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Abstract

Energy shortage in the world has forced governments to find new sustainable energy resources such 
as hydrogen which is consumed as fuel in fuel cell. Iran has some experiences on new and 
renewable energy resources but it has not being experienced in fuel cell as an energy converter for a 
long time. Recently, some policies have been made on this technology and some progresses are 
observed, but there is not any exact information about the technology level of fuel cell in Iran. 
In this paper, technology level of ‘fuel cell’ has been measured in Iran by technological capability 
model. Required information has been gathered through questionnaire method. The questionnaire 
was designed according to the dimensions o f technological capability model which includes
Proximity to the technological frontier, Depth of Development, Sophistication of Use, 
Pervasiveness and Indigenization that was filled out by experts who have experiences in this field.
The result of the study indicates medium technology level (49.7%) of fuel cell in Iran. The 
dimensions of Pervasiveness Proximity to the technological frontier are weaker than others, so this 
innovational product is not in an international competitiveness level, but in comparison with most 
developing countries indicators show an improving condition. 
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1. Introduction

Renewable energy resources have an important role to play in this era. Shortage and decreasing of 
energy resources, security arising from energy supply, environmental pollutions and supplying 
cheap energy resources are the main factors which push the governments to invest in new and 
renewable energy resources. 
Increasing the share of renewable energy in the energy balance enhances sustainability. It also helps 
to improve the security of energy supply by reducing the community's growing dependence on 
imported energy sources.
Renewable energy sources are expected to be economically competitive with conventional energy 
sources in the medium to long term [1].
In terms of climate change, they are a horror story, each plant dumping millions of tons of heat-
trapping carbon dioxide into the atmosphere each. But if coal could be burned relatively cleanly, the 
industry's carbon emissions could conceivably be reduced by hundreds of millions of tons a year.
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The need for community support for renewable energies is clear. Several of the resources, 
especially wind, small-scale hydro power, biomass, solar, geothermal are going to be economically 
viable and competitive. The others, especially photovoltaic and hydrogen depend only on (how 
rapidly) increasing demand and thus production volume to achieve the economy of scale necessary 
for competitiveness with central generation. 
In fact, looking at the various sector markets shows the shaping of huge market for the appliances 
ever increasing. 
Fuel cell is a kind of energy converter. Some special materials use as fuel in it which most of them 
produce hydrogen in their processes. Many people know fuel cell as a main energy converter in 
near future which can apply in various places [2].
Fuel cells are electrochemical devices that convert the chemical energy of a reaction directly into 
electrical energy. The basic physical structure or building block of a fuel cell consists of an 
electrolyte layer in contact with a porous anode and cathode on either side [3].
It produces electricity from external supplies of fuel (on the anode side) and oxidant (on the cathode 
side). These react in the presence of an electrolyte. Generally, the reactants flow in and reaction 
products flow out while the electrolyte remains in the cell. Fuel cells can operate virtually 
continuously as long as the necessary flows are maintained.
A fuel cell system running on hydrogen can be compact, lightweight and has no major moving 
parts. Because fuel cells have no moving parts, and do not involve combustion, in ideal conditions 
they can achieve up to 99.9999% reliability [4].
Fuel cells are very useful as power sources in remote locations, such as spacecraft, remote weather 
stations, large parks, rural locations, and in certain military applications [3].
Some main benefits of fuel cells are as Low to Zero Emissions, High Reliability/High Quality 
Power, Fuel Flexibility, Security, Modularity/Scalability/Flexible Sitting and Lightweight/Long-
lasting Battery Alternative [5]. 
Because of mentioned items the world of fuel cell industry grows severely. 
Fuel cells and hydrogen are now being regarded as technologies that can alleviate the World’s 
dependence on oil, reduce harmful emissions, increase security of energy, easier energy distribution 
and create thousands of new jobs. 
Fuel cell is one of the wide spread scientific fields with a variety of applications. It’s industrial, 
economical, and social effects are enormous and dissimilar. It is obvious that any organization or 
company whose interest is directed toward using this technology has to focus its activities on this 
field. The company has to get and apply this technology according to its defined duties [2].
As the technology of fuel cell is in high-tech level, achieving it needs accurate planning. 
Now a day, these activities in the field of fuel cell technology are mostly of investigation type and 
include special cases. Fuel cell technology is a young technology in Iran [6].
In continue we take more consideration on the activities of Government, Research and Academic 
Centers and Industries in this field. 

Government
Note to the importance of fuel cell technology and worldwide planning and investment on it, made 
believe that the development of fuel cell technology in Iran needs national resolution as well as 
attendance of the all interested parties.
Since minor and unfocused activities will not lead Iran toward fuel cell technology, it is essential to 
achieve to a unique policy for collimating these activities with resource management strategies. For 
these reasons and also developing of fuel cell technology in Iran and after holding “the first Iranian 
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fuel cell conference” in Sharif University of Technology in 2001, Steering Committee of fuel cell 
was established in Iran Renewable Energies Organization in February, 2002 [1].
Objects of Fuel cell's Steering Committee are as study the necessity of applying the fuel cell 
technology in Iran, recognition the existing potentials, recognition and determination of the research 
primaries in fuel cell and related technologies, to gather together those who are active in this field 
and decrease the parallel activities, determine national document for steering the development of 
fuel cell technology in Iran.
During the first sessions, The Committee approved to research about the degree of fuel cell 
technology attraction in Iran and by what way the government should be encounter it. Therefore the 
project of “Feasibility Studies and the Analysis of Fuel Cell Attraction and Determination of its 
Development Strategy in Iran" was defined by the Steering Committee and its execution has been 
undertaken by MAGFA [6, 7]. “Strategic national document of fuel cell technology development in 
Iran” is result of the project which was approved by the government of Iran in 2007 [8].

Research and Academic Centers
The activities in the field of Fuel cell technology have begun for about 15 years ago with some 
small research projects in the universities. Some of universities which are working in this field are 
as Tarbiat Modares University, Sharif University of Technology, Iran University of Science and 
Technology, Mazandaran University, Shiraz University, Khajeh Nasir-al-Din Tousi University,
Research Center of Jahad Esfahan and Research Institute of Petroleum Industry [9].

Industries
As there is not very big and important private companies in the market of Iran, So R&D activities 
do not perform in there. Most of them just think to a routine production and have no any strategy for 
their business. The share of R&D in Iran shows the claim very well. We can just see a main project 
in IKCO as a big governmental company which cut incomplete. In private companies we may find 
the name of ‘Parsian Pouya Polymer’ which directs under a NGO [1, 9].
In this paper we have assessed the level of fuel cell technology in Iran using experts’ opinions and 
by the means of technological capability model. Detecting technology level can helps strategists and 
government to plan better programs to achieve better rankings.

2. Description 

Concepts of technology management generally are more qualitative [10]. But if we can show the 
result of studies in this filed to quantitative modes, understanding of it will be easier and it can be 
more comparable [11]. In this paper after a survey on the situation of the technology in Iran in the 
sector of government, academic and industries, we use technological capabilities model to achieve 
the capability and technology level of fuel cell technology in Iran. In this regards we explain the 
model.
The main advantage of the model is giving a quantitative index to a capability in a technology and 
finally in analyses the level of technology. As shortage of information in different dimensions of 
fuel cell technology in Iran, we attribute a minimum and maximum score to have an acceptable 
span. In continue we take the opinions’ of experts for identifying the minimum international 
competitiveness level of fuel cell technology in Iran. It can help us to take the distance of Iran and 
international level of technology [12, 13].
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3. Methodology

While it is tempting to try to derive a single index to reflect a country’s high-tech capability, such 
an approach is unlikely to provide the depth of understanding needed for policy- or strategic 
decision-making. A meaningful representation of a country’s high-tech capability must be based on 
an evaluation of that country’s capability in the individual technologies that constitute this broad 
category. This is true for at least two reasons. First, countries seldom exhibit uniform capabilities 
across all technologies. Second, an evaluation of a country’s ability to pursue particular applications 
will in part be based on an evaluation of the technologies needed for that application, not 
necessarily the broad spectrum of all high technologies.
While there are certainly country-based features (e.g. government policy, overall state of the 
economy, etc.) that impact broad categories of technologies, considerable analytic insight will be 
lost if too coarse a perspective is taken. For this reason, we will focus our definition of high-tech
capability, at least initially, on capability with respect to individual technologies.
There are many ways in which a particular technology can be said to “exist” within a particular 
country.
These possibilities range from no presence at all, to examples of imported installations, to instances 
of domestic involvement in some, but not all, aspects of development and/or production, to the 
presence of a fully developed, internationally competitive industry producing that technology. 
Evaluating the state of a country’s capability with regard to that technology is significantly more 
involved than simply identifying the most advanced form of that technology in that country [12].

Technological Capability Model

Dimensions of Technological Capability
Technological capability is a multidimensional concept. While it is often easy to equate 
technological capability with the presence of a particular technology, such a uni-dimensional 
analysis does little to reflect the degree to which the host country is able to employ, distribute, and 
further evolve that technology to meet its needs, or those of potential markets. The latter ability is a 
function not only of the technology, but also of the depth and breadth of that country’s experience 
with the technology. These aspects are reflected in the five dimensions of technological capability: 
proximity of the technology to the technological frontier, depth of development, sophistication of 
use, pervasiveness, and indigenization.
While not completely independent of each other, the dimensions are of a nature that countries may 
exhibit dramatically different strengths from one dimension to the next for the same technology. It 
is an identification of these differences that gives a considerable depth to our understanding of 
technological capability, a depth often lost in uni-dimensional analyses.

Proximity to the Technological Frontier (PTF)
Level 0: (Non-existent) The technology does not exist in this country and, therefore, is 
immeasurably far from the technological frontier.
Level 1: (Obsolete) Technology is several generations behind the world-wide state of the art.
While it may be functional, it is only marginally so, posing significant maintenance and operational
challenges due to the length of time in service and/or changes in the environment of its use to which 
the technology cannot be adapted. The technology may be viewed as a constraint rather than as an 
enabler. Examples: 
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Level 2: (Non-competitive) The technology represents a previous generation, but may still have
useful applications. This level also includes current generation, or near-current, technology that is
not internationally competitive, possibly for reasons related to weaknesses in technological features,
quality, cost, or level of service. Frequently, the output of protected domestic industries falls into 
this category. 
Level 3: (Competitive) The technology is internationally competitive technology, although not
defining the state of the art. Such technology is usually mature, and may have been superseded by 
more recent models. Such technology is sometimes referred to as the “business state of the art,” 
reflecting the common business practice of adopting technology not when it is first introduced, but 
after the technology has stabilized and the price/performance ratios have improved.
Level 4: (Leading) The technology defines the state-of-the-art. It is usually the product of extensive
R&D efforts. Those adopting the technology are considered “early adopters” and are willing to 
endure a significant amount of inconvenience due to the relative immaturity of the technology. 
Although the technology might require hand-holding from vendor, it is more than “research-in-
progress.”

Depth of Development (DD)   
Level 0: (Consuming) No development takes place in the country. Technology, when present, is 
imported as a finished product.
Level 1: (Assembling) Development consists of simple assembly from kits. Little or no process or 
product innovation takes place. Development at this level also includes unsophisticated coding or 
testing of software to detailed specifications provided by customers.
Level 2: (Adapting) Moderately sophisticated development or production is done with significant
amount of external assistance, perhaps via licensing agreements. Work may be done to adapt the 
technology to local conditions. Modest or sub-state of the art development may be performed in its 
entirety. An example of the latter would be the development of small or medium-sized software 
systems without the use of sound methodologies and process management techniques.
Level 3: (Advancing) Domestic firms are actively involved in advancing the relative state of the art 
in some, although not necessarily all, stages of development. For example, basic research and 
product design may be done externally, but domestic firms are active in process innovation and 
other post-design phases. Domestic firms may provide feedback into design phase. Since ‘depth of 
development’ is a different dimension from proximity to the technological frontier, it is possible for 
a country to have great depth of development, even though the results of that development are not at 
world standards. What is important for Level 3 is that there be efforts to improve the product, or 
processes related to its development, even if those products or processes are not considered world-
wide state-of-the-art.
Level 4: (Comprehensive) Basic research, applied research, design, and development, process
innovation, final production are carried out within the country. Supporting technologies and 
services also often originate within country. Some stages may be outsourced, but for economic,
rather than technical, reasons. In this case the country is fully capable of carrying out all stages, but 
may have economic or political reasons for acquiring the output of a stage of development from 
another country.

Sophistication of Use (SU)   
Level 0: (Not) The technology is not used.
Level 1: (Assisted) User community struggles to employ technology in conventional, mainstream
applications, and requires significant foreign assistance or outside pressure to do so. Users may
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desire the technology, but may resist the changes to established practices that are needed to take
advantage of the technology. Users do not push the boundaries of the technology’s capabilities, nor 
does the technology significantly change the way they go about their activities. There are virtually 
no innovative applications. Without outside pressure to use it, the technology will fall into disuse.
Level 2: (Conventional) Usage is limited to conventional, mainstream applications. The user
community may change established practices somewhat in response to the technology, or in order to 
accommodate the technology, but little innovation is done. Few established processes are changed 
dramatically. Using technology to automate, but not fundamentally alter, existing processes is an 
example of sophistication of use at this level. Usage does not push the boundaries of the 
technology’s capabilities. This is the first level at which we can say that the technology has “taken 
hold” in a country.
Level 3: (Innovating) The user community’s use of the technology may result in new applications,
or significant changes in existing processes and practices although these innovations may not 
necessarily stretch the boundaries of the technology’s capabilities. At this level users may also take 
advantage of some of the more advanced features of a technology, taking full advantage of its 
capabilities.
Level 4: (Transforming) The user community is discriminating, and highly demanding. The user
community is regularly applying, or seeking to apply the technology in innovative ways that push
the capabilities of the technology. Existing processes are regularly transformed to prepare for, or in 
response to, new technologies. The user community may play a significant role in driving the local 
state of the art and may have a mutually beneficial and synergistic relationship with developers.

Pervasiveness (P)     
Level 0: (Non-existent) Technology does not exist in a viable form in this country.
Level 1: (Entrant) Experimental or isolated examples of the technology exist. This may reflect the 
first instances of the technology to appear within the country (a growing capability), or a greatly 
reduced level of activity (a shrinking capability). The supporting infrastructure of goods, services, 
and complementary industries is very underdeveloped.
Level 2: (Established) The technology is used by a small number of users, but is not considered
unique. Experience with the technology is accumulating. The infrastructure of goods and services
needed to support broad penetration of the technology throughout the country has begun to emerge.
Level 3: (Common) The technology has been adopted by a significant fraction (although not
necessarily majority) of potential users within the country. The infrastructure of supporting and
related goods and services has become well established, although is not necessarily extensive.
Level 4: (Pervasive) The technology is pervasive. Its absence is more noteworthy than its presence. 
The number of first-time adopters of the technology is quite small. The supporting infrastructure of 
distributors and related goods and services is extensive.

Indigenization (I)       
Level 0: (Observing) There is no involvement by nationals. Operation, maintenance, use, adaptation
of technology performed by foreign personnel, as is whatever development may be taking place. In 
short, the technology is present in a particular county in little more than a geographic sense. An 
example might be a foreign multinational corporation’s use of sophisticated analysis tools in an oil 
field. The only personnel involved with the technology are foreign employees of the corporation.
Level 1: (Operating) National personnel may use and operate the technology, but installation,
maintenance and support, and development and adaptation are performed by foreigners.
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Level 2: (Supporting) Indigenous personnel are significantly involved in the technology’s operation
and use and perform many of the routine, day-to-day tasks, including routine maintenance.
Foreign personnel largely install technology and are involved in non-routine servicing and 
upgrading technology.
Level 3: (Managing) Installation, use, operation, maintenance, management, and adaptation of the 
technology are largely performed by indigenous personnel. However, foreign experts continue to 
provide key knowledge and services in selected areas.
Level 4: (Mastering) Completely indigenous activity. Indigenous personnel are involved in, and
have mastered, all aspects of installation, operation, development, management, use, adaptation & 
innovation of the technology.

  

4. Capability of Iran's Fuel Cell Technology 

As fuel cell technology is a new technology in Iran and there are not a lot of people who engaged 
with the technology, so the quantity of survey population is not high. There is a main criterion for 
selection of experts in this field. Experts have to be familiar with policy making of the technology;
hence it was a serious limitation for us. Survey population was introduced through Fuel cell's 
Steering Committee of Iran. Finally 13 people filled out the questionnaire. 
According to the experts’ opinions we included more than 50 percent of "survey population" in our 
survey, so it seems reliability of the survey is acceptable. 

The statistics of participated people in research plan according to the university degree has shown in 
table 1.

 

Frequency of received completed questionnaire for existing level of Iran’s fuel cell technology has 
shown in table 2. 

Table 2: Existing level of Iran’s fuel cell technology according to the experts’ opinions 

Average
Score of received 

answers (0-4)
DimensionItem

1.97 (49.25%)
1.34  MinProximity to the technological 

frontier, (PTF)
1

2.59Max

2.79 (69.75%)
2.79Min

Depth of Development, (DD)2
Max

1.88 (47%)1.5MinSophistication of Use, (SU)3

Table 1: Statistics of participated people in research plan 
according to the university degree.

Degree Quantity Frequency (%)
BS 4 ≈ 31
MSc 7 ≈ 54
PhD 2 ≈ 15
Total 13 100
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2.26Max

1.34 (33.5%)
0.88Min

Pervasiveness, (P)4
1.80Max

1.89 (47.25%) 
1.38Min

Indigenization,(I)5
2.40Max

1.97 (49.4%)Total Average

According to the experts’ opinions, technology level assessment of Iran’s fuel cell which has shown 
in table 2 is between '1.34-2.79' out of 4 ('33.5-69.75' out of 100). It means the pervasiveness is the 
weakest dimension and the government should have more emphasis on it. Also total average of 5
dimensions of the way of development in this technology and it should take more attention on the 
technology.

  

5. Assigning minimum quantitative level of technological capability for international 
competitiveness level

As an essential matter it is very important that we know the competitiveness level of the technology 
because it could be possible to plan according to it.
Also comparison between existing condition and global competitiveness level can shows weakness 
and strength of the technology.
Frequency of received completed questionnaire for international competitiveness level of fuel cell 
technology has shown in table 3. 

Table 3: International competitiveness level of fuel cell technology according to the 
Iranian experts’ opinions.

Score of received 
answers (0-4)

Dimension Item

2.59 (64.75%)Proximity to the technological frontier, (PTF)1
2.92 (73%)Depth of Development, (DD)2
2.96 (74%)Sophistication of Use, (SU)3
2.38 (59.5%)Pervasiveness, (P)4
2.65 (66.25%)Indigenization, (I)5

2.70 (67.5%)Average

  
According to the survey and experts’ opinions, minimum quantitative level of technological 
capability for international competitiveness level of fuel cell technology basis on Iranians experts' 
opinion has been shown in table 3. As it is shown total amount of all dimensions for international 
competiveness level of fuel cell basis on Iranians experts' opinion is 67.5 out of 100. It means that 
Iran’s fuel cell technology level (49.4%) is not as much as other pioneering countries and a good 
development plan in this technology can reach Iran to other pioneering countries.  
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Comparison between level of Iran's fuel cell technology and international competitiveness level of 
fuel cell technology has shown in diagram 1.

Diagram 1: Technology level assessment of 
Iran's fuel cell according to the experts’ opinions

1.89
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1.88

2.79
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2.65
2.38
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2.59
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0
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1
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PTF DD SU P I

Dimensions of Technological Capability

L
e

v
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Index level of Iran’s fuel cell technology 

International competitiveness level 

It is clear that depth of development is near to international level but Iran's fuel cell technology 
has meaning different in sophistication of use in fuel cell technology (27%, table 4).

Table 4: Comparison between Iran and international competitiveness level of fuel cell 
technology.

IPSUDDPTFDimensions of Technological Capability
44444Index Level

1.891.341.882.791.97Level of Iran's fuel cell technology
2.652.382.962.922.59International Competitiveness Level 

1926273.215.5
Difference of International 
Competitiveness Level & Level of Iran's 
fuel cell technology (%)

52.766.55330.250.7
Difference of Index Level & Level of 
Iran's fuel cell technology (%)

6. Retardation reasons of fuel cell technology in Iran

Some main retardation reasons of fuel cell technology in Iran are as the followings:

1- Governmental planning: supportive governmental programs can help growth of technology 
special in high-tech which it needs massive governmental support. Unfortunately there has been any 
clear strategy and plan up to 2004 in Iran, but strategic national document of fuel cell technology 
development in Iran was approved in 2007 by the government. Subsequently operation plan of the 
technology was prepared in Iranian organization of new energies. 
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2- Lacking of strong scientific associations and institutes: industrial and scientific progress needs 
strong support. Scientific and research centers like as universities and associations are the main 
centers. In this regards financial supports have the main role. Unfortunately lacking a good plan 
special in financial part has caused unsuccessful result. 
3- Huge amount of fossil fuel: It is one the main factors of disability in development of new and
renewable energies in Iran. As a matter of fact, because of having fossil fuel resources special oil, 
the fossil fuel has been as a cheap fuel for countries like Iran. This subject has been caused 
neglecting for planning in green and renewable energies by the government.  
4- Lacking of pioneering and technological companies: As the share of R&D in undeveloped 
countries is not so much and enough, so most of companies are kept weak and are not technological 
companies. Most of them transfer technology from foreign countries and they do not have strong 
engineering knowledge. 
5- Parallel activities: parallel activities cause wasting resources and decrease growth speed. 
Unfortunately some companies and research centers do not have any information about the projects 
doing by others in the country. 

7. Future Activities

The main program for development of the technology is having a strategy and an operational plan 
which supports through government. As the first step these important options have done, but it has 
not been as operational yet. The main activities of promoting this program are allocation of budget 
to R&D, development of national data network, existing scientific poles, equipping of reference 
labs, human resources training, cooperation of big industries and finally guarantee of government’s 
support to allocate required budget and also making mechanism to support products.
Establishing the development office of fuel cell can be the first important step in development of the 
technology.

8. Conclusions

Using technological capability model, capability of Iran’s fuel cell technology as a new and good 
apparatus to developing new electricity technology, as a quantitative index is 49.4 out of 100. 
According to some problems, the level of Iran’s fuel cell technology is not in international 
competitiveness level. 
The dimension of Pervasiveness has the most variation from the highest index in Iran’s fuel cell 
technology. As a matter of fact, attention to ‘Strategic national document of fuel cell technology 
development in Iran’ is a strategy for development of new technologies special fuel cell. In this 
regards, the role of government is very essential, special in the countries which the role of 
government is more obvious than private sectors (like Iran). 
Basis of this survey (Iranian experts’ opinions) it seems the minimum competitiveness level of fuel 
cell technology in international society is 67.5 out of 100.
Having a good rank for Iran can be achievable in near future if made policy convert to a real 
operational plan with a good governmental support.
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