies. More accurate modelli ng would help 

to clarify the merits and demerits of the many possible technological paths, strengthen 

network expectations and help to focus research on the most likely technology 

candidates for success. Furthermore, new technological options are emerging all the 

time (e.g. carbon storage systems). These need to be quantitatively assessed to gauge 

their environmental and economic impact if used within a fuel cell  road transport 

system. 

If this thesis were to make one definitive statement, it would be that the emergence 

of new sustainable technologies is a highly complex process shaped by social and 

technical forces, which can both assist and inhibit technology diffusion. Many of these 

factors that influence diffusion are a result, not of the merits or otherwise of the new 

technology itself, but arise from the dynamics within the existing dominant regime. 

Therefore, ©smart© strategies, such as those designed using QSNM, are required to 

navigate the tortuous path from technological to market niche. They need to address 

social as well as technical issues, and incorporate a mix of protection measures and 

market selection mechanisms. According to the founders of Constructive Technology 

Assessment and Strategic Niche Management, the success of these strategies depends 

on whether "more appreciation and space will emerge for broader negotiation 

                                                                                                                                               

natural gas. This has led to a gradual reduction in the carbon content of fuels, which could be interpreted 
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processes, and whether socio-technical criti cism will be appreciated as an essential 

contribution in a society which has bound its fate to technology" (Schot and Rip 1996).  

In short, society has only just begun to learn about its use of, and its relationship to, 

technology and the environment. Quantitative Strategic Niche Management shows us 

that, if we choose co-operative strategies based on agreed rational protocols, we may be 

able to find a collective path to a sustainable future. 

 

~ ~~ ~~~ ~~ ~ 

 

                                                                                                                                               

as the start of the transition to a zero-carbon, hydrogen economy. 


