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CHAPTER 1

Introduction

Abdol S. Soofi and Mehdi Goodarzi

A.S. Soofi (*) 
University of Wisconsin-Platteville, Platteville, WI, USA 

M. Goodarzi 
Allameh Tabataba’i University (ATU), Tehran, Iran

Technological progress is a cumulative, evolutionary process. It rarely 
involves a eureka moment. A cursory review of technological develop-
ment across industries and across countries shows that technological evo-
lution has two main characteristics. The first is that technological advances 
depend on the scale of use. The second is that technological progress 
comes out of the actual production processes (Sahal 1981).

The scale-dependent characteristic of technological advances refers to 
the notion that the environment in which technology is used influences its 
long-term development. Several arguments support this hypothesis, that 
the nature of a technology is determined by its scale and the conditions in 
which it is used:

 (1) The efficient adoption of a technology may require a minimum 
scale of operations (for example, large agricultural machinery is 
inefficient if is used in small family farms).

 (2) The structure of a system becomes more complex if it changes 
beyond a certain limit, and a new technology might be required.
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 (3) Certain types of technology need to be used on a trial basis, and 
this trial might be scale dependent.

 (4) The reliability and stability conditions required by a new technol-
ogy may not be satisfied unless changes in the technology are har-
monious with the scale of technology of the larger system it is 
embedded in1.

The second characteristic implies that much of technological prog-
ress occurs by gradual refinement of the existing design. Generally, new 
designs are “unreliable, inefficient, and cumbersome”, and go through 
many refinements and alterations before trouble-free use. Furthermore, 
the gradual progression through practical use towards the final design 
suggests that technological innovations are dependent on experiences, a 
process that is known as “learning by doing”. Learning in this context 
means “accumulation of relevant know-how in an ever changing task envi-
ronment” (Sahal 1981, p.  111). Moreover, deficiencies and failures of 
technologies are important contributing factors for their improvements.

Arrow (1962) defines learning as accumulation of knowledge. Learning 
comes out of problem solving and can only occur through activity. In 
order to build national technological capability, enterprises must collect 
information, apply it, learn from the experiences, and, if successful, cre-
ate new skills, and establish new external relationships (Lall 2000). To 
overcome their latecomer status, firms in the emerging economies must: 
“efficiently buy, use, adapt, improve, and create technologies” (Lall 2000, 
p. 14), where technology refers to a set of knowledge and skills that trans-
forms a combination of inputs into output. In the context of an inter- 
industry transactions table, the entries in each column represent purchases 
by economic sector under consideration from all other sectors whose out-
puts are needed as inputs for production of the output of the purchasing 
sector is determined by the technology in use by the sector.

Technological learning could be superficial at the level of “know-
how”, which implies developing operational capability, or advanced at 
the level of “know-why”, which means developing deep understanding 
of the underlying principles of the technology. The difference between a 
firm having operational capability and understanding the principles that 
form the basis of the technology is very significant for the development 
of technological capability. A firm may be able to operate an imported 
technology reasonably well without having a deep understanding of its 
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nature. But, to innovate and improve the efficiency of the technology 
the firm must learn to decode it. However, even though development 
of “know-why” learning is a prerequisite for imitating and adapting an 
imported technology, it is not an optimum strategy for building the long-
term technological capability of a nation because it depends on improv-
ing imported technology (Lall 2000). So any strategy for the long-term 
indigenous development of technology should break away from depend-
ing on technology imported from abroad.

Developing technological capability goes hand in glove with develop-
ing capabilities in production, investment, and innovation. Production 
capability means the ability to operate, maintain, and improve produc-
tion facilities, while investment capability refers to the ability to expand 
the existing production capacity or establish new productive capacity. 
Finally, innovation capacity refers to the ability to produce new prod-
ucts or services or to produce the existing ones by a new, more efficient 
method (Kim 1997a).

The evolutionary process of technological capability development, 
like the natural evolution, is progressive: firms move from using simple 
to complex technologies, from “know-how” to “know-why”. While all 
countries use technology, the sophistication of the technology varies 
from country to country. On one extreme of the technological spectrum, 
one finds countries with natural-resource-based economy or with labor- 
intensive simple manufacturing industries, and on the other economies 
with advanced technologies and innovative firms.

Based on the models of development of several industries in South 
Korea, Kim (1997a) argues that the technological trajectory of industri-
ally advanced economies differs from that of latecomer economies. We 
refer interested readers to Chapter 4 of Kim (1997a) for a discussion of 
the technological trajectory of the advanced economies; we discuss the 
trajectory of latecomer economies below.

According to Kim, firms in latecomer economies pass through three 
stages of development: acquisition, assimilation and improvement. During 
the acquisition stage, latecomer firms acquire mature technologies from 
advanced countries; this includes parts and processes for assembly, instruc-
tion for production, specification for products, and technical  personnel.  
The production stage involves the assembly of manufactured parts  
imported from the foreign firm that has supplied the technology, and the 
challenge is to implement the transferred technology during production. 

INTRODUCTION 3
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To achieve this goal only engineering talents are required; hence, foreign 
technical assistance is very important at this early stage. However, as the 
local technical skills are developed the importance of foreign experts tends 
to diminish rapidly. By implementation of production process, the technolo-
gies of product design and production are  diffused in the economy. Finally, 
improvement in technology takes place by research and development.

The next technical challenge arises during assimilation of the imported 
technology. Competitive pressure, and the survival instinct (or as the neo-
classical theory would have us believe, the goal of profit-maximization) 
induce the firms importing the technology to increase technical efforts for 
the production of differentiated products. The additional technological 
efforts consist of engineering and development activities, mostly in the 
form of reverse engineering—but not, note, research.

Finally, a combination of assimilating the imported technology, devel-
oping an industrial policy of promoting exports, and increasing local tech-
nological capability, ushers the latecomer firm to engage in R& D and 
eventually catch up with the leading firms in the industry. In this context, 
Samsung Corporation’s efforts in developing semi-conductors technology 
in 1983 are a very illustrative and fascinating story (see Kim 1997b).

The chapters in this volume and an earlier book by Soofi and Ghazinoory 
(2013) show that in technology “learning by doing” has begun in Iran; 
however, the country is at an early stage of the learning processes, and 
has taken big strides over the last two decades in the evolutionary path of 
building technological capability. However, the chapters in Part 2 of this 
book show that the country did not have enough time to pass through the 
acquisition stage of the trajectory.

Determining Iran’s level of accumulation of technological knowledge 
or assessing where Iran is situated on the technological trajectory is a chal-
lenging task. However, the chapters in this book should help us to get an 
impression of the country’s progress.

The book consists of three parts: Part I S&T (science and technology) 
policy formulation, and policies; Part II, the outcome of the policies; and 
Part III, evaluation of policies as well as suggestions for further develop-
ment of technological learning.

Chapter 2 reviews the most important policies of the Iranian govern-
ment for development of S&T in the country. This chapter also discusses 
the future of STI (science, technology and innovation) policies and the 
challenges the country faces in technological development. This chapter 
confirms the view that government could play a determining role in the 
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supply side of national system of innovation and development of tech-
nology by provision of a well-developed scientific and educational infra-
structure.2 Chapter 3 presents a short history of development of New 
Technology-Based Firms (NTBFs) and governmental support for their 
development in Iran. This chapter reflects an optimistic view of the Iranian 
S&T policy makers about the emergence of many potentially successful 
knowledge-based enterprises in the country. Chapter 4 is possibly unique 
in the sense that—to the best knowledge of the editors of this volume—it 
is the first work in the English language that describes the processes of 
development of a National Comprehensive Scientific Roadmap (NCSR) 
of Iran. Again, this chapter presents evidence about the significant role the 
state is playing in S&T development in Iran.

The chapters in Part II are documentations of the outcomes of, albeit 
indirectly, S&T policies in Iran over the last three decades. Chapter 4 
examines the scientific achievements of scholars and researchers in Iran in 
terms of the number and growth of research papers published in interna-
tional English-language journals. The chapter covers the debates among 
Iranian experts on the reason for such a high position, and explores the 
mismatch between advances in scientific output and the inadequate tech-
nological development in the country. The chapter supports the view that 
the education and science policies of Iran have been very successful; how-
ever, the rise in scientific achievements has not led to technological learn-
ing in the industries. Nevertheless, Iran’s educational system has been 
continually supplying well-trained human resources to industries in Iran 
and, through the “brain drain” to the rest of the world.

Chapters 6, 7, and 8 deal with mature, heavy industries. Chapter 6 
reviews the technological development of Iranian petroleum and natural 
gas industry, an industry that forms the backbone of the Iranian econ-
omy. After a short history of the development of the industry before 
and after the Iranian Revolution, the chapter reviews the challenges the 
industry faces, and argues that a shift in managerial paradigm has taken 
place in the industry. Moreover, the chapter discusses the impact of the 
economic sanctions on the industry. Chapter 7 examines the develop-
ment, achievements, and challenges faced by the electric power industry 
in Iran. This chapter also begins with a short history of electricity in 
the country, goes on to review electric energy policies of the country 
after the revolution, and ends with a strength, weakness, opportunity, 
and threat (SWOT) analysis for the industry. Chapter 8 covers the Iranian 
railroad  industry and aims to unravel the factors that have contributed to 
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 inadequate  progress from operational capabilities to innovative capabili-
ties of the industry in the country.

The next four chapters in Part II involve high-technology products: 
pharmaceuticals, computer games, fuel cell, and Internet banking via sat-
ellite communications. The Organization for Economic Cooperation and 
Development (OECD) (2011) characterizes the output of these industries 
as high-technology products. Chapter 9 reviews technological develop-
ment in the Iranian pharmaceutical industry by examining the scope of 
R&D (Research and Development) in pharma and biotech firms, studies 
the progress of molecular research in the industry, and discusses univer-
sity–industry cooperation as well as government–industry collaborative 
activities. Chapter 10 discusses the development of the computer game 
industry in Iran and concludes that overzealous government policies to 
counter western cultural influences in the Islamic Republic have worked 
as a constraining force for full development of the industry. Chapter 11 
reviews the history of the development of fuel cell technology in Iran dur-
ing three periods: the beginnings of scattered fuel cell development activi-
ties (1993–2000), development with limited resources (2001–2007), 
and the emergence of technological challenges that were not perceived 
before (2008–2014). The chapter concludes that the National Plan for 
Development of Fuel Cell Technology may have failed to achieve its goals. 
Finally, Chapter 12 discusses the history of the acquisition of satellite 
communication technology for the development of an Internet banking 
system in the country. The chapter details the development of technologi-
cal capability in a state-owned enterprise (SOE) under duress because of 
imposition of economic sanctions by the USA. The chapter shows how, 
by reverse engineering, the SOE was able to develop the second largest 
network of satellite communication systems (after that of the USA).

It appears that most if not all chapters in this part revolve around a 
common theme: the effect of economic sanctions on both stimulating and 
hindering technological development. The hindrance is due to the inabil-
ity of enterprises to do business as usual and their reliance on imported 
technologies. The stimulating effect comes about by sanctions forcing the 
enterprises to develop the necessary technologies indigenously.

Part III of the book deals with the evaluation of government R&D 
support programs, the effect of sanctions on the economy, and necessity 
of adopting a holistic industrial policy by the state for genuine technologi-
cal capability building in the country. Chapter 13 critically examines the 
current government R&D funding systems in Iran and proposes a more 
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effective national evaluation system for the country. Chapter 14 identi-
fies the factors that contribute to the vulnerability of the country under 
the sanction regime by fuzzy Delphi technique. The chapter formulates a 
framework for identifying the multidimensional effect of the sanctions on 
the national technological system of the country, and proposes policies 
for counteracting the detrimental effects of the sanctions on the system. 
Finally, Chapter 15 discusses the role of the state in economic develop-
ment in general. To overcome some of the challenges Iran faces in techno-
logical learning as discussed in the chapters in Part II, Chapter 15 provides 
specific policy recommendations. These policy lessons are drawn from the 
application of industrial policies in South Korea and mainland China. The 
views expressed in the chapters of this book are the authors’ views and do 
not necessarly refect the views of the editors.

Notes

1. These hypotheses are based on empirical observations of many major tech-
nological developments. Detailed discussions of these points are beyond the 
scope of these introductory comments. We refer the interested reader to 
Chap. 6 of Sahal (1981).

2. For detailed discussion of the national system of innovation of Iran, see 
Chap. 4 of Soofi and Ghazinoory (2013) and for significant role of the state 
in technological development in the Far East, see Lall (2000) and Chap. 
2 in Kim (1997a).
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1  IntroductIon

A review of the history of laws and policies for development of education, 
research, technology, and innovation in Iran indicates a positive trend in policy 
making as regards science and technology over the last thirty years. In fact, 
it appears that the strategic role of the development of science, research, and 
technology are considered very important by the leaders of the country for 
the economic development of Iran and for safeguarding as well as promot-
ing the scientific position and national power of the country in the region. 
Accordingly, this world view forms one of the bases of the general guidelines 
for the scientific, economic, cultural, and technological development of the 
country, the set of strategic plan, which is known as Vision 1404.1



A review of the Iranian national system of innovation shows  considerable 
development of science and technology (S&T) in the country as well as 
noticeable efforts by the Iranian government to promote innovation by 
Iranian firms since the 1980s (Soofi et al. 2013). Without any doubt these 
developments have been guided by an increasing number of laws and gov-
ernmental plans for the development of science, technology and innovation 
(STI) in the country, which raises interesting questions. Did the lack of 
specific policies necessitate enacting new laws, adopting strategic goals, and 
developing STI policies, or were these measures adopted to remedy the 
policy mistakes and errors of existing laws, strategic goals, and policy plans?

To answer these questions, in this study we first review the literature on 
the legislation and decision making in S&T policy. Next, we examine STI 
policy making in Iran, and will review the most important S&T develop-
ment policies in the country. Finally, we discuss the future of STI policies 
and challenges the country faces in technological development.

2  A revIew of defInItIons And concepts

Advances in technologies are one of the important drivers of recent eco-
nomic performance. Over the last 70 years the number of government 
organizations, tools, and policies in support of development of STI in both 
developed and developing countries has increased. The policies are aimed 
at the development of human resources, sciences and technology mostly 
through universities and research institutes (Viotti 2008). Investments 
in scientific research and technological development, consequently, have 
resulted in an increased number of scientific researchers and engineers, 
have brought about a large number of research publications, and have 
resulted in a rapid rate of discoveries around the world (UNESCO 2010).

The ability to create, distribute and exploit knowledge and technology 
has become a major source of competitive advantage, wealth creation, and 
improvements in the quality of life. Evidence shows that the countries which 
were able to act as leaders in STI developmental processes have experienced 
a higher rate of economic growth than the countries which did not adopt 
such policies (Hornidge 2011; Bechmann et al. 2009). Accordingly, one 
of the reasons that many developing countries pay  particular attention to 
STI policies is the key role S&T play in sustainable economic development.

According to the World Bank (2010) the state should play a key role in 
the development of STI by adopting of policies in support of the innova-
tion and technological learning in domestic enterprises that often have 
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latecomer status. Iran is one of the emerging countries that has paid con-
siderable attention to the development of S&T over the past three decades 
(Soofi et al. 2013).

In order to acquire an accurate picture of the STI policies of a country, 
the long-term organizational evolution, the legal infrastructure, and con-
cepts relating to policy making in the country under study must be exam-
ined. With this aim, we will define the terminologies used in STI policy 
making in Iran and other countries.

2.1  Policy

According to the Oxford English Dictionary, policy is a “course or prin-
ciple of action adopted or proposed by a government, party, business or 
individual.” Policy making is defined as the process by which the govern-
ing body aims to achieve the goals of the plans it has adopted, that is, aims 
to realize the desired change in reality.

2.2  Laws

Laws are a set of regulations or behavioral norms that define the inter-
actions among people and organizations, allowing some actions and 
prohibiting others. Governments select a method for enforcement of 
the laws so that certainty among the public about the existence of an 
impartial governance structure is established, and a legal infrastructure 
for punishment of the violators of the laws is created.

The relationship between law and public policy is best described by the 
analogy of “hand in glove”. Harrington and Carter (2009, p. 29) defines 
administrative law as “the mechanism that controls governmental power 
given to administrative branches that gives legitimacy and authority to state 
actions”. According to this definition, administrative laws are used by min-
istries or other government agencies to achieve certain goals. Moreover, 
based on this definition we conclude that not all political documents are 
necessarily laws. However, in many cases they define the framework for 
many new laws that would be passed to achieve the goals of policy makers. 
Additionally, laws define the standards, methods, and principles that must 
be adhered to.

It should be kept in mind that if a law is not obeyed, the violator 
may be prosecuted in a court of law. Viewing the issue from a differ-
ent perspective, policy determines the goals of a government ministry or 
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other public institutions. However, it may be necessary to create laws to 
allow the government to set up the institutions and the legal framework 
for legislations. We should also note that laws must become enforceable 
according to the current policies of the state.

According to the above discussions S&T laws and policies in Iran 
consist of a collection of governance activities that are formulated and 
implemented by the institutions that are in charge of safeguarding public 
interests; institutions such as the Office of Supreme Leader, the executive 
branch, the legislative branch, and the judiciary. It should be pointed out 
that in Iran a policy might assume a different legal weight and implemen-
tation guarantee, depending on the source where the policy was codified. 
There are different forms of official STI policies, which are approved by 
different public institutions in Iran.

For a better understanding of the concepts and terminologies used in 
STI policy making circles in Iran, we define them below:

Laws in Iran
In addition to the general definitions of laws provided above, laws in Iran 
refer to the collection of rules that have been legislated by the legislative 
branch of the state, and signed by the president of the republic.2

The Holistic Policies of the System
The holistic polices of the state refer to the general policies, which are 
publicly pronounced by the Supreme Leader. These general policies pro-
vide the guidelines for the socio-economic, technological, diplomatic, and 
cultural affairs of the nation. The Supreme Leader, in consultation with 
the members of the Expediency Council (EC), arrives at certain strategic 
goals and promulgate them to the public. The holistic policy of S&T is an 
example of these strategic policies.

The National Plans (Documents)
The national documents are those documents that include national policies 
that have been formulated and promulgated by one of the policy-making 
centers like the Islamic Consultative Assembly (Iranian Parliament) and the 
Supreme Council of Cultural Revolution. An example of this sort of national 
document is the National Comprehensive Scientific Roadmap of Iran.
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The Sectoral Plans (Documents)
The sectoral documents refer to the documents that have been developed 
by one of the policy-making centers and contain policies regarding a spe-
cific region of the country, a specific sector of the industry, or a particular 
technology. The 10-year strategic plan for nanotechnology development 
is an example of a sectoral document.

The Five Year Socio-Economic Development Plans
The five year socio-economic development plans are devised by the 
executive branch of the government (the Management and Planning 
Organization in conjunction with the cabinet), approved by the legislative 
branch (parliament), and verified by the Guardian Council (GC) to ensure 
the terms of the plans do not violate the Iranian Constitution or Islamic 
laws. After approval, the GC informs the leader of the parliament, and the 
President of the Islamic Republic of Iran receives authorization to imple-
ment the plan.

Regulations
Regulations define the methods of implementing the laws. They are the 
general provisions, which are stipulated by the agencies responsible for the 
enforcement of the laws to achieve the goals embodied in those laws. As 
such, regulations define the framework for the implementation of the laws 
(Jafari Langerodi 2008). Article 138 of the Iranian Constitution states that 
“In addition to codification of regulations for implementation of the laws, 
the members of the President Cabinet have the right to decree regulations 
for the purposes of implementation of the official tasks, management of 
government agencies, and enforcement of the laws. Each Cabinet Minister 
has the right to decree regulations and issue circulars so long as these regu-
lations and circulars are within the Minister’s authority and do not con-
tradict the decisions of the Cabinet of Ministers; however, the contents of 
these provisions should not contradict the text and spirit of the laws.”

3  the process of polIcy MAkIng In IrAn

As stated above, the S&T policies, depending on applications and intents, 
are formulated by various authorities in Iran. Figure 2.1 shows the institu-
tional map of S&T law and policy making bodies in Iran.
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3.1  The Islamic Consultative Assembly (ICA)

In Iran many laws are legislated by The Islamic Consultative Assembly 
(ICA) which is the Iranian Parliament. Legislations in the ICA begin either 
by submission of a proposal by the executive branch of the government or 
it originates within the ICA. In the former case the proposal is called a bill 
(laheyeh), and the latter case it is called a motion (tarh). After examination 
by the specialized commission, the entire legislative body votes on it and 
if ratified it is sent to GC for approval. In cases when the Council finds 
the proposed law contradictory to Islamic laws or existing laws, it is sent 
back to the ICA. Fig. 2.2 explains the process, showing the sequence of 
law-making intended to support knowledge-based companies and to com-
mercialize innovations and inventions. It should be mentioned that in case 
of a disagreement between the GC and the ICA, the matter is sent to the 
Expediency Council (EC) for the final adjudication (Table 2.1).

3.2  The Guardian Council (GC)

The GC has the task of making sure that enacted legislation does not 
violate the Iranian constitution and Islamic laws. The Council’s member-
ships consist of 6 experts in Islamic law (faqihs) who are considered to be 
conscious of the present needs and the issues of the day. These scholars are 
selected by the Supreme Leader. The other six members of the Council 
are legal scholars (jurists) who are also knowledgeable about the current 

Fig. 2.1 Institutional map of S&T law and policy making bodies in Iran
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conditions and problems of the society. The second set of legal scholars are 
nominated by the head of the judiciary and approved by the ICA. Thus, 
The ICA has no legal status without the GC. Any bill passed by the ICA 
must be reviewed and approved by the GC to become law.

3.3  The Expediency Council (EC)

According to Article 110 of the Iranian constitution one of the respon-
sibilities of the Supreme Leader is the development of general strategic 
(holistic) policies for the nation. The Supreme Leader in consultation with 
the members of the EC, whose members are appointed by the Supreme 
Leader, formulates the general strategic policies and promulgates the poli-
cies to all organs of the state and the general public. It should be noted 
that the EC was originally set up to resolve differences or conflicts between 
the ICA and the GC, but its true power lies more in its advisory role to 
the Supreme Leader.

The EC, through its Center of Strategic Studies, critically studies the 
main challenges faced by the country and formulates the holistic policies 
to address the issues. An example of an S&T policy that was formulated 
by the EC is the Holistic Policy for Science and Technology that was 
approved by the Supreme Leader in September 2014.

3.4  The Supreme Council of the Cultural Revolution (SCCR)

The SCCR was established by Imam Khomanie, the leader of Iranian 
Revolution on June 13 1980. The SCCR is another center of law and 
policy making in Iran. According to the law, which was enacted on 
November 11 1997, this council was designated as the ultimate author-
ity in  formulation of policies, decision making, and provision of guidance 
on the matters of culture, education, and research for the nation, and 
its decisions have the force of law in the country. Accordingly, the S&T 
policy making institutions such as Vice President Science & Technology, 
and Ministry of Science, Research and Technology forward their S&T 
plans and policies to SCCR for approval. The approved policies are sent to 
the President of the Republic for execution. It should be noted that the 
Minister of Science, Research and Technology selects the rectors of public 
universities and they are appointed after approval by the SCCR.
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3.5  The Cabinet of Ministers (CM)

The CM is a formal body composed of government officials, ministers, 
chosen and led by the President of Iran. Its composition must be approved 
by a vote in the parliament. In addition to the above listed policy making 
authorities, the President’s cabinet ministers approve many macro level 
regulations, which are promulgated by the President.

In order to emphasize and clarify the status of policy making bodies in 
Iran, in this chapter we consider STI policies consisting of all polices relat-
ing to S&T that have been promulgated by the Supreme Leader, by the 
SCCR, and by the cabinet ministers. The rise of Iran’s STI policies and 
laws, and their names, is discussed in detail in next section.

4  A short hIstory of the codIfIcAtIon 
And rAtIfIcAtIon of stI lAws And polIcIes In IrAn

Before the Iranian Revolution, with a few exceptions such as patent law 
(ratified in 1931) laws for S&T development did not exist. The few sci-
ence development policies pertained to the establishment of the higher 
education system, particularly the establishment of universities such as 
the University of Tehran (founded in 1934), or the establishment of the 
Ministry of Science and Higher Education, which was put in charge of 
specialized and higher education in the country.

In the years after the 1979 revolution, and during and after the 
Iraqi invasion of Iran, the prevailing political conditions in the coun-
try meant that efforts for the economic re-development of S&T were 
not among the top priorities of national policy. However, during the 
Iran–Iraq war, mostly because of embargo against the sales of military 
equipment to Iran by Western countries and the former Soviet Union’s 
support of Iraqi aggression, there were extensive efforts to meet the 
military needs of the country by reliance on development of domestic 
technology and resources.

A review of the S&T consideration of S&T development in Iran started 
after 2001, in which year the Third Socio-Economic Development 
Plan for the first time allocated one chapter to S&T policies. Moreover, 
according to Gharibi and Rezaalizadeh (2014), by 2005 attention was 
focused on sectoral technology development by planning in nanotech-
nology and biotechnology.
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Overall, after the triumph of the 1979 revolution up to 2015, more 
than 50 policies for S&T development, including laws, national and sec-
toral documents, and regulations, were adopted. Table 2.2 lists the most 
important laws and policies relating to S&T and the agencies which were 
responsible for their formulation and ratification.

5  the pAthology of s&t polIcy MAkIng In IrAn

The main question that this chapter is concerned with is whether the pol-
icy makers have learned lessons from their experiences in implementing 
the existing S&T laws and policies, or do they simply pass new laws and 
formulate new policies because of the perceived need to do so, without 
any consideration of the shortcomings of the existing ones.

We make an observation from the data in Table 2.1. Most of the laws 
and policies were adopted after 2000. Specifically, 68 % of the total laws 
and policies adopted between 1997 and 2015 took place during 2000 and 
2015. Moreover, 11 of these policies or 50 % of the total were adopted by 
SCRC. These findings may imply the presence of a learning curve for the 
policy makers. Over time, and through the accumulation of technologi-
cal capabilities, the policy makers felt the need to develop new policies to 
stimulate technological learning further.

Several points in this regard require further elaboration:
(1) Many new laws were ratified and policies formulated in spite of 

the existence of similar laws and policies which were never implemented. 
In fact, it seems that perhaps in these documents, the policy makers had 
developed proper policies in S&T areas. However, in practice, many of 
these documents for various reasons (e.g. rapid changes in the political 
and economic conditions of the country) were not implemented by the 
executing organizations. With changing administrations, new ministers, 
despite the existence of approved policies and laws, formulated new poli-
cies on the grounds that the previous policies were not comprehensive.

(2) The multiplicity of policy-making and policy-executing organiza-
tions under the umbrella of the national innovation system, the interfer-
ence from inter-agencies, and the number of overlapping missions and tasks 
are also features of STI policy making in Iran. A simple look at the number 
and various names of councils and policy-making bodies in the field of ICT 
(information and communication technology) reveals the overlap between 
these institutions: the Supreme Council for Information Technology, the 
Communications and Information Technology Commission, the Supreme 
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Table 2.2 The sources and dates of the key S&T policies adopted in Iran after 
1980 (Source: Authors)

Date of 
promulgation or 
ratification

Responsible entity for 
ratification

Laws or policies

1997 ICA The Law of Maximum Use of Domestic, 
Technical, Engineering, Industrial, and 
Managerial Abilities in Production of 
Goods and Services

2004 ICA Law of Goals, Functions, and 
Responsibilities of Ministry of Science, 
Research, and Technology

2005 EC The Holistic Polices of the System For 
Growth and Development of Science and 
Research in Higher Education and 
Research Institutes

2005 The Supreme Council of 
Biotechnology

National Biotechnology Initiative

2005 Iran Nanotechnology 
Initiative Council

Strategic Plan for Development of 
Nanotechnology

2007 Cabinet Ministers Strategic Plan for Development of Fuel 
Cell

2007 ICA The Law of Registration of Patents, 
Industrial Designs and Trademarks

2010 ICA The Law of Supporting the Knowledge- 
based Companies and Commercializing 
Innovations and Inventions

2011 SCRC The National Holistic Science Plan
2011 SCRC The Statute of Iranian National Science 

Foundation
2011 SCRC The Document for the Fundamental 

Change in Education and Training
2011 SCRC The Strategic Plan for the Cognitive 

Sciences and Technologies
2012 ICA The Law of Sustained Improvement of 

Business Environment
2012 ICA The Law of Membership of the 

Government of the IR of Iran in 
International Association of Science Parks

2012 SCRC The National Strategic Plan for Elites
2013 SCRC The National Holistic Plan for 

Development of Aerospace

(continued)
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Council of Information and Communication Technology, the Supreme 
Council for Security of Information Exchange and the Supreme Council of 
Informatics are public bodies which can interfere with the Supreme Council 
of Cyberspace. However, on September 5, 2015, the Supreme Leader of 
Iran assigned “the policymaking, macro-management, necessary and timely 
planning and decision-making as well as effective and up-to-date supervi-
sion and monitoring in the cyberspace” of Iran to the Supreme Council of 
Cyberspace to prevent some of these parallel tasks in the field of ICT.3

So, although the governments have tried to merge or close some of 
these councils and institutions, nevertheless inter-agency interferences 
in layers of policy-making (such as the Supreme Council of the Cultural 
Revolution, parliament and the Supreme Council of Science, Research 
and Technology) and implementation (such as the Ministry of Science, 
Research and Technology and the Vice President Science & Technology  
in the governance structure still remain and reduce the effectiveness of 
policy learning between policy-making and legislative bodies.

(3) The complex and lengthy process of codification and execu-
tion of STI laws in Iran has created many challenges for the devel-
opment of S&T. For example, it took two years after it was received 
for the bill for governmental support of knowledge-based companies 

Table 2.2 (continued)

Date of 
promulgation or 
ratification

Responsible entity for 
ratification

Laws or policies

2013 SCRC Bylaw for Establishment and Activities of 
Centers for Coordination of Knowledge, 
Industry and Market

2013 SCRC The National Plan for Medicinal Plants 
and Traditional Medicine

2013 SCRC The National Plan for Sciences and 
Technologies of Stem Cells

2015 SCRC National Strategic Plan for Development 
of Renewable Energies

2015 GC The Holistic Policies of Science and 
Technology

2015 SCRC The Plan for Science and Technology 
Diplomacy
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and  commercialization of inventions to be ratified. It took an addi-
tional two years after the signing of the law by the President until the 
regulations were developed. Figure 2.1 shows the timeline of the pro-
cesses for formulation and adoption of the law and its implementation 
regulations.

(4) There is a paucity of supportive policies for enterprises wanting 
to make use of the ‘know-how’ coming out of universities and research 
institutes, and there is an over-emphasis on policies for the expansion of 
universities and the other institutions of advanced learning.

The study by Gharibi and Rezaalizadeh (2014) concerning the fre-
quency distribution of categories of the S&T policies in Iran shows that 
the highest frequency is observed in the goal, creation and acquisition of 
knowledge and technology. The second highest frequency in the catego-
ries of STI policies observed is the transfer and distribution of the knowl-
edge and technology. Moreover, the study by Goodarzi et  al. (2015) 
about the pathology of five-year socio-economic development plans in 
Iran also indicates that the educational goals were the most frequent topic 
that appeared in the plans. Moreover, the presence of professors and other 
academics as government functionaries in the governmental positions and 
the rapid growth in the number of scientific publications by the academics 
in Iran are also supportive of this view.

(5) It appears that a subtle competition among governing institutions 
for the codification of sectoral STI initiatives without consideration of 
the requirements of other categories of STI has taken place in recent 
years. In fact, after the establishment of nanotechnology and biotech-
nology initiatives in 2005, one could notice a great keeness among the 
policy makers for codifying sectoral STI policies—a tendency we call 
“policy making fever”. However, the important point is that techno-
logical categories are different, and the components and requirements 
of each technology should be considered in the formulation of the poli-
cies, and the objectives for implementation of the goals of STI policy 
should be articulated. Unfortunately, with the exception of nanotech-
nology policy, most of these initiatives after ratification have never been 
reviewed, nor have practical plans to implement the policies ever been 
developed, in order that lessons from the  experiences of policy imple-
mentation might be used in future STI policy making. 
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6  suMMAry And conclusIon

A review of STI policy making in Iran indicates that it began after the 
Iranian revolution of 1979. The rapid growth of educational opportuni-
ties at the primary, middle-school, high-school and university levels after 
1980 set the stage for the development of research infrastructure in the 
country (Mansouri 2013). Simultaneously, the policy makers gave par-
ticular attention to the development of science, technology and innova-
tion as the main components of economic growth and development. 
This chapter has shown that between 2004 and 2013 a revolution took 
place in STI policy making in Iran. During the early years of 2000’s the 
newness of STI policy making in the country, and the inexperience of 
the policy makers, meant that certain aspects of STI policy making pro-
cess were neglected. For example, the idea of the key roles enterprises 
could play in STI development is not present in the policies. The codi-
fied STI policies only involved the players who created STI (universi-
ties and government research institutes), and did not pay attention to 
establishing links between STI and techno-industrial development in 
the country. Given that STI policies are heavily influenced by industrial 
and economic policies, formulation of STI policies in isolation from 
techno-industrial policies cannot achieve the developmental goals of the 
policy makers.

Thus, it appears that this trend has gone through some adjustments 
with the codification of the Holistic Plan for Development of Sciences 
since 2011. Even though STI policy making has faced many difficul-
ties and challenges, there are signs of learning and progress in policy 
formulation by the policy makers in recent years. Perhap, the rise in the 
number of alumni in the field of STI policy making who have gradu-
ated from the Iranian universities in recent years and the experienced 
gained by the policy makers in codification, ratification, and implemen-
tation of pervious policies have contributed to the trend. Additionally, 
if the Holistic Plan for Development of Sciences, as a guideline for 
development of STI in Iran, distributes work responsibilities so that 
waste of talent and resources are prevented, gradually the necessary 
environment for progress of STI policy making will be created in the 
country.
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notes

 1. Year 1404 is the year in Iranian calendar which is equivalent to 2025 A.D.
 2. All of the terms which are defined in this section have been adapted from the 

Majlis Research Center’s glossary of legal terms, which is available at: 
http://rc.majlis.ir/fa/report/show/730844

 3. For more information please see: http://www.leader.ir/langs/en/index.
php?p=contentShow&id=13543
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1  IntroductIon

Following the long-term comprehensive national plan for development of 
Iran, a roadmap known as Vision 1404 (or Vision 2025 for the Gregorian 
calendar), Iranians aim to shift from reliance on a natural resource extraction- 
oriented economy to a knowledge-based economy. At the time of writing, 
with a decade remaining to reach the 20-year horizon, the construction of 
the main infrastructure necessary for the full deployment of science-based 
enterprises is under way, and the value-added of the knowledge- based com-
panies constitutes a small fraction of the country’s GDP.

One of the most important prerequisites for achieving the goal 
of Vision 1404 is development of New Technology-Based Firms 
(NTBFs) in Iran. These enterprises are the most influential players in 
the national system of innovation. Their influence is due to their abil-
ity to create high- skill job opportunities, slow the processes of brain 



drain, and contribute to economic growth. One of the important tasks 
of these enterprises is the diffusion of technology from research labo-
ratories to the production sectors of the economy (Ghazinoori and 
Azadegan Mehr 2007).

NTBFs are often new, small- and medium-sized technology-based 
firms (Oakey et al. 1988; Maine et al. 2010; Storey and Tether 1998). 
According to Cunha et al. (2013) NTBFs are startup high-tech companies 
that are one to ten years of age.

Several definitions for NTBFs exist; however, the most useful indicators 
for recognizing these enterprises are the following:

• The enterprises have been established for less than a decade,
• The sphere of their activities involves exploitation of an invention or 

R&D, and
• The firms face high technological risks (Osataphan 2014).

From the early years of the twenty-first century, Iranian science, technol-
ogy and innovation (STI) policies have assumed a system perspective, and 
beginning 2010 the orientation of the policies shifted toward a knowledge- 
based economy (Ghazinoory and Ghazinoory 2012). Moreover, the 
Fourth Socio-Economic Development Plan, with an entire chapter spe-
cifically devoted to development based on knowledge, emphasized the 
necessity of establishing and developing high-tech industries with gov-
ernment support (Goodarzi and Ghazinoori 2013). Additionally, starting 
with the Fifth Socio-economic Development Plan (2011–2015) and the 
establishment of the Vice-Presidency for Science and Technology (VPST), 
attention to the creation of high-tech startup companies increased, and by 
passing the law supporting knowledge-based companies and commercial-
ization the governmental support of such entities solidified. It is important 
to point out that the aims of the The Law of Supporting the Knowledge- 
based Companies and Commercializing Innovations and Inventions 
(SKBECII), enacted in Iran (2010), are to form private knowledge-based 
enterprises that could create synergy between science and wealth, develop 
a knowledge-based economy, expand applications of inventions, and com-
mercialize the results of R&D in high-technology industries.

This chapter aims to present a short history of the development of NTBFs 
and the governmental supports for their development in Iran. In the first 
section, we discuss the provisions and the outcomes of the SKBECII law. 
The second section introduces the main actors in the high- tech support 
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system of the country. Finally, in the conclusion of the chapter we speculate 
on future challenges the high-technology sector in Iran could face.

2  the Law for SupportIng the KnowLedge-BaSed 
companIeS and commercIaLIzatIon of InventIonS

After the establishment of the VPST of the Islamic Republic of Iran in 
2006, the policy to support high-technology firms and the commercial-
ization of technological discovery in Iran was firmly established, leading 
to the passing of the SKBECII law in 2010. This law is believed to have 
created a turning point in the development of NTBFs in the country. The 
main purposes of enactment of this law were the realization of the goals 
envisaged in Vision 1404 to transform a natural-resource-based economy 
to an economy that is based on advanced technology. Among the other 
goals of this law are developing the high-tech industry sector, promoting 
technological spillovers, creating employment opportunities for graduates 
of science and engineering, reducing the rate of brain drain, and increas-
ing the rate of brain gain to Iran.

To receive financial support the applicant firms must have certain char-
acteristics. Article 2 of the law defines a knowledge-based enterprise as a 
firm that is active in “application of inventions and expansion of innova-
tions” and engages in “commercialization of results of R&D in advanced 
technologies”. This law excludes any wholly state owned enterprises 
(SOEs) from receiving support. Moreover, companies which are subsid-
iaries (i.e. having more than 50 % of their stock owned by government) of 
SOEs are ineligible to receive financial support from government.

The certified expert consultants evaluate the applicants to determine 
whether they are knowledge-based enterprises. At the end of October 
2015, the expert consultants have certified more than 1800 enterprises to 
be knowledge-based enterprises. Forty companies received certification in 
2013. The number of certified companies rose to 600 in 2014. The num-
bers of certified knowledge-based companies over the past three years indi-
cate a rising trend for governmental support for such enterprises in Iran.

The SKBECII Law classifies the certified knowledge-based enterprises 
into three categories, represented by percentages below:

• NTBFs less than three years from their establishment: 62 %
• Producers of knowledge-based products and services: 35 %
• Industrial enterprises with knowledge-based R&D activities: 3 %
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The firms are eligible to receive the following types of support accord-
ing to article 3 of the SKBECII Law:

• Exemption from income taxes, tariffs, and export taxes for 15 years,
• Subsidies equivalent to all or part of costs of production, distribution 

and use of innovation and iechnology by long-term or short-term 
loans with subsidized interest rates,

• Priority for location in the Science and Technology (S&T) Parks, 
Special Economic Zones, or S&T Corridors,

• Priority of sales of all or part of the stocks of public researcher insti-
tutes to NTBFs

• Insuring their products from production stage, through distribution 
and use

According to the data supplied by Office of Vice-President for S&T, 
1500 knowledge-based companies had used the tax exemption clause of 
the SKBECII Law by October 30, 2015 (Sattari 2015). Moreover, The 
Innovation and Prosperity Fund (IPF) has received 1200 proposals from 
knowledge-based companies for funding from the inception of the pro-
gram until the time of this writing in early 2016. From these applications, 
800 proposals have been evaluated, and 518 proposals were approved for 
funding. The total sum of 58 million dollars of subsidized loans (at 14 
% annual rate) was granted. Furthermore, the range of loans was from 
83,000 dollars to a little less than 2.8 million dollars, with an average loan 
of 110,000 dollars (Soltani 2015).

Moreover, we note that the certified NTBFs, depending on the type of 
their activities, receive up to 83,000 dollars as an interest-free loan, with a 
maximum of 4 % transaction fee. Additionally, the knowledge-based com-
panies that are at production stage may borrow up to a little less than 2.8 
million dollars at 14 % annual interest. Lastly, the NTBFs that are involved 
in industrial activities have no constraint in borrowing from the IPF.

The main criteria for determining whether a firm is a knowledge-based 
enterprise are: the share of the revenues generated from knowledge-
based activities out of the total revenues of the enterprise; the techni-
cal knowledge derived from the R&D activities of the firm; technological 
 innovation; human resources; and the total annual revenue of the firm 
from selling knowledge-based products and services.

Based on these criteria, a company must possess the following attributes 
before it is recognized as an NTBF: established for between one and three 
years; have at least two full-time employees; have technical  knowledge 
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or design; have developed knowledge-based products and services; and, 
finally, be active in at least one of the following activities:

• Pre-industrial scale production of knowledge-based products in lab-
oratories or a prototype item,

• Sales of technical knowledge, technology, or design relating to 
knowledge-based products, or

• Provision of specialized services for installation, repair and the main-
tenance of knowledge-based products.

However, the requirement to receive certification as a producer of 
knowledge-based products is more stringent. These companies must have:

• received at least 50 % of the sales revenues of previous year from the 
sale of knowledge-based products,

• at least 10 % of their sales revenues from knowledge-based products 
and services,

• had sales revenues of a little over one million dollars, and
• have technologically advanced at least one of the knowledge-based 

products during the last two years.

It is note-worthy that enterprises that supply knowledge-based goods 
and services can only benefit from a government support program called 
the Innovation and Prosperity Fund, and may not receive support from 
the other programs of the SKBECII Law.

According to the regulations governing the conduct of the evaluators 
that certify NTBFs, only those companies which are active in the catego-
ries of advanced technologies shown in Table 3.1, are eligible to receive 
governmental support. Table 3.1 also shows the percentage of the 1800 
companies that are eligible to receive support under the SKBECII Law as 
of October 30, 2015.

The Innovation and Prosperity Fund, which was established in 2013, 
provided funds to these enterprises. In October 2015, the budget of 
this governmental fund was 200 million dollars, and the distribution of 
 financial support among the recipients ranged from 30,000 to 3 million 
dollars. Additionally, it is expected that the banking system in Iran con-
tribute 300 million dollars to this fund, thus making a half billion dollars 
available to NTBFs. This supports consists of loan guarantees, subsidized 
loans, state- private partnerships in development of the projects, venture 
capital and leasing.
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It is anticipated that the number of the knowledge-based firms will reach 
5000 by the end of 2016. These firms are located in all 31 provinces of 
the country; however, more than 40 % are located in Tehran. The number 
of NTBFs in some provinces is very small, which implies a much- skewed 
distribution of these knowledge-based firms across the country. Moreover, 
implementation of the SKBECII Law has created new players in the national 
system of innovation in Iran. We turn to discussions of this topic next.

3  the partIcIpantS In Support for ntBfS In Iran

The main actors in the support structure for knowledge-based enterprises 
in Iran include governmental organizations, private enterprises, univer-
sities and academic institutions (including Incubators and Science and 
Technology Parks), capital and financial markets, the intellectual proper-
ties market, technology markets, startup companies, and expert consul-
tants as well as mentors (Table 3.2).

3.1  The Governmental Organizations

The Iranian government owns and controls a large part of the Iranian 
economy. Accordingly, the role of government in provision of support 
to NTBFs for technological development is more profound than the 

Table 3.1 Technological category and percentage of 1800 knowledge-based 
enterprises eligible to receive governmental support, as of October 30, 2015 
(Source: Authors)

NTBFs’ technology category Percentage

Information and communication technology and computer software 16 %
Computer hardware, electricity, electronic, communications and control 15 %
Biotechnologies (food, agriculture, environmental, molecular biotechnology) 12 %
Advanced production and manufacturing instruments 10 %
Advanced instruments and materials for petroleum and petrochemical 
industries

6 %

Aerospace (airplanes, satellites, missiles) 5 %
Advanced pharmaceuticals 5 %
Advanced materials (metals, composites, ceramics, polymers) 5 %
Medical instruments 4 %
Nanotechnology and nanomaterials 3 %
Optics and photonics 2 %
Renewable energies 2 %
Other high-technology products 15 %
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Table 3.2 The main actors, affiliations and the year of their serious impacts in 
support ecosystem for NTBFs in Iran (Source: Authors)

Affiliation of actors Main actors and the initial year of their involvement

1 Governmental organizations • Centre for Innovation & Technology Cooperation 
of the Presidency (Before 2000)
• Centre for High-Tech Industries (2000)
• Technology Development Initiatives (2003)
• Vice-Presidency for Science and Technology (2007)
• The Network of Laboratories for the Strategic 
Technologies (2013)

2 Academic institutions • Entrepreneurship Centers in the Universities 
(Before 2000)
• Office of Industrial Relegations (Before 2000)
• Science & Technology Parks & Incubators (2003)
• Entrepreneurship Faculties and Training courses 
(2007)

3 Capital market and finance • Venture capitalists (2000)
• Non-governmental research and technology funds 
(2005)
• Bank investors (2010)
• Innovation and Prosperity Fund (2012)
• Accelerators (2013)
• Crowd funds (2014)
• Guarantee funds (2015)

4 Market and technology 
customers

• National techno market of Iran (2004)
• Technology exhibitions (2012)

5 Holdings and private 
companies

• FANAP (2008)
• SARAVA (2011)
• iBridge and Iranian investors residing abroad 
(2014)

6 Consultants and mentors 
related to startups

• Tech-Market Services Institute (2009)
• Startup weekends (2011)
• Motivator events (2012)
• Tech-Export Services Corridor (2014)

7 Intellectual property rights 
and market

• Intellectual properties market (2013)
• Intellectual Property Centre (2014)

role of other players. The Ministry of Industry, Mines, and Commerce 
(MIMC) has played an important role in development of NTBFs in the 
country. In 2002, the Center for High-tech Industries (CHI) and subsid-
iary organization of MIMC initiated several national macro projects for 
development of the advanced technologies. The CHI funded R&D, and 
commercialization of discoveries of several technological projects in areas 
such as biotechnology, nanomaterials and nanotechnology, aerospace, 
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laser and optics, software, information and communication technology, 
and renewable energies. These investments resulted in the formation of 
several private enterprises such as CinnaGen, one of the biggest biotech 
companies in the Middle East region, which currently manufactures more 
than 42 molecular biological products, recombinant DNA technology and 
cell biology. Another outcome of these investments is Parsa Polymer Sharif 
Co., one of the first NTBFs certified by VPST, which was recognized to be 
the best NTBF, which is a spin off from Sharif University of Technology in 
2009 (Goodarzi and Ghazinoori 2013).

Moreover, one of the oldest governmental organizations in the devel-
opment of technology in Iran is the Centre for Innovation & Technology 
Cooperation (CITC). As an organization in the Office of the President, 
it has played an important role in technological learning in Iran. The two 
leading accomplishments of CITC are the formation of the largest enter-
prise investing in high-risk technological projects, the establishment of the 
Institute for Nanotechnology, and the founding of the largest and most 
successful S&T park in the country: Pardis Technology Park.

Since the establishment of VPST in 2007, some of the responsibilities 
of CITC have been gradually transferred to the Office of the President. 
In fact, since 2010 the key governmental organization supporting private 
enterprises in their technological capability building is VPST. This office is 
the principal agency for implementation of the SKBECII Law. Moreover, 
VPST has increased the country’s interactions with other countries in 
acquiring technological capabilities.

One of the most challenging issue facing VPST in promoting NTBFs 
is the number of agencies that are involved in policy making as well 
as the numerous and, at times, conflicting S&T policies that originate 
from these entities in the country (Ghazinoory and Ghazinoory 2012). 
Nonetheless, the authorities have recognized the problem of multichan-
nel, conflicting policy-making mechanisms, and since 2012 have coor-
dinated the policy- making and activities of governmental organizations 
that deal with S&T policy making.

The NTBFs benefit from another important set of the governmen-
tal activities in Iran that help private enterprises in building capabili-
ties in advanced specialized technologies. The successful model of 
Nanotechnology Initiative that began in 2003 (Salehi and Bahreini 
2013) led to 13 more initiatives until 2015. These initiatives involve all 
major emerging and advanced technologies and receive governmental 
financial supports.
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Another S&T government initiative was the establishment of a network 
of laboratories for the development of strategic technologies in 2013. The 
network aims to provide laboratory services to research institutes, univer-
sities, and private firms. The laboratories of this network receive exten-
sive governmental assistance in the purchase of new instruments, and so 
develop high standards for laboratories and the software needed in those 
labs, and provide skilled human resources.

3.2  The Universities and Academic Institutes

The University of Tehran established the first faculty of entrepreneurship 
in 2007. The main mission of this newly established college is the pro-
motion of NTBFs. Moreover, all the major universities in Iran offer vari-
ous courses related to entrepreneurship and the development of NTBFs. 
These universities have established 25 fields of specialization at masters 
level and 10 fields of specialization for doctoral programs. Many of these 
programs have established outreach offices so that they can facilitate con-
sulting services drawing on faculty members for private sector enterprises.

By the end of October 2015, approximately 160 business incubators 
and 36 S&T parks had been established in Iran. More than 65 % of these 
centers are housed at the universities, and local, provincial, and national 
governments operate the remaining 35 %. Since firms need to be located in 
an S&T parks in order to qualify for government support such as exemp-
tion from taxation and tariffs, many NTBFs operate within these parks.

The two main S&T parks are Pardis Technology Park (mentioned 
above), which is located near Tehran, and Sheikh Bahai S&T Park, near 
Esfahan, and named after the notable engineer who lived in that area 
several centuries ago. The main goal of Sheikh Bahai S&T Park is the 
recognition and encouragement of Iranian scientists, engineers, and art-
ists anywhere on earth. The park holds an annual event to recognize and 
honor the main Iranian contributors in all fields of science, engineering, 
social sciences, agricultural sciences, and the arts.

There are many centers for the promotion of techno-entrepreneur-
ship in Iran’s universities. Among them, the Sharif Entrepreneurship 
Center of Sharif University of Technology is one of the most success-
ful and famous entrepreneurship centers in Tehran, and is the agency 
responsible for supporting and promoting NTBFs. Since 2008, this cen-
ter has also held an annual recognition event, and provided consulting 
services to private firms.
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Due to the geographic distribution of these centers, most of which are 
located in mega-cities, in particular Tehran, wide disparity in their effec-
tiveness in provision of services to the NTBFs has been observed.

3.3  The Capital and Financial Market

The decision makers in Iran have considered high-risk investments in S&T 
planning over the last decade. The Iranian government passed a law, in 
2001 which allowed the Ministry of Science, Research and Technology 
(MSRT) to establish research and technology funds in cooperation with 
the universities and private companies. The MSRT would supply up to 
49 % of the initial capital outlays of these funds, and the universities and 
private enterprises would supply the remaining 51 %. These funds were to 
supply loans at a subsidized interest rate, to invest in high risk projects, and 
to guarantee loans by the commercial banks. As a result, 20 funds were 
established, and 10 additional funds are involved in the commercialization 
of patents, R&D outcomes and innovation. Some of these funds operate 
strictly on a specific technology such as nanotechnology and others deal 
with a collection of technologies. Bank Pasargad established the Shenasa 
Company, which was to invest in high-risk high-tech startup companies 
in 2013. Additionally, Bank Mellat, the largest private commercial bank 
in Iran, established the Mellat Entrepreneurship Development Group in 
2014. This fund is to support investments by the young entrepreneurs. 
Due to an increase in the number of venture capitalists, a network of inves-
tors in high-risk projects was established in 2008.

A number of web sites to attract crowdfunding have also been estab-
lished in Iran. The following sites are among the most important ones:

• Financing of new high-tech investment by FANAP Company: www.
Fundorun.com

• Financing for the commercialization of inventions: www.2nate.com
• Financing for the commercialization of inventions by state-owned 

enterprises: www.Fundly.ir
• Financing of artistic works: www.Poolpol.com

In spite of these developments in financing startup companies and 
risky investment projects, a comprehensive platform for the pooling of 
capital does not exists in Iran. The main reason for this is legal obstacles. 
Nonetheless, the Council for Money and Credit, the Stock Exchange 
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Organization, and the Ministry of Cooperatives, Labor and Social 
Welfare are working to establish the legal infrastructure for establish-
ment of such a capital market (Ministry of Cooperatives, Labour and 
Social Welfare 2014).

3.4  Market and the Customers of Technology

Several programs for developing markets for the products and services of 
NTBFs were initiated in Iran. In 2004, the National Technomart of Iran 
for Promotion of Technological Trades took place in Pardis Technology 
Park, and in 2015, the same technomart signed a memorandum of coop-
eration with the IPF, the principal aim being to stimulate demand for 
technology and promotion of the markets for products and services of 
NTBFs.

Since 2013 there has been an annual Exhibition of Equipments and 
Laboratory Materials Made by Iran., in which government agencies, uni-
versities and laboratories that purchase products and services from vendors 
in the exhibition receive 10 % to 50 % of the value of purchases as subsi-
dies. It is anticipated that in the coming years such exhibitions for produc-
ers of other types of equipment will be held. In addition, since 2012 there 
has been an annual fair for interaction between domestic and foreign tech-
nological firms, known as The International Innovation and Technology 
Exhibition (INOTEX), with the government paying 3 % of the total value 
of exports of high-tech products to the exporters as reward. Finally, since 
2015, VPST has paid 5 % of the total sales of university-owned enterprises 
to the selling companies as award.

The main reason for the government's policy on stimulating the demand 
for high-tech products is creation of a market for Iranian-produced goods 
and services. The intended use of the large market for technological prod-
ucts in addition to financing innovation in formats such as pre-ordered 
products could also stimulate private sector demand for these products.

3.5  Holdings and Private Companies

Beginning in 2010, several technology accelerators1 were established 
in Iran. These entities supply funds ranging from 5000 to 20,000 dol-
lars to Iranian startup companies, and take a part of the equity of the 
startups. The funding agency also assigns mentors for the startups that 
receive funding.
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An example of these entities is Avatech Accelerator, which employs 
Iranian and foreign experts and focuses on Internet startups. Another 
accelerator enterprise is called Dmond Accelerator, which represents a US 
accelerator company named Plug & Play. This company provides legal, 
financial, tax, company registration, and human resource training services. 
Other accelerators are Maps Accelerator, which was formed to provide 
consulting services on international marketing, and TRIGUP Accelerator, 
which is a subsidiary of Passargod Bank and FANAP Company, and spe-
cializes in Information and Communication Technology. Finally, SARAVA 
Pars is one of the most active holding companies that invest in all phases 
of the life cycle of products (with the exception of a product in the declin-
ing phase). The most important investments of this holding company are 
Digikala and Cafe Bazaar, which have the highest market shares, respec-
tively, in Iran’s Internet sales and Internet software market.

It seems that with the removal of international sanctions, Iranian inves-
tors who are living abroad invest more in Iranian NTBFs and the above- 
mentioned activities are only a prelude to the return of many Iranian 
expatriate elites to Iran.

3.6  The Startups, Mentors, and Consultants

In the last few years, gatherings relating to high technology have mush-
roomed in Iran, and it is estimated that in 2015 over one thousand 
events of that nature have taken place in the country. For example, Iran 
Entrepreneurship Association (IEA) has organized more than a hun-
dred such events promoting entrepreneurship (startup weekends) during 
2012–2015. VPST and Pardis Technology Park financially support this 
association. In these gatherings the participants, many of whom are recent 
graduates of high technology or technology management subjects, attend 
lectures, get involved in job fairs, and interact to support NTBFs as men-
tors and consultants.

3.7  Intellectual Property Rights and Market

In 2013, VPST in cooperation with Over the Counter Market (OTC) 
established Intellectual Properties Market (IPM).The IPM is a market 
place where inventors and people with noble business ideas aim to find 
venture capitalists to invest in their inventions. In the first transaction in 
this market, an invention connected with automobile manufacturing was 
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purchased at the cost of 65,000 dollars. Then, during the first six months 
of 2015, 60 new ideas were registered at the market for potential sale. 
VPST provides financial supports to the businesses that are willing to pur-
chase inventions or ideas presented in the IPM and OTC. VPST also pays 
up to ninety percent of the international patenting cost of NTBFs.

The Office of VPST, in the face of certain limitations in the laws and 
enforcement of intellectual property rights (IPR) in the country, does not 
limit its efforts to assist inventors to register their inventions in the interna-
tional patent offices. This office supports the training of experts for writing 
technical, legal reports of the inventions, and encourages universities to 
register the technical knowledge and inventions that have emerged from 
their research laboratories, many of which have resulted in the creation 
NTBFs. These NTBFs, usually, are not familiar with IPRs mechanisms, 
and run the risk of failing to protect their discoveries in the market place. 
Thus, these companies can get the training and support assistance offered 
by the Office of VPST to increase their knowledge in the field of IPRs.

A cursory look at the topics presented in this section shows the S&T 
policy makers in Iran are still providing infrastructure, legislation, as well 
as education, and promoting the development of NTBFs. The state insti-
tutions, which have been at the center of these activities, have tried to 
shape a wide range of support programs to accelerate the creation of 
NTBFs in the economy. However, the link between the large industrial 
companies and the NTBFs, and an established supply chain intercon-
nected with a network of NTBFs, are not present in the national innova-
tion system of the country.

4  concLuSIonS

Based on the discussions above, we conclude that among all contributing 
factors to the growth and developments of NTBFs in Iran, the state in 
general, and the SKBECII Law in particular, are the major ones. A cursory 
review of technological development over the first decade and half of the 
twenty-first century in Iran shows a strong presence of the universities and 
lack of interest on the part of industrial enterprises in the S&T and R&D 
scenes in the country. As a result, it is the universities, and the academics, 
not the enterprises that are the top beneficiaries of governmental policies. 
However, Iranian policy makers desire to move from a natural-resource- 
based economy to a knowledge-based economy by the promotion of 
knowledge-based enterprises.
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Over the last several years, benchmarking, even copying, foreign mod-
els has established many Iranian NTBFs. However, many older centers for 
technological development have been successful in “domesticating’ these 
foreign models by modifying them to meet the needs of Iranian economy. 
We anticipate that during the next 15 years we will witness the merging of 
the domestic and foreign models in further development of NTBFs in Iran.

note

 1. An accelerator takes single-digit chunks of equity in externally developed 
ideas in return for small amounts of capital and mentorship. Accelerators are 
generally truncated into a three-to-six month program, at the end of which 
the startups graduate.
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1  IntroductIon

It is well known that the development of strategies requires interdisciplin-
ary research. A collection of knowledge activities, which appear in differ-
ent complex forms, are discovered, stored, retrieved, transformed, and 
are eventually adopted as policies. The processes of formulating national 
policies and strategies, of course, are more complicated. For the develop-
ment of science and technology (S&T) in Iran, which would be harmoni-
ous with national values, and which could safeguard national interests, the 
Supreme Leader, Ayatollah Seyed Ali Khamenei promulgated the national 
policy for the creation of an NCSR (National Comprehensive Scientific 
Roadmap), which was compiled in 2010. Naturally, macro-management 
of S&T of the country could create complex and difficult processes, which 
would present a challenging task. At the time of announcement of the 



policy it was envisaged that the NCSR “should be a detailed, coordinated, 
dynamic and forward-looking plan, embodying principles, objectives, pol-
icies, strategies, structures and requirements of the development of S&T 
that are based on Islamic values to achieve the goals beyond 2026 [1404 
Iranian calendar]” (NCSR 2010).

The process of codification of the NCSR was carried out with the par-
ticipation of more than 2000 academics, top administrators, and experts 
in the S&T fields. These individuals were organized into permanent and 
temporary working groups. There were more than 60 temporary working 
groups—too many to enumerate here; however, seven permanent work-
ing groups consisted of combinations of the committees on basic science, 
humanities, health, applied science, education, technology, research, mind 
mining, science and society, and theory. These committees were formed 
according to the specified goals, and had the tasks of gathering, organiz-
ing, preserving, and sharing information (Documentation in support of 
the NCSR, drafting committee, Volume 6).

Since several working groups with diverse goals for gathering informa-
tion were involved in formulating the strategic documents, organizing the 
accumulated information so that useful knowledge could be derived from 
them became a complex issue, the resolution of which required an appropri-
ate framework. Both internal and external changes in the organization of the 
NCSR policy necessitated revision of the strategic goals and the updating 
of planning documents. Revising the plans and strategic goals became emi-
nently more important when the statistics showed that 95 % of strategic plans 
failed to achieve their goals (Courtney 2002; Ghafarian and Kiani 2007).

To resolve the problems, a new paradigm of knowledge management, 
called strategic thinking, was added to the strategic management plan. In 
this paradigm, the views and attitudes of managers are considered; further-
more, the SWOT (weaknesses, strengths, opportunities, and threats) for 
the planning organization were enumerated (Ghafarian and Kiani 2007).

Hence, organizations with management that had strategic views cre-
ated the required comprehensive knowledge infrastructure, and applied 
this knowledge in the process of revising strategic goals and objectives for 
implementing the goals. Creating such knowledge infrastructures makes 
the task of using them in a short time possible. Many scholars of strategic 
management believe that the era of effective strategies over the long run 
has expired, and that organizations should apply the adopted strategies 
in the shortest possible time. Clemons and Santamaria (2002) believes 
that the twenty-first-century workplace is characterized by destructive 
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 transformations, fleeting opportunities, and a lack of pragmatism as well 
as discipline, which will increase uncertainty and disorder. The trans-
formation of the workplace from organizational level into management 
networks at national or international levels brings many difficulties, and 
any wrong decision will result in devastating a generation of human 
resources in the country.

In many cases, failure to implement policy decisions of administrative 
agencies has many root causes. These include: failure to correctly identify 
the problems; failure to use the knowledge infrastructure; inability to find 
the correct methods to remedy problems (owing to lack of knowledge and 
experience expected of senior management); and failure to comply with the 
policies, strategies, and the operating structures. These same factors also 
contribute to loss of the implementation capability of the policies in a very 
short time. The failures occur because of a mismatch between the policy 
decisions and the prevailing conditions in reality at the time or afterward.

A detailed knowledge of the infrastructure and processes necessary for 
the formulation and implementation of strategic documents ensures that 
defects are reduced to an acceptable level. The NCSR of Iran as a strategic 
document is no exception. National policy makers in the zero phases of 
policy-making must concentrate on the circulation of knowledge in their 
areas. This approach helps them to create a knowledge management infra-
structure they can use during policy-making. This framework assists the 
managers of the organization in charge of developing it to identify the 
major issues and strategic tools required to implement, evaluate and update 
the strategic document. Therefore, it is necessary to create new knowledge 
infrastructures according to the needs of various sections of the strategic 
documents. This research aims to study the knowledge activities during the 
formulation of the NCSR and report it as the best practice guideline.

Accordingly, this study aims to answer the following questions:

• What was the framework for knowledge management in the develop-
ment of an NCSR?

• What were the relationships between the agents and the methods of 
knowledge transfers among them?

• What methods were used for organizing and managing knowledge 
during the process of formulation of the NCSR?

• What tools were applied in the formulation of strategic documents 
to expedite the process of producing, extracting, organizing, shar-
ing, disseminating, and applying knowledge?
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2  research Background

Hitherto no research on knowledge management for developing a road-
map at the national level has taken place in Iran. However, several models 
are proposed for knowledge management in manufacturing enterprises 
and these are industry specific (Nezafati 2015). No specific model for the 
development of national strategic documents is available. Nevertheless, 
some limited studies have been presented in policy and strategy formula-
tion activities in other countries. Although the first reported observation 
by the author about the circulation of knowledge in strategy formulation 
goes back to 1986, the latest reports on this subject are limited.

Van Lohuizen (1984) classified knowledge into scientific, unscientific, 
accessible, and inaccessible. Hart (1986) addressed the problem of knowl-
edge and decision-making by introducing a framework for knowledge 
management. This framework is based on the identification of sharehold-
ers, the relationship between them, the gathering of related information, 
the identification of the emerging knowledge in the system, and several 
other variables.

Hammond et  al. (1983) found associations among experts, policy- 
making process and the decisions that these people have to make regard-
ing the scientific knowledge in the process.

Fischoff (1985) classified cognitive processes in the policy-making pro-
cess. Allison (1971) found that complex problems are observable from 
different perspectives and are based on specific assumptions about reality, 
the environment, as well as human behavior. Linston and his colleagues 
also attempted to develop a framework for the relationship between 
decision- making and knowledge. They attempted to develop the frame-
work by considering three categories and the relationship between them 
and to classify the typology of the problems and the methods of recogniz-
ing and solving them. These categories included technical (rational choice 
alternatives), organizational (satisfactory and uncertainty), and individual 
(equity, interest and power struggles) approaches (Linstone et al. 1981).

Joshi (2001) presented a framework for studying the behavior of knowl-
edge management in decision-making by testing the levels, types, and mod-
els of recognition of the attributes of knowledge management according 
to different models. The model provided by Joshi includes variables such 
as the policy-making process, decision-making tasks, cognitive elements, 
positive reactions, environmental characteristics, managerial behaviors, the 
framework of knowledge management, and outcomes of the process.
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Hovland (2003), in a global view of knowledge management and 
organizational learning, has reviewed published books on the role of 
knowledge management in the process of policy-making, and has viewed 
the possibility of the existence of a relationship between formal knowl-
edge, policy-making processes, and an increase in the policy outcomes of 
organizations.

Mohammed and Jalal (2011) aimed to evaluate the impact of imple-
menting the knowledge management system on decision-making by 
evaluating the impact of knowledge key factors, which are information 
technology, infrastructure, human resources, knowledge sharing and the 
culture of the organization. They investigate the relationship between 
knowledge management and decision-making. It reveals that the knowl-
edge management factors are crucial indicators, which need to be effec-
tively implemented to make successful decisions.

Alberts and Hazes (2006) discussed the importance of effective 
decision- making using all the available resources, knowledge being the 
most important resource. Because knowledge management has enabled a 
dynamic assignment of decision rights, depending on the situation, various 
actors, can at different stages, gain access to the decision-making process.

The value of knowledge in decision-making depends on how well it has 
been defined for its intended use, and how effectively it can be used to 
impact future choices (Feldman and March 1981).

On the other hand, the most valuable products of knowledge utilization 
in the organization are higher efficiency and effective decision- making. 
Valuable knowledge cannot be achieved unless the organization sheds a 
light on improving and enhancing the resources. That is the reason why 
the organization has to select the best information to achieve an effec-
tive opportunity for detecting and preventing inefficiency in the decision- 
making process as much as possible (Barney 2002).

For this purpose, the organizational members should have some 
basic skills, a shared language, and technical knowledge, built through 
 effective people management practices (Miettinen and Korhonen 2005). 
Therefore, an organization that does not have formal knowledge-sharing 
practices will fail to leverage its employees’ intellectual capital for business 
innovation and growth (O’Neill and Adya 2007).

Knowledge sharing enables exchange of experiences that transfer the 
knowledge between the employees to maintain a competitive advantage 
through efficient decision-making.
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Nonaka and von Krogh (2009) return to more recent works, in an 
attempt to move the debate about knowledge conversion forwards.

Singh (2005) extends management research to consider collabora-
tive networks as determinants of knowledge diffusion patterns. That will 
lead to successful future actions, and is why, in recent years, numerous 
researchers and scholars had placed a great deal of emphasis on the need to 
create a knowledge-strategies culture in organizations and to implement 
business strategies that are more knowledge friendly.

At the same time, organizations worldwide have been trying to under-
take initiatives in introducing effective knowledge management by embed-
ding knowledge-strategy practices in their daily work processes to achieve 
organizational performance (Ali and Ahmad 2006).

3  theoretIcal Background

From the date the term “knowledge management” was first introduced as 
a branch of management sciences, processes of management of knowledge 
have been defined in various ways. Malhotra gave one of the most popular 
definitions of knowledge management. He defined it as “the process of 
learning across organizations (internal knowledge), encoding knowledge 
(external knowledge) and the distribution and transfer of knowledge in 
learning some skills” (Malhotra 2000: 2). Wig (2002: 225) believes that 
knowledge management signifies creation of required processes for iden-
tification and obtaining of data, information and knowledge from internal 
and external settings by an organization followed by transferring them in 
decisions and actions of organizations and individuals.

Polanyi was the first to classify knowledge into tacit and explicit catego-
ries. He considered explicit knowledge to be tangible, rational, and tech-
nical knowledge such as documentation, software, and policies. According 
to Polanyi, knowledge in this group consists of policies, reports, plans, 
products and strategies, competitive advantages and the IT infrastructure 
(Hiscock 2004). Explicit knowledge can be turned into a strategy or be 
distributed among the people. Furthermore, explicit knowledge, when 
supplied becomes a public good: Everyone will have access to it and it 
would not belong to any particular person or organization. In addition, 
there is a simple relationship between codified knowledge and the cost of 
transmission. The more explicit knowledge becomes, the lower the trans-
fer cost. Polanyi considered tacit knowledge as knowledge in the minds of 
people and processes within the organization.
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From the definitions mentioned above, we can gather that tacit knowl-
edge is usually acquired in the process of learning, i.e. intellectual, cog-
nitive, and experimental activities. This knowledge is personal, and it is 
difficult to formalize the sets of experiences, mental roadmaps, insights, 
acumen, expertise, information, skill sets, understanding, and learning 
of organizations and organizational cultures, of past and present experi-
ences, of people, processes, and values, which are contained in it. It is also 
obvious that hidden knowledge is usually located in the minds of indi-
viduals or in-group interaction within the organization. Tacit knowledge 
often involves high levels of expertise or skills; its transfer occurs slowly, 
is expensive, and may be altered during transmission. Tacit knowledge 
is also called static knowledge because it is very difficult to separate it 
from its source. Successful transfer or sharing of tacit knowledge often 
takes place in associations, internships, and apprenticeship programs. 
Nonaka and Takeuchi believe that experiences in organizations consist-
ing of insights, intuition, thought, unconscious feelings, values, images, 
metaphors, and comparisons are often overlooked. If organizations take 
advantage of this intangible knowledge, they will be effective in their daily 
routines (Nonaka and Takeuchi 1990).

Aiming to complete these theories, in a model Nawmen organizes 
knowledge in the following four areas (Nawmen and Connrod 1999):

 1. Knowledge creation: Behaviors associated with the entry of new 
knowledge into human or social systems that cover a wide range, 
such as discovery, acquisition, recruitment, and development, which 
are closely linked to innovation behavior.

 2. Knowledge retention: The next step after creating knowledge is 
maintaining all of the activities that contribute to the survival of the 
system—preservation activities, including a variety of behaviors, 
such as activities related to knowledge validation, update and so 
forth.

 3. Knowledge transfer: Includes a variety of behaviors such as commu-
nication, translation, interpreting, refining, and presenting 
knowledge.

 4. Knowledge utilization: Use of knowledge in decision-making pro-
cesses, and for taking actions for achieving the goals.
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4  research Methodology

In the conduct of the present study documentary, field and Delphi meth-
ods were used. Additionally, we reviewed supportive documents of NCSR 
as well as reports on this field from other countries. Moreover, the coop-
erative observation of activity-based knowledge was used by development 
team as a data collection tool. Considering the probability that researchers 
might not have identified all knowledge-based activities and their signifi-
cance levels, the initial framework for conversion and transfer of knowl-
edge were identified. Finally, the Delphi method was used for completion 
and finalization of the framework.

The researchers cooperatively observed all processes of roadmap devel-
opment from collecting data, to recording knowledge-based activities in 
the process of developing NCSR, and to reviewing the supportive docu-
ments of the roadmap so as to develop the knowledge infrastructure as 
well as answer the questions of the present study. Therefore, data collec-
tion instruments consist of cooperative observation and review of support-
ive documents of NCSR. After mining the activity pattern and introducing 
it to a three-tier expert council (composed of experts, academic special-
ists in expert committees, committee authorities and committee members 
involved in development of map and final decision-makers) the devel-
opment process was shared and the effectiveness of these activities was 
reviewed.

In Delphi method, all members should have essential expertise. The 
selection of qualified individuals was the most significant step of the study 
because the validity of results depends on the competency and knowledge 
of these individuals. In contrast to quantitative surveys, these individuals 
are not selected based on sampling because deep understanding of their 
expertise is very significant. One of the methods used in the selection of 
Delphi experts is purposive/judgmental sampling. This method is based 
on the presumption that the knowledge of the researcher could be used 
for selection of panel members. For assessing all individuals involved in dif-
ferent parts of development and review of all knowledge-based  activities, 
chain sampling method was used. Based on this approach, there were mem-
bers of higher tiers of decision-making in each panel. The proper number 
of members was determined based on their accessibility and probability of 
consensus among them. In the first group, 10 persons were selected. This 
group introduced 12 persons, five of whom were new. The second group 
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introduced 7 persons, three of whom were new. Considering the fact that 
the method regards 10 to 18 experts as sufficient, this method was selected 
to be used. All panel members were from faculties of universities in Iran, 
who were familiar with and had knowledge about the national S&T deci-
sion- making processes.

5  analysIs and dIscussIon

5.1  NSCR Is an Example for Nationally Strategic Documents 
(Major Policy-Making)

5.1.1  A Conceptual Model for the Development of NCSR
By reviewing the statements of the Supreme Leader, a summary of nego-
tiations in the meeting of expert councils for developing the roadmap and 
some parts of supportive documents as well as the texts associated with the 
conceptual model, the development of the comprehensive roadmap was 
started. NCSR is a roadmap, which designs and introduces the S&T man-
agement model of the country. This roadmap should consider all aspects 
of technology and science management in the country. It should compre-
hensively develop a new model based on previous studies, national weak-
nesses and advantages as well as considering environmental opportunities 
and threats. In this regard, different aspects of the subject should be stud-
ied and required knowledge should be developed and used so as to design 
this model. These dimensions are summarily discussed below:

 – Association of S&T with theoretical principles and values: Based 
on an epistemological approach to S&T, the associated concepts 
of S&T were defined consistent with religious and philosophi-
cal presumptions of Islam and their subject areas. In this regard, 
besides valuation of subjects based on the Islamic value system, 
the limits, moral and legal dos and don’ts of S&T management 
are recognized so as to direct the managerial behaviors of manag-
ers in the realm of national S&T management. This philosophi-
cal and value-based approach offers a distinctive perspective for a 
national S&T system. Based on this viewpoint, a large knowledge 
base was used in regard to this subject.

 – After determining the theoretical and value-based principles, the 
S&T system should determine the extent of its influence based on 
cosmological, epistemological, anthropological, and sociological 
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principles, and offer a complete definition of S&T. In addition, in 
a value-based system, the association between science and moral-
ity is determined in the realm of Islamic thinking.

 – Based on the above-mentioned principles, the policy-making and 
legislative requirements of national S&T management are deter-
mined based on principles of justice, creating equal opportunities, 
offering proper contexts for open thinking and exchange of ideas. 
In developing a roadmap, the following are necessary: respect-
ing the intellectual artifacts of human; prioritizing public interests 
over individual and collective interests; providing support; appre-
ciating organizational requirements; and planning for national 
S&T management.

 – For determining the progressive trend of S&T, the models for the 
development of human communities such as human-oriented and 
economy-oriented development patterns were considered; their 
advantages and disadvantages were reviewed and a new model 
was developed based on theoretical and value-based principles of 
Islam and national advantages and requirements. The resulting 
knowledge bases of this study are used in the codification of val-
ues, priorities, and strategies.

 – For determining the national S&T priorities, multiple approaches 
should be noted. Advantage-orientation, demand-orientation, 
and futurism in two national and international scales are deter-
mining factors of scientific and technological priorities. As a result, 
the developing group should determine the national advantages 
in all scientific and technological areas of the country, define 
national requirements, and highlight scientific as well as techno-
logical priorities based on the desirable future of Iranian society. 
Consequently, first, a parallel process should be used to moni-
tor the global S&T trends and pay attention to them in the first 
place. Second, all domestic requirements of Iran should be met 
for attaining an advanced Iran. Third, existing advantages of the 
countries should be identified based on national, regional and 
international resources, processes and markets and considered to 
draw the future trend of S&T based on a futuristic viewpoint.

 – Another requirement for developing the NCSR is determining the 
association of S&T with the community and their interactions. 
Cultural and social factors and barriers affecting national S&T 
changes, personal and organizational factors affecting national 
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 scientific activities, barriers against scientific development in Iran 
and association of scientific and the socioeconomic systems should 
be identified.

 – In another approach, it is essential to review and apply represen-
tative S&T policy makings in different countries and determine 
their successful experiences.

 – The managerial structure of national S&T system within the 
national knowledge cycle (from production to the utilization of 
science), and identification of current and future tasks and priori-
ties are among noteworthy points.

5.1.2  Characteristics and Usages of NCSR
After reviewing supportive documents of the roadmap, the researchers’ 
findings in terms of characteristics and utilizations of the roadmap were 
determined.

 – The NCSR has three main uses: clarification of current condi-
tions of the country in the realm of S&T, developing a desirable 
and possible future for national S&T, and offering strategies for 
progress.

 – The roadmap does not offer a comprehensive reflection of national 
S&T at a definite moment. In fact, it is a plan for progress, which 
determines the origin and destination of the S&T roadmap.

 – It includes all sciences and technologies, determines the produc-
tion, distribution and exploitation steps of different sciences and 
technologies and includes all technology-related policy-making 
discussions.

 – The roadmap covers the whole country and includes all units and 
departments in private and public sectors.

 – The roadmap is a set of studies, field measurements, compre-
hensive analyses and organized decision-makings in all scientific 
and technological fields, which adopts a futuristic approach to 
 recommend S&T development plans based on local conditions 
and relative advantages of the country.

5.1.3  Knowledge Management Model Based on Theoretical Principles 
and Roadmap Characteristics

By matching science management cycle and strategic management pro-
cess, it is revealed that every strategic document requires the establish-
ment of knowledge management in all steps of its formulation, execution, 
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Fig. 4.1 Conceptual framework of knowledge management in developing the 
NCSR (Source: Author)

and evaluation of strategy. Figure 4.1 represents the content structure of 
the NCSR based on the typical structure of strategic documents. These 
figures suggest that in the development of chapters of the roadmap, two 
types of tacit and explicit knowledge are used. These knowledge bases are 
communicated and if necessary turned into another form of knowledge. 
The primary principles of developing this figure are based on this pre-
sumption that all required sciences in the roadmap development process 
are either tacit or explicit. These knowledge bases are used in all pro-
cesses of formulation, implementation, and evaluation of the roadmap and 
turned from one form to another for better execution of the processes. 
This model is based on the content structure of the document, and man-
ages the associated knowledge bases of each unit in terms of the three 
management steps stated above. In lower tiers, national S&T management 
is done  distinctively based on the subject area and it is added to the knowl-
edge base of this structure.

As stated before in literature review, a systematic and efficient knowl-
edge management is needed for the organization of the necessary knowl-
edge for these activities and for using the produced knowledge bases. In 
this regard, some points should be noted.

Where are the sources of knowledge creation in these processes? How 
should the created and organized knowledge be encoded and stored and 
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if needed, recovered, converted and distributed in the least time and in the 
best possible manner? What methods and tools should be used for sharing 
the created knowledge or for adopting the tacit knowledge of involved 
experts in the process of developing the roadmap? How and through what 
instruments are these knowledge bases distributed among experts and 
authorities of national S&T management? Which methods are used for 
validating and monitoring the created knowledge? In the case of offering 
the created knowledge bases with different structures, how could these 
knowledge bases be used and how could they be converted if a recover-
able and usable structure is required? What are the useful knowledge bases 
in this process? What are the knowledge storage standards in this process? 
Could one extract a proper conceptual framework from a knowledge man-
agement process for the development of the comprehensive roadmap?

5.2  Knowledge Management in Development of an NCSR

The structures developed a comprehensive structure of characteristics and 
functions of the roadmap through the study of knowledge-based activi-
ties within the process of developing the roadmap, and by reviewing the 
expected characteristics and functions of beneficiaries and developers as 
documented in 15,000 pages of records of negotiations of development 
workgroups.

5.2.1  Approaches to Classification and Utilization of Knowledge 
in Development of Strategic Documents

Three classification approaches were used by applying accumulated knowl-
edge in the development of the strategic plan.

First Approach: Classification Based on Tacit and Explicit Types 
of Knowledge
By identifying, acquiring, and mining the required knowledge and 
combining it with the existing knowledge in each workgroup a proper 
knowledge structure for the development of document was formed. The 
formation of this knowledge-based structure is concurrent with the devel-
opment process. It turned into an efficient and usable set as well as a 
trustworthy infrastructure for developing the roadmap. In the following, 
the general structure of dimensions and sources of knowledge for devel-
oping the roadmap is detailed. At first, the sources and knowledge bases 
that affect all parts of the roadmap are detailed and knowledge of different 
subject areas are pointed out.
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Tacit Knowledge
1. The tacit knowledge of professors, experts, and practitioners of 

S&T:
The knowledge bases are mined and used during interviews and 
brainstorming sessions in association with development with the 
NCSR. In this process, the personal knowledge of people is mined 
through the interview and used by developers after having been 
organized and encoded.

 2. The tacit knowledge of critical notes and ideas of experts:
In this cycle, the results of roadmap development workshops are 
offered in 20 main editions and 120 secondary editions. The final 
draft was sent to associated professors and managers. It was deliv-
ered to the editors after receiving all feedback and comments. The 
conversion of tacit knowledge to explicit knowledge and communi-
cation of it to other people created a new cycle. The results of this 
cycle were changing the decisions, policies, and strategies of the 
roadmap. Afterwards, in all expert and coordination meetings, all 
ideas and strategic subjects suggested by professors and managers 
were reviewed. In all of the roadmap development process, the 
obtained results, an edition of the document and decisions recorded 
in minutes of meetings were shared in a network so as to let other 
experts view it and criticize the development processes and results 
obtained. The result of using this cycle in developing the roadmap is 
the production more than 5000 pages of criticism, which contain 
many strategic points on the roadmap. By precise organization and 
mining of existing knowledge in these pages, these strategic points 
were used in the development process.

 3. Tacit knowledge of group managers, experts, project managers, and 
managers of S&T R&D:
The researchers tapped into the tacit knowledge of the managers in 
the process of developing the roadmap. During the composition of 
this roadmap, these knowledge bases were discovered and mined 
during 7500 hours of expert meeting and through different instru-
ments so as to be used in the development process. In this regard, 
the knowledge shared by individuals in successive meetings was doc-
umented and extracted. The knowledge and experiences of individ-
uals are organized into summarized forms (minutes of meetings) or 
detailed forms, developed into an applicable structure and used in 
the knowledge structure of NCSR development.
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 4. The tacit knowledge of temporary colleagues involved in composing 
the NCSR:
These individuals were temporarily employed based on their exper-
tise in the subject areas, and their stored knowledge was mined 
through different methods. In this cycle, as a part of roadmap devel-
opment, the knowledge of more than 2000 individuals (more than 
300,000 man-hours of expert activities) was drawn on.

Explicit Knowledge
This category includes the knowledge which is documented in other pro-
cess and is used by the members of the work group during the devel-
opment of the NCSR.  The NCSR contains strategic values, visions, 
long- and short-term goals, indexes, strategic priorities of S&T, national 
policies, strategies and institutional mapping. The map of general struc-
tural dimensions and sources of explicit knowledge compilation are pre-
sented as follows:

 – The knowledge which represents the strategic values and epis-
temological foundations of S&T system: these includes verses, 
speeches, interpretations, books, and papers. This knowledge was 
classified and considered in all parts of context and during all steps 
of developing the roadmap.

 – Annual performance report from the institutions of higher edu-
cation: including annual reports of the research activities from 
universities, research centers, government centers, R&D centers 
and knowledge databases available in organizations such as the 
Ministry of Health and the Ministry of Science, Research and 
Technology.

 – The structure of organizations associated with S&T management: 
By studying the existing structures, some knowledge of design and 
the utilization of new structures and exclusion of inefficient struc-
tures and processes involved in S&T management was obtained.

 – Knowledge associated with theoretical principles of S&T man-
agement: Each roadmap is based on a theory, and clarification 
of these theoretical principles requires certain knowledge. In the 
case of developing this comprehensive roadmap, these knowl-
edge bases include studies on the association between science and 
society, social capital and intellectual property. In order to obtain 
the required knowledge, numerous studies on this issue were 
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 conducted and used as explicit knowledge for the development 
of the roadmap.

 – Explicit scientific and academic knowledge: This knowledge 
constitutes a part of the explicit knowledge of above-mentioned 
processes. In the development of this comprehensive roadmap, 
different entities such as the University of Tehran and Tehran 
University of Medical Sciences shared their written knowledge.

 – Research-based reports on S&T management.
 – A set of policies, regulations, and directives of S&T management
 – Information infrastructure associated with S&T management 

including communication networks and data centers of patents.
 – The international data center of scientific information and knowl-

edge of those international entities, which are associated with 
S&T management as well as experiences of other countries.

 – Reports of condition of S&T in Iran

The collection of these knowledge bases contributes to the composition 
of all roadmap chapters. It should be noted that in all of these sections, 
chapters and subject areas other knowledge bases are used as detailed in 
the following.

Second Approach: Classification Based on Subject of Activity 
in NCSR
Classification according to the related activities in the cycle of S&T or types 
of activities recommended in the NCSR. This classification is  suggested 
by Hedlund and Nonaka (1993), Boisot (1997), Nonaka and Takeuchi 
(1990) and McAdam and McCreedy (1999). In this classification, gener-
ally, the development of S&T processes involves three stages: Production, 
dissemination, and application of S&T. In the compilation process accord-
ing to the three steps of cycle above the applicable knowledge consist of 
the following:

Knowledge Associated with S&T Production (Research)
 – All information, reports, documents, indices, statistics (in national 

or international reports) which explain the condition of the coun-
try in the creation of S&T are categorized in this part. The set of 
this knowledge helps us in the development of some parts of this 
roadmap such as indicators of S&T generation, existing and desir-
able conditions of S&T, scientific and technological priorities and 
associated technologies.
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Knowledge About the Education System (A Method of Science 
Sharing and Dissemination)

 – Set of studies and knowledge bases associated with education: The 
conducted studies in this field constitute the main reference for 
prioritization of S&T fields and determination of their strategies. 
During this process, the knowledge bases are mined and encoded. 
The following processes are used for development of different 
parts of the roadmap for the educational system.

 – The information associated with the National Education 
Document: Most of the educational knowledge in the NCSR is 
based on these type of documents.

 – Knowledge bases in international websites of educational systems: 
They include global reports of the educational systems from all 
over the world and the international indicators for evaluation of 
the educational system.

 – Regulations associated with the educational system of Iran: These 
regulations are used for clarification of existing conditions and the 
determination of essential strategies for achieving goals for the 
1404 vision. These knowledge bases are encoded and used in a set 
for recovery of essential items.

 – The existing knowledge in the national educational system 
structure

 – Educational statistics of Iran, which illustrate the condition of the 
education system of the country. The working groups integrated 
the statistics with major and minor objectives of S&T system so 
as to develop new indicators and evaluation systems in national 
education management.

 – Strategic analyses of the educational system: These analyses rep-
resent the existing conditions and the ways of attaining desir-
able improvements. The process of integration and utilizations 
of existing knowledge within these analyses is only done through 
knowledge transfer from documents to persons and turning it into 
another type of knowledge.

 – Strategic documents associated with the national educational system: 
several sections of these strategic documents were used in NCSR.

 – The meetings of the committee of experts for training on NCSR 
and temporary committees (tacit knowledge): In this sections, dif-
ferent methods are used to turn the knowledge bases of expert 
individuals into written knowledge to be used in the process of 
roadmap development.
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Knowledge of Applied S&T (Use of Knowledge)
 – The knowledge in departments and research centers: several sec-

tions of this knowledge are associated with existing condition 
of applications of S&T in the country. This knowledge can be 
extracted and used through strategic analyses and study of proce-
dures, processes, regulations, and other managerial infrastructures.

 – Information that explains national requirements and strengths 
and the exchange of scientific and technological knowledge in the 
world. This knowledge is converted from associated studies into 
encoded knowledge in the roadmap’s data center, for the purpose 
of clarification of concept for the working group members.

 – The resulting knowledge of analytical reports of applied S&T 
(policy-making, development of technology, transfer of technol-
ogy): These reports generally exist in the organizations, which 
are associated with these fields. The process of conversion and 
utilization of existing knowledge are used as described before. 
The knowledge acquired through existing reports on studying 
the existing condition of applied S&T, the existing structures in 
applied S&T management especially in industrial sectors, and the 
regulations, as well as processes in the industries, are also used for 
developing the comprehensive roadmap.

 – Comparative reports on existing knowledge, objectives and pri-
orities of applied S&T in more than 60 countries and reports of 
global advanced technologies: These reports are extracted from 
the international data centers and international official reports. By 
conversion of existing knowledge into new knowledge, and after 
comparison with the existing S&T situation of the country, the 
priorities and strategies are presented.

 – The existing structures in applied S&T management system of 
Iran, especially in the industrial sector.

 – A set of regulations and rules in the industrial sector
 – Tacit knowledge of experts of S&T and researchers of applied 

S&T committee

Third Approach: Classification Based on Subject Areas 
for Developing the NCSR
This approach categorizes and explains the structures of established knowl-
edge based on the functions of knowledge in management and implemen-
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tation of the strategic plan. This approach has the same functional models 
of knowledge management that are claimed by Aggestam (2006).

The third approach used in knowledge management in the formulation 
of the NCSR emphasizes the subjects contained in the plan. Many topics 
of interest are contained in any strategic plan. For national strategic plans, 
the number of the subjects tends to increase, and interaction among them 
creates a complex situation. Accordingly, depending on the nature and 
working methods of the administrators, the existing knowledge categories 
in each of these areas varies, and available useful documents, of course, will 
be different. In the formulation of the NCSR, different information was 
used in different subject areas. For example, members of the teams work-
ing on the development of the NCSR paid more attention to the subjects 
of health and priorities in S&T; and the nature of information used for 
formulating strategies for development of these two areas is presented in 
Table 4.1.

Types of Knowledge in Health Sector and Scientific and Technological 
Priorities
Each one of the categories in the above table has different types of knowl-
edge, which leads (in smaller cycles) to making a strategic decision in 
roadmap preparation process. For instance, the evidence of strategic plan-
ning in the Ministry of Health includes STEEPV (Social, Technological, 
Economic, Environmental, Political and Values factors), analytical reports 
of beneficiaries of health area, and medical science research centers among 
others. In these programs and their associated evidence, there is a high level 
of explicit knowledge, which draws upon strategic analysis. By a combina-
tion of these knowledge bases and through merging them, new knowledge 
bases were created. Moreover, in the workshops named “future of S&T”, 
these knowledge bases were turned into tacit knowledge of developing 
comprehensive roadmaps of the health sector.

5.3  Preparation of First Questionnaire and Its Distribution

Based on the conversion of information and transfer of knowledge among 
expert groups, a questionnaire was prepared and edited by six members 
of the teams. The questionnaire was designed to evaluate the importance 
of knowledge activities during the process of developing the NCSR. The 
members of panel assessed the importance of these activities on a 5 
Likert scale, as is seen in the question below. Furthermore, experts were 
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Table 4.1 Types of knowledge in health sector and S&T priorities

Subject area Tacit knowledge Explicit knowledge

1 Health Field • Prospective study of 
the health system
• Tacit knowledge of 
members of different 
work groups

– Strategic planning documents of the 
Ministry of Health.
– Integrated structural knowledge of the 
health system.
– Existing knowledge to be found on 
websites.
– Knowledge gained from the study of the 
health sector of the national innovation 
system (NIS).
– Based on the indicators and standards, 
developed by international indicators of 
S&T in the health system.
– Monitoring sciences of the competitors in 
international scientific databases and 
reports.

2 Priorities of 
S&T

• Tacit knowledge of 
various members of 
committees and 
working groups

– Regional study and analysis of the 
scientific subjects with high value added.
– Documents in the field of S&T and 
reports on the achievements of S&T in the 
past 30 years.
– Existing structures of S&T in sectors  
with high value added.
– Existing laws and regulations in S&T 
organizations with high value added.
– Documents of S&T from around the 
world (over 900 documents).
– Reports to evaluate trends in the world  
of S&T.
– International reports on value added in 
various disciplines.
– Regional reporting systems, production 
planning, dissemination, and use of 
knowledge.
– International evaluation system for S&T.
– National reports on different fields of 
S&T.
– Development documents on important 
economic industries, such as power, oil, 
defense, and agriculture.
– Patterns in selected countries to identify 
priorities for development of S&T.
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 encouraged to bring up other knowledge activities which other experts 
did not mention.

As a sample of the types of the questions in the questionnaire, we pres-
ent the following (Table 4.2). In the context of the transfer of tacit knowl-
edge of permanent working groups to the tacit knowledge of temporary 
working groups and vice versa:

6  research FIndIngs

6.1  First Round

In the first round, the panel members were questioned about 45 types 
of knowledge and knowledge activities. The respondents approved 32 of 
these activities, 5 cases were rejected, and in 8 cases there was no con-
sensus. In addition, the respondents introduced six knowledge activities, 
which were used for the development of questions for 14 components for 
the second questionnaire.

6.2  Second Round

In the second round, out of 14 categories of knowledge and activities, 10 
were accepted and 4 were rejected. Based on the first and second round 
of Delphi, all the processes of knowledge conversion, including tacit to 
explicit to implicit, explicit to explicit, and tacit to tacit, knowledge were 
used in the development of the NCSR.

6.3  Third Round

The panel members approved the schematic diagram of the knowledge 
activities (structural diagram No. 4) that was used in the process of draft-
ing the document (Fig. 4.2).

Table 4.2 Questionnaire sample: activities in improving the quality and speed of 
formulation of the NCSR were very effective

Activities in improving the quality and speed of formulation of the NCSR were very 
effective

Totally agree Agree No comment Disagree Totally disagree
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7  dIscussIons

Developing the NCSR without creating a reliable knowledge-based infra-
structure with the capability to access the information easily results in a 
defective plan. These difficulties in accessing the required information 
arise because either the necessary information has not been extracted or, 
in many cases, the information has not been properly utilized. To avoid 
these issues, it was proposed that the strategic information working group 
jointly should work with the NCSR writing group, and collectively act 
as the brain trust for the development of the NCSR. In addition, if this 
group could perform their duties properly, and facilitate, expedite, and 
increase the accuracy of their strategic decisions, a comprehensive infra-
structure for the implementation of the roadmap, i.e. strategic knowledge, 
would be formed. The existence of such a decision-making team would 
enable the managers to use the knowledge gained from this process to 
reach the correct decision in a short time.

A review of the conceptual map of the NCSR clearly shows that much 
of required information for developing it was not available, and without 
it completing the development of the NCSR was not possible. This issue 
makes management of strategic knowledge a necessity. The breadth of the 
national and international issues prevents the development of a prelimi-
nary structure for knowledge management prior to the research work in 
the development of the NCSR. Therefore, a gradual process over several 
cycles of knowledge creation in various sectors and stages, and a process 
of extracting, encoding, organizing, and applying knowledge assisted the 
creation of a unique management structure of editing the NCSR.

Lack of the infrastructure mentioned above increased the financial, 
human, and time costs of achieving a favorable outcome in the project. By 
contrast, having a reliable infrastructure for knowledge management could 
speed up decision-making, increase the credibility of macro- economic pol-
icies, and improve the synergy of decisions.

8  conclusIon

Regarding this research, Delphi results consider utilization of both tacit 
and explicit knowledge of the experts in the formulation of the NCSR to 
be very effective. Utilization of the related knowledge infrastructure in 
each subject was necessary for the formulation of the NCSR. Using reli-
able databases in active information infrastructure, especially in  developing 
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and planning strategic documents at the national level, was necessary 
and beneficial. Information technology tools were useful in sharing, dis-
seminating, and transferring knowledge among different individuals and 
groups, which facilitated decision-making. Furthermore, reaching similar 
decisions by various groups was one of the desired outcomes of the knowl-
edge infrastructure. Defining standards for transferring tacit knowledge 
into explicit ones and vice versa in the early stage of the policy formulation 
made the process of knowledge activities purposeful and effective.

The participants in Delphi method in the area of human resources 
believed that using the experts who are intimately familiar with knowledge 
management is essential. Hence, the offering of workshops for managers 
and members to explain that the essential knowledge activities and deci-
sions were necessary.

The inputs of knowledge at all levels, ranging from expert groups, study 
groups, decision-making groups, composing and editing groups, and the 
group which was responsible for the final approval of the plan, consisted 
of two categories: Information in the databases, and the reports prepared 
by the experts. In addition, national data in each level was needed for 
decision-making. Application of information technology in all knowledge- 
based networks notably increased the speed of decision-making processes. 
Conversion and transfer of the aforementioned knowledge to explicit 
knowledge, based on the type of actions and subject areas discussed in the 
meetings, increased the effectiveness of the members to reach a common 
understanding and allowed efficient decision-making. During the compo-
sition activities, the implicit knowledge in one subject appeared as explicit 
knowledge in another subject.

In sharing and transferring knowledge during the meetings, the process 
of socialization of knowledge is the most important factor. Moreover, cul-
ture plays a significant role in knowledge management. Under conditions 
in which there is a lack of mutual trust and spirit of cooperation in the 
organizational culture, management of the knowledge would face signifi-
cant challenges. Lack of trust would lead to inadequate knowledge sharing 
among the working groups.

Several factors contribute to slow, inefficient establishment of knowl-
edge management teams. Considering the structure and process of the 
strategic document, we identify the following factors as obstacles in 
the formation of knowledge management team in the development of 
the NCSR.
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 1. The resistance of the working groups, especially the temporary work 
groups, in sharing information.

 2. Organizational factors including:

 – Hierarchical and inflexible structures
 – Lack of interaction between the teams of experts and the ulti-

mate decision-makers
 – The vertical structure of the working groups
 – Lack of coordination between the temporary and permanent 

composing working groups
 – Inadequate trust and support by the top decision-makers for 

the working groups
 – Inadequate attention to details of the activities of the experts, 

and the plans for knowledge management

reFerences

Aggestam, L. (2006). Wanted: A framework for IT-supported KM. Proceedings of 
the 17th Information Resources Management Association (IRMA).

Alberts, D.  S., & Hazes, R.  E. (2006). Understanding command and control. 
Washington, DC: CCRP.

Ali, H. M., & Ahmad, N. H. (2006). Knowledge management in Malaysian banks: 
A new paradigm. Journal of Knowledge Management Practice, 7, 1–14.

Allison, G. (1971). Essence of decision. Boston: Little, Brown.
Barney, B. (2002). Gaining and sustaining competitive advantage (2nd ed.). 

Upper Saddle River, NJ: Prentice-Hall.
Boisot, M. H. (1997). Information and organizations: The manager as anthropolo-

gist. London: Fontana/Collins.
Clemons, E., & Santamaria, J. (2002). Maneuver warfare: Can modern military 

strategy lead you to victory? Harvard Business Review. April 2002. https://
hbr.org/2002/04/maneuver-warfare-can-modern-military-strategy-lead-you- 
to-victory (Access date: November 2015). doi:10.5539/ijbm.v6n8p216

Courtney, R. (2002). Strategic management for voluntary nonprofit organization 
(pp. 5–20). London: Routledge.

Feldman, M. S., & March, J. G. (1981). Information in organizations as signal 
and symbol. Administrative Science Quarterly, 26, 171–86.

Fischoff, B. (1985). Managing risk perception (Unpublished manuscript), During 
Decision Making, Washington State University, Proceedings of the 34th Hawaii 
International Conference on System Sciences.

NATIONAL FRAMEWORK FOR KNOWLEDGE MANAGEMENT STRATEGIES... 69

https://hbr.org/2002/04/maneuver-warfare-can-modern-military-strategy-lead-you-to-victory
https://hbr.org/2002/04/maneuver-warfare-can-modern-military-strategy-lead-you-to-victory
https://hbr.org/2002/04/maneuver-warfare-can-modern-military-strategy-lead-you-to-victory
http://dx.doi.org/10.5539/ijbm.v6n8p216


Ghafarian, V., & Kiani, G. R. (2007). Five Commandments for strategic thinking 
(in Farsi). Tehran: Fara. p. 18.

Hammond, K. R., Anderson, B. f., Sutherland, J., & Marvin, B. (1983). Improving 
scientists’ judgments of risk. In Environmental impact assessment, technology 
assessment, and risk analysis (Vol. 4) NATO ASI Series (pp. 485–514).

Hart, S. L. (1986). Managing knowledge in policymaking and decision making. 
University of Michigan.

Hedlund, G., & Nonaka, I. (1993). Models of knowledge management in the 
West and Japan. In B. Lorange, B. Chakravarthy, J. Roos, & H. Van de Ven 
(Eds.), Implementing strategic process, change, learning and cooperation 
(pp. 117–144). London: Macmillan.

Hiscock, J. (2004). Developing knowledge management awareness in public rela-
tion students. Public Relation Review, 30, 107–115.

Hovland, I. (2003, August). Knowledge management and organizational learn-
ing: An international development perspective. Overseas Development Institute, 
111 Westminster Bridge Road London, SE1 7JD.

Joshi, K.  D. (2001). A framework to study knowledge management behaviors. 
Proceedings of the 34th Hawaii International Conference on System 
Sciences—2001, 0-7695-0981-9/01. (c) 2001 IEEE. http://ieeexplore.ieee.
org/xpl/login.jsp?tp=&arnumber=926489&url=http%3A%2F%2Fieeexplore.
ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D926489 (Access date: 
November 2015).

Linstone, H., et al. (1981). The multiple perspective concept. Technological fore-
casting and social change, 20, 275–325.

Malhotra, Y. (2000). Knowledge management and new organization forms: A 
framework for business model innovation. Information Resources Management 
Journal, 13(1), 5–14.

Mcadam, R., & Mccreedy, S. (1999). A critical review of knowledge management 
models. The Learning Organization, 6(3), 91–100.

Miettinen, M., & Korhonen, M. (2005). Best practice recommendations and deci-
sion making support in health care processes: how best practice recommendations 
are used and how healthcare professionals view decision-making support. A case 
report.

Mohammed, W., & Jalal, A. (2011). The influence of knowledge management 
system (KMS) on enhancing decision making process (DMP). International 
Journal of Business and Management, 6(8), 216–229.

National Comprehensive Scientific Roadmap in I.R.I. (2010). Supreme Council 
for Cultural Revolution, Tehran.

Nawmen, B. J., & Connrod, W. (1999). A frame work for characterizing knowl-
edge management method. www.Km-Forum.org (Access date: June 19, 2004).

70 B.T. KAZEMI

http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=926489&url=http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=926489
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=926489&url=http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=926489
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=926489&url=http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=926489
http://www.km-forum.org/


Nezafati, N. (2015). Knowledge management and it’s implementation in Iranian 
organizations, future development consultant, Tehran.

Nonaka, I., & Takeuchi, H. (1990). The knowledge-creating company: How 
Japanese companies create the dynamics of innovation? New  York: Oxford 
University Press.

Nonaka, I., & von Krogh, G. (2009). Tacit knowledge and knowledge conversion: 
Controversy and advancement in organizational knowledge creation theory. 
Organization Science, 20(3), 635–652.

O’Neill, B. S., & Adya, M. (2007). Knowledge sharing and the psychological con-
tract: Managing knowledge workers across different stages of employment. 
Journal of Managerial Psychology, 22, 411–436.

SCCR. (2010). Supporting documents for comprehensive scientific plan (volume 72, 
and in the form of more than 350 strategic document).

Singh, J. (2005). Collaborative networks as determinants of knowledge diffusion 
patterns. Management Science, 51(5), 756–770.

van Lohuizen, C.  W. W. (1984). The knowledge household and policy making. 
Presented at the Workshop on Utilization-Focused Research and Planning, 
Eindhoven, The Netherlands.

Wig, K. (2002). Application of knowledge management in public administration. 
 http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.202.284&rep=r
ep1&type=pdf

NATIONAL FRAMEWORK FOR KNOWLEDGE MANAGEMENT STRATEGIES... 71

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.202.284&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.202.284&rep=rep1&type=pdf


   PART 2 

   Outcomes of Science, Technology, 
and Innovation Policies        



75© The Author(s) 2017
A.S. Soofi, M. Goodarzi (eds.), The Development of Science  
and Technology in Iran, DOI 10.1057/978-1-137-57257-8_5

CHAPTER 5

Growth of Scientific Publications in Iran: 
Reasons, Impacts, and Trends

Mohammad Naghizadeh and Reza Naghizdeh

M. Naghizadeh (*) 
Allameh Tabataba’i University (ATU), Tehran, Iran 

R. Naghizdeh 
National Research Institute for Science Policy, Tehran, Iran

1  IntroductIon

The end of World War II and the start of the Cold War marked the 
beginning of unexpected growth in the adoption of science policy and the 
increase in government investments in research and development (R&D). 
The success of the US government’s investment in the Los Alamos 
nuclear bomb project made the idea that heavy investment in the basic 
sciences, especially in physics, chemistry and biology, applied sciences, and 
technological development could provide solutions to many important 
societal problems. This outcome also made the significance of science 
and technology (S&T) in national security and economic development of 
nations abundantly clear (Lundvall and Borras 2005).

Scientific output forms one of the dimensions of a national system of 
innovation. Accordingly, reliable citation databases have been developed 
to track the record of scientific publications of countries. In comparative 
studies of science and engineering development of nations, these citation 
indexes are frequently used.



According to these indexes, Iran has enjoyed the highest growth rate 
(25.2 %) in the publication of articles in science and engineering subjects in the 
world during 1999 and 2009 (National Science Foundation 2012). However, 
this remarkable performance underestimates the actual number of publications, 
since the growth rate is based only on articles in the English language, while 
Iranian authors publish a large number of articles in Farsi language annually.

According to (MacKenzie 2010) during the decades of 1990–2010, 
the average annual publication of articles by Iranian authors who reside in 
Iran has been 11-fold higher than the average annual publication growth 
rate for the world.

A great debate is going on among the experts in Iran about the position 
of Iran in global scientific production, the reason for such a high standing, 
and the mechanism of connecting the progress of sciences in the country 
to technological development under the present conditions. This chapter 
examines these issues.

This chapter consists of six sections. In Section 1, we review the growth 
of scientific publication in the country and identify the main reasons for 
such a high growth rate. In section 2, we discuss the growth in scientific 
publication and its relationship with S&T development in the country. In 
Section 3 we examine the quality of the publications. Section 4 discusses 
about challenges ahead of Iranian policy makers in measuring of  scientific 
out puts of the country. Section 5 analyzes the adopted STI (science, 
technology and innovation) policies in recent years, and the convergence 
among these policies. Finally, Section 6 makes some concluding remarks.

2  Growth of ScIentIfIc PublIcatIonS In Iran 
durInG the laSt two decadeS

Attaining scientific authority and technological capability are among the 
main goals of the S&T policy of the Islamic Republic of Iran. Production 
of scientific output has been considered very important in Iran since the 
1990s, and significant efforts have taken place to get papers published in 
peer-reviewed academic journals both domestically and globally.

2.1  The Global Ranking of Scientific Output of Iran

According to the data provided by the National Science Foundation, Iran 
had 19.3 % average annual growth rate1 for publications in all science 
and engineering fields during 1997–2011 (National Science Foundation 
2014). With approximately a 21-fold increase in the number of publications 
in all fields of science and engineering, Iran increased its 390.6 published 
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articles in 1997 to 8175 in 2011, and ranked second highest after Grenada 
globally in terms of growth. Overall, Iran’s ranking in the publication of 
articles in all subjects was 11 times higher the average growth rate for rest 
of the world (Science Metrix 2010).

According to the World Bank database, Iran ranked 46  in terms of 
 scientific publications in 2000. This ranking increased to 15  in 2013 
(World Bank 2016). Table 5.1 shows the annual ranking of four Islamic 
countries in terms of publication of articles.

2.2  The Ranking of the Scientific Output of Iran

According to World Bank database, the number of indexed scientific pub-
lications from Iran in 2013 was 32,964. With this number of publications, 
Iran held 1.5 percent of all publications globally, and ranked 1st and 15th 
in the Middle East, and in the world, respectively (World Bank 2016).

2.3  Scientific Collaborations of Iran with Rest of the World 
in 2014

Researchers in Iran had collaborated and published with their colleagues 
from many countries. The document ratio whose affiliation includes more 
than one country address was 0.22, 17.98, 20.12 and 21.0 percentages in 
2011, 2012, 2013 and 2014 respectively.

Table 5.1 Global ranking of published articles by Iran and four other Islamic 
countries (World Bank 2016)
Year Iran Turkey Saudi Arabia Egypt Pakistan

2001 45 26 49 40 60
2002 42 23 49 40 59
2003 40 23 48 41 57
2004 39 21 50 41 57
2005 37 19 51 42 55
2006 33 19 52 43 51
2007 28 18 56 44 49
2008 26 18 56 44 49
2009 23 18 54 42 48
2010 22 18 49 43 46
2011 20 18 44 40 45
2012 20 18 40 41 47
2013 20 18 39 41 45
2014 20 17 35 40 45
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We note that the data from SCImago (2016) do not include all  scientific 
contributions of Iranian authors owing to the reasons discussed below.

2.4  Limitations for Publication of Iranian Scientific 
Contributions in International Journals

2.4.1  Large Number of Domestic Scientific Publications
A large number of scientific contributions by Iranian scholars are pub-
lished in Farsi-language journals that are not in international article 
citation indexes. This is particularly true for articles in the humanities. 
Accordingly, religious studies in Iran, which constitutes a significant part 
of studies in humanities in the country, are not represented in the popular 
journal citation indexes.

2.4.2  Nature of the Data of International Scientific Output
The data for scientific publications of researchers in citation index 
databases include both articles from journals and from conference 
proceedings. Due to the imposition of economic sanctions, many Iranian 
researchers are not able to attend international conferences especially 
those held in the Western Europe and the USA. Accordingly, Iran’s share 
of conference proceedings that are included in the citation indexes is 
perhaps not an accurate representation of the research that take place in 
Iran under this category.

3  QualIty of ScIentIfIc outPut from Iran

Of course in addition to the number of publications, the quality of scientific 
output is of paramount importance. We discuss the quality of Iran’s scien-
tific output below.

3.1  The Number of Citations to the Published Scientific Works 
by Iranian Authors During 1996–2014

To place the number of citations to scientific publications by the Iranian 
authors we compare the number of citations for Iran and for several other 
countries in the Islamic world. Figure 5.1 shows the number of citations.

According to Fig. 5.1, during these two decades Turkey was ranked number 
1 followed by Iran and Egypt, among all Islamic countries in terms of number 
of publications; however, in terms of number of citations per document, Iran 
(9.83 %) ranks before Turkey (9.79 %), and Malaysia (9.41 %).
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3.2  The H-Index

The h-index is a country’s number of articles (h) that have received at least 
h citations. It quantifies both country scientific productivity and scientific 
impact and it is also applicable to scientists, journals, etc. According to this 
index, in 2015, Turkey with an h-index of 266 ranks first and Iran with 
an h-index of 180 is second (SCImago 2016).

3.3  Limitations for Qualitative Improvement of Iranian 
Scientific Outputs

Many researchers in Iran believe that economic sanctions have had an adverse 
impact on the number of publications by Iranian scholars in international 
journals. Even though there exists no data to indicate the number of refusals 
to accept papers from authors in Iran even for review, it has been the case 
that some of the English-language journals in the USA have refused to accept 
manuscripts that were submitted by authors who had resided in Iran. Here is 
an extract from a letter sent to an Iranian author by the editor of an American 
journal in orthodontics: “We have received your manuscript in our automated 
system. Unfortunately, our Federal Government does not allow us to process 
and edit manuscripts submitted from Iran.” (Wordpress 2015)

Such a letter gives credence to the belief of many Iranian researchers 
who claim they are discriminated against because of their national origin.

4  connectInG to market

One of the challenges facing the Iranian S&T policy makers is measuring 
of the impact of scientific output in the forms of published papers and 
books on technological development as well as on the standard of living 
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Fig. 5.1 The number of the journal article citations during 1996–2014 by country 
(SCImago 2016)
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of the people of the country. The data show that for every 820 articles, 
only one has led to a patent in recent years. However, the ratio of patents 
per published articles for advanced industrialized countries is substantially 
higher than the ratio for Iran. For example, data show that in Japan for 
every 1.4 articles one invention is patented. The figure for the USA is 
one patent per 2.7 articles, for South Korea it is 3 articles per patent, in 
Germany is 7.2 articles per patent, and in China 34 articles per patent.

4.1  Limitations to the Commercialization of Inventions

To assess the impact of scientific output on the development of technol-
ogy and on raising the standard of living of the population, a more direct 
measurement instrument is required. Among those available, let us consider 
knowledge-based companies and exports of high-tech products and services.

High-tech exports as a percentage of total manufactured exports in 
Iran were 4.12 % or $652,571,100  in 2011. Its highest value over the 
past 14 years was 6.31 % or $402,642,300 in 2006, while its lowest value 
was 0.15 % or $2,467,415  in 1997 (World Bank 2015). The number 
of New Technology-Based Firms (NTBFs) based on the outputs of the 
research done by the Iranian researchers is another index. This number has 
increased dramatically from 2013 to 2015. More than 1700 NTBFs were 
registered in this period (ISTI 2015).

One of the main obstacles for Iranian enterprises wishing to develop or 
expand export markets is economic sanctions, which have been intensified 
since 2008. Moreover, access to the export markets diminished because of 
inability of many Iranian firms to patent their innovations in the Western 
industrialized countries.

The lingering problem of inadequate protection of property rights in 
Iran because of an overextended judicial system with insufficient judges 
has all but eliminated the motive for inventors to patent their discoveries. 
The costs of patenting in Iran often outweigh the benefits of legal protec-
tion they could potentially receive in many cases.

5  an analySIS of Growth of Iran’S ScIentIfIc 
outPut

The rapid rate of growth of scientific publications, the quality of the pub-
lished works, and applications of scientific discoveries in product and pro-
cess innovations in Iran require in-depth study. We will examine these 
developments by answering three questions. First, how did Iran achieve 
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such a high rate of scientific publication in three decades? Second, what 
are the sources of divergence of growth of scientific output and the pace 
of technological development? Third, what are the sources of convergence 
of science, technology, and innovation policies in Iran?

5.1  Analysis of Growth Rate of Scientific Output in Iran 
During the Last Two Decades

The rapid growth rate of scientific publication in the country may be 
due to the adoption of intelligent science policies and continuity in their 
implementation. In the development of science policies in Iran, particular 
attention is paid to the quantity and quality of researchers and students. 
The science policy aims to preserve cultural values, strengthen national 
security, and achieve socio-economic goals.

After the triumph of the 1979 revolution, three periods of science pol-
icy formulation are distinguishable. The first period is 1979–1988, when 
the state placed particular emphasis on public elementary education. The 
policy of free mandatory attendance of children in elementary schools and 
the initiation of the Literacy Movement are among this set of policies. The 
order by Emom Rohollah Khomeini, the leader of Islamic Revolution, for 
eradication of illiteracy resulted in the country's mass Literacy Movement. 
The slogan that “All of Iran should be a school” is a manifestation of the 
national will to have a universally literate population and reflects the high 
priority of the science policy during this period. Due to implementation of 
this policy, the rate of illiteracy among people over 50 years old dropped 
from 52 % in 1979 to less than 7 % in 2014. In some regions of the coun-
try, the illiteracy rate was less than 3 % in 2014 (Bagherzade 2014).

Moreover, the gaps between male and female illiteracy rates are less 
than 7 % in the countryside and around 3 % in the cities, statistics that 
point to the spirit of gender neutrality of the policy in the country.

During the second period 1989–2001, the science policy makers 
placed emphasis on the availability of higher educational opportunities. 
Development of private universities such as Islamic Azad University, and the 
expansion of the existing public institutions of higher education throughout 
the country, are the main features of science policy during this period.

The growth of higher education during this time was phenomenal. The 
number of universities and other institutions of higher learning increased 
10-fold. The number of college students increased 22 times; the number 
of college graduates rose 17-fold; and the number of university faculty 
members increased 11-fold.
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In 1991, 29.7 % of college students in Iran were female. By the 
2001–2002 academic year, the percentage of females among the college 
students rose to 51.9, and by the middle of the first decade of the twenty- 
first century, the number increased to 60 %.

During the academic year 2001–2002, 31 % of students in institutions 
of higher learning were in technical schools, 60.7 % were undergraduate  
students, 5.3 % were graduate students at the master level, 1.71 % were  
doctoral students, and 1.21 % were studying in specialized doctoral programs.

The science policies in the third period, 2005–2015, focused on 
increasing the number of post-graduate studies programs and promoting 
basic and applied research. The five-fold increase in the number of post- 
graduate students during this period confirms the priority and emphasis 
of the policy (Iran Statistical Center 2015). Policies to promote research 
activities in the emerging sciences and technologies and the establishment 
of advanced technological initiatives are among the activities of this period. 
Moreover, during this period the criteria for evaluation of university  faculty 
members include the number of publications of the faculty members in 
the international journals that appear in indexed citations databases.

Considering the sets of policies during the three periods, we conclude 
that the policies had a profound positive impact on the rapid increase in 
the number of researchers, post-graduate students, and scientific output 
in the country.

The overwhelming emphasis on the quantity of publications has taken 
place at the expense of the quality of research output of authors from Iran. 
As stated above, given that the language of science is English, and many 
Iranian scholars use English in writing research papers for publication, the 
limitations imposed on the Iranian scientific community by the economic 
sanctions act as an obstacle for the publication of research papers and 
international scientific interactions.

The science policy adopted by the Iranian universities and research cen-
ters has placed a disproportionate emphasis on the quantity and not quality 
of research publications, a policy that may adversely affect further scientific 
development of the country. One method of raising the quality of research 
in Iran is setting the minimum standard of publication in the highest-tiered 
journals in each scientific fields for faculty promotion and tenure.

By way of summary, we present the science policies of Iran in Table 5.2. 
As is seen in the table, the science policies of the country after the revolu-
tion of 1979 may be classified in three periods: 1979–1988, 1989–2001, 
and 2005 to present.
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5.2  Assessment of the Promotional Policy 
for the Commercialization of Scientific Output

The relationship between scientific development and technological 
 progress in Iran is a paramount question that S&T policy planners in the 
country face. In answering this question, it is useful to place the sequence 
of S&T development in the country in a historical framework.

The Iranian policy makers’ focus on technological development for 
economic welfare and national defense emerged after a period when science 
and educational policy was the top priority for the nation. Technological 
policies are aimed at the specific industrial sectors of the economy.  Accordingly, 
in Iran, the policy makers concentrated on the development of high-tech, 

Table 5.2 Some of the most important science policies and their achievements 
in Iran after the 1979 revolution

Period Sphere of the policy Examples Achievements

1979–1988 Concentration on 
universal elementary 
education and 
eradication of illiteracy

Law of free  
mandatory  
elementary  
education, and 
eradication of  
illiteracy

– Reduction of illiteracy 
from 52 % to little more 
than 7 % between 1978  
and 2015
– Reduction of illiteracy 
rate differential between 
male and females to less 
than 7 %
– Reduction of the illiteracy 
rate differential between 
cities and countryside to 
less than 3 %

1989–2001 Development of higher 
education with  
emphasis on 
undergraduate  
education

Expansion of existing, 
and opening of new, 
universities, with 
emphasis on 
undergraduate 
programs

– A 22-fold increase in 
undergraduate admission  
in four- and two-year 
colleges and universities
– An 11-fold increase in 
instructional staff in the 
universities
– A 10-fold increase i 
n the number of  
universities and colleges

2005–PresentEmphasis on post- 
graduate education

Growth in specialized 
post-graduate studies

–A 5-fold growth  
in doctoral and  
post- graduate studies
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science-based industries such as nuclear energy, software, pharmaceuticals, and 
genetic engineering for techno-economic development. Several reasons exist 
for selection of these industries for development. First, these industries tend 
to stimulate vagary since they make the occurrence of amazing phenomena 
possible: policies mix science with fantasy. Second, the selection of these 
industries for concentrated attention for technological development was 
because of their higher rate of innovations and rapid rate of commercialization 
compared to the same in other industries (Lundvall and Borras 2005).

Technological policy has a different meaning for high-income countries 
than for the emerging economies that show more interest in catching 
up technologically. In the high-income countries, the focus is on the 
development of emerging, science-based industries, for processes and 
product innovations. The latecomer countries aim to remedy their status 
by catching up by entering promising emerging industries and developing 
and using the new technologies (Lundvall and Borras 2005). The common 
approach for technological development in the latecomer counties is 
development of “strategic industries”.2

Adoption of initiatives for technological capability building in 
advanced technologies such as nanotechnology, biotechnology, and 
aerospace as well as heavy investment in nuclear technology have been 
central S&T policies during recent decades in Iran that are based on 
technological advances elsewhere. However, one should bear in mind 
that acquiring technological capability is not the only prerequisite 
to developing a competitive advantage in the global market place—
socio-economic, political, diplomatic, and cultural variables also play 
significant roles. Presence of domestic enterprises that do not have access 
to advanced technologies for use in production of goods and services, 
the supremacy of a traditional economy, the prevalence of a culture of 
trade rather than of production, inadequate employment opportunities, 
and adverse conditions surrounding Iran’s international relationships 
have all contributed to inadequate growth in technological learning 
in the country. Improvement of the business environment and its 
coordination with a knowledge-based economy are important results that 
have appeared  because of  technological policies of the state in Iran in 
recent years. Specifically, a law to support knowledge- based enterprises, 
and the establishment of a one-billion-dollar fund to support high-tech 
companies are among such policies. Table 5.2 presents the most important 
technological policies and achievements in Iran since 2000.
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6  concluSIon

Three main factors have contributed to growth of scientific publications 
in Iran. First, the top S&T policy makers insisted on promoting R&D 
activities in the country. This has led to the production of scientific output 
becoming a national priority. Second, the rapid rate of growth of universi-
ties, and numbers of undergraduate and post-graduate students, as well 
as faculty members, have given rise to a growth in scientific publishing. 
Third, the rise of self-esteem in the ability of the researchers to compete 
globally by publication in the most reputable academic journals has led to 
the increase of scientific output.

However, it should be noted that the annual rate of growth of 
scientific publications by the scholars in Iran has stabilized, even 
though Iran is still ranked at the very top globally. Furthermore, a 
recent drop in the number of students who wish to enter colleges and 
universities may have a delayed negative impact on the rate of growth 
of publications. Additionally, in spite of the high quantitative growth, 
qualitative improvement of research, which could have led to patents and 
commercialization, has been less than desirable.

The change in policy direction from science to technology and innova-
tion in recent years may result in advances in technological learning in the 
country. Pending on persistence of intelligent technology and innovation 
policy it appears that a technological leap in the Iranian economy is not 
out of the realm of possibilities in the near future.

noteS

 1. The authors calculated the geometric mean of annual growth rates.
 2. A strategic industry is an industry that represents the technological and 

organizational policy of the society and is a leader of the innovations at 
the time.
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1  IntroductIon

On May 24, 1908, the eruption of raw petroleum from an oil well in 
Masjid Soleyman presented new opportunities and challenges to Iran and 
to other oil-rich countries in the Middle East. From an economic perspec-
tive, no other natural resource of the country has played such a significant 
role as oil and natural gas in the Iranian economy over the last century. 
Accordingly, the competitive advantage of the Iranian economy rests on 
the petroleum, natural gas, and petrochemical industries. In 2012, for 
example, Iran’s share of the known global petroleum reserve and the 
Middle East’s known petroleum reserve were equal to 9.47 % and 19.69 
%, respectively. Iran is ranked number one in terms of total petroleum and 
natural gas reserves in the world (Iran Hydrocarbon Balance 2012).

Predictions about imminent exhaustion of the petroleum resource have 
been in abundance from the very inception of the industry. For example, 
according to various predictions, global exhaustion of petroleum resources 



should have taken place in 1936, 2007, 2009, 2011, or is due to take place 
in 2020. However, over the last century extraction of petroleum has been 
increasing, and much of the increased output was due to applications of 
advanced technologies in the recovery of oil from supposedly exhausted 
oil wells, which were formerly deemed uneconomical to extract oil from 
because of high cost of extraction.

Recent studies have shown that hydrocarbon resources will remain the 
main source of energy consumption until 2050. It is estimated that annual 
growth rates of demand for petroleum and natural gas will be 1.7 % and 
3.1 %, respectively until 2025 (International Energy Agency 2006). Iran is 
an important player in supplying the energy needs of the world. According 
to the present level of production of oil and gas, it is estimated that Iran 
could supply petroleum for a farther 110 years and natural gas for 147 
years (Iran Hydrocarbon Balance 2012). Accordingly, Iran has the poten-
tial to supply petroleum and natural gas in the years to come, and a very 
clear plan to do so, a situation that increases the potential for absorption, 
use, and development of technology in the petroleum industry.

2  the IranIan Petroleum Industry

After nationalization of the Anglo-Persian Oil Company, which oper-
ated as a sole concessionary entity in the Iranian petroleum industry, on 
March 20, 1951, two tendencies were under consideration among the 
industry experts regarding the direction of operations of the industry: 
Technological development of the petroleum industry and extracting 
and selling raw petroleum. Eventually, the policy of maximum immedi-
ate extracting and selling of raw petroleum to generate funds to finance 
governmental expenditures with little or no attention for technological 
learning was adopted (Ghanimifard 1996).

After nationalization, the petroleum industry in Iran consisted of a sin-
gle state-owned enterprise that extracted and sold raw petroleum. With 
this business model, the strategic goals of the industry such as increased 
production (without consideration of engineering requirements of extrac-
tion and safeguarding the reserves), continuation of current operations 
(without consideration of cost reduction), and capital investments (with-
out development or use of advanced technologies) were adopted. During 
the 8-year war pursuant to the Iraqi invasion of Iran, the infrastructure of 
the industry was severely damaged or, in some parts, destroyed. The main 
activities of the industry in the war years were confined to maintenance and 
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the operation of refineries and petrochemical plants as well as production 
of petroleum for domestic consumption and exports.

With the passing of the time, it became clear to the leaders of the 
industry and the Iranian government that what makes the industry com-
petitive and successful is not only the petroleum reserves of the country 
but also the utilization of the applicable technologies and the adoption 
of meaningful planning for technological development of the industry 
and resource extraction (OG21 2012). However, because of the inter- 
disciplinary nature of the science, engineering, and other subjects that are 
involved in technological learning and development in the industry, intra- 
organizational planning—a challenging task in the bureaucratic policy- 
making environment of Iran—was required.

In recent years, however, the Iranian petroleum industry has experienced 
many fundamental changes, the most important of which appear below.

 1. Imposition of economic sanctions
The economic sanctions by the UN (United Nations), the USA 

and some of the European countries have made the acquisition of 
raw materials, intermediate goods, equipment, and technical knowl-
edge required by the firms in the industry more difficult. Additionally, 
interactions with foreign enterprises and the options of securing 
financial resources by borrowing or buyback were drastically 
reduced.

 2. A paradigm shift in managerial outlook
Many leaders of the Iranian petroleum industry had concluded 

that the domestic enterprises were capable of developing the needed 
expertise and technological requirements of the industry. The 
change in thinking of the leaders of the industry manifested itself by 
investment in R&D, setting regulations for the conduct of research, 
establishing research centers, and creating industry-university 
research hubs. Of course, technical achievements of latecomer for-
eign companies such as Statoil, Petronas, Petrochina, and Petrobras, 
which in a short time had acquired a large share of the international 
market by relying on their technological achievements, had contrib-
uted to the paradigm shift.

 3. Extraction of resources by neighboring countries having petroleum 
and natural gas fields in common with Iran

Extraction of resources by the neighboring countries leads to 
lowering of the pressure elsewhere in the field, which shifts the 
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resource toward the direction where it is being extracted. This 
implies that the country that is extracting the resource will benefit 
the most by acquiring a larger share of it. This also leads to higher 
cost of extraction by the latecomer country because of the require-
ment of injecting water, gas, or chemicals to extract the resource in 
the future.

 4. Reduced production from the oil fields and increase in extraction 
coefficient

Eighty percent of the Iranian oil fields are in the second half of 
their productive capacity, and due to reduction in natural pressure, 
output of these fields is reduced by several thousand barrels annu-
ally. Accordingly, protection of the reserves necessitates use of new 
technologies including injection of natural gas, carbon dioxide, 
nitrogen, polymer, water steam and the adoption of new methods of 
extraction such as horizontal drilling and artificial lift.

Due to the above-cited factors, technological development has become 
a top priority in policy making circles in the industry.

In the meantime, global investment in oil and gas industry, as well 
as in R&D in related knowledge fields that constitute the best chan-
nels for technological development of a growing industry, have created 
a knowledge-based revolution in the industry (Mackinsey and Company 
2005). The estimates indicate that the application of new technology in 
the industry will result in the generation of an overall value-added that is 
greater than the total investment in the industry. Accordingly, planning 
for technological development and acquiring new technological capabili-
ties will have a major impact on the Iranian petroleum industry.

3  hydrocarbon resources In Iran

Iran had 74 active hydrocarbon fields in 2012. Fifty-seven of these fields 
are on land and the remaining 17 are located offshore. Twenty-nine of 
these hydrocarbon fields (consisting of 18 oilfields, 5 natural gas fields and 
6 combined natural gas–petroleum fields) are shared with Iraq, Kuwait, 
Saudi Arabia, Qatar, the UAE, Oman, or Turkmenistan. Of these shared 
fields, 15 are located in the Persian Gulf, and 14 are on land. Iran is among 
a few countries in world that has so many joint hydrocarbon reserves.

The common fields with the neighboring countries consist of the following:
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• Twelve common inland reservoirs with Iraq.
• Seven common sea-based reservoirs with the UAE.
• Four common sea-based reservoirs with Saudi Arabia.
• Two sea based-reservoirs with Qatar, consisting of South Pars natu-

ral gas field and Maysam oil field, which is in the developmental 
stage. The South Pars field is the largest, most important reserve 
that Iran shares with a neighboring country. The plan to develop the 
resource consists of 24 phases. The extraction of natural gas on the 
Qatar side began 24 years ago.

• One sea-based reservoir with Kuwait.
• One sea-based reservoir with Oman.
• Two inland reservoirs with Turkmenistan.

4  the structure of the IranIan Petroleum 
Industry

The Iranian petroleum industry consists of several state-owned enter-
prises and affiliated entities, and a couple of research institutes. The 
Ministry of Petroleum manages the industry and owns four main enter-
prises: the National Iranian Oil Company (NIOC), the National Iranian 
Gas Company (NIGC), the National Iranian Petrochemical Company 
(NIPC), and the National Iranian Oil Refining & Distribution Company 
(NIORDC). Moreover, other institutions affiliated with the Ministry of 
Petroleum include the Petroleum University of Technology (PUT), the 
Research Institute for Petroleum Industry (RIPI), and the Institute for 
International Energy Studies (IIES). Additionally, general private contrac-
tors and engineering consulting firms are also active in the industry.

A useful approach for studying the structure of the petroleum industry 
in Iran is by using the value-chain model (Porter 1985). The value-chain 
model analyzes the step-by-step value creation processes in the industry 
under investigation. We believe concentrating on the structure of decision- 
making in the Iranian petroleum industry is very helpful in understanding 
it. Accordingly, we aim to establish maximum compatibility between the 
decision-making structure and the value-chain processes.

The value-chain of the petroleum industry begins with exploration of 
oil and gas fields that are suitable for extraction. After the initial explora-
tion, the size of the reserve in the field is appraised, and if it is deemed 
that extraction of the resource is economically meaningful, the field is 
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developed and the resource extraction begins. This part of the operation 
is called upstream operations in the petroleum industry. The upstream 
operations of oil and natural gas industry in Iran are in the domain of 
the NIOC. The activities relating to the refining of oil, processing the 
natural gas, and the transportation and storage of these products are 
known as mid-stream operations, which in Iran are under the purview of 
the NIGC. Finally, the transportation of refined petroleum and processed 
natural gas to the main distribution and retail centers is known as the 
downstream activity, for which NIORDC is responsible. Note that refined 
petroleum and processed natural gas are most important inputs to the 
petrochemical industry.

5  hIstory of the IranIan Petroleum Industry

5.1  Evolution in the Structure of the Industry: 1908–1979

The primary activities of the Iranian petroleum industry before 1979 were 
confined to the exploration and production of oil; later, however, natural 
gas and petrochemical production were added to the operations. Abaddon 
refinery, the first refinery in the Middle East, was the largest facility of its 
kind in the world up to 1980. This refinery was constructed in city of 
Abaddon in 1912 for refining the raw petroleum extracted from the oil 
fields in nearby Masjid Soleyman. Consideration of technological devel-
opment, either domestically or transfered from abroad, was totally absent 
from decision-making processes during this time. In this period, the indus-
try was completely dependent on foreign countries, and one could identify 
three main reasons for the lack of development in technological learning 
and industrial development of the industry before the 1979 revolution.:

 1. The establishment of the petroleum industry in Iran entirely 
depended on external technological capabilities. For example, the 
agreement between the Iranian government and the Petroleum 
Consortium in 1954, a year after the infamous 1953 coup d'état, 
barred the NIOC from engaging in any activities relating to the 
industry, including managing the company’s offices, extracting, 
refining, and even selling raw petroleum. The Consortium placed all 
these activities under the control of foreign nationals. Under this 
scheme, the main function of the Consortium was the commercial 
exploitation of the natural resources and not technological 
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 development or the technological learning of the firms in the indus-
try. Overcoming this well-entrenched culture of dependency is one 
of the most challenging obstacles to technological development of 
industry presently (Dokhani 2009).

 2. Naturally, the foreign enterprises have no interest in transferring 
technology to the NIOC, and the Iranian government before the 
revolution had developed no policies or plans for domestic develop-
ment of technology for the industry either. However, after the 1979 
revolution, by establishing PUT, and RIPI, the Iranian government 
has contributed to technological learning and achievements in the 
industry (Tofighi 2009).

5.2  Evolution in the Structure of Iranian Petroleum Industry: 
After 1979

The petroleum industry in Iran went through major structural transforma-
tion after the revolution. Specialized domestic companies replaced most of 
foreign companies that had been in full control of the industry, and which 
had now left Iran. During the 8-year Iran-Iraq war and even several years 
after the end of the hostilities, because of large-scale damages to the infra-
structure of the industry, technological development did not take place. 
However, starting in the 1990s the industry entered into a new era of tech-
nological development. The most important contributing factors for endog-
enous development of technology by R&D and technological learning by 
transfer of technology from abroad after the revolution are listed below:

• In 1979, after establishing the Ministry of Petroleum, the gover-
nance and operational functions of NIOC were separated. The man-
agement and decision making relating to R&D and technological 
learning were transferred from NIOC to the Ministry of Petroleum. 
However, due to a number of financial issues between the Ministry of 
Petroleum and NIOC, the separation of the functions did not create 
favorable conditions for technological development in the industry. 
Finally, in 2011 the newly enacted Petroleum Law required NIOC to 
transfer the entire foreign exchange earnings from exports of petro-
leum to the government, and the government in turn was required 
to finance all costs associated with the development of the industry.

• In the 1990s the significance of technology in economic growth 
became widely accepted, first in Iranian academic circles, and then  
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by practitioners in Iran. This recognition of the importantce of tech-
nology in economic growth may have played a role in R&D investment 
by state-owned enterprises (SOEs) in the Iranian petroleum industry.

• With the passage of The Maximum Utilization of Domestic Technical 
and Engineering Capabilities Law in 1997 by the Iranian Parliament, 
and the imposition of the sanction regime against Iran by the USA 
and several European governments, a new stage in the industrial 
development of the industry began. The development and growth 
of petrochemical and refineries are signs of the technological devel-
opment of the industry in the new era (Tavkkol and Mahdavi 2007).

6  economIc sanctIons and strategIes 
for technologIcal develoPment

Economic sanction is one of the tools to deprive the sanctioned coun-
try of the ability to conduct normal commercial transactions with the 
sanction- imposing country. Sanctions could be bilateral, involving only 
two countries, or multilateral. The Iranian petroleum industry has been 
the target of economic sanctions for a long time (Miremadi 2011). Over 
the last 60 years, during several periods of conflict between Iran and west-
ern countries, sanction regimes were imposed on Iran. Specifically, the UK 
(United Kingdom) sanctioned Iran because of the nationalization of the 
Anglo-Persian Oil Company in the early 1950s, and the UN, the USA, 
and several western European countries sanctioned Iran over its nuclear 
technology research and foreign policies. The latter sanctions have tar-
geted the Iranian petroleum industry. Below, we will examine five periods 
of Western sanctions against the Iranian petroleum industry.

• First period: 1951–1953
During this period, when under the leadership of Prime Minster 

Mohammad Mosadagh the Anglo-Persian Oil Company was nation-
alized, the government of the UK imposed economic sanctions on 
the export of Iranian oil by the United Kingdom’s naval blokade of 
the city of Abadon, where the refinery and oil export terminal were 
located. Compounding the problem was total reliance of the petro-
leum industry on British technology: The NIOC did not have the 
knowledge to explore, extract, and transport the raw petroleum to the 
international markets.
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• Second period: 1979–1994
During this time because of the hostage crisis, the USA broke diplo-

matic relations with Iran and blockaded Iranian assets in the USA. The 
United States’ government banned export of petroleum from Iran to 
the USA, the revolutionay government ordered all foreign experts to 
leave the country, sales of spare parts and equipment to Iran was out-
lawed by the U.S. government, and all exploration data about new 
reserves were withheld from Iran by the western petroleum companies 
that used to operate in Iran before the triumph of the revolution.

• Third period: 1994–2001
During this period, US companies were prohibited from investing 

more than 40 million dollars in natural gas and petroleum projects in 
Iran, a complete sanction regime was imposed on Iran, and even non-
US enterprises were denied the right to conduct business with Iran.

• Fourth period: 2001–2008
During this time, the USA tightened the sanctions against Iran 

under the false pretext that Iran was engaged in the development of 
nuclear weapons. Iran’s right to access to peaceful nuclear technol-
ogy was violated, against all international treaties and agreements, 
and the properties of certain Iranian banks, individuals, and com-
panies for supposedly having ties with Iranian nuclear technology 
programs were blockaded.

• Fifth period: 2008–present
With coming to power of the Obama administration, the dimen-

sions of sanctions increased, the UN Security Council imposed new 
sanctions against Iran in 2012, and European and other allies of the 
USA imposed their own sanctions against the country. In line with 
this new sanction regime, the assets of the Iran Shipping Company 
have been blocked abroad, and the operations of Iranian passenger 
planes and shipping lines face new challenges globally. Iranian oil 
tankers are denied insurance, imports of Iranian petroleum is pro-
hibited, the central bank of Iran has been sanctioned, international 
banks were prohibited from operating in Iran, and Iranians abroad 
were prohibited from opening bank accounts in the host countries.

In spite of the severity of the sanction regime, the Iranian petroleum 
industry has continued its operations, and during the last decade has taken 
certain steps to develop the required technology by reliance on domestic 
technological capabilities. These R&D activities not only could enable the 
oil, natural gas, and petrochemical firms to meet their technological needs, 
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but could also enable the firms to export these technologies and acquire 
export earning to fund their R&D activities.

7  technologIcal PolIcy makIng In the Petroleum 
Industry

7.1  Differences of Technology Policy Making in Developed 
and Developing Countries

It is not possible to analyze policy-making processes for the development 
of S&T in the petroleum industry outside the framework of the industry. 
The energy companies in the developed countries pursue the acquisition 
of technology for the energy industry with two goals in mind: profitability 
and security in the supply of energy. These firms, with the full support 
of their governments, by developing subsidiary industries and acquiring 
the upstream oil and gas markets, directly or indirectly, aim to take part 
in the processes of the production of gas and oil (McDowall and Eames 
2006). The partnership between the energy giants and their home govern-
ments, in addition to generating high profits for the enterprises, secures 
the energy needs of the countries of the energy companies. However, the 
prevailing model in some developing countries, until recently, was based 
on use of technologies from abroad, and the main weight of technological 
ability of those countries is in the exploitation of the resources.

In many developing countries, including Iran, the implementation 
phase of the adopted policies, during which the decisions of the policy 
makers become operationalized, is still in an early stage and will take 
many years to reach the optimum condition. Accordingly, because of the 
integrated system of development and exploitation policies in the indus-
trialized countries and the immaturity of policy making systems in the 
oil-producing, developing countries, the fundamental difference between 
the two systems is the views about the role of technology in development. 
Based on this, the policy of technological development in oil, natural gas, 
and petrochemical industries in the developed countries enjoys high prior-
ity in the energy policies of these countries. As stated earlier, fortunately 
the importance of a policy of technological development in Iranian oil, 
gas, and petrochemical development has found great acceptance among 
industry leaders in recent years.
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7.2  The Technology Policy-making in the Iranian Oil Industry

With the increasingly important role that technology plays in competi-
tive business environments, it is imperative that technology planning takes 
place at the national and sectoral levels. The role of policy making and 
planning for technology for budgetary allocation and prioritization for 
R&D in both industry and universities and research institutions is impor-
tant too. We examine the system of policy making and planning for the 
petroleum industry in Iran in two periods: Before 2009 and after 2009.

The reactions of the sanctioned countries to sanction regimes and 
their learning experiences in coping with the sanctions were not identi-
cal (Miremadi 2011). Since the petroleum industry in Iran has evolved 
around the main goal of production, in the past technology planning 
in that industry was never a matter of main concern for the leaders of 
the industry. The technological planning activities in the industry com-
menced after the imposition of additional sanctions against the industry 
after 2009. In 2009, by establishing the office of the Deputy Minister in 
R&D in the Ministry of Petroleum, the strategic R&D of the industry 
became a top priority. The main function of this R&D office is the forma-
tion of an organized system of research, development, and innovation in 
cooperation with the operational units of the industry. The main respon-
sibilities of the Deputy Minister of R&D include policymaking, defining 
goals and strategies, approving large investment projects of the Ministry of 
Petroleum, implementing of those projects through the main enterprises 
of the Ministry, and monitoring the processes and outcomes of the invest-
ment projects. However, a number of factors have contributed to lack of 
total success in achieving the goals of the policies. These factors include 
parallel decision making centers in the SOEs in the industry, lack of atten-
tion to the task of establishing a unified policy-making center, multiple 
project execution authorities, the newness of the R&D activities to the 
SOEs compared to their operational activities, and the presence of certain 
legal restrictions on the current R&D policies.

7.3  Technology in the Petroleum Industry

The upstream of the oil industry involves a set of software and hardware, 
including exploration tools and equipment, drilling rigs, well-completion 
and well-control systems, production processes and injection of fluids into 
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the reservoirs, a system of utilization (exploitation), transportation pipe-
lines and terminals for exports, and upstream activities (Japan and Gas 
and Metals National Corporation 2014). The collection of knowledge, 
technology, and industries that form these processes are the most impor-
tant part of the petroleum industry. In spite of a strong desire by technol-
ogy policy planners to acquire technological capabilities, acquisition of 
the capabilities is not feasible over the short term. Raising technologi-
cal capability in this field requires long-term planning of human resource 
development, expansion of research activities, and increased engineering 
capability at the national level.

A national gas industry consists of transportation pipelines, the distri-
bution network, the injection of gas into oil wells, and the infrastructure 
for utilization of the resource. This industry is the second largest industry 
in Iran after the oil industry. Acquisition of the latest technology could 
enable the industry to gain competitive advantage in the global markets. 
In general and globally, most of technologies in the natural gas industry 
are in their infancy, which implies that Iran could, with a suitable strategy 
and in a short time, acquire advanced technology and become a global 
player in the natural gas industry. This opportunity is not present in the 
other areas of the industry (Kenderdine 2003).

The petrochemical industry is one of the pioneering industries in R&D 
investment in Iran. This industry contains a vast network of R&D centers, 
and the SOEs in this industry have outsourced many R&D projects to pri-
vate Iranian companies. In purchase of licenses from foreign companies by 
the Ministry of Petroleum, the foreign firms are required to cooperate 
with the Iranian companies. Because of its vast petroleum and natural gas 
resources, Iran is capable of producing petrochemical products with much 
higher value-added compared to international petrochemical firms. This 
fact gives Iran a high likelihood of acquiring a higher ranking in produc-
tion and sales of petrochemical products.

The refinery industry of Iran is one of the oldest in the Middle East. 
This industry has the functions of transportation and distribution of raw 
petroleum and refined petroleum products. The industry uses complex 
technologies, most of which are process technology or technologies used 
for production of catalysts.

In summary, we conclude that because of the technological policies 
that have been adopted and suitable governmental support, the design 
and engineering capabilities in petroleum, natural gas, and petrochemical 
industries in Iran have increased.
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8  research and technologIcal develoPment 
In the Petroleum, gas, and PetrochemIcal 

IndustrIes In Iran

In addition to advances in exploration and well-drilling technologies, 
developments in ICT, nanotechnology, and biotechnology have influ-
enced technological developments in oil and natural gas. The fact that 
the doomsday predictions of the earlier years concerning the exhaus-
tion of hydrocarbon resources of energy did not materialize can perhaps 
be explained by the inability of the predictors to foresee technological 
advances, which could allow the extraction of additional resources from 
the abandoned wells that were determined to be too uneconomical to 
operate. The modern technological changes are the results of the oil cri-
sis of the 1970s and are important factors in the energy markets in the 
twenty-first century. In the last three decades the technological advances 
in resource exploration and drilling have played a significant role in the 
considerable increase in production of hydrocarbon energy in the fields 
outside of the Persian Gulf region.

Along with the technological advances in these industries on a global 
scale, the national policy statements concerning the industry and the 
related R&D goals, particularly policies relating to the following goals, 
have evolved:

• Advancing exploration technologies for reducing the time needed to 
discover the resources.

• Optimal management of reservoirs and an increase in extraction 
coefficient with Enhanced Oil Recovery (EOR) and Improved Oil 
Recovery (IOR) methods.

• Reducing costs of production by advancing drilling technology.
• Acquiring knowledge of catalyst processes by domestic discovery and 

transfers from abroad.
• Organizing basic engineering systems and manufacturing processes.
• Organizing IT system.

The increase in the share of natural gas replacing petroleum in the bas-
ket of energy consumption over the last four decades has resulted in tech-
nological development being a priority in this sector. In Iran, the greatest 
development in the natural gas industry is exploitation of South Pars natu-
ral gas resources. Development of these fields under the conditions of 

TECHNOLOGY DEVELOPMENT IN IRANIAN PETROLEUM INDUSTRY... 99



strict sanctions and inadequacy of financial resources began by reliance on 
domestic capabilities and international cooperation. The most important 
strategic decisions regarding development of South Pars fields include the 
following:

• Rapid exploitation of the reservoirs because of ongoing, rapid extrac-
tion of the resource by a neighboring country, Qatar.

• Utilization of domestic technological and engineering capabilities.
• Increasing management capability of large projects.
• Use of domestic financial resources to finance the investment 

projects.

Development of technologies relating to the collection of gas mixed in 
raw gathering the associated gas from crude oil wells and injection of gas 
into oil fields are very important. In addition, amine sweetening, dehy-
dration, ethane recovery, and the recovery of natural gas liquid during 
processing natural gas, conversion of gas to liquid, and dimethyl ether in 
transformation of natural gas1 are other strategic technological develop-
mental priorities that were acquired through licencing and technological 
transfers.

Facing the special limitations resulting from the sanctions, the petro-
chemical companies in Iran have achieved considerable engineering and 
technical progress in recent years. Moreover, the petroleum refineries, 
in addition to producing gasoline and liquid gas, produce many other 
products such as motor oil and solvents. The refineries along with the 
 petrochemical complexes have changed the structure of refining processes 
from simple separation towers to more complex transformation processing 
systems that have reduced waste, and improved the quality of the products.

Next, we discuss some of the technological achievements of two 
enterprises: The National Iranian Gas Company and the National Iranian 
Petrochemical Company.

8.1  Research and Technology Priorities in the NIGC

The NIGC finalized codification of technological goals, strategies, and 
policies in 2009. This is considered as a success story in developing tech-
nology roadmaps in one of the four main enterprises in the industry: refin-
ing, transportation, control and dispatching, and storage in the framework 
of 30 research projects for development of technological capabilities. 

100 F. HOSHDAR AND S.F. FASSIHI



Naturally, achieving the goals of this roadmap necessitates funding and 
implementation of each of the research projects. Each research project was 
defined in terms of one of the strategic technologies, which has the goal 
of increasing the capability of the industry in that particular technology.

Effectiveness of the national investment in R&D and alignment of 
these activities with the needs of the industry are achievements of the 
project. NIGC considered the development of gas sweetening as a top 
technological priority. The process of separation of acidic gases is one of 
the most important tasks in refining, which had a noticeable success in 
solving one of the challenging technological problems. It is important to 
note that even though at the macro level the priority technologies of the 
industry have not been identified, management of R&D and technologi-
cal priorities at major enterprises and making these processes operational 
at the research network level have been dealt with.

8.2  Development of Gas Separation Technology with Membrane

As one of the centers for development of technology in Iran, RIPI has 
engaged in R&D for development of technologies that are essential for the 
industry. The development of membrane technology is one of the success 
stories. Initially, RIPI aimed to acquire a membrane market of one of the 
domestic companies, and subsequently planned to enter regional and global 
markets for the technology. The Institute was able to acquire the markets in 
less than one decade. A large number of applications of membrane technol-
ogy exist, and we present some of these applications in Table 6.1.

Four methods, which were deemed to have a higher chance of being 
successfully mastered, were selected. These methods consist of the sep-
aration of nitrogen as a general requirement of the industry, recycling 

Table 6.1 Some applications of membrane technology

Common gas separation Application

O2/N2 Oxygen enrichment, inert gas generation
H2/Hydrocarbons Refinery hydrogen recovery
H2/N2 Ammonia purge gas
H2/Co Syngas ratio adjustment
CO2/Hydrocarbons Aside gas treatment, landfill gas upgrading
H2O/Hydrocarbons Natural gas dehydration
H2S/Hydrocarbons Helium separation
He/N2 Helium recovery
Hydrocarbons/Air Hydrocarbons recovery, pollution control
H2O/Air Air dehumidification
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hydrogen for increasing the refining capacity, hydrocarbon separation for 
recycling gasoline, and sweetening gas by separating H2S and CO2. In 
assessing the degree of technological success of the Institute, economic 
and environmental factors among others and the methods of neutralizing 
the adverse effects of the sanctions were considered.

8.3  Development of GTL (Gas to Liquid) Technology 

Conversion of natural gas to valuable products such as gasoline, diesel 
fuel, wax, and jet fuel is one of the most important uses of the resource. 
The conversion takes place within catalytic reactions and has the following 
advantages:

 1. Gasoline and diesel fuel produced by this process are considered 
“green” fuels and face high demand in environmental-friendly mar-
kets such as those in the European Union.

 2. Fuel produced by this process is a suitable alternative to natural gas, 
because the latter can only be exported via pipeline and liquid natu-
ral gas (LNG) methods.

 3. Green fuel generates more value-added to the natural gas.

The project to create and develop technical knowledge of GTL began 
20 years ago, just a few years before the commencement of a similar proj-
ect that began in Qatar with cooperation with Shell Oil and Sasol Limited 
Companies.2 In Iran, the plan for development of this technology began 
in cooperation with Statoil Company at laboratory, pilot, semi-industrial, 
and industrial scales in Asalyoyeh of South Pars fields. This cooperation 
progressed smoothly until the pilot scale, however, at which stage there 
appeared to be some conflicts between the two parties, and each party 
patented the technological achievements separately.

8.4  Development of MTP Technology (The Process of Producing 
Propylene from Methanol, Methanol to Propylene)

MTP (methanol to propylene) is the technology that produces propylene 
from methanol (Zhao et al. 2006). Petrochemical Research and Technology 
Company in collaboration with Lurgi AG. Group, a German company, estab-
lished a semi-industrial complex for the production of propylene from metha-
nol. With development of this technology using natural gas, the requirements 
for production units for producing polyolefin from propylene are met.  
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The byproducts of methanol production are high- octane gasoline, liquid pro-
pane gas (LPG), and natural gas. Given the vast reserves of natural gas in Iran, 
production of propylene from methanol is very significant. Commercialization 
of this technology took place about ten years ago. It is predicted that this 
method of converting natural gas to propylene may become the most impor-
tant technology of natural gas conversion.

The technical knowledge of this production method was developed 
in Iran in cooperation with a foreign company. The foreign partner had 
developed the design of the conceptual framework of this technology and 
had put it in practice in a pilot program. Through investment outlays and 
supply of the raw material, NIPC became a partner of the foreign firm in 
acquiring the complete technology. Partners agreed that after acquisition 
of knowledge at industrial scale, NIPC would receive a share of revenues 
generated by selling the technology anywhere in globe.

In summary, acquisition of technical knowledge for the production of 
petrochemicals and development of applications of the technical knowl-
edge constitute two of the strategic goals of the petrochemical companies 
and petroleum industry in Iran.

8.5  Capabilities in Supplying Equipment and Services

We discuss the supply of instruments, equipment, and services in Iran 
next.

 1. Supply of engineering services
The private domestic engineering firms perform most of engineer-
ing services for manufacturing and installing equipment and instru-
ments in the Iranian petroleum industry. These companies, with 
government support and the policy of promoting markets for engi-
neering services, have experienced growth in recent years. The gov-
ernment policies to support the private engineering consulting firms 
include the following:

• Implementing the legal requirement of allocating 51 % of the invest-
ment projects to the domestic private engineering consulting firms.

• Requiring the domestic and foreign firms to work together in imple-
mentation of the large investment projects so that the engineering 
capabilities of foreign enterprises are transferred to the domestic firms.

• Promoting parent/holding engineering companies.
• Taking advantage of private companies’ contributions.
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 2. Manufacturing of machinery and instruments for the firms in the 
petroleum industry
The idea of developing engineering and manufacturing capabilities 
goes back to the post-revolutionary years, when the US economic 
embargo of Iran and the burden of meeting the material supply 
requirements for the war efforts led to the policy of reliance on 
domestic resources in production of goods and services. Because of 
this policy, the lion's share of the required goods and services of 
the country have been produced domestically in recent years. 
During the last thirty years, many firms have produced machinery 
and instruments and have become very active producers of a con-
siderable variety of high-quality products. Moreover, collections of 
small- and medium-sized firms, that are organized by and operate 
under the auspices of the Society of Iranian Petroleum Industry 
Equipment Manufacturers (SIPIEM), have become very active and 
this result is considered one of the main achievements of the self- 
sufficiency policy.

For the purpose of acquisition of technological needs of the 
petroleum industry from domestic sources, the Manufacturing 
Support and Procurement Company (MSPC), a subsidiary of 
NIOC, changed its mission from procurement of the necessary 
goods and services from abroad to procurement from domestic 
firms. To fulfill this mission, MSPC has adopted the following 
policies:

• Establishing cooperation between foreign and domestic companies 
for the production of required items in Iran.

• Assisting those foreign companies which are willing to transfer tech-
nology to the Iranian firms to enter the Iranian markets.

• Giving priority to the Iranian firms that are able to supply the 
required goods and services of the firms in the petroleum industry.

• Planning for domestic production.

Based on the above discussions, it is useful to examine the role of petro-
leum contracts in removing the obstacles in the development of technol-
ogy in the industry.
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9  the role of Petroleum contracts 
In technologIcal develoPment In the IranIan 

Petroleum Industry

The most important factor in technological development of the industry 
is the subject of the oil contracts between Iran and foreign partner compa-
nies. Based on the fundamental differences in the types of technology and 
the size of investment in different parts of the industry, the oil contracts 
are classified into upstream and downstream contracts. During the last 
30 years, most of the upstream oil contracts were in the form of buy- 
back contracts, and the downstream contracts were of the licencing type. 
However, in 2014, the new administration considered the oil contracts 
required close examination and formed a team of experts to examine the 
nature of oil contracts signed by NIOC.

9.1  Buy Back Contracts: The Prevailing Model for Upstream 
Transactions

According to the existing laws in Iran, sale and financing contracts are 
the only options available for the transactions involving upstream opera-
tions. According to the existing statistics, 95 % of the contracts are mutual 
sale contract type, and these contracts are written in such a way, that they 
recognize the Iranian government as the sole owner of natural gas and 
petroleum resources in the country. According to the studies, the Iranian 
petroleum sale contracts are short duration contracts (with maturity date 
of 3 to 5 years and payments of expenses over 7 to 9 years).The short con-
tracts have contributed to a lack of transfer of technology and management 
skills to Iran. However, due to a rise of managerial capability in the Iranian 
petroleum industry and mutual understanding during many negotiations 
over time, the mutual sale contracts have become more complete by allow-
ing the transfer of technology to Iran. Nevertheless, the use of this type 
of contract for the purpose of exogenous development of technology has 
faced a number of challenges that have been considered in the develop-
ment of the structure of new contracts, which aim to resolve the challenges.

Specification of the suitable terms of the contract could allow the trans-
fer of essential technologies and managerial skills as well as expediting 
technological learning in the petroleum industry in Iran. Additionally, lack 
of knowledge or planning at the time of developing the sales contracts 
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could have adverse effects at the time of implementation or conclusion of 
the terms of the agreements. Typical problems are:

• Lack of knowledge about the overall content of the contract
• Inadequate qualifications of the members of the negotiation team
• Lack of knowledge of laws of the countries of the negotiators
• International relationships and foreign policies of the countries of 

trading partners
• Low capacity to employ experts and technical staff
• Large gap between the technical knowledge of the partners in trans-

fer of technology
• Lack of interest by the high-tech company to transfer knowledge

The main goals of contracts are securing funds for capital outlays, reduc-
tion of the risks associated with exploration, utilization of the resources, 
and the sale of petroleum. Therefore, transfer of technical knowledge and 
the development of technology do not constitute the main goals of these 
contracts. Moreover, the modern, advanced technologies belong to the 
multinational oil companies, and these companies have no desire to sign 
mutual sale contracts. This tendency of multinational companies com-
bined with the legal constraints faced by NIOC in entering different kind 
of contracts, as well as the imposition of the sanction regime on Iran, 
have slowed down the transfer of advanced technologies to the country. 
Moreover, in contracts that are more recent the Iranian side insists that the 
foreign companies form joint ventures with Iranian firms. Additionally, 
the foreign firms are required to allow technical staff of the Iranian univer-
sities and research institutes to collaborate with their own technical staff.

9.2  License Agreements: The Prevailing Model for Downstream 
Activities

Based on the design and engineering capabilities of domestic petrochemi-
cal and refining firms, most of the contracts in the downstream part of the 
industry are based on royalty payments and licensing agreements. We note 
that after the signing of licensing contracts, the comparative engineering 
and the basic design of these technologies take place in Iran. Even though 
several successes have been experienced using the licencing model, they 
have created several challenges for technological development too. These 
challenges include the following:
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• With purchasing of the license, the licensee becomes obligated to 
purchase equipment and technology from the suppliers introduced 
by the licensor. Accordingly, it is estimated that up to 70 % of the 
refineries and petrochemical companies’ financial sources are used to 
purchase manufactured equipment and technology from the foreign 
suppliers.

• In the licensing agreements, the owners of the technologies allocate 
5 to 10 % of the cost of the project for technical knowledge. In 
the meantime, the risk of using the domestic technology involves a 
potential cost, which is more than 5 to 10 % of project costs that is 
imputed by the foreign companies. Accordingly, the project man-
agers prefer to pay a 5 to 10 % fee for use of foreign technologies 
instead of the domestic ones.

10  human resource develoPment PolIcIes 
of the Petroleum Industry

Considering human development as a key variable for technological devel-
opment, the leaders of the petroleum industry in Iran have paid consider-
able attention to human resource training and development. The Society 
of Petroleum Engineers (SPE) has considered a shortage of human 
resources and the high cost of training the workforce as the two main 
obstacles to technological development.

Employment in the Iranian petroleum industry has decreased 3.1 % 
since 2010. The reduction in the work force is due to a partial privatiza-
tion of the National Petrochemical Company (NPC) and NIORDC.

Currently, according to the statistics, for every 100 male employees in the 
industry 9 female workers are employed. Thirty percent of employees in the 
industry in Iran are less than 35 years old, and the median age of employees 
is 43 years. Sixty percent of employees in this industry are very experienced 
persons who, on average, have 18 years of work experience. It is predicted 
that over the next 5 years, 14 % of total employees in the industry will retire.

The Ministry of Petroleum has invested in the educational system for 
developing expertise in foundation subjects, at the university level, in 
advanced and specialized topics. Moreover, at the macro industry level 
efforts to create conditions to attract talents from abroad have taken place. 
In some of the contracts of NIOC with foreign companies that work as sub-
contractors for NIOC, it is stipulated that some of the employees of NIOC 
in various work categories be given job opportunities in the  contracting 
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foreign companies during the duration of the contract and receive the nec-
essary training. These Iranian workers are eventually to take over the man-
agement of the project at the end of contract.

The large investments at the universities with fields of studies related to 
the petroleum industry have resulted in training highly skilled engineers 
and technicians who are offered employment by multinational petroleum 
companies or are admitted to the reputable graduate programs of selective 
large universities abroad.

11  conclusIons

Contrary to the prevailing view that considers technology as the mainstay 
of innovation only, the new managerial approach views creative, out-of- 
box thinking in all industrial activities including technical and engineering, 
legal and contractual, as well as information technology as preconditions 
for innovation. Based on the discussions in previous sections, R&D for 
technological development of the Iranian petroleum industry is undeni-
ably important because of the following characteristics of the industry:

 1. Setting the foundation for the growth and development of the 
economy

 2. Generating revenues that contributes to 25 % of the GDP, 65 % of 
the government budget, and 85 % of foreign exchange earnings of 
the country

 3. Defining the position of the country in international relationships.

For continuity of accomplishments of the the above functions, the man-
agement of development of resources, access to the financial resources, and 
emphasis on the acquisition of modern technologies, which impact on the 
development of the petroleum industry, should be carefully monitored.

One century of operations of the petroleum industry in Iran 
involved the acquisition of costly lessons. The decision makers in 
the industry today are of the opinion that even though the sanctions 
have slowed down the development of the industry and caused cer-
tain challenges, they have also created some opportunities for acquisi-
tion of technology and management skills. They have concluded that 
by long-term planning and suitable investments the industry could 
relinquish its dependency on foreign technology and management. 
For this reason, a knowledge of past challenges and analysis of past 
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policies and  activities could provide guidelines for future development. 
Accordingly, the followings issues need to be resolved if the Iranian 
petroleum industry is to evolve from an operation- centered to a tech-
nology-centered industry:

• Limitations to access financial resources globally
• Negative impacts of sanctions
• Limited domestic industry resources for investment in R&D projects
• Limited domestic investment in the petroleum industry
• Limited access to advanced technologies
• Rising cost of R&D
• Inadequate participation of private sector in the industry
• Lack of evolving industrial structure and managerial challenges
• Legal restrictions
• Limited expertise

Some of these limitations, such as limited access to financial resources 
in global financial markets and to advanced technologies, are related to the 
economic sanctions. Accordingly, planning to reach the actual production 
capacity and increasing the daily extraction capacity of raw petroleum with 
the top priority given to joint oil fields, increasing the daily production 
of natural gas with priority given to South Pars fields, and increasing the 
recovery factor of national reservoirs, are on the list of top priorities of the 
Iranian oil industry.

Education and training of capable managers who are familiar with the 
problems of development of high-priority technology in the industry 
should be considered as a pillar of the industry’s innovation and techno-
logical development system.

Finally, the absence of technology diffusion centers in the Iranian 
petroleum industry is an apparent shortcoming. These centers are 
expected to play the role of a bridge between different organizations 
and enterprises to identify their technological needs. These needs are to 
attract the technological capabilities of other enterprises within or even 
outside of the industry. The processes of meeting the technological needs 
through technology diffusion centers are moved forward by intermedi-
ary institutions until the transfer and diffusion of the technologies are 
complete. The presence of such institutions guarantees that separate 
technological achievements made by single enterprises are made available 
to the whole industry.
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notes

 1. Transformation of natural gas involves methods, processing and technolo-
gies that convert methane gas, in several value chains, into at least 200 
chemical products.

 2. Given the level of technological capabilities of Qatar, it is safe to assume that 
R&D for the development of GTL technology in that Sheikhdom is entirely 
staffed by the involved international oil companies.
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1  IntroductIon

As a key economic sector, the electric power industry has a powerful for-
ward linkage effect by supplying its output to all other sectors of modern 
economies. Accordingly, the technological development of the industry 
plays a pivotal role in the overall industrialization and economic develop-
ment of countries. This chapter aims to study the development, achieve-
ments, and challenges of the electric power industry in Iran.

A historical review of technological development could have a profound 
use in understanding the root causes of its progress or failure. Accordingly, 
a historical examination of electric power generation industry in Iran could 
provide important lessons in the long, difficult pattern of development of 
this key industry in the country.



The first power generator was imported to Iran in 1885 during the 
reign of Nasser al-Din Shah, one of the kings of the Qajar Dynasty. The 
main purpose of this power generator, which had the capacity to gener-
ate 3 kW power, was to supply electricity to a section of the king’s palace. 
Historical records show that the generator was an Otto brand and used 
extracted gas from coal. Accordingly, the use of electricity in Iran began 
only three years after the supply of electricity by the Edison Illuminating 
Company in 1882 in Pearl Street Station, New York City.

The supply of electricity in Tehran was only confined to the streets that 
ended in the grounds of the king’s palace. However, Mashhad was the first 
Iranian city supplied with electric power in 1901. Then, in February 1907, 
an Iranian businessman named Mohamad Hossien Amin al-Zarb, installed 
a power plant in Tehran. The specification of this power plant was 400 kW, 
3 phases, 380/220 volts, and it supplied electricity for lights between five 
to seven hours per 24 hours by a low voltage transmission line. The power 
of this plant could only cover a radius of 800 meters around the factory. 
Supplying street lights, establishing the transmission network, distributing 
power to homes, internally wiring customers’ homes, and installing light 
bulbs were the responsibility of the power company. The charges for sup-
ply of power were based on the number and power of the lights installed in 
the homes of the customers and was paid by the home owners. Electricity 
was not supplied for industrial consumption in Iran until 1911−1912, 
when the Anglo-Persian Oil Company (APOC) opened power plants to 
provide electricity for the city of Masjed Soleiman and for the oil refin-
ery in the city of Abadan. Gradually, the capacity of these power plants 
increased until two large power plants in Tehran were established many 
years later in 1937; these power-generating plants were considered the 
largest in the country (Bankian 2007).

By early 1922, the private sector was familiar with the benefits of elec-
tricity, and in that year the production, distribution, and sales of elec-
tricity in many Iranian city power companies was established. However, 
these companies were small and operated in isolation from each other. 
Moreover, in 1931, for the first time, the supply of electricity for 24 hours 
a day in Tehran became a subject of interest for government officials. In 
1936, planning and activities for the construction of such power plants 
began. One year later in 1937, the steam power plant that was manu-
factured by the Czechoslovakian Skoda Company with 6400 kW power 
began operation in Tehran. Nonetheless, because of the size of Tehran 
and its unique socio-political status, government and private investment 
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in power-generating plants increased rapidly. By 1963, when the Tehran 
Electricity Organization was established, 32 private electric power compa-
nies were operating in various parts of the city.

It should be pointed out that after the formation of the Plan and Budget 
Organization (PBO) in 1941 and the enactment of the First Seven-Year 
Plan, government funds were for the first time allocated for the develop-
ment of the electric power industry so that electricity could be supplied to 
households. During this period, the PBO purchased a number of 50, 100, 
and 150 kW diesel generators. These generators were sold to city govern-
ments and private companies with a subsidized financing interest rate of 
3 % under the condition that the purchaser paid 50 % of the cost of pur-
chasing the generators. At the end of the First Seven-Year Plan, the nomi-
nal power generation capacity of the country was 40 mW, and the actual 
annual generated power of the country was estimated to be 200 million 
mWh. The developmental process of the electric power industry of the 
country during the Second and Third Development Plans (1956–1968) 
was based on consideration of electric power as an important element 
of infrastructure for economic development, and received a considerable 
financial budget allocation. During the Third Development Plan of Iran, 
the Iranian Electricity Organization (IEO) was established in 1963. The 
goals of the IEO were to manage, plan, and implement electricity produc-
tion projects, construct the network for transmission and distribution of 
power, and allocate investment funds in the electric power industry. Then, 
in 1965, the Ministry of Electricity and Water was created. In addition to 
the goals stated above, the new ministry intended to create regional high- 
voltage power grids, produce electricity, and manage the power plants. In 
1965, the IEO merged with the Ministry of Electricity and Water, and 10 
regional power companies were established in Tehran and in the Esfehan, 
Khorason, Azarbayjon, Fars, Mazandaran, Gilan, Sistan, Baluchestan, 
Kermanshahon, Hamadan, and Kurdestan provinces. An electric power 
company in Khozestan province was established as early as 1961.

In 1970, for better use of power resources and improvement of dis-
tribution of electricity across the country, the Electric Power Production 
and Distribution Company of Iran were established.1 The goals of this 
company were to develop strategic plans for electric power production, 
monitor the power distribution network, and monitor the consumption of 
electricity in the country. Starting with the Fifth Five-Year Development 
Plan in 1974, 1332 additional megawatts of electricity was produced and 
distributed. By the end of the Fifth Five-Year Development Plan, with an 
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average annual growth rate of 16.2 %, the power generation capacity of 
the country increased to 7105 mW, and the annual electrical energy pro-
duction capacity rose to 18,984 million kWh (TAVANIR 2013).

By 1975, it became clear that there were too many actors supplying 
electricity in the country. The government deemed it necessary to consoli-
date the industry and optimize the use of water and energy resources. In 
order to meet production needs of adequate water and energy for indus-
trial, agricultural, and human consumption, the Ministry of Water and 
Electricity reorganized and changed its name to the Ministry of Energy 
(Majlis 1975). However, policy making on energy issues never fell in the 
domain of the new ministry; energy and policy-making involving sources 
of fossil fuel and other fossil fuel sources of energy remained a responsibil-
ity of NIOC.

The first attempt to generate electricity using a nuclear power plant 
in Iran started in 1974, when the Iranian government concluded a deal 
with Kraftwerk Union, a subsidiary company of Siemens, to construct two 
light water reactors with the capacity of 1200 mW in the port city of 
Bushehr. But with the downfall of the Pahlavi regime, the German com-
pany withdrew from the deal.2 At the end of 1978, the year of the Iranian 
Revolution, the power-generating capacity of the electric power industry 
in the country stood at 7024 mW, the annual electrical energy production 
was 17,368 million mWh, and the peak was 3643 mW. In that year, 3.4 
million consumers received power, and 4327 villages out of 70,000 rural 
communities received electric power (TAVANIR 2013).

2  ElEctrIcIty PolIcy of thE IslamIc rEPublIc 
of Iran

After the triumph of the revolution, the new government went through a 
fundamental re-examination of energy policy, particularly electricity policy. 
The fundamental policy of the republic was establishing self-sufficiency in 
agriculture and manufacturing. To achieve the goal of self-sufficiency in 
the electric power industry, investment in the industries that manufac-
tured the parts, equipment, and machinery for electric power generation 
had top priority. Reliance on domestic contractors, manpower resources, 
and expertise instead of depending on foreign companies and foreign 
experts constituted another important component of that policy. The third 
component of the policy was delivering electricity to the most remote 
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 villages throughout the land. However, the development process of the 
power industry was slowed down because of the Iraqi invasion of Iran 
in September 1980. In spite of limited financial resources, the Ministry 
of Energy, in addition to maintaining the power-generating facilities in 
working order, had to expand capacity to produce and distribute electric 
power and serve additional customers. After the end of the Iran–Iraq war, 
the planners had to repair damages to the power-generating plants and 
the distribution network caused by the war. Moreover, the top post-war 
policy priority for the government was developing human resources and 
training of personnel, resources that were conceived to be essential for fur-
ther industry development. The necessary academic fields of studies were 
established at various Iranian universities in order to train experts in fields 
relating to power generation.

With an increasing population and expansion of industries in post-war 
Iran, the demand for electric power increased rapidly. For example, in 
1979, the year of the revolution, 4.3 million subscribers for electric power 
existed. This number rose to 27.15 million in 2012. The consumption of 
electricity stood at 14.145 billion kW in 1979 and rose to 183.905 billion 
kW in 2012 (Statistical Center of Iran 2015). From 1989 until 2014, the 
capacity of electric power generation in Iran increased five-fold to 70,279 
mW. During the first four Development Plans, the annual rates of growth 
of power output were 6.9 %, 4.3 %, 8.2 %, and 8.6 %, respectively.

The growth of electricity production during the First to Fourth 
Development s were 20.4 %, 25.2 %, 37.3 %, and 61.2 %, respectively. The 
latest statistics, published in 2014, show that 99 % of the rural population 
and 100 % of city dwellers have access to electricity (TAVANIR 2013).

The capacity to produce electricity in the country has now reached 
70,279 mW. The length of power distribution has reached 50,215 kilo-
meters and the length of sub-transmission has reached 69,304 kilometers. 
In 2014, 11,586 million kWh of electricity were exported, and 3707 mil-
lion kWh were imported. Along with increased electric power generation 
capacity from the First Five-Year Development Plan (after the triumph of 
the revolution) to the Fourth Development Plan, the electricity distribu-
tion network of the country was extended by 6 %, 6.6 %, 5.8 percent, 4.3 
%, and 2.3 % annually. The length of the distribution network increased 
by 48,000 kilometers (First Development Plan after the triumph of the 
revolution), 66,000 kilometers (Second Plan), 87,000 kilometers (Third 
Plan), and 112,000 kilometers (Fourth Plan).

DEVELOPMENT OF SCIENCE AND TECHNOLOGY IN THE IRANIAN ELECTRIC... 115



These statistics are indicative of extraordinary efforts by the govern-
ments for the rapid expansion of electric power generation and distri-
bution during the Fourth Development Plan (2006−2010) and Fifth 
Development Plan (2011−2015).

Overall, review of the history of power generation and distribution in 
the country over the last 130 years indicates ebbs and flows in the develop-
mental processes. This review points to a major change in the new state’s 
orientation from reliance on importing equipment and foreign experts 
for producing electricity during the Shah’s rule to a policy of reliance 
on developing domestic technology and training experts to develop sup-
porting industries for the production of adequate electricity. The interest-
ing outcome of the policy change was the supply of adequate electricity 
to meet rising domestic and foreign demand for the electric power. The 
policy change enabled the state to meet the rising demand in spite of 
the Iran–Iraq war and economic sanctions against Iran by Western pow-
ers. The government was able to meet the challenges of high domestic 
consumption and export of electricity by relying on the development of 
domestic technology and training a professional cadre of experts in electric 
power generation, transmission, and distribution.

In the next section, with further elaboration of the current conditions 
of the industry, we will identify the challenges facing its development.

3  thE structurE of thE WatEr and hEat 
GEnEratEd ElEctrIc PoWEr Industry In Iran

Next, we examine the structure of the water and power industry in Iran.

• The main actors in the Iranian electric power industry and the 
relationship between them

• The main players in the Iranian electric power industry operate 
under the auspices of the Ministry of Energy, which is responsible 
for managing the markets for electricity, water, renewable energy, 
and waste water treatment of the country. Furthermore, the Ministry 
of Energy is responsible for education, R&D, and the technological 
development of the industries under its responsibility. The structure 
of this ministry can be classified into three levels:
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 1. Governance Level: The governance body develops policies 
and sets strategies for the management and the development 
of power, water, waste water treatment, and renewable energy 
development.

 2. Holding Companies Level: Four enterprises are responsible 
for planning, monitoring and evaluating the policies set by the 
Ministry’s officials: the Water Resources Management 
Company, the Water and Waste Water Engineering Company, 
the Water and Electric Power Production Company, and the 
Electric Power Production and Distribution Company of Iran. 
The Organization of New Energy Resources of Iran, a subsid-
iary of the latter company, is responsible for the generation of 
renewable energy in the country.

 3. Educational, Research, and Development Organizations 
and Companies: At this level, the Ministry of Energy has 
many entities, which are responsible for the education, 
research, development, and implementation of planned activ-
ities. Overall there are  near 320 companies involved in 
regional electricity production, regional water supplies, pro-
vincial waste water treatment, electric power distribution 
companies, water distribution, electric power production 
management, subsidiaries of the Electric Power Production 
and Distribution Company of Iran, and educational institu-
tions such as the Institute of Advanced Studies of Science and 
Applied Science of Water and Power Industry, the Power 
Research Institute, the University of Power and Water, the 
Water Research Institute, the Organization for the 
Development of Electricity of Iran, the Water and Electricity 
Organization of Khuzestan (Fig. 7.1).

All of these entities are state-owned enterprises, and their executives 
are appointed by the Minister of Power, and the executives report to 
the Minister.

• Energy Policy Statements
• Over the last twenty years, a large number of policy statements and 

declarations have been formulated by the Iranian Parliament, and the 
Ministry of Energy to regulate and coordinate the activities of the 
state and private enterprises that were involved in the production and 
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distribution of electricity in Iran. Some of the most recent prominent 
policy statements include:

 – Contract-guaranteed purchase of electricity from small-scale 
generation: This type of contract has been developed and imple-
mented to increase participation of the private sector in the elec-
tricity industry.

 – Contract-guaranteed purchase of electricity from renewable 
resources: This type of contract has been approved to increase the 
share of renewable energy in electricity production in the country.

 – Regulations to determine the terms and conditions of the 
purchase and sale of electricity through the national grid: The 
regulations and procedures have been approved for determin-
ing conditions of purchase and sale of electricity in the market to 
facilitate competition in the private sector and its participation in 
power generation.

 – Administrative guidelines and standards for the industry’s 
electricity consumption pattern: There are some guidelines 
with respect to electricity and energy consumption in thirteen 
industrial processes: cement; aluminum ingot; the pulp and paper 
industry; production of lime; gypsum; sugar; papers; pressed 
wood; glass; brick; vegetable oil; tires and tubes; and ceramic tile 
utilities. With the first step of implementing the pattern, the con-
sumption of electricity energy decreased about ten percent in the 
above- mentioned industries (Office of Technical Standards and 
Engineering, Environmental and Social Power and Energy 2011).

Level 3: Regional Electric Companies, Genera�on and Distribu�on Companies

Opera�on and Implementation of Plans of the Ministry 

Level 2: Holding Companies

Planning, Monitoring, and Evaluating

Level 1: Ministry of Power

Governance and Policy Making

Fig. 7.1 Management structure of the Ministry of Energy
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4  human rEsourcE dEvEloPmEnt

Since the revolution, a massive investment in human resource develop-
ment has taken place in Iran. Investment has resulted in a robust provision 
of educational opportunities. For example, in 2013, a little over 4.4 mil-
lion students studied in colleges and universities in the country. Over 1.43 
million of the students were majoring in technical and engineering fields.3 
The field of electrical engineering in Iran has five areas of emphasis: power, 
electricity, communication, control, and medical. In 2014, the number of 
undergraduate students majoring in electrical engineering reached 28,131 
(Supreme Council of Cultural Revolution 2015).The total number of sci-
entists, engineers, and technicians who work for Ministry of Energy, its 
affiliated organizations, and the private companies in the power industry 
in 2014 was estimated to be over 200,000 and the number of workers 
who were directly employed by Ministry of Energy was 47,047.

5  ElEctrIcal EnErGy markEt In Iran

The electric power industry in Iran could be divided into three markets: 
machinery and equipment for electricity production; engineering and 
management; and electric energy.

• The machinery and equipment market

• Iran has a technically capable industry that manufactures a lot of 
advanced machinery and equipment for power generation. In addi-
tion to meeting domestic needs, many of these products are also 
exported. The manufactured products for electric power generation 
include power plants turbines (160 mW steam turbines, 160 mW 
gas turbines and 25 mW industrial turbines); generators; buss-ducts; 
turbo-compressors; electro motors; transformers; boilers; diesel 
generators; transmission towers; UPS; wires and cables; electrical 
tableaus; SCADA; PLC; lighting towers; circuit breakers; and sub-
station equipment.
In contrast to the technological development of electrical machin-
ery and equipment, precision, measurement, and control equipment 
manufacturing in Iran is not well developed and no major producer 
of these high-tech products exists in the country.

• The technical, managerial, and consulting services market
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• The market for technical services for the power industry is well 
developed. These services include: consulting; the design, monitor-
ing, installation, and operation of electric power plants; distribution 
lines and networks. The large companies such as Mapna, Moshanir, 
Moshaver Niro, and Monenco manage power generation projects and 
have been operating in Iran for some time and are active in supply-
ing services abroad to countries such as Iraq, Pakistan, Afghanistan, 
Syria, Tajikistan, Sri Lanka, and Oman. By 2014, over thirty Iranian 
consulting companies worked on 88 technical and engineering proj-
ects involving water and power in over twenty countries. The works 
on these projects with consulting fees of over 4.357 billion USD are 
currently underway (TAVANIR 2013)

Additionally, several energy service companies in the industry are 
active in the provision of engineering and technical services to all 
consuming segments of the electric power industry. These compa-
nies design, implement, and finance projects for increased efficiency, 
and receive fees for their services from the savings resulting from the 
increased efficiency of the consuming units.

• The electricity market
In October 2004, the Minister of Power at the time established 

the Board for Regulation of the Electricity Market of Iran. The goals 
of establishing the Board were the need to restructure, guide, and 
monitor the electric power industry as well as make policies for the 
Ministry of Energy. The rules of conduct as well as the conditions for 
the sale and purchases of electricity in the market were articulated. 
The buyers and sellers in the market are the regional power and 
water state-owned enterprises. To achieve the goals of the Board, the 
market for electricity in Iran was established in November 2004. The 
aims of establishing the market was to create a competitive environ-
ment in the electric power industry, to secure the required financial 
resources, to provide opportunities for private sector investment in 
the industry, to increase productivity, and to allow transparency in 
expenditures (Board of Regulation of the Electricity Market 2013).

The regional power companies act both as sellers and buyers 
of electricity for domestic use and exports. Moreover, involving 
regional power distribution companies as actors in the electricity 
market is in the planning stage (see Fig. 7.2 for the time series plot 
of exports and import of electricity for 1993−2013).
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Fig. 7.2 Iranian electricity exports and imports from 1993 to 2013 (GWh) 
(TAVANIR 2013)

6  tEchnoloGIEs of ElEctrIcIty GEnEratIon

The methods of electricity generation in Iran include gas-cycle power plants, 
steam-cycle power plants, combined-cycle power plants, hydroelectric power 
plants, nuclear power plants, diesel-fuel power plants, wind turbines, and 
renewable-energy generation techniques. The size of contribution of each 
method to total electricity generation of the country is listed in order in Table 
7.1. As is seen in Table 7.1, the natural-gas cycle method of electricity gen-
eration is planned to be the primary source of energy generation, a method 
which is inefficient in terms of energy accounting of input and output ratio.

A considerable capacity of natural gas electricity generation units has 
beed installed in 2014. The steam part of these units has not been con-
structed yet. Moreover, in spite of major efforts to harvest energy from 
renewable sources in recent years, the contribution of renewable sources 
of energy for electricity generation is very negligible (0.3 % of the total 
 electricity generated). Table 7.1 shows that even though the gas-cycle 
method of electricity generation is at 35 % of total electricity generation—
which is the highest percentage of power to be generated—in reality, elec-
tricity generated by this technique is ranked third. This implies that this 
method of power generation is very inefficient. Additionally the system 
involves a high rate of capital depreciation.
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7  utIlIzatIon coEffIcIEnt of PoWEr GEnEratIon 
Plants

Studies of utilization coefficient of power generation plants in Iran indi-
cate variation in the rates from 1 % to 91 %. The wide variability in utiliza-
tion rates could be attributed to primary inputs (water and fuel), technical 
problems emerging from obsolesces and breakdown of machinery, poor 
utilization planning, and difficulties related to the distribution network.

Observation of utilization coefficients of steam-power generation plants 
indicates that (with one exception) all such power plants are more than 
fifty percent efficient. However, for gas-cycle power-generating plants, the 
efficiency rate is less than fifty %. This outcome, combined with using gas- 
cycle method of electricity generation to produce a little over 35 % of the 
total electricity in the country, implies suboptimal investment planning in 
the electricity industry.

Moreover, with two exceptions, plants using the combined-cycle 
method of electricity generation are more than fifty percent efficient. 
However, there are nine combined cycle plants that generate power using 
gas turbines only. Accordingly, operationalizing the steam-generating 
components of these plants and the conversion of gas-cycle power plants 
to combined-cycle plants, instead of designing new power plants, should 
receive top investment priority.

According to a study conducted by TAVANIR )2014), the hydroelectric 
units also have a low utilization rate of roughly fifteen percent. Better coordi-
nation of hydroelectric plants with the other power plants under the control 
of the Ministry of Energy could raise the utilization coefficient substantially.

Table 7.1 Nominal installed capacity power plants in Iran until 2014 (TAVANIR 
2014)

Nominal installed capacity power plant Power (mW) Percentage (%)

Natural gas 24,660 35.09
Combined cycle 17,365 24.71
Steam 15,829 22.52
Hydroelectric 10,206 14.52
Nuclear 1020 1.45
Distributed generation 539 0.77
Diesel 440 0.63
New energies 219 0.31
Total capacity 70,278 100
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In recent years, several private companies have entered in the power 
industry. However, investigation of the private power-generating plants 
also indicates that these plants have a low utilization rate of less than 50 %. 
Given that the entry of the private sector in the power industry is in its 
early stage, the prevailing higher rates of return on investment will encour-
age private sector to invest more in this industry. Accordingly, the Ministry 
of Energy should encourage additional private investment in power gen-
eration by providing markets for full utilization of the electricity outputs 
of the private plants by guaranteeing the purchase of electricity generated 
by this sector.

8  yIElds of thE PoWEr Plants

The yields of heat cycles in power plants in Iran are less than the standard 
optimal rate. The average yield rate for the steam plants is less than 40 % 
and the average rate for gas plants is less than 28 %. This data implies that 
the need exists to improve the efficiency of power generating. By auditing 
the energy generation capacity of power plants, the opportunities to raise 
the efficiency rate should be identified.

9  chanGEs In InstallEd PoWEr, PotEntIal PoWEr, 
and actual PoWEr durInG PEak tImE

In this section, we will examine the changes in nominal installed power, 
actual power-generating capability, and peak power generation.

The nominal installed power of the electric power generator is the power 
the manufacturing company claims the machine to have. The actual power is 
the generator’s maximum power, which it can produce given environmental 
variables such as humidity, temperature of the room where the generator is 
operating, and altitude of location of the power plant. Peak power refers to the 
actual power load on the distribution network during peak time, which could 
be less than the sum of all power generated by all generators (see Fig. 7.3 for 
the distribution of three types of power at the peak time).

Fig. 7.3 shows considerable gaps between the nominal power and 
potential and peak electricity generation capability. In 2014, the gap 
between the nominal power and the actual power generated was 6500 
mW. In the same year, the gap between installed power and the generated 
power during peak time was 24,000 mW. These gaps in different types 
of power were due to use of electricity by the power plants, inoperability 
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Fig. 7.3 Changes in nominal power, actual power and generated power at peak 
from 2001 to 2013

of some of the installed generators, and excessive waste of energy in the 
transmission and distribution networks.

The gap between installed power and the peak power is substan-
tial, which leaves little reserved electric capacity to support the power- 
generating plants during unexpected down times. In such an event, 
blackouts will occur. Continuation of the current condition will result in a 
sizeable gap of 40,000 mW by 2022, a situation that requires immediate 
attention.

10  ratEs of GroWth of PoWEr GEnEratIon 
and consumPtIon and occurrEncE of PoWEr 

blackouts

Due to the lower rate of growth of electric consumption in recent years and 
increase in power generation in 2013 (3720 mW) and in 2014 (1386 mW), 
the likelihood of blackout during 2015 is very small. However, chances of 
power blackouts occurring after 2015 exist for the following reasons:

• Weakness of the distribution network in various points and inability 
to transfer power to locations where it is needed

• Inadequate reserve of electricity in the network
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• Lack of planning for suitable supply of fuel to the plants that use fos-
sil fuel for power generation

• Lack of planning for securing adequate water supply for hydroelec-
tric plants in the face of reduced rainfall and lower water levels in the 
hydroelectric dams

In recent years, the load coefficient in the industry has decreased. In 
2013 for example, load coefficient had fallen to 66.9 %, which is an inad-
equate rate. Poor management of electricity consumption, lack of optimal 
use of power plants capacities, increase in wasting power, and inadequate 
generation of electricity has resulted in numerous power blackouts. In past 
years, the average annual rate of growth of power generation and peak 
load was 8 %. However, recently, these variables have experienced high 
volatility. The growth rate of peak load was 0.6 %, and the growth rate of 
electricity consumption has dropped to 3%.

Continuous load profile, one of the most important functions in elec-
trical engineering, shows the variations in the electrical load during a time 
interval. Using a continuous load profile for an entire year of the Iranian 
distribution network shows that for some limited time in the year it faces 
a considerable peak of approximately 2000 mW. In 2014, the annual peak 
in Iran occurred at 2:43 p.m. In other countries, the peak load also occurs 
in the afternoons. This implies that the peak load is due to usage of air 
conditioning units. The load profile of Iran in 2014 is a bimodal function: 
one peak occurs during the night (44,582 mW) and the other happens 
during the day (46,344 mW).

Peak load in electricity consumption generally occurs during the 
working days, which in Iran are Saturday to Wednesday. Examination of 
load profile also shows that the peak load crises usually occur in several 
continuous weeks during July and August. In electricity demand man-
agement, the highest peak load for the first on 100 or first 168 hours is 
identified.4 However, the design of power plants are not based on these 
peak loads. In the case of Iran, the gap between the annual peak and the 
peak of the first one 100 hours is 2246 mW (5.4 percent), and the gap 
between the annual peak and the peak for the first 168 hours is 2788 
mW (6.7 percent). These capacities are equivalent to several large power 
plants in the country, and use of appropriate demand management could 
easily meet this need.
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11  strEnGth, WEaknEss, oPPortunItIEs, 
and thrEats of thE ElEctrIc PoWEr Industry In Iran

In a planning study for the electric power industry of Iran in 2013, the 
experts from the universities, private sector professionals involved in the 
power industry, and officials of Ministry of Energy, identified the follow-
ing strengths, weaknesses, opportunities and threats facing the industry 
(Aalami et al. 2013):

Strengths

• Managerial and engineering capability of the country (domestic 
companies design, construct, and manage of most of the power 
plants in modern Iran),

• Availability of expert, motivated staff members for implementation 
of plans,

• Presence of strategic industrialization plan (Vision 1404),
• Existence of laws for privatization of the electric power industry,
• Strong desire to learn by the employees and associated enterprises of 

the Ministry of Energy,
• Existence of specialized firms in various essential technologies,
• Presence of highly educated workforce in many companies,
• Ability to produce the required tools and equipment for the industry 

domestically,
• Ability to utilize, repair, and maintain various parts of the industry's 

infrastructure.

Weaknesses

• Lack of laws and legal precedence for electric power demand 
management,

• Lack of adequate general plans for sustainable development,
• Sub-optimal infrastructure development of the industry because of 

political interference from some members of parliament and other 
political figures,

• Allocation of substantial roles to low-yield power plants in overall 
power-generation capacity building (gas power plants are responsible 
for production of a much higher percentage of the total power out-
put than other methods of power generation)
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• Waste of electricity that exceeds the industry standard in other coun-
tries—recently the rate has been as high as 20 %,

• Lack of appropriate human resource development to meet the exist-
ing needs,

• Limited financial resources,
• Lack of coherent continuing education plan for employees of the 

Ministry of Energy,
• Inadequate R&D expenditure by the Ministry of Energy,
• Ministry of Energy’s dependence on the acquisition of certain 

advanced tools and instruments, especially instruments for control 
from abroad.

Opportunities

• High government officials are very attentive to and provide strong 
support for the power industry,

• Existence of scientific, research, and engineering capabilities of the 
country for higher technological empowerment of the industry,

• Geographic and geopolitical position of the country for presence in 
regional markets,

• Abundant supply of fossil fuels for electricity generation,
• Legal support for privatization of the industry
• High government officials’ promotion and encouragement of 

demand management
• Strong motivation of top government officials to create a competi-

tive environment in the industry.

Threats

• Lack of a general energy plan for the country,
• Unrealistic price for electricity, which leads to high consumption of 

electric power,
• Instability in Ministry and associated enterprises management 

practices,
• Obsolete technologies of electricity consumers and a high rate of 

utilization of electric power,
• Inadequate monitoring of the standards in using instruments and 

commodities in the industry,
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• Lack of foreign investment for the purpose of development of the 
industry,

• Impact of Western economic sanctions on the industry.

12  conclusIon

A review of developmental processes of the electric power industry in Iran 
shows that the country produces more than 262 billion kWh of electric-
ity, and has more than 30 million customers in households, industries, 
agriculture, and commercial enterprises. Furthermore, observation shows 
that the length of the transmission and distribution network of electricity 
exceeds 120,000 kilometers, and that the industry employees more than 
50,000 workers. Operating in an area of more than 1,648,000 square 
kilometers, the industry is one of the largest in the Middle East.

After the Iranian Revolution, along with an increasing demand for 
electricity, large investment in human resources and infrastructure devel-
opment as well as investment in the construction of power plants, and 
the transmission and distribution of electricity took place in the country. 
Moreover, in post-revolutionary Iran, the state invested heavily to main-
tain the system. Funds were allocated for developing laws, rules, and regu-
lations for conduct of the firms in the industry. In spite of these advances, 
the industry faces a number of challenges. Based on the weaknesses and 
threats enumerated above, we anticipate the industry faces the following 
scenario:

• Waste of electricity in the country will be very high and will exceed 
the international standard. Considering the large cost and scarce 
financial resources the industry faces, there are major challenges in 
order to remedy the problem.

• The share of renewable energy among the sources of energy in the 
basket of energy sources in Iran is very small. Given its limited finan-
cial resources, it does not appear that a major reallocation of input 
sources for the generation of electricity in favor of renewable energy 
will take place in Iran. However, the government supports the 
development of renewable energy, and therefore policies to increase 
renewable energy production will be implemented. These policies 
include supporting consumers’ use of solar energy water heaters and 
use of solar panels for electricity generation in homes.
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Table 7.2 Policy recommendations for boosting of the future of the electricity 
industry in Iran (Source: Authors)

Area Policy recommendation Short 
term

Medium 
term

Long 
term

Power generation Minimize the gap between installed 
capacity and operational power

*

Optimize yields of power plants and 
minimize internal consumption of power 
plants

*

Develop plans for optimal utilization of 
power plants

*

Assign priority to finishing all 
combination cycles before construction 
of new plants

*

Optimal selection of locations for the 
construction of power plants according 
to scientific methods

*

Expedite strong presence of private 
sector in the industry

*

Develop power plant projects with high 
efficiency technology

*

Transmission and 
distribution 
network

Plan for development of projects for 
waste reduction in power generation  
and transfer

*

Load Reduce energy intensity *
Arrange for cross-country, regional,  
and local reductions of peak load

*

Develop distributed energy recourse 
(DER) such as Distributed generation/
combined heat and power generator 
(DG/CHP), energy conservation, 
demand side management (DSM) and 
demand response (DR) programs

*

Governance Pass energy laws *
Effective monitoring of all energy 
projects by high government officials

*

Develop strategic plan for energy in the 
country

*

• Based on recent experiences, the presence of private firms in the 
industry does not seem to be too promising. Accordingly, private 
firms’ investment for generation and sale of energy will be small.

• It does not appear that the Ministry of Power will have the ability to 
close the wide gap between the nominal installed power plants and 
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the peak load power generation in near future. The gap represents a 
large unused capital investment in the industry.

• Load coefficient of the country is very low. However, the govern-
ment is engaged in promoting economical use of electricity. It is 
hoped that the management of electricity consumption by the 
Ministry of Power will result in an improved load coefficient that 
would remedy problems arising from inadequate power generation.

To achieve the outcome stipulated above, we recommend the following 
policies for power generation, transmission and distribution, consump-
tion, and governance structure (see Table 7.2).

notEs

 1. The acronym of this company in Farsi is TAVANIR.
 2. For an interesting account of torturous path of nuclear energy development 

in Iran see Soltani and Shaverdi (2013).
 3. In comparison, the number of students enrolled in the colleges and universi-

ties in 1979, the last year of the Pahlavi rule in Iran, was only 150,000 
(Mansouri 2013).

 4. For production planning the design of power plants is not based on peak 
loads. However, the highest peaks during the first 100 and first 168 hours 
are identified. By managing demand for consumption, the planners supply 
adequate power based on the existing capacity. The numbers 100 and 168 
refer to the peak load for the first 100 hours and for one week, 
respectively.
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1  IntroductIon

Railroad is a safe, economical, and energy-efficient means of transportation. 
Historically, because of the slow speed of trains, usage of railroad was mostly 
confined to transportation of raw materials and commodities. However, in 
recent years because of the high price of airplane tickets, and an underde-
veloped network of roads and highways on one hand as well as improved 
speed and quality of services on the trains on the other hand, railroad pas-
senger transportation in Iran has enjoyed an increasing demand. Iran, with 
an area of 1,650,000 square miles, equal to the combined areas of the UK, 
France, Germany, Italy, The Netherlands, and Belgium, is located in a stra-
tegic location connecting the three continents of Asia, Africa and Europe. 
The excellent strategic location of Iran, which lays between the Caspian Sea 
in the north and the Persian Gulf and Sea of Oman in the south, connects 
a large number of freight centers,  vacation sites and religion tourist  centers. 



These competitive advantages, along with a large pool of engineering  talents 
in the country, necessitate further development of the industry.

According to an input-output study by Amirian (2004) the railroad is a 
key industry that has many links to other industries. Specifically, with the 
growth of rail transportation one would expect that industries such as trade, 
tourism, machinery and equipment manufacturing, and construction among 
others, would also grow. Accordingly, the growth of this industry could 
make important contributions to the other sectors of the Iranian economy.

The first attempt to establish a railroad industry in Iran took place in 
1883, when a rail line with a length of only 8 kilometers and width of 1 
meter was constructed between Tehran and one its suburb Shahr Ray.

The length of railroad network in Iran, which had 12 lines, was 4565 
kilometers before the establishment of the Islamic republic. After the 
inception of the Islamic government, the length of railroad network with 
35 rail lines has increased by 5606 kilometers. Currently, the network 
consists of 10,171 kilometers in the country. Moreover, some 4085 kilo-
meters of rails are under construction and the goal is to have 25,000 kilo-
meters of railroad in Iran by 2025.

The Railroad Company of the Islamic Republic of Iran is the custo-
dian, and the most significant player in the industry. The first article of the 
charter of the formation of the company reads: “The Railroad Company 
of Islamic Republic of Iran (Ltd), which has been established according to 
the law enacted in 5 March 1977, is a subsidiary company of Ministry of 
Road and Transportation, which is managed as a commercial enterprise.”1 
In 2013 this company had 9991 employees and carried more than 25.5 
million passengers (Mozafarbeigi et al. 2014).

Beginning in 2001, in accordance with Article 44 of the Iranian 
Constitution, the company began divesting its subsidiaries by selling them to 
the private sector. The company privatized all its subsidiaries with the excep-
tion of its locomotive production unit.2 Currently, we can identify three 
major players in the industry: The government as the regulators and moni-
tor of rail transportation, the private for-profit companies that are engaged 
in repair, maintenance of locomotives and passenger wagons, and companies 
that produce rails, wagons, locomotives and the other items required for rail 
transportation. Seven private enterprises provide rail transportation services.3

We define the railroad industry in Iran as the collection of all value- 
creating activities which lead to production of railroad fleets and equip-
ment that are used in rail transportation, and lead to the development 
of railroad technology. The industry consists of locomotive, wagon, and 
parts manufacturing, as well as engineering, financial, and after-sales ser-
vices (Ministry of Industry, Mine, and Commerce 2013).
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Since the concept of “technological capability” is a key concept for the 
development of technology in the railroad industry in Iran, we discuss this 
concept next.

2  defInItIon of technologIcal capabIlIty

Technological capability can be divided into macro and micro levels. At 
the macro level the concept refers to the technological learning at the 
national level, and at the micro level it deals with use, change or creating 
of new technology at the enterprises (Bell 2007).

A review of the literature on technological capability at the enterprise 
level shows that firms tend to increase their technological capability accord-
ing to the principle of knowledge-centered interactions between the firms. 
Accordingly, technological capability building does not only come from 
the R&D investments of the firms, but the interactions between the firms 
also contributes to the technological learning of the enterprises.

The literature on technological-capability building contains two compo-
nents: Human resources and organizational. The human resource compo-
nent deals with investment in human capital, and organizational component 
is concerned with the utilization of technology, reverse engineering, and 
the imitation of existing technologies and innovation (Kim 1997).

Many authors have discussed and classified technological capability 
building (Hayami and Ruttan 1971; Lall 1992; Bell and Pavitt 1995; 
Amsden 2001; Bell 2007). However, we use the classification by Bell 
(2007) in this study.

Bell has divided technological capability into operational capability and 
innovation capability. Operational capability refers to the ability to utilize 
the existing know-hows in the enterprise. Innovation capability refers to 
the ability to produce new knowledge, either in general forms or in a 
specific form for particular applications, and transfer it to the systems and 
specifications, and includes R&D and the ability to design and engineer. 
We will use these concepts in examining technological development in the 
rail transportation system in Iran.

3  the research QuestIon

In spite of the progress and development of the industry over the last 
several decades, innovation capabilities, other capabilities such as mak-
ing minor changes in the existing technologies, commercialization, 
design capability, and R&D have not been too impressive. Accordingly, 
this research aims to answer the following question: What factors have 
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 contributed to inadequate progress from operational capabilities through 
to innovation capabilities in the railroad industry in Iran?

It is widely accepted by now that a system approach to a study of innova-
tion, either at the national level (Freeman 1995) or sectoral level (Breschi 
and Malerba 1997; Malerba 2002, 2004) is very useful. Accordingly, we use 
a sectoral system of innovation approach in conduct of the present study.

We refer the interested reader to Freeman (1995) and Malerba (2004) 
for detailed discussions of national system of innovation and sectoral sys-
tem of innovation, respectively. However, definitions and a brief overview 
of these systems are provided below.

4  natIonal and sectoral systems of InnovatIon

A system approach to a study of any phenomenon views the system as a 
set of elements with an interrelation between the elements. According to 
Freeman (1987, 1) a national system of innovation refers to “the network 
of institutions in the public and private sectors whose activities and inter-
actions initiate, import, modify, and diffuse new technologies”. Objecting 
to the high level of aggregation involved in the concept of a national 
system of innovation, Malerba (2004, 1–2) stated that sectoral systems of 
innovation are affected by three sets of variables: knowledge and technolo-
gies; actors and networks; and institutions. He further defined sectoral 
systems of innovation as “processes that involve systematic interactions 
among a wide variety of actors for generation and exchange of knowledge 
relevant to innovation and its commercialization”.

It should be noted that contrary to neoclassical economics, Malerba 
emphasizes that interactions include both market and non-market relations. 
He further points out that the system approach to a study of  innovation 
places great importance on non-market interactions between the players in 
the industry for innovation. Moreover, the system approach to the study of 
innovation is an evolutionary method of study of economic development 
and attempts to explain the evolutionary processes by which economic sec-
tors develop (Breschi and Malerba 1997; Malerba 2002, 2004).

5  IntervIews

In addition to using studies by research institutes and government ministries 
about the railroad industry in Iran, we reviewed the official interviews given 
by the top executives of the Railroad Company of the Islamic Republic of 
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Table 8.1 Characteristics of the expert interviewees

Number Area of expertise Experience Academic/Operational background

1 Civil Engineering More than 
20 years

Former Minister of Housing and Urban 
Development

2 Industrial 
Engineering

More than 
20 years

Professor/Former Head of University 
Initiative, Member of the executive 
committee of High-Speed Train

3 Mechanical 
Engineering

More than 
20 years

Former General Manager of Research 
Institute, Railroad Company of Islamic 
Republic

4 Public Policy 
Making

More than 
10 years

Professor

5 Industrial 
Management

More than 
20 years

Former Deputy Director of Research 
University Initiative, Member of 
Management Team of Tehran Subway 
Construction

6 Mechanical 
Engineering

More than 
10 years

Former Deputy in the Ministry of 
Housing and Urban Development

7 Mechanical 
Engineering

More than 
20 years

Professor of Railroad Engineering

Iran (RCIRI). We also reviewed a study that examined the technological 
capabilities of 200 domestic companies that produce and supply parts or 
supply technical services to the railroad companies Moreover, we inter-
viewed seven experts who had extensive experience of policy making and 
planning in rail transportation in the country. Table 8.1 shows the back-
ground of these experts and their areas of specialization. Researchers who 
are involved in the high-speed rail project in Iran also participated in these 
interview meetings. These researchers closely interact with executives of 
RCIRI as well as with the professors from Iranian universities who conduct 
research in the technological fields relating to the industry.

6  method of gatherIng the data

Since most of the data in the existing studies on the Iranian railroad indus-
try were not collected on the basis of the sectoral system of innovation, 
which is the model we are using in this study, we gathered the required data 
according to the sectoral system of innovation model. This model aims to 
identify the main events in the industry from the inception of the industry, 
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and according to various periods. This helped the authors to identify the 
moving forces for technological capability building, and the obstacles to 
development of an innovation system in the rail transportation sector.

In this study, we aimed to gather data about the main players and the 
interactions between them in each period. Next, we aimed to identify the 
knowledge and technological learning in each period. Then we enumer-
ated the institutions, laws, and the prevailing culture of the network of 
players in each period. Finally, we examined the demand for the railroad 
mode of transportation in the country.

In gathering the data, so far as possible, we acquired the information 
from members of the Advisory Committee, whose background and aca-
demic training are listed in Table 8.1. In selection of the available experts, 
our criterion was the depth of the expert’s knowledge and familiarity with 
rail transportation. As a result, we were able to select seven members from 
the Advisory Committee.

Each interview session took 60 minutes and was taped. Notes were 
taken on the important points during the meetings so that we could pay 
more attention to themes later during the analyses.

During the interviews, we were able to confirm the contents of many for-
mer studies, even though little new data and information were added to the 
earlier findings. However, the lion's share of data and information about the 
technical capabilities of 200 domestic companies were gathered from the 
existing studies about high-speed trains that were conducted by researchers 
at the University of Science and Industry of Iran (Bryman 2012).

7  data analysIs

Our analyses of the accumulated data is in two sections. In the first, we 
examine the history of the industry before and after the revolution of 
1979 in the framework of the sectoral system of innovation. In the sec-
ond, we engage in a pathological study of the different dimensions of the 
innovation system of railroad transportation sector according to the views 
expressed by the members of the Advisory Board.

7.1  Evolution of Players and in Their Networks

7.1.1  Pre-revolution Period
The idea of construction of a north-south railroad track in Iran first 
emerged in 1925, even though the first short track between Tehran and one 
its suburbs was constructed in 1883. However, the idea was challenged.  

138 A. MALEKI AND A. BABAKHAN



The opposition, in particular Dr. Mohammad Mosadegh, who was a mem-
ber of the Iranian Parliament at the time of passage of the law authorizing 
north-south railroad construction, and who later became the prime minister, 
argued that traditionally east-west was the pattern of Iranian foreign trade 
through the Silk Road. The Silk Road was an ancient route, which con-
nected Europe to China, passing through southern Europe, North Africa, 
the Middle East, and the Central Asia. Nevertheless, because of the strong 
influence of the UK in the Iranian political establishment at the time, the 
law for the construction of a north-south railroad system was passed. The 
motivation for the UK supporting Iran's north-south railroad construction 
was the desire to have railroad access to the southern border of the former 
Soviet Union, the arch-enemy of the UK at the time (Elwell- Sutton 1976).

The enactment of the railroad law required the Iranian government to 
accept responsibility for the development and construction of the railway 
system. To achieve these goals the government sought the assistance of 
foreign companies that had specialty in human resource development and 
the construction of rail infrastructure hardware. Table 8.2, shows the edu-
cational and manufacturing activities relating to development of the rail 
transportation system in Iran.

In addition to the listed training schools, the Iranian government 
signed formal agreements with the German government for additional 
training of the employees of the industry. Moreover, the government 
 encouraged private firms to take part in development of rail transporta-
tion and removed the obstacles for the private enterprises to invest in the 
industry. Additionally, with an increase in the number of private firms 

Table 8.2 The types and years of establishment of the institutions relating to 
railroad transportation in Iran

Year of 
establishment

Types of activity Name of the institution

1936 Educational Institution Movement Training Center
Line and Building Training Center

1937 Railroad Conducting and Repair School
1938 Electricity Technical College

Accounting School
Broiler Technical School

1940 Railroad Technical School
1956 Railroad Technical College
1975 Industrial Institution Pars Wagon Company
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involved in assembly, repair and maintenance, the production of locomo-
tives, and the infrastructure parts, the number of guilds, and scientific 
and engineering associations increased. By forming of these associations, 
the owners of the private enterprises aimed to influence the governmental 
policies that affected the industry.

7.1.2  Development of the Industry After the Revolution
After the triumph of the Revolution in 1979, Iran was faced with a number 
of economic sanctions. In the meantime the requirements of the develop-
ment of a rail transportation system made it abundantly clear to the govern-
ment officials and industry leaders that the economic viability of the sector 
depended on the expansion of the fleet of the rail transit system. The require-
ment for expansion of this mode of transportation also implied techno-
logical learning, the employment and training of more skilled workers, and 
technological advances. Accordingly, the Railroad Education Complex was 
established in 1979, as the first step in achieving these goals. Subsequently, 
professional institutions, and universities with specialized curriculums relat-
ing to the railroad transportation system were also established.

The research and development activities of the RCIRI began with 
establishment of the Office of International Research and Studies in 1990. 
The goals of this office were to achieve self-sufficiency of the company 
in the production and procurement of parts for the railroad system. This 
office had 55 researchers who were organized into 6 working groups. In 
1992, however, the Office of International research and Studies changed 
its name to the Center for Railroad Research. To improve the knowledge 
base of the staff members of the center, its mission changed to that of a 
specialized research center for railroad technology by establishing rela-
tionships with the Iranian universities during 2000–2003.

Along with strengthening educational and research activities of the 
industry, the government also had to help advance technology in the 
industry. To that end, the government established the state-owned Office 
of Reconstruction of Locomotives of Karaj. Establishment of this enter-
prise created a factory for repairs of the locomotives and railroad bed in 
Iran for the first time. Moreover, the establishment of the Kosar Wagon 
Company in 2002 marked the beginning of the design and manufacturing 
of different wagons for trains with the cooperation of Ukraine University.

Additionally, Tehran Wagon Manufacturing Company, a private enter-
prise with a specialty in subway electric train manufacturing, was estab-
lished in 2003. This company also repairs and overhauls electric trains, and 
provides railroad technical and engineering services.
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Gradually, with improvement in technological capabilities, factories for 
the production of locomotives were established in 2012 in Iran. During 
this period, in addition to the provision of funds for development, govern-
ment official also set policies for the SOEs in the industry. With an increas-
ing number of assembly factories, producers of locomotives and parts, 
and repair shops, these enterprises established professional, engineering, 
and scientific associations so that they could gain better understanding of 
governmental policies affecting the industry.

7.1.3  Evolution of Knowledge and Technological Learning

Development Before the Revolution
Before the Iranian revolution, the main goal of the Iranian Railroad 
Company was provision of services to the public, which relied on foreign 
companies for training and the supply of required equipment, goods, and 
services. For example, in September 1929, the Iran Railroad Foundation 
sent a number of Iranian high school graduates including alumni of 
the Iran-German Technical School to Germany and Belgium. In 1938, 
another group of Iranian students was sent to Germany to study locomo-
tive mechanics. In 1946, additional Iranian students were sent to other 
European countries and the USA to study science and engineering related 
to railroad transportation. This policy was based on an executive order by 
the members of Iranian cabinet, which required that five students be sent 
to the United States at the expense of the Railroad Company annually. In 
another executive order by the Cabinet Ministers, it was mandated that 15 
students be sent to Europe at the expense of the company. Several Iranian 
students were given grants by the Ford Corporation to study in the USA, 
and by the German Ferrostaal Company to study in Germany.

Gradually, with improvement in technological learning, the ability to 
repair and maintain the wagons was acquired. Nevertheless, weakness in 
research and transfer of technology confined learning to a practical, tech-
nical level. This implies that the industry operations relied on imported 
goods and foreign expertise for a long time.

Development After the Revolution
The establishment of learning and research centers along with specialized uni-
versity the increased acquisition of foreign technology in the Iranian railroad 
transportation system. Moreover, with the return to Iran of many Iranians 
who had received education abroad, and the accumulation of knowledge 
gained from equipment repairs, suitable channel for technological learning 
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was  created. The establishment of specialized factories for repairs and the 
assembly of parts for the manufacture railroad-related products resulted in 
Iranian experts acquiring adequate skills. This was through the processes of 
learning by doing for production, by imitation, of certain parts that did not 
embody advanced technology. Moreover, the technological spillover from 
other industries such as automobile and turbine manufacturing, among oth-
ers, has contributed to the growth of a knowledge base and a technology of 
the railroad industry

During the period 1995 to 2000, the Center for Railroad Research seri-
ously increased its research activities and prototyping because the Railroad 
Company felt a need for a center for consulting services.

Based on the interviews with the academics and industrial experts, we 
conclude that technical expertise in design comes out of the universities; 
however, the industrial experts believe that the designs and theoretical 
knowledge of academics have little or no application in practice. In indus-
trial applications, technical capability in manufacturing diesel locomotives 
and the required infrastructure has reached the imitation stage, and some 
applications, such as the manufacturing of wagons, have reached compo-
nent innovation phase. Moreover, the academics who complained about 
lack of opportunities to put their expertise to practical use believed that 
in spite of serious attempts by the government officials to bridge the gap 
between the academia and the industry, a weak connection between them 
still exists. This challenge has resulted in inability of the players to convert 
the knowledge that exists in academia to innovations in the industry.

7.1.4  Evolution in the Institutions, Laws, and the Prevailing Culture 
in the Relationships Among the Actors in the Industry

Before the Revolution
As is the case presently, before 1979 the Railroad Company in Iran was 
an SOE. Accordingly, major investment funds for the SOE were allocated 
through government budgets, and the Iranian parliament played a lead-
ing role in the allocation of funds. In addition to investments in infra-
structure in the railroad sector, both the executive and legislative branches 
allocated funds for human resource development in the railroad sector 
of the economy. According to the members of Advisory Board, because 
of inadequate trust of the railroad executives in the quality of domesti-
cally produced products to be used as the inputs for the industry, the 
idea of self-sufficiency in development of the industry was totally absent 
among these executives at the time. Hence, these executives totally relied 
on imported products for the rail transportation business in those years.
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The Development After the Revolution
Human resource development and training of personnel in the industry 
continued to be one of the main challenges faced by the industry after 
1979. In 1981, the Executive Board of the RCIRI approved the General 
Railroad Educational Plan. Because of heavy losses of the RCIRI, which 
required massive annual governmental subsidy, and in accordance with the 
Iranian government's privatization policy, the company has outsourced its 
service operations to the private sector, while maintaining the ownership 
of the railroad infrastructure and locomotives. For example, under this 
policy starting in 2004, Reja Company, an SOE, has provided passenger 
wagons to the private enterprises to be used by the latter to supply rail 
transportation services to the public.

As another example of government’s railroad industrial policy that could 
increase technological capability of the enterprises in Iran, we cite the gov-
ernment's procurement of electric locomotive and subway wagons from 
Tehran Wagon Manufacturing Company in 2006. Another example is the 
agreement between the Railroad Trade Commission, the procurement 
arm of Railroad Company of the RCIRI with the Institute of Research 
on Advanced Industrial Systems for replacement of the diesel locomo-
tives with electric ones in 2007. In addition to these policies to promote 
domestic production and technological advancement, the RCIRI issues 
licenses to private investors to import locomotives for renting them to the 
the RCIRI or to the private firms in the industry.

One of the important points raised by the members of Advisory Board 
was instability in the management of R&D activities of the RCIRI. For 
instance, during 2003 and 2011 the Center for Research of the RCIRI 
went through four management changes.

7.1.5  Evolution in Demand
We do not use pre- and post-revolution classification since there is no dis-
tinction in this category before and after revolution.

Iran is a crossroads connecting Asia, Africa, and Europe. On one hand 
it connects the Black Sea-Caucus region and on the other hand it connects 
landlocked, newly independent Central Asian countries to ocean shipping 
through the Persian Gulf. Located in such a strategic geographic region, 
Iran could resume its historical role as a link in east-west trade. Of course, 
the railroad can play a significant role in the transition of goods between 
the Black Sea and Central Asia regions and rest of the world, particularly 
to the Far East, the center of trade and commerce of twenty-first century. 
A sea-rail combination for transporting massive amount of goods and peo-
ple will save energy, is cost-effective, and has little environmental impact.
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Table 8.3 gives a concise view of our historical sketch of the evolution 
of technological capability in the railroad industry in Iran.

Table 8.3 The evolution of technological capability of the railroad industry in 
Iran from a sectoral system of innovation perspective

Players, 
interactions and 
networks between 
them

Knowledge and 
processes of 
technology 
learning

Institutions and 
prevailing 
cultures in the 
relationships

Demand for rail 
transportation

Before the 
revolution

– State
– Educational 
Center
– Technician 
training
– Wagon 
manufacturing

– Learning 
knowledge of 
operations
– Repair of some 
simple parts

– Law of 
training human 
resources
– Law to finance 
investment in 
the railroad by 
taxing tea and 
sugar

– Strategic 
geo-political 
position of Iran
– Religious 
tourism

After the 
revolution

– Development 
of advanced 
higher education 
centers
– Establishment 
of advance 
research enters
– Establishment 
of Wagon 
manufacturing 
factories
– Establishment 
of maintenance 
and repair 
factories
– Establishment 
of locomotive 
manufacturing 
companies
– Establishment 
of professional 
associations

– Technological 
learning from 
related industries
  – Return to 

Iran by Iranian 
experts from 
abroad

  – Complex 
Repairs

  –Reverse 
engineering 
and 
manufacturing 
of many 
imported parts

  – Self- 
sufficiency in 
manufacturing 
of wagons

  – Capability of 
manufacturing 
many parts of 
locomotives

General 
Educational 
Initiative
– Privatization
– Promotion of 
technological 
development by 
government’s 
purchases of 
products 
produced by 
domestic firms 
in the railroad 
sector
– Cooperative 
university-firm 
agreements
– Weak 
management of 
industry 
research centers

Strategic 
geo-political 
position of Iran
Changes in 
government 
energy and 
other subsidy 
programs
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8  analysIs of fIndIngs

The review of the railroad system of transportation in Iran indicates 
that the industry has enjoyed technological advances. A number of fac-
tors have led to major progress in this industry over the last 2.5 decades. 
These factors include an increase in the number of players in the industry, 
improvement in technological capability, higher levels of production, the 
strengthening of the infrastructure of the industry, an increase in com-
petiveness of rail transportation because of the rising cost of fossil fuels, 
and the strategic position of Iran as the main axis of the transportation 
system in Western Asia. Nevertheless, according to the views expressed by 
the members of the Advisory Board, the industry faces certain challenges, 
which form obstacles for further development of the technological capa-
bility of the industry. We discuss these challenges next.

9  challenges facIng the players and theIr 
InteractIon network

In recent years, several players, including the education system, research, 
industrial, and professional as well as legal actors have appeared in the rail 
transportation system of Iran. However, absence of the financial actors in 
the sector has contributed to the slow advances in technological capabil-
ity of the industry. The reason for the absence of financial actors in the 
industry is the negative rate of return, and thelong gestation period of 
investment in the industry. Of course, public ownership of the railroad and 
large government subsidies to continue the operations are not unique to 
Iran. Governments also heavily subsidize the rail mode of transportation 
in many advanced industrial countries. Accordingly, so long as there is 
inadequate interest in the private sector to invest in the industry, and given 
the strategic and national security importance of the industry, government 
should play the leading role in technological development of the industry. 
The private sector cannot be relied upon to promote techno-industrial 
growth of the sector.

Another challenge facing the industry is inadequate university–industry 
ties. According to some professors in the Advisory Board, many research 
findings of researchers at the universities do not find an application in 
the industry. For example, one of the professors who had acquired an 
advanced welding technology lamented that the lack of interest on the 
part of management of the firms in the railroad sector to use it, in spite of a 
dire needs for it, could be a source of disappointment among researchers. 
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The lack of interest, he argued could gradually be eliminating any financial 
motivations researchers may have to conduct R&D.

10  challenges In the category of knowledge 
and technologIcal learnIng

With the exception of a study by the Railroad Transportation Research 
Group (RTRG) at the University of Science and Industry, no studies about 
the railroad industry in Iran have taken place. Therefore, in the present 
study we have relied heavily on the report produced by RTRG researchers.

This group identified all domestic companies that produce parts for the 
trains and railroad infrastructure and classified them into four categories 
according to the their technological capabilities. These groups consisted 
of the firms that design and manufacture parts domestically, firms that 
transfer technical knowledge from abroad and produce the parts domesti-
cally, firms with domestic production by forming foreign-domestic ven-
tures, and companies that procure parts abroad.

The results of the study show that Iranian companies are capable of 
designing and producing 67 % of the parts domestically. Moreover, the study 
finds that design and production of 22 % of the parts, in spite of presence 
of domestic technical capability, requires assistance from foreign companies, 
only 2 % of parts require close cooperation with foreign partners, and 9 % of 
the parts must be purchased from abroad. In sum, technical capabilities for 
production of 89 % of the parts for railroads exist domestically.

Based on these observations, our assessment of the overall technologi-
cal capability of the industry is positive. We believe that most technologies 
for domestic production and even innovation in this industry exist in Iran 
currently. The views expressed by the members of the Advisory Board con-
curred with our assessment. However, the opportunities to connect the 
supply of these technologies to demand for the technologies do not exist.

11  challenges faced by the InstItutIons, legal 
system, and prevaIlIng culture In the relatIonshIps 

between the actors

According to the members of the Advisory Board, the challenges in this cat-
egory are the most troublesome. The weak legal infrastructure was one of 
the most important factors causing inadequate development of  technology 
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and innovation in the industry. Apparently, the main contributing factors 
for the inadequate development are public ownership of large railroad 
enterprises and the marginal presence of the private firms in the industry. 
Even though the experts of the Advisory Board did not believe in total 
privatization of the industry, they believed the main obstacles for techno-
logical development of the industry came from corruption, monopolization 
of the industry, and lack of interest on the part of SOEs to (1) continuously 
improve quality of services, and (2) use the existing domestic technologies.

Another challenge in this category is inadequate rate of return on 
investment in this sector. This inadequacy may be due to government 
subsidy of fuel for road transportation, which distorts relative prices for 
rail and road transportation systems in favor of road transportation. One 
remedy for this issue might be the elimination of fuel subsidies for the 
trucking industry.

Another challenge in this category is lack of interest of the executives 
of SOEs in this sector in using domestically manufactured products. The 
experts believe four factors have contributed to the lack of interest: Lack 
of trust of domestic products, inadequate knowledge of the executives 
about the domestic technological capabilities, corruption in the SOEs, 
and the unfair preference for foreign firms over domestic firms by the 
managers of the SOEs.

Lack of a “general plan for development of rail transportation” in the 
country is another issue identified by the members of Advisory Board. 
The lack of such plan has led to some municipalities importing wagons 
with different specifications from different countries, because no uniform 
standard specification for wagons exists in the country. This has resulted in 
different municipalities using different wagons, which makes establishing 
uniformity of the system impossible.

12  challenges faced In the category of demand 
for raIl transportatIon 

There are no major issues facing the demand for rail transportation in Iran. 
Given that the existing rail system in the country connects many cities with 
religious shrines, passenger demand for rail transportation is adequate. 
In addition to religious tourism, freight shipment and energy-saving in 
transportation have generated adequate demand for the existing rail trans-
portation. However, expansion of the network to cities and regions where 
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no rail transportation system is supplied, along with regular, reliable provi-
sions of railroad services to the customers would increase demand.

13  dIscussIon and conclusIon

In this chapter, we have pointed to the importance of rail transportation 
as a very economical, energy-efficient, and safe mode of land transporta-
tion. This industry with a 100-year history in Iran has not demonstrated 
the ability to innovate. This study aimed to find the reasons for the lack of 
inadequate technological capability, which is a prerequisite for innovation. 
We adopted a sectoral system of innovation approach in conduct of this 
study. Accordingly, we examined the evolution of the railroad sector of Iran 
according to four categories of knowledge and the processes of learning 
and technology development: actors and the network of interrelationship 
between them; institutions and laws; the culture of interrelationships; and 
finally demand for railroad services. By interviewing a panel of experts such 
as the Advisory Board and using the framework of a sectoral system of 
innovation, we identified the reasons for inadequate development of tech-
nological capability in the industry. These reasons are depicted in Fig. 8.1.

Based on the above analyses we recommend that the following mea-
sures be adopted to promote technological learning and capability build-
ing in the industry:

 1. A general development plan for rail transportation industry
 2.  Integration of the railroad system for the purpose of achieving 

economies of scale by the establishment of consortium
 3.  Creation of a fund for the purpose of supporting enterprises in the 

industry
 4.  Establishment of a rail transportation council consisting of repre-

sentatives from: the Ministries of Road, Housing, and Urban 
Development; Industry, Mine, and Commerce;  Science and 
Research;  Deputy President in Science Affairs, and Chamber of 
Commerce

 5.  Support to institutions that are responsible for issuing export stan-
dards for parts

 6.  Regular publication of a newsletter for dissemination of news about 
the echnological capabilities of domestic suppliers of parts to the 
railroad executives and the latest technological development of the 
industry globally
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SIS
Block

Knowledge, learning
processes, and
technologies

Actors, linkages
and networks

Institutions, laws,
and cultures

Demand

Inadequate number
of financial actors

Lack of sufficient linkage
between university and industry

Lack of trust to domestic
products

Governmental corruption

Low investment
attractiveness of the

private sector

Culture of
transportation

Unfair competition of air
& road with rail
transportation

Lack of information about
domestic capabilities

Lack of comprehensive
plan to develop railroad

transportation

Lack of integrated
standard in country

Weaknesses in governance

Fig. 8.1 Flow chart of undesirable outcomes of a sectoral system of innovation 
of rail road transportation in Iran

 7. Establishing fair competition between trucking and rail industries
 8.  Passage of a law requiring the maximum use of domestic products 

by the firms in the industry
 9.  Increasing the rate of tariff for imports of locomotives and parts, so 

long as these items are produced domestically
10.  Promotion of demand for the rail transportation system through 

mass media
11.  Establishment of a uniform standard for imports and infrastructure 

construction for the country
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notes

 1. For more information please see http://rc.majlis.ir/fa/law/show/91396
 2. For more information please see http://www.donya-e-eqtesad.com/

news/877316/
 3. The names of firms are available on this website: http://www.rai.ir/Index.

aspx?page_=form&lang=1&sub=0&tempname=showpagetemp&PageID=
465&blockid=block693&isPopUp=false
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1  IntroductIon

Scientific and technological advances, socio-demographic changes, 
increasing demand for affordable new medicines, and global trade liber-
alization are shaping the pharmaceutical industry in Iran. The industry 
has come a long way from producing Iranian traditional medicine under 
the formidable auspices of giant physicians and alchemists such as the 
polymaths Avicenna (980–1037 AD) and Muhammad ibn Zakariyā Rāzı ̄ 
(854–925 AD) to the establishment of the first modern pharmaceutical 
company in Iran by Dr. Abidi in 1946, and to the recent achievements of 
private biopharmaceutical firms such as CinnaGen. In this chapter, we will 
review technological development in the Iranian pharmaceutical indus-
try by examining the scope of R&D in pharma and biotech firms, state 



the  progress of molecular research in the industry, and discuss university–
industry cooperation as well as government–firm collaborative activities.

2  A HIstorIcAl overvIew of tHe development 
of IrAn’s pHArmAceutIcAl Industry

Over a period of 3000 years the Zoroastrians, before sunrise and after 
morning prayer, drank a glass of parahom juice. Parahom is a medicine 
that is extracted from the hom plant, and is believed to induce relaxation 
and is considered an anti-depression substance.

Herbal medicine in the ancient Persian Empire was so important that 
in Gatha, the most important part of the Zoroastrian holy book (Avesta), 
physicians are classified as either knife-physician (surgeon), plant-physician 
(pharmacist) or psychiatrist.

After the invasion of Persia by Alexander in 330 BC, the traditional 
Persian medical tradition was merged with, and enriched by, the Greek 
medical tradition and practices. During the rule of Shahpour the Second, 
(a king from the Sassanid Dynasty) many Roman scholars migrated to 
Persia because of the decaying Roman Empire and internal wars. Many 
of these Roman medicine men were employed as faculty members in the 
medical and pharmaceutical colleges of Jondi Shahpour University, which 
was located in Khozestan province in the south west of today’s Iran. The 
growth of the traditional medicine in Persia began with Islam, which con-
sidered understanding human physiology to be an act of worship. The 
rise of Islamic civilization led to the emergence of many polymaths, which 
altered the face of pharmaceutical and medical knowledge of the world at 
the time. Among these polymaths we can name Avicenna (980–1037 AD) 
who had created a variety of herbal medicines and whose book, Ghanoon 
(Law) was used as a textbook in European medical schools during the 
Renaissance. As other examples, we can cite Zakariya Razi (864–930 AD) 
the inventor of alcohol, and Zahrawi (936–1013 AD) (Velayati 1988).

It is interesting to note that faculty of pharmacy was always a part of 
the universities in Iran for more than thousand years before  establish-
ment of the modern universities in Iran: From Jondi Shahpour University, 
which was established during the Sassanid Dynasty (65–224 AD), to Dar 
al Fonoon as the first modern-day school during the Ghajar Dynasty 
(1785–1925 AD), and up to the University of Tehran, which was estab-
lished in 1934 AD.
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Dr. Gholam Hossien Abidi (1920–2004) established the first pharma-
ceutical company in Iran, in 1946. Dr. Abidi was one of the alumni of the 
pharmaceutical faculties. Dr. Abidi Pharma Company is a very reputable 
company that stands third in terms of sales revenues among 87 pharma-
ceutical firms in Iran (MHME 2015).

Given the long history of pharmaceutical production in Iran, pharma-
ceutical production in Iran resembles a 3000-years-old man with a long 
tradition; however, the pharmaceutical industry in the modern sense in 
Iran was established nearly 100 years ago, and this era may be divided into 
three distinct periods.1

• The first period (1946–1978)
This period began with establishment of the Abidi Pharma Company 

until the triumph of the Iranian Revolution, a period that was marked 
with strong presence of international companies in the industry.

• The second period (1979–1998)
The beginning of the Islamic Republic until the start of privatiza-

tion in 1998 was the period of the “Generic Scheme” as a national 
plan for drug production only in generic form and the establishment 
of governmental pharmaceutical companies.

• The third period (1998–present)
This period is characterized by the establishment of private phar-

maceutical enterprises and the entry of international firms into the 
industry.

In what follows, we discuss the development of the industry during 
these periods.

2.1  The First Period: Industrial Production of Pharmaceutical 
Products

After Dr. Abidi’s initiative to establish the first Iranian pharmaceutical com-
pany (1946), the investment by multinational enterprises in Iran began. 
By 1979, multinational companies established 54 drug- manufacturing 
centers with foreign shareholders. The most notable of these multination-
als include the following enterprises, which were renamed after the Islamic 
revolution:
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Pfizer with the local name of Razak Lab, Bayer with the local name of Pars 
Darou, and Ciba-Geigy with the local name of Sobhan Darou.

During this time, along with globalization and a rapid growth of inter-
national trade and investment, the pharmaceutical industry in Iran also 
experienced a great expansion. As in 1978, in the midst of revolutionary 
conditions, Alborz Holding Company invested in the stocks of several newly 
established foreign enterprises including Alza, a US company, which is today 
one of the most important enterprises in advanced drug formulation and 
Novel Drug Delivery (NDD). However, after triumph of the revolution and 
because of the nationalization of many private enterprises whose owners had 
fled the country without paying their liabilities to the government-owned 
banks, many of these foreign direct investments were terminated.2

With a national population of 33.7 million in 1979, the Iranian phar-
maceutical market consisted of 3500 products with an annual sales revenue 
of approximately 300 million dollars. More than 70 ∞ of these products 
were imported and the Iranian companies produced the remaining por-
tion (Official report of Iranian Parliament 2005).

2.1.1  Analysis of Technological Conditions During the First Period
In this period due to the strong presence of multinational enterprises 
in Iran, which had dominated the industry, the prevailing technology 
was mostly in the form of US and European manufacturing equipment. 
Furthermore, the original technical knowledge, management systems, and 
human and financial resources were very advanced. However, all R&D 
divisions of the Iranian companies were idle!

2.2  The Second Period: The Advent of Generic Drugs 
and the Production of Pharmaceutical Products by the State- 

Owned Enterprises

The idea of generic drug production in Iran was rooted in the nation-
alism of the revolutionary government, which aimed to do away with 
the production of medicine in Iran under licenses from major western 
pharmaceutical companies. The fundamental goal of the owners of the 
pharmaceutical companies in Iran before the revolution was the maximi-
zation of profit realized by an unfettered market through the elimination 
of government regulations, establishment of a simple pricing mechanism, 
and the production of licensed brand name products. However, shortly 
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after ousting the former regime, the revolutionary government ordered 
all pharmaceutical companies to produce generically named drugs with 
uniform prices (Kebrieezadeh et al. 2009).

Under the uniform low-pricing system, the government had to heavily 
subsidize certain types of drugs including medicines for cancer, hemo-
philia, thalassemia, and MS.  By the end of this period in 1998, total 
government subsidies to pharmaceutical companies reached 800 million 
dollars annually.

Moreover, during this period the government invested in the construc-
tion of several large factories for the production of finished products and 
active pharmaceutical ingredients (API) in the country. One of the posi-
tive aspects of the investment was a distribuion of the factories in many 
provinces instead of concentrating them in a suburb of Tehran, as had 
been the case before the revolution. The most notable of these factories 
are: the Farabi Company and the Amin Company in Esfehan; the Zahravi 
Company, the Dana Company, and the Ghazi Company in Tabriz; the 
Exir Company in Borojerd; and the Caspian Tamin Company and the 
Behvazan Company in Rasht.

The population of the country during this period reached 50 million 
people. The total sales in the industry were 1.5 billion dollars, 77 % of 
which was due to sales of domestically produced drugs.  Of course, newly 
emerged medicines, such as biopharmaceutical and oncology drugs, which 
are produced by emerging technologies, were still very expensive, and did 
not have a big market share.

2.2.1  Analysis of the Prevailing Technology During the Second Period
During this period the relationship between the Iranian and foreign phar-
maceutical firms completely broke down, and the main emphasis of all 
actors in the industry was placed on development of domestic resources 
for use in the industry. The existing machinery, equipment, and techni-
cal knowledge in the country became obsolete, even though the rate of 
decay was faster in technical knowledge than the rate of decay in machin-
ery and equipment. The reason for disparity in the rates of decay was 
government subsidies to the pharmaceutical firms for the purchase of 
machinery and equipment from European firms. However, the firms in 
the domestic industry were unable to develop their technological capa-
bilities. Nevertheless, to remedy these shortcomings, R&D investment for 
new formulation of drugs took place. Since these R&D centers did not 
engage in basic research, a big gap between the technological capabilities 
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of Iranian and international firms remained. In short, in spite of protracted 
efforts, the Iranian firms could not close the technological gap between 
themselves and the transnational pharmaceutical companies.

2.3  The Third Period: The Privatization of the Pharmaceutical 
Industry

With the coming to power of President Mohammad Khatemi in 1997, 
political reforms began in Iran under the banners of “Civil Society” and 
“Dialogue among Civilizations”. The political liberalization resulted in 
an increased presence of the private sector in the economy, and promoted 
international cooperation of Iranian firms with international partners 
under licensing agreements. Among these agreements, we cite coopera-
tion between the Zahravi Company and Roche of Switzerland for the 
production of sensitive medicine Cellcept, and between Daroupakhas 
Holding Company and Organon, a Dutch Company, for the production 
of several hormone-based drugs.3

In 2014, with the country’s population at 75 million, Iran’s pharma-
ceutical market had grown to the size of 4 billion dollars. At the time of 
writing, some 100 companies produce medicine domestically, and another 
200 companies import pharmaceutical products. The distributors used to 
be six large enterprises and the number, by 2014, had increased to 35 
companies. Along with growth in both production and consumption of 
medicine, a noticeable growth in the market for food supplements and 
new biomedicine has taken place in the country. The share of biopharma-
ceuticals drugs has grown from 5 % to 25 % or 600 million dollars in 2014 
(MHME 2015).

During this period, at least five biotechnology companies had been 
established based on domestic technological knowledge. These companies 
include Poyesh Darou (2001), Pars Notarkib (2003), Cinnagen (2004), 
AryoGen (2009), and Actoverco (2012). Cinagen, which produces differ-
ent types of Interferon with annual sales of over 50 million dollars, and 
which also exports to Russia, Iraq, and Syria, is the most successful in the 
group. This company has started registering their products in Europe and 
Africa (MHME 2015).

Table 9.1 shows the market shares during different periods in the 
Iranian pharmaceutical industry. The table indicates that, during the first 
period, 58 Iranian producers of pharmaceutical products under licencing 
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Table 9.1 Market share and number of producers of pharmaceutical products in 
Iran during the three periods according to different production arrangements

Scheme Population Market Size 
($millions)

Local Pharma 
Manufacturers

Local Biotech 
Manufacturers

1 Multi- 
national

30 million 300 58 N/A

2 Generic 45 million 500 65 N/A
3 Private 75 million 4000 100 7

agreements with multinational corporations produced 300 million dollars 
of medicine for 30 million people.

2.3.1  Analysis of the Prevailing Technology During the Third Period
During this period the Iranian pharmaceutical industry gradually 
re- established relationships with the international market; however, 
because of inadequate skilled human resources and inefficient manage-
ment systems of the main local producers, technological development 
was kept at a low ebb. However, because of the R&D investments of 
the companies, as well as collaboration with Iranian universities and for-
eign research centers, the industry experienced advances in biotechnol-
ogy. For example, CinnaGen Company productively collaborated with 
Hefenhofer Research Institute in Berlin and a Russian Research Center 
for its first product Interferon Beta, as the early from of a new biotechno-
logical drug. At the early stages of making a new biotechnological drug, 
CinnaGen needed a reliable source of biotech cell lines which it cre-
ated by cooperating with Hafenhofer Research Institute in Berlin—the 
company developed the required material with Ph.D biotechnologists 
in Berlin. After passing this first stage successfully, to move from labora-
tory-produced cells to large-scale production, Cinnagen looked for the 
support of some researchers involved in the process of development. To 
accomplish this goal, CinnaGen relied on cooperation between Iranian 
academic researchers and one small research center in Russia. Next, for 
quality control and mass production they went through many trials and 
errors as the first player in the industry the Middle East, and finally suc-
ceeded in making a qualified Interferon Beta 2. Furthermore, they ran a 
multi-center clinical trial to prove the clinical efficacy and safety of their 
new biosimilar product with sthe upport of some well-known Iranian 
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hospitals under the supervision of the School of Medical Sciences of the 
University of Tehran. Finally, after an initial set-back in marketing the 
medicine (because many physicians refused to accept the first hi-tech 
medicine made by an Iranian new-science-based company), CinnaGen 
successfully launched the product with the full support of the Ministry 
of Health and Medical Education (MHME) in 2008. However, after 
one year, the clinical effects confirmed the quality of the medicine and 
the sales increased rapidly.

3  tecHnologIcAl development of tHe IrAnIAn 
pHArmAceutIcAl Industry

The main players in the Iranian pharmaceutical industry include producers 
of drugs, producers of the chemicals used in the production of medicine, 
representatives of international pharmaceutical and chemical companies, 
importers of pharmaceutical products and chemical inputs, the distribu-
tors of medicines, drug stores, the medical schools, pharmacy schools, 
centers for research in medicines, and the Food and Drug Administration 
of MHME. The superstructure of the industry contains laws, regulations, 
list of medicines available in the country, methods of production of medi-
cines, scientific reports, journal articles, and communications documents 
among the players in the industry.

The technological and knowledge level of the Iranian pharmaceutical 
industry, like all other emerging economies, is based on generic produc-
tion methods. This means that, after the expiration of patent for the drug, 
the producing company simply mimics the chemical compound, dosage, 
and shape of the medicine from the companies which originally developed 
the medicines. However, the originator companies, with brand names such 
as Merck, Pfizer, and Roche among others, develop the original chemical 
compounds, test their effectiveness, determine the side effects, package, 
and market the medicines (Kebriaeezadeh et al. 2013).

The process of drug development is expensive and prolonged. 
Experiences show that developing a new medicine costs over a billion 
dollars, takes up to 10 years, and is very risky (Reinhardt 2004). In the 
generic production of medicine, the role of R&D is changed from pro-
cesses of original development of the medicines to the tasks of formula-
tion, balancing of the production instruments, batch size determination, 
and minor alteration in synthesis and forms of the compounds.
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In general, the instruments used in the production of oral medications 
such as pills and capsules, and local products (creams and suppositories), 
by either the originators or the generic drug manufacturers are very simi-
lar. It should be noted that the production of medicines with higher sen-
sitivity require more complex instruments. For example, the instruments 
needed for production of medicines for simple anti-pain injections need 
not be complex. However, instruments for the production of more com-
plex cancer drugs or biomedicines for injections must be more complex, 
require advanced technology, and need careful quality assurance to mini-
mize errors.

Accordingly, what differentiated the originators from the generic drug 
producers is not machinery and equipment, but these factors that in the 
early stages are present in the discovery of new molecules and formula-
tion of compounds, and in the later stages in the quality assurances and 
validation.

Before the Iranian revolution, under the auspices of multinational phar-
maceutical companies, all forms of medication from oral, localized, and 
injection were produced with high standards; however, the technology 
necessary for some sensitive medications for oncology and for immune 
suppressive substances did not exist in the country. Antibiotics for injec-
tion delivery were also limited in supply. However, in the second period, 
construction of pharmaceutical factories reduced these earlier limitations. 
Specifically: the Farabi Company in Esfehan as the largest producer of oral 
antibiotics; the Zahravi Company in Tabriz as the producer of immune 
suppressive medications such as Cellcept; and Sobhan Oncology in Rasht 
and Exir in Lorestan produced softgel medications.

The first attempt by the Pastor Institute, a government biopharmaceu-
tical laboratory that was first established in 1925, was not too successful 
when it attempted to produce vaccines in 1998. However, a new startup 
company with the name of PoyeshDarou emerged from an incubator at 
the University of Tehran that successfully produced interferons.

In the third period, all important pharmaceutical dosage forms were 
produced in amounts higher than what was needed for domestic consump-
tion. Moreover, due to the Office of President Mahmood Ahmadinejad's 
support for private investment plans, five private pharmaceutical factories 
were constructed during 2004–2010. Examples of these successful enter-
prises are Pars Notarkib and Aryogen, which were established in 2006 and 
2009, respectively.
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During the third period, the older, established companies spent much 
of their resources for repair and maintenance of older vintage machinery 
and equipment, improved their production standards to meet international 
Good Manufacturing Practices (GMP) or used the resources to maintain 
the old production systems for production of the existing medications. 
No new medicines were developed. Currently, due to lack of profitability, 
some forms of medication such as dermal patch implants are not produced 
in the country even though the technology for such production exists.

The state has played a key role for the development of the pharma-
ceutical industry in Iran. For example, domestic production of Active 
Pharmaceutical Ingredients (API) were supported by a preferential for-
eign exchange rate (50 % lower than the prevailing exchange rate) and low 
preferential interest rates on loans.4 As a result, 40 factories were estab-
lished to produce API. Moreover, the government supported the phar-
maceutical packaging industry. Temad Company is the largest producer 
of API in the country. This company, which produces a variety of primary 
inputs for narcotic medicines, was able to export to India and Japan5. 
However, many other producers of API were not very successful. One of 
the reasons for this failure is the small-scale production of many of these 
firms, which cannot take advantage of economies of scales.

Presently, it is estimated that nominal capacity of the machinery of the 
industry can supply medicine for 400 million people. With the current 
export value of 100 million dollars per year, there is more room for growth 
of exports by the firms in the industry. One of the top priorities of the 
FDA (Iranian Food and Drug Administration) is the promotion of phar-
maceutical products manufactured in Iran. In achieving this goal, the FDA 
should assist the enterprises to meet the internationl Good Manufacturing 
Practices and patent the Iranian manufactured pharmaceutical products in 
the neighboring countries where the products are exported.

4  IrAn’s pHArmAceutIcAl mArket

Total sales in the Iranian pharmaceutical market including domes-
tic production and imports in 2014 were 4.3 billion dollars. This sum 
is less than the annual sales of one state-owned enterprise such as the 
Esfehan Steel Company, and is marginally higher than the value of one 
shipment of petrochemical products leaving the pier in the port city of 
Bandar Abbas in Persian Gulf. Nevertheless, in spite of its relative small 
size the industry plays a vital role in the national security of the nation, 
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and  government officials attach most importance to the well-being of the 
industry. Accordingly, several ministries and government agencies provide 
assistance to and facilitate smooth functioning of the enterprises in the 
industry. For example, during the Iraqi invasion of Iran in the early 1980s, 
the central bank of Iran and the Iranian Customs Office provided much 
timely, needed support to the firms in the industry. This support included 
the provision of foreign currencies for purchases of medications from 
abroad, as well as prompt release of medical shipments from the customs 
upon their arrival in Iranian ports. Moreover, the imposition of sanctions 
on the Iranian banking system and the fall of Iranian oil exports in 2011 
resulted in the inability of the country to import some 300 finished prod-
ucts and active pharmaceutical ingredients for the domestic production 
of some pharmaceutical products. Facing this situation, the government 
supplied 100 million euros from a Special Foreign Exchange Reserve to 
the FDO of the MHME so that this agency could address the urgent dif-
ficulties faced by the firms in the industry.

5  tHe future of tHe pHArmAceutIcAl Industry 
In IrAn

The MHMEexerts a profound influence on the structure and function of 
the industry. However, the future course the industry may take hinges on 
the executive, legislative, and judiciary branches of the state. The influence 
of the executive branch emerges from the Ministry of Industry, Mining, 
and Commerce (MIMC), the central bank of Iran, and the Iranian 
Customs Office. The legislative branch influences the industry through 
laws and regulations. Finally, the judiciary branch influences the industry 
by enforcement of intellectual property rights, and the financial penalties 
it may impose on the pharmaceutical firms for violating the laws. Below 
we account for some of the influences of these branches of the state on 
pharmaceutical industry.

6  tHe ImpAct of tHe executIve BrAncH

As stated above, the central bank of Iran has played a major role in gov-
ernment support of the industry over the past three decades. The bank 
had guaranteed the lines of credit of the private pharmaceutical firms for 
importing chemical products as inputs for the production of medicines 
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during the 8-year Iraq-Iran war. After the war, the bank provided favor-
able foreign exchange rate to the firms in the industry.

The MIMC, which controls all imported and exported goods and ser-
vices to and from the country by requiring registration of exports and 
imports, uses tariffs to control the country’s international trade. This min-
istry levies between 25 % and 55 % as a tariff on imports of primary chemi-
cal inputs, medicines, or machinery if these products are also produced 
domestically.

7  tHe ImpAct of tHe legIslAtIve And JudIcIAry 
BrAncHes

Lack of uniformity in the standards, and murky interpretation of laws have 
created major difficulties in the day-to-day functioning of enterprises in 
the pharmaceutical industry in Iran. The new rules and regulations are 
often in sharp conflict with the existing ones. Moreover, in the absence of 
legal guarantees for the enforcement of intellectual property rights laws, 
many challenges and opportunities have been created in the industry in 
Iran. On the one hand, foreign pharmaceutical companies do not trust 
operating conditions in Iran, which creates challenges for the country, and 
on the other hand, Iranian chemists and researchers have the opportunity 
to quickly copy molecules from newly developed drugs and market them 
as generic medicines. Examples of these new generically produced medi-
cations include Crestor, Herceptin, and Avastin. However, the challenges 
tend to outweigh the opportunities. Why this is the case?

R&D investments, by creating new molecules and new formulation, 
play a key role in this science-based industry. In general, Iranian phar-
maceutical companies would incur great losses if giant pharama compa-
nies avoided direct foreign investment in the country or denied licenses 
to Iranian firms for technology transfer. The successful experience of the 
Swiss company Roche and the Iranian firm Zahravi, a state owned enter-
prise, who made agreements for the production of Cellcept pills in 2005 
appears to be an exception. In this large project, two key points from tech-
nological and policy-making perspectives are wroth further consideration.

 1. Government-support perspective
Because of weak enforcement of patent laws in Iran, foreign com-

panies do not show a great deal of interest in investment in Iran. 
However, in the Zahravi-Roche joint venture, the Iranian Food and 
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Drug Administration by refusing to license the generic production 
of Cellcept, in reality vigorously protected the company by giving it 
exclusive production rights for the first five years. This successful 
experiment resulted in remarkable financial success for the enter-
prise and provided a strong incentive for Roche to make additional 
investment in Iran.

 2. Technological perspective
The transformation of the Zahravi Company resulting from the 

joint venture was not due to acquisitions of new equipment and 
instruments from abroad. The transformation occurred because of 
the transfer of soft technology, i.e. formulation of medicine, devel-
opment of methods of quality control, and, more importantly, the 
brand name of Roche Company.

Two of the outcomes of this international collaboration were the trans-
fer of the knowledge for producting hazardous materials for the first time in 
Iran, and the raising of the production environment standards of the com-
pany to meet the international GMP. Consequently, the Zahravi Company 
in the five years after the joint venture with Roche Company, was able to 
increase its capital six-fold by strengthening its R&D unit, and, without 
relying on foreign companies, developed and marketed two new medica-
tions in the hazardous category four years after the end of the joint venture.

This project set the pace for the formation of additional international 
joint ventures by the some Iranian pharmaceutical enterprises. For exam-
ple, the Iranian company Sobhan Oncology cooperated with Sanfoi a 
French firm for the production of Taxotere, a cancer medicine, in 2006. 
In 2007, Exir Pharma, an Iranian company signed a contract with Novo, 
a Danish company for the production of insulin in 2007. Exir Pharma also 
signed an agreement with a German company named Nycomed for the 
production of Multi-Sanostol

8  r&d As tHe mAIn engIne of development 
In tHe pHArmAceutIcAl Industry

Without doubts R&D constitutes the main engine for the growth and 
development of the pharmaceutical industry (Abdolahiasl et  al. 2011). 
In Iran, the Pastor Institute of Iran was established in 1925 as an active 
branch of global Pasteur Institutes and was among the first R&D based 
laboratories around the globe, while no other Asian country has the capac-
ity to produce vaccines. In the same year, the Razi Research Institute for 
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the Development of Vaccines and Serums was also established in the coun-
try. The goal of the Razi Institute was to produce vaccines to eradicate 
cattle plague. Note that the establishment of R&D institutes was not 
prevalent in the developing countries at the time and establishment of the 
Pastor Institute was indeed an exceptional case.

Today, the Pastor Institute has six active divisions: parasitology; mycol-
ogy and immunology; bacteriology; clinical research in epidemiology and 
biostatistics; novel technologies, genetic and metabolism: and virology. 
Furthermore, the Institute trains at least 17 Ph.D. students annually, and 
in 2014 researchers from the Institute published 174 research papers in 
Institute for Scientific Information (ISI)  journals. Nevertheless, in spite 
of a large production facility in the suburbs of Tehran, the modern pro-
duction lines for newly formulated medicines and vaccines at pilot and 
industrial scales, and expertise in the development of production lines and 
a clean environment, the Institute does not have new products and suc-
cessful sales. What is the reason for this failure?

Our efforts to answer this question led us to two fundamental reasons 
that also affect other research centers of Iran: First, most R&D activities 
are on basic research. Examples of the basic research include virology and 
immunology. The second reason for the inadequate success of the Pastor 
Institute is lack of any links to the industry.

The experiences of the Razi serum production unit are not very satisfac-
tory either. In contrast to the failure of the Pasteur and Razi Institutes, two 
government research centers, two private biotechnology companies with the 
financial assistance of the government and technical expertise of the profes-
sors and alumni of the Pastor Institute have been very successful: ArioGen and 
CinnaGen companies have produced new medicine in the areas of therapeu-
tic monoclonal antibodies and some other recombinant proteins, medicines 
such as Altebrel, Zytux, Hercease and Cinnovex, and many other medicines. 
Other reasons for the success of the newly formed companies, in contrast to 
the older firms, are their reliance on new technologies for the production of 
mass-consumed, structurally complicated medications based on biotechnol-
ogy as well as the commercialization of discoveries in their R&D laboratories.

9  tHe roles of fInAncIAl systems 
In tHe pHArmAceutIcAl Industry

In spite of a well-developed banking system in Iran, recent sanctions 
on the Iranian central bank have broken the link between the Iranian 
 financial systems and the financial markets of the world. This has created 
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a  bottleneck for the normal functioning of many Iranian industries that 
have links to other economies in general and for the Iranian pharmaceuti-
cal industry in particular.

The negative impact of the West-imposed sanctions on Iran is not 
direct, since the sanctions ostensibly exempt food and medicine. However, 
the financial sanctions have the indirect effect of denying the sanctioned 
country to import foods and medicines, because of the inability of the 
country to pay for the shipments of the imported products. Moreover, the 
sanctions have adversely affected Iranian patients thorough another indi-
rect channel— a drop in foreign exchange earnings of the country because 
the oil-importing countries were forced by the USA not to purchase oil 
from Iran, and so the Iranian currency rial depreciated by roughly 200 %. 
The effect of the falling value of the national currency has been to raise 
the prices of imported inputs for the production of medicines in Iran, thus 
increasing the prices of medicines for the consumers (Cheraghali 2013).

To circumvent the West-imposed financial sanctions, which have cut 
off the Iranian banking system’s transactions abroad through Society for 
Worlwide Interbank Financial Telecommunication (SWIFT), most of the 
Iranian international financial transactions take place outside of the inter-
national banking system.

Even though the most prominent of the Iranian trading partners are 
Germany in industrial equipment, France in automobiles, and Italy in steel 
manufacturing, the main trading partners of Iran in the pharmaceutical 
industry are China and India. Under such circumstances the settlements 
of purchases of active pharmaceutical ingredients (API) from China and 
India, which are two major buyers of raw petroleum from Iran, take place 
by payments through small banks such as Kunlun in China and UCO in 
India, although the transactions are slow and must pass through formi-
dable bureaucracies. The shares of India and China in total imports of API 
in Iran are 45 % and 35 %, respectively.

In theory, establishing links of the Iranian financial systems to the interna-
tional financial markets could result in a lowering of the very high interest rate 
in Iran, which at the time of writing stood at 20 % annually. However, flows of 
capital across national borders do not automatically result in the elimination 
or reduction of interest rate differentials. Capital mobility requires the strict 
enforcement of property rights and the presence of certain institutions such as 
a functioning legal system, efficient financial markets (a transparent and com-
petitive banking system), and, more importantly, congruity of foreign policies 
of capital exporting and importing countries. Given that these prerequisites 
for the financial integration of Iran and the western financial markets are not 
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present, the prediction that by opening financial conduits the interest rate 
across countries would equalize may not be valid in the case of Iran.

10  summAry And conclusIons

The Iranian pharmaceutical industry over nearly three-quarters of a cen-
tury of its history has been profoundly affected by the political transitions 
in the country. The industry was dominated by foreign capital under the 
Pahlavi regime during the 1950s until the late 1970s, and has experienced 
the war economy of the 1980s. However, during the last two decades the 
industry has been moving towards privatization and aims to attract foreign 
investment, the result of which is a remarkable progress in biopharma-
ceutical capabilities acquired by the firms in the industry. Nowadays, the 
role of the state in subsidizing the enterprises in the industry has dimin-
ished, the role of insurance companies in paying the out-of-pocket expen-
ditures of patients for medication has increased, and this set of policies has 
received great support from physicians and patients.

Nevertheless, in spite of having a suitable standing among the pharma-
ceutical industries of the region, the financial difficulties of recent years, 
which were caused by sanctions on the country, have worked as obstacles 
for further development of the industry. The counterbalancing factor to 
the external restraints on the industry is a very successful pharmaceuti-
cal educational system in the country, which has caused a 200 % increase 
in the education of expert pharmacists and research scientists over the 
last decade. Nonetheless, the need for additional skilled managers and 
for expertise in working with international pharmaceutical companies is 
evident.

The successful examples of the pharma industry during the last 10 years 
points to the key role of two fundamental issues: Firstly, the relationship 
and active cooperation with big international pharmaceutical companies 
as in the case of the Zahravi-Roche project; and secondly, the crucial role 
of an intelligent R&D as in newly established biopharma startups like 
Cinnagen.

Thus, according to the untapped pharmaceutical market and relatively 
large population in the area of the Middle East, strong connections to the 
global economy with a focus on low-cost financial resources and com-
panies with leading technical knowledge seems to be the lifeline to the 
pharma industry in Iran.
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notes

 1. Interview with Akbar Abdollahi-Asl, Iranian Food and Drug Administration’s 
deputy for supervision and planning. (August 2015).

 2. Interview with Dr. Ali Noori, Chairman of Akbarieh Co and ex- Manager of 
Alborz Pharmaceutical Holding at the time of the Khosroshahi brothers 
(1970–1979). (August 2015).

 3. Interview with Akbar Abdollahi-Asl, Iranian Food and Drug Administration’s 
deputy for supervision and planning. (August 2015).

 4. By the way, the Active Pharmaceutical Ingredient (API) is the part of any 
drug that is active. Some drugs, such as combination therapies, have multi-
ple active ingredients to treat different diseases..

 5. Interview with Dr. Abbas Kebriaeezadeh, Head of Iranian Human Drug 
Manufacturer’s Syndicate. (September 2015).
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This chapter is based on a report that was commissioned by the Supreme Council 
of Cultural Revolution in Iran in 2014. The report was prepared by Hossein 
Sari and his co-authors and examined the strategic challenges the entertainment 
industry in Iran faces.

1  IntroductIon

The evolution of the capitalist system and the development of social wel-
fare states in the second half of the twentieth century led to new methods 
of consumption in the developed countries and the this phenomenon was 
to be seen around the world within a few decades. In this era, with its 
rapid development of information and communication technology and 
the penetration of virtual world in all spheres of reality, entertainment 
goods acquired a high ranking in the prioritized consumption list of the 
consumers. Apparently, the consumption of these entertainment goods 
provided structures to indeterminate identity of individuals or groups with 
certain social and cultural traits, and everything that was related to the 



virtual space became important in consumption and leisure activities and 
more importantly in shaping the identity of the individuals.

Among these activities, video and computer games (VCG), and then 
virtual networks, which experienced a rapid growth rate in the Internet, 
played more prominent roles. In particular, in recent years the volume of 
VCG has increased to the extent that for the first time the profits from the 
sales of VCG exceeded the profits earned by the traditional movie industry 
in Hollywood in 2004 (Spring 2014).

During approximately half a century since the advent of video games, 
it is estimated that 1.2 billion people in the developed countries  alone 
have played the games. Moreover, it is estimated that they spend on aver-
age a total of 3 billion hours per week playing these games. US users 
alone  spend 215 million hours playing the computer games daily. The 
figure for Germany is 47 million hours. Expenditure in the VCG market 
in the UK was 3.9 billion pounds in 2014. This figure shows a 13 percent 
annual growth rate during 2013–2014 (Entertainment Software Rating 
Board 2015).

Estimates show that during 1979–2005, the sale revenues of video 
games increased from 330 million to 22 billion dollars. By 2011 the rev-
enues rose to 59 billion dollars. In 2012, the annual growth rate of this 
industry rose above 10 percent for the first time and was estimated to be 
10.3 %. The global sales for this industry in 2013 were 70 billion dollars 
and the average annual growth rate of sales during 2011–2016 is esti-
mated to be approximately 7 %, which makes this industry one of the 
highest growth industries globally (www.statista.com 2014).

The USA, Japan, and Canada are the three highest ranked producers, 
in order, of these games. In 2013, this industry had produced 120,000 
job opportunities in the USA and 27,000 job opportunities in Canada. 
Today, because of the development of computer games and the extensive 
use of the Internet and mobile smart phones the size of this industry is 
increasing. In 2012, with a growth rate of 17 %, the number of repeat visi-
tors of PlayOnline reached 217 million persons on the global scale, and 
for every four users of the Internet one has visited one of the PlayOnline 
sites (www.statista.com 2014). Accordingly, this industry is on the path of 
great expansion in the near future.

The VCG market has also had noticeable growth in Iran in recent years. 
According to the latest data, which is from  2010, Iran had 20 million 
computer game players, (a little over 25 % of the population). On  average, 
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these players spend two hours a day playing the games. The Iranian VCG 
market has the highest rate of growth among the markets of all Middle 
Eastern countries (IRNA 2015). It is estimated that an average young 
Iranian spends 100,000 rials (approximately about $4 at the prevailing 
exchange rate in August 2015) on the purchase of VCG per month. 
Annually, 40 million hologram computer games with the value of 800 
billion rials are sold in the country. Sixty percent of these games are sold 
by traditional methods and the remaining 40 % are sold digitally (ircg.
ir 2015). Considering the great interest of consumers for foreign VCGs, 
and the fact that Iran is not a member of the International Treaties and 
Conventions on Intellectual Property, and the large volume of under-
ground sales of VCGs in the country, the size of this market is almost 
certainly several time higher than the official estimate.

Eighty percent of people who are interested in playing VCGs are 
between the ages of 8 and 15 (ircg.ir 2015). Given the number of con-
sumers in this age group and the possibility of growing interest in VCGs 
in older age groups, naturally the size of the market in Iran for VCGs will 
grow in future.

However, the computer game industry in Iran has other dimensions. 
The change in political atmosphere in the country after the revolution of 
1979 made this industry politically sensitive. The politically charged atmo-
sphere of the VCG industry was accentuated by the public pronounce-
ments of top political leaders of the country about the danger of “cultural 
attacks” by the Western countries against Iran through virtual space. Some 
of the leaders of the country considered VCGs as the most important 
method of contaminating the Islamic culture of Iran with Western cul-
ture and values. They believed that the enemies of the Islamic govern-
ment of Iran planned to embody the Western cultural values in the VCGs 
and other cultural constructs to impose Western cultural hegemony on 
Iran. Accordingly, monitoring computer games has become an important 
method of the defense of Iranian Islamic culture against “cultural impe-
rialism”. This policy has resulted in government support of VCGs, a set 
of policies that promotes the Islamic-Iranian value system. According to 
the Fifth five Year Socio-economic Development Plan and the computer 
games section of Vision 14041, fifty percent of VCGs used in Iran must 
be manufactured in Iran. Moreover, by 2025 Iran should become the 
highest-ranking producer and distributor of VCGs among the Islamic 
countries (sccr.ir 2015).
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All the factors cited above have given the Iranian computer game indus-
try a level of complexity that impacts all aspects of the society, especially 
the economy, the discussion of which is the aim of this chapter. For a 
better understanding of the industry in Iran and the world, we will briefly 
review its history.

2  A revIew of PAst And Present condItIons 
of comPuter GAmes In the world

In general, the terms computer games and video games are used inter-
changeably and in the gathering of data for the industry, video and 
computer games are subsumed in a single category. However, if we 
wish to examine the industry more precisely we should come to the 
understanding that not all video games are computer games and not 
all computer games are video games. In fact, computer games were 
developed during the second generation of video games, and from that 
time on they had a parallel and in some instances an overlapping devel-
opment (Lowood 2009a, b). Nowadays, video games are designed for 
home consoles, Arcade systems, and personal software. On the other 
hand, videos may or may not be part of the elements that form com-
puter games (Lowood 2009a, b).

Design of video games was first attempted on primitive machines in the 
1930s and 1940s. The first real video game was designed in the 1950s. 

The first video game console, which was the second generation of 
video games, was marketed in 1972 (Spring 2014). During this decade, 
the competition between Attari, Bally Manufacturing, Grimllin, and other 
companies led to increased output, improved quality and functionality of 
the consoles,2 and lower prices, so that there was an expansion of the 
markets for these products in the developed countries. It was during the 
same decade that a number of computer programmers designed a collec-
tion of games for various models for personal computers for the first time 
(Lowood 2009a, b)

During the 1980s, the third generation of these games and the hard-
ware designed for it appeared on the scene. Commodore 64 and Apple 2 
are the best examples of these instruments. At the time, with the expansion 
of the number and variety of personal software, companies such as IBM 
entered the competition for design and production of these instruments. 
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In the 1990s, the fourth and fifth generations of video games were deeply 
influenced by and grew with the great technological advances in computer 
hardware and software. Although with developments in the sixth and sev-
enth generations of video games in the last decade, the balance between 
the video and computer games has been established, more recently some 
of the online games have been transferred to the console and television 
screen (Marx 2006).

The technological advances of recent years has had profound effects on 
the design and manufacturing of computer games. On one hand, advances 
in artificial intelligence, graphics, hardware, and software are in the pro-
cess of replacing the game environment with the “real” environment to 
the extent that the users of the game find themselves not as an observer 
outside of the game, but as a decision maker within the virtual environ-
ment. On the other hand, the new technologies have eliminated the inter-
mediaries, which connected the players to the environment of the game. 
Accordingly, the player has becoming a part of the virtual world and the 
physical actions of the player are directly reflected in the virtual game. It is 
expected that not too far in the future, along with the progress of artificial 
intelligence, the player’s consciousness, without mediation, will become 
the main source for exercising power in the game to (Spring 2014).

Modern computer games can play a significant role as an important 
tool for primary and secondary socialization of children and young people 
(UNCTAD 2010). Some sociologists believe that these games, by simu-
lating wars, revolutions, uprisings, and demonstrations, of which the user 
might have no experience, could create the preconditions for occurrences 
of such events in reality and create new generations of human beings for 
whom no event is impossible.

Moreover, with growth of the Internet and mobile phone applications, 
computer games have experienced other qualitative changes too. The 
online games that are played by one or several people are example of a 
real phenomenon, which Anthony Giddens calls “condensed space-time” 
of the globalization era. Today, an American and a Chinese can simulta-
neously play a game, as if there are no political and geographic boundar-
ies separating the players. Additionally, availability of the games via the 
Internet and the models for Internet commerce, such as Freemium, have 
given the opportunity to the producers to sell their products and services 
to the consumers (UNCTAD 2013).

Mobile games have been available for users since 1997. Until 2000, 
only Nokia used to invest in this line of business; however, gradually other 
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companies also entered this industry. With the entry of Apple Company's 
App Store into the industry in 2008, this market went through a fun-
damental change. At that time, all developers of computer games could 
directly, without distributors or aggregators, connect to the players and by 
doing so earn high profits. The users of the game significantly increased in 
number with the possibility of downloading games. For example, the total 
revenue of mobile games industry during 2013, and 2014 increased from 
17.5 to 21.7 billion dollars. Moreover, it is predicted that by 2017 this 
figure will reach 35 billion dollars. Asia and Oceania are the largest mobile 
phone games markets in the world (ESRB 2015).

The new technologies, along with organizing, marketing, and adopt-
ing different distribution systems, will further transform this industry in 
the coming years. With the development of technologies, the traditional 
gap between producers and consumers will diminish. Examples of these 
technologies include: virtual reality displays; added reality through aug-
mented reality cards for Nintendo and Play Station; cloud computation, 
which provides the most access for numerous games and users by pro-
viding resources that are needed by users at the peak demand time; and 
“open source” programs. Additionally, these new technological advances 
will expand the scope of games, users, environments, and playing styles, 
as well as elimination of borders between users and game spaces (bigfish-
games.com 2015).

The above-mentioned developments, on one hand have caused the 
bankruptcy or reduction of the workforce of many traditional movie stu-
dios as well as dampening the activities of traditional game producers, and 
on the other hand have created new markets. The transformation of the 
industry and the prospect for high profitability have induced giants such as 
Apple, Microsoft Corporation and Google to enter the market.

3  the PAst And Present condItIon of comPuter 
GAmes In IrAn

The entry date of computer games to Iran is not well documented; how-
ever, it is generally believed that it goes back to the end of 1980s. The first 
time video games were used in Iran is also believed to be in late 1980s, 
and the first attempt to develop these games domestically goes back to 
1990s—attempts that failed. With arrival of imported consoles and various 
games, these games were extensively used in Iran during the 1990s and 
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2000s. Later, the accessibility of the Internet in Iran also promoted the 
use of the games in the country (Shamsi and Jalali 2013).

Being concerned about the cultural ramifications of imported VCGs, 
the Iranian government established a system to monitor imported games, 
and allocated funds for the development of games inside Iran. The preva-
lence of imported VCGs that contradict Islamic values has created great 
challenges for the governmental bureaucracy as well as for the incipient 
small startup companies in the game industry, and has caused many con-
flicts in this industry in Iran.

Even though at the outset of the establishment of the Islamic Republic. 
monitoring of cultural products was the norm, monitoring of VCGs 
began in the middle of the first decade of the twenty-first century. The 
Supreme Leader of the Islamic Republic, Ayatollah Seyed Ali Khamenei, 
promulgated the policy that the outputs of the cultural industry such as 
movies, virtual space, and computer games should be regulated, and as a 
result The National Foundation of Computer Games was established in 
2006 (Shargh Newpaper 2015).

This foundation is responsible for planning, supporting the develop-
ment of, and monitoring (both domestically produced and imported) 
games, and, along with the Minister of Culture and Islamic Guidance, 
it legitimizes the private actors in the industry and, according to some 
of observers, ‘selects’ them. The most important task of the Foundation 
is the financial support of firms for domestic production of the games 
through its operational arms such as The National Institute of Game 
Making, and The Organization for Ranking Entertainment Software 
(www.ircg.ir 2015). Even though the different government agencies in 
Iran have supported the Foundation, some independent observers con-
sider establishment of the Foundation as a retarding force, which not only 
fails to achieve the anti-cultural-imperialism goals of the Islamic state, but 
also creates unfair competition between the government agencies and the 
private sector firms (www.yjc.ir 2014).

One of the goals of the planners was to concentrate the affairs of 
the computer game industry in the Foundation so that the activities of 
other concerned organizations about the industry could be coordinated. 
However, since the establishment of the Foundation these goals have 
had limited success. The numbers of trustee organizations have increased 
along with the expansion of the industry.

Under such conditions, the Foundation works as a decision maker for 
the private enterprises as well as the regulator of the industry. The dual 
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role played by the Foundation may result in coordination failures. One 
result of this may be the creation of another bureaucracy that aims to per-
form the same function that the original agency was to perform. In regu-
lating the video game industry in Iran another bureaucracy with the name 
Center for Development of Information and Digital Media, which is a 
subsidiary of the Ministry of Culture and Islamic Guidance , has emerged.

The Center organized the first national festival for digital media and 
multimedia software in 2007. A major part of the festival involved com-
puter games. Moreover, the Center promotes marketing of computer 
games, facilitates interactions between the policy makers and developers, 
and encourages international trade of the games in addition to perform-
ing some other less important functions (itanalyze.com 2015).

The Department of Audio-Visual Cooperation is another subsidiary of 
the Ministry of Culture and Islamic Guidance that has become involved 
in computer games. This agency is in charge of issuing licenses for games 
and game-developers.

The Supreme Council of Informatics, which is the leading policy- 
making body regarding electronic content in the country has organized a 
working group for examining the contents of computer games. The work-
ing group monitors the supplies of the games in the stores. The other 
activities of this working group include acculturation, design and script-
ing, development of business plans, offering academic programs on the 
subject, provision of information, research and convening festivals involv-
ing VCGs (itanalyze.com 2015)

All together, approximately 30 governmental organizations are directly 
and indirectly involved with VCGs in Iran. A cursory look at the goals and 
functions of these organizations shows a great deal of replications among 
them (Shamsi and Jalali 2013). This replication can be observed not only 
in functional areas of these organizations, but also among the employees 
and managers of these agencies.

A look at the condition of the private sector of the computer games 
industry shows 200 developer /producer enterprises. Some of these firms 
have registered with the National Foundation of Computer Games and the 
firms in another group are in the protracted process of registration. A few 
of these firms are engaged in very specialized works in this field, and most 
of them have allocated a small portion of their capital for the development 
of computer games (ircg.ir 2015). These facts imply that the executives 
of the firms in this industry in Iran believe that they cannot rely on sus-
tained earnings from design and production of the games. On one hand, a 
weak intellectual property rights regime in the country, which allows illegal 
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copying of the games to increase, and on the other hand the availability 
of imported VCGs with lower prices and higher quality have all but elimi-
nated any competitive advantages the domestic producers enjoyed.

Low prices of computer games in Iran (60 to 100 times cheaper than 
their prices in developed countries) not only have created numerous prob-
lems for the developers, but also have prevented consumers from selecting 
wisely. Consumers who can buy the best games with the highest quality often 
do not spend much time investigating those games and the suitability of the 
games for their own needs (IRNA 2015). This seemingly irrational behavior 
of the consumers might be due to the high opportunity cost of search time 
for other games. The consumer might believe that the higher price of the 
video game might represent its higher quality. 

The problems of low prices of computer games and the tendency of con-
sumers of video games in Iran to minimize the search cost have brought the 
marketing process and advertising for VCGs in Iran to a halt. In contrast to 
the situation in Iran, consumers in the developed countries spend significant 
time researching games due to their relatively high prices. By doing so, they 
provide a great deal of information to marketers and advertising companies. 
In Iran, due to the pricing system not functioning well as a signaling mecha-
nism, the developers and distributors of the games do not have much infor-
mation about the needs of their customers.

Under such conditions, parental controls of children and young have 
been eliminated, because children are able to purchase games which are 
not appropriate for their age at low prices. In developed countries, a sig-
nificant part of the surveillance of children's purchases is created by the 
pricing system, but in Iran, governmental institutions, relying on their 
institutional power, are mainly intended to apply a kind of hierarchical dis-
cipline based on centralized control of the market and by using consumer 
groups, instead of spontaneous discipline of market. In short, instead of 
the motive for profit maximization as the rationale for the existence of 
firms, governmental concerns for national security and social morality 
have formed the basis for operations of the firms in the industry.

This regulatory approach has resulted in rent-seeking activities by the 
private developers in this field, rents that are created through non-market 
channels. Large companies that design, develop, and publish these games 
in developed countries base their activities on flexible commercial goals, 
and contribute to the expansion of the market by relying on new meth-
ods of financing, and by responding to the laws of supply and demand. 
However, Iranian companies are forced to deal with time-consuming, 
ambiguous, administrative and bureaucratic rules and processes.
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In countries that are active in this industry, institutions such as 
The Entertainment Software Rating Board (ESRB) are created to super-
vise the contents of games by the private sector; however in Iran, the influ-
ence and authority of the state sector has not only hampered the mobility 
of developers and manufacturers, but has also eliminated the possibility of 
transparent and accountable monitoring. The diversity and intensiveness 
of policy-making and supervisory institutions, and inefficient regulatory 
rules have led to occurrence of the “paradox of scrutiny of laws”.3

Overall, the above-mentioned factors has resulted in 90 % of the 50 
million computer games that are distributed in the country annually being 
imported (IRNA 2015). Twenty million users of the game in Iran with 
a monthly expenditure of two thousand billion rials (roughly 61 million 
dollars) on games constitute the highest-ranking users of games in the 
Middle East. The data show that until 2013 more than 200 games were 
produced in Iran. More than 2000 workers are employed in the industry. 
The average annual budget for the National Foundation of Computer 
Games is one billion dollars.4 Moreover, the Foundation, with assistance 
from other governmental agencies, has attempted to develop academic 
majors relating to VCGs in Iranian universities. However, one cannot 
ascertain any success of the Foundation in this regard (ircg.ir 2015).

The presence of a number of factors in Iran could contribute to the 
promotion of the computer game industry in Iran, an industry that has a 
small share of the global market share. These factors include the large per-
centage of young people in the Iranian population, low production costs 
in comparison to other countries, a large pool of expertise in the field, and 
the rich Iranian cultural heritage.

Accordingly, we will examine the present conditions of this industry in 
detail next. As stated above, we have adopted a national system of innova-
tion perspective in this study. The disciplined nature of the approach along 
with placing emphasis on the institutions, players, and the relationship 
among them will assist us in achieving the goal.

4  system of InnovAtIon of comPuter GAme 
Industry

The systemic view of national innovation goes back to the 1980s and 
1990s. This view of innovation, like other system views, looks at the two 
components: “parts” and “relationship”. The members of an innovation 
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system are institutions and players (Ghazinoory and Ghazinoori 2014). 
According to North (1990) the institutions are the rules of the game in a 
society or, more formally, are the humanly devised constraints that shape 
human interaction. Institutions could be formal or informal. Laws are the 
most important formal institutions and among the informal institutions 
we could name values, norms, and practices (North 1990).

Players are also examined in the framework of organizations and are 
classified as governmental and non-governmental. Various relationships 
are established among the institutions. The network of these relationships 
consists of formal as well as informal, market as well as non-market, and 
determines the outcome of the innovation system. The system of inno-
vation, whether national or sectoral, organizes the forces of production, 
and by partial conformity with the outside world engages in production, 
diffusion of knowledge, innovation, and their applications in the develop-
ment of all sectors of a society and economy (Ghazinoory and Ghazinoori 
2014).

Different approaches are taken when addressing the question whether 
the individual elements or the totality of the system of innovation is prop-
erly implementing their functions. Each of these approaches has several 
different analytical methods. One of these analytical methods is called 
“institutional mapping”, in which the institutional trustees of different 
functions of the innovation system are listed, and the key topics and chal-
lenges relating to the functions, including inflation of institutions or insti-
tutional vacuum are recognized. Knowledge of these topics paves the way 
for policy making and problem solving.

In this chapter, the systems of innovation approach and institutional 
mapping were used in examination of computer game industry. Of course, 
to enrich the critical review we used questionnaire and interview methods 
in our 2014 study (Sari et al. 2014) and synthesized analysis of the stake-
holders of the industry, institutional mapping, and analysis of the drivers 
for growth and development of the industry.

In our 2014 study, we first identified and then classified the indus-
try’s stakeholders in three processes: the main, the supportive, and policy- 
making groups. Next, the stakeholders were asked to state their key 
challenges and problems. In the institutional mapping phase of the study, 
we identified the functions of the stakeholders. The result of this phase of 
the study was a matrix with the columns listing the functions of the system 
of innovation and the rows identifying the stakeholders. Finally, by exam-
ining political, economic, social, and technological (PEST) environmental 
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factors both at the national and international levels, the 45 driving forces 
of the industry were identified.

5  An overvIew of the system of InnovAtIon 
of the comPuter GAme Industry In IrAn

The investigation of the industry by the authors identifies, in order of sig-
nificance, the following major driving forces in the computer game indus-
try in Iran:

 1. The cultural diplomacy of the government
 2. The degree of influence of extremists in the political system
 3. The difficulties in conducting business
 4. The development of virtual media and social networks in the 

country
 5. Iran’s diplomatic relationship with the West
 6. The degree of governmental political tolerance
 7. The degree of governmental support of the industry
 8. The size of foreign direct investment in Iran
 9. The degree of penetration of international pictorial media in the 

country
 10. The extent of sanctions against Iran

The top 10 factors affecting the computer game industry in Iran accord-
ing to the degree of uncertainty are listed below:

1. The degree of governmental pluralism5

2. The exchange rate
3. The degree of influence of extremist groups in the political 

environment
4. The size of dumping
5. The tariff rate on imports
6. Western economic sanctions
7. The inflation rate
8. The degree of government intervention in the economy
9. Economic inequality

 10. The degree of competition
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It can be seen at a quick glance at the above lists that the most impor-
tant and, at the same time, the most unpredictable driving forces in the 
computer games industry in Iran are economic and political factors. 
However, a closer look at these factors indicates that all of these driving 
forces are in fact political, and their proximity to the core of policy tends 
to increase their degree of uncertainty. As we see, the most important 
factors are related to the relationship of the Islamic Republic of Iran with 
foreign countries, and the degree of influence of radical political forces in 
formulation of the domestic policy. These two factors are represented in 
other driving forces, e.g. numbers 5, 6, and 10.

Nevertheless, some factors, such as friendly business environment and 
development of media, which are also the most important economic and 
social driving forces, totally depend upon governmental socio-economic 
policies. Iran has low ratings in most indices of ease of doing business. 
What is important in this regard is the appropriateness of governmental 
interventions in the business environment. Clearly inappropriate govern-
mental policies, such as excessive control of the industry, reduce creativity 
and retard growth and development of the industry.

In the meantime, we see that most of these driving forces are associ-
ated with a high degree of uncertainty. The degree of political pluralism 
together with Iran’s foreign policy in recent years is associated with the 
highest degrees of uncertainty.

This issue has become more apparent by the data gathered from insti-
tutional mapping. Data of this mapping indicate the extent of governmen-
tal involvement in the policy making, evaluation, and supervision of the 
industry. Much of these governmental policies are duplicative and redun-
dant. Moreover, the investigations show that the active members of private 
and governmental agencies involved in policy formulation for the industry 
are very satisfied about the performance of the National Foundation of 
Computer Games. Nonetheless, we also see that governmental institu-
tions are working in parallel to the Foundation. In fact, intensive involve-
ment in policy making and parallel activities, which have occurred in the 
overall platform of an imperfect differentiation process, and multiple dif-
ferentiations in the situation of this system’s historic transition, are among 
the main sources of the above-mentioned uncertainty in political, social, 
and economic driving forces.

On the other hand we see an intensity of private firms in the main pro-
cesses of innovation systems of computer games (primary and secondary 
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creation of product, production, distribution, and sale), where govern-
mental institutions have no significant role in the innovative processes.

Furthermore, we see intense involvement of governmental institutions 
in financial support of enterprises in the industry or in networking, even 
though it is mostly nominal support in nature. This means that in spite 
of many ministries and governmental agencies having the legal mandate 
to regulate and assist the industry, they choose to take no part in finan-
cial support of the industry even though they have resources to do so. 
For example, the Ministries of Sport and Youth, and Foreign Affairs or 
the Islamic Republic of Iran Broadcasting (IRIB) as national media, and 
even, non-governmental organizations (NGOs), and the Chamber of 
Commerce, Industry and Mines are not willing to participate in this field 
despite having strong effective power.

In the meantime, even powerful private sector firms do not show much 
interest in  this industry. These firms prefer to enter into lines of busi-
nesses which allow extraction of higher government subsidies—industries 
in which the receipt of government subsidies in the form of rents are well 
established and routine.

Considering the very small role that guilds, associations and private 
organizations play in this industry, we find fundamental gaps in the main 
support processes and a lack of balance of power in favor of private actors 
in the sector. The influx of governmental institutions in policy making, 
resulting from a multiplicity of laws relating to the industry along with 
lack of supportive roles by different governmental sections and NGOs 
have resulted in inadequate financial, legal, political, promotional, and 
distributional support. In the meantime, government does not allow the 
formation  of new NGOs  or permits the existing NGOs to present the 
programs of their choosing.

In the meanwhile, the absence of techno-markets and institutions which 
support commercialization, along with obvious weakness in industry–uni-
versity R&D collaborations and in the primary and secondary creation and 
production activities, point to insufficient activities in the commercializa-
tion of knowledge and creativity in the industry. Moreover, the lack of 
adequate support has resulted in ineffective use of the country’s scientific 
capacities for the development of this industry.

Investigations also show a lack of adequate information  among  the 
actors in the computer games industry about economic processes that lead 
to development of the market. Private actors in this field act in an institu-
tionalized context, which does not create any necessity for joint  industry–
university collaboration or utilization of the scientific human capital of 
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the country. In such circumstances, usage of university scientific capacities 
in this industry has reached its lowest level due to the low rate of capital 
development, and actors in this field have relied upon a lower level of 
knowledge than the technical expertise available in Iran. It appears that 
the opportunity costs associated with not using the scientific potential of 
the country outweigh the explicit costs, the implicit costs that could be 
incurred in the near future.

Meanwhile, findings of stakeholder analysis showed the same problems 
as those found in institutional mapping. For example, as mentioned above, 
contrary to the concentration of governmental institutions in the area of 
policy making and supervision, few if any governmental institutions show 
any willingness to support and develop the necessary infrastructures of 
this industry, despite their great power and influence. Educational and 
research institutions such as universities and research centers, do not show 
much interest in entering into this industry either. The IRIB, the most 
important, most powerful organization with regard to promotion, infor-
mation dissemination, and cultural development, is the organization least 
interested in assisting the industry. The Ministry of Foreign Affairs and the 
Organization of Islamic Culture and Communication, which should have 
the mission of promoting Iranian Islamic culture abroad, have no interest 
in supporting the industry. In addition, the Organization of Information 
and Communication Technology, which has the most power in the area 
of commercialization of computer games, has paid no special attention 
to this field. It even, recently, excluded this industry from the set of its 
responsibilities and functions.

In total, we surmise that the power and interest of players in this indus-
try are perhaps organized awkwardly and inversely. The governmental 
institutions with most power have little interest in developing the industry. 
The private firms, which have great interest to enter in this field, have little 
power to do so. The level of interest in the industry is most concentrated 
in regulation rather than support of the industry. The governmental inter-
est in the industry tends to decrease as one moves from regulation to prac-
tical measures to assist the industry. Issues such as financing, promotion, 
and infrastructure development are still in government hands due to the 
weakness of private firms, and yet government does not show much inter-
est in getting involved in support of the industry.

Accurate investigation of the opportunity costs in this industry, which 
would appear gradually and are not included in the initial explicit costs, 
helps us to understand the inadequate development of this sector of the 
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economy. On one hand, imperfect differentiation and the parallel activities 
of governmental institutions result in increased uncertainty of this indus-
try, and on the other hand, inflation of laws and supervision of the gov-
ernmental agencies diminishes the ability of the private sector to become 
innovative. Accordingly, the private sector lacks the required power to 
compete globally. In the meanwhile, inadequate enforcement of the laws 
to protect intellectual property rights has increased transaction costs and 
the risk of R&D investment in this industry.

The existence of a confrontational attitude in cultural affairs, which is 
manifested in terms such as “cultural alienation”, “cultural inferiority”, 
and “cultural imperialism”, has made it difficult to transform the collec-
tion of computer games enterprises from cultural elements to a cultural 
industry. We claim, albeit without empirical evidence that such policies 
may have contributed to the failure of enterprises in this industry to com-
pete in the global computer game industry.

The entertainment industry is a bridge between industries and cul-
ture—an industry that is fundamentally shaped by governmental, indus-
trial, economical, and particularly cultural policies. We are hopeful that 
with the appropriate industrial and cultural policies of the government 
of Iran, the industry will take effective measures in the creation of socio- 
economic, cultural values for the nation.

notes

 1. Vision 1404 is the national strategic plan for the socio-economic, cultural, 
and technological development of the country over a 20-year period, which 
ends in the year 1404 of Iranian calendar (which is equivalent to 2025 AD).

 2. A video game console is a device that outputs a video signal or visual image 
to display a video game.

 3. "The paradox of scrutiny of laws" occurs when government has a dispropor-
tionate presence in the market place. The paradox is a result of an incremen-
tal increase of laws, rules, and regulations that are aimed at more accurate 
law enforcement. However, the increased bureaucracy leads to a rise in 
ambiguity, more inefficiency, and decreases economic welfare.

 4. The foundation in 2013 received less than 20 % of its approved budget. The 
budget was about 4 million dollars.

 5. In general, if the insistence of governmental authorities on entrusting cul-
tural affairs to guilds and to retreat from administrative areas to a position of 
minimum legal supervisions is legal in a government, the government has 
taken a pluralist policy and we expect the growth of cultural products.
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1  IntroductIon

Over the last two decades as an emerging technology with high  potential 
benefits, fuel-cell technology has attracted the attention of many gov-
ernment officials, academics, and energy industry leaders. Nowadays the 
debate among the stakeholders is no longer around the usefulness of the 
technology but deals with the model, goals, and objectives of policies that 
aim to develop the technology.



A fuel cell is an electrochemical unit that converts the energy  generated 
by a chemical reaction to electric energy. The main body of fuel cells is 
made up of an electrolyte, an anode electrode and a cathode electrode.

In a fuel cell, fuel and oxygen are continuously injected into the anode 
electrode and the cathode electrode, respectively. The electrochemical 
reactions in the electrodes create electrical potential, and the latter gener-
ates electric currents.

Fuel cells are systems of energy conversion, and theoretically, so long as 
oxidizing materials and fuel are supplied, the electrodes in the systems are 
capable of generating electricity. In practice, however, corrosion, system 
malfunctioning of the units and prolonged usage of the system reduce the 
useful life of the cells.

Oxidizing gases such as air or pure oxygen flow in cathode electrode 
interface with an electrolyte layer and with electrochemical oxidation of 
fuel, which is usually hydrogen, and by reducing the oxidizing chemical 
energy of reactive gases, convert to electric energy.

William Grove discovered this electrochemical process in 1839. Grove 
experimented with placing electrodes in sulfuric acid. He exposed one 
electrode to oxygen gas and another to hydrogen gas and measured the 
electric current between the two electrodes. Two researchers, Ludwig 
Mond and Carl Langer, manufactured the first generation of fuel cells in 
the UK in 1889. This line of research continued in England and Sweden 
during the first half of the twentieth century. Along with R&D on fuel 
cells, another line of research in the production of electricity with coal 
began. Of course, because of the low efficiency of coal-based batteries, 
research on this form of electricity production was stopped. Nevertheless, 
after World War II the knowledge gained from research in coal-based bat-
teries was utilized in the production of high-temperature fuel cells.

The US government, eying potential use of fuel cells in weaponry, 
invested in R&D of fuel-cell technology after World War II. One of the 
most prominent displays of advances in fuel-cell technology was the devel-
opment of a 5 kW fuel cell by Thomas Bacon in 1959. The space explora-
tion program of the US was another motivating force for the development 
of fuel-cell technology. In this program, first a proton-exchange-membrane 
fuel cell (PEMFC) and then a variety of alkaline fuel cell (AFC) technolo-
gies were utilized, and the National Aeronautics and Space Administration 
(NASA) patented this technology. In the 1960s, research on the function-
ality of fuel cells in low temperature took place, and the technology of fuel 
cells for the generation of electricity for homes was adopted.
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Results of R&D in fuel-cell technology were not too promising dur-
ing the 1970s. As a result, investment in the technology decreased during 
this period. Nevertheless, because of the energy crisis of the early 1970s 
this technology became appealing for many countries. In the 1980s, three 
factors contributed to the reemergence of interest in R&D in fuel-cell 
technology (Suurs et al. 2009): the energy crisis; environmental concerns, 
including global warming emerging from use of fossil fuels; and the tech-
nological achievements of this industry, which led to the application of 
combined heat and power (CHP) by energy companies as showpieces of 
technological development in the industry.

2  development of fuel-cell technology In Iran

Development of fuel cell technology in Iran began in 1993. Iran is among 
a limited number of countries that enjoy high technological capability in 
this field. One of the most notable characteristics of Iran in this field is 
highly skilled, young experts in this technology.

Along with research activities in fuel-cell technology, government poli-
cies supporting the advance of the technology have also emerged. The 
Iranian government has initiated fuel-cell technology development pro-
grams, and approved the plan for development of fuel-cell technology. 
The government authorized the formation of the board for development 
of the technology with the First Vice President as Chair of the Board.

In what follows we will discuss the history of development of fuel-cell 
technology in Iran.

3  phase one: start of scattered actIvItIes 
(1993–2000)

The Department of Renewable Energy in the Ministry of Energy of 
Iran began studies for monitoring the development of new technolo-
gies for exploiting different sources of energy in the early 1990s. Fuel- 
cell energy was among several new sources of energy that were identified 
by researchers in this department. Concurrent with a rise in R&D for 
fuel-cell technology in other countries, the researchers of the Ministry of 
Energy of Iran also concentrated their attention on fuel-cell technology. 
Accordingly, the Ministry initiated a program with the title of “Techno- 
economic Investigation of Production of Solar Hydrogen and Related 
Technologies” in 1993. This research involved techno-economic and 
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feasibility studies of production of solar hydrogen. Results of the studies 
made it clear that Iran has a suitable environment for the generation of 
solar hydrogen for domestic consumption as well as for export.

Moreover, these studies showed that this technology is very complex, 
and mastery of the technology required fundamental studies and prob-
lems concerning production, liquefaction, storage, and the penetration 
rate of hydrogen needed to be overcome. The results of these studies were 
reported to the top officials of the Ministry of Energy, which informed 
them of significance and the challenges associated with gaining techno-
logical capabilities in this industry.

After recognizing hydrogen as a source of energy, and after receiv-
ing technical studies reports on new sources of energy, the Ministry of 
Energy started a pilot program with the title of “solar hydrogen technol-
ogy” in 1996. The framework and outline of this program were presented 
in a report with the title of “Hydrogen the Fuel of Future: Technology, 
Economics, and R&D Policy” in 1997. The Ministry of Energy approved 
this program and subsequently established the Renewable Energy 
Organization of Iran (SUNA) to manage and implement the project.

The implementation of the projects involved the establishment of four 
subsystems. First: installation, and operationalization of a 5 kW an elec-
trolysis apparatus that was purchased abroad. Operation of this system was 
to begin in 1999. Second: purchasing, installing, and operating equip-
ment to produce liquid hydrogen by 2000. Third: construction of a stor-
age tank for the hydrogen gas. Finally: design and manufacture of an 
automobile engine using hydrogen as fuel by 1999.

Moreover, in addition to the four projects discussed above, two new 
projects to complete the pilot solar hydrogen production initiative were 
initiated. The first project was the installation of facilities for the produc-
tion of hydrogen during 1999–2001. The second project involved con-
struction of a solar electric power system with 200 kW capacity during 
2002–2004. This system was purchased from a Russian company and was 
to be installed in the city of Taleghan in 2000. However, due to some con-
flicts with the Russian company, and insufficient financial support, con-
struction of the plant was delayed; but with the help of domestic experts 
the system became operationalized in 2007.

Along with the above stated activities, several small R&D programs 
in solar power generation in Iran were underway. Specifically, the first 
research project involved a feasibility study of a special fuel cell in 
 collaboration with Sharif University and resulted in the writing of several 
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doctoral dissertations starting in 1995. Another research project involved 
Solid Polymer Electrolyte (SPE) technology with 1 kW power that took 
place during 1998–2003.

During the 1990s many Iranians who had studied abroad and who 
had written their dissertation on fuel-cell and related technologies or who 
were employed in companies that dealt with those technologies returned 
to Iran and began working in Iranian universities. Many students in 
Iranian universities (notably Sharif, Khajeh Nassiraldin Toosi, and Tarbiyat 
Modaraese universities) were trained by these faculty members and wrote 
their doctoral dissertations on fuel cell technology. Some other universi-
ties, such as the University of Shiraz, offered fuel-cell technology courses. 
Moreover, the active involvement of Iranian universities in the develop-
ment of fuel-cell technology attracted the attention of government offi-
cials to begin promoting this industry.

Furthermore, the fuel-cell technology experts in Iranian universities 
began close cooperation with private and public entities that were involved 
in development of the technology, assisted in design of research programs, 
and helped in production of the prototypes. In 2000, Adapt Enterprise con-
ducted a comparative study of different advanced technologies for automo-
bile engines that used fuel cells. In this study, five brands of automobiles 
that were the subject of interest for major global automakers at the time and 
were assessed to be suitable for Iranian conditions were compared. The type 
of new technologies used in these cars were the fuel-cell engine, the electric 
engine, the hybrid engine, an advanced internal-combustion engine, and an 
advanced internal-combustion engine with new fuel. The study identified 
fuel-cell engines to be most suitable type given Iranian conditions. Because 
of these findings, Iran Khodro, the largest automaker in Iran, agreed to 
launch a program to develop the fuel-cell engine in the country. However, 
the results of these investigations were not too promising. The reason for 
this failure was the attempt by the researchers to develop fuel-cell technology 
per se, rather than adopting the technology for use in automobile engines. 
After this disappointing experience, the members of the research team on 
the project separated and began working on similar projects independently.

In the late 1990s, the first private fuel-cell company was established in 
Iran. This firm began production of prototype fuel cells. The polymer fuel 
cell with 0.2 kW power with hydrogen fuel, methanol fuel-cell prototypes 
as well as the production of equipment for testing fuel cells were among 
the products this company first produced. The first demonstration of tech-
nological capability of Iran in fuel-cell technology took place in Tehran 
International Fair in 2000.
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4  phase two: plannIng wIth lImIted resources 
(2001–2007)

During this period, each expert member of Iran Khodro’s fuel-cell tech-
nology team engaged in negotiation with the relevant governmental agen-
cies to receive financial support for the R&D on the technology. Whatever 
R&D activities were taking place during this time were small and isolated. 
Moreover, due to lack of necessary knowledge and industrial infrastruc-
ture, some of the necessary instruments for measurement and testing in 
the R&D processes were unavailable in the country. Additionally, no for-
mal plan for development of this technology in Iran existed at the time. 
However, as time passed by, and especially after the publication of the 
Bulletin of Hydrogen and Fuel Cell, which disseminated global news and 
information about the development of fuel-cell technology, an increasing 
number of governmental officials became familiar with the developments 
in the industry elsewhere. Consequently, the first conference with the title 
“Conference of Fuel Cell Technology Stakeholders” took place at Sharif 
University under the sponsorship of the Ministry of Energy and the Office 
of Vice-President Science and Technology in 2001.

In this meeting, many experts were very critical of governmen-
tal resource allocation among the organizations that were active in the 
development of fuel-cell technology, and proposed that the government 
should allocate resources for R&D in fuel-cell technology according to 
a national strategic plan. Heeding this recommendation, the Ministry of 
Energy proposed the formation of a Fuel Cell Technology Development 
Policy Board (FCTDPB) consisting of representatives from the stake-
holders of the industry to develop a strategic plan for the technologi-
cal development of the industry. The stakeholders included the Office 
of Vice-President Science and Technology, the Planning and Budget 
Organization, the Environmental Protection Organization, the Renewable 
Energy Organization of Iran (SUNA), the Vice Minister of Energy Affairs 
of the Ministry of Energy, the Management of Generation, Transfer, and 
Distribution of Electricity Company, RIPI, the Iranian fuel conservation 
company (IFCO), the Information Technology Development Center, the 
Iranian Research Organization for Science and Technology (IROST), the 
Industrial Development and Renovation Organization of Iran, two auto-
mobile companies (Iran Khodro and Saipa), and several other organizations.

Establishing the Strategic Board for the Development of Fuel-Cell 
Technology, from here on referred to as Board in Iran led to a  coordination of 
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policies by many governmental agencies with different missions. Convening 
the meetings of this Board was very beneficial for the development of the 
technology for several reasons. First, popularity of fuel-cell technology in 
the  society increased over time. Second, overall decision making became 
easier because of coordination between the decision makers. Third, the tech-
nological knowledge of different organizations was pooled together.

One of the best examples of policy coordination of the member orga-
nizations was the adoption of FCTDPB's strategic development plan by 
RIPI, which defined two policies in this regard; First, R&D and inter-
national  transfer of technology for production of the components of 
low-temperature polymer fuel cells; second, development of technical 
knowledge for the production of converters that are used in the produc-
tion of hydrogen and synthetic gases. Of course, the process of produc-
tion of hydrogen is the main process used in petroleum and petrochemical 
industries; however, the process uses an old technology, and the goal was 
to develop a new technology based on Nano and membrane technologies.

During the first few meetings, the Board defined the requirements and 
the means of meeting them for the development of fuel-cell technology. 
The studies for determination of the needs for the fuel-cells began in 2002 
and lasted until 2004, and consisted of technical studies and management 
of technology, with the latter aimed to finds ways to utilize the findings of 
the technical staff. The sub-committee for development of strategies for 
the use of technological achievements produced a 3000-page document, 
which contained data and useful information. However, to make the infor-
mation manageable for the policy-makers in the government, the Board 
produced a much shorter version of the document, which became known 
as the National Strategic Plan for Development of Fuel Cell Technology 
(NSPDFCT). After many years of bureaucratic wrangling the document 
was approved by the Presidential Cabinet in 2007.

The R&D activities in development of fuel-cell technology  during 2002 
to 2007 may be divided into two periods, one dealing with development of 
strategy to develop fuel-cell technology and the second period for govern-
mental adoption of the policy. During the policy development period, spo-
radic research on fuel-cell technology took place in the country. However, 
since there was no unified national policy regarding development of the 
technology the research was isolated and detached. As an example of such 
isolated activities, there was the production and delivery of 100 fuel-cell 
technology instructional packets to the leading high schools throughout 
the country during 2002–2005. This program aimed to educate high 
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school students in fuel-cell technology, however, it is the only program 
in educating the public about the fuel-cell technology. Moreover, no follow 
up study in assessing the effectiveness of that program took place.

Because of participation of many stakeholders from the fuel-cell indus-
try in policy formulation, in the Board and involved in dissemination 
of news about the meetings of the Committee, the interest of research 
institutes in development of the technology increased. Accordingly, many 
research institutes added research on fuel-cell technology to their research 
agenda annually. One of the most important of these research institutes 
was the Esfahan Developmental Initiative Research Center (EDIRC), 
which had some technological achievements. The employment of Iranian 
graduates returning  from abroad by the universities as instructional staff 
and researchers increased the inertia of R&D in the industry.

The Board’s excellent rapport with the experts in this field gave a 
definite direction to their research activities by informing the researchers 
about the policies that were in process of being formulated.

The policy makers were aiming to concentrate on polymer technology 
and solid oxide fuel cells. Of course, of course methods as well as  the strat-
geic technology unit for acquiring these two technologies were defined. 
This development as well as support provided by the Board  led to the uni-
fication of research programs from many research centers. For example, in 
PEMFC technology two polymer fuel cells with the capacity of 1.2 and 
25 kW were purchased and installed in Taleghan’s power generation site 
in 2006. Of course, one of the goals of the installation of the cells was a 
demonstration of the power generation capacity of the system in prac-
tice. Moreover, the project to manufacture thermoplastic polymer bipolar 
plates was defined in 2006 and was implemented a year later. Additionally, 
studies to develop a solid-oxide fuel cell (SOFC) were conducted in 2005, 
and the feasibility study for the design and production of a single cell of 
this type took place in 2008.

With the financial support of the Centre for Innovation and Technology 
Cooperation (CITC) of the President and the Renewable Energy 
Organization of Iran (SUNA), the plan for implementation of fuel-cell 
technology was presented to the Strategic Board for Development of Fuel 
Cell Technology in 2006. In the development plan the steps for policy 
implementation as well as specific projects with timelines, costs of acquisi-
tion, and the indicators of achieving the goals of the policy were stated. 
The following goals for three 5-year periods were specified in the Plan:
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• The goals of the first 5-year period : Policy-making, promotion and 
research activities relating to the technology.

• The goals of second 5-year period: Establishment of fuel and fuel 
delivery infrastructure for development and use of the technology; 
continuation of the goals of the first 5 years; recognition of intellec-
tual property rights; support of newly established firms; and creation 
of a support fund for innovation.

• Goals of the third 5-year period : Continuation of R&D; promotion 
and use of the technology by reliance on the market to stimulate the 
industrial use of the generated energy.

The prediction during this time was that by the end of the third period, 
Iran would gain the ability to adopt PEMFCs and SOFCs in automobile 
engines, and for electric power generation.

NEOI, as an organizational member of the Strategic Board to develop 
fuel cell technology started the publication of Hydrogen and Fuel Cell 
Magazine in 2006. This publication became very influential. The goals 
of publishing this magazine were to promote the use of fuel-cell tech-
nology, to inform the stakeholders about ongoing discussions as well 
as decisions of the member organizations of the Strategic Board, to dis-
seminate information about the technological achievements of the coun-
try and the world in this field, and inform researchers about each other's 
ongoing R&D activities in the hope that duplication in research would 
be eliminated.

Another important milestone in the development of this technology 
in Iran was the convening of the First Conference on Fuel Cell and the 
Petroleum Industry that was sponsored by RIPI.  Lack of interaction 
among the main players of the fuel-cell industry was one of the impor-
tant points that was discussed in this conference. In fact, until that time 
there existed no medium by which the technological achievements of the 
research centers could be publicized so that duplication in conduct of 
research could be eliminated. Accordingly, it was suggested that a unified 
fuel cell development management should be established. Consequently, 
the Center for the Development of Fuel-Cell Technology under the aus-
pices of the Strategic Board was established. The Center was to implement 
some of the required projects for the development of the technology. The 
conference convenes annually.

The prolonged time for adoption of the national policy to develop 
fuel-cell technology resulted in completion of the some of the projects 
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before the formal adoption of the policy by the government. Examples of 
such completed projects include: the construction of methanol fuel cell 
with 500 Watt capacity in the University of Mazandaran; the construc-
tion of a polymer fuel cells (PEMFC stack) system with 1.5 kW power 
by the Research Center of Esfahan; the acquisition of recovery technol-
ogy; and reconstruction of Nafion membrane for use in polymer fuel cells 
in Iran Polymer and Petrochemical Institute. As another example of com-
pleted projects before the formal adoption of the policy, there is the pur-
chase, installation, and operation by NEOI of water electrolysis with 30 
normal cubic-meter per hour capacity.

5  phase three: appearance of a hIdden problem 
(2008–2014)

After the adoption of the NSPDFCT, the decision was made to implement 
the goals by taking the following measures:

• Establishment of the Committee to Develop Fuel Cell (CDFC) 
under the leadership of the First Vice President with the mem-
bership of the Ministers of Energy, Industry, Mines and 
Commerce;  Petroleum;  Science, Research and Technology, and 
the heads of the Plan and Budget Organization, the Environmental 
Protection Organization, the Vice President Science and Technology, 
and the Renewable Energy Organization of Iran (SUNA). This 
Committee was made responsible for the approving of operational 
plans, and setting the agenda for the meetings of the CDFC.

• Formation of the Fuel Cell Strategic Committee (FCSC), which 
has the responsibility of implementing the policies stipulated in the 
National Plan document. The FCSC to report to the CDFC.

Given the extensive R&D activities in the field and the need to coor-
dinate these activities, the FCSC plays an important role in the develop-
ment of the technology and is considered a key institution. The FCSC is 
responsible for the development of technical knowledge, dissemination of 
the technology, management of the projects, development of the standard 
safety codes, manufacture of the prototypes, the formation of growth cen-
ters and laboratory networks, and marketing and commercialization of the 
products.
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In spite of inadequate government funding, small fuel cell R&D proj-
ects continued. Many of these centers secured their own funding for 
ongoing projects, even though the government supported some of them. 
For example, a team of students at Khajeh Nasseraldin Toosi University 
built the first fuel-cell-powered hybrid automobile in Iran.

In spite of financial difficulties, NEOI continued with its R&D activi-
ties. We list a number of the research projects and achievements of this 
organization below.

The Institute of Standards and Industrial Research of Iran and NEOI 
recommended the establishment of The Committee for Fuel Cell 
Technology (CFCT), and agreed that its main office could be located in 
the headquarters of NEOI. The CFCT was to develop standards for pro-
duction, installation, safety, and the utilization of fuel cells.

One of the goals of National Strategic Plan for Development of Fuel 
Cell Technology (NSPDFCT) was the mastery of technology for the 
design and production of a prototype of a 5 kW polymer fuel-cell system. 
This project was conceived in 2006, and The Center for Developmental 
Initiative in Esfahan (CDIE) was given the task of its implementation. 
Previously, this Center had successfully manufactured a polymer fuel 
cell with 1.5 and 3.5 kW capacity with enough power to generate 6-kW 
electricity generated by heat. Moreover, due to its earlier successes, the 
CDIE was awarded a grant for R&D of a 5- kW CHP fuel cell system too. 
The technological achievements of the Center in producing much lower 
weight stacks and passing the rigorous reliability tests of the new proto-
types landed the Center a new contract from NEOI to develop a CHP 
fuel-cell system with 10 kW power.

Another goal of NPDFCT was the development of fuel-cell-powered 
hybrid automobiles. To achieve this goal, the Center for Research on 
Automobile, Fuel Use, and Environment Technology of the University 
of Tehran defined the techno-economic parameters and selection of the 
optimal path for development of the technology in the country. To do 
so, the University of Tehran Research Center considered a number of 
automobiles with mass production potential for examination and test-
ing, and the Iranian manufactured Samand was selected. The results of 
the study showed that from a micro-economic point of view the mass 
production of hybrid cars is not economically justifiable; however, from 
a macro-economic perspective and considering the social cost of using 
traditional fossil-fueled automobiles, mass production of hybrid cars is 
economically meaningful. A presentation of samples of newly produced 
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electric automobiles to the office of the Vice-President for Science and 
Technology secured the Center financial assistance from the Office of 
the President to produce hydrogen-electric hybrid Soren models at the 
Samand Automobile Company.

This automobile, which used 15 KW power fuel cells, was designed 
and produced in Iran; however, the alternating current (AC) engines and 
lithium batteries, and fuel cell systems were imported. One electric auto-
mobile that was manufactured for the first time in the Middle East was 
showcased, and President Mahmoud Ahmadi Nezhad placed a symbolic 
order for 100 units of the hybrid cars to be manufactured. The research-
ers at CDIE convinced President Ahmadi Nejad to have  Iran Khodro 
Company, a state-owned automobile company to use fuel-cells manufac-
tured by the Center in Esfahan.

Another goal of NSPDFCT was the design and production of solid- 
oxide fuel cells. To achieve this goal NEOI signed a contract with Niroo 
Research Institution (NRI) to accomplish the task. This research institute 
was able to design and produce a solid-oxide fuel cell.

In another initiative, NEOI commissioned an Iranian company to pro-
duce, install, and operationalize a fuel-cell system with heat-generation 
capacity with 1 kW power in 2010.

To coordinate various ongoing, disjointed R&D activities across the 
country, the Office of the Vice-President Science and Technology Affairs 
of the President established the Board for Development of New Energies 
(BDNE). This Board was to coordinate R&D projects working on new 
sources of energy at the Ministries of Petroleum, Energy, Industry, Mines 
and Commerce, and Science, Research and Technology, as well as the private 
research institutes. The representatives of the above- mentioned ministries as 
well as representatives from the Environmental Protection Organization and 
the Iranian Research Organization  for Science and Technology (IROST) 
were to take part in the leadership of BDNE.  Representatives from the 
Ministry of Energy and Vice President for Electricity and Energy of the 
Office of the President were designated as the Chief Executives of the Board.

The Board formed seven specialized committees dealing with hydro, 
wind and waves, hydrogen and fuel cells, solar, biomass, geothermal ener-
gies as well as a planning and policy committee. The Board created sev-
eral support programs for educational and research organizations, and for 
knowledge-based companies.

The Strategic Board for the Development of Fuel Cells decided 
to purchase 20 fuel-cell systems from TANANIR Company for use  
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by 20 power-generating plants in Tehran and elsewhere. Additionally, 
a number of government agencies that could potentially use fuel-cell-
generated electricity, agencies such as the Ministry of Information and 
Communication Technology, city authorities, and the Islamic Republic 
of Iran Broadcasting were invited to join the Board to form specialized 
subcommittees that deal with specific technological requirements of the 
organizations.

6  conclusIons

Over the last several years, heavy investment in fuel-cell technology has 
taken place in industrialized countries. As a reliable source of hydrogen 
energy, it has gained strategic importance. In spite of the use of the tech-
nology on a commercial scale in industrialized countries, this technology 
is far from being commercialized in Iran.

Starting in 2007, after the approval of the NSPDFCT by the Iranian 
government many activities in development of the technology took place. 
These activities include the design and manufacture of 5 PEM fuel cells 
with 10 kW power, the design and manufacture of some of the compo-
nents of stack the design and production of an initial prototype of an 
SOFC, and finally the dissemination of knowledge by convening of con-
ferences, trade exhibitions, the publication of a monthly newsletter, and 
the operation of several prototype systems. However, some important 
activities such as the establishment of the center for management of fuel 
cell technology and R&D in processing fuel technology did not take place 
because of financial constraints.

To summarize, it appears that the R&D centers may have failed to 
achieve the goals stipulated in the NSPDFCT.  The failure may have 
resulted because of the following factors:

• Lack of governmental plans before the start of the development 
process

The importance of macro-governmental plans for technological 
development is apparent. There was no strategic plan for develop-
ment of the technology until 2004 in Iran. Many years were wasted 
and large sums of funds were used without much gain from 1993, 
when research on the technology began in Iran, until 2004.

• Inadequate number of strong, specialized associations and 
organizations
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Powerful, specialized associations and organizations are often 
endowed with substantial financial resources which can stimulate 
growth in R&D. An inadequate number of such organizations may 
have hampered the full development of the technology in Iran.

• Large fossil fuel endowment
The availability of plentiful fossil fuels with government subsi-

dized prices works as a powerful counterforce against the develop-
ment of renewable energies in Iran, and may have contributed to 
a lack of solid interest on the part of the government's decision-
makers in allocating more resources for the development of fuel-cell 
technology.

• Lack of meaningful interest from industry
Most large enterprises in Iran are users of technologies but show 

little interest in investment for technological development. Fuel-cell 
technology is no exception.

• Parallel, similar R&D activities
Many similar R&D activities in development of the technology 

have taken place in Iran. Duplicaiton of R&D slows the growth of 
technological discoveries and wastes very scarce resources.
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1  IntroductIon

In December 1993, the Central Bank of the Islamic Republic of Iran 
founded the Informatic  Services Corporation (ISC) to develop an Internet 
banking network for the commercial banks and other financial institutions 
in Iran. This chapter deals with the history of the technological develop-
ment of the Internet banking network in the country.

Founded on 23rd of December 1993, and listed on the Tehran Stock 
Exchange on 11th of March 2003, Informatics Services Corporation (ISC) 
is the leading provider of Internet banking services systems to almost 
all commercial banks as well as many other financial institutions in Iran. 
With headquarters in Tehran and with multiple offices countrywide, ISC 
is the largest electronic banking organization in the Middle East region. 
According to the recent domestic ranking of IT companies by the High 
Council of Informatics,1 ISC won the first prize in 11 different categories 
and in the overall ranking. ISC provides a variety of products and services for 
banks and their customers. Activities include the design and development 



of national banking infrastructural systems, the provision of core banking2 
total Solution, the provision of WAN3 (Wide Area Network) solution and 
the provision of high-end banking equipment. ISC focuses on providing 
high-performance reliable services to its customers, which are mainly large, 
Iranian banks, including the Central Bank of Iran (ISC 2015).

In 1994, a year after meeting the preliminary requirements to establish 
an Internet banking system, ISC was established to implement a com-
prehensive plan for banking automation in Iran. At the outset of imple-
menting the plan, selecting a proper communication network to connect 
branch offices to the central offices posed major problems. The domain of 
the network involved a vast, diverse geography and the existing commu-
nication infrastructure was inadequate to meet the needs of such a large 
project. Based on the results of a massive study by ISC, the firm selected 
satellite communications in the form of VSAT4 (very small aperture termi-
nal) as the most appropriate technology.

In 1994, after a successful bid by an American company, Hughes 
Network Satellite (HNS), to construct the network, the firm pur-
chased two satellite base stations (hubs) and 1700 VSAT terminals from 
HNS. However, immediately after the installation of the first base station, 
Western economic sanctions forced the vendor to refuse to deliver the 
purchased satellite hub and dishes, an action that brought ISC’s project to 
a halt. At the same time, the national project had already started, and ISC 
had to either stop the project or continue with a new strategy.

ISC decided to complete the project by relying on domestic human 
resources and technology. With the help of available information and 
despite numerous problems, local experts managed to install the second 
hub. Faced with difficulties in installation and subsequent after-sales ser-
vice and support, ISC relied on reverse engineering, and developed tes-
ters for existing terminals. With the acquired technological capabilities 
and newly found confidence, design and development of VSAT terminals 
became the top priority for successful implementation of the master plan 
of banking automation. This stage of project development was success-
fully completed after three years’ work, so that in addition to providing 
after-sales service, banking automation facilities were quickly produced 
and delivered to the banks.

In recent years, due to technological change, and to respond to new 
market needs, ISC has developed a new breed of VSAT terminal based on 
the Digital Video Broadcasting-Return Channel via Satellite (DVB-RCS) 
standard. This chapter describes the acquisition of this technology.
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By carrying out a large government project master plan for banking 
automation, ISC chose core banking as a comprehensive solution, and at 
the beginning of the project it appeared that the Western economic sanc-
tions were likely to fail the project, because without adequate communica-
tion network infrastructure, it would not be possible to achieve the desired 
goal. During the years when the company was implementing this project, 
the great technological advances in satellite communication was greatly 
exaggerated. In the meantime, VSAT was one of the most widely used 
types of satellite terminals, which was able to both send and receive data. 
This technology could remedy the problem of large and expensive satel-
lite antennas, as it would allow use of small antennas in remote locations 
and the placing of a large antenna in the central station. This arrangement 
could dramatically lower the cost of installing remote terminals. This fea-
ture not only reduces the cost of each remote terminal but also allows all 
necessary information processing to be performed in the central station. 
This also increases the system’s safety. In addition to technical and budget 
advantages, the ease of installation is another advantage of satellite termi-
nals, in that it allows one to set up communication links in the shortest 
possible time. For example, when an earthquake with magnitude on 6.6 
Richter scale occurred in December 26, 2003 in Bam, a city in Kerman 
Province in the south east of Iran, ISC activated the space connection and 
set up telephone lines with the help of VSAT terminals in less than 2 hours 
after the disaster.

2  SatellIte communIcatIon technology

Although this chapter does not intend to go in to technical details, a brief 
description of satellite communication technology would help readers to 
understand the nature of the technology, events, decisions, and actions 
described below.

Satellites are just like magic mirrors in space. They receive weak electro-
magnetic signals from an earth station and powerfully broadcast those signals 
back to a large geographical area. Usually, the send and receive radio frequen-
cies are different but the information embedded into those signals is the same. 
Satellites have to orbit around the earth to avoid falling down. The speed of 
satellites depends on their proximity to the earth; the closer the distance, the 
faster the speed needed to counteract gravitational force and to avoid failing 
down to earth. On an orbit which is around 36,000 kilometers above the 
earth, the radius speed of satellites is the same as the radius speed of the earth. 
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This is called “geosynchronous orbit”. On geosynchronous orbit, satellites 
travel around the earth at exactly the speed that matches the earth’s rotation 
on its axis.5 Hence, an observer on earth always perceives geosynchronous 
satellites over a fixed geographical position. That is is why we see satellite dish 
antennas pointing to the sky in a fixed, specific direction.

Each satellite brings a fixed range of frequency available for earth sta-
tions. This range of frequency is named satellite bandwidth, which is very 
expensive, because of limited bandwidth resources available to each satel-
lite. While there exist some point-to-point applications of satellite tele-
communication that need dedicated bandwidth, the majority of satellite 
communication applications have to share this bandwidth to make it cost 
effective.

The most popular and effective technique to share bandwidth is named 
“time division multiple access” (TDMA), and it lets earth stations share 
the bandwidth over very accurate and tiny time slots. Add this to 36,000 
kilometers of distance between the satellite and earth stations that bring 
too much noise and signal delays, and one can estimate the complexity 
of this technology. The competition among satellite equipment manufac-
turers is mostly about the efficiency of satellite bandwidth usage. While 
TDMA permits them to share the bandwidth, they compete on how many 
bits of data they can embed into a single Hertz of satellite frequency. The 
Shannon–Hartley theorem, also known as Shannon’s law,6 tells the theo-
retical maximum rate at which error-free digits can be transmitted over a 
bandwidth-limited channel in the presence of noise. So the technical race 
is on advanced data-coding techniques approaching the Shannon–Hartley 
limit. To establish a TDMA satellite network, operators need to have at 
least one central station (hub) and a number of earth stations (remotes). 
More hubs can be deployed for geographical redundancy. Nothing else is 
needed but a long-term contract with satellite operator to secure enough 
satellite bandwidth. In this chapter, we discuss the advancement of TDMA 
geosynchronous satellite earth stations in Iran.

The advantages of a VSAT communications network infrastructure is 
summarized below:

• Availability of the communication platform at any time and in any 
place

• Simplicity of the communication platform in contrast to complex 
terrestrial telecommunications networks

• Access to the communication platform capacity on the basis of need 
and in times of need
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• Ability to establish communication and service quickly at any place 
and at the same cost

• Ability to communicate on the move
• Reliability and high access rate
• Rapid troubleshooting and problem solving in comparison with 

other types of links
• Capabilities for simultaneous broadcast over a large number of ter-

minals regardless of location

Since there were few technology providers is this field, and because of 
lack of technical support, ISC decided to use reverse engineering on sev-
eral stages to acquire the technology. As mentioned earlier, owing to the 
withdrawal of foreign engineers, local technicians installed the new termi-
nals. This task was very complex and difficult, as they had to configure the 
central station (hub).

3  VSat market In Iran

In 1992, the Iran Telecommunications Company7 (ITC) secured a con-
tract with HNS to establish a VSAT network nationwide and started an 
operating VSAT network in 1995 to offer telephone lines in rural areas. 
ITC continued to operate around a 700-node satellite network up to 
2007. However, the private operators with the latest IP (Internet Protocol) 
broadband VSAT platforms must have made a considerable dent in this 
part of the company’s business. Increased competition led to much stron-
ger price pressure and a tough environment for profit making.

ISC began operating the same VSAT technology in 1995. According 
to OECD, there were only 1450 VSAT installations in Iran up to 2008 
(OECD 2012). On the other hand, OECD had directly referenced old 
Comsys8 reports when evaluating the economy of space technologies. 
Hence, in contrast to the Organization for Economic Cooperation  and 
Development (OECD) report, ISC recorded 7641 operating terminals 
in 2008. This was because Comsys was unaware of Iranian engineering 
 activities (Bull 2010). According to Comsys, ISC had 16.1 % of the Middle 
East market share in 2014 (Bull 2014). Iran has now eight VSAT opera-
tors including ISC, which has almost 30 % of the Iranian market share. 
Currently, most of the satellite communication technology deployed in 
Iran provides IP connectivity, and satellite communication efficiencies are 
almost at the same level, offering satellite connectivity mostly to financial 
sectors, the oil and gas industry and rural telephony.9
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4  challengeS ahead

ISC had no previous experience and knowledge nor any technical support 
from US technology providers. These facts gave rise to many complica-
tions for ISC, which are listed below:

4.1  Repairing Boards and Parts

With no external supports, ISC faced hundreds of faulty digital boards of 
terminals and hubs over the early months of operation. They started to 
send damaged boards to the UK to get them repaired but the process was 
very costly and time consuming.

4.2  Tuning Hub Parameters

As stated above, HNS engineers installed the first hub and left the coun-
try right after the start of the economic embargo. ISC had to install two 
additional hubs and had no technical knowledge to accomplish the task. 
Although US engineers had left precious documentation, the explicit 
knowledge within these documents was not enough to tune critical satel-
lite communication parameters within the hub.

4.3  Procurement of More Remote Terminals

ISC had purchased 1700 terminals directly from HNS, but could not 
purchase additional units because of the economic sanctions. Hence, ISC 
started to purchase second-hand terminals from warehouses worldwide. 
However, this was just a short-term, inefficient solution of the problem. 
ISC soon found that second-hand terminals had a rather low lifespan com-
pared to new ones, and realized that procuring second-hand terminals 
could not continue indefinitely.

4.4  Adding Features to Terminals

As the very first core-banking total solution provider in the country, ISC 
encountered unprecedented ongoing daily requirements and needed a cer-
tain level of technical support from technology providers to meet require-
ments. But, again, by being disconnected from technology providers ISC 
were prohibited from gaining the desired level of technological flexibility.
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4.5  Bugs and Design Problems

Although HNS had been designing VSAT equipment for years, ISC found 
its products were not error free. Sometimes products and features had 
malfunctions originating in the design phase. Therefore, it was crucial to 
report such cases to HNS and have them fixed in the shortest possible 
time. Nevertheless, ISC had to wait until other operators discovered simi-
lar problems, collaborate with HNS, and then hope that the problems 
could resolved by a software upgrade.

5  FormatIon oF r&d department

ISC was founded by the central bank of Iran to modernize the Iranian 
banking industry. Hence, as an SOE (state-owned enterprise) it gained the 
very first momentum from the government. Having such a mission, ISC 
entered into fruitful contracts with large Iranian banks, and could soon 
stand on its own two feet. As the core management team of ISC consisted 
of experienced PhD graduates from US and British universities, there was 
a good sense of confidence when doing engineering tasks. ISC had four 
divisions, namely: Automation, Network, Installation and Maintenance, 
and Administrative. Although ISC did not acquire any research grants 
from the government, having such a unique stance in the banking indus-
try made investment in technological capability building feasible through 
the establishment of a Research and Technical Support department in the 
Network division in 1995. ISC assigned a reputable university professor as 
the head of this department. He hired the best Iranian university gradu-
ates in the fields of electronics, telecommunication, software, and digi-
tal hardware engineering and began developing the required technology 
using domestic resources.

6  FIrSt Step: BuIldIng teSterS

By identifying details for each board or module, tester components were 
developed for terminals that could facilitate detection of component fail-
ure or specify the region of failure. Finding these details needed a rea-
sonable level of reverse engineering of boards and deep study of worthy 
documents left by US engineers. The ability to detect and fix dysfunc-
tional terminals without having to send equipment abroad, which was 
virtually impossible due to sanctions in any event, continued to improve 
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serviceability factor to 96 %10 with large value-added for the company. 
In this step, ISC even repaired boards and parts for ITC. In addition, 
having deep knowledge about the principles and mechanisms of HNS 
systems let R&D and Operation department engineers correctly tune 
critical hub parameters.

7  Step two: Smart copy!
Due to the large size of dish antennas, shipping costs were equal to the 
purchase price. Therefore, a limited number of these antennas were pur-
chased from satellite communication technology leader Prodelin. ISC 
decided to reverse engineer and produce them.

At the same time, manufacturing of the antennas to receive signals from 
satellites was already feasible in the country but it was the first time in 
the country that VSAT antenna were manufactured and used to send and 
receive signals. An important consideration for the design of radio fre-
quency (RF) parts was the degree of accuracy to a few microns, which 
Iranian artisans were not familiar with. The difficulty at this stage was 
complying with international standards. The satellite providers would not 
issue licenses and accept the terminals as part of a network if the applicants 
could not satisfy international standards for noise and disturbance.

Fortunately, relying on local professionals, ISC produced antennas with 
better radiation and feed patterns compared to the foreign samples.11 By 
the end of 2001, 2000 indigenously produced antennas were installed in 
various parts of the country. Unlike the foreign produced antenna, the 
snow and de-icing units were placed inside the body of the dish antenna. 
This would ease the installation process and extend the life of the antenna.

In the meantime, HNS earth stations had modular boards that could 
enable different functionalities for users. Each board had a unique advan-
tage over others. For example, voice connectivity, number of serial ports, 
LAN12 connectivity, and so on. Clearly, some boards would face an 
upsurge in demand; hence, the demand for new boards and consequently 
the demand for repairs would sharply rise. Having repair experience for 
these boards, R&D engineers could draw the entire technical drawings 
of those boards. However, digital boards could not be blindly copied and 
required advanced knowledge for designing printed circuit boards (PCBs) 
and the physical placement of electronic boards. In practice, that was not 
as simple as it seemed. Some of electronic parts were unreadably prepro-
grammed, PCBs where too complex to copy and R&D engineers had to 
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learn to design multi-layer PCBs. However, ultimately, R&D engineers 
could produce hundreds of such boards by reversing pre-programmed 
parts and learning to design complex PCBs.

8  Step three: deSIgn and deVelopment

To meet the urgent needs of the company the Research and Technical 
Support department reversed the terminals in seven different layers as 
shown in Fig. 12.1, in a 9-months process. In reverse engineering pro-
cesses, complex, heuristic, and ad-hoc techniques are commonly used. 
For example, reversing a digital board can involve tracking connections 
between electronic components and drawing the schematic diagram of 
components and connections. Reversing a control mechanism can be just 
changing the control variables and seeing what happens to the system. In 
contrast, reverse engineering of the satellite protocol behind hundreds of 
megabytes of data that are captured from satellite interface requires deep 
knowledge of many communication protocols to enable the engineer to 
have some initial idea about the huge stream of zeros and ones he has on 
his personal computer monitor. After the initial guess, he has to search for 

Fig. 12.1 Reverse 
Engineering Layers © 
Informatics Services 
Corporation
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anticipated patterns and if not successful, he has to try something else. In 
some cases, he has to concentrate to use his deep intuition to guess and try 
things. Even electrical engineers had difficulties to imagine how the initial 
R&D engineers had guessed the initial value of CRC13 (cyclic redundancy 
check) generation mechanism of HNS satellite packets.

9  the Structure oF VSat termInalS

A VSAT terminal consists of two main parts: indoor and outdoor units.

9.1  Outdoor Unit

The outdoor unit consists of a disc-shaped antenna, a feed-horn and an RF 
unit that are installed outside the building. Design and production of an 
RF unit involves a very complex technology that was acquired by firms in 
the Middle East region for the first time.

9.2  Indoor Unit

The indoor unit is composed of a set of devices that are installed inside 
the building and near user equipment. The design of the indoor unit 
requires advanced technology, which ISC acquired by reverse engineering. 
Specifically, ISC had to gain technological capability of the communication 
protocol between hub and terminals. To do this, hundreds of megabytes 
of data received from the communication channel were reverse engineered 
bit by bit. This was the most difficult task. To accomplish the challenging 
task of dealing with such a large data set, the firm developed a computer 
program. Afterward, ASICs14 (application-specific integrated circuits)— 
with no specific information available from the US company—were suc-
cessfully reverse engineered. Much of the firmware15 was  embedded into 
programmable chips like the FPGA16 (field-programmable gate array) co-
designed with software and a real-time operating system.

Finally, completing the process of designing and prototyping, more 
than 6000 VSAT terminals were successfully produced and installed. On 
this occasion, ISC received the prestigious national science and technol-
ogy award,—the International Khwarizmi Award (KIA) in 2001. Figure 
12.2 shows a picture of an ISC satellite earth station—PES7000. In this 
figure the ISC dish antenna is also shown and the RF unit is fixed at the 
focal point of the antenna.
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According to the latest Comsys report, by 2013 the largest VSAT oper-
ator in the world was HNS with 201,231 installations in North America; 
the largest network outside North America is operated by Hughes 
Communications India with 68,540 terminals, and the total number 
of Middle East VSAT installations is around 37,000. The ISC network 
is now the second largest satellite network in the Middle East (Comsys 
2014). Figure 12.3 depicts the growth of ISC VSAT network.

9.3  Tests and Failures

There was no simulator, emulator, or anything else to completely test the 
whole functionality of the designed earth station. The R&D team had to ask 
the VSAT Operations department to allocate a small non- operational net-
work for their test. In the beginning, the Operations department declined 
the request because of resource constraints. However, after the misinter-
pretation of only a single bit of a control packet caused the whole network 
to reset and, consequently, all of the branches of the largest banks in Iran 
to back out for 40 minutes, the Operations department quickly dedicated 
some precious resources for R&D tests! As most of the design was based 

Fig. 12.2 PES7000 © 
Informatics Services 
Corporation
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on reverse engineering of proprietary network protocols, there was no 
 guarantee that all possible states of all protocols would be met in the reverse 
engineering process. Therefore, although the R&D team was very conser-
vative in adding new functionalities to its newborn system PES7000, fail-
ures did happen in the operational network. Hereafter, the first two years 
after having PES7000 on customer sites was problematic for the R&D and 
operation departments. There was no holiday, night, or day limit for them 
to monitor “the baby” and quickly react if any malfunction appeared.

9.4  Adding More Features

Having the technology in hand allowed the R&D team to provide features 
that were not available in HNS products. For example, many of the HNS 
remote stations had limitations on the number of user ports while custom-
ers were demanding more ports for mode devices to connect to the earth 
station. R&D engineers provided a by-product named Port Expander that 
could connect to HNS terminals and multiply the number of available 
ports. Port Expander was nothing more than a small and low-cost sub- 
system of PES7000 software and hardware. There was also a list of minor 
bugs and malfunctions of HNS products that the Operations department 

Fig. 12.3 Growth of ISC VSAT Network. Source: ISC-2013 © Informatics 
Services Corporation
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had already detected. The R&D team could not fix them as almost all of 
them originated in the design phase, but they could learn from HNS mis-
takes and avoid such malfunctions in PES7000.

10  Step Four: leVeragIng to the next 
generatIon

The world of data communication was converging into IP as a common, 
flexible, and expandable protocol between digital machines.17 This flexible 
protocol not only pushed VSAT technology providers to move to IP, but 
also encouraged them to offer even more bandwidth.18 Meanwhile HNS 
VSAT technology was based on legacy network protocols and ISC had 
to adapt its solutions based on this megatrend. HNS was already aware 
of this trend and had its own plan to upgrade products and solutions but 
ISC could not reach them due to economic sanctions. There was another 
young US VSAT technology provider named iDirect that offered a pro-
prietary solution for satellite communication. Unlike HNS, iDirect could 
somehow open its way through the Iranian market and sell a couple of 
small networks in Iran. At the same time, the dream of European unity in 
satellite technology vanished. The ESA (European Space Agency) intro-
duced an open satellite communication standard named DVB-RCS so that 
VSAT technology providers could not only develop advanced products, 
but also have a high level of interoperability between their products. The 
dream of unity never happened in the form of inter-operability, but DVB- 
RCS continued to develop with the pace of technology and stay as a refer-
ence design for many European and US VSAT producers.

IP connectivity was not the only driver to move to new technologies. 
The HNS technology that ISC had in hand could send 0.5 bit of data 
over each Hertz of satellite bandwidth while new technologies could send 
more than 3 bits of data over each Hertz.19 The difference in bit trans-
mission capabilities of the old and new technologies involved a huge cost 
saving as most of the satellite network operators’ expenditure goes on 
satellite bandwidth. Moreover, new technologies could let the operator 
use a much smaller physical space. That means, instead of having tens of 
racks full of equipment, they could have just one or two racks. This would 
also reduce precious data center space and save on high electricity costs.

Consequently, moving to new technologies was inevitable. ISC had two 
choices; rely on young iDirect and forget about technological  capabilities 
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at the Research and Technical Support department or go for DVB- RCS. At 
the time of this decision-making process, which was around 2005, DVB-
RCS producers were way ahead of iDirect so ISC decided to buy a DVB-
RCS central station and produce its terminals indigenously thus achieving 
economies of scale. Specifically, ISC did not see the economic advantage of 
designing the central station (hub), as only one or two hubs were needed. 
Instead, ISC decided to have its own DVB-RCS remote terminals to cut 
procurement expenses and acquire the new technology.

Given the pace of change and the need to produce the next genera-
tion of satellite communication, ISC moved to offer satellite services in 
VSAT market in accordance with new technologies. To achieve this goal, 
the European open-standard DVB-RCS technology was a good model to 
use. With DVB-RCS VSAT network technology, the dependency of ISC 
products on a particular vendor for the Central Station (hub) would be 
greatly reduced as more vendors, mostly Europeans with looser sanction 
commitments, could offer DVB-RCS hubs. Surprisingly, ISC finally pur-
chased a DVB-RCS hub from Advantech Networks, which is a Canadian 
company. As history repeats itself, again economic sanctions became even 
tighter so that Canadian engineers could not come to Iran and install the 
purchased hub. Fortunately, due to accumulated knowledge and experi-
ence, ISC could erect the new hub and an indigenous DVB-RCS terminal 
named AryaSat was swiftly developed. AryaSat could later achieve DVB- 
RCS standard compliance from the ESA-affiliated laboratory, SatLabs 
in 2011 (SatLabs 2015). At the time of writing, SatLabs has presented 
DVB-RCS2 as the most recent standard for satellite communication but 
no product has been developed based on this standard so far. Figure 12.4 
presents AryaSat and the new design of the RF unit named AryaWave.

11  Step FIVe: competIng wIth rIVal technologIeS

With the expansion and improvement of terrestrial data networks and reg-
ulatory developments, banks began to expand their network by terrestrial 
network technologies such as fiber optic and DSLs20 (digital subscriber 
lines) besides satellite communication in 2007. As is shown in Fig. 12.3, 
ISC network growth started to decline in 2007. Most of this inertia was 
because of rival landline technologies.

For this reason, the ISC goal was to take advantage of the terrestrial net-
work in the banking system while the country was under embargo for pro-
tocol conversion and encryption. To this end, ISC designed and developed 
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Vsat Network Backup (VNB) compatible with both legacy and modern 
VSAT terminals to provide simultaneous encryption, protocol conversion, 
and packet routing to take the best advantage of satellite and terrestrial 
networks. Since the new VSAT technology was essentially designed based 
on IP services, ISC could provide easier customer-centric services. Thanks 
to a combination of AryaSat and VNB, ISC could offer a Service Level 
Agreement21 (SLA) with connectivity reliability of at least 95 to 99 %22 in 
contrast with mostly state-run terrestrial networks with reliability between 80 
and 95 %. That was the reason that ISC also provided satellite connectivity, 
which, in nature, has much more reliability than terrestrial connectivity that 
uses copper or wireless.

Because of the design and production of AryaSat and VNB, ISC 
received International Khwarizmi Awards (KIA) for the second time in 
2009. Figure 12.5 shows the ISC VNB product.

The journey of AryaSat and VNB continued when the R&D team pro-
posed to the Sales and Marketing department that they could combine 
satellite and terrestrial connectivity functionality into a single device. That 
was a jump in the market and for ISC operations departments:

Fig. 12.4 AryaSat (bot-
tom) and AryaWave (top) 
© Informatics Services 
Corporation

Fig. 12.5 ISC Vsat Network Backup (VNB) © Informatics Services Corporation
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• Hardware and maintenance costs for a single network node would 
dramatically drop as not only could a single appliance do the job but 
also maintenance and installation costs would be significantly reduced.

• At ISC, two different operations departments were responsible for 
satellite and terrestrial connectivity. With the combination of connec-
tivity into a single device a huge inter-departmental challenge would 
arise. The question was “Who would be responsible for the configura-
tion and support of this new device?” ISC decided to combine these 
two large departments as the operation costs would drop dramatically. 
Therefore, the company designed a long-term plan for this merger.

Having both OPerating Expense (OPEX) and CAPital EXpen-
diture(CAPEX)23 advantages ISC let the R&D team design the new prod-
uct. The result was named AryaSat+ and it will be installed in customer 
sites in early 2017.

12  leSSonS learned

12.1  To R&D or Not to R&D

There are more than 6000 operational Iranian satellite terminals installed 
nationwide, and ISC has the capability to offer a whole package of satel-
lite services exclusively based on ingenious knowledge and technology 
with lowest cost and highest value-added for customers. However, one 
of the most important factors of this success was the role of managers 
who took the risk, relied on local experts and manufacturers, and encour-
aged and supported them to convert a national threat to an opportunity. 
In fact, the academic background of the core management team at early 
stages of ISC development had a pivotal role in shaping and improving 
R&D in this firm. However, relying on local engineers and designs was 
not an easy risk to take. Such confidence formed gradually by showing 
the output of technical capabilities. The Research and Technical Support 
department paved its way towards a decision-making mechanism by 
revealing the financial advantages of R&D to the company. Otherwise, 
as one of the top managers once said, R&D was believed to be “a well 
that would not fill by pouring money into it”. To be concise, if the com-
pany leadership does not believe in investment  in  R&D, spending any 
resources in R & D is futile because such expenditure will produce no 
tangible benefits for the enterprise.24
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12.2  What to R&D and What Not to R&D

Answering this question for an R&D manager requires a close infor-
mation exchange between company leadership, sales, marketing, and 
R&D.  Information exchange between R&D and sales and marketing 
seems to be the essential one; however, this is not as simple as it looks. 
These two departments need to understand each other deeply and most 
of the responsibility lies on the R&D manager’s shoulders. The R&D 
manager needs to understand the market environment just as the sales 
and marketing manager needs to know the technological capabilities 
of the firm. The R&D manager should give the sales and marketing 
manager an idea of what types of new product and services he could 
sell. In short, the R&D manager should make the marketing manager 
aware of new possibilities in the market. That is because the R&D man-
ager is close to a pool of very talented people and this team can trans-
form their creative imaginations into reality. This is where prototyping 
is most effective.

Leadership plays a fundamental role in supplying new products and 
services. The company leader  guide the  R&D staff members and sales 
force by showing the path to success in the midst of uncertain market 
environment by prompting self-confidence among employees and belief 
in  local technical capability. Therefore, the company’s leadership, R&D 
and sales and marketing together are the new product development trio 
that selects R&D investment projects.

This trio does not always settles well. The ISC trio brought mar-
ket dominance to ISC for years by providing satellite earth stations. 
On the contrary, the R&D manager could not convince others to go 
for the design and development of a central station (hub). Sales and 
marketing believed that doing R&D to produce satellite hubs was not 
cost effective as ISC only needed at most three hubs, and the company 
leadership did not have enough confidence to take the risk and have 
an indigenous hub since, if the hub fails, all of the network fails. The 
experience of Advantech Network for DVB-RCS technology proved 
that the R&D manager was quite right for the reason that they had 
time to develop their own hubs with no bargaining or long delays. 
The cost of market delays and the technical difficulties in erecting the 
Advantech hub was estimated to be substantially above the R&D costs 
of hub development.
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12.3  To Export or No to Export

Over time, as elsewhere, the Iranian government officials debated whether 
the  Central  Bank should follow the government or act independently. 
Normally, Central Banks seem to have a high degree of independence from 
governments but for the Central Bank of Iran, independence has always 
fluctuated from administration to administration. This fact made Central 
Bank decision makers quite conservative, especially in issues that seem out 
of their area of banking expertise. As mentioned before, while ISC was basi-
cally the product of the Central Bank of Iran, at the same time it is listed in 
the Tehran stock exchange. Although this little child has grown up to be a 
giant and has many technological capabilities, not only in satellite communi-
cation but also in core banking services, the Central Bank has never let ISC 
seek external markets. The red light for export had a substantially destruc-
tive impact on economies of scale and learning capabilities for ISC. Because 
of economic sanctions, importing was not a good option when ISC decided 
to invest in R&D, but they did have the option to buy as many remote 
terminals as they wanted from Advantech Network. The outlook of tighter 
sanctions was a good driver in favor of AryaSat. Yet, prohibition of exports 
does not appear to be a prudent policy with respect to technological devel-
opment when economies of scale could be achieved through exports.

12.4  R&D People

The role and type of R&D staff was very important for the success of this 
team. The engineering staff and scientists of the R&D team were gradu-
ates of top Iranian universities with brilliant academic records. Most of 
them were MScs in different fields of electrical and computer engineering. 
Over time, they learned how to deal with the brain drain by promoting 
knowledge management throughout the team. They also learned that they 
could not expose their co-workers to risks arising from product design or 
procurement for production or anything else. Hence, they decided to do 
the entire job except the physical production of products. In contrast, they 
found great advantage in networking with academia, which made people 
that were even more talented available. Having a knowledge-centric and 
challenging spirit, the team was always looking at any kind of problems 
through the firm’s perspective. This resulted in the reputation of the 
R&D department as resolver of “the unresolved issues” in the firm, so 
that whenever any departments confronted a complex unresolved techni-
cal problem, they would call the R&D department.
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12.5  Benefits of R&D for a Technology Follower

ISC was indeed a technology follower not a leader. Yet, doing R&D had 
several advantages for it:

• Theorizing of R&D: for a technology follower, R&D could mean 
learning from the leaders. During the long history of import sub-
stitution, R&D could also mean the indigenization of technology.

• Intrafirm harmonization: R&D also plays a role as a problem solver.
• Interfirm harmonization: When doing business with other compa-

nies, R&D can act as a gatekeeper to absorb alien technology into 
the firm’s body of knowledge. R&D also enhances the power of the 
firm while bargaining to acquire new technologies.

• Innovation: R&D acts as the heart of the new product development 
trio and ensures incremental innovation.

• Self-governing product development capability: This feature 
maybe the most important benefit of R&D.  Firms can develop 
new technologies and products that are proprietary for the firm. 
The new products do not always have to be based on new technol-
ogy but can be new product conceptualization as the firm exam-
ines the market.

13  conFrontS onward

For all practical purposes, Iran had no enterprise ready for the establish-
ment of a data telecommunication network when it started to serve Iranian 
banks. That is why it chose the VSAT network as a means of data network 
infrastructure. Despite recent advancements of terrestrial networks in Iran, 
there is still the need of a stable, high availability, high throughput VSAT 
connectivity. There was only a minor VSAT operator when ISC started the 
business. Now there are eight players. The monopoly market structure has 
turned into an oligopolistic one. Hence, to be an effective player in the 
industry, ISC should meet the following challenges:

• International collaboration towards future generations of satellite 
connectivity, which is known to be HTS.25 This collaboration has to 
be both vertical, i.e. through the value chain, and horizontal through 
other operators.
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• Restructuring the very unbalanced nature of R&D in ISC structure 
as telecommunication is not the only, nor the most important, busi-
ness line of the company.

• Entering the international markets by exporting or by providing 
total solutions and services.

noteS

 1. Certificate of ranking and qualification for informatics and telecommuni-
cations companies is issued by the Secretariat of the Iranian High Council 
of Informatics based on the rating and qualification bylaws. According to 
this certificate, qualified companies, considering their latest financial, tech-
nical and personnel status and score they obtained in any of fields of infor-
matics and telecommunications are ranked. The latest ranking for ISC was 
held in May 2015.

 2. Core banking system is a back-end system that processes daily banking 
transactions, and posts updates to accounts and other financial records.

 3. Wide Area Network.
 4. A very small aperture terminal (VSAT) is a two-way satellite ground station 

with a stabilized dish antenna that is smaller than 3 meters.
 5. A geosynchronous orbit (sometimes abbreviated GSO) is an orbit around 

Earth with an orbital period of one sidereal day, intentionally matching 
Earth’s sidereal rotation period (approximately 23 hours 56 minutes and 4 
seconds). The geostationary satellite owes much for its realization to 
Arthur C. Clarke who proposed it during the twentieth century and in his 
honor, the orbit is called Clarke orbit.

 6. Shannon’s law: A statement defining the theoretical maximum rate at 
which error-free digits can be transmitted over a bandwidth- limited chan-
nel in the presence of noise, usually expressed in the form C = W log2(1 + 
S/N), where C is the channel capacity in bits per second, W is the band-
width in hertz, and S/N is the signal-to- noise ratio. Error-correction codes 
can improve the communications performance relative to uncoded trans-
mission, but no practical error correction coding system exists that can 
closely approach the theoretical performance limit given by Shannon’s law.

 7. In 1992 ITC was the wholly state owned company operating for Iranian 
Ministry of Post, Telegraph and Telephone. ITC was registered in Tehran 
Stock Market in 2008 as a part of the privatization act.

 8. Comsys is a well-known satellite consultancy firm headquartered in the 
UK, reporting on the satellite industry and market every two years since 
1998. Comsys comprehensive studies involve interviews with hundreds of 
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different service providers with individual reports on VSAT operators and 
over different product platforms from all the major vendors.

 9. Updated list of registered Iranian Satellite Access Providers (SAP) can be 
found in Communication Regulatory Authority of Islamic Republic of 
Iran (CRA) at www.cra.ir

 10. That means 96 % of faulty boards where repaired.
 11. In parabolic antennas, virtually all the power radiated is concentrated in a 

narrow curve along the antenna axis. Feed and radiation patterns indicate 
the quality of antenna power concentration.

 12. A Local Area Network (LAN) is a computer network that interconnects 
computers within a limited area such as a residence, school, laboratory, or 
office building.

 13. A cyclic redundancy check (CRC) is an error-detecting code commonly 
used in digital networks and storage devices to detect  accidental changes to 
raw data. Blocks of data entering these systems get a short check value 
attached, based on the remainder of a polynomial division of their 
contents.

 14. An application-specific integrated circuit (ASIC), is an integrated circuit 
(IC) customized for a particular use, rather than intended for general-
purpose use. ASIC functionalities are embedded into the chip in the 
factory.

 15. Permanent software programmed into a read-only memory.
 16. A field-programmable gate array (FPGA) is an integrated circuit designed 

to be configured by a customer or a designer after manufacturing—hence 
“field-programmable”.

 17. The Internet protocol suite is the computer networking model and set of 
communications protocols used on the Internet and similar computer net-
works. It is commonly known as TCP/IP, from Transmission Control 
Protocol (TCP) and the Internet Protocol (IP).

 18. In computing, bandwidth is the bit-rate of available or consumed informa-
tion capacity expressed typically in metric multiples of bits per second.

 19. Refer to Shannon law described above.
 20. DSL (Digital Subscriber Line) is a technology for bringing high- bandwidth 

information to homes and small businesses over ordinary copper telephone 
lines.

 21. A service level agreement (SLA) is a contract between a service provider 
and the end user that defines the level of service expected from the service 
provider. SLAs are output-based in that their purpose is specifically to 
define what the customer will receive. For simplicity, we just indicate the 
percentage of available connectivity over contract timeframe.

 22. That means, connectivity exists for at least 99.95 percent of the time.
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 23. An operating expense, OPEX is an ongoing cost for running a product, 
business, or system. Its counterpart, a capital expenditure (CAPEX), is the 
cost of developing or providing non-consumable parts for the product or 
system.

 24. A black hole is a geometrically defined region of space-time exhibiting such 
strong gravitational effects that nothing, including particles and electro-
magnetic radiation such as light, can escape from inside it.

 25. High throughput satellites (HTS) is a classification for communications 
satellites that provide at least twice, though usually by a factor of 20 or 
more, the total throughput of a classic satellite for the same amount of 
allocated orbital spectrum thus significantly reducing cost-per-bit.
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1  IntroductIon

The growing community demand for the accountability of government 
with respect to costs of development of science and technology (S&T) in 
recent years has increased the importance of evaluation of government out-
lays for S&T investment (Garrett-Jones et  al. 2004). S&T development 
is mostly financed through government funding systems in the countries 
which have S&T development plans; however, the role of government 
regarding such investments is very pronounced in the developing countries 
where governments have limited financial resources and private firms have 
meager financial resources for investment in technology and innovation. 
Therefore, efficient tools of allocating funds assume paramount importance 
in resource allocation for S&T investment. In this regard, systematic evalu-
ation of S&T is employed based on optimized budget allocation, account-
ability, control, and learning improvement (Molas-Gallart 2012).

In recent years in Iran along with a rapid increase in the government 
budget for S&T development, the expectation for the recipients of the 



R&D funds to meet their commitments for improving the technology has 
increased too. As a result, purposeful allocation of funds on S&T projects 
has become a top item of national priority for the country.

Traditionally, the S&T evaluation system in Iran defined successful 
research projects as the ones attracting more funds. It is obvious that such 
a procedure has no interest in the success of S&T activities.

Accordingly, the main weakness of the national system of innovation 
(NSI) of Iran is its emphasis on the inputs into the system and the lack 
attention paid to the outputs of the system. No doubt the neglect of the 
outcomes of NSI takes place in the face of the well-known fact that the 
benefits of S&T can only be realized when all links to the chain of science- 
technology- innovation-wealth are complete and present, and S&T policy 
makers have considered and identified the missing links. By a critical exam-
ination of the current R&D funding systems in Iran, this chapter aims to 
develop a more effective national evaluation system for the country.

Furthermore, more than 700 executive agencies and research institu-
tions in Iran are recipients of government grants for research and develop-
ment (R&D). These entities are different in their missions, goals, size, and 
in the depth and breadth of their activities. Accordingly, these fundamental 
differences should be considered in selection of the evaluation method and 
use of suitable indicators for measurement of the outcomes; however, in 
the final analysis one should adopt a unified approach to project evaluation. 
Therefore, design of a unified integrated method in assessment of the activ-
ities of each group of the institutions that have received a grant is required.

In the meantime, the presence of a large number of S&T policy making 
centers in Iran, each of which has recently tried to design and implement 
its own evaluation system, has created a complex and some would argue 
a confused decision making system. However, in 2009, Iran’s parliament 
took the first step to establish a national evaluation system for S&T, and 
required all organizations, universities, research centers, and public com-
panies that received research grants from the government to report their 
progress to the Ministry of Science, Research and Technology (MSRT) 
every three months. The MSRT was required by the law to submit a 
national report to the parliament annually. In 2010, Iran’s government 
created a national evaluation system for S&T by:

• Designing a national network called the National Information 
System for Science and Technology (www.SEMAT.ir) where all rel-
evant data are recorded and stored;
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• Developing a set of 60 indicators of research input, output and 
outcome;

• Requiring all governmental agencies to register the relevant data to 
the indicators in the National Information System for Science and 
Technology.

However, a study by Ghazinoory et al. (2012) shows that this system 
faces many challenges, which are summarized below:

• Strategic and political challenges

 1. Although according to the legal requirement, the trusteeship 
of the evaluation organization is assigned to the Supreme 
Council of Science, Research and Technology of Iran (SCSRTI), 
in practice not many large organizations have any motivations 
to provide the information they have to the SCSRTI. This has 
created a great bias in the results of the evaluations.

 2. The trustee organization has also assumed the leadership task 
since the MSRT is also the secretariat of SCSRTI. Accordingly, 
the challenges of implementing the policies have affected the 
strategic goals.

 3. The present evaluation system only oversees  evaluations; 
accordingly, many organizations do not voluntarily participate 
in the evaluation process.

 4. The interests of the stakeholders of S&T have not been consid-
ered in the design of the evaluation system.

 5. Under the present system, tracing the allocated funds is not 
possible; therefore, it is not possible to examine the ongoing 
funding and R&D processes.

 6. Classification of recipient organizations is based on the size of 
grants received; therefore, it is not possible to compare the 
outcomes of the organizations.

• Challenges of implementations

 1. There exist too many indicators (60), which are not based on 
the same standard.

 2. Not all indicators are meaningful for all organizations. 
Moreover, some outcomes, especially in the fields of humani-
ties, are not measureable according to the indicators.
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 3. The representatives of the organizations as members of the eval-
uation team are not knowledgeable in many subjects and par-
ticipate in the evaluation only to discharge their mandated task.

 4. Because of differences in the activities and funding of the orga-
nizations receiving the grant, recipients do not accept the 
ranking provided by the evaluation team.

 5. The evaluation based on the indicators shows unexpected, irra-
tional results, which may be due to lack of a standard in the 
indicators.

Based on these shortcomings, the development of a new evaluation sys-
tem for S&T that reflects the present conditions of the NSI in Iran, and cor-
responds with the S&T evaluation systems in other countries, was required.

2  typology of natIonal S&t EvaluatIon SyStEmS

Comparative studies on S&T evaluation systems discuss the differences 
of evaluation methods, enumerate the strengths and weaknesses of each 
method, and review their development (Coryn et al. 2007). In addition, 
some studies that have analyzed the reasons for the variability in the evalu-
ation systems (Gibbons and Georghiou 1987) suggest that the variations 
are a reflection of different political and managerial cultures.

The design of national S&T evaluation systems should include the 
dimensional analysis of desired evaluations, a reliable framework for data 
interpretation, and interaction between different types of evaluations in 
the field of interest. It should be implemented according to evaluation 
processes, methods, and tools. Therefore, in this chapter, we use Phaal’s 
meta-framework (Phaal et al. 2001) for analyzing the typology of interna-
tional S&T evaluation practices.

According to this meta-framework, national S&T evaluation systems are 
surveyed individually in different dimensions, and classification of systems is 
provided on different levels. The mentioned typology is described in a 5-level 
classification of: the governance system, analytical framework, funding strat-
egy to the innovation process, practical method, and budget allocation tool.

2.1  Classification Based on Governance System

Several studies survey the effect of the governing structures of S&T on its 
evaluation system. “governance structure” in this chapter refers specifically 
to the processes in which public policies are defined and  implemented, 
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actors play their roles in these processes, and interactions are formed 
between them (Jordan 2008). According to this view, evaluation may be 
done on different levels, such as a project, program, institution, or a set 
of institutions. However, using the concept of the evaluation system apart 
from the analytical level is necessary because evaluation on one level is 
dependent on the other levels, and different levels are interconnected in a 
system (Frederiksen et al. 2003).

Molas-Gallart (2012) has introduced three main functions of national 
S&T evaluation systems:

• Distributing function, which seeks to distribute resources among the 
potential actors and stakeholders of a special policy or program;

• Improving function, which seeks to learn from the past experiences 
in order to find the best practices and replicate them;

• Controlling function, which surveys precisely the way of using public 
resources, individuals, and institutions for identification of the neces-
sary activities to reach policy goals.

Some countries like England have focused on the important role of 
improving function (Barker 2007; Chelimsky 2006), while the evaluation 
system of countries like Spain generally has controlling function (Cruz- 
Castro and Sanz-Menendez 2007). In addition, Sweden has shaped its 
national evaluation system based on budget distributing among institu-
tions (Coryn 2007).

The differences identified in choosing the S&T evaluation function of 
countries are appropriate with the governing structure of their national 
S&T governance; therefore, strengthening the evaluation culture in dif-
ferent countries has different interpretations.

2.2  Classification Based on Analytical Framework

Different applications of the framework lead to two different perspectives 
on S&T evaluation frameworks: A static approach, which has considered 
the framework designation implicitly equivalent to the structural map 
and factors of S&T evaluation system; and a dynamic approach based on 
the current interactions and causal relationships, which lead to a national 
evaluation model. This model considers interactions among the stake-
holders, which are involved on different levels of the evaluation system 
(Phaal et al. 2001).
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2.3  Classification Based on the Funding Strategy  
to the Innovation Process

Funding strategy is important because it directs the innovation process, 
and has an effect on choosing evaluation methods and tools on the next 
levels. Most countries fund research according to the centralized model, 
in which, the federal government or the entity in charge adopts top-down 
prioritization, and the budget is allocated to research institutions and uni-
versities directly, as if there is no dependent financing agency at all. In 
contrast, a few countries like Belgium and the USA have adopted a decen-
tralized model in which several mission-oriented ministries are responsible 
for S&T, and initial planning is from bottom to top; in this case, projects 
are mainly financed through competitive grants to independent applicants 
(Conraths and Smidt 2005; OECD 2003).

2.4  Classification Based on the Practical Method

Another useful dimension for classifying national S&T evaluation systems 
is the degree of comprehensiveness of evaluation methods, which are clas-
sified into two groups as follows (Campbell 2003):

• Systematic and continuous methods in which S&T evaluation has a 
consistent and regular trend

• These kinds of systems are identified by their accuracy, regularity, 
consistency, and methodology (through measuring quality crite-
ria and performance standards). For example, the S&T evaluation 
system in Australia is systematic because it always applies the same 
methods and procedures for measuring the input and output indica-
tors. The distinctive feature of these systems is that their methods, 
criteria, standards and other relevant characteristics do not change 
over time; thus, periodical comparison of the results is possible.

• Regarding concepts, tools and applications, multiple methods con-
sider the diversity of special situations. For example, most of the 
S&T evaluations in Germany are conducted at short notice, and are 
dependent on the special situation by the regional evaluation agen-
cies. Recently, however, large-scale systematic evaluation practices 
have been observed in the country. Such an approach has created a 
plethora of procedures on different levels of the German evaluation 
system (Orr and Paetzold 2006).
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2.5  Classification Based on Budget Allocation Tool

Budget allocation as an evaluation tool is classified in three main types 
(Coryn 2007). In the first type, budgeting practices are based on per-
formance. England’s Research Assessment Exercise (RAE) is one of 
its famous examples. Periodic evaluation of English universities is the 
base of the S&T budget in which a quality degree is granted to each of 
the university units. Implementing the RAE system, the aim was selec-
tive allocation of grants by the higher education system for research. 
Budgeting formulas have been created based on a defined quality degree 
in RAE, and the units with top scores receive higher weight in funding. 
This mechanism is a guarantee for supporting and developing the best 
research. In contrast, these evaluation systems impacts factors such as: 
the cost and duration of the projects, homogenization of S&T projects 
in competition, decreasing innovation in S&T, paying attention only 
to publication, decreasing the importance of education in comparison 
with research, and considering excessive effects of government on S&T 
(Georghiou and Laredo 2006).

According to the second type, mass budget systems are created through 
funding large groups, which are used in the countries where the federal 
government injects a substantial amount of money for S&T to the state 
governments, and only remotely monitors the costs. For example, the 
S&T budget in Japan is allocated to the ministries in order to be granted 
through them to the operators of S&T (universities or institutions), with-
out evaluating their prior or subsequent performance. This system recog-
nizes the traditional position of national universities, and supports them 
through federal government.

The third type of funding for R&D is indicator-oriented budget sys-
tems. This type was developed based on the algorithms derived from 
student research or institutional programs or bibliometric indicators. An 
example of this type is the one that was introduced in Australia’s Relative 
Funding Model (RFM) in 1990. The RFM defines quantitative indica-
tors for distributing the resources of S&T. The RFM distributes a limited 
sum of money to the applicants according to the indicators. However, to 
receive larger grants the applicants must enter into a very competitive pro-
cess. Mixed indicators include S&T inputs from government, public sec-
tor, and industry, and their outputs include publications and educational 
degrees with various weights from one year to another.
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Moreover, most of these systems are “mixed1” regarding the budget 
allocation instrument consisting of combination of performance-based and 
indicator-oriented evaluation systems, which are used for distributing S&T 
budgets based on the expert panels’ opinions and quantitative indicators.

2.6  Presenting the Typology

Considering the five dimensions of the evaluation system and the number 
of possible states of each system, 72 national evaluation systems for S&T 
funding exist. Figure 13.1 shows these alternatives.

Recall that the evaluation involves the following dimensions: Three 
functions of evaluation (distributing or other), the analytical framework 
(static or dynamic), the strategies for funding (centralized or decentral-
ized), the degree of universality (systematic or otherwise), and allocation 
methods (performance-based, funding large groups, indicator-oriented 
budget systems).

3  dEtErmInIng thE IranIan natIonal EvaluatIon 
SyStEm In thE SuggEStEd typology

In this section we describe the current situation of the Iranian national 
evaluation system of S&T according to the five dimensions discussed above.

3.1  How to Use Evaluation Results

Since the NES of S&T of Iran requires that the collected data on an ex- 
post basis be reported to the parliament, the governing function of this 
system is merely control: No improving or distributing functions for the 
system is envisaged. According to this system one cannot increase effi-
ciency of the government allocations of resources for R&D. Moreover, 
another government organization that is in charge of distribution of fund-
ing pays no attention to the evaluation system.

3.2  Analytical Framework

The current system of evaluation does not considers various stakeholders 
and their roles and interactions. The government organizations are the 
only actors that record their data in SEMAT passively; therefore, the cur-
rent system is static.
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3.3  Strategy of Injecting Funds into Innovation Process

Iran parliament has tried to control the S&T budget by legislation in 
the recent years. For example, the law requires that between 1 and 3 % 
of the annual budget of each government agency should be allocate to 
S&T. However, in practice, depending on the preferences of the managers 
of the government agencies, a sum of money, which is often less than the 
legal requirement, is allocated for R&D. Therefore, the mainstreaming of 
the S&T budget should be decentralized in Iran; this is while the current 
evaluation system is completely centralized and is done in the MSRT.

3.4  The Degree of Comprehensiveness of the Methods

The current evaluation system includes a set of indicators that are different 
for organizations and for the universities as well as research centers. The 
dichotomy of indicators creates multiple problems for the government agen-
cies. For example, the MHME (Ministry of Health and Medical Education) 
claims that indicators related to health care should be different from the 
indicators for other R&D projects; and ought to be devised by the Ministry. 
Additionally, some of the outcomes that are not included in the current sys-
tem are claimed as achievements by the Ministry of Interior Affairs. Overall, 
it seems that the current system has a systematic and  continuous method, 
and perhaps it is better that this method continues in order to maintain the 
ability to make comparisons between the different agencies.

3.5  How to Allocate Budgets

The current evaluation system in Iran consists of only a number of quan-
titative indicators and does not pay due attention to qualitative indicators 
and expert panels. Moreover, there is little room for improvement of the 
current system since many government organizations are incapable of col-
lecting quantitative data. Furthermore, by completing the information reg-
istry of real time systems, the present system cannot be completed either.

Therefore, Iran stands in cell 12 in Fig. 13.1, but its current S&T eval-
uation system has not been successful in achieving its goals, and it seems 
that there are fundamental flaws in its basic design. It would be benefi-
cial to end the current inadequate evaluation system, stipulate the desired 
situation, and predict the optimal transition paths of current problematic 
bottlenecks.
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4  propoSIng a nEw SyStEm of S&t EvaluatIon 
In Iran

In analyzing the desired system of S&T evaluation, first, one has the ques-
tion: What is the goal of such a system? By choosing one of, or a combi-
nation of, the goals from the following list the national S&T evaluation 
system will take a different form:

 1. Directing the research budget of the country in a proper way,
 2. Strengthening S&T by choosing appropriate and prior projects,
 3. Transforming the potential impacts of research projects into practi-

cal social impacts,
 4. Contributing to sustainable social and economic development,
 5. Comparing the research performance of organizations with the 

research budget,
 6. Relocating the budget based on the performance and impacts of 

completed projects,
 7. Monitoring the legal obligation of organizations about the method 

and the amount of allocated budget.

It is important to note that implementing every type  of evaluation 
system is not possible, because a suitable evaluation system depends on 
the country’s social and governmental infrastructures. Moving towards a 
desired system would be possible through proper goal setting.

Setting goals for a desired S&T evaluation system requires three 
complementary approaches. First, the goal of implementing the current 
evaluation system based on the legal authority of the parliament. Second, 
examining the typology of experiences in other countries and benchmark-
ing a version proportional to the social and governmental context of Iran. 
Third, taking into account the results of interviews with experts in policy 
making and S&T evaluation.

The objectives are:

 1. Allocating 1–3 % of the involved organizations’ budget to research;
 2. Controlling how the budget of organizations is allocated for research 

projects;
 3. Comparing the performance of organizations which are involved in 

the S&T field;
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 4. Allocating the S&T budget based on the performance results of the 
involved organizations;

 5. Increasing the quality of research projects and connecting their 
results according to societal needs;

 6. Directing involved organizations towards prioritized research projects;
 7. Helping to strengthen and improve the capacity of S&T in Iran;
 8. Sustaining the social and economic impacts of research projects.

A general view of a desired S&T evaluation system is provided in this 
section based on selected goals in order to identify current gaps in design-
ing modules to achieve the desired system. Based on the typology of expe-
riences, a desired situation in five-fold classification of different levels of 
S&T evaluation is suggested below.

4.1  How to Use the Evaluation Results

To reach the above objectives, a combined system is required; therefore, 
the control section of this system covers objectives 1, 2, and 3, the dis-
tribution section covers objectives 4 and 6, and the improvement section 
covers objectives 5, 7, and 8.

In addition, global practices show those countries with established sys-
tems of S&T are moving gradually from uniaxial situations of control or dis-
tribution towards the governmental modes of combination or improvement.

4.2  Analysis Framework

It is necessary to choose between two types of static and dynamic frame-
works at this level. Selecting a dynamic framework definitely brings about 
more complications, but it will be effective in the implementation phase 
due to different interactions of stakeholders. In designing a dynamic 
framework for the evaluation system, institutional structure of subjects is 
determined, and its communication structure is defined proportionately. 
Applying a dynamic framework can help reaching objectives 5, 6, and 8 
because of its multifaceted feature.

4.3  Strategy of Injecting Funds into the Innovation Process

The monitoring dimension is still a priority concerning the legal duty of 
Iran’s parliament mentioned in objective 2. Injecting financial resources 
and tracing them are preconditions of the monitoring dimension of every 
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evaluation system. If in the future system the government injects funds in 
a centralized way, the evaluation system will reach objectives 1, 2, and 3.

4.4  Comprehensiveness Degree of the Method

Using periodic and comprehensive evaluation systems provides inter- 
organization comparisons; however, it is not responsive to any change 
in the system simultaneously. It should be noted that standardization of 
evaluation methods in terms of process and implementation ignores the 
differences among the projects under evaluation. At the same time, one 
of the main requirements of Controlling Evaluation is classification based 
on the similarities of the projects that are being evaluated. Therefore, to 
achieve goals 3 and 6, comprehensive approach must be used; however, 
the case-based evaluation can be done by each institution as a supplement.

4.5  How to Allocate Budget

Knowledge mode 2 approach2 related to society’s needs and an integrated 
need-oriented approach of S&T stakeholders can be implemented using 
simultaneously quantitative (indicator-oriented) and qualitative indicators 
(expert panel). Budget allocation should be based on qualitative and quanti-
tative evaluation methods in the organizations that cover objectives 4 and 6.

Therefore, Iran’s NES is transferred from cell 12 to cell 64 of Fig. 
13.1. The important point of comparing the two situations mentioned 
(cells 12 and 64) in Fig. 13.1 is that there will be no fundamental change 
in other levels except the framework level. It is obvious that the main rea-
son behind this subject is that the existing institutions in the governance 
system of S&T field cannot be changed. At the same time, it seems that 
destroying the current system in order to establish a new system would be 
expensive in terms of time and cost; rather we should make best use of the 
current system by optimized changes.

5  concluSIonS

Iran has experienced fast scientific growth, especially in the number of 
published articles, and has invested heavily in all S&T branches; therefore, 
it requires an efficient and effective national evaluation system. The cur-
rent system in Iran has been in place since 2010; however, it appears that 
it has not reached the desired goals of policy makers. Therefore, it is nec-
essary to change some of its attributes. Surveying these unreached goals 
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and the current facilities of the country shows that the current evaluation 
system of Iran should change from controlling to combined, from static to 
dynamic, from comprehensive to combined, and from indicator-oriented 
budget allocation to combined mode.

The advantage of presenting such a typology, in addition to paying 
attention to the context of countries in designing a system, is classifica-
tion and ease of selection and detection. In addition, experiences of other 
countries in a structured mode can improve the advancement of designing 
and implementing national S&T evaluation systems for latecomers such as 
Iran. Since similar studies have not been reported in the literature review 
of this chapter, this typology is not final but it presents a reasonable pre-
liminary assessment. Moreover, it simplifies the complicated details domi-
nantion the S&T evaluation systems.

We note that the process of completing a NES of S&T, like all other social 
systems, has two important peculiar characteristics. First, changes take place 
gradually in an evolutionary process. It is in permanent interaction with the 
governance structure as well as with R&D and technology. This implies that 
with development of science and technology the need for more modern 
NES arises. Moreover, an effective system of evolution tends to stimulate 
the effectiveness of S&T projects and the development of technology.

Second, such a system is path-dependent, implying that one cannot 
restart the system from the very beginning by neglecting the institutions 
that were involved in it. The first set of research organizations in Iran were 
established roughly 100 years ago. During the century of this system’s evo-
lution, the routines of project evaluations have shaped the mindset of the 
researchers and technologists. Among the attributes of such a mindset is a 
lack of accountability of grant recipients to the government as the grantor 
of research funds. Many researchers and research institutions in Iran confine 
their accountability by comparing the inputs and outputs of their research 
projects, and not the effectiveness of the research by comparing the results 
with the goals, or by comparing the results with the societal needs.

Accordingly, forming an ideal system of evaluation requires traveling a 
protracted path. However, Iran has no alternative but to make this journey 
for the further development of science and technology.

notE

 1. It is important to note that regarding their central focus, there are combined 
modes fitted in one of these types in order to avoid choice conflict in the 
typology introduced in this chapter. 
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 2. According Gibbons et al. (1994) a new form of knowledge production 
began emerging in the mid-20th century that was context-driven, problem-
focused and interdisciplinary. It involved multidisciplinary teams that 
worked together for short periods of time on specific problems in the real 
world. Gibbons and his colleagues labelled this “mode 2” knowledge 
production.
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1  IntroductIon

Advances of knowledge and applications of S&T (science and technology) 
in the production of commodities and services have radically transformed 
modern economies. Reviews of the economic development of countries 
shows that technological changes contribute more to economic growth 
than factors of production. These days, the process of converting data 
to information, information to knowledge, and knowledge to technology 
has gathered speed. Moreover, the ability to convert data into technol-
ogy has become an indicator of the economic development of countries. 
Accordingly, technological development is one of the most important 
contributing factors for sustainable development in a country. Given the 
importance of technological development of societies, investigation of 
the influences of various factors on the development of technology is an 
important topic for policy makers, economists, and researchers.



The Western economic and political sanctions against Iran have pro-
foundly impacted the technological development of the country. The 
present chapter uses a pragmatic approach to investigate the long-run 
effects of the unilateral (USA), multilateral (USA and European Union), 
and international (United Nations) economic sanctions on technological 
development in the country. The goal of the study is to determine the 
positive and negative impacts of the Western economic sanctions on the 
national technological system of Iran.

In this chapter, first, we describe the conditions of the national techno-
logical system of the country, and then we identify the challenges faced by 
the system. Next, the dynamics of the sanctions and the level of vulner-
ability of the country under the sanctions regime are investigated by fuzzy 
Delphi technique. Based on these analyses we identify and rank contrib-
uting factors and formulate a framework for identifying the multidimen-
sional effect of the sanctions on the national technological system of the 
country. Finally, policies for counteracting the detrimental effects of the 
sanctions on the national technological system are recommended.

2  Structural ProblemS of the technologIcal 
SyStem of Iran

To determine the technological impact of the economic sanctions against 
Iran, a systemic examination of the technological system (TS) of the coun-
try is required. In fact, evaluation of a technological development system 
(TDS) requires a model or a suitable theoretical framework. Review of 
the models used in other countries show that they are based on differ-
ent aspects of the TS under study, have been developed according to the 
specific requirements of the TS of the country, and are only applicable to 
the specific system.

Thus far, four studies have reviewed the conditions of the TDS of 
Iran. These studies, which examined indicators of development of S&T 
in the country were conducted by the Supreme Council of Cultural 
Revolution in 2005, 2007, 2008, and 2011 (The Supreme Council of 
Cultural Revolution 2011). The indicators of development of S&T were 
classified according to 5 categories: Human resources, financial, struc-
tural, functional, and productivity. In fact, these indicators are consid-
ered the input, middle, and output sectors of the national system of 
technology in Iran.
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The inputs for the development of the scientific and technological sys-
tem of the country are the labor force engaged in research and develop-
ment (R&D), and investment in R&D and education. The number of 
professionals engaged in R&D in Iran has increased at a suitable rate and 
Iran is ranked above global average in this category. However, the ranking 
of the R&D investment as a percentage of the GDP for Iran is less than 
the global average of the variable for all countries. Moreover, the gov-
ernment’s R&D investment constitutes the lion share of the total R&D 
investment in the country, making the private R&D investment of the 
country insignificant.

The middle level indicators of the TS of the country consist of necessary 
science and technology infrastructure, social capital,1 and some macro- 
economic variables. Among these middle level indicators, we can cite the 
percentage of research institutions that are R&D centers, the number of 
industrial parks, the number of research laboratories, and the number of 
knowledge-based companies. Furthermore, socio-cultural factors such 
as the culture of learning, national pride, self-confidence, self-reliance, 
respect for the law, discipline, and meritocracy are the middle level indica-
tors that play an important role in the TS developmental processes.

The studies by the Supreme Council of Cultural Revolution cited above 
found the development of the infrastructure of S&T has been inadequate. 
To remedy the inadequate development of this indicator, extensive gov-
ernmental programs are under way. At the same time, the studies found 
that variables such as the prevalent culture of learning, national pride, 
self-confidence, and self-reliance are points of strength of the system. 
However, factors such as failure to abide the laws, accept  discipline, and 
pursuit of meritocracy constitute weaknesses of the TS in Iran.

The output indicators, which show the degree of development of the 
TS, include a number of patents and high-tech exports. The number of 
domestic patents in Iran since 2000 has increased sharply; however, the 
registration of patents by Iranian firms and individuals abroad has not met 
with the same level of success. Moreover, the patents in Iran have not been 
effectively commercialized, and in spite of the rise in high-tech exports 
from Iran in recent years, the country ranks behind Turkey and Israel in 
this category of product export.

To summarize, the results of the studies indicate that the indicators 
of the inputs to the national system of technology in the country are in 
a better position compared to the indicators for the middle and output 
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 categories. Moreover, the studies show that the output indicators such 
as the use of technology and the commercialization of knowledge show 
a need for improvement (Salavati 2009). Finally, neglect of the indicators 
for the middle category of the system has led to imbalance in development 
of the TDS in the country (Forghani 2006).

Overall, the studies show that employment creation opportunities, 
R&D investment, and innovation in Iran suffer from structural and mana-
gerial shortcomings. Given these shortcomings, economic sanctions tend 
to exasperate the situation and create additional challenges. However, 
simultaneously with the creation of additional challenges, the sanctions do 
create opportunities that affect the development of TDS of Iran. In what 
follows, I will discuss these threats and opportunities faced by the TS.

3  revIew of lIterature of economIc ImPact 
of SanctIonS

In this section, I will examine the effect of economic sanctions against 
Iran, the most prominent challenge facing the nation in recent years.

Since time immemorial, the great powers have used sanctions as a tool 
against their adversaries; however, the present era has opened a new chap-
ter in use of economic sanctions in foreign policy (Valizadeh 2012). The 
UN (United Nations) through its seventh charter regulates the use of 
sanctions by the member states. During the Cold War years, because of the 
polarized nature of the world order, the use of sanctions were controlled 
somewhat; however, after the collapse of the former Soviet Union, and the 
emergence of the New World Order, the politics of economic sanctions 
were ushered into a new era, and sanctions as a tool of foreign policy were 
extensively used by the USA and her allies.

The world powers use sanctions as tools to apply diplomatic pres-
sure and gain global influence. The sanction tool is believed to be stron-
ger than diplomatic mediation, but weaker than military intervention. 
However, from the UN’s perspective, sanctions are international mea-
sures for forcing aggressors to obey and follow international regulations 
(Emomjomehzadeh and Moradi 2007). Sanctions may entail other effects 
such as diplomatic isolation in cases when the Security Council of the UN 
imposes sanctions. However, the most important dimension of sanctions 
is its economic one.
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Sanctions by the UN and the Western countries have been the most 
challenging political and economic problem for Iran over the last  thirty- five 
years even though these sanctions have had ebbs and flows. Imposition of 
the sanctions against Iran are mainly due to revolutionary ideology, and 
certain policies of the Islamic Republic, and counteracting these sanctions 
effectively requires the adoption of a serious strategy at the national level. 
To analyze the national and international problems that are associated 
with sanctions an in-depth understanding of the sanctions’ dynamics and 
the mechanism by which they affect Iran’s economic system is required.

One of the important discussions regarding the dynamics of sanctions 
is “perspective of analysis”. Therefore, before any discussions concerning 
the effectiveness of sanctions in Iran, we should explain the meaning of 
“perspective of analysis”.

By imposing sanctions, the sanctioning country aims to achieve certain 
desirable political outcomes by creating costs for the sanctioned country. 
From the perspective of policy makers in the sanctioning country the ratio-
nale of the sanctions policy is straightforward: Sanctions impose costs on 
the sanctioned country and because of the cost, the policy makers impos-
ing the sanctions hope to have gains in terms of forcing the sanctioned 
nation to abandon or alter certain practices. From a cost-benefit analytic 
perspective, this may imply a zero-sum game at first glance: The sanctioned 
nation’s loss is the sanctioning country’s gain. However, sanctions are 
not necessarily zero-sum games in the sense that the cost incurred by the 
sanctioned country is a gain by the sanctioning one. In general, sanctions 
could, and often do, create lose-lose outcomes. Accordingly, perspective 
of analysis of sanctions refers to examining the outcome of a sanction from 
the perspective of the sanctioned or the sanctioning country.

To illustrate the situation, let us use an example. Suppose, after a num-
ber of years of imposition of sanctions, the sanctioning country may con-
clude that the sanctions have not been effective in achieving the goals, and 
removes them. This assessment does mean that the sanctioned country 
has been successful in defeating the sanctioning country to achieve its 
political goal, but does not mean that this victory has been cost free. Even 
though the sanctioning country incurs a self-inflicted cost by depriving 
itself of opportunities to export and invest in the sanctioned country, the 
sanctioned country incurs substantially higher costs and suffers greater 
economic damage because of lost opportunities in trade and investment. 
This chapter will take the perspective of the sanctioned country in analyz-
ing the impact of economic sanctions in Iran.
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Reviewing the literature of sanction policies, synthesizing different views 
relating to the likelihood of the imposition of sanctions, and  examining 
the dynamics of the impact of sanctions could be summarized in an ana-
lytical framework that is represented in Fig. 14.1. We note that due to 
the complexity of political-economic issues emerging from sanctions this 
or any other model alone is not all encompassing. Moreover, in the lit-
erature on sanction policy there are radically divergent views from tradi-
tionalists to revisionists on the effectiveness of the sanctions. Accordingly, 
some analysts aim to demonstrate the inclusive nature of predicting the 
outcome and determining the effectiveness of sanctions policy (Hufbauer 
et al. 1990). However, we find the graph, in spite of its simplicity, useful 
for analyzing the economic impact of the sanction.

The vertical axis of the graph represents the coefficient of economic 
dependence, that is, the degree of economic dependence of the sanc-
tioned economy on foreign countries. The coefficient of dependency is 
measured according to the size and types of the sanctioned country’s 
imported goods. The coefficient of dependency is determined by the 
size of imported basic commodities, primary products, and parts for the 
assembly of finished products by domestic industries, required technology, 
and information systems among others.

The horizontal axis represents effective turnover (trade), which includes 
the size of tradable goods and services, particularly tthe rade of strategic 
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Fig. 14.1 The likelihood of imposing sanctions and the effectiveness of sanc-
tions from an economic perspective
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goods. Strategic goods are those that have high demand, are produced by 
only a few countries, and exert observable influence on other economies. The 
third axis of the graph represents the likelihood of success of the sanctions.

Four regions are observed in this graph. Region 1 (the red region), 
which shows a high coefficient of dependency and low effective turnover 
(small domestic market or lack of trade in strategic goods). A country in 
this region is very vulnerable and the chance of facing sanctions by a pow-
erful adversary is very high. A country with high effective turnover (large 
domestic and foreign markets) and low dependency coefficient will fall 
in the white region (region 4), and the probability of this country facing 
sanctions is very low.

The third and fourth regions happen to represent more complex situa-
tions. A country with a low effective turnover and low dependency coefficient 
has a very small chance of being sanctioned, and if sanctioned, the likelihood 
of the sanctions succeeding is very low. Such a country will fall into region 3. 
Finally, a country in region 2 has both a high dependency coefficient and high 
effective turnover. The likelihood of a country in this region facing economic 
sanctions and the sanctions succeeding is also very small. The outcome of 
sanctions for the countries that fall into regions 3 and 4 is that the sanctioned 
country does not surrender to the demands of the sanctioning country; how-
ever, its economy could be severely damaged by the sanctions.

According to this chart, the vulnerable situations (situations 1, 2, 
and 3) could be changed to the less vulnerable position 4 by increas-
ing domestic output, especially increasing the production of commodities 
that embody high technology, and by accessing the international markets. 
The international markets could be accessed by reducing the coefficient of 
dependency through reorientation of foreign trade, especially by chang-
ing the suppliers of high-tech imported products. Further development of 
the national technological development system enhances the ability of the 
sanctioned country to fulfill the goal of moving to a less vulnerable posi-
tion. Therefore, emphasizing technological development will lower the 
vulnerability of a nation against economic sanctions.

As stated above, the validity of the model in Fig. 14.1 is supported by 
many studies. For example, Jentleson (2001) shows that the higher a sanc-
tioned country’s dependency on a particular product in the international 
markets (has high coefficient of dependency), the higher the likelihood of 
being sanctioned. Moreover, the higher the share of a country in interna-
tional trade in a particular product (higher effective turnover) the lower 
the chance of being the target of a sanctions regime (Hafner-Burton and 
Montgomery 2008).
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Along with these analyses, and dealing with the specific case of Western 
sanctions against Iran, Aziznejad (2011) argues that increasing domes-
tic production and lowering the imports of high-tech products (lowering 
dependency coefficient) is one of the most effective way of counteracting 
sanctions. Moreover, Valizadeh (2012) believes that mobilizing domestic 
resources to increase domestic aggregate output is one of the more effec-
tive methods of neutralizing foreign sanctions. Achieving this objective 
will expand the domestic market and lower the coefficient of dependency.

We will provide several examples to illustrate the positions of several 
sanctioned countries within the diagrammatic framework of Fig. 14.1.

Liberia, an African country with a population of 3.5 million, by all 
measures is a poor country with high raw material exports to the USA, 
and is highly dependent on the USA for her export earnings. Accordingly, 
Liberia, by having a low effective turnover and high coefficient of depen-
dency, is located in the red zone (region 1). The sanctions against Liberia 
in 2003 relating to the civil war were very effective.

Libya on the other hand was a major exporter of petroleum that 
imported many goods and services. As such, Libya had a very high effec-
tive turnover and high dependency coefficient and its standing in degree 
of vulnerability towards sanctions was in region 2 in the graph. This coun-
try was successful in countering the sanctions for many years; however, 
blockage of Libyan assets abroad in 1993 forced the country to abandon 
its nuclear programs.

North Korea, by having low gross domestic product and negligible 
strategic exports (low effective turnover) and small imports (low depen-
dency), is located in region 3. This position has enabled North Korea to 
resist US sanctions successfully.

Finally, China and India, both with large domestic and international 
markets and a moderate coefficient of dependency, are in region 4. 
Sanctions against China in 1989 and against India in 1998 were virtu-
ally ineffective. The reasons for success in counteracting the sanctions 
against these countries were suitable planning by their governments for 
growth of technology, and progress in their national systems of innovation 
(Miremadi 2012).

In summary, a review of the dynamics of the sanctions in different 
countries over the past 40 years shows that lack of technological devel-
opment in the sanctioned countries was a major factor in success of the 
sanctions. Therefore, maturity of technological development is one of the 
main methods to counteract and neutralize economic sanctions.
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4  the general condItIonS of reSIStIng SanctIonS 
In Iran

Over the last 35 years, Iran was sanctioned six times: During the hostage 
crisis (1979–1981), during the Iran-Iraq war (1981–1988), during the 
post-war reconstruction (1989–1992), during the Clinton administra-
tion (1993–2001), after the September 11 terrorist attacks (2001–2006), 
and during the Ahmadinejad administration (2004–2012). During the 
Ahmadinejad administration, the Security Council of the UN passed 
six resolutions against Iran. Additionally, during the last two years of 
Ahmadinejad’s administration, the sanctions included exports of petroleum, 
petro-chemical products, and the operations of the Iranian banking system.

Figure 14.1 enables us to evaluate Iran’s economic condition in coun-
tering the sanctions. Because of Iranian oil exports, Iran has a high foreign 
trade to GDP ratio. The sum of exports and imports, depending on the 
oil revenues, fluctuates between 100 and 150 billion dollars annually. The 
ratio of foreign trade to GDP in Iran is over 50 % (World Bank 2012). 
At the same time, Iran, as a leading oil-exporting country, exports one of 
the major strategic raw materials in the world. Simultaneously, the value 
of imported goods, most of which are raw material, and intermediate and 
capital goods, have risen substantially in recent years. The value of total 
imports by Iran between 2006 and 2011 rose by 64 % from 39.248 bil-
lion dollars in 2006 to 64.450 billion dollars in 2011 (Central Bank of 
Iran 2011). Accordingly, Iran has a very high effective turnover, and a 
high dependency coefficient. The dependency of the Iranian economy on 
foreign countries is particularly pronounced in the categories of raw mate-
rials, intermediate inputs and capital goods—especially those that often 
incorporate high technology. Accordingly, its position appears to be in 
region 2 of the graph in Fig.  1. In such conditions, the probability of 
occurrence of highly tense interactions between the sanctioning countries 
and Iran is very high. Based on this analysis, the pivotally important role of 
the development of the TS of the country in countering and neutralizing 
the sanctions is determinative and should be apparent.

According to the present conditions, investigation of the dynamics of 
the sanctions regime against Iran identifies 4 categories of policies that are 
being used to exert pressure: political, social, economic, and diplomatic.

Due to the support of the Islamic state by an overwhelming majority of 
people, Iranian nationalism, religious conviction of a majority of Iranians, 
and appropriate public relation, the socio-political pressure of the sanctions 
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has been largely ineffective (Emomjomehzadeh and Moradi 2010). The 
Iranian strategy to neutralize diplomatic pressure has been geared to coun-
terbalancing the USA’s actions in isolating Iran. With the few exceptions 
of the staunchest supporters of the USA—members of the EU (European 
Union) and a few Asian allies of the USA, the US policy of diplomatic 
isolation of Iran has been largely neutralized. The most notable success of 
Iran in counteracting the US diplomatic isolation policy is the support Iran 
has received from the countries of the Non- Aligned Movement. However, 
economic pressure appears to have had a sizable negative effect on the 
economic and technological development of the country, even though the 
size of the negative impact has not been measured.

Based on these observations we conclude that the Iranian national sys-
tem of technological development, under the sanctions regime, has been 
the focal point of a wide variety of economic pressures.

5  the ProceSS of reSearch on the effectS 
of SanctIonS agaInSt Iran

After review of structural problems in the national TDS of Iran and assess-
ment of the degree of vulnerability of the economy to sanctions, we now 
present a suitable picture of challenges and opportunities emerging as the 
results of the sanctions against Iran. To avoid subjectivism in depicting 
the situation, and for the purpose of presenting a realistic picture, we have 
used a scientific method in this study. Specifically, we used the Delphi 
method in identifying the positive and negative impacts of the sanctions as 
seen by the experts in the field. We interviewed 20 experts on the subject 
by dividing them into the following 4 Delphi panels:

 1. The executives of a number of selected high-tech companies who 
are intimately familiar with all challenges and opportunities the 
sanctions regime has created for technological development of the 
country. This panel is recognized as containing the most authorita-
tive experts in the field.

 2. The executives of industrial parks and growth centers who, through 
their active involvement in implementing government supportive 
policies of technological development, are very familiar with the 
problems of national technological development.
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 3. The executives of venture capital firms and financial organizations 
who have invested in innovative and high-tech firms, and who are 
intimately familiar with the challenges and opportunities of the 
national TDS.

 4. Faculty members who are active researchers on the economics of 
sanctions.

We evaluated the information and the available data according to the 
analyses in the previous sections, and classified the impact of the sanctions 
in 3 groups after a critical review of the data obtained by 3 rounds of 
questioning using a 5-scale Likert questionnaire: Positive impact, direct 
negative impact, and indirect negative impact on the technological devel-
opment of the country. In each round, we used fuzzy Delphi technique in 
questioning the members of the panels. The fuzziness of the results of the 
survey in each round were reduced. These numbers fell in the unit interval 
with value of zero implying no significance, and 1 representing very signif-
icant. We defined averages greater than 0.6 to be significant results. Values 
less than 0.6 were defined to have medium or no significance. Using com-
parative analysis, with consensus, we came up with 13 prioritized factors 
that describe the negative and positive effects of sanctions on the Iranian 
national TDS. These factors are prioritized and presented in Fig. 14.2.

6  analySIS of the fIndIngS

As stated above, the Delphi panelists approved a set of variables that is clas-
sified into three categories. First, the positive impact and the opportunities 
the sanctions have created for further technological development. Second, 
the direct detrimental impact of the sanctions, and third, the variables that 
indirectly compound the structural problems of the TDS of the country. 
In fact, the factors in the second and third categories, which show a wide 
array of problems, are the major threats against the national technological 
system. Accordingly, the panelists identify “difficulties in importing, and 
creation of suitable conditions for domestic production by the Iranian 
high technology companies”, “exchange rate fluctuations, high inflation, 
and macroeconomic instability”, and “economic recession” as having the 
most important positive, most pronounced directly negative, and most 
profound indirect negative impact on the country, respectively.

In what follows, we discuss all indicators that were identified in Delphi 
interviews.
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7  the PoSItIve effectS of the SanctIonS

In general, one of the most positive effects of economic sanctions is the 
technological development of high-tech firms in the sanctioned country, 
which can find a respite from the cut-throat competition of leader firms 
from abroad (Jentleson 2001). In fact, Miremadi (2012) argues that sanc-
tions are the most powerful stimuli in the growth of science and tech-
nology in Iran too. To illustrate the positive effects of the sanctions on 
technological development of Iran we cite the following examples.

Because of sanctions, Iran had major technological achievements in 
the production of sanctioned products such as special parts for tall steel 
mill furnaces, specialized alloyed steel sheets used in the production of 
high-pressured tanks, supersonic mills, and advanced thermo jet dryers. 

Fig. 14.2 Prioritized negative and positive impacts of sanctions on Iran

254 H. FAKHARI



Moreover, the sanctions have directly led to the production of two poly-
propylene products and a new heavy polyethylene product in the petro-
chemical industry, the production of some medicines, the production of 
atomic electronic microscopy, and extensive technological progress in 
the nuclear industry. These examples perhaps could not have occurred in 
absence of the sanctions regime.

As another example of a stimulus to technological growth emerging 
from the sanctions—when a large German chemical company refused to 
supply softening solution to its Iranian customers because of sanctions, 
Niko Pak, an Iranian company, was able to produce the solution domesti-
cally. Tak Sillicate Company, as the only producer of synthesized silicates 
in Iran, owes its success in production of these products and its high mar-
ket growth to the sanctions.

The history of the sanctions regime against Iran and the technological 
development of the country during this time clearly show that Iranians 
take a resolute stand against foreign interventions in the country’s domes-
tic affairs. Nationalism and the religious convictions of Iranian leaders and 
much of the population, have formed the foundation of the technologi-
cal development of the country, especially advances in nuclear technol-
ogy. Along with ever-increasing economic sanctions against the country, 
nuclear technology know-how in Iran has advanced. According to the 
reports by the International Atomic Energy Agency of the UN, Iran’s 
nuclear technological capability before the imposition of the sanctions was 
limited to one enriching facility, and a limited number of centrifuges with 
the capability to enrich Uranium hexafluoride up to 3.5 %. With increasing 
sanctions, Iran’s nuclear enrichment capability increased to over 10,000 
centrifuges and the ability to enrich up to 20 %. Accordingly, we con-
clude that the sanctions regime has failed to achieve its professed goal of 
stopping Iran’s enrichment capability. In fact, instead of stopping Iranian 
nuclear technology programs, the sanctions have stimulated the growth of 
nuclear technology in the country.

Apparently, the Iranian experience in this regard has historical prece-
dence. In fact, external sanctions and the blocking of imports of high-tech 
products, in the presence of correct planning, could lead to rapid develop-
ment and growth of high-tech companies. Such opportunities occurred in 
China in 1989 and in India in 1998 (Miremadi 2012).

Another positive impact of the sanctions on the Iranian technologi-
cal system is the promotion of R&D and innovations in the country 
(Miremadi 2012). Because of the sanctions, innovations in the pharma-
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ceutical, petroleum, nuclear, and aviation industries in Iran have increased. 
Moreover, investments in high-risk projects have also increased simultane-
ously with the tightening of the sanctions regime since early 2000.

Another example of Iranian efforts to counter the decision of the US 
Congress, which prohibited the export of gasoline by any companies in the 
world to Iran, is the production of gasoline in the country in 2010. The 
chemists and chemical engineers of the National Petrochemical Company 
(NPC), a subsidiary of the Ministry of Petroleum, were able to produce 
reformate for the production of gasoline. Reformate is an intermediate 
input for production of gasoline. NPC was able to supply the required 
gasoline for the country, and by doing so made the country completely 
independent of foreign suppliers of gasoline.

It is safe to conclude that in the absence of a sanctions regime against 
Iran the major private and SOEs would have found little incentive to 
acquire technological capability by the formation of science-based pro-
ductive processes. However, in the face of the sanctions many basic, heavy 
industries such as petroleum, natural gas, steel, electricity, and petrochem-
icals call upon the domestic producers to supply the necessary products 
or assist in formation of high-tech companies that could produce the 
products that cannot be imported. The rising demand by these industries 
stimulates the development of a national technological system, employ-
ment, and output.

8  the dIrect negatIve ImPactS

Limitations on acquiring specialized instruments and equipment for sci-
ence laboratories and industrial applications as well as limits on import-
ing intermediate inputs cause the main negative direct impact on the 
economy. As discussed above, the constraints on imports of these prod-
ucts tend to stimulate technological learning and innovation over the 
long run; however, in the short run it increases Iran’s dependence on 
international intermediaries. The dependency has resulted in higher costs 
of purchasing these high-tech items and has prolonged the time needed 
to acquire them. As an example, recent sanctions denied the Iranian 
automakers, which use imported auto parts for assembly of automobiles 
in Iran, to go through the intermediaries in the international markets. 
Accordingly, both the cost of production of the automobiles and the time 
to manufacture them increased.2
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The problems of the Iranian steel industry in importing required inter-
mediate inputs from abroad is another example of the difficulties sanctions 
have created for Iran. Mobarake Steel Complex Company, the largest steel 
producer in the country, faces many difficulties in purchasing incombusti-
ble materials, which are used as intermediate inputs in steel mills. Esfahan 
Steel Company, the largest producer of structural steel products in Iran, 
has experienced many difficulties in importing primary raw material inputs 
from Australia. These difficulties in the steel industries have also negatively 
affected the consumers of the steel at the downstream industries.

The sanctions have created the most challenging difficulties for the 
Iranian banking and international payments system too. Because of the 
sanctions, many commercial banks in Iran are unable to open letters of 
credit for international trade, causing many problems for importers of raw 
materials, intermediate and capital goods in the country. Nevertheless, the 
Iranian industries have used foreign exchange dealers and foreign busi-
nesses to transfer funds to their suppliers abroad. This method of interna-
tional transfer of funds is very popular in Asia and the Middle East, and 
through reliable, trustworthy private channels, many international trans-
actions do take place. Of course, transfers through these private channels 
are not a perfect substitute for fund transfers through the international 
banking system, and Iranian businesses face difficulties using the system. 
However, detection of the fund transfer through the private channels is 
very challenging for enforcers of the sanctions policies. Apparently, suc-
cess of Iranian businesses to counteract the banking sanctions intended 
to impede the transfer of funds abroad through the international banking 
system has created a great deal of concern for OFAC (the Office of Foreign 
Asset Control) of The US Treasury Department. In January 2013, OFAC 
declared the Iranian counter-measures to be a great threat against effec-
tiveness of the sanctions (OFAC 2013). Nevertheless, it is apparent that 
time and resources of the private sector are taken away from productive 
employment because of the sanctions on the banking sector.

Another challenge arising from the sanctions is the creation of high risks 
for R&D and innovation. The outcomes of investments in innovation activ-
ities are very uncertainty and risky. The innovative activities involve unpre-
dictable costs, and the potential returns on such investments are uncertain 
(Liao and Rice 2010). The problem of uncertainty in the economy, which 
has been exacerbated by the sanctions, increases the risk of investment in 
R&D and innovation (Ismihan, Metin-Ozcan and Tansel 2002).
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It is well known that foreign direct investment (FDI) stimulates economic 
growth only under certain conditions. These conditions include a transpar-
ent FDI Board that examines the impact of FDI on national security, domes-
tic employment, and eliminates the possibilities of rent-seeking activities by 
foreign investors and their domestic partners by bribery to the government 
officials in the host country. Furthermore, FDI stimulates economic growth 
only if the original capital and profit generated from such investment are 
not summarily repatriated. Lack of presence of these conditions will result in 
FDI having an adverse, detrimental effect on the host economy.

Assuming that these conditions were (are) present in Iran, sanctions 
have imposed another cost on the economy by lowering FDI in the coun-
try, particularly in the oil and gas industry. This conclusion is supported 
by studies showing that FDI in Iran stimulates economic growth in Iran 
(Ostadi et al. 2013; Farzin et al. 2012; Jalaee and Sabaghpour 2008).

Studies have shown that “exchange rate fluctuations, inflation, eco-
nomic instability and uncertainty”, as the most profound negative effects 
of sanctions, increase risks, lower investment, lower industrial value- 
added, and lower the rate of economic growth (Abasian et al. 2013; Gorji 
and Madani 2004; Altejaei 2013). Accordingly, we consider these factors 
to have a significant negative structural impact on Iranian industries and 
TS, which create major impediments in the technological development of 
the country.

9  ImPedIng tranSfer of technology

One of the goals of the sanctions regimes is the creation of impediments 
in transfer of technology from the sanctioning country to the sanctioned 
nation. The technological impediments take place through three different 
channels:

 1. Denial of direct transfer of technology from high-tech firms of the 
sanctioning country to the firms in the sanctioned country by refus-
ing to issue required licenses for the exporting firms,

 2. Denial of the right to firms in the sanctioning country, and, in the 
case of the sanctions imposed by the US government, to firms of 
other countries, to enter into commercial activities with firms in the 
sanctioned country,

 3. Limitations imposed on academic exchanges between the academic 
institutions of the sanctioning and sanctioned countries.
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In the way of examples, we cite two cases in Iran, where domestic firms 
were denied having access to foreign technology because of the sanc-
tions. First, one of the parts suppliers of the Iranian automobile indus-
try intended to purchase advanced computer numerical control (CNC) 
machinery from Spain, and was to receive training in using the equipment 
for the production of certain products in Iran. However, the Spanish firm 
cancelled the agreement after the imposition of additional sanctions on 
Iran by the USA and the EU.

In another case, New Fadak Company, the only producer of nanoclay 
in Iran, which intended to represent a large Italian company in marketing 
their products in the Middle East, was denied the opportunity because 
of the sanctions. The refusal took place even though the Italian firm had 
agreed in principle to grant the Iranian company the right to act as an 
exclusive representative.

10  the IndIrect negatIve effectS 
of the SanctIonS

Due to the difficulties of transferring foreign exchange earnings from sales 
of petroleum, the Iranian government faces some budgetary problems and 
cannot spend the allocated funds in the budgets for R&D. The budgetary 
shortfall has occurred on several occasions in recent years (Faramarz Pour 
2009; Fahim-Yahyaee 2009). Naturally, the inability of the government to 
supply the allocated funds could have a detrimental effect on the activi-
ties of the national TS. Moreover, Iranian foreign exchange earnings have 
declined since 2012. The reduced foreign exchange earnings of Iran from 
the export of petroleum is due to sanctions forcing the customers to dis-
continue purchasing Iranian oil. The fall in the foreign exchange earnings 
has led to Iran’s foreign reserve holdings being inadequate for purchases 
of the required intermediate and capital goods from abroad. Moreover, 
the government has reduced domestic investment in infrastructure, which 
results in the lowering of demand for the output of the large private and 
state owned enterprises.

Another indirect negative impact of sanctions on technological devel-
opment, especially for knowledge-based companies, is high interest rates. 
The interest rates in Iran for manufacturing and mining activities have 
been around 7 % and the deposit rates have gone as high as 22 % for 5-year 
term in recent years (Central Bank of Iran 2015). There are many factors 
that contribute to such high interest rates, sanctions being one of them. 
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Sanctions may cause depreciation of the domestic currency, which leads to 
high inflation, and high inflation results in high interest rates.

One of the problems of many newly established small, knowledge- 
based companies in Iran is financing of their activities through bank bor-
rowing at such high interest rates. Due to insufficient development of the 
equity market in Iran, most business financing in the country takes place 
through commercial banks. The small firms, therefore, have to borrow the 
required funds for their R&D investment at these high interest rates. This 
is a major challenge that many small firms in Iran face (Salavati 2009).

Another indirect negative impact of sanctions in Iran is frequent changes 
in the government policies and directives that became necessary because 
of changing conditions due to the sanctions. It should be pointed out that 
the Islamic republic has faced sanctions from its inception in 1979. These 
sanctions were imposed by the USA at first and have been progressively 
intensified over the last three and half decades. With the changing nature 
of the sanctions, the governments of Iran have had to revise their poli-
cies, creating additional uncertainty for the private sector; nevertheless, 
the governments had succeeded in managing the economy, promoting 
economic growth and technological development in the face of the inten-
sifying sanctions regime.

Examples of changing government policies that may have caused dam-
ages to the aggregate output and may have resulted in higher unemploy-
ment are to be found in an SOE, and in the export of foods by the Iranian 
food processing industry.

In the food industry case, the rapid increase of prices in 2012 in Iran 
forced the government to block exports of foods so that an increase in the 
domestic supply food would lower or at least slow the rate of increase in 
food prices. This policy resulted in the Iranian exporters’ loss of market 
share abroad.

According to the World Bank (Doing and Comparing 2015), Iran is 
ranked 130th out of 189 countries in terms of employment opportunities. 
We cannot attribute this low ranking only to the sanctions. Many other 
factors might be at work for such poor employment opportunities in the 
country. However, it is reasonable to conclude that sanctions do play a 
role in the creation of a macro-economic environment that creates fewer 
employment opportunities.

One of the aims of economic sanctions is the creation of an economic 
recession (Lopez and Cortright 1995). The aggregate national output of 
economies falls during recessions. The sanctions against Iran may have had 
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the same effect on the economy. They may have been partially responsible 
for the economic recession in the country that began in 2012. For exam-
ple, after the increased intensity of the sanctions in 2012, the index of 
production of large enterprises decreased by 9.9 %. Moreover, the invest-
ment in industry plummeted by 43.5 %, while the number of licenses for 
starting business operations decreased by 36.1 % (Ministry of Industry, 
Mining, and Commerce 2013).3

It should be noted that an economic recession causes difficulties in sales 
of outputs, and consequently results in financial difficulties for companies. 
As discussed above, one of the best methods of counteracting sanctions is 
stimulation of growth in the domestic output (Aziznejad 2011; Valizadeh 
2012). Clearly, the ability of a country to take counter-measures against 
sanctions decreases in an economic recession. Nonetheless, the Iranian 
government was gradually able to stop the declining trend of industrial 
output, and even increase the rate of the growth of output in some indus-
tries such as basic metal, and mon-metallic minerals. Accordingly, we con-
clude that the role the sanctions regime against Iran may have played in 
the creation of the economic recession of 2012 is its most destructive 
indirect impact on the country.

11  Summary and concluSIon

In this study, we used the Delphi method by interviewing a number of 
experts to identify the opportunities and challenges the Western economic 
sanctions have created for Iranian national technological system. The 
experts identified three categories of effects. The first category contains 
variables that have positive effects. The second category contains direct 
negative effects. The third category contains variables that have negative, 
but indirect effects on the TS of the country or compound the structural 
problems that already exist in the economy.

The net result of the analysis is presented in the schematic framework 
in Fig. 14.3.

According to Fig. 14.3 we suggest three major solutions for the gradual 
improvement of Iran's TS.

As the first step, the problems associated with the R&D of the country 
should be resolved, and the main infrastructure of the national TDS must 
be improved. These problems are inherent in the system and are indepen-
dent of the sanctions regimes. However, imposition of sanctions tends to 
compound the problems.
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Fig. 14.3 The schematic model of the sanctions’ effects on the technological 
system of Iran. TDS refers to technological development system

In the second step, specific support programs for high-tech and 
knowledge-based companies should be devised. These programs should 
act as a countervailing force and antidote to the direct negative impacts 
of sanctions, and empower these companies to achieve technological 
breakthroughs.

It is hoped that the results of the first two steps create a special envi-
ronment that allows further technological learning, which would allow 
optimal use of the opportunities created by the sanctions. By implement-
ing the policies suggested in these stages, national system of innovation 
will mature, and the crises resulting from the sanctions will metamorphose 
into opportunities for the development of technology and innovation in 
the country. We refer interested reader to chapter 15 of this book for the 
specific policies that might achieve these policy recommendations.
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12  noteS

 1. For the role social capital plays in the Iranian national system of innovation, 
see Ghazinoory and Soofi (2012).

 2. It should be noted that the refusal of foreign suppliers to supply the parts to 
the Iranian auto industry took place in the face of a contractual agreement 
between the Iranian automakers and foreign suppliers, who were obligated 
to supply the parts to Iran.

 3. Without empirical verification, we cannot be certain that sanctions have 
been single handedly responsible for such a massive decline in economic 
activities. However, the sanctions must have played an important, if not the 
leading, role in this large decline in economic activities.
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1  IntroductIon

The Iranian Revolution of 1979, in addition to transforming the 
country’s political system, created a massive structural change in the 
Iranian economy. The Revolution’s structural transformation of the 
economy was given additional depth and breadth by the Iraqi invasion 
of Iran—resulting in an eight-year war—as well as by economic sanc-
tions imposed on the country by the Western powers.

In the present context, “structural transformation” refers to major 
changes in technology and institutions, where institution refers to both 
organizations and the “sets of rights and obligations affecting people in 
their economic lives” (Matthews 1986, p. 905). The structural transfor-
mation may be due to contradictions arising from interdependencies in 
the use of the means of production and dispersion of the ownership of 
means of production (Chang 2003).

In fact, structural change routinely takes place in advanced industrial 
economies; however, these changes are qualitatively different from the 



structural transformation that occurred in post-revolutionary Iran. In 
industrialized economies, changes occur by a process that Schumpeter 
called “creative destruction”: the emergence of new products or processes 
and withering away of old products and methods of production. A revo-
lution, however, brings about much faster and deeper transformations in 
production relationships, affects property rights, brings about new laws 
and regulations (as well as doing away with old ones), alters political insti-
tutions, redefines power relationships, and expedites capital flights from 
the revolutionary country.

During “normal” structural change, the individual owners of the means 
of production do not have the required information, insight, and vision 
to coordinate their inter-dependent economic activities. However, entre-
preneurial confusion tends to increase during the transformative periods 
of structural change and when sharpened socio-economic conflicts emerge 
from a revolution. The lack of vision among private business owners (and 
managers of SOEs) who face the uncertainty of the marketplace increases 
the need for a central coordinating agent. The state is the only viable cen-
tral authority with the power to act as the coordinator of these economic 
activities, an authority that hopes to achieve successful results by its efforts.

In its coordinating role, the state must perform three main functions. 
First, it must act as an entrepreneur and provide a “vision”, or choice set, 
for the future activities of private economic agents. Second, it must set up 
institutions to realize the goals articulated in the vision. Third, the state 
must act as a manager and resolve conflicts emerging from the workings 
of the economic system (Chang 2003).

Of course, identifying states as coordinators of economic activities does 
not imply that states are omniscient, aware of their critical role as coordi-
nators, or, even if they are aware of their important role, that they have the 
power or inclination to act in that capacity. Moreover, having the power 
to act as a coordinator does not mean that the state is necessarily capable 
of providing the best choice set to serve as a guidepost for future activi-
ties of private enterprises or as a successful arbiter of conflicts.1 However, 
the experiences of states in East Asia (Japan, South Korea, Taiwan, and 
particularly South Korea), the transition and rapid economic growth of 
China, and the successful economic policies of Scandinavian countries and 
other European countries like France all point to the importance of the 
state as a coordinator of economic activities.

The principle of efficient coordination requires that the state set up 
rational rules and procedures, in contrast to the requirement of  neoclassical 
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economics, which consider rational choice as a prerequisite for realizing 
optimal outcome (Loasby 1991). The set of rational rules for establishing 
coordination structure includes new organizations and new contracts—in 
short, new institutions—which enable economic agents to cope with the 
changing environment and the new reality.

Contrary to neoclassical economics, which abstracts from the chal-
lenges of building technological capabilities and assumes firms choose 
from readily available technologies, the firms in latecomer countries face 
formidable difficulties in acquiring technological, marketing, and mana-
gerial capabilities. In contrast to the neoclassical model, the literature on 
building technological capabilities recognizes that technology may have 
“tacit” characteristics that are not transferable. Moreover, the literature 
is explicit in stating that the use of such technology requires specialized 
skills, technical know-how, special organizational form, and external link-
ages. Mastering simple technologies is inexpensive, requires learning fewer 
skills, and takes a short amount of time. Adopting complex technologies 
and using sophisticated equipment, however, demands a variety of skills, 
involves a large number of interacting stages of production, and is expen-
sive, risky, and prolonged.

To appreciate the importance of developmental processes of build-
ing technological capabilities, it is instructive to have a cursory look at 
the development of large integrated industrial enterprises (LIIE) in the 
Western countries and Japan. The patterns of development of LIIE that 
first appeared in Germany and the USA in the 1850s and 1860s, respec-
tively, and those in Japan much later in the early decades of twentieth 
century, were more or less similar. These enterprises had to learn, by trial 
and error, the firm-specific and industry-specific capabilities in functional 
areas of production, distribution, and marketing. These enterprises also 
had to learn product and process innovation by research and development 
(R&D) as well as having to acquire the art of enterprise management, 
which coordinates the activities of the functional areas (Chandler 1992). 
Firms with these skills have technological capabilities (TCs). The process 
through which these capabilities are acquired is called industrial technol-
ogy development (ITD).

Of course, in developing economies the private firms and even major 
SOEs (state-owned enterprises) failed to follow the developmental path of 
large enterprises in industrialized countries. With a few exceptions in the 
Far East, the firms in many developing countries never acquired these TCs. 
The failure of these enterprises to master the functional routines, especially 
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in mastering complex technologies of production and innovation, were 
compounded by firms’ lack of knowledge of production methods; the 
lengthy, time-consuming processes of learning the routines; the high costs 
associated with the learning; and finally the lingering problem of not know-
ing where to obtain the needed information. These challenges stop or slow 
down technological deepening, discourage firms from adopting complex 
technologies, and create obstacles to the higher use of local contents in 
their production (Lall 1996).

In the face of the difficulties of building TC, and given the permanent 
state of structural transformation in these economies, ITD is a formidable 
challenge that is faced by state-owned and private firms in many emerging 
economies. Iran is no exception. Accordingly, active engagement of the 
government in control and guidance of the market for rapid technological 
progress is imperative. In this chapter, I will discuss the role of the state in 
economic development in general, but will focus my attention on the piv-
otal role of the state in rapid industrialization by adopting an appropriate 
industrial policy. To provide specific policy recommendations, I will review 
the methods and outcomes of the industrial policies of South Korea and 
mainland China. Even though European countries such as France and the 
Scandinavian nations have benefited from government intervention in the 
economy by adopting and successfully implementing industrial policies, I 
chose to discuss the Asian experiences because of similarities in Asian and 
Iranian cultures.

Keep in mind that government-coordinating activities in ITD in devel-
oping countries differ from an investment in R&D for innovations that are 
commonly undertaken by leader firms in industrialized economies. Even 
though governments in Iran have initiated R&D in a few emerging technol-
ogies, such as genetics and nanotechnologies over the last two decades, the 
bulk of investment by the state in Iran has been in ITD (Soofi et al. 2013).

2  role of State In economIc coordInatIon

An investigation of the role of the state in managing the economies over 
the last 100 years identifies four categories of state involvement. The first 
category is minimalist state intervention in the working of the markets, 
what is known as laissez-faire capitalism. The hands-off economic poli-
cies of the Anglo-American tradition are a close approximation of the 
laissez-faire approach, which advocates an almost total reliance on pri-
vate incentive and hopes for the emergence of a collective good resulting 
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from private pursuits. This view is associated with the “invisible hands” 
doctrine of Adam Smith. Conversely, the second category, to be found 
in socialist countries, experimented with comprehensive central planning 
with the provision of little or no financial incentives to individuals or the 
granting of rights to ownership. These socialist governments were highly 
successful in mobilizing resources for rapid industrialization; however, 
the economies failed to innovate and could not provide the standard of 
living to their citizens that people in capitalist countries were accustomed 
to. The third category consists of the countries with a capitalist mode 
of production and a right to private ownership. In this group, the state 
plays a dominant economic role, not only as a manager of the economy 
but also more importantly as a major producer of goods and services. 
Most developing countries fall into this category. Finally, some econo-
mies in the third group of countries suffer from undesirable outcomes of 
chaotic market mechanism, which include wasteful investments, massive 
unemployment, stagnant output, high inflation, and obsolete technolo-
gies. These countries resort to active coordination of economic activi-
ties. The adoption of these policies in Scandinavian countries is called 
social corporatism, and in South Korea, Taiwan, and France is referred 
to as an industrial policy.

Elaborating on the economic policies of all four categories of countries 
will take us far afield. Instead, to contrast the state activism in control and 
guidance of markets and the hands-off policies of the government, I will 
focus on the set of policies advocated by the neoclassical school and the 
new institutionalism school, which advocates industrial policy.

3  the role of the State In economIc 
coordInatIon: neoclaSSIcal economIcS

Based on some heroic assumptions, neoclassical economic models derive a 
set of results based on which advocates of free markets conclude that gov-
ernment intervention in economy leads to distortion of prices, inefficiency, 
and resource misallocation. According to the liberal strand of neoclassical 
economics, government intervention in the economy is warranted only 
in cases of market failures. The conservative, free-marketer doctrinaires, 
on the other hand, confine government intervention to only supplying 
money, enforcing contract laws, and providing public goods. For basic 
assumptions of the free market argument, see Chap. 1 (Schotter 1985).
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These ideology-laden results were manifested in what became known as 
the Washington Consensus in practice. The Washington Consensus refers 
to a set of policies that were strongly advocated to developing countries 
by three organizations in Washington, DC in the 1990s: the US Treasury 
Department, the World Bank Group, and the International Monetary Fund.

The Washington Consensus is a set of measures that were said to bring 
macro-economic stability, outward-looking orientation, and domestic 
financial liberalization, all of which would purportedly promote economic 
growth, reduce income disparity, and enhance the social welfare of coun-
tries that could successfully implement the policies. The gist of these poli-
cies is summarized below (Williamson 1990):

 1. Fiscal discipline: Avoid a large, persistent government budget 
deficit.

 2. Priorities for public expenditure: In times of budget difficulties, 
eliminate or radically reduce subsidies, but maintain expenditure 
on education, health, and public infrastructure.

 3. Tax reform: Avoid tax increases and lower government spending 
to remedy fiscal deficit.

 4. Interest rates: Allow the market to determine interest rates and 
maintain positive real interest rates, which provide additional 
incentive for domestic saving and discourage capital flight.

 5. The exchange rate: Ensure the market-determined exchange rate 
is consistent with domestic macroeconomic objectives. For the 
developing countries, a competitive exchange rate is strongly rec-
ommended. The competitive exchange rate promotes export 
growth and assists in the reduction of any balance of payments 
difficulties. Maintaining a competitive exchange rate is a pivotal 
component of an outward-looking policy. Moreover, import- 
substitution policies should be avoided at all costs.

 6. Trade policy: Liberalize international trade to encourage an 
outward- looking economic policy. Prolonged protection of domes-
tic industries is perceived to result in costly distortions of domestic 
industries that penalize exports, misallocate resources, and lower 
social welfare. The Consensus views import licensing as the worst 
kind of protection because it would increase opportunities for cor-
ruption. As qualifications to the doctrine of free trade, this view 
accepts moderating tariffs for a limited time to protect infant 
industries.
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 7. Foreign direct investment: Limit foreign direct investments as 
well as portfolio investments.

 8. Privatization: Privatization of government-owned enterprises is 
encouraged because of the potential improvement in the manage-
ment of formerly state-owned enterprises under private control

 9. Deregulation: Promote competition through deregulation. This 
is strongly encouraged by the Consensus view. Special emphasis is 
placed on deregulating repressed financial systems.

 10. Property rights: Define property rights and legally protect these 
rights. This is seen as the foundation of any reform policy.

Of course, Asian countries (including South Korea) that adopted 
and implemented the set of policies recommended by the Washington 
Consensus experienced the Asian financial crisis of 1997–1999. In the 
meantime, China and Taiwan, who refused to adopt the recommended pol-
icies, avoided the financial and economic calamity of the time altogether.2

Due to the adverse effects of the policies suggested, the Washington 
institutions abandoned recommending them to the emerging economies.

Based on the policy prescription of the Washington Consensus, it could 
be surmised that dysfunctional market systems in developing countries, 
which result in misallocation of resources and inefficiencies, are primarily 
due to government interventions in the economies. Hence, the sugges-
tion by advocates of the laissez-faire doctrine that the imposition of unfet-
tered markets is the optimal path to economic growth and prosperity.

Implicit in this assumption is the view that the developing economies 
do already possess those institutions, the existence of which is a prereq-
uisite for a well-functioning market system. Institutional prerequisites 
include: well-defined property rights; legal institutions to enforce con-
tract laws, product liability laws, and bankruptcy laws; a well-functioning, 
incorruptible legal system to enforce the laws; and an efficient, mature 
financial market, among others. Promoting market economy without the 
presence of these institutions would only lead to high corruption and the 
creation of opportunities for rent-seeking activities. Of course, many of 
these institutions do not exist in the developing countries. In fact, the 
experiences of the East Asian economies clearly demonstrate that the gov-
ernment, not the market, made most important investment decisions. The 
success of these economies did not come about because of competitive 
behaviors of the firms, but because firms were required by the government 
to form anti-competitive cooperative organizations. As Ha-Joon Chang 
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aptly stated: “we need to break away from the unwarranted assumption 
prevailing in the debate [selective industrial policy vs. laissez-faire policy] 
that the less ‘market-oriented’ a policy is, the more sophisticated institu-
tional ‘props’ it needs” (Chang 2003, p. 310).

4  InduStrIal PolIcy: the State’S fulfIllment 
of entrePreneurIal and conflIct reSolutIon 

functIonS3

In this section, I will elaborate on how two industrial policy states (South 
Korea and post-reform China) met the challenges of structural changes 
by acting as entrepreneur and manager of socio-economic conflicts aris-
ing from the working of the market system. Before detailed discussions of 
the functions of the state in structural transformation, it is informative to 
define industrial policy.

As is often the case in defining terms, there are many definitions of 
industrial policy. I prefer the following definition by Chang (2003) because 
of its practical applicability. Industrial policy is “aimed at particular indus-
tries (and firms as their components) to achieve the outcomes that are 
perceived by the state to be efficient for the economy as a whole” (p.  112) 
[emphasis appears in the original text].

4.1 Conflict Resolution

As discussed above, one of the three functions of the state in the pro-
cess of structural change is conflict resolution. Conflict resolution by 
the state consists of managing conflicts arising from the working of the 
market system and modifying the outcomes of the market operations. 
Examples of managing conflicts include: enforcing laws to protect prop-
erty rights; passing and enforcing laws to remedy damages due to detri-
mental externalities; imposition of tariffs and quota to protect domestic 
industries; outright takeover or bailout of bankrupt private firms; sub-
sidies to SOEs with prices below the average costs of production; anti-
monopoly laws; prohibition of anti-competitive behaviors; legislating 
and enforcing  consumer as well as environmental protection laws; and 
regulating natural monopolies and interstate commerce.
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Another category of government involvement in the economy is 
 modifying the market outcomes. The examples of government modifica-
tion of the market outcomes are fiscal and monetary policies. Monetary 
policies could have unintended income redistribution effects if such pol-
icies lead to price inflation. The government tax and spending policies 
could establish built-in stabilizers such as unemployment insurance ben-
efits and retirement income. The contents of government spending also 
have an income redistributive effect. For example, government expendi-
ture on national defense tends to involve capital-intensive industries, while 
its expenditures on social programs involve enterprise with mostly labor-
intensive technologies. Therefore, the contents of government spending 
could increase the capital or labor shares out of the total national income.

It should be noted that a state could provide social insurance by pool-
ing risks. First, the state as the manager of conflicts provides a governance 
structure that deals with “uncertain contingencies”, which are not subject 
to probabilistic calculations. The related method of pooling risk ensures 
fair guaranteed income to all members of the society even under the most 
adverse economic conditions, through a welfare state.4 The more specific 
form of provision of social insurance, the welfare state, provides allocative 
efficiency by pooling risk, which encourages risk taking in investment by 
members of the society.

In countries where the state lacks an adequate mechanism for conflict 
resolution, investments in specific assets are discouraged; instead, holding 
liquid assets such as gold and foreign currencies becomes very popular.5

4.2 The Entrepreneurial Function of the State

The intention of the state for economic coordination using industrial pol-
icy is control and guidance of the markets for rapid industrialization and 
building technological capabilities. In all cases of industrial policy states 
such as Japan, South Korea, Taiwan, China in the Far East and France in 
the West, the state had emerged from a humiliating defeat in a war—as in 
the cases of Japan, Korea, Taiwan, and France—or faced a hostile external 
threat, as in the cases of China, Taiwan, and South Korea. In all cases, the 
nationalism of the elite made it abundantly clear that rapid  industrialization 
is imperative for national security and survival. In fact, Japan opened up to 
international commerce and planned for rapid industrialization only after 
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Commodore Matthew Perry of the US Navy entered into Tokyo Harbor 
in 8 July 1853. By naval bombardment of the port city, Perry forced Japan 
to enter into a trade agreement with the USA and opened Japanese ports 
to US merchant ships (Morris-Suzuki 1994).

The elites in China, Taiwan, and South Korea believed rapid indus-
trial transformation was impossible without technological learning and 
acquisition of high technology for the purpose of the production of 
high value-added commodities for domestic consumption and exports. 
The mechanism of achieving the goals was stipulated in the Five-Year 
Economic Planning documents in China, and indicative planning docu-
ments and complementary policy white papers in Taiwan and Korea.6 In 
Korea and Taiwan, by excluding the labor unions, the state bureaucracy in 
charge of the industrial policy was the chief architect of the vision; how-
ever, it closely and frequently consulted management of large enterprises, 
even though the state took corrective measures against firms in cases of 
violating the planned guidelines.

In addition to their legal authority, the states in these economies used 
their immense economic power, which emerged from ownership of SOEs, 
ownership of banks, as well as a direct and indirect influence on the oil 
industry associations and workers' organizations. For rapid industrializa-
tion, the state coordination efforts involved micro-managing the enter-
prises, even private firms, particularly in Korea. Trade protection, subsidies 
to selected firms in the targeted industries, and other methods of modify-
ing market-determined prices were used to provide infant industry pro-
tection for an eight-year duration.7 Additionally, the planners encouraged 
domestic firms to form global networks with foreign companies, acquire 
licenses, import capital goods, and enter into original equipment manu-
facturing agreements. Moreover, the state provided financial incentives to 
the users of certain types of technology over others, and of course, heavily 
invested in R&D8 (Chang 2003, 1993; Kim 2003).

5  InduStrIal PolIcy and the eaSt aSIan economIeS

Successful implementation of industrial policy requires the presence of certain 
institutions such as a high-quality industrial policy bureaucracy, mechanism of 
control over the flow of resources, and the entity that links the bureaucracy in 
charge of implementing the industrial policy to the target firms. An in-depth 
discussion of the conduct of industrial policy in the Asian economies could 
provide important guidelines for an industrial policy for Iran.
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6  characterIStIcS of an effectIve Bureaucracy 
for ImPlementatIon of InduStrIal PolIcy

6.1  Creation of Pilot Agency

Creating a high-quality bureaucracy is necessary for the design and imple-
mentation of industrial policy. What is a high-quality bureaucracy? In Japan, 
Taiwan, and Korea, a high-quality economic bureaucracy required quali-
fied staff members, or bureaucrats; in Japan and Korea, they were mostly 
lawyers, and in Taiwan, engineers (Chang 2003). Staff members with 
advanced training in economics were not present in the bureaucracies in any 
of the above-mentioned countries. The management of the industrial policy 
bureaucracy requires generalists, people who can make sound judgments 
on the main issues arising during the course of policy implementation. This 
does not mean that economists are incapable of making sound general deci-
sions. It does mean that managing the industrial policy bureaucracy does 
not require specialized training and skills in economic analysis.

Another feature of a high-quality bureaucracy is a bureaucracy that is 
insulated from political manipulations and pressure. In the processes of 
implementing industrial policies, the state uses incentive and discipline 
to guide the executives of the enterprise—mostly private, but also execu-
tives of SOEs—to enter into new business activities in which they do not 
have knowledge or interest. This often results in industrial policies having 
no advocates other than the bureaucrats whose task is to implement the 
policy. Accordingly, the bureaucracy must have the power and authority 
to act beyond fulfilling the private sector’s interests. Moreover, the provi-
sion of financial supports and infant industry protection without discipline 
would undoubtedly lead to inefficient, rent-seeking monopolies, such as a 
few large SOEs in Iran.

The experiences of successful East Asian economies in implement-
ing industrial policies indicate that forming a pilot agency is essential. 
Industrial and protective trade policies often involve issues that fall in the 
domains of many different government ministries and organizations. In 
the absence of a powerful coordinating agency (the agency which is per-
ceived to be legitimate by the stakeholders), the appearance of conflict 
among government entities becomes inevitable.

The powerful coordinating agency appeared in a different form in South 
Korea, Taiwan, Japan, and China. In Korea, the powerful pilot coordinat-
ing agency was the Economic Planning Board of Korea, which was legally 
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authorized to overrule ministries and government agencies. In Taiwan, the 
pilot agency was a coordinating committee called the Industrial Bureau of 
Taiwan. In Japan, the pilot agency was the Ministry of International Trade 
and Industry. In China, the Ministry of Science and Technology is the 
agency in charge of developing new high-tech industries in the country.

Culture plays such a key role in forming a bureaucracy that is imperative 
for the successful coordination of economic activities under the indus-
trial policy. Some critiques of the industrial policy argue against adop-
tion of the industrial policy for developing countries by stating that the 
successes of industrial policies in the East Asian countries were due to 
their Confucian culture. The argument is based on the presumption that 
in societies with Confucian culture, meritorious elites staff governing 
bureaucracies. Moreover, according to some Asian scholars, in “the tradi-
tional Confucian outlook, the sole political function of the people was to 
obey their legitimate ruler” (Schram 1966, p. 12).

These characteristics of Asian societies have an important implication for 
the likelihood of success of an industrial policy model for Iran. Assuming 
these characteristics of Confucian culture are lacking in Iranian culture, 
the success of any potential industrial policies for Iran hinges upon the 
presence of a strong, centralized coordinating agency for implementation 
of the policies. I will discuss the features of such an agency below.

6.2  Methods Used in Achieving the Goals of Industrial Policy

The pilot agencies in the Far Eastern countries adopted many measures 
in implementing industrial policies. I will briefly discuss these measures 
below.

 1. Taxes and subsidies
 2. Tariff protection
 3. Indicative planning at national and sectoral levels
 4. Formation of private sector cartels for productivity improvement
 5. Dialogue with the private sector executives so that the actors of a 

relevant sector form a common vision
 6. Control of financial and real resources through banks and SOEs

In Asian countries, financial resources have been used for more 
effective coordination of the behaviors of private enterprises than 
the use of real resources.

 7. Formation of deliberation councils
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Deliberation councils are institutions that act as intermediaries 
between the coordination agencies executing the industrial policy 
and the targeted private firms participating in the policy programs. 
The councils were established to create checks and balances between 
the pilot agency and the participating firms and for the coordinating 
agency receiving feedback from the firms. In Korea for example, the 
deliberation council consisted of monthly export promotion meet-
ings presided over by the president of the republic in the 1960s and 
1970s. The top bureaucrats and top business leaders participated.

After general policy principles were formulated at the national level, the 
principles were enacted through the deliberation councils and enforced by 
industry associations.

The industry associations played key roles in turning the policy prin-
ciples into concrete actions by resolving problems arising from collec-
tive actions, such as restraining competition or contributing to common 
marketing plans by using two mechanisms. First, the association mem-
bers would share the burden in a “fair”, but not necessarily equal, way. 
Second, they would monitor compliance by the members based on an 
agreed upon “collective action” scheme. This was implemented by offi-
cially sanctioned cartels or by informal cartels implicitly backed by the 
government.

Organizations such as deliberation councils and industry associations 
were instrumental in the success of industrial policies through two chan-
nels. Primarily, these organizations facilitated the flow of information 
between the state bureaucracy in charge of the policy and the private sec-
tor forms. Secondarily, they strengthened policy enforcement mechanisms 
(Chang 2003).

7  the InduStrIal PolIcIeS of South Korea

The radical transformation of the Korean economy from a backward, 
dependent condition to a newly industrialized state in a short span of 
four decades may be discussed at the macro- and micro- (firm) levels. The 
macro-level deals with the industrial policies of the Korean state, and the 
micro-level with the transition efforts of the firms. In this chapter, I will 
discuss the macro policies only.
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8  South-Korean macro-InduStrIal PolIcy

The macro-industrial policies of South Korea include the following actions:

• Controlling of imports of machinery in support of the domestic 
machinery industry (Chang 1993, p. 135).

• Refusing credits to the importers of machinery for which domesti-
cally manufactured machines were available.

• Subsidizing up to 90 % of the price of domestically produced machin-
ery to the purchasers of the domestically produced machines.

• Requiring private enterprises to set up new operations for the pro-
duction of a product they did not produce. For example, Korean 
President Park ordered Hyundai Group to set up a shipbuilding 
industry in Korean against the will of the Hyundai group. In the 
case of refusal or inability of the private company to follow the coor-
dinating agency’s directive, the government organized an SOE to 
accomplish the task.

• Influencing the conducts of the private firms by channeling financial 
resources of the state-owned banks to the SOEs, rather than to the 
private sector firms.

• Imposing price control or a price ceiling whenever the government 
deemed such policies necessary.

• Companies requiring state approval of price changes for many prod-
ucts and services.

• Restricting firms’ entry into another industry, not permitting expan-
sion of the existing capacity of the firms, and limiting the choice of 
new technology for all major industries by the government.

• Selecting the number of firms in the industries by state-sponsored 
mergers and acquisitions.

• Instructing state-owned banks to refuse to give consumption loans.
• Relying on indirect taxes as tools for discouraging consumption.
• Discouraging private automobile ownership by high taxation and 

denial of consumer loans.
• Banning foreign travel until 1980 and levying high tariffs on imports 

of luxury goods.
• Requiring private firms to build plants of appropriate sizes to achieve 

economies of scale. Given the limited size of the domestic Korean 
markets, this policy implied that firms had to rely on the foreign 
markets to meet the requirements.
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• The government initiating or encouraging mergers among smaller 
firms in the industry in order to achieve economies of scale; e.g. 
mergers among firms in the auto, fertilizer, shipbuilding, overseas- 
construction industries in the 1980s.

• Discouraging price wars among firms with high sunk costs. The govern-
ment strictly regulated capacity expansion and restricted the entry of new 
firms in the industries with firms that already had high sunk costs.

• Encouraging collusive arrangements among the firms in “promising 
industries” by the government increasing R&D, improving quality 
and attaining economies of scale.

• Controlling foreign direct investment (FDI) as well as state- 
guaranteed loans for the domestic firms for investment in S. Korea. 
The government restricted foreign direct investment in prior-
ity industries, infant industries, industries using large quantities of 
imported raw materials, consumer goods industries, polluting indus-
tries, and agriculture and fisheries.

• Banning, with a few exceptions, foreign majority ownership outside 
of Free Trade Zones.

• Identifying certain industries as the priority sectors and provision 
of state-subsidized, rationed credit and foreign exchange, as well 
as import protection, and imposing restrictions for entry into the 
priority industries. For such support, the state micromanaged the 
recipients’ affairs by deciding the production methods, the choice of 
technology, choice of entry, capacity expansion, and setting prices for 
the “promising” enterprises.

9  InduStrIal PolIcy In chIna

Technological learning and rapid industrialization in China began shortly 
after the triumph of the Chinese revolution in October 1949. The rapid 
industrialization of the dependent, underdeveloped country that had suffered 
from decades of foreign occupation, wars with Japan, and civil wars began 
in earnest in 1952 when the details of the First Five-Year Plan (1953–57) 
were finalized. Given the acute shortages of agricultural outputs, foods, con-
sumer goods, and capital, the main preoccupation of the economic planners 
immediately after the Chinese Communist Party (CCP) took control of the 
state was to increase agricultural and industrial outputs. There exists little or 
no evidence that the planners were addressing the problem of technological 
learning at the state level, even though at the firm level, the managers had to 
resolve technological problems during the production processes.
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The central economic problems of the time were the allocation of 
resources for consumption and capital accumulation, and the division of 
the allocated investment funds among heavy industry, light industry, and 
agriculture. Supplying adequate food and clothing and other necessities of 
life in the years immediately after the CCP took power was the most chal-
lenging task for the new government. More than two decades of civil and 
anti-Japanese wars, the inherited mal-distribution of income—especially 
the mal-distribution of grain, according to which 10 % of a wealthy popu-
lation consumed more than half of grain output of the country with 90 % 
of the population consuming the balance—and the backward methods of 
agricultural production had contributed to the dire situation (Hsia 1975). 
Simultaneously, increased production of agricultural output and consumer 
goods required investment in basic, heavy industries. Given the colossal 
tasks of housing, feeding, clothing, educating, and providing health care 
for over 450 million people, few funds were left over for investments for 
capital formation. Under these conditions, and facing the hostility of 
Western powers, Chinese economic planners had to turn to the former 
Soviet Union and the Central European socialist countries as sources of 
funds for investment and technology.

Even though data on foreign direct investment in China by the social-
ist countries of the time do not exist, the economic policy planners of 
that period believed that the rapid increase in the aggregate output of the 
war ravaged country was made possible by importing “large quantities of 
equipment from the Soviet Union and the People’s Democracies [of the 
central Europe]” (Hsueh et  al. 1960, p.  78). Moreover, “[d]uring the 
period of the First Five-Year Plan, she [China] built and enlarged 166 
major projects with the help of the Soviet Government” (Hsueh et  al. 
1960, p. 78). The investment projects, mostly in heavy industries, formed 
the industrial basis for China’s phenomenal growth during the  subsequent 
decades including “the heavy steel-rolling mill and seamless steel tub-
ing mill of the Anshan Iron and Steel Company, the Fushin Open-Cast 
Coal Mine, the Taiyuan Heavy Machinery Works and the Taiyuan Textile 
Machinery Works” (Hsueh et al. 1960, p. 68).

The data indicates that in three years (from 1949 to 1952), “the gross 
output value of the state and private industries in the whole country rose 
by 151 percent, showing an average annual increase of 36 percent; the 
gross output value of the state industries alone recorded a 287 per cent 
jump, showing an average annual increase of 57 percent” (Hsueh et al. 
1960, pp. 67–68).
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Hsueh Mu-chio, whose name later was spelled Xue Muqiao, supplied 
data showing the rapid economic growth in the decade immediately 
after the revolution. According to Xue, “[d]uring the first Five-Year Plan 
period, industrial production in China grew by 18 percent annually (heavy 
industry by 25.4 percent and light industry by 12.9 percent), and agricul-
ture production grew by 4.5 percent” (Xue 2011, p. 24).

The central planning system, which was very apt in mobilizing resources 
for rapid industrialization in China, created a great deal of inefficiencies 
and problems emerging from disproportionality among the sectors of the 
economy during the “primitive” capital accumulation period in the coun-
try. These problems included misallocation of funds for investment and con-
sumption, imbalances in the government budget, overproduction of items 
having little demand and underproduction of products with high demand, 
waste of capital expenditures, allocations by government decree rather than 
decisions based on rational economic analysis, poor product quality, waste of 
manpower, and provision of poor, scanty services (Xue 1982).

Why did central planning as a coordination mechanism for economic 
activities fail while it was efficient in resource mobilization and building of 
the industrial backbone of the Chinese economy? Some analysts attribute 
the failure of central planning to the high information cost and lack of 
dynamism in the system to generate technological change endogenously 
and to failure to learn the needs and wants of consumers in the way private 
firms do in the marketplace. In short, central planning protected the SOEs 
from the hazardous, evolutionary natural selection processes. The “failure 
of planning can be attributed in part to its conception of an economy 
system [sic] as a lifeless machine, without the internal capacity to change, 
adapt, grow, renew, reproduce itself and shape its own future” (Rosenberg 
and Birdzell 1986, p. 301).

The writing of Ma Hong, one of the architects of China’s First Five- Year 
Plan (1953–58) and, who later became the director of the Research Office of 
the State Economic Commission, on the technological conditions of China’s 
industries is illuminating. In a 1982 article that discusses the technologies of 
state-owned plants built in the 1950s or the late 1940s, he wrote “[o]ver the 
past two decades, these enterprises have expanded production capacity mainly 
by building a new plant, with an aim to increase production quantity. They 
have put a little effort into improving technologies, increasing product diver-
sity and product quality, and as a result, there has been no significant change 
in the state of their technology. Much of the equipment that was imported 
at the time is already antiquated. Repaired many times, it still continues to be 
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used although it has lost its original accuracy and is low in efficiency given high 
consumption of energy and materials. It is unable to produce any advanced 
products. As for equipment added later, it was mostly churned out during 
the Great Leap Forward and the Cultural Revolution and is crudely made 
and severely backward in terms of its technology” (Ma 2014, pp. 87–88). 
Examinations of stock of capital in China in the late 1970s and early 1980s 
showed that “20 percent to 25 percent” of China’s industrial technology in 
the late 1970s was “backward but not so antiquated that it cannot be used 
in production. Of the remaining 55 percent to 60 percent, some 35 percent 
is extremely outmoded and inefficient and can barely meet the standards of 
products it was meant to create” (Ma 2014, p. 90).

10  GoalS of chIna’S InduStrIal PolIcy

Having faced the challenges and inefficiencies of central planning, Chinese 
authorities as early as the late 1980s turned to the industrial policy model of 
Japan to remedy the technological challenges faced by the country. In 1989, 
they launched the first national industrial policy plan. However, the full-fledged 
adoption of the industrial policy at the national level did not take place until the 
mid-2000s because of “institutional incompatibilities, bureaucratic turf wars 
and rivaling advocacy coalitions” (Heilmann and Shih 2013).

Chinese technological policy makers have two goals when they adopt 
industrial policies: upgrade and restructure several traditional industries, 
and develop seven strategic high-tech emerging industries.

The traditional industries include equipment manufacturing, shipbuild-
ing, automobiles, iron and steel, non-ferrous metals, building materials, 
petrochemicals, light industry, and textiles. The high-tech industries con-
sist of energy conservation and environmental protection, new-generation 
information technology IT, biotech, high-end manufacturing equipment, 
old (nuclear) and new sources of renewable energy, new materials, and 
non-fossil-fuel-powered automobiles (Prasad 2011).

11  State-fIrm StrateGIc coordInatIon aS a tool 
of InduStrIal PolIcy

To overcome the obstacles on the path to developing science and tech-
nology, the Chinese planners in the early years (the 1980s) of open-
ing up China to international businesses, perceived that they could 
rely on transnational firms to transfer the cutting-edge technologies to 
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China. However, they discovered in practice that the foreign partners 
effectively controlled technology transfers (Crane et  al. 2014). China 
simply imported intermediate products (parts), which embodied low-
end technologies, and assembled them into final products in China for 
export. Chinese firms earned little profits in the process and practically 
had no access to the high-technology embodied in the intermediate 
goods. For example, discussing technological learning of Chinese firms 
in integrated circuit design, Wang (2013) stated that “[a]lthough China 
became a world manufacturing center for TV sets with an annual capac-
ity of 100 million yuans, the most valuable chip was imported, which 
led to a very thin profit margin and weak negotiating power for Chinese 
TV manufacturers in the world market. For years, Western countries 
blocked advanced technology from China and the technology level of 
semiconductor equipment that was permitted to be exported to China 
was, at least, two generations behind the internationally advanced level” 
(Wang 2013, p. 132).

Under such conditions China, as early as 1992, adopted industrial poli-
cies to modernize the technology of some existing, but technologically 
backward industries or to empower firms operating in some emerging 
technologies “[b]y organizing and supporting a number of major proj-
ects, priority projects and guidance projects…” (Ministry of Science & 
Technology, n.d.). The national science & technology programs included 
the Climbing Program (for basic research), the 863 Program (for high-
tech R&D), and the Torch Program (for agricultural technologies) (Lu 
and Lazonick 2001).

Achieving the goals of the S&T policies of the state–firm strategic coor-
dination included the following objectives:

• Forming pilot enterprise groups consisting of large SOEs controlled 
by the central government in the selected industries in the early 1990s

• Investing in construction of infrastructure, corporate R&D centers, 
and industrial parks for the targeted industries by the central and 
local governments

• Establishing venture capital firms
• Exempting high-tech design firms from corporate taxation
• Refunding value-added taxes to innovative firms
• Exempting technical staff with documented innovation achieve-

ments from individual income taxes
• Establishing funds for small- and medium-sized S&T firms
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• Consolidating existing firms
• Providing loans financed by state-owned banks
• Guaranteeing loans by SOEs and municipal governments
• Granting subsidized loans by state-owned banks contingent upon 

borrowers following government-directed investment policies
• Encouraging foreign manufacturers to purchase Chinese designed/

manufactured parts and to set up R&D joint ventures in China
• Acquiring foreign companies by SOEs
• Hiring of foreign scientists, engineers, managers, and other specialists
• Forming state-owned asset management companies to manage state- 

owned assets instead of state management of the SOEs
• Procuring the output of domestically produced goods with high- 

tech content by the government9

12  chIna’S InduStrIal PolIcy-maKInG authorItIeS

The National People’s Congress, China’s parliament—or the highest 
organ of state power and legislature through its Standing Committee 
and the Committee on Science, Technology, Education, and Health—is 
the highest authority to draft, enact, and amend S&T laws and policies. 
The Ministry of Science and Technology (MOST), however, adminis-
ters China’s national S&T programs, formulates basic and applied R&D 
programs, engages in the commercialization of S&T achievements, and 
supports innovation within enterprises in collaboration with the National 
Development and Reform Commission (NDRC).

By differentiating S&T policy from industrial policy, the NDRC, by being 
directly involved in and guiding innovation efforts and technological learning 
of the SOEs, is, in fact, the pilot agency to conduct China’s industrial policy.

The NDRC is the lineal descendant of the State Development and 
Planning Commission (SDPC), which emerged from the State Planning 
Commission (SPC) that was established in 1952. The NDRC formulates 
policies for high technology development of Chinese enterprises and 
manages the state’s major S&T programs such as the State Major S&T 
Achievement Industrialization Program, the State Key Industrial Testing 
Program, and the National Engineering Research Center Program.

Another key institution in developing high technology in China is the 
Chinese Academy of Sciences (CAS). The CAS performs multiple func-
tions in S&T development including research, high-tech development, 
technology transfer, and education. Additionally, CAS plays a significant 
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advisory role in S&T policy making in support of the nation’s engineer-
ing and technical projects by employing its associated academicians and 
Chinese Academy of Engineering (CAE) academicians (Liu et al. 2011).

13  PIlot enterPrISe GrouPS for coordInatIon 
and SuPPort By the central Government

In the early 1990s, the central government of China selected large enter-
prises under its control in strategic industries to achieve economies of scale, 
economies of scope, specialization in production, and inter-firm coordina-
tion. The targeted industries and the number of groups in each appear in 
Table 15.1. By 1999, the membership in the groups grew to 120 enterprises.

14  comParInG the IranIan and Korean economIc 
PolIcIeS and PerformanceS

The constraint faced by Iran to acquire intermediate and capital goods from 
abroad in the second decade of the twenty-first century and the challenges 
faced by South Korea to import the same types of goods in the 1960s and 
1970s are somewhat similar. South Korea faced economic problems and 
Iran faces geopolitical difficulties. The difficulties the Koreans experienced 
in trying to import the required intermediate and capital goods were due 
to the scarcity of foreign exchange reserves while Iran faced restrictions 
because of Western economic sanctions.

Table 15.1 The 
industries of the pilot 
enterprises groups in the 
selected industries in 
1999

Industry Number of groups

Metallurgy 8

Energy 11

Chemical 7

Automobile 6

Machinery 14

Electronics 10

Pharmaceutical 5

Construction 3

Foreign Trade 8

Source: Chun (2009)
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In the 1970s, when the industrial policy had begun, the major goal of 
policymakers in Korea was to establish an “independent economy.” The 
Korean policy makers considered the industrial policy as a method to elim-
inate or reduce the country’s dependence on foreign savings to finance 
domestic investments in Korea without suffering chronic balance of pay-
ment difficulties. To achieve this goal, the policy makers realized that creat-
ing an economy with a degree of technological capability able to eliminate 
the need for importing intermediate and capital goods by producing those 
commodities in Korea was required. Accordingly, they declared, “a shift 
toward heavy and chemical industries is imperative in order to increase the 
independence of the Korean economy” (Chang 1994, p. 119).

The processes of “primitive” capital accumulation in both South Korea 
and China (also elsewhere) required that an increasing fraction of the 
national income be saved and invested. Of course, higher saving out of 
the national income implies lower consumption.

In achieving the goal of rapid capital accumulation and industrializations, 
economic planners both in Korea and in China had to save more and con-
sume less out of the gross national income. I consider that the pattern of 
national consumption and saving in the two economically successful coun-
tries of China and South Korea could provide an important lesson for eco-
nomic planners in Iran. Accordingly, it is useful to compare consumption and 
gross domestic investment as a percentage of real GDP for Iran, S. Korea, and 
China. The graphs of the series for the countries are presented below.

As it is seen in Fig.  15.1, the consumption as a percentage of the 
national output has been declining since the 1960s in Korea, while invest-
ment as a percentage of GDP was on the rise until the early 1990s but 
has since been declining. For Korea, the gap between consumption C and 
investment I as percentages of the GDP Y was narrowing, i.e. 

C

Y
 was fall-

ing, and 
I

Y
 was increasing from 1960 to 1990. However, investment as 

a fraction of the Korean GDP has been flat or declining since the 1990s 
(Fig. 15.2). The tapering off in the growth of investment in Korea might 
be due to the change from the Korean government-led development strat-
egy to the private-sector-led economic development strategy in 1986 (Lee 
and Yi 1996). During the last two and half decades, the gap between the 
two series is roughly about 30 %, where consumption is about 60 % of the 
GDP and investment is roughly 30 % of the GDP.

For Iran, the gap between consumption and investment is much wider 
than the Korean gap, going as high as 45 % in the mid-1990s. The gap has 
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narrowed since 1990. Also, note that from 1960 until 1975, consumption 
as a percentage of the GDP was falling and investment as a percentage of 
the GDP was rising. Observe that the increase in both consumption and 
investment during the second half of the 1970s was due to a sudden rise 
in prices of petroleum and in the Iranian GDP at that time. There is a 
period of rising consumption and investment from 1980 up to the mid- 
1980s. However, at the end of the Iran–Iraq war, there was a simultane-
ous decrease in consumption and investment. This might be due to the 
emergence of high inflation and the drop in real income during the first 
decade after the war. However, an upward trend can be seen in investment 
as a percentage of real income after 1998; the fraction of the national 
real income that is consumed during this time has remained more or less 
stationary. Neglecting the structural breaks in the series caused by large 
increases in oil revenues of the mid- to end-1970s, the revolution and the 
war of 1979–1987, a more or less stable pattern of consumption can be 
identified and a rising trend of investment in Iran since 1990.
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Fig. 15.1 Total consumption and gross investment as percentages of the Real 
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Figure 15.3 shows the time-series plot of consumption and investment as 
fractions of the national income for China during 1960–2013. As can be seen 
from the graph, excluding the tumultuous years of the late 1950s and early 
1960s, the consumption out of the national income has decreased and invest-
ment out of the national income has increased over this period. It is estimated 
that about 52.5 % of the GDP of China was saved in 2008 (Wang 2013).

Based on these statistics, I conclude that the level of consumption 
out of the national output leaves an inadequate amount of resources for 
investment in Iran.

15  PolIcIeS and actIvItIeS of the IranIan 
Government In technoloGIcal learnInG

The state in Iran since the revolution has taken various initiatives for 
technological learning and industrial development. These activities 
include establishing technology parks, creating business incubators, 
funding organizations as the venture capitalist, developing national plans 
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for high-tech development, establishing academic entrepreneurship cen-
ters, supporting R&D investments, creating the nanotechnology initiative 
council, offering academic courses of IT management and S&T policy, 
and creating multiple centers of technology development in the defense 
sector (Ghazinoory 2014).

Aiming to evaluate the outcomes of these investments and undertak-
ings by the government, the Iranian parliament created a national evalua-
tion system for S&T in 2009 and required all governmental organizations, 
universities, research centers, and public companies to report the results 
of their S&T policy-related activities every three months to the Ministry 
of Science, Research and Technology (MSRT). Moreover, the MSRT was 
mandated to submit an annual report on S&T activities of the government 
to the parliament.10

Notwithstanding these governmental efforts to promote innovation in 
Iran, a recent survey of 180 manufacturing companies in Iran found that 
little interest exists within these companies to invest in R&D (Ghazinoory 
et al. 2012).
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The lack of adequate progress in technological learning and R&D invest-
ment by private firms and SOEs in Iran point to a need for an industrial policy, 
similar in nature to what was discussed above. By adopting a suitable indus-
trial policy, the state in Iran could expedite the rate of capital accumulation, 
create the environment for technological capability buildings of the firms, 
provide incentives for private sector R&D investment, reward the innovative 
enterprises, and dissolve technologically backward and inefficient firms.

16  Summary and concluSIon

Structural transformation of economies occurs under the normal condi-
tion of technological change and product and process innovations. During 
structural transformation, the governing bodies of private and state enter-
prises do not have the required information, insight, and vision to coor-
dinate their interdependent economic activities. Structural transformation 
tends to increase uncertainty for the private owners and managers of SOEs. 
The state is the only viable central authority with the power to act as the 
coordinator of the economic activities in the hope of achieving desirable 
results by its coordination efforts.

By tracing the developments of industrial policies in South Korea and 
the People’s Republic of China, this chapter has shown that active involve-
ment of the government in controlling and guiding private firms is essential 
for technological learning. On the other hand, the Iranian government’s 
experiences of only supplying what are perceived to be the prerequisites for 
technological learning without active state-firm strategic coordination have 
produced less than optimal results. The important lesson to be learned from 
the experiences of industrial states in the Far East is that the Iranian govern-
ment should adopt an appropriate industrial policy to expedite technological 
learning and produce an environment that is conducive for R&D investment 
with the outcome of process and product innovations.

noteS

 1. For a discussion of counter-arguments, which assert that the state played a 
“market-preserving role” in the rapid economic development and growth 
of South Korea, see Chang (1993) and references therein.

 2. During 1997 and 2002, a number of other financial crises occurred in those 
countries that had adopted Washington Consensus policies. These countries 
included Russia, Brazil, Turkey, and Argentina. Of course, it should be 
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remembered that the global financial crisis of 2007–2009, originating in the 
financial market of the USA under the George W. Bush administration, fol-
lowed laissez-faire policies.

 3. The discussions in this section draw heavily from Chang (2003).
 4. A welfare state pools risks by the provision of low-cost education, low-cost 

health insurance, food and housing subsidies, subsidized public transpor-
tation, unemployment benefits, and retirement pensions.

 5. For detailed discussions the state as a manager of conflicts arising during 
the structural change, see Chang (2003), particularly Chap. 2.

 6. In the following discussions, I tangentially refer to cases of Japan and 
Taiwan, but will focus on the Korean case. In China, the industrial policy 
did not start until the late 1980s. See the discussions regarding China 
industrial policy below.

 7. It is estimated that the learning time for a new technology should be 
between five and eight years. Accordingly, infant industry protection 
should not be extended more than eight years (Jacobsson 1993).

 8. For details of Korean industrial policy, see below.
 9. For details of China’s federal and Shanghai municipal governments’ indus-

trial policy in information and communication technology industry, see 
Wang (2013), and for the aviation industry, see Crane et al. (2014).

 10. For detailed discussions of the national system of innovation in Iran, see 
Soofi et al. (2013).
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