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Executive summary 

Introduction 

Clean technologies are often regarded as a kind of ‘magic bullet’ enabling the simulta-

neous improvement of economic and environmental conditions – the so-called ‘double 

dividend’ –, which, in the long run, is hardly possible on the basis of end-of-pipe 

technologies. By the use of lead market potentials, they also have the potential to 

increase employment in those countries where the innovation process is being 

induced. As a consequence, clean technologies play a central role in the European 

Technology Action Plan (ETAP), an initiative of the European Commission to identify 

the barriers to the development of clean technologies and, in the next step, to design 

strategies to further the development and wider diffusion of these technologies on the 

basis of actions to be taken by the Commission as well as other stakeholders, such as 

industry and national and regional governments. By its very essence, ETAP also fits 

seamlessly in the Lisbon strategy set out by the Commission in 2000 with a commit-

ment to bring about economic, social and environmental renewal in the EU and the 

intention to render the EU the most dynamic and competitive economy of the world.  

In accordance with these objectives of the EU Commission, it is the aim of this project 

to identify ‘Policy pathways to promote clean technology development and adoption’ 

(POPA-CTDA, the acronym of the project).1 In order to do so, the project proceeds in a 

series of steps: (1) identify the most promising clean technologies in a variety of 

sectors, (2) identify the drivers and barriers for a stronger engagement in these 

technologies in the future, (3) use the knowledge about barriers and drivers to design a 

comprehensive and integrated environmental and technology policies that promotes 

pro-environment innovative behaviours in firms across EU Member States and (4) 

validate and disseminate the results in several workshops and conferences.  

In this context, it is the aim of this work package 3 report to use the barriers and drivers 

identified in work package 2 to select from a comprehensive “long” list of known policy 

instruments all those suitable for supporting and sustaining the adoption of stationary 

fuel cells as clean power and heat generating devices by the industry. Subsequently, 

the selected instruments are arranged in a time strategy that ensures that efficiency 

gains realised through this selection process are not lost again by applying instruments 

in the wrong order or with inadequate timing. 

                                                

1  Being commissioned by DG Research, this policy-orientated research project is a two year 
project (January 2004 to March 2006) led by TNO in the Netherlands, with Fraunhofer-ISI as 
a core team member. Partners come from eight Member States. 
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Methodological approach 

Starting point for the design of an integrated policy strategy supporting the 

development and adoption of stationary fuel cells in industry are the barriers and 

drivers responsible for the corresponding engagement of relevant actors in this field. 

Both, barriers and drivers, have been identified in a previous study (work package 2) by 

means of a behavioural approach developed by Montalvo (2001; 2002) on the basis of 

a survey conducted with 80 actual and 60 potential developers, manufacturers, 

operators and users of stationary fuel cells from Germany, Austria, UK, Sweden, Italy, 

Denmark, France, Switzerland, the Netherlands and Norway.  

In the present study (work package 3), these drivers and barriers are, on the one hand, 

used to select from a comprehensive list of available policy instruments all those 

allowing policy makers to push effectively the development and further diffusion of 

stationary fuel cells. On the other hand, the statistical analysis of the survey results 

enabled us to order barriers and drivers according to their weights such that policy 

instruments could be prioritized according to their potential efficiency in enhancing the 

engagement in the cleaner technology investigated.  

Whether or not this efficiency really comes to bear however depends on the 

relationship between different instruments with respect to the technology path under 

investigation and its specific techno-economic, political and social environment. 

Accordingly, a policy measure becoming effective at the wrong point in time and in the 

wrong relation to other measures may be much less effective – and accordingly 

represents a heavier burden for the public budget – than when implemented 

appropriately with regard to time and mutual relationship. In order to eventually yield an 

integrated policy strategy for the effective and efficient support of an application of 

stationary fuel cells in industry, it is therefore necessary that policy measures are 

assessed and the policy strategy accordingly assembled with explicit regard to relative 

importance, mutual interdependence and temporal or procedural order. 

Insights from the analysis 

Proceeding along the lines described in the previous section yielded the following 

strategy for political support of the development and adoption of stationary fuel cell 

technology. 

1. It does not make sense to employ any measure of support for a specific technology, 

if, at the same time, the technology path pursued by research and technology policy 

is not consistent with other policy objectives including resource, energy, 

environmental and industry policy, to mention only the most important policy arenas. 
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Moreover, a variety of policy instruments is employed to attain the technology 

transition intended. In this sense, integrated policy initiatives like FreedomCAR in 

the USA or HyWays in the EU (including the corresponding road maps) act as a kind 

of coordinating device for different policies and, respectively, different instruments 

used in these policies. Additionally, such initiatives convey the message that the 

search for the basic elements of a future hydrogen economy is a challenge of 

national importance and, at the same time, illustrate this importance by the money 

and other resources they intend to spend for this purpose and the seriousness of 

their undertaking by the inclusion of a wide variety of actual or potential 

stakeholders. Political governance of this kind can dramatically increase the 

effectiveness of technology development. It does not render the other measures 

unnecessary, but it will increase the motivation of relevant actors in favour of an 

engagement in the new technology and, thereby, accelerate the development 

without spending more money or better resources.  

2. Since the development of stationary fuel cells represents a radical technology 

change and is therefore associated with a high degree of uncertainty, entering and 

continuing the innovation phase by means of R&D support is a necessary 

precondition for technology development of this kind to become initiated and 

maintained. If, due to low or wrong R&D support, the technical development turns 

out to be too slow or even fail, all later effort with regard to commercialization (see 

below) will be largely useless and, again, a waste of resources. This importance of 

technical capability was highlighted in the survey as well as in the interviews. 

Although the stationary fuel cell technology basically works, increased durability and 

reliability, lower costs of prototypes and, even more so, pre-series manufacturing 

remain important near-term challenges. Challenges of the future will be higher fuel 

efficiency and higher-temperature fuel cells with the capability of being modulated in 

order to be integrated in virtual power plants.  

 Accordingly, in the very beginning of the innovation phase, it is quite useful to 

support the constitution of research networks in order to collect and focus the know-

how existing in different contexts and combine it with new know-how referring 

specifically to the new technology. In the later phase of innovation, eventually, 

demonstration projects are important elements of R&D support because they show 

the workability of a new technology, but are often difficult to initiate by the innovating 

company alone because of the financial capital needed and the high risk associated 

with this investment.  

3. In parallel with technological advances, it makes sense to start furthering the social 

acceptance of stationary fuel cells by means public information and education, such 
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that missing acceptance does not amount to a failure of commercialization later on. 

Awarding technological pioneers and acknowledging first-mover entrepreneurs is an 

additional way of signalling where technological progress may be heading and were 

it is safe to invest for entrepreneurs as well as consumers.  

4. In parallel or even prior to the implementation of demand-oriented support (see point 

5), it is important to remove institutional barriers that, over time, tend to develop a 

bias in favour to the established technology (= lock-in) and, accordingly, in disfavour 

of all more radical innovations. Once these barriers are removed and, as a 

consequence, the new technology comes to prevail, the likelihood is low that the old 

institutional setting will reconstitute automatically. However, there is a substantial 

likelihood that a new bias in favour of the then dominant technology will come into 

being and constitute a barrier with regard to potential successor technologies. With 

regard to the stationary fuel cell, this is not likely to become a problem, because 

existing legal norms and technical standards are at best further relaxed, but not 

likely to become more restricted once the fuel cell prevails. 

5. In order to increase the volumes of production and sale and, thereby, give rise to a 

decrease in the currently high prices, two complementary strategies can be 

employed: on the one hand, demand-side support schemes such as investment 

subsidies (i.e. loans) for buyers of stationary fuel cells and feed-in tariffs for the 

electricity generated by these devices can generally increase the incentives to buy 

such devices; on the other hand, the financial effort needed for this approach can be 

reduced by the use of “natural” or regulation-based niche markets.  

 For the stationary fuel cell, a first approach to a feed-in tariff is realized in the 

German Cogeneration Act (KWK-Gesetz) where fuel cells receive the same support 

as other small cogeneration plants. Although, at its current size, this support does 

not account for the actual state of stationary fuel cell development, this is not so 

much a problem because, in the actual early phase of development, it is not the 

operators’ and users’ primary motivation to make money. Once adequate feed-in 

tariffs are implemented, however, it is of crucial importance that, in order to avoid 

windfall gains, these tariffs account for the cost digression due to economies of 

scale and learning effects and are phased out as early as possible. Should any 

competitive disadvantages from internalization of environmental costs be left after 

scale economies and learning have become fully effective, than these should be 

compensated exclusively by inclusion of the technology’s relevant inputs or outputs 

into certificate trading or Pigou tax schemes (see below). 
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6. While feed-in tariffs can ensure that fuel cell-generated power becomes competitive 

in the early stage of commercialization, this is a necessary, but not a sufficient 

condition. In order for the condition to become sufficient, it needs to be ensured that, 

despite of the market dominance of the established power producers, also 

independent industrial power producers who often employ the more advance 

technology get equal access to the market – that is, to the grid. Without this free 

access (and the removal of regulatory bias), commercialization will be rather 

ineffective despite any demand-oriented support schemes.  

7. Because emission certificate trading schemes and Pigou-type environmental taxes 

are fundamental economic mechanisms for the compensation of systematic 

competitive disadvantages arising from the stronger internalization of environmental 

costs by cleaner technologies like stationary fuel cells, inclusion of the new 

technology in these schemes is the only support that is to be maintained in the long 

run, even after competitiveness has been reached. In order not to give rise to a 

distortion of competition, all other measures should be phased out as soon as their 

legitimized causes disappear. The initial inclusion of the new technology into this 

scheme should occur as early as possible, because this also allows for a clear 

distinction between different justifications for different measures. 

All the measures described in the preceding paragraphs including their adequate time 

courses are summarized in Figure 1Figure 7. 

Figure 1: Time schedule including all political measures supporting the 
technology development of the stationary fuel cell  
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Conclusions and recommendations 

Compared with the established technology of gas engine-driven block-heat-and-power 

devices the stationary fuel cell has an important economic as well as environmental 

potential in the market for small (<10MWe) cogeneration plants. From the 

environmental perspective, the advantages of the fuel cell primarily lie in its high 

efficiency (giving rise to lower carbon dioxide emissions) and its low level of pollution 

with respect to emissions of NOX, hydrocarbons and particulate matter. 

From the economic perspective, fuel cells are at the moment much too expensive to be 

competitive with the established technology. However, once the new technology will 

reach competitiveness, the market may be expected to be important. This would be all 

the more true, if cogeneration in decentralized plants generally gained wider 

acceptance. Not the least because stationary fuel cells represent a niche market for 

other (i.e. mobile) applications with an even bigger potential, it would therefore be quite 

important for European economies and the corresponding companies to be major 

players in this market. With regard to the fact that only ten percent of the world’s total 

stationary fuel cell capacity was so far built by European firms, however, it is quite 

evident that an effective technology policy is needed to maintain or even increase 

Europe’s actual share in a future stationary fuel cell market. It is also evident from the 

cost-benefit analysis that such a policy implies a significant investment and a 

commitment over a period of at least one decade. On the other hand, important 

advantages can be drawn from this investment. By means of their higher efficiency, 

stationary fuel cells consume less fuel and contribute less to the global climate change 

than the corresponding established technologies and, accordingly, give rise to savings 

in terms of emission allowances. Moreover, from the economy’s perspective, the 

development and adoption of stationary fuel cells will create, or at least maintain, a 

significant number of jobs that would be lost if the new technology were developed and 

manufactured abroad and then imported. 

Of the policy measures recommended in the preceding section, some like network 

formation and adaptation of the institutional framework are already being implemented 

quite well: the former on the national or even regional level, the latter mainly on the EU 

level. R&D activities and demonstration projects are supported significantly by the EU’s 

6th Framework Programme whereas on the national level support is somewhat poorer. 

Especially in Germany, which hosts half of all European stationary fuel cell facilities, 

the situation appears to be somewhat inconsistent. With regard to its (also self-

perceived) image as high-tech country, the fuel cell and its development are well 
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supported in principle whereas, from the environmental perspective, its actual potential 

is not that well acknowledged.2 Accordingly, the actual financial support for fuel cells in 

Germany is considerably lower than in Japan or the USA. More importantly, the fuel 

cell, albeit being broadly discussed in initiatives like BERTA and HYBERT, is not part of 

a publicly discussed road map specifying Germany’s path towards a more sustainable, 

climate-protecting energy supply. This deficit can only partly be offset by corresponding 

activities like the formation of hydrogen and fuel cell-related high-level group and road 

map on the EU level. In accordance with this ambiguity and the (perceived) lack of 

governmental commitment, many companies consider an engagement in stationary 

fuel cell technology as quite risky and therefore abandon or, at least, do not extend it. 

What needs to be done? Like the USA and Japan, the EU actually develops its road 

map towards a future including hydrogen and the fuel cell. These activities need to be 

complemented on the national level in order to raise the companies’ willingness to 

engage in the risky undertaking of developing or adopting the stationary fuel cell 

technology. Second, more money needs to be spent on demonstration projects and on 

research related to the function of fuel cells itself but even more to the related 

manufacturing processes. Later, it will be necessary to implement substantial subsidy 

schemes. In order to keep the burden of these schemes as low as possible, stationary 

fuel cells, like cogeneration in general, should be fully integrated in the existing 

allowance trading scheme and extensive use of niche market strategies should be 

made. Finally, public information and education should be extended right from the 

beginning in order to increase, first, the public acceptance of stationary fuel cell 

technology and, later, the demand for these devices. 

                                                

2  While this argument basically applies only to the mobile fuel cell, it is this type that 
determines the public perception of the entire fuel cell technology. 
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1 Introduction  

Over a long period of time, persistent economic growth was widely considered as the 

only way to satisfy growing human needs, to reconcile the diverging social interests of 

rich and poor and, at the same time, to solve environmental problems that unavoidably 

appeared from time to time. Then it became apparent that the extensive use of 

resources associated with economic growth in the traditional sense was itself the cause 

of environmental (and many social) problems. The recognition of this interdependence 

between the economy, the social sphere and the environment led to the advancement 

of the concept of sustainable development (WCED 1987) and to its popularization at 

the 1992 Earth Summit in Rio de Janeiro.  

In this context, clean technologies entered the scene as a kind of ‘magic bullet’. They 

not only allow for the simultaneous improvement of economic and environmental 

conditions – the so-called ‘double dividend’ –, which, in the long run, is hardly possible 

on the basis of end-of-pipe technologies and incremental innovation. By the use of lead 

market properties, they also have the potential to increase employment in those 

countries where the innovation process is being induced. As a consequence, clean 

technologies play a central role in the European Technology Action Plan (ETAP), an 

initiative by the European Commission to identify the barriers to the development of 

clean technologies and, in the next step, to design strategies to further the 

development and wider diffusion of these technologies on the basis of actions to be 

taken by the Commission as well as other stakeholders, such as industry and national 

and regional governments. By its very essence, ETAP also fits seamlessly in the 

Lisbon strategy set out by the Commission in 2000 with a commitment to bring about 

economic, social and environmental renewal in the EU and the intention to render the 

EU the most dynamic and competitive economy of the world.  

In accordance with these objectives of the EU Commission, it is the aim of the present 

study to identify policy pathways to the promotion of clean technology development and 

adoption (POPA-CTDA, the acronym of the project) in industry. In order to approach 

this goal, after identifying the stationary fuel cell as a promising candidate of future 

clean technologies (in work package 1) the behavioural approach of Montalvo (2001) 

was used to determine the drivers and barriers to the engagement of developers, 

manufacturers, operators and industrial users in this technology (in work package 2). In 

the present part of the study (i.e. work package 3), this knowledge about existing 

drivers and barriers will be combined with political and economic expertise about the 

effectiveness of various policy instruments in promoting the development and adoption 

of stationary fuel cell technology. As a result, this approach will yield a set of effective 
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policy instruments and, beyond that, suggestions concerning the appropriate temporal 

order in which these instruments are usefully applied.  

The structure of this report pursues the latter objectives by first resuming the results of 

work packages 1 and 2. After a short description of the basic properties of the 

stationary fuel cell technology and after providing the reasons for its characterisation as 

a clean technology in section 3, section 4 will feature the economic relevance of this 

technology by describing the actual situation and the future potential of the market for 

stationary fuel cells. The analysis and design of a policy supporting the latter 

technology and exploiting its potential starts with a description of the current state of 

policies, policy instrument use and policy processes related to stationary fuel cells in 

section 5. This analysis is not restricted to the EU and its member countries, but also 

includes relevant actors outside the EU. It is contrasted in section 6 with the actual 

perceived barriers and drivers against or in favour of an engagement in stationary fuel 

cell technology as assessed in work package 2. The knowledge gained in sections 5 

and 6 about the effectiveness of actual policy options is then contrasted in section 7 

with a comprehensive list of available policy options. Altogether, the latter three 

elements serve as a basis for the design of a policy effectively supporting the 

innovation and diffusion process related to stationary fuel cell technology in section 8. 

Section 9 eventually concludes the results of this work package including 

recommendations for the next steps to be done. 
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2 Stationary fuel cell – a clean technology 

A fuel cell is an electrochemical device that converts the chemical energy of a fuel 

directly to direct-current electricity. It has essentially the same kinds of components as 

a battery. As in the latter, each cell of a fuel cell system has a pair of electrodes each of 

which respectively supplies (anode) and absorbs (cathode) electrons. Both electrodes 

must be immersed in and separated by an electrolyte (liquid or solid) which conducts 

ions between the electrodes. In the fuel cell, hydrogen is supplied to the anode where it 

is oxidized, producing hydrogen ions and electrons. After diffusing through the 

electrolyte, the hydrogen ions absorb electrons from, and react with, the oxygen 

supplied to the cathode to produce water. Since, unlike in a regular battery, the 

electrodes and electrolyte of a fuel cell are designed to remain unchanged by the 

chemical reaction, current production continues for as long as reactants are supplied.  

The difference between the respective energy potentials at the electrodes is the 

voltage per unit cell. Since this voltage is typically rather small (<1V), many unit cells 

are serially connected and mounted in stacks to yield higher voltages. The amperage 

of current available to the external circuit depends on the electrochemical activity of the 

electrolyte and on the system’s temperature. High temperatures improve the reactivity 

of the fuel cell, but if too high, they may also result in destruction.  

Unlike internal-combustion machines where a fuel is burnt and the expansion of 

compressed gas does the work, the fuel cell converts chemical energy (i.e. the 

electrochemical potential of the chemical reactants) directly into electrical energy. 

Because of this fundamental characteristic, fuel cells may convert fuels to useful 

energy not only at higher efficiency (up to more than 60 percent); they maintain this 

high efficiency in a wide range from partial (25 percent) to full-load. The high power-to-

heat ratio (up to and above 1 as opposed to 0.6 in engine-driven block heat and power 

plants) allows the fuel cell to simultaneously cover the demand for electricity and 

completely use the produced heat even in those cases where the demand for process 

heat is below the supply of ordinary block-heat-and-power devices.  

Additionally, due to the facts that the inputs to the fuel cell process are well purified 

prior to the reaction, reactants are not burnt at high temperatures and the chemical 

reaction is basically limited to the genuine reactants hydrogen and oxygen (e.g. not 

involving nitrogen from air), the operation of fuel cells is very clean and leads to very 

low emissions (e.g. by NOX, CO or hydrocarbons) in the environment. 

Whether or not the basic effectiveness of the fuel cell turns into a clear advantage with 

regard to fuel economy and sustainable resource use depends on the fuel used for the 

operation of the fuel cell. Due to the high costs of hydrogen production and distribution, 
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the high efficiency of the fuel cell comes to bear mainly in high-temperature fuel cells 

where natural gas is converted into hydrogen internally, that is, without the need for 

extra equipment immediately prior to the fuel cell process (see below). More often, 

however, the fuel cell and hydrogen are discussed in terms of their mitigation of carbon 

dioxide emission and the resulting effect of climate protection. In this case, it is 

necessary that either the carbon is stripped from hydrocarbon fuels prior to being 

processed in the fuel cell and stored with no access to the atmosphere (e.g. deep sea) 

or hydrogen is produced by the electrolysis of water by means of electricity from 

carbon-free (e.g. nuclear or renewable) power plants. In each of these cases, the lack 

of CO2 emissions is bought by some deficiencies be it the cost and uncertainty 

associated with CO2 sequestration, the environmental risk of nuclear waste disposal or 

the capital intensity and unreliability of supply of renewable power. After all, 

prioritisation of these objectives will be decisive not only for the usefulness of the fuel 

cell in general, but more so for the choice of a specific fuel cell type.   

According to the respective electrolyte materials employed, the following types of fuel 

cell are distinguished. They differ considerably with regard to their operating conditions 

and the stage of their economic development (see Table 1).  

Table 1: Types of fuel cells 

Type  
of fuel cell 

Operation 
temperature 

[°C] 

Fuel/Oxidizer Typical power 
output [KWel] 

Stage of 
development 

Alkaline (AFC) 60 – 90 Hydrogen/ 
oxygen 

20 – 100 Limited 
commercialisation 

Phosphoric acid 
(PAFC) 

160 – 220 Natural gas/ air 50 – 11’000 Early 
commercialization 

Molten carbonate 
(MCFC) 

600 – 660 Natural gas/ air 300 – 3000 Demonstration 
plants/Field tests 

Solid oxide (SOFC) 800 – 1000 Natural gas/ air 1 – 3000 Demonstration 
plants/Field tests 

Proton exchange 
membrane (PEMFC)  

60 – 100 Hydrogen/air 1 – 250 Prototypes/ 
Demonstration 

Direct methanol 
(DMFC) 

? Methanol/air  Basic research 

(Source: Bokämper 2002) 

Among all these types, the AFC has the longest history. Since the late 1950s it is used 

in space crafts and satellites, and more recently also in submarines. Due to its strict 

fuel requirements, however, it was and always will remain restricted to a very narrow 

“market” niche.  
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Phosphoric acid fuel cells operate at around 150 to 200 degrees C. This is one reason 

why phosphoric acid is preferred although it is a less efficient conductor of electricity 

than other acidic electrolytes that however require water to be conductive. Despite this 

relative advantage, it is the (still) low conductivity that gives rise to the PAFC’s 

relatively large size and weight and its relatively low electricity-generating efficiency 

(only 37 to 42 percent). Since additionally hydrogen needs to be extracted from fuels 

such as natural gas outside the fuel cell (a process called 'external reforming' and 

consuming right from the start about 20 percent of the primary energy input), the PAFC 

nowadays shows little potential for further development. Nevertheless, PAFCs were the 

first (and so far only) fuel cells shown to be reliable suppliers of premium power (cf. 

DOE 2002a) and, accordingly, able to really cross the threshold to commercialization in 

the electric power industry (see section 4). 

Due to their high operating temperatures (650 and up to 1000 degrees C), MCFC and 

SOFC allow for the conversion of natural gas and steam into a hydrogen-rich gas 

inside the fuel cell stack – a process called 'internal reforming'. This elimination of the 

need for external reforming is not only quite cost-effective; it also substantially 

increases the reliability of the total fuel cell system. Both MCFC and SOFC are 

expected to reach fuel-to-electricity efficiencies up to 50 percent. Especially in the case 

of the SOFC, percentages up to 60 are possible because the hot exhaust gases are 

ideal for use in (large) combined-cycle electric power plants. When the waste heat is 

captured and used for cogeneration, overall efficiencies may even exceed 90 percent. 

Beyond these general advantages of high-temperature operation, both types of fuel cell 

offer specific advantages. The MCFC can use nickel as a catalyst, a metal far less 

costly than the platinum used in other systems, and it is less prone to carbon monoxide 

“poisoning” than other fuel cells, making them more attractive for fuelling with coal-

derived gases, a long-run option relevant particularly in the USA. Apart from the long 

start-up time it shares with the SOFC, the MCFC’s main limitation is that it is unsuitable 

for low-power applications (which are not too relevant in the industrial context)  

In the SOFC, on the other hand, the anode, cathode and electrolyte are all made from 

ceramic substances. This is why the cells can not only operate at very high tempera-

tures; it may also render the solid oxide technology the most reliable of all fuel cell 

power systems (DOE 2002b). In 2000, the total operating time of a prototype Siemens 

Westinghouse 100-kilowatt SOFC in Westervoort (Netherlands) exceeded 16,600 

hours, becoming the longest running fuel cell in the world.3 However, the high oper-

                                                

3  Other proves for the SOFC’s reliability are a 25-kilowatt Siemens Westinghouse field test 
system in California at the National Fuel Cell Research Center at the University of California, 
Irvine that operated for more than 9,000 hours on a variety of fuels, including natural gas, 
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ating temperatures also create problems not only with the non-ceramic components of 

the SOFC; also the possibility of dynamic shifts between partial and full load (a special 

feature necessary for fuel cells to be used in virtual power plants) operation are 

severely restricted. For this reason, attempts to lower the operating temperature to 800 

degrees C or lower are high on the current research agenda of SOFC.  

The other major concept for small-scale stationary power generation employs a 

polymer electrolyte membrane fuel cell (PEMFC). In the PEMFC, the function of the 

electrolyte is taken on by a polymer membrane that only allows hydrogen ions to pass 

from the anode to the cathode. Ranging between 60 and 100 degrees C, the operation 

temperature of the PEMFC is among the lowest of all fuel cells. Since, at the same 

time, the PEMFC is sensitive to contamination of the input gases with carbon mon-

oxide, the use of natural gas as a fuel raises the need for costly additional equipment 

such as an external steam reformer and a (two-stage) water-gas shift reactor. These 

disadvantages of a low operation temperature, however, are contrasted by several 

advantages. First, low operation temperatures in fuel cells are generally associated 

with high power-to-heat ratios which in turn allow for a relatively high electric efficiency. 

Second, starting or ceasing operation or changes in the load within a wide range can 

be performed within minutes or even seconds with the PEMFC – a property crucial for 

the use of fuel cells in decentralised virtual power plants. For the SOFC, these 

operations are associated with more extended temperature changes that not only take 

much more time but also carry with them the risk of damaging the fuel cell.  

Besides these more technical pros and cons, there is another more technology-related, 

strategic argument in favour of the PEMFC. Due to the possibility of a dynamic mode of 

operation, the PEMFC is the fuel cell of choice for all mobile applications. Accordingly, 

it received most attention on the transportation market. Yet there is a potential for 

stationary fuel cells to play an important role in the development of future fuel-cell-

powered vehicles. Both the automotive and stationary power plants are quite similar; 

both require a fuel processor, water-gas shift reactors, a preferential oxidation unit, a 

PEMFC stack, and power-conditioning electronics. Thus, progress in the development 

of mobile PEMFC power plants likely benefits from the synergism between the devel-

opments of both the mobile and the stationary systems. Two major arguments suggest 

that stationary PEMFC systems could achieve commercial adoption before their auto-

motive counterparts: (i) competitive prices for stationary systems (about US$200–

400/kW) are much higher than those for mobile power plants (US$30–50/kW) and (ii) 

                                                                                                                                          
diesel and jet fuel. Restart of the system in August 2000 after being idle for two years was 
with no difficulty. An earlier Siemens Westinghouse test unit in the 25 kW range operated for 
more than 13,000 hours, with a non-stop run of over 6500 hours (DOE 2002b). 
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the technical requirements of a stationary power plant are, with the key exception of 

system lifetime, significantly less demanding than those for mobile systems4 (CARAT 

2002). The argument concerning the difference in target prices shifts even more in 

favour of the stationary application when it is taken into account that electricity gener-

ated in stationary PEMFC plants usually does not compete with the price for electricity 

as supplied by the power plant, but as delivered to the residential customer at the site 

of demand. In Germany, the respective prices are about €0.03 and €0.13 per kWh, 

respectively. Accordingly, investment costs for a competitive stationary fuel cell plant 

would be allowed to be in the range of €1000 to €1500 per kWel (Bokämper 2002). In 

principle, the latter point (i.e. the target price) of course applies to both the PEMFC and 

the SOFC. However, it may be more relevant for the PEMFC because the market for 

stationary power plants is often considered as an intermediate state to the much more 

important market for automotive fuel cells. For the manufacturers of PEMFCs (e.g. 

General Motors), it pays to engage in the market for stationary fuel cells even if the 

attainable price did not cover all the costs. For this allows them to recover at least part 

of the costs for the acquisition of know-how relevant for the further development of 

automotive PEMFCs. The conjecture that strategic reasons may play an important role 

in the PEMFC manufacturers’ decision to engage in the market for small stationary fuel 

cells gains some support from the fact that most of them (e.g. Plug Power (Vaillant), 

International Fuel Cell (Buderus)) were also (and first) involved in the development of 

automotive fuel cells.  

The preceding explications show that fuel cells can basically make important contribu-

tions to various policy goals; however, it depends on the specific circumstances which 

type of fuel cell may prove most advantageous. 

                                                

4 Requirements for a mobile PEMFC include short start-up time, good dynamic response, high 
turndown ratio, high power density, high specific power, and robustness to transient loads, 
thermal cycling, and mechanical shocks. 
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3 The market for stationary fuel cells   

In the preceding section, a variety of arguments concerning the advantages of fuel cells 

in general and stationary fuel cells in particular with regard to their environmental and 

sustainability effects was presented. In order to render potential policy efforts to the 

advancement of this technology worthwhile, it additionally is necessary to show that 

stationary fuel cells also have a relevant economic potential.  

3.1 General development 

While stationary fuel cells were investigated essentially since the oil crisis of the 1970s, 

the earliest commercial units were phosphoric acid fuel cells (PAFC) available since 

the early 1990s. This dominant position of the PAFC technology began to erode in the 

late 1990s when technological progress and cost digression related to this type of fuel 

cell increasingly lagged behind expectations and other types of fuel cells showed better 

perspectives for technological improvements (Sartorius 2005). Despite these 

advances, it took, and still takes, considerable time and effort to meet the strict 

requirements of (potential) operators and users of stationary fuel cells with regard to 

reliability and durability. As a result, stationary fuel cells may be considered as still 

being in a very early stage of commercialisation. 

As is typical for this stage of development, developers of large (>10kW) stationary fuel 

cells control the number of units built in order to gain further information about the fuel 

cells’ performance and allow for the integration of corresponding improvements. As a 

result, the total number of systems installed worldwide increases – but at a moderate 

rate (see Figure 2).  
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Figure 2: Large stationary fuel cell systems (>10kW) installed, cumulatively and by 
year (Source: Baker and Jollie 2004) 

3.2 Market segmentation by fuel cell type 

As mentioned above, PAFC was the first fuel cell type for which a market could be 

established. Starting from about US$100,000 per kWel in 1971 and more than 

US$10,000 per kWel in 1982, commercialisation during the first half of the 1990s 

accordingly led to a specific price of about US$3000 per kWel installed in 1995 

(Appelby 1996, Sartorius 2005).5 Although this was still about three times the target 

price at which competitiveness would be achieved, extrapolation of the learning and 

scale effects of the past gave rise to the expectation that docking to the regular market 

for cogeneration plants would happen in the near future. Due to some fundamental 

limitations of the technology and its adaptation to series production, however, this 

expectation was not met and the price did not further decrease. Accordingly, with about 

US$3000 per kWel (in 1995 dollars), the actual price allows for access to only very 

limited market niches (e.g. power generation within urban agglomerations) where a 

high premium is paid for the environmental soundness and a high reliability of the 

                                                

5  The figures given for 1971 and 1982 are costs represented by project volumes (in 1995 
dollars). While their comparability with market prices is limited, they are nevertheless quite 
meaningful for illustrating the cost digression. 
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power supply.6 As a consequence, alternative fuel cell technologies were promoted 

increasingly. As shown in Figure 3, the number of manufactured MCFC units even 

exceeded the number of PAFC units in 2003 with the PEMFC lagging not far behind. 

However, as the newcomers also faced their drawbacks, PAFC was not replaced but 

maintained its commercial significance. Additionally, SOFC grew in importance in the 

more recent past (Cropper 2003, Baker and Jollie 2004). 

Figure 3: Percentage of manufactured units by fuel cell type (Source: Cropper 2003, 
Baker and Jollie 2004, combined) 

3.3 Regional distribution of fuel cell-related acti vities 

Looking at the global distribution of fuel cell installations, it is hardly surprising that 

there is a basic coincidence between the frequency of installations and the hotspots of 

stationary fuel cell development (see below). Historically, almost one half of all installa-

tions are located in North America (mostly in the USA) whereas 40 percent are found in 

Japan. Ten percent of all large stationary fuel cells were installed in Europe, with the 

recent share being even smaller (about 5 percent in 2004) (Baker and Jollie 2004).  

In Europe, Germany dominates the large stationary fuel cell sector with almost 60 

percent of all installations including 11 PAFC, 4 SOFC, 9 MCFC and 6 PEMFC units 

                                                

6  In this context, it needs to be understood that the deficits in terms of efficiency and unit size 
were not so much relevant in the beginning and only became crucial once the original 
(politically caused) focus in the employment of fuel cells changed from the reduction of local 
air pollution to global greenhouse gas abatement. From this perspective, cogeneration and 
high efficiency came about more as side-effects than as integral constituents of the fuel cell 
concept. 
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(Frost & Sullivan 2004a). It is followed by Italy with about 20 percent (Cropper 2003) 

including 4 PAFC, 1 SOFC and 5 MCFC (Frost & Sullivan 2004a). Austria and Switzer-

land, while quite active in the field of fuel cells in general, focus their activities in mobile 

and residential (i.e. small) stationary fuel cells (Geiger 2004). With the installation of 

several PAFC units, the engagement in large stationary fuel cells was strong in Scan-

dinavia in the 1990s, but has decreased since then. While quite active in fuel cell-

related R&D, just a single large stationary fuel cell has ever been installed in the UK.  

3.3.1 Governmental technology support 

It is evident that in the absence of commercial viability, the development of stationary 

fuel cell technology greatly depends on financial support from national government or 

supra-national structures for R&D, especially demonstration projects. So, it is little sur-

prising that the quantity of financial support and the number of installed units show a 

strong correlation. In 2003, Japan has provided more than 50 percent (€300 million) of 

the global support in favour of hydrogen and the fuel cell, followed by the USA with 

about 35 percent (€200 million) and the EU with less than 15 percent (€70 million) 

(Weider et al. 2003). Within Europe, the largest budgets spent for supporting hydrogen 

and fuel cell technology were about €35 million (in Germany), €15 million (in Italy) and 

€5 million (each in Austria and Switzerland) (see Figure 4).  

Figure 4 Comparison of R&D support figures for hydrogen and fuel cells in 
Germany, the EU, the USA and Japan in the period 2000 to 2003  

 (Source: Weider et al. 2003, p.66) 

At this point, however, it needs to be acknowledged that in Germany the relative share 

of subsidies especially for stationary fuel cells is larger than in the USA or the EU. 

Moreover, with regard to the temporal changes, governmental support for this specific 
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technology is subject to significant changes. While, for instance, support for hydrogen 

and fuel cell technology in Japan increased by about 30 percent annually in the period 

2000 to 2003, changes in the USA in the same period were ambiguous with a major 

increase starting only subsequent to the year 2001 (Weider et al. 2003). Reflecting this, 

the engagement of the USA changed from being strongest in 2000 to being only 

second-strongest in 2003. However, the relation may change again due to the 

enhanced efforts of the USA towards becoming a hydrogen economy (announced in 

2004). Also in the EU, major changes occurred in 2003 and thereafter (until 2006) 

under the 6th Framework Programme where the EC intends to spend €100 million 

annually plus €150 million during the entire 4-years-period for research and demon-

stration projects (EC 2004). 

3.3.2 Major industrial players 

The most advanced and most widespread fuel cell type, PAFC, is manufactured by a 

variety of companies especially in Japan (e.g. Fuji Electric, Nippon Petroleum Gas, 

Toshiba International Fuel Cell and Tokyo Gas) and the USA. However, the only com-

mercially available large fuel cell is the 200kW ‘PureCell 200’ (formerly: PC 25) from 

UTC Fuel Cells (USA) of which more than 270 units were manufactured since 1991 

and installed in 19 countries (Baker and Jollie 2004). Engagements of European com-

panies in this branch of the fuel cell technology are not known. The reason for this may 

be that at the time when European companies became interested in stationary fuel cell 

development and manufacturing (in the later 1990s and thereafter, interest in the PAFC 

was just being superseded by the apparently more promising alternative technologies.  

Major manufacturers of the MCFC are also found in the USA (Fuel Cell Energy with 

products ranging from 250kW to 3MW and GenCell with units from 25 to 100kW) and 

Japan (Ishikawajima-Harima Heavy Industry with a 300kW unit). In this case, however, 

several European manufacturers also play an important role. Ansaldo Fuel Cells 

(Italy) develops MCFC with sizes ranging from 500kW to 5MW and is involved in 

several demonstration projects including 100kW and 500kW systems. MTU CFC 

Solutions  (Germany), a joint venture of DaimlerChrysler subsidiary MTU Fried-

richshafen and RWE Fuel Cells (both Germany), develops MCFC systems ranging 

from 200kW to 3MW based on a long-standing license from Fuel Cell Energy. MTU 

systems have shown high durability (up to 20,000 hours) and availability (up to 99 

percent) (Baker and Jollie 2004). Frost & Sullivan (2004a) count 14 MCFC demonstra-

tion projects in Germany (9), Italy (5) and the rest of Europe (3) which makes up 24 

percent of all projects undertaken worldwide. 
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While on the global level, the development of SOFC is dominated by Japanese firms 

(J-Power, Mitsubishi Heavy Industries, Chubu Electric Power) with Acumentrics and 

Ceramic Fuel Cells being relevant players in the USA and Australia, respectively, 

European contributions are quite significant. Siemens-owned Siemens Westinghouse 

has installed a series of (7 until the end of 2003) demonstration systems in the output 

range between 125kW and 250kW, making up 14 percent of all SOFC demonstration 

projects worldwide (Frost and Sullivan 2004a). In absolute terms, Sulzer-Hexis  (Swit-

zerland) managed to install the largest number of SOFC devices (300) in various 

demonstration projects, which are however not relevant for this study because with 

1kW, the model ‘HXS 1000 Premiere’ figures outside the power range of large systems 

(>10kW). Rolls-Royce Fuel Cell Systems  expects to complete the development of its 

10kW and 60kW units by the end of 2005 and 2006, respectively (Baker and Jollie 

2004). Despite the relatively large number (of often smaller) demonstration units, 

development of the SOFC seems to be farther apart from commercialisation than 

MCFC development. 

Similar to SOFC, many activities in the field of PEMFC are related to small residential 

systems (below 10kW). Examples are Vaillant  (Germany) in cooperation with Plug 

Power (USA), European Fuel Cell  (belonging to the British Baxi Group) and Buderus 

(Germany) in association with UTC Fuel Cells (USA) and Ida Tech (USA), RWE Fuel 

Cells  and Viessmann (both Germany). With regard to the focus of this study, larger 

stationary systems are mainly developed outside Europe by companies like the 

PEMFC pioneer Ballard  (Canada) or General Motors  (USA) which engages in 

stationary fuel cells as intermediates on the way to cheaper mass-produced mobile fuel 

cells. Mobile fuel cells are also the main focus of Nuvera Fuel Cells (Italy/USA), 

although they also plan to transfer their know-how in PEM technology from 

transportation to large stationary applications.  

3.4 Competing technologies and future perspectives 

Basically, stationary fuel cells can be used as power plants for the generation of elec-

tricity or in cogeneration mode for the combined generation of power and heat. With 

respect to advanced power generation systems such as combined-cycle gas turbines 

with efficiencies reaching almost 60 percent, stationary fuel cells as sole power 

generators make sense only if the absence of pollutants is a strict requirement or if the 

absence or lack of reliability of an existing power grid raises the necessity for large, but 

not too large (<10MW), emergency back-up units. Unlike the USA, these conditions do 

not seem to give rise to major market opportunities in Europe. By contrast, efficient 

resource use and the abatement of greenhouse gas, especially carbon dioxide, 
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emissions are the relevant issues on the European policy agenda. For this reason, the 

main potential for stationary fuel cells in the context considered in this study is the 

clean and decentralized cogeneration of power and heat. Accordingly, the main 

competitors for stationary fuel cells on the European market are combined heat-and-

power plants employing (micro-) turbines or reciprocating engines and power 

generators to convert chemical into electrical energy (see also Frost and Sullivan 

2004a). In this context, due to their modular design, fuel cells have got the specific 

advantage of low fixed costs per operating unit such that relatively small stationary fuel 

cells could basically be manufactured at lower specific costs than conventional heat-

and-power units of a comparable size (Erdmann 2002). This is a major reason for the 

particular attractiveness of fuel cell use in residential applications. An exception from 

this rule is the MCFC which cannot reasonably be downsized below a capacity of 

100kW.  

According to market reports of Frost & Sullivan (2003; 2004b), the market potential of 

small cogeneration plants (<5MWel) for the second half of this decade should be in the 

order of 300MWel of newly installed annual capacity in Europe and 800 MWel in the 

USA. Assuming the rather conservative view that fuel cells could be employed for only 

20 percent of this capacity at a price of in average €3000 per kWel, the market potential 

in terms of annual revenue would reach €180 million and €480 million in Europe and 

the USA, respectively.7 These figures could later increase significantly if, in the future, 

higher fuel prices and higher prices for CO2 emission allowances increased the political 

and economic pressure to achieve higher fuel efficiencies. For the time beyond 2010, 

data from Future Cogen (2001) can be used to estimate that under favourable 

conditions (including extension of the EU emission trading scheme) the total capacity of 

cogeneration plants below 5 MWel may increase by about 10 GWel, implying an 

average market potential of up to 1000 MWel annually in Europe for the decade 

reaching to 2020. At the same time, larger production figures and the concomitant cost 

digression would lead to improved competitiveness. In general, the stationary fuel cell 

would benefit a lot from a better acceptance of cogeneration as a means for achieving 

higher fuel efficiency. 

Despite Europe’s current share of installed stationary fuel cell capacity of only about 10 

percent, a stronger regulation in favour of cogeneration could substantially improve the 

European position and increase the potential of the European market to assume a 

leading position with regard to stationary fuel cells. While not market leader at the 

                                                

7  Smaller quantities in the beginning of this period may at least partly be compensated for by 
higher prices, whereas lower prices coincide with higher output figures at the end. 
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moment, some of the most advanced developers and manufacturers of stationary fuels 

are located in Europe – an important precondition for assuming a leading position. 

3.5 Policy intervention in favour of the stationary  fuel cell – cost-
benefit analysis in a nutshell  

Whenever policy is asked to invest significant effort including public budget in 

intervening in favour of a new, supposedly cleaner technology, the question arises 

whether the effect is worth the effort. Although the time horizon may be (but does not 

need to be) somewhat more extended than in solely economic contexts, a policy 

intervention will only take place if, in terms of value, the benefit exceeds the cost. While 

an extended cost-benefit analysis would clearly exceed the scope of this investigation, 

in the following the reader is given a glimpse as to what the potential benefits could be, 

how much they are worth and how much the public and, respectively, its policy makers 

need to invest in order to realize this value.     

In order to determine the necessary investment, that is, the subsidies necessary to 

allow the stationary fuel cell to compete successfully with existing alternatives, we first 

need to know the cost of the fuel cell in the beginning, the rate of cost digression and 

the installed capacity on the supply side as well as the willingness to pay (e.g. premium 

prices) on the demand side. In their ‘Strategy of commercialisation’ report, the 

Brennstoffzellen-Bündnis Deutschland (BzB, Fuel cell alliance Germany) assumed that 

in the years 2006, 2008, 2010 and 2015, respectively, industrial fuel cells with a total 

power generation capacity of 15, 93, 320 and 1320 MW would be installed in Germany. 

At the same time, the specific installation cost was assumed to digress from €4500 via 

€2600 and €1800 to about €1000 per kW electric capacity (BzB 2004). Accordingly, 

BzB (2004) calculated the subsidies needed to allow the fuel cell to compete with other, 

more established technology alternatives to increase to more than €260 million 

annually in 2010 and decline thereafter to reach zero again in 2016.  

Like every successful investment, the subsidisation of fuel cell technology is expected 

to pay, that is, to bring about a return that exceeds the initial cost. In the case of the 

stationary fuel cell, the main advantage consists of the high fuel efficiency of power 

generation, which enables a more sustainable use of the resource base and 

contributes to the protection of the climate from excessive greenhouse gas emissions. 

Other positive effects like the reduction of NOX emission or the increase in reliability of 

power supply are either difficult to quantify in monetary terms or not relevant in Europe. 

For the former two, however, quantities are easily determined physically from the 
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difference in efficiency between new (fuel cell) and established (gas engine) 

technology8, and monetary values assigned on the basis of prices for natural gas and 

CO2 emission allowances. The result of such a (static) cost-benefit assessment is 

shown in Figure 5. While the investment (i.e. the subsidies) peaks in 2010 and returns 

to zero in 2016, the return first increases very slowly due to the small number of fuel 

cells and their initially lower efficiency. It takes until 2012 and a concomitant increase in 

the capacity of newly installed fuel cells that savings from more efficient and less CO2-

emitting fuel cells come to equal the previously much higher subsidies.9 This is also the 

point in time when the cash flow, that is the cumulated balance of investments and the 

related returns, reaches its minimum with about €0.9 billion of net investments. From 

then on, it takes another three years until the break-even is reached and, in the time 

following, the engagement in stationary fuel cells yields a total net benefit.  

Figure 5: Assessment of the benefits (= return) and costs (= investment) of an 
engagement in stationary fuel cell technology (based on data from BzB 
2004) 

                                                

8  Efficiencies were assumed to increase from 0.38 (in 2005) to 0.4 (in 2015 and later) for the 
mature gas engine and from 0.46 (in 2005) to 0.53 (in 2020) for high-temperature fuel cells. 

9  Actually, fuel cells (<20MW) do not fall under the obligation to take part in the EU-wide 
emission allowance trading scheme. Allowance prices nevertheless represent a suitable way 
to value the environmental effect of lower greenhouse gas emissions. In the cost-benefit 
analysis, allowance prices were assumed to be €20 per tonne in the period 2005 to 2007, 
€40 in 2008 to 2012 and €50 in the time to follow. 
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From the macroeconomic perspective, an increase in installed stationary fuel cell 

capacity of about 1000 MWe per year in the second half of the 2010s and a 

corresponding annual turnover of about €1 billion implies that the new technology may 

contribute to the creation of several thousand new jobs. While it cannot be excluded 

that a significant number of jobs may be lost in the displaced technology, the ultimate 

question arises whether stationary fuel cells will be developed and manufactured in 

Europe or its member countries or whether they will have to be imported from abroad. 

With a rate of cost digression of about 16 percent for every doubling of installed 

capacity and with the development starting as early as 2006, it is evident that BzB has 

assumed a rather positive stance with regard to potential technological progress. Also, 

at least for the first four years, they foresee more than a doubling of production 

capacity every year, which seems to be a very favourable assumption. If, instead, the 

development turned out to be slower and its beginning later, more extended subsidies 

would be needed and the brake-even would be reached later. In the worst case, bad 

performance and a lack of sufficient and continuous support could mutually enforce 

each other to give rise to a vicious circle leading to the phase-out (or failure to phase 

in) of stationary fuel cells altogether. 
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4 The current state of policies, policy instrument use and 
policy processes  

After some evidence concerning the environmental and economic relevance of 

stationary fuel cell technology was generated in the preceding sections, it is in this and 

the following sections where the real objective of this work package is pursued: the 

analysis and design of a policy supporting the latter technology and extending its 

potential. In the present section, this undertaking starts with a description of the current 

state of policies, policy instrument use and policy processes related to stationary fuel 

cell technology. Special focus of this analysis will be the EU and its member countries; 

however, it will also include relevant economies outside the EU. 

4.1 EU activities 

4.1.1 Stationary fuel cell applications as part of the hydrogen and fuel 
cell technologies 

On the European level, the stationary fuel cell technology is embedded in the wider 

field of hydrogen and fuel cell technology including the sections transport, stationary 

and portable. With the necessity of the transition to a new energy system leading to a 

long-term availability of resources and their sustainable use, the European Commission 

undertook the commitment to support a rapid improvement of hydrogen and fuel cell 

technologies. The High Level Group for Hydrogen and Fuel Cells Technologies (HLG) 

initiated in 2002 by the Vice President of the EC, DG Research and DG TREN 

established in its report Hydrogen Energy and Fuel Cells - A vision to our future the 

basic proposal for a European hydrogen and fuel cell roadmap. This commitment led to 

the creation of the Hydrogen and Fuel Cell Technology Platform (HFP) in 2004 in order 

to reach the targets stated in the HLG report. In 2005, the platform published its long-

term vision and created a coherent, dynamic strategy to achieve that vision. In 

particular, the steering panels on ‘Strategic Research Agenda’ and ‘Deployment 

Strategy’ (see figure on next page) will look after the implementation of an action plan 

to deliver agreed programmes of activities and to optimise the benefits for all parties 

(HLP 2004). Although the prominence of the transport sector with respect to increasing 

energy use and carbon dioxide emissions puts the focus of the European Commission 

to the mobile applications, stationary fuel cells still receive considerable support.  
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The recommendations of the Strategic Research Agenda report from July 2005 are 

divided in R&D areas, basic research areas and cross-cutting areas. The R&D areas 

are about cost reduction, higher reliability and a simpler design and handling, including 

operation control. In the basic research areas, reforming and treatment of natural gas 

as well as biogas play an important role; recycling and stack components are also 

crucial. Making the components suitable for a mass production, reduction of the 

number of thermal cycles and time reduction of the cold start-up are main issues in the 

cross-cutting areas. And finally, regulatory instruments are considered in order to 

create subsidies for fuel cells which may compensate high external costs.  

According to the Strategic Research Agenda, the stationary sector is of special 

importance for the development of hydrogen and fuel cell technologies in general 

because stationary applications run more easily with readily available natural gas and 

they will do so for quite some time in the future. Since stationary fuel cell systems also 

face less strict conditions than mobile systems with regard to target costs and technical 

specifications, especially decentralised combined heat-and-power systems are 

considered to constitute early niche markets and thus to serve as ‘door opener’ for the 

commercialisation of fuel cells.10 

                                                

10 SRA, S. 102. 
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Accordingly, market-oriented measures of support for the fuel cell technology comprise 

the deployment of early markets and niche applications. In this context, the adoption of 

a comprehensive strategy for transport, stationary and portable applications of the fuel 

cell is necessary to ensure optimum synergies. In particular, these early markets help 

to (1) achieve a higher manufacturing volume, (2) gain operating experience and (3) 

intensify activities of fuel cell developers and component suppliers. Altogether, niche 

applications are thought to generate economic return in a short term and therefore 

create the first real business opportunities and be favourable in terms of competition 

with the USA and Japan. Combined heat and power generation in remote regions and 

islands is cited as an example for such an early market opportunity.  

Political commitment is cited in the Deployment Strategy as another key factor in all 

processes of major technological and socio-economic change (HLP 2004, 54ff.). It is 

essential in fostering the development of technologies as well as attracting public 

awareness and acceptance in big transitions processes not the least because it 

approaches the problem from many different angles. Specific points mentioned in the 

Deployment Strategy are 

·  Development of a long-term vision, the consciousness of the need for sustainable 

development, the capacity of evaluating potential socio-economic impacts, the 

capacity to form networks and raise the visibility of support in favour of hydrogen 

and fuel cells as parts of a comprehensive political strategy; 

·  Careful integration of this support strategy into the existing energy, environmental, 

technology and industrial policies of the EU as well as its member states and the 

regions concerned; 

·  Integration and proper setting of priorities in funding hydrogen and fuel cell 

technologies and setting corresponding fiscal incentives with regard to all other 

funding and fiscal incentive policies employed by the EU, the member states and the 

regions; 

·  Public demonstration projects and public-private partnerships as well as education 

and raising of public awareness specifically directed to hydrogen and fuel cell 

technology and, finally, 

·  Governance representing the capacity to properly coordinate all the latter activities. 

The EC contribution on hydrogen and fuel cells research within the 5th Framework 

Programme was about € 145 million. In the current 6th Framework Programme (running 

from 2002 to 2006) it is foreseen to support projects worth an expected public and 

private investment in the order of €300 million, of which about half would be funded by 
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the EU. According to the SRA, the projections for the 7th Framework Programme from 

2007 to 2012 can be seen in the context of the 10-years research programme and a 

well-founded medium-term outlook up to 2020. 

Not only the security of the energy supply and the CO2 reduction targets play a role in 

the EU strategy to foster R&D on hydrogen and fuel cells technologies but also the 

competitiveness of the EU market. Therefore, the competitiveness of the EU industry 

constitutes a major issue, especially in view of the huge potential market of fuel cells 

applications. Currently, U.S. and Japanese fuel cell companies not only greatly exceed 

EU fuel cell manufacturers in number, size and experience; also public spending for 

European fuel cell research is far below the corresponding figures of the USA and 

Japan (see section 4.3). Strong EU support for better-integrated European research is 

therefore seen as a prerequisite for new companies to become competitive with US 

and Japanese manufacturers. 

While competitiveness and competition are of major concern in the EU, co-operation is 

also believed to be of great importance. Major research problems such as those related 

to hydrogen and the fuel cell can only be solved in an international context. In order to 

meet the international requirements going together with the global introduction of fuel 

cells technology, the European Union is member of the International Partnership of a 

Hydrogen Economy (IPHE). The IPHE was initiated by the USA in November 2003 and 

comprises up to now the most important hydrogen and fuel cell technology developers 

such as Japan, Canada or China.11  

4.1.2 Stationary fuel cell applications as a combin ed heat and power 
generation (CHP) 

Besides direct R&D on stationary fuel cells, the European Commission supports the 

increase of the percentage of CHP in general. The EU commitment to doubling 

cogeneration from 9 % in 1994 to 18 % by 2010 was made in 1997. In terms of 

installed capacity, the share of electricity produced by cogeneration processes has 

raised to 10 % in the EU in 2001. Large differences however are to be noted amongst 

the Member States with variations of the shares between 2 % and 60 % of the 

electricity production.12 In the new co-generation directive 2004/8/EC13, the focus of 

                                                

11 Australia, Brazil, Canada, China, European Commission, France, Germany Iceland, India, 
Italy, Japan, Republic of Korea, New Zealand, Norway, Russian Federation, United 
Kingdom, USA, see: http://www.iphe.net/ 

12 http://www.managenergy.net/products/R81.htm 
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the legislation lays on providing a framework for the promotion of cogeneration in order 

to overcome still existing barriers, to advance its penetration in the liberalised energy 

markets and to help mobilising un-used potentials. 

The activities of Cogen Europe, the European Association for the Promotion of 

Cogeneration, present a wide range of possibilities to reach this target: Dissemination 

of information relating to cogeneration and market developments, development of 

national promotional organisations for cogeneration, annual high-level policy 

conferences, R&D projects with a number of funding bodies and industry partners and 

publications such as country reports, policy studies, briefings etc.14 

The present status of cogeneration in Europe is characterized by still a large potential 

for future CHP investments. Advances in the liberalisation of the energy market, 

exemptions on energy taxes, access to the grid as well as feed-in tariffs are the key 

words for the recommendations all over the Member States. Harmonisation of 

efficiency reference values for separate production of electricity and heat and national 

reporting systems are required as well as the evaluation of the support mechanisms of 

the different member states.15  

The support of stationary fuel cell technology as a new CHP technology comprised also 

measures for the liberalisation of the energy market. So the policies and measures on 

the EU level try to include all types of actors involved in this process: science, national 

governments, industry and the end-users.  

4.2 National policies 

The different member states of the European Union basically go into the same direction 

as the European Commission. However, they can foster the implementation of 

stationary fuel cells in a more specific manner. In particular, it makes sense to have a 

look at countries disposing of a large natural gas grid and showing fuel cell-related 

activities on the government, research and industry level.  

                                                                                                                                          

13 Directive 2004/8/EC of the European Parliament and of the Council of 11 February 2004 on 
the promotion of cogeneration based on a useful heat demand in the internal energy market 
and amending Directive 92/42/EEC 

14 www.cogen.org 

15 See directive 2004/8/EC and future Cogen Country Reports 
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4.2.1 Germany 

The German government supports research on fuel cells since the early 1990s. Due to 

the foreseeable shortage in the energy supply and the European policy promoting 

hydrogen and fuel cells, activities have been intensified continuously. In 2003, the 

Federal Ministry of Economics and Labour had a budget for energy research of over 

€160 million. This included allocations by the Federal Government to the BMWA of 

some €41 million per year for a period of three years (2001 to 2003) within the 

framework of the government's "Future-Investment-Programme" (Zukunfts-Investitions-

Programm, ZIP), of which one part was designed to support the Federal Government's 

long-term sustainable energy policy. The ZIP Programme focused on several key areas 

of non-nuclear, environmentally friendly energy research. Fuel cells were supported in 

this programme with more than €50 million. Another major project intended to 

demonstrate the feasibility of hydrogen as a means towards sustainable mobility is the 

“Clean Energy Partnership” (CEP) where the German Federal Ministry of Transport 

and 12 companies formed a consortium with the intention to invest €33 million in 

hydrogen-driven vehicles and the corresponding infrastructure in the period 2004 to 

2008. Additionally, the government is going to allocate another €38 million to its fuel 

cell innovation initiative in the period 2005 to 2008. More coordinative activities initiated 

by the German Ministry of Economics are the working groups BERTA (Fuel cells: 

development and testing of stationary and mobile applications, 2001–2005) and 

HYBERT (Hydrogen + BERTA, since 2005) which support the Ministries of Economics, 

Education & Research, Transport, Environment and Agriculture in the integration of 

their fuel cell-related activities. 

With respect to the research landscape in the field of fuel cells, Fraunhofer Society is 

the leading research institution in Germany. It has recognised the potential of fuel cell 

technology for becoming an energy conversion device in tailor-made energy supplies 

for mobile and stationary applications. There are currently nine Fraunhofer institutes 

with significant expertise in the field of fuel cells and solar energy. Key players are the 

Fraunhofer Institute for Solar Energy Systems (ISE) in Freiburg, the Institute for Energy 

Technology (UMSICHT) in Oberhausen, and the Institute for Ceramic Technologies 

and Sintered Materials (IKTS) in Dresden.  

The Helmholtz Association will increase the annual budget of its "Efficient Energy 

Conversion" programme by 15 % in the next five years (€ 45 million in 2003). It focuses 

on material research, high-temperature fuel cell systems and the flow, cooling, and 

combustion processes in gas turbines. 
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The Max Planck Society is devoted to basic research. However, some of its institutes 

such as the MPI for Solid State Research in Stuttgart and the MPI for Polymer 

Research in Mainz also concentrate on the PEMFC’s (Proton Exchange Membrane 

Fuel Cells) suitability for stationary operation. In particular, it is their aim to develop a 

new type of membrane allowing operation without water and at higher temperature. 

Other research projects of Max Planck Institutes include an improved procedure for 

electrochemical oxidation in fuel cells (MPI for the Dynamics of Complex Technical 

Systems in Magdeburg), the development of noble metal particles and of nanoparticles 

(of 1-5 nanometers) used in the production of fuel cell catalysts (MPI for Carbon 

Research in Mülheim) and the optimisation of cathodes in solid oxide fuel cells (MPI for 

Solid State Research in Stuttgart). The German Research Association (Deutsche 

Forschungsgemeinschaft – DFG) co-sponsors some of these projects. 

The Centre for Solar Energy and Hydrogen Research (Zentrum für Sonnenenergie- 

und Wasserstoffforschung, ZSW), an important research institute in the fields of 

photovoltaics, biomass use and fuel cells, is the successful outcome of a public-private 

partnership between the government, several research institutions and industrial 

companies within the state of Baden-Wuerttemberg. 

A purely industrial initiative is the Initiative Fuel Cell (Initiative Brennstoffzelle – IBZ), an 

association of Germany’s major energy suppliers and developers of fuel cell heating 

appliances. The IBZ is a joint undertaking of EWE AG (Oldenburg), MVV Energie AG 

(Mannheim), Ruhrgas AG (Essen) and Verbundnetz Gas AG (Leipzig). All four 

companies already have considerable experience in fuel cell technology. Their 

common goal is to render "compact”, natural gas-fuelled stationary fuel cells for 

residential needs technically and economically competitive. In pursuit of this goal, the 

initiative helps co-ordinate the activities of manufacturers, energy suppliers and 

research institutions. Its programme includes knowledge transfer, field tests and 

demonstration projects.  

Nearly every federal country has its own initiative. They are financed mainly by the 

federal governments and often sponsored by industrial companies. The most important 

ones are:  

The Bavarian Hydrogen Initiative (Wasserstoff-Initiative Bayern – wiba) – Germany’s 

oldest – was established in 1996 by the Bavarian Ministry of State for Economy, 

Transport and Technology with the intention of promoting innovative hydrogen energy 

technology in Bavaria. Initiation of projects, support of Bavarian companies, public 



Case study: stationary fuel cell (industry) 25 

relations on the subject, establishment of a long-term strategy and energy economic 

analyses are its main tasks.16 

The Fuel Cell Network NRW (Kompetenz-Netzwerk Brennstoffzelle Nordrhein-

Westfalen), founded in 2000, is aimed at strengthening production in the field of fuel 

cell technology within the state of North Rhine-Westphalia. The Network primarily 

works on bringing together existing disciplines from science, trade and industry as well 

as identifying, setting up and integrating new disciplines.17  

In 2000, the Ministry of Science, Research and the Arts of the state of Baden-

Wuerttemberg founded the Research Alliance Fuel Cell Baden-Wuerttemberg, 

(ForschungsAllianz Brennstoffzelle Baden-Württemberg) in order to engage actively in 

the transition of the energy sector. Its tasks are the bundling of the resources, the 

coordination of research activities and the strengthening of the technology transfer into 

industry and economy.18 

Apart from that, there exist the Hydrogen Initiative of Western Pomerania, Fuel Cell 

Initiatives of the states of Hesse and Rhineland-Palatinate, a fuel cell alliance in 

Saxony-Anhalt, the Association Hydrogen Hamburg and so on.  

Experts consider such a fragmentation of fuel cell actions and the formation of a variety 

of clusters as inefficient and called for bundling the activities. At the end of 2004, the 

Fuel Cell Alliance Germany (Brennstoffzellenbündnis Deutschland, BZB) was founded 

upon initiation of the German Hydrogen and Fuel Cell Association (Deutscher 

Wasserstoff- und Brennstoffzellen-Verband, DWV). In this Fuel Cell Alliance Germany 

most of the above mentioned initiatives could be integrated as members. The Alliance 

is asking the German government for rapid political action. Otherwise, Germany would 

loose its forefront position within global competition.19 

Other possibilities to bring together the scientific community with industry and the 

public are recurrent events, symposiums, exhibitions or fuel cell days such as the 

Hannover Fair, the H2Expo in Hamburg or the f-cell in Stuttgart.  

                                                

16 http://www.wiba.de/english/frames.htm 

17 http://www.fuelcelltoday.com/FuelCellToday/IndustryDirectory/IndustryDirectoryExternal/ 
IndustryDirectoryDisplayCompany/0,1664,947,00.html 

18 http://www.forum-brennstoffzelle.de/index.php 

19 http://www.hamburg-messe.de/presse/presse_h2expo/Bundeslaender_sind_Keimzellen_ 
fuer_Wasserstoff-_und_Brennstoffzellen-Technik.htm 
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From the perspective of distributed energy, small-scale CHP (<10 MWel) has 

established a presence in Germany's energy mix now representing 30 percent of total 

CHP generation capacity and three percent of the total power generation. Thus, there 

is a big potential to increase cogeneration in Germany. In order to support CHP, the 

German government made the installation of additional CHP of all sizes an important 

part of its national environmental and energy security strategy.20 Accordingly, feed-in 

payment for CHP plants was guaranteed in the CHP Act (KWK-Gesetz) of 2002, which 

was amended in November 2003.  

If the amendment of the CHP law turned out to be effective, the contribution of co-

generated power in Germany could reach 40 percent in 2020, according to experts.21 

The stationary fuel cell technology may benefit from this large potential. Developers of 

fuel cell systems for stationary applications therefore ask for specific, higher feed-in 

tariffs for fuel cells in order to make their systems competitive to conventional power 

generation during market introduction. 

4.2.2 Italy  

Italy has a strong research background in fuel cell technology with leading institutions 

like Ansaldo Ricerca, CNR-ITAE and more than a dozen universities. For instance, the 

Politecnico di Torino intends to create a centre of excellence for SOFC applications 

operating and testing a 100 kW SOFC system from Siemens Power Generation. Italy 

is, in terms of funding, one of the largest spenders in Europe after Germany (€13–16 

million per year). And there are plans to increase the support to around €90 million over 

a period of three years.  

The Ministry of the Environment (Ministero dell'Ambiente e della Tutela del Territorio) 

and the Ministry of Research and Universities (Minstero dell'Istruzione dell'universita e 

della Ricerca – MURST) are the main government bodies that are involved in providing 

resources. On the regional and municipal level, there are various demonstrations 

projects, e. g. in Milan, Turino or the region of Lombardia.  

In 2003, the Federation of Scientific and Technical Associations in Milan launched the 

idea of an Italian association for hydrogen and fuel cells. The Associazione Italiana 

Idrogeno e Celle a Combustibile (H2IT) was accordingly created which formalises the 

activities of the working groups of the Hydrogen Taskforce Italy and stimulates the 

creation of an infrastructure for the use of hydrogen. Other industry associations are 

                                                

20 http://www.bkwk.de/bkwk/infos/studien/view_html?zid=25 

21 http://www.earthscan.co.uk/news/article/mps/UAN/401/v/1/sp 



Case study: stationary fuel cell (industry) 27 

the Italian branch of Fuel Cell Europe (FCEu) and the Italian Hydrogen Forum (Forum 

Italiano dell'Idrogeno – IIF).  

Due to national fuel cell activities in Italy and co-operations with companies and 

research institutions in countries like Germany, the USA or China, Italy today 

constitutes a promising area of fuel cell technology development.  

Regarding the CHP policy in Italy, there are no specific incentives for cogeneration or 

trigeneration (cooling/heating/electricity), nor are explicit support measures foreseen in 

the near future.22  However, the Law 448 has established a variation of the natural gas 

tax according to its uses: for cogeneration purposes, natural gas is exempted from this 

gas tax. In fact, according to the regulation issued by the regulatory authority for 

electricity and gas, a part of the gas consumed by a CHP plant is tax-free.23 The 

introduction of explicit incentives for cogeneration in order to render them more 

economical would help to increase the share of CHP plants and pave the way for 

stationary fuel cell technology in Italy.  

4.2.3 United Kingdom 

In the United Kingdom, there is also a broad common understanding on promoting fuel 

cell technologies. The Department of Trade and Industry (DTI) has supported the 

research and development of fuel cell technology since 1992.  

The White paper of the government includes a forecast of the energy system in 2020 in 

the UK. Fuel cells there play an important role: "Fuel cells will be playing a greater part 

in the economy, initially in static form in industry or as a means of storing energy, for 

example to back up intermittent renewables, but increasingly in transport. The 

hydrogen will be generated primarily by non-carbon electricity." (p. 18). In order to 

reach this target, the UK started a series of measures; especially, the DTI has 

launched the industry network Fuel Cells UK.  

Under the SuperGen initiative of the Engineering and Physical Sciences Research 

Council (EPSRC) fuel cell research will receive £1.96 million of funding over the next 

four years. The EPSRC is the leading funding agency for academic research and 

training in the fuel cell technology. Fuel cell research and development is now 

supported through the DTI’s Technology Programme which invites collaborative 

                                                

22 Cogen Country report Italy, 2001. 

23 http://www.opet-chp.net/download/wp6/03_review_of_current_chp_situation_in_italy.pdf. 



28 Fraunhofer-ISI POPA-CTDA: work package 3  

proposals for research and development twice a year.24 Fuel Cells UK has been 

established to foster the development of fuel cells and raise the profile of fuel cell 

activities in the UK, and to act as central liaison point for national and international 

activities.25 The UK based network promotes and encourages the exchange of 

information and ideas within the fuel cell community, both industrial and academic. 

One of the oldest platforms concerning fuel cells is the UK Fuel Cell Network created in 

1998 and located at the University of Birmingham.26 The aim of this Network is to link 

everybody who has an interest in fuel cells, from students to corporation executives, 

and to facilitate contact within the fuel cell community.  

An internationally appreciated event within the academic public is the Grove Fuel 

Cells Symposium  in London, organised annually by Elsevier, publisher of Journal of 

Power Sources, Fuel Cells Bulletin and Refocus.  

Thus, there are numerous companies in the United Kingdom producing and developing 

fuel cell technology, including also system integrators or component suppliers who are 

necessary for a successful commercialisation. Together with the intensive research 

activities on the academic level and the pronounced political willingness, the UK offers 

a positive climate for further fuel cell and hydrogen activities.  

Concerning CHP activities in general, the UK also supports these technologies by 

funding programmes and guaranteeing feed-in tariffs. The Combined Heat and Power 

Association is the overall organisation for CHP in the United Kingdom. 

4.2.4 Sweden 

The objective of the Swedish energy policy is the contribution to a reliable supply of 

energy and internationally competitive prices, but also includes the transition to an 

ecologically sustainable society. The Swedish government is funding, together with the 

industry, a number of fuel cell programmes with a focus on basic and applied research. 

University research projects are typically funded 100 percent while industry-academia 

collaborations are funded 50 percent by government and 50 percent by the 

participating corporations. In comparison with Norway, there is a stronger focus on fuel 

cells as opposed to hydrogen. Support for fuel cell technology being coordinated by a 

                                                

24 Energy White Paper, Second Annual Report, July 2005, p. 28. 

25 White Paper, 2003, p. 60. 

26 http://fuelcellnetwork.bham.ac.uk 
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number of organisations, including MISTRA (the Swedish foundation for strategic 

environmental research), Elforsk (which coordinates R&D for Swedish power 

companies) and the Swedish Energy Agency. Specific programmes include: a basic 

stationary fuel cell research programme (providing €1.6 million over three years, all 

from government coffers); and an applied research programme on stationary fuel cells 

which aims to promote cooperation between trade and industry not the least through a 

dedicated research facility at a Swedish university (€1.7 million over three years, 

including €650,000 from government). Another programme, Energy Systems in Road 

Vehicles, has a much bigger budget of €11.5 million, but this is supporting energy 

efficiency and the use of biofuels in the transport sector in addition to fuel cells.27 

The two main bodies responsible for implementing energy policy measures are the 

Swedish Energy Agency and Affärsverket svenska kraftnät. 

Cogeneration in Sweden is not very well developed as there is abundant nuclear power 

and hydropower. With the phasing-out of the nuclear power plants, however, 

cogeneration may take its part of the power generation, especially in the district-heating 

sector. For cogeneration to assume this position, a revision of energy taxation on fuels 

used for electricity generation and in industry will be a necessary precondition.28 

4.2.5 Austria 

Austria has not yet adopted a specific hydrogen and fuel cell strategy. Nevertheless, 

fuel cells were identifies as a key technology of the millennium. The Austrian 

government therefore supports a series of fuel cell research projects – mainly within 

the European framework programmes. So, Austrian companies and research 

institutions depend on European funding to a greater extent than those in other 

member states.29 

Since the main funding institution is the Federal Ministry for Transport, Innovation and 

Technology (Bundesministerium für Verkehr, Innovation und Technologie – BMVIT), 

the focus of research activities lies in the transport application of fuel cells.  

In 1999, the non-profit organisation Austrian Energy Agency, in which the federal and 

the provincial administration and some thirty institutions and corporations work on 

                                                

27 Cropper, Mark, Fuel Cells and Hydrogen in Scandinavia – A survey of current developments, 
in: Fuelcelltoday, March 2004. 

28 Cogen, Country report Sweden, 2001. 

29 http://www.fuelcelltoday.com/FuelCellToday/FCTFiles/FCTArticleFiles/Article_746_A-CH-
Isurvey0104.pdf 
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energy saving policies, created with the support of the former Federal Ministry of 

Economics and Transport the Fuel Cell Information Initiative. It is the aim of the FC 

Information Initiative to inform about the state of the art of the technology and to act as 

a catalyst for fuel cell-related R&D projects in Austria.30 

With regard to the most active countries, it could be shown that establishing networks 

of competence or public-private initiatives are highly effective in order to bring together 

the different stakeholders involved in the process of energy change. In the field of 

energy production, not only the developers and researchers have to take an active part 

in order to bring forward the fuel cell technology, but also the traditional energy 

suppliers as well as national governmental authorities and last not least the industry as 

actual user of fuel cell technology. Such a wide area with different stakeholders 

involved need information and contact points, like internet sites, fairs, symposia, 

networks or alliances.  

Furthermore, the societal component should not be neglected. When talking about fuel 

cells, an immediate link to hydrogen is drawn very quickly. Within society, hydrogen 

has still an ambiguous connotation representing a clean energy source on the one 

hand and raising safety-related reservations on the other. And there are still many 

problems to be solved: The generation of hydrogen should be environmentally friendly 

and competitive and, besides technical feasibility, the storage and transportation of 

hydrogen still represents a major infrastructure challenge. Stationary fuel cells, 

however, run with natural gas directly or reformation is not such a big issue. As a 

consequence, there are no significant infrastructure problems, the security standards 

are established since long and the public is used to use natural gas fuel.  

Funding research programmes is, therefore, not the only way for a government to 

support fuel cell research. Within a deployment strategy for the commercialisation of 

fuel cell systems, a broad set of instruments will have to be used (see section 8).  

4.3 Stationary fuel cells and hydrogen in the wider  perspective 

4.3.1 Sustainable resource use and climate protecti on in the EU 

Within the EU hydrogen represents high priority as the energy source of the future. The 

major motivation in setting this priority in Europe is mainly environmental: compliance 

with the Kyoto Protocol. From this perspective, producing hydrogen from fossil sources 

and trying to use it most efficiently can only be a first step. In the longer run, power 

                                                

30 http://www.eva.ac.at/ 
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generating systems are assumed to run with biogas and hydrogen is to be produced 

from renewable power by means of electrolysis. Once this is the case, other 

mechanisms can be used for its promotion and implementation.  

With the Directive of the European Parliament and the Council on the promotion of 

electricity from renewable energy sources in the internal electricity market (RES-E 

Directive)31 in 2001, the deployment of renewable electricity was launched on the 

European level and targets that should be reached by 2020 have been set up. 

Regarding the great diversity of promotion strategies and support schemes for 

renewable energy in the Member States, it was too early at that moment to create a 

Community-wide framework for the support of renewable electricity. The European 

Commission will now present in October 2005 a report analyzing the experiences made 

with the different support schemes. Then a proposal for a Community-wide framework 

will follow so that a harmonization of the different promotion instruments and a more 

effective result can be achieved. 

Up to now, the policies and measures implemented in the member states have, first of 

all, to meet national targets such as environmental goals, security of supply or creating 

employment support for national renewable energy industries. The most common 

instrument is the feed-in tariff for the generation of renewable electricity. The system is 

well known for its success in deploying large capacities of wind, biomass and solar 

power systems especially in Germany, Denmark and Spain. It is used in many of the 

EU-25 countries. Feed-in tariffs reduce the investment risks of renewable energy 

systems considerably as there is a longer-term certainty of receiving support. The 

comparison of the capital costs for RES investments showed that the capital costs in 

countries with feed-in tariffs are significantly lower than in countries with other support 

schemes. For example, the weighted average costs o capital are notably higher in 

countries with tradable green certificated based on quota systems. 32  

These so called quota obligations constitute a new support scheme that is currently 

used in five of the EU-25 countries (Belgium, Italy, Sweden, UK and Poland). Minimum 

shares of renewable energy are imposed on consumers, suppliers or producers. The 

quota system offers a strong incentive for short-term technology cost reduction. The 

implementation of this renewable obligation system bears, however, the risk that only 

lower-cost technologies are supported. On the other hand, the system seems to be 

                                                

31 European Parliament and Council, 2001 – Directive 2001/77/EC 

32 FORRES 2020, p. 31. 
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more in line with requirements for market conformity. Furthermore, it is possible to 

combine it with the green certificate system.  

Another category of support schemes are fiscal incentives. That may be a direct energy 

tax or the exemption of a tax, for example of a CO2 tax. The advantage of such fiscal 

incentives is the message directly transmitted to the end consumer about the added 

value of renewable energy. On the other hand, there is no longer-term certainty about 

investments so that the investment risks for project developers or other investors are 

higher than for example with feed-in tariffs.  

4.3.2 Safety of energy supply and technology suppor t outside the EU 

One of the aftermaths of September 11, 2001, was the discovery of the U.S. 

government that with regard to major parts of the energy supply of its economy it 

completely depended on suppliers that could not necessarily be considered as reliable 

from the political perspective. This was especially evident in the field of transportation 

which was (and still is) to a large extent dependent on imports of crude oil. As a 

consequence, the U.S. government developed in 2002 its “National vision of America’s 

transition to a hydrogen economy” and, together with stakeholders from industry, the 

U.S. “Hydrogen energy roadmap”. Also in this context, in 2003, U.S. president Bush 

announced to spend US$1.7 billion for hydrogen and fuel cell-related research and 

demonstration projects in the five years to come.  

Like in Europe, the prime motivation for this policy initiative was related to the 

sustainability of energy supply; however, the emphasis was put on economic (short-

term) sustainability rather than ecological (long-term) sustainability. From this 

perspective, it is little surprising that hydrogen production from nuclear power and 

carbon sequestration play much more important roles in the USA than in the EU. With 

regard to actual R&TD support for the fuel cell, FreedomCAR and the Hydrogen Fuel 

Initiative of the U.S. Department of Energy, the Department of Defense Fuel Cell 

Program and the Hydrogen Vehicle and Infrastructure Demonstration and Validation 

Project are major projects started from this backdrop. 

In the EU as well as the USA, the status of the fuel cell as a key technology of the 

future is another, albeit secondary, argument in favor of political support. In Japan, by 

contrast, the technology and innovation aspect of fuel cell and hydrogen is the 

dominant motivation behind governmental support projects and represents a major 

constituent of Japan’s industry policy and its attempt to increase or, at least, maintain 

the competitiveness of its industry. Accordingly, the focus of attention is partly shifted 

from the funding of mere research and demonstration projects to aspects of diffusion, 
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that is, commercialisation of fuel cells. As a consequence, time horizons of Japanese 

policy (2010 to 2020) are significantly shorter than those prevailing in the USA or in 

Europe (2020 to 2050). 
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5 Existing barriers and drivers  

After assessing the technical and environmental properties (in section 3) and the 

economic potential of stationary fuel cells (in section 4) and describing a variety of fuel 

cell-related policy measures that are already in use on the supra-national, national and 

regional level in Europe and elsewhere (in section 5), an attempt will be made in this 

and the following sections to identify the most suitable policy measures and to combine 

them with intent to design a policy strategy effective in supporting the development and 

adoption of stationary fuel cell technology. Before having a closer look at the set of 

measures basically available for such a design work, which will be done in section 7, it 

is now time to resume the barriers and drivers forcing (or preventing) a company to 

develop or adopt stationary fuel cell technology. With respect to policy design, these 

drivers and barriers represent the basic incentives of the principal actors and not taking 

them into account may inevitably lead to the employment of ineffective measures and 

thus to a waste of resources. The identification of relevant drivers and barriers and 

determination of their respective influences was done in work package 2 of this project 

and the results as well as the basic approach will be described in the following. 

5.1 The behaviourist approach used to determine dri vers and 
barriers  

In order to analyse the incentive structure guiding the strategic behaviour of the 

decision makers in companies engaging (or intending to engage) in the development or 

adoption of stationary fuel cell technology, we used an empirical approach that has 

been developed by Montalvo (2001; 2002) and is based on a behavioural model 

designed to understand and, to some extent, predict human social behaviour on the 

basis of the underlying intentions, attitudes, subjective norms and behavioural control 

(Ajzen 1988; 1991). Accordingly, behaviour, at the most basic explanatory level, is 

considered as a function of salient beliefs which are formed by associating positive or 

negative connotative meaning to the most relevant aspects of behaviour such as 

people, objects, activities and their attributes. With regard to the study of innovative 

behaviour, the model suggests that the innovative activities executed by a company 

are reflected in its relevant decision makers’ willingness to innovate, which in turn is 

determined by their (1) attitude toward innovation, (2) their perceived social pressures 

to innovate and (3) their perceived control over the innovation process.  

The attitude toward innovation is an indicator of the degree to which relevant decision-

makers like or dislike (i.e. form positive or negative connotation with) the expected 

direct outcomes of their engagement in innovative activities. Typically these outcomes 

refer to economic activities representing the core business of the innovative 
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entrepreneur and, in the case of an intentional engagement in clean technology, 

possibly also the positive effect of the latter on the environment. Perceived economic 

risk (ER, and to a lesser extent potential), and the perceived environmental risk (EV) 

were therefore distinguished as the main determinants of the entrepreneurs’ perceived 

attitude. 

In contrast to attitude, perceived social pressure refers to the positive or negative 

normative connotations associated with those aspects of an engagement in cleaner 

technologies that are connected with the innovation process not directly but via the 

feedback on it of different parts of the social environment. Here, we particularly 

distinguished between (1) the regulatory pressure (RP), which refers to the perceived 

stringency of environmental regulations and standards and the degree of their 

enforcement, (2) the market pressure (MP) that may arise from the perceived attitude 

of consumers and competitors concerning the cleaner technology and (3) the perceived 

pressure from stakeholder groups in the community (CP) forming the social 

environment of the innovating firm.  

The third category of determinants refers to the entrepreneurial decision-maker’s 

perceived control of the innovation process, C. This part of the belief system essentially 

comprises (1) the technical capabilities (TC) of the company, including the 

technological opportunities offered by the market, and the company’s capability to (2) 

react on such opportunities and to engage in organisational learning (OL), (3) form 

strategic alliances (AL) with customers or suppliers and (4) use collaboration networks 

(NW) with research institutions in order to outsource the acquisition of knowledge 

needed for the innovation process.  

In order to identify the relevant drivers and barriers, decision makers were asked by 

means of a questionnaire 6 to 12 questions in each of the nine behavioural domains 

(ER, EV and so on) revealing their motivation in each of the domains. Constituting the 

decision makers' willingness to engage in the clean technology, the motivations in each 

of the domains were related to the same decision makers' actual success in engaging 

in this technology by means of multiple regression analysis. Subsequently, those 

domains showing a strong positive (or negative) correlation with technology 

engagement could be identified as important drivers (or barriers) whereas those 

showing only weak and often insignificant correlations were considered as irrelevant.  

The data used for this statistical evaluation came from a survey among 80 actual and 

60 potential developers, manufacturers, operators and users of stationary fuel cells 

from Germany, Austria, UK, Sweden, Italy, Denmark, France, Switzerland, the 
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Netherlands and Norway. Altogether 31 questionnaires were returned, which 

corresponds to a return rate of 23 percent.33 

5.2 Drivers and barriers of, and efficient support for, the 
companies’ engagement in stationary fuel cell techn ology in 
general 

After statistical evaluation of the returned questionnaires, stepwise multiple regression 

of the willingness to engage in stationary fuel cell technology on the corresponding 

behavioural determinants yielded the following linear relations. For an engagement in 

stationary fuel cell technology at present, the willingness is summarized by the 

following equation,  

 W = 1.20 + 0.39EV – 0.35ER + 0.17MP + 0.28CP – 0.31RP + 0.67TC  (1) 

while equation (2) summarizes the (expected) composite willingness in the future.34 

 W = 3.52 – 0.75ER + 0.47CP + 0.23RP + 0.69TC (2) 

While the irrelevance of OL, NW and AL does not appear to be very reasonable, it has 

to be kept in mind that all data and results presented so far are the outcomes of the 

statistical analysis of the entire set of data including developers and manufacturers, 

operators, users and consultants working in the field of stationary fuel cells.  

In order to identify preferable targets of intervention in favour of a general engagement 

of developers, adopters, operators and users of stationary fuel cell technology, two 

aspects of the incentive to engage in this new technology had to be assessed. First, it 

was assessed how influential different determinants were for the overall intention (and 

willingness) to engage. In Table 2 this contribution is specified by the ‘weights’ of the 

behavioural domains, which are identical with the coefficients determined in the 

regression analysis (only significant coefficients are shown). Second, the room for 

manoeuvre of political intervention was calculated from the difference between the 

respondents’ actual mean scores as assigned to the different behavioural domains and 

their hypothetical optimum values (i.e. ‘target scores’ in Table 2) where positive 

contributions were as high and negative contributions as low as possible. 

                                                

33  Please refer to the work package 2 report for more details on the methodology. 

34  For the single behavioural domains, variables (i.e. ER, EV and so on) could assume values 
of between 1 (not relevant) to 7 (highly relevant). The same is true for the actual and 
expected willingness (1 [none] … 7 [very strong]). As can be seen in Table 3 and Table 5, 
the (theoretical) willingness after optimum intervention can be as high as 11 and more. 



Case study: stationary fuel cell (industry) 37 

Table 2: Criteria for assessing useful interventions into industrial engagement in 
stationary fuel cell technology 

Behavioural domains 

Criteria EV ER MP CP RP TC 

At present: 

Weight  0.39 -0.35  0.17 0.28 -0.31 0.67 

Actual score  3.18  3.78 3.93 3.03  2.40 4.77 

In the future: 

Weight — -0.75 — 0.47 0.23 0.69 

Actual score  4.05  3.93 4.50 3.80 3.47 5.20 

Target score  7  1 7 7 1/7* 7 

* Target score is 1 in case of a negative weight and 7 in case of a positive weight 

According to the logic that any intervention would be most efficient when the weight of 

a behavioural domain is highest, technological control (TC) is the most preferable 

starting point for policy intervention at present and the second choice in the future while 

its room for manoeuvre is among the narrowest of all alternatives. The most preferred 

target in the future and the third-best at present is economic risk (ER) – with plenty of 

room for manoeuvre. Second-best at present is environmental risk perception (EV); 

third-best in the future case and fifth-best at present is community pressure (CP); forth-

best at present and last choice in the future case is regulatory pressure (RP);35 and, 

finally, last choice at present is market pressure (MP).  

Table 3: Sequence of interventions and their respective effects on the engagement 
in stationary fuel cells at present and in the future 

 Starting point  Sequence of interventions 

At present: I2 (1) TC (2) EV (3) ER (4) RP (5) CP (6) MP 

Specific effect* 5.07 1.49 1.49 0.97 0.43 1.11 0.52 

Cumulated effect 5.07 6.56 8.05 9.02 9.45 10.56 11.08 

In the future: I3 (1) ER (2) TC (3) CP (4) RP — — 

Specific effect* 5.53 1.02 1.24 1.50 0.81 — — 

Cumulated effect 5.53 6.55 7.79 9.29 10.10 — — 

*Specific effect = weight·(target score–actual score) 

                                                

35  The change in sign of regulatory driving forces is easily understood as the effect of an 
existing regulatory framework on a new technology. Because this institutional framework 
tends to be adapted to the established technology in the beginning, it first needs to become 
adapted to any fundamentally new technology such as stationary fuel cells. In the course of 
this adaptation process, it then also changes its character from a barrier (with negative sign) 
to a driver (with positive sign). 
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Table 3 shows the proposed sequence of interventions according to the rule that most 

efficient measures are taken first and the maximum aggregated effect achievable after 

each step in terms of engagement in stationary fuel cell technology. 

As is evident from Table 3, the most efficient intervention targets (e.g. ER in the future 

case) may not always give rise to the most extended effects. It nevertheless makes 

sense to maintain the proposed priority order of interventions, because this allows 

achieving a given effect with the lowest possible effort. In order to attain a total effect 

that goes beyond the potential of a single means of intervention, several measures 

have to be combined. In the end, the combination of all available measures in favour of 

the stationary fuel cell technology yields a maximum willingness to engage in this 

technology that is more than twice the actually measured value (I2) in the “at present” 

case and slightly less than twice the actually expected value (I3) in the “future” case.  

5.3 Drivers and barriers of, and efficient support for, the 
development and manufacture of stationary fuel cell s in 
particular 

In this section, the same approach as in section 6.2 is now applied to the behaviour of 

engagement of developers and manufacturers (but not operators and users) of 

stationary fuel cells. In analogy to equations (1) and (2) in section 5.2, their present and 

expected future willingness to engage is best described by the following equations. 

At present: 

 W = 3.54 – 0.4ER– 0.45RP + 1.04TC – 0.32 NW + 0.33AL (3) 

In the future: 

 W = 2.75 – 0.24ER – 0.05MP + 0.98TC + 0.15OL – 0.08NW (4) 

The criteria necessary for the assessment of useful interventions in the field of 

stationary fuel cell development and manufacture are summarised in Table 4. The 

actual mean scores were again calculated directly from those survey data specifically 

related to developers and manufacturers of stationary fuel cells while the optimum 

values follow the logic exposed above. 
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Table 4: Criteria for assessing useful interventions into the development and 
manufacturing of stationary fuel cells  

Behavioural domains 

Criteria ER MP RP TC OL NW AL 

At present: 

Weight* -0.40 — -0.45 1.04 — (-)0.32* 0.33 

Actual score  4.15 4.54  3.23 5.92 5.85   5.77 5.23 

In the future: 

Weight* -0.24 -0.05 — 0.98 0.15 (-)0.08* — 

Actual score  4.31  4.08  4.92 6.54 6.23   5.77 5.77 

Target score 1 7 1 7 7 7 7 

* For reasons explained in the text, the negative figure refers to the coefficient while the 
corresponding positive figure is assumed to represent the weight of this aspect for political 
intervention. 

Like in the general analysis, technological control (TC) is again the most preferable 

target for policy intervention showing an even higher potential efficiency (i.e. weight) 

but less room for manoeuvre in the manufacturer-specific evaluation. Second-best at 

present is regulatory pressure (RP) – also with a significantly higher weight than in the 

general analysis. In the future case, the impact of RP is now insignificant. Economic 

risk perception (ER) is basically the same as in the general analysis with less weight in 

the future case. There is no significant contribution from market pressure (MP) at 

present and only a very weak negative contribution in the future case. Since the 

negative sign additionally complicates its use as a target for political intervention, it will 

not be included in the analysis that follows. The irrelevance of environmental risk 

perception (EV) and collective pressure (CP) in this case is inline with statements of 

interviewed developers and manufacturers that, in contrast to operators and users, 

their prime motivation of engaging in a new technology is making money while for them 

improvement of environmental conditions can only be a side effect. 

In contrast to the general analysis, the assessment of behavioural domains relevant for 

the developers’ and manufacturers’ engagement in stationary fuel cells revealed three 

new targets for political intervention. Formation of strategic alliances (AL) is the most 

influential of them, though only at present. Organisational learning (OL) allows 

beneficial intervention only in the future. A difficulty appears with regard to network 

formation (NW) and its negative coefficients. Basically, these coefficients seem to imply 

moderately effective intervention at present, but a very weak effect in the future. 

However, then the question arises immediately why the coefficient is negative at all. 

Interpreting the questions asked in the survey more carefully, the negative coefficient 

may imply that companies engaged in the new technologies find it more difficult to form 
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such research networks than those not engaged. From the viewpoint of political 

intervention, the consequences of this finding can only be that the formation of such 

networks is further facilitated, giving rise to a target score of 7. In this case, however, 

the facilitation should increase the willingness to engage, requiring the inversion of the 

sign of the weight to be employed in the following. Table 5 shows the interventions in 

the order of decreasing efficiency and the maximum aggregated effect achievable by 

them after each step in terms of willingness to engage in the manufacturing of 

stationary fuel cells. 

Table 5: Sequence of interventions and their respective effects on the willingness to 
develop and manufacture stationary fuel cells at present and in the future 

 Starting point  Sequence of interventions 

At present: W (1) TC (2) RP (3) ER (4) AL (5) NW 

Specific effect* 6.38 1.12 1.00 1.26   0.58  0.39 

Cumulated effect 6.38 7.50 8.50 9.76 10.34 10.73 

In the future: W (1) TC (2) ER (3) OL (4) NW (5) MP 

Specific effect* 6.62 0.45 0.79 0.12 0.10 0.15 

Cumulated effect 6.62 7.07 7.86 7.98 8.08 8.23 

*Specific effect = weight·(target score–actual score) 

The maximum effect achievable by the combined use of all interventions proposed in 

Table 5 is not as strong as in the general case (Table 3). It is not even twice the actual 

value (I2) in the ‘at present’ case and just 30 percent more than the originally expected 

value (I3) in the future case. The reason for this may reside in the fact that the 

willingness is quite high already before any intervention and even higher in the future 

case than at present. So, there is not as much room for manoeuvre for political 

intervention as in the general case.  

5.4 Drivers and barriers – a conclusion 

In summary, the following recommendations for useful targets of policy intervention can 

be given. The dominance of technical control (TC) as a target corresponds with the 

early (i.e. prototype) state of stationary fuel cell technology (except PAFC) and the 

difficulties experienced especially be developers and manufacturers when trying to 

increase reliability and durability and, at the same time, looking for technical ways to 

engage in serial production. 

The early state of technology development is also responsible for the high level of 

perceived economic risk (ER) because, according to several interviewees, stationary 

fuel cell technology will require substantial investments over an extended period of time 
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and making profits can only be expected in the future. Evidently this raises concerns 

among developers and manufacturers whether their investments pay sufficiently early 

to survive in their business. Apart from the necessity to be supported in their attempt to 

solve the basic technical problems (i.e. R&D), the latter point also highlights the role of 

subsidized demonstration projects as a possibility for the companies to earn money 

with their products. Additional concern about high economic risk arises on the demand 

side from the rather limited willingness of consumers to pay higher prices for the 

“cleaner” electricity generated by stationary fuel cells. 

At least in Europe, the abatement of greenhouse gas emissions is the main 

environmental objective to be pursued by means of stationary fuel cells. Although the 

environmental risk (EV) arising from this problem is generally perceived as global 

(rather than local), not immediate and very much future-oriented, most survey 

participants feel strongly affected themselves. The reason for this mainly relies in the 

scientific confirmation of the environmental problem. With regard to policy intervention 

this implies that it is important that the state continually directs people’s attention to the 

environmental problem and engages in public education focussing on this problem as 

well as on the fuel cell as potential solution. 

Like environmental risk perception, pressure from one’s community (CP) is an 

important criterion to engage in stationary fuel cell technology for operators and users 

rather than developers and manufacturers. This result is confirmed by the high 

relevance of the public image yielded from the engagement as well as from the 

interviews. Especially operators and users can chose to employ stationary fuel cells or 

other, less environmentally friendly power and heat generation devices. Engaging in 

the former shows their commitment in favour of the environment. While it would be 

difficult to form such a social attitude when it wasn’t there from the beginning, the state 

can do a lot to maintain or enhance this attitude once it exists.  

The European Commission is considered by survey participants and interviewees as 

the main regulatory body exerting an influence (RP) in favour of fuel cell technology. 

This is little surprising when the actual financial and organisational engagement of the 

EC is compared with that of its member countries (see section 4). Interestingly, 

regulatory pressure, today perceived as a barrier, may become a driver in the future, 

when the regulatory framework will be better adjusted to the new technology. In this 

context, the greenhouse gas emission trading scheme now tested in the EU is an 

example for an institution that is perceived by survey participants as well as one 

interviewee as favourable for the stationary fuel cell and, accordingly, a driver for its 

development by many survey participants. 
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As measured by the scores assigned in the survey, the formation of research networks 

(NW) is an important issue for all companies – engaged ones and non-engaged ones 

alike. This uniformity of response is also reflected in the relatively weak contribution of 

network formation to the willingness of a company to engage in stationary fuel cell 

technology. Probably, not the existence of a network as such counts, but its success. 

While the success can hardly be influenced from the outside directly, it may be safe to 

assume that, within certain limits, the likelihood of success increases with the number 

of networks.  

The contribution of market pressure to the willingness of companies to engage is either 

very low or not significant. This is not too surprising as a real market for stationary fuel 

cells does not yet exist. Although market pressure can be helpful for pushing the 

development of a more established technology, it is questionable whether it also helps 

in the case of very young technologies where enhanced pressure can lead to 

premature commercialisation – and failure. 
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6 Available policy options  

6.1 Justification of regulatory intervention in fav our of clean 
technologies  

Policies supporting the development and adoption of cleaner technologies are 

subsumed as policies of regulation. From the economic perspective, there are different 

basic justifications for undertaking regulatory interventions in the economic process. 

First, public intervention can be intended to avoid or reverse certain market or 

competition failures. This is what the OECD (1997) refers to as “economic regulation”. 

Examples are pro-competitive or anti-trust regulations aiming to avoid impediments for 

competitive markets by the misguided competition between oligopolistic market 

suppliers and the regulation of natural (mostly network-related) monopolies and public 

utilities. 

The second line of justification for public intervention is related to the external effects of 

economic transactions and their internalization. The basic logic of this argument is that 

the individual incentives to use or demand goods or services that allow the full 

appropriation of their benefits but partial externalization of their costs are higher than 

socially desirable. The reverse argument applies for the (mostly unintended) partial 

externalization of benefits which makes individual suppliers supply their goods or 

services in socially sub-optimal quantities. An extreme case of such non-internalisable 

positive externalities are public goods, which therefore have to be provided, or at least 

their provision subsidized, by the state. Due to these socially adverse effects, the 

regulation counteracting these inefficiencies is therefore summarized by the OECD 

(1997) under the notion of “social regulation”.  

6.1.1 Economic regulation and innovation 

Looking at the innovation process as the heart of the development and adoption of 

cleaner technologies we can identify several points of interference with regulation. On 

the one hand, economic regulation ensures the minimum amount of competitiveness 

needed to render innovation activities more attractive than the protection and 

maintenance of the status quo by means of trust formation and collusion. This type of 

regulation provides the basic, necessary condition for innovation to take place and is 

not technology-specific. Although necessary for the successful development and 

adoption of cleaner technologies, it would equally support innovation in dirty 

technologies and will therefore not be included in the list of useful (specific) policy 

instruments developed in this section.  
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6.1.2 Social regulation and innovation 

In the context of social regulation, on the other hand, the connection between 

regulation and environmental innovation becomes evident in at least two respects. 

Both, the environmentally beneficial character of cleaner technologies and their 

development and adoption in the course of the innovation process represent avoided 

external costs or realized external benefits that cannot be appropriated by the 

respectively causing actors or companies. In the former case, this renders the 

(products of) clean production more expensive than their environmentally more harmful 

counterparts thereby leading to a clear competitive disadvantage. In the latter case, 

spillover of knowledge in the course of innovation allows the competitors of innovating 

firms to produce innovative goods with much less financial effort and thus more 

cheaply. Once again, this leads to a competitive disadvantage for the innovators. In 

both cases, and more so in their combination, the disincentives resulting from the 

competitive disadvantages will lead to a lower than socially desirable degree of 

engagement in cleaner technologies (Rennings 2000).  

6.1.3 Innovation policy from the dynamic perspectiv e 

While both economic and social regulation refer to a more static concept of technology 

change and innovation, Sartorius and Zundel (2005) have developed an argument 

explicitly referring to the dynamic, evolutionary aspects of innovation and to the 

temporary occurrence of barriers in disfavour of more radical technology changes. 

Unlike incremental innovations of which the costs and benefits are fairly predictable, 

radical innovations offer a greater potential for benefits in economic as well as 

environmental terms (Porter and Van der Linde 1995, Ashford 2002), however 

combined with initially higher costs and greater risk. The higher costs do not only 

accrue from the R&D process itself, which would be basically the same for incremental 

innovations, but from the necessary adaptation of, or to, the corresponding technical, 

social and economic environment (Dosi 1982, 1988, Nelson and Winter 1982). Due to 

this mutual dependence and coevolution of technology, society and economy, the 

(radical) transition between different technology paradigms cannot be induced easily at 

any time. Instead, the process of technological change going on now and in the future 

is contingent on the corresponding development in the past. According to David (1985), 

this path dependency is likely to lead to lock-in – the inability of a new, superior 

technology to displace its established predecessor. Typical causes for a lock-in are 

economic factors such as economies of scale, learning-by-doing (and using), network 

effects and compatibility issues, sunk costs, increased risk and the impossibility to 

attain a higher price (based on the willingness to pay a premium or the existence of 

niches markets). In the political sphere, lock-in may be caused by the institutional 
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embeddedness of the established technology alternative (e.g. by standards or legal 

institutions adapted to the established regime) and by actors coalitions (interest groups, 

in particular), while in the socio-cultural sphere, the change towards an environmentally 

sound technology could be hampered by the lack of social acceptance of the new 

technology or the failure of the public to recognise and develop concern for the 

underlying environmental problem in the first place (Zundel et al. 2005). In the case of 

the stationary fuel cell, the radical character of a possible transition becomes most 

evident from the low degree of economies of scale and learning effects realised so far, 

the need for a new type of complementary fuel supply (hydrogen in the case of PEMFC 

and PAFC), the limited acquaintance of service and maintenance personnel with the 

radically different technology and the existing set of relevant legal rules (e.g. 

concerning the transport and storage of hydrogen) that were partly incompatible with 

stationary fuel cells until recently (Sartorius 2005a). 

6.2 Instruments for regulatory intervention in favo ur of cleaner 
technologies 

In order to raise the incentives for an engagement in the development and adoption of 

cleaner technologies from the lower individually determined to the higher socially 

desired level (as suggested by the static approach) and overcome the possible barriers 

for a transition to radically different technological paradigms, policy disposes of a wide 

variety of measures reaching from the selective, basically non-committing 

dissemination of information at the one extreme to the obligatory change in the 

property rights at the other. Between these two extremes, we find incentive-based 

mechanisms that are much preferred especially by economists because they do not 

prescribe specific technology solutions but leave it to the consumers or users and their 

preferences to select between different technologies. Figure 6 shows a variety of 

instruments employed in environmental policy to avoid the negative externalities of 

environmental pollution. This list is neither exhaustive nor can all issues on the list 

usefully be employed in the context of the development and adoption of cleaner 

technologies. Nevertheless does it serve as a useful guideline and starting point for the 

discussion of different instruments – first in their original context of the prevention of 

adverse environmental effects, than in an innovation policy context and, finally, from 

the dynamic (evolutionary) perspective. 
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             — Awards / Recognition 
 Information- — Public information / Education 
 based tools      — Life cycle analysis 
       — Environmental accounting / reporting 
  — Eco-audit / Management 
  — Product labelling 
  — Negotiated environmental agreements 
  — Liability rules 
  — Public procurement rules 
 Incentive- — Pro-environmental subsidies 
 based tools       — Subsidy removal 
  — Eco-taxes / Tax reform 
  — Marketable permits 
  — Quota 
  — Trade restrictions 
 Direct regulation — Emission and technical standards 
 (‘Command and control’)  — Other institutional restrictions 
  — Licensing / Permission 
 
   — Road maps 
    — Environmental impact Assessment  
 (Complex regulatory measures)  — Green Book / White Book 
   — Regulatory reforms 

Figure 6: Regulatory instruments aimed at the avoidance of the negative externalities 
of environmental pollution (in the order of increasing obligation) 

6.2.1 Useful policy instruments from the environmen tal economics’ 
perspective 

Of the regulatory instruments summarised in Figure 6 not everyone is equally suitable 

for supporting the development and adoption of a cleaner technology. As an isolated 

measure, acknowledging and awarding an entrepreneur’s or a company’s readiness to 

avoid negative environmental externalities by employing a cleaner technology or using 

its output will be of limited help for the developer of this technology because just in the 

beginning of the innovation cycle the number of such pioneer adopters may be quite 

small and the effect tends to decline quickly in the longer run. While also not being too 

effective as a stand-alone instrument, public information and education on the basis of 

life-cycle costing or environmental accounting have a longer lasting effect and are 

crucial because they represent the necessary precondition for enabling well-informed 

consumer and investment decisions and thus allow incentive-based instruments to 

function effectively. Basically, part of this information basis is also constituted by eco-

audit and eco-management as well as product-labelling. However, these instruments 

may be too broad to show a supporting effect on specific technologies such as 

stationary fuel cells because the latter only have a relatively small effect on the 
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environmental performance of the total firm or the environmental side-effects of the 

manufacture of a specific (i.e. labelled) product. 

Although not a regulatory instrument in the strict sense, negotiated environmental 

agreements mostly between industry and the governmental administration have often 

proven their effectiveness as measures for the reduction of environmental burden. 

However, because these agreements are usually rather directed to the environmental 

effect itself than to the technologies causing this effect, they are also of limited use for 

supporting a specific clean technology. A similar argument also applies to liability rules 

that urge a company or an entrepreneur to take responsibility for external costs caused 

by his/her production processes or output. While this instrument could be designed to 

distinguish between stationary fuel cells and competing technologies with a slightly 

worse environmental performance (e.g. block-heat-and-power plants), it is difficult to 

achieve a gradual response and avoid strict discrimination of all competing 

technologies which can hardly be justified. 

Public procurement rules and pro-environmental subsidies36 basically enable any 

public body to support specific technologies such as stationary fuel cells by increasing 

the demand and allowing the manufacturing companies to realise specific economies 

of scale and learning effects. Once in force, these instruments are effective in the short 

as well as in the medium run because they allow the developers and manufacturers of 

young-technology equipment to maintain their business and, in addition, to lower their 

costs (or improve their facilities’ performance) and, thus, improve their competitive 

stance as opposed to established technology alternatives. While both, public 

procurement and pro-environmental subsidies are effective market or incentive-based 

innovation-supporting policy instruments in the short and medium run, their long-term 

effect is not unambiguous because they actively discriminate in favour of a supposedly 

superior technology rather than against its inferior counterparts and their adverse 

effects. It is this discriminating effect that has often evoked strong opposition from 

affected industries and their interest groups and sometimes led to a complete failure to 

implement such measures. An instance of successful resistance against such 

discrimination is the failed attempt of the German government, in particular the Federal 

Ministry of the Environment, in the second half of the 1990s to effectively support the 

installation of highly efficient combined-cycle gas turbines by exempting them from fuel 

taxation. In the end, a coalition formed by the coal industry, major parts of the Ministry 

of Economics, the parliamentary opposition and some labour unions succeeded in 

                                                

36  Pro-environmental subsidies can have the form of tax deductions, guaranteed prices (e.g. 
feed-in tariffs), boni and quota. The differences and their relevance for the technology under 
consideration will be discussed in section 8. 
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setting the criteria for participation in this programme so high (efficiency had to be 

57.5% or better) that hardly any plant could benefit from this support in the years to 

follow (Sartorius 2005b). Apart from these more practical aspects, long-term 

discrimination in favour of one alternative is also questionable for a principle reason: it 

may lead to the lock-out of newer technologies with an even better environmental 

performance. In the long run, therefore, it is preferable to leave discrimination to market 

competition.  

In order to do so, tradable permits and Pigou taxes are the ideal instruments because 

they allow all technologies – environmentally harmful or beneficial – to be discriminated 

solely on the basis of functional aspects like their negative environmental externalities. 

Thereby nothing needs to be known in advance about actual advantages or 

disadvantages of specific established technologies. 

Like the Pigou tax, restrictions of trade could basically be quite effective in providing 

the level playing field for the competition between environmentally sound or healthy 

products and their more harmful counterparts on a regional or national basis. With 

regard to the technology under consideration here, it is however difficult to imagine how 

the necessary specificity of distinction between new and established technologies 

could be achieved when using trade restrictions as a means for discrimination – let 

alone the difficulty to legitimise such a mechanism against the validity of the country-of-

origin principle in the EU and the rules of the WTO.  

6.2.2 Useful policy instruments from the innovation  (and evolutionary) 
economics’ perspective 

Not just as many but basically equivalent regulatory instruments are available that 

avoid externalities related to the companies’ ability to capture the benefits of innovative 

activities. As in the case of environmental regulation, awards and public information 

remedy lacks of knowledge and direct people’s attention to specific new and promising 

technologies. Doing so, they not only increase the entrepreneurs’ chance of 

reimbursing their investment in invention and innovation-related activities; they also 

raise their confidence (and thus reduce the related risk) that there will be a demand for 

the clean technology in the future. Public or publicly committed private test institutes 

remove knowledge asymmetries and thus allow consumers to identify those 

technologies worthwhile to be bought – again in favour of the innovating entrepreneur.  

It is important that the information exchange begins early enough and refers not only to 

the advantages of the new technology because “forgetting” or hiding disadvantages 

may raise distrust and decrease the public acceptance of the new technology. 
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Like environmentally sound activities, innovations can effectively be supported in the 

early state by direct subsidization of R&D or demonstration projects or indirectly by 

subsidies for the appliers of specific technologies. As indicated in the last subsection, it 

is however crucial to employ this instrument just long enough and to the extent that is 

necessary to set a level playing field, that is, to compensate competitive disadvantages 

arising from the early state of the development (but not from its basic difference in 

performance). In this context, the application of strategic niche management can be 

quite useful because it allows the aim of a competitive level playing field to be reached 

with much lesser effort, greatly reducing the actual financial burden arising from this 

kind of subsidisation (Kemp et al. 1998).  

A kind of combination of information-related measures and direct subsidisation is the 

formation of technology-specific networks between different firms to bundle knowledge 

and other resources and form the nucleus of new local or regional systems of 

innovation. Existing examples of this approach are given in section 5.2. 

Unlike the latter measures which act directly in favour of a specific technology, taxes 

(including eco-taxes) have a more indirect effect – supporting innovation non-

specifically. It has been explained above that, in the long run, the negative selection of 

technologies on the basis of their functional effects is preferable over positive selection 

of a specific technology because its more general mode of action raises to a lesser 

extent the impression that specific stakeholders are discriminated and therefore 

provides less incentives for adversely affected stakeholders to organise strong 

opposition against this measure.  

A direct equivalent to the command-and-control mechanisms known from 

environmental policy does not exist in innovation policy because the latter is future-

oriented and open with regard to its possible outcomes. So, the prevalence of certain 

technologies and their effects cannot be prescribed. However, patents and licenses are 

another type of interference with property rights that is specifically designed not to force 

the innovation process directly, but to give an inventor the exclusive right to enter the 

innovation process and appropriate the resulting benefits. This mechanism is 

implemented and functions generally; so, it does not need to be considered further in 

this context. 

A very crucial and at the same time ambiguous issue in this context are technical 

norms and standards. By defining the interfaces between a given technology and its 

(technical) environment, standards on the one hand ensure the compatibility and 

effective functioning of this technology. From the dynamic perspective, however, both 

the established technologies and the related standards undergo co-evolution such that, 



50 Fraunhofer-ISI POPA-CTDA: work package 3  

on the other hand, standards can amount to a substantial barrier especially for radical 

innovations, if they do not give rise to compatibility with other relevant technologies or 

networks and, for instance, do not allow realising positive network effects. The same is 

true for legislation referring to the state of the art, because implicitly this state of the art 

makes reference to a specific, at that time most advanced technology. Eventually, 

when the rise of a radical innovation would suggest a change of this reference 

technology, the actual transition may be impeded by the close match of the definition of 

the state of the art to the established not the innovative technology. A case in point was 

the vehicle emission standard closely referring to the catalytic converter, but excluding 

the more resource-efficient lean-burn engine due to the low NOX emissions limits that 

could not be met by this technology (Nill and Tiessen 2005).  

6.2.3 Comprehensive approaches as a means to strate gy formation in 
environmental innovation policy 

While the policy instruments discussed in sections 7.2.1 and 7.2.2 can all show some 

effect in the intended direction, full effectiveness of environmental innovation policy will 

only be achieved through the right combination and strategic coordination of a variety 

of different instruments. One approach to the achievement of such coordination is the 

design of so-called roadmaps which are currently used in fields of overarching impor-

tance in many countries (e.g. in creating a hydrogen economy in Europe and the USA). 

In these roadmaps, a vision is formed about the expected future development of a 

specific part of the economy and, hopefully, the related changes in society. Addition-

ally, instruments are identified by which this vision should be achieved. Eventually, the 

description of the future development serves as a controlling device for the effective-

ness of the instruments and, if necessary, for a redesign of the instruments.  

Another aspect that needs to be taken into account in a more integrated approach to 

environmental innovation policy is stakeholder participation. In this context, 

consideration of stakeholder processes is all the more important as environmental 

innovations include a two-fold externality. So, individuals or companies can be affected 

by a change in the environmental rules as well as in technologies. Well-known means 

to exercise stakeholder participation in the EU are the white papers published by the 

European Commission containing proposals for EU action in a specific area. They 

sometimes follow a green paper released to launch a public consultation process.37 

Finally, when it comes to the concrete implementation of at least major regulation 

                                                

37  ‘Weißbuch’ and ‘Grünbuch’ are comparable documents in German policy. 
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measures, impact assessments have become a standard instrument for taking into 

account the concerns of all possible stakeholder groups. 

6.3 Promising instruments – a preliminary conclusio n  

After the extended discussion of the suitability of a wide variety of different instruments 

for environmental innovation policy in section 7.2, the following instruments could be 

identified as basically effective in supporting specific, radical technology changes and 

potentially supportive for stationary fuel cells. 

·  Acknowledgement and awarding of pioneer entrepreneurs is an instrument to direct 

people’s attention to a new technology and, thus, reduce the entrepreneurs’ risk of 

not reimbursing their investments into the future. In a wider, social context this also 

signals the (future) relevance of the technology under consideration; 

·  Public information and education enables well-informed decisions in favour of a 

new, superior technology; additionally, it reflects, or raises, the public concern about 

an environmental problem that usually creates the need for regulation in the first 

place; 

·  Public procurement and pro-environmental subsidies (e.g. low-rate loans) can be 

employed for a limited period of time to prepare a level playing field for the new 

technology (They may be understood as the cost of the transition of technology). In 

this context, strategic niche management should be employed as a supplementary 

measure to keep the costs as low as possible. 

·  In the longer run, tradable permits and Pigou taxes may be used as long-term 

instruments for the internalisation of the externalities (They represent the price for a 

clean environment); 

·  The subsidisation of knowledge-based networks as well as the R&D and 

demonstration projects are generally quite effective with regard to the further 

development of young technologies; 

·  In order to avoid lock-in in institutional terms, it needs to be ensured that the existing 

legal and technical norms and standards allow the new technology to adapt to the 

institutional environment; 

·  Roadmaps are important devices for the strategic planning and controlling of long-

term technology developments; at the same time they facilitate the integration of the 

large number of isolated instruments discussed above; 
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·  In order to increase the general acceptance for the entire set of possibly proposed 

regulatory measures, stakeholder participation needs to be implemented in the 

entire development – from designing the roadmap to the regulatory impact 

assessment. 
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7 Design of a policy strategy  

In the preceding section, a list of promising options of policy instruments for supporting 

radical change towards a specific technology in general has been developed. Although 

these instruments are basically suitable also for the support of stationary fuel cell 

technology, it makes sense to reconcile this list with the results from the determination 

of barriers and drivers described in section 6. For the total effectiveness of each policy 

instrument depends as much on its basic function with regard to the objective to be 

pursued as on the response of the regulated parties and other stakeholders to that 

policy measure. In order to do this reconciliation, each policy instrument proposed in 

section 7.3 is assigned to one of the behavioural domains and then all instruments are 

selected and ordered according to the weight and significance of the respective domain 

as a driver or barrier for the engagement in stationary fuel cell technology. 

7.1 Relevance of policy instruments for the station ary fuel cell case 

Just as a summary of section 6, it may be recalled that technical control (TC), 

economic risk (ER), environmental risk (EV) and collective pressure (CP) were most 

important, followed by regulatory (RP) and market pressure (MP), organisational 

learning (OL), strategic alliance formation (AL) and research network formation (NW). 

Two of these domains, OL and AL, were ruled out as targets for policy intervention 

because they are considered as illegitimate targets of policy intervention or are likely to 

lead to undesired side-effects with regard to market competition. On the basis of the 

remaining domains and their relative importance, the following list of supportive policy 

measures may eventually be stated: 

·  Subsidisation of research and technology development (incl. demonstration 

projects) as a means to increase the companies’ control of the technical difficulties 

(TC): the high importance assigned to this instrument appears to be confirmed by 

the actual difficulties of several companies (e.g. Sulzer-Hexis) to enter successfully 

the process of commercialisation. In this context, it is important to distinguish, and 

accordingly support, basic and material research, device integration and 

manufacturing technology. For all but the first category, projects should be designed 

as public-private partnerships; 

·  Acknowledgement and awarding of pioneer entrepreneurs could be an instrument 

for increasing the innovators’ confidence in, and the consumers’ attention to, 

stationary fuel cells;  

·  Additionally, though somewhat later in the innovation process, public information 

and education can enable customers to make well-informed buying decision in 

favour of the new (superior) technology. In both cases, the increase in demand (and 
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confidence) will lead to a decrease in the entrepreneur’s perceived economic risk 

(ER). 

 In a wider, social perspective, the latter two measures would not only signal the 

(future) relevance of stationary fuel cell technology, but also raise concern about the 

environmental problem that may be solved by means of them – leading to increased 

collective pressure (CP) in both cases and to increased environmental risk 

perception (EV) in the latter.  

·  Basically, public procurement and demand-oriented support schemes are suitable 

instruments for increasing the demand for stationary fuel cells and braking the 

chicken-egg cycle of low production volume and high price. Eventually, this allows 

the new technology to become more competitive and decreases the economic risk 

(ER) of the entrepreneur. However, both instruments need to be handled with care: 

public procurement because it can easily lead to unjustified discrimination of 

competing technologies and demand support schemes because they can easily give 

rise to a pro-subsidization mentality of the beneficiaries. In order to avoid 

discrimination in the former case, the call for tender preceding public procurement 

must refer to the functional advantages (e.g. low carbon dioxide emission) of a 

cleaner technology, but not to the technology as such.  

 In the case of demand support, it is necessary to find the right scheme as well as 

the most efficient time course. Essentially three such schemes are actually used in 

Europe mainly to increase the proportion of renewable power in electricity 

generation (Ragwitz 2005) but also in favour of cogeneration: (1) feed-in tariffs (e.g. 

Germany), (2) a premium paid in addition to the market price (e.g. in Spain) and (3) 

quota (often in combination with green certificate trading, e.g. UK). As Ragwitz 

(2005) shows, the effectiveness of both the feed-in tariff as well as the premium 

system is much higher than that of the quota system, which suffers from the 

uncertainty associated with the price of the green certificates. Although this price is 

actually even higher than the premium price, there is no guarantee that it will 

continue to be like that if, for instance, the actual capacity exceeded the quota. With 

regard to the stationary fuel cell, there is another reason why quota may be little 

effective. The quota always leads to the preferential employment of the most cost-

effective technology – at the moment block-heat-and-power devices in the case of 

cogeneration support. Feed-in tariff and premium system can easily account for 

different technologies by assigning different tariffs or premiums. With quota this is 

difficult to accomplish and usually not intended.38 

                                                

38  The size of the tariff or premium and its respective change over time is very important for its 
efficiency. It will be discussed below in the context of the time strategic considerations. 
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·  In the present, early state of their technological development the price to be paid for 

technological devices like stationary fuel cells are far from competitive. Under these 

circumstances, subsidisation giving rise to competitiveness in the mass market for 

heat-and-power devices can be a fairly expensive undertaking many policy makers 

are not willing to engage in. As an alternative, it is possible to look for, identify, and 

possibly create temporally, regionally and functionally limited markets (so-called 

niche markets) in which higher prices can be achieved and, thus, substantial 

quantities can be sold with lower subsidies. The cost digression achieved by 

supplying this market can then be used to enter the next market niche with lower 

prices but also lower costs – a strategy called niche management (see IEA (2000, 

pp. 64–74) for the case of photovoltaic cells). Existing niche markets for stationary 

fuel cells are stand-by emergency power supply (in countries with unreliable grid 

power supply), pollution-free power supply (mainly in urban areas with excessive 

power demand) and remote power supply in rural areas.  

·  While being demand support schemes, public procurement and niche management 

should be regarded as temporary instruments to bring about cost digression and, 

eventually, a level playing field for the competition between established and new 

technologies, the internalization of otherwise external costs can give rise to a 

permanent economic disadvantage for many environmentally sound technologies. 

Here the integration in an existing consistent and effect-oriented certificate trading or 

environmental tax scheme is the instrument of choice. In the case of the stationary 

fuel cell, integration in the greenhouse gas emission trading scheme of the EU is the 

most evident option, but a real carbon tax (not to be confused with the German eco-

tax) could do a similar job.   

·  The initiation and coordination of research networks (NW) is considered as very 

important by company managers and policy makers alike. But while being very 

popular as low-cost instruments, network formation as such is only the necessary 

condition for successful R&D to take place. Eventually, it will be essential that the 

networks are able to acquire sufficient financial resources to do their research (see 

subsidisation of research and development, above) 

·  The coevolution of a long-established technology and its regulatory environment 

often results in a bias in disfavour – that is, lock-out – of a radically new technology. 

The same argument basically applies for technical standards. This regulatory 

pressure (RP) on, and technical incompatibility of, the new technology, which is the 

unintended outcome of past legislative action but in no way justified by the 

regulatory objectives, can be abandoned at relatively low cost. For the fuel cell and 

hydrogen as its favoured fuel this is currently being investigated and changes 

proposed in the European Integrated Hydrogen Project funded by the EC.  
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 A similar problem relates to the service personnel required for the installation, 

maintenance and repair of fuel cells. Like in the case of heat-and-power generation 

in general, the stationary fuel cell requires a combination of two traditional types of 

technicians: the heating engineer and the electrician. The realisation of this 

combination in turn requires a new type of education and, especially in Germany, a 

new legal specification of technicians who will than have the exclusive right to 

service fuel cells and related devices. In order not to constitute a barrier for the new 

technology, the latter issues need to be settled prior to the beginning of the 

commercialisation of stationary fuel cells. 

·  It was shown in section 6 that market pressure (MP) is not an important driver for an 

engagement in stationary fuel cell technology. Nor was this expected with regard to 

its early state of development. With respect to the market in which stationary fuel 

cells are to be commercialized, by contrast, market power of the market incumbents 

at the disfavour of newly entering technologies appears to be a more relevant 

phenomenon. In order to allow independent industrial power producers to engage in 

the set-up and operation of stationary fuel cells, guaranteeing free market access is 

the most important issue. Although industrial operators of heat-and-power plants 

tend to use the main part of their heat and electricity themselves, it is important that, 

regardless of the feed-in tariff or premium they may receive, they can access the 

grid and sell excess power to the market at reasonable prices.39 

·  Road maps, regulatory impact assessment and stakeholder involvement are higher-

level instruments that cannot be assigned to a specific behavioural domain. They 

rather constitute the background for the successful working of the other instruments 

by planning and coordinating them and furthering the social acceptance of the new 

technology as well as the policy instruments used for their implementation. 

Although, due to their special character, these instruments have been placed at the 

end of the list, they should be leading it with regard to their importance.  

On the EU level, a road map has already been designed by the High Level Group 

for Hydrogen and Fuel Cells Technologies. On the national level, first steps towards 

such comprehensive instruments are made in Germany, where the installation of 

BERTA and HYBERT helps to coordinate the activities of various ministries, 

research institutes and private companies in the field of fuel cells (and hydrogen). 

Activities like this are very crucial, because as potential (co-)sponsors and 

immediate providers of the (national) institutional framework, national and local 

governments are still of highest relevance for most companies. Generally, the 

                                                

39  Like in Germany, feed-in tariffs are usually combined with a guarantee of demand, while in 
the premium system, suppliers carry the risk of changing demand. 
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installation of a higher-level institutions and its formation of a kind of roadmap are 

very useful because they lead to the involvement of many stakeholders and, thus, 

contribute to an increase in the wide-spread acceptance of the hydrogen and fuel 

cell technology. 

A regulatory impact assessment would be another very useful instrument to be 

employed because knowing what the implementation of stationary fuel cells will 

cost, what the benefits are and who will bear benefits and costs will increase the 

acceptance of the related policy measures. At the actual early state of fuel cell 

development, however, an impact assessment is characterized by high uncertainty 

because the eventual benefits and, all the more, costs are to a large extent 

unknown. 

With the exception of the last point, the order of policy instruments proposed in this list 

reflects their relevance in terms of effectiveness, that is, by which of these measures 

the strongest possible increase of motivational drivers or decrease of barriers can be 

achieved with a given degree of effort. Effort, in this context, refers to the degree to 

which this measure is employed, not necessarily to its costs. The acknowledgement 

(and awarding) of a pioneer’s achievement and public information on the one hand and 

public procurement and demand-oriented subsidies on the other are both believed to 

be necessary prerequisites for a decrease in economic risk perception. With regard to 

actual monetary costs, the former instruments are rather inexpensive while the latter 

are quite expensive. In terms of policy, the order of the list nevertheless provides us 

with a first hint as to which measures would preferably be executed or omitted in case 

the available budget did not allow the government to carry out all measures.  

7.2 Strategic employment of effective policy instru ments 

With regard to the development of a comprehensive strategy of political intervention in 

favour of a clean technology such as the stationary fuel cell, finding the most effective 

lever in the latter static sense employed in section 7.1 is only the first step. Owing to 

the dynamic interaction within, and inherent logic of, technology development in 

general, it is moreover important that different means of intervention follow a certain 

logical and, thus, temporal order. Disregarding this order may result in the failure to 

reach some or all of the aspired objectives or, at least, in a waste of resources. 

In the case of photovoltaic cells, for instance, it may be questioned whether it was 

useful to initiate competition with grid-connected large power plants right from the 

beginning by introducing the actual schemes of feed-in tariffs. Alternatively, the 

employment of market niches with premiums paid for specific properties like remote or 

pollution-free energy supply may have allowed keeping subsidies at a significantly 
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lower level. Pushing battery-electric vehicle technology by the Californian Zero 

Emission Vehicle Mandate in the 1990s is a prominent example of failed technology 

forcing policy, where regulatory pressure to commercialize this technology was applied 

before the technology itself was established.  

Accordingly, the strategy for political support of the development and adoption of 

stationary fuel cell technology proposed in the following will account for both static 

efficacy and dynamic efficiency. 

1. It does not make sense to employ any measure of support for a specific technology, 

if, at the same time, the technology path pursued by research and technology policy 

is not consistent with other policy objectives including resource, energy, 

environmental and industry policy, to mention only the most important policy arenas. 

Moreover, a variety of policy instruments is employed to attain the technology 

transition intended. In this sense, integrated policy initiatives like FreedomCAR in 

the USA, HyWays in the EU (including the corresponding road maps) and HYBERT 

in Germany act as a kind of coordinating device for different policies and different 

instruments used in these policies. Additionally, such initiatives convey the message 

that the search for the basic elements of a future hydrogen economy is a challenge 

of national importance and, at the same time, illustrate this importance by the money 

and other resources they intend to spend for this purpose and the seriousness of 

their undertaking by the inclusion of a wide variety of actual or potential 

stakeholders. Political governance of this kind can dramatically increase the 

effectiveness of technology development. It does not render the other measures 

unnecessary, but it will increase the motivation of relevant actors in favour of an 

engagement in the new technology and, thereby, accelerate the development 

without spending more money or better resources. With regard to the time line, 

these favourable conditions should be maintained from the very beginning to the 

end of the innovation phase. Afterwards, in the diffusion phase, governance may not 

be so much essential anymore, but it may nevertheless by helpful with regard to 

social acceptance. 

2. Since the development of stationary fuel cells represents a radical technology 

change and is therefore associated with a high degree of uncertainty, entering and 

continuing the innovation phase by means of R&D support is a necessary 

precondition for technology development of this kind to become initiated and 

maintained. If, due to low or wrong R&D support, the technical development turns 

out to be too slow or even fail, all later effort with regard to commercialization (see 

below) will be largely useless and, again, a waste of resources.  
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 In the very beginning of the innovation phase, it is quite useful to support the 

constitution of research networks in order to collect and focus the know-how existing 

in different contexts and combine it with new know-how referring specifically to the 

new technology. Existing examples of such institutions in Germany and elsewhere 

(see section 4.2) illustrate that, with regard to the stationary fuel cell, this phase has 

essentially passed by.  

 Nowadays, R&D activities are concentrated in specialized companies. The 

technology basically works; nevertheless, important near-term challenges for 

stationary fuel cells are the increased durability, reliability and lower costs of 

prototypes, but even more so pre-series manufacturing. Challenges of the future will 

be higher fuel efficiency and higher-temperature fuel cells with the capability of 

being modulated in order to be integrated in virtual power plants.  

 Important elements of R&D support in the later phase of innovation are finally 

demonstration projects which show the workability of a new technology, but are 

often difficult to initiate by the innovating company alone because of the quantity of 

financial capital needed and the high risk associated with this investment. The UK is 

an evident example of a sub-optimal policy with regard to demonstration projects, 

since there is only a single stationary fuel cell working despite a competent R&D 

community of several renowned firms.  

3. In parallel with technological advances, it makes sense to start furthering the social 

acceptance of stationary fuel cells by means public information and education, such 

that missing acceptance does not amount to a failure of commercialization later on.  

 Awarding technological pioneers and acknowledging first-mover entrepreneurs is an 

additional way of signalling where technological progress may be heading and were 

it is safe to invest for entrepreneurs as well as consumers.  

4. In parallel or even prior to the implementation of demand-oriented support (see point 

5), it is important to remove institutional barriers that, over time, tend to develop a 

bias in favour to the established technology and, accordingly, in disfavour of all more 

radical innovations. Once these barriers are removed and, as a consequence, the 

new technology comes to prevail, the likelihood is low that the old institutional 

setting will reconstitute automatically. However, there is a substantial likelihood that 

a new bias in favour of the then dominant technology will come into being and 

constitute a barrier with regard to potential successor technologies. With regard to 

the stationary fuel cell, this is not likely to become a problem, because existing legal 

norms and technical standards are at best further relaxed, but not likely to become 

more restricted once the fuel cell prevails. 
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5. In order to increase the volumes of production and sale and, thereby, break the 

chicken-and-egg cycle giving rise to persistently high prices, two complementary 

strategies can be employed: demand-side support schemes such as investment 

subsidies (i.e. loans) for buyers of stationary fuel cells and feed-in tariffs for the 

electricity generated by these devices can generally increase the incentives to buy 

such devices; additionally, the financial effort needed for this approach can be 

reduced by the search for, and use of, niche markets, be they “natural” or created by 

regulation.  

 For the stationary fuel cell, a first approach to a feed-in tariff is realized in the 

German Cogeneration Act (KWK-Gesetz) where fuel cells receive the same support 

as other cogeneration plants. This is more an attempt not to treat the fuel cell worse 

than the established cogeneration technologies, but at its current size, the support 

does not at all account for the actual state of stationary fuel cell development. At the 

moment, this is not so much a problem because, in the actual early phase of 

development, being first mover and acquiring a positive image is more important for 

the operators’ and users’ than making money. Once the first-mover potential is 

exhausted and raising broader demand requires the implementation of adequate 

feed-in tariffs, it is also of crucial importance that, in order to avoid windfall gains, 

these tariffs account for the cost digression due to economies of scale and learning 

effects and are phased out as early as possible. Should any competitive 

disadvantages from internalization of environmental costs be left after scale 

economies and learning have become fully effective, than these should be 

compensated by inclusion of the technology’s relevant inputs or outputs into 

certificate trading or Pigou tax schemes (see below). 

 Although several niches for selling stationary fuel cells are known not the least from 

actual sales of the only commercialized stationary fuel cell, the phosphoric acid fuel 

cell (PAFC) from ONSI (now UTC Fuel Cells), there is no actual evidence for active 

niche management from the part of policy. After the recently announced phase-out 

of fuel cell-related activities of Sulzer-Hexis and Vaillant in the residential fuel cell 

market, the beginning of the commercialization of the more advanced polymer 

electrolyte membrane (PEMFC), molten-carbonate (MCFC) and solid-oxide 

stationary fuel cells (SOFC) is not foreseen before 2010; so, there is some time left 

for the implementation of a more adequate demand-oriented policy. 

6. While feed-in tariffs can ensure that fuel cell-generated power is competitive in the 

early stage of commercialization, this is a necessary, but not a sufficient condition. 

In order for the condition to become sufficient, it needs to be ensured that despite of 

the market dominance of the established power producers, also independent 
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industrial power producers who often employ the more advance technology get 

equal access to the market – that is, to the grid. Without this free access (and the 

removal of regulatory bias), commercialization will be rather ineffective despite any 

demand-oriented support schemes.  

7. Because emission certificate trading schemes and Pigou-type environmental taxes 

are fundamental economic mechanisms for the compensation of systematic 

competitive disadvantages arising from the stronger internalization of environmental 

costs by cleaner technologies like stationary fuel cells, inclusion of the new 

technology in these schemes is the only support that is to be maintained in the long 

run, even after competitiveness has been reached. In order not to give rise to a 

distortion of competition, all other measures should be phased out as soon as their 

legitimized causes disappear. The initial inclusion of the new technology into this 

scheme should occur as early as possible, because this also allows for a clear 

distinction between different justifications for different measures. 

All the measures described in the preceding paragraphs including their adequate time 

courses are summarized in Figure 7. 

Figure 7: Time schedule including all political measures supporting the technology 
development of the stationary fuel cell. (The bold grey line represents the 
capacity increase of stationary fuel cells.) 
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7.3 Comprehensive stationary fuel cell-specific tec hnology policy – 
a conclusion 

The time schedule shown in Figure 7 starts sometime in the past and extends far into 

the future. The actual state of development is about at the end of the second third of 

the innovation phase. The commercialisation and, thus, the diffusion phase are 

expected to start around 2010. So, at the moment, demonstration projects are being 

installed while R&D support is still needed. Offsetting the possible regulatory bias, 

introducing adequate demand-oriented support schemes and developing niche 

management strategies are activities that need to be conducted soon if the further 

development of stationary fuel cells is not to be impeded and, thus, delayed. More 

market-oriented measures like adequate feed-in tariffs and ensuring free market entry 

and integration into a certificate-trading or environmental tax scheme could be started 

right now but will not be essential until the beginning of the diffusion phase.  

Beyond all these single instruments, the entire process of technology support – from its 

very beginning to the end – should be accompanied by governmental guidance 

signalling a certain commitment in favour of the new technology because without such 

a commitment, the trust in the future of stationary fuel cell technology will be limited 

and a part, if not all, of the resources invested will be wasted. 
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8 Conclusions, Recommendations and next steps  

Compared with the established technology of gas engine-driven block-heat-and-power 

devices the stationary fuel cell has an important economic as well as environmental 

potential in the market for small (<10MWe) cogeneration plants. From the 

environmental perspective, the advantages of the fuel cell primarily lie in its high 

efficiency (giving rise to lower carbon dioxide emissions) and its low level of pollution 

with respect to emissions of NOX, hydrocarbons and particulate matter. 

From the economic perspective, fuel cells are at the moment much too expensive to be 

competitive with the established technology. However, once the new technology will 

reach competitiveness, the market may be expected to be important. This would be all 

the more true, if cogeneration in decentralized plants generally gained wider 

acceptance. Not the least because stationary fuel cells represent a niche market for 

other applications with an even bigger potential, it would therefore be quite important 

for European economies and the corresponding companies to become major player in 

this market. With regard to the fact that only ten percent of the world’s total stationary 

fuel cell capacity was built by European firms, however, it is quite evident that an 

effective technology and environmental policy is needed to maintain or even increase 

Europe’s actual share in a future stationary fuel cell market. It is also evident from the 

cost-benefit analysis undertaken in section 4.5 that such a policy implies a significant 

investment and a commitment over a period of at least one decade. On the other hand, 

important advantages can be drawn from this investment. By means of their higher 

efficiency, stationary fuel cells consume less fuel and contribute less to the global 

climate change than the corresponding established technologies and, accordingly, give 

rise to savings in terms of emission allowances. Moreover, from the economy’s 

perspective, the development and adoption of stationary fuel cells will create a 

significant number of new jobs that would be lost if the new technology were developed 

and manufactured abroad and then imported. 

With regard to a policy suitable for pushing stationary fuel cells as the future power and 

heat technology employed in the European industry, the barriers and drivers identified 

in interviews and a survey in work package 2 of this project were used to select and 

prioritize policy measures from a long list of potential alternatives. In a second step, 

these policy measures were included in an integrated policy strategy that accounts for 

the fact that the same instrument may not be equally effective at different points in time 

and that the implementation of some instrument(s) may be a prerequisite for the 

effective working of others. In particular, it turned out that the efficacy of instruments 

almost generally depended on the respective stage in the technological development. 

For the stationary fuel cell being in the middle of the innovation phase, for instance, the 
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formation of research cooperation networks and R&D support are still very important 

issues. More indirectly, but nevertheless important, the acknowledgement (and 

awarding) of pioneer entrepreneurs and the government’s explicitly positive attitude 

towards the new technology are generally very effective means of raising the 

impression among entrepreneurs that it makes economic sense to engage in the new 

technology. At the same time, it is important already at this point that the regulatory and 

institutional environment is adapted to the new technology and that the technology 

gains public acceptance through learning about its favourable and discussing its 

negative properties. By contrast, public procurement and demand-oriented support 

schemes, niche management and, all the more, market access for independent power 

producers and integration in existing allowance trading schemes are issues that will 

become crucial only later – at the end of the innovation phase or even at the beginning 

of the diffusion phase.  

Of the policy measures recommended by the list above for the present time, some like 

network formation and adaptation of the institutional framework are being implemented 

quite well: the former on the national or even regional level, the latter mainly but not 

exclusively on the EU level. R&D activities and demonstration projects are supported 

significantly by the EU’s 6th Framework Programme whereas on the national level 

support is still somewhat poorer. Especially in Germany, which hosts half of all 

European stationary fuel cell facilities, the situation appears to be somewhat 

inconsistent. With regard to its (self-perceived) image as high-tech country, the fuel cell 

and its development are well supported in principle whereas, from the environmental 

perspective, its actual potential is not that well acknowledged.40 Accordingly, the actual 

financial support for fuel cells in Germany is considerably lower than in Japan or the 

USA. More importantly, the fuel cell, albeit being broadly discussed in initiatives like 

BERTA and HYBERT, is not part of a publicly discussed road map specifying 

Germany’s path towards a more sustainable, climate-protecting energy supply. In 

accordance with this ambiguity and the (perceived) lack of governmental commitment, 

many companies consider an engagement in stationary fuel cell technology as quite 

risky and therefore abandon or, at least, do not extend it. 

What needs to be done? Like the USA and Japan, the EU actually develops its road 

map towards a future including hydrogen and the fuel cell. These activities need to be 

complemented on the national level in order to raise the companies’ willingness to 

engage in the risky undertaking of developing or adopting the stationary fuel cell 

                                                

40  While this argument basically applies only to the mobile fuel cell, it is the latter type that 
determines the public perception of the entire fuel cell technology. 
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technology. Second, more money needs to be spent on demonstration projects and on 

research related to the function of fuel cells itself but even more to the related 

manufacturing processes. Later, it will be necessary to implement substantial subsidy 

schemes. In order to keep the burden of these schemes as low as possible, stationary 

fuel cells, like cogeneration in general, should be fully integrated in the existing 

allowance trading scheme and extensive use of niche market strategies should be 

made. Finally, public information and education should be extended right from the 

beginning in order to increase, first, the public acceptance of stationary fuel cell 

technology and, later, the demand for these devices. 
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