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A B S T R A C T   

Innovation systems operate in specific regional, political, social and economic contexts and are influenced by 
their environment. The internal structures and processes of a technological innovation system (TIS) are usually 
well understood in the literature, but what is happening outside and across the boundaries of the system is less 
systematically considered. This paper tries to fill this gap by combining the TIS concept and multi-level 
perspective (MLP) in studying problems impeding the development of photovoltaic technology in Iran. 
Considering MLP, this paper firstly identifies the most influential macro factors on photovoltaics TIS by studying 
the literature and semi-structured interviews. Then, the relationships between these factors were explained using 
the Interpretive Structural Modeling (ISM) technique. We used cross-impact matrix multiplication applied to 
classification or MICMAC analysis to better understand the dependence power and driver power of those vari-
ables. The results illustrate that government policies, oil crisis, economic growth, and downturn are the most 
influential macro factors in photovoltaics TIS in Iran.   

1. Introduction 

Researchers in the field of innovation systems have tried to present 
new methods to assess the capabilities of innovation systems. In this 
context, comparing the structure of different innovation systems was 
used extensively to examine the success or failure factors of a particular 
innovation system [1]. However, focusing on structural elements and 
relationships between them would not be sufficient for analyzing 
innovation systems. Accordingly, the next step is to focus on the func-
tions of the innovation systems [2]. The concept of system functions was 
introduced by Jacobsson & Johnson [3] as “the role of a component or 
set of components in system operation” [4]. These functions relate to the 
characteristics and interactions between the elements of an innovation 
system (e.g. actors, networks and rules) that are specific to a system or 
common among several ones [2]. Therefore, functional analysis would 
be useful to determine the state of an innovation system at a specific 
time frame [1]. So, as long as the functions of an innovation system 

perform well, the chance of development and diffusion of new tech-
nologies will increase. 

On the other hand, meeting a specific function might also affect the 
fulfillment of other functions [4]. Therefore, some researchers tried to 
focus on functions of innovations systems to identify the problems, as 
well as strengths and weaknesses [5–7]. Furthermore, based on the 
systems approach presented by Carlsson et al. (2002), some researchers 
provided a structural-functional systematic framework for evaluating a 
technological innovation system (TIS), in which they considered struc-
tural elements and functional component of TIS simultaneously [8,9]; A 
[1]. Structural-functional analysis methods leads to new achievements 
in identifying the barriers of innovation development in a TIS [10]. 
Consequently, the latest studies in developing and developed countries 
applied this method to identify systemic problems [11,12]. However, 
one of the main issues that has been mostly neglected in 
structural-functional analysis is the interaction of TISs. Ignoring the 
interaction factors of a TIS with its sectoral, regional and national 
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innovation systems, may lead the evolutionary changes of the 
socio-technical systems to be overlooked [13]. 

Lamprinopoulou et al. [14], argued that in TIS analysis, one should 
distinguish between micro and macro levels. In this approach, new 
technological development is influenced by the macro level context (e.g. 
government policies, economic crises, etc.) [14]. These researchers 
criticized TIS analysis for having a limited approach (i.e. lack of atten-
tion to landscape and macro factors). Some researcher proposed to use 
multilevel perspective (MLP) in order to include macro factors in 
studying TISs [15–17,83]. 

While the essential role of macro factors (landscape) in the study of 
technology innovation systems is widely acknowledged, how to identify 
these factors and their impact on innovation system functions remain to 
be further explored both conceptually and empirically. Moreover, these 
macro factors vary depending on the type of technology and country’s 
socio-economic environment. In order to fill these gaps, we combine the 
multi-level perspective with the technological innovation system 
approach to further enrich the debate on macro level analysis of inno-
vation system functioning. We want to identify the major macro factors 
that affect the functioning of an innovation system as a whole entity and 
primarily investigate the importance and interactions of these factors to 
provide instructive insights on macro level analysis of TISs. The pro-
posed framework goes beyond the contribution of individual actors in 
meeting innovation system functions to also analyze the impact of macro 
factors (landscape) and their interactions on functioning of the whole 
system. In this context, this article seeks to shed light on macro factors in 
Iranian photovoltaic innovation system. 

This paper will proceed as follows: first, we will review the literature 
on TIS, MLP approaches, and macro factors. Second, using ISM and the 
cross-impact matrix multiplication applied to classification (MICMAC) 
method, the influence of these factors on the innovation system will be 
examined and finally, these effects will be measured and their priorities 
will be extracted. 

2. Literature review 

2.1. Innovation system 

The innovation system approach developed in the 2000s. This 
concept has recently been used by some reaserchers to analyze macro 
policies in technology development. It has attracted many researchers 
and has been used widely in development models. Researchers defined 
an innovation system as “all economic, social, political and organiza-
tional factors, and other important factors influencing the development, 
dissemination, and use of innovation” [18]. In this regard, an innovation 
system can be analyzed at various levels (e.g., national, regional and 
technological). 

The emergence of the concept of technological innovation system 
can be attributed to Carlson and Stackiewicz [19,20]. They defined TIS 
as follows: “dynamic network of actors who interact in one economic 
and industrial context and with a particular institutional framework and 
participate in the creation, dissemination, and exploitation of technol-
ogy” [19]. In this regards, each technology has a technological inno-
vation system, and each system is unique regarding its capabilities for 
the development and diffusion of new technologies [3]. 

2.2. Multi-level perspective 

MLP, is a widely used social science approach that understands 
transition pathways as enacted by social groups at niche, regime and 
landscape levels [21]. The main point of this model is that technological 
transitions result from the interaction between these three levels [22, 
23]. 

Regime: One of the main concepts in MLP is regime, mostly used to 
reference to socio-technical regimes. A socio-technical regime is “the set 
of scientific knowledge, engineering practices, production process 

technologies, product specifications, skills and procedures, institutions 
and infrastructure” [24]. 

Niche: The niches and the landscape are the complementary ele-
ments of the social-technical regimes in MLP. The niches incorporate the 
innovation process at the local level and typically point to protected 
areas where new technologies evolve and develop beyond the normal 
market pressures and regimes [24]. The niche is created by actors and is 
supported by specific institutions [25]. 

Landscape: The landscape refers to the external environment and 
factors that affect the regimes and niches. Geels [22] define landscape 
factors as “a series of heterogeneous factors such as oil prices, economic 
growth, wars, immigration, widespread political alliances, culture, 
normative values, and environmental problems.” Also, other researchers 
have identified landscape factors as macro variables that affect transi-
tion processes, but are mostly independent and autonomous [26]. In 
general, landscape factors can be considered as a set of variables that 
affect the processes of production and innovation without being affected 
by the outcomes of the innovation processes in the short and medium 
term [27]; Jochen [16]. 

2.3. MLP and TIS 

While most of researchers only focus on technological factors in 
studying TISs [12], innovation systems operate in a specific regional, 
political, social and economic context and are influenced by their 
environment. Successful identification of an innovation system’s prob-
lems requires careful examination of its internal structures as well as the 
external environment [28]. Weber & Rohracher [13] focused on the 
problems of a TIS and showed that macro-factors might cause some of 
these systemic problems [13]. TIS literature was criticized for its low 
attention to strategic orientation and macro-level trends [29]. The 
structures and processes of an internal TIS are usually well understood in 
the literature, but what is happening outside and across the boundaries 
of the system is less systematically considered [30,31]. 

It seems that in order to create a comprehensive framework for 
evaluating technological innovation systems, it is necessary to use 
models that measure both the macro level and micro level in better 
quality. Therefore, the idea of integrating the multilevel approach and 
innovation system has been applied successfully by some of the recent 
papers to get a better understanding of innovation processes and tech-
nological changes [32–34]. 

Although innovation system and MLP approaches have grown in two 
separate theories, they can be complementary as both of these funda-
mental theories originated from evolutionary economic theory. What’s 
common among both of these theories is that they emphasize the 
importance of networks and learning processes, along with the critical 
role of institutions for the success of innovation processes. Another 
analogy of the innovation system approach and MLP is that researchers 
in both fields usually pursue an interdisciplinary approach and focus on 
the historical context of the phenomenon [35]. Moreover, both have 
been developed with the aim of increasing awareness of policymakers 
about innovation [36]. 

The existing literature of the innovation system focuses on actors and 
learning processes, with less attention being paid to the regime in which 
the technology is located [37]. The MLP is an effective framework to 
analyze transitions, because its concepts accommodate both radical 
change and dynamic stability and influences from broader contexts 
which are unlikely to remain stable over decades-long processes [38]. 

In comparison to TIS, MLP is unable to analyze the dynamic pro-
cesses of a system at the micro level. On the other hand, the lack of 
analysis of the socio-technical regime and the landscape factors within 
the framework of TIS is one of the weaknesses of TIS approach versus 
multi-level perspective [39]. Geels et al. [40] mentioned that while both 
concepts take different levels in their analysis, MLP has to be further 
developed in mapping the interaction between internal and external 
processes [40]. In fact, the functions of the innovation system are 
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introspective, and the macro factors that exist in the system’s environ-
ment were not taken into account [16,30,34,41–43]. 

Fig. 1 shows the integration of TIS concept with MLP. In order to 
better understand the landscape factors affecting the TIS, we describe 
these factors in the following section. 

3. Review of landscape factors 

1In this section, we intend to review and explain how the landscape 
factors mentioned in the literature, can affect photovoltaic TIS. How to 
identify these factors is explained in details in the methodology section. 

3.1. Government policy 

The political context in which the innovation system lies has key 
importance in its development, so changes in government policies are 
some of the factors influencing the innovation system and provide a 
sound basis for technological growth. Access to public finance for 
research and development, market shaping (e.g., import and export 
tariff rate), as well as social legitimacy for new technologies, have a 
positive impact on attracting entrepreneurs who can bring their re-
sources to the TIS [28]. The Dutch government’s change in energy pri-
orities is one of the experiences that the Netherlands has faced. 

“The introduction of natural gas in the 1960’s and experiences with 
nuclear energy led to changes in perceptions …, the government took a 
leading role in the introduction of natural gas. A public-private coop-
eration was set up between the Dutch state, Shell, and Exxon, and a new 
actor (Gasunie) was created with a national monopoly on natural gas 
exploitation” [44]. 

Changes in government policies for acquiring nuclear energy and the 
use of gas turbines as a sustainable source has led to projects for the 
development of these technologies. Investing and purchasing technol-
ogy from other countries such as Germany (Nuclear Technology) with 
the aim of developing Dutch companies was another step that would 
have affected the TIS and Dutch energy sector. Some macro government 
policies such as energy liberalization, privatization, deregulation and 
coalitions, and regional agreements can affect the energy sector as well 
as the TIS of the energy sector [37]. The liberalization of energy prices 
affects the supply side of the market. Privatization could also bring new 
investors into the production and distribution of energy, and also 
deregulation will play a facilitating role. Coalitions and regional or in-
ternational agreements such as the accession to the Kyoto Protocol or 
such cases can affect the innovation system. However, some researchers 
acknowledge the impact of liberalization in the energy sector and 
believe that this would jeopardize the supply of energy, reducing 
research and development funding by prioritizing short-term research 
[45]. Other macro factors, such as import or export restrictions for 
commodities, increasing or decreasing exchange rates, incentives pol-
icies for attracting foreign investors, would be considered as part of 
government policies. 

3.2. Variety in energy portfolio with the aim of increasing energy security 

Fossil fuels are gradually being replaced by renewable energy sour-
ces due to environmental pollution and insecurity in supply. Moreover, 
oil supply will become more intricate in the future due to limited re-
sources. Many of oil-rich areas are in countries that are politically un-
stable so that energy policies are increasingly dependent on 
unsustainable sources of energy [46]. Therefore, renewable energy 
technologies are a solution to this problem. This issue could encourage 
policymakers to support and invest in new energy technologies. 

3.3. Economic sanctions 

Economic sanctions and lack of technological cooperation due to 
political issues are landscape factors affecting TIS. In some countries, 
economic sanctions lead to problems in Technology transfer, knowledge 
sharing or supplying infrastructure for research centers and technology 
development in industry. Inability in importing underlying tools and 
infrastructure for a testing prototype of panels may prevent the devel-
opment of photovoltaic technology. Lack of technological cooperation 
may slow down the process of transferring knowledge and access to 
sophisticated technology also. 

3.4. Subsidy targeting 

Subsidy reform in Iran is an effective action that has been carried out 
in Iran’s electricity sector. As experts have cited, subsidy targeting 
(subsidy reform) in Iran has made a considerable reform in the elec-
tricity sector. In this process, the eliminations of subsidies from fuel, 
food, water, and electricity are taking place gradually, and the savings 
will be spent on development. Government action causes changes in 
demand and competition between private and government suppliers. 
The government liberalized energy price so, decided to pay energy 
subsidies directly to the consumer. 

3.5. Crisis in the oil price 

A body of evidence suggests that the oil crisis and rise or fall in price 
will have an impact on renewable energy technologies. For example, the 
1973 oil crisis led the Dutch government to revise its policies. The 
revision of policies has three main objectives: low-cost energy supply 
and diversification in energy supplies with the aim of reducing depen-
dence on oil, efficiency in energy use and reducing environmental 
impact [44]. 

Also, rising oil prices would affect other sectors and technologies. Oil 
prices are essential for the transportation sector as more than 95% of 
vehicles use gasoline. Similarly, an increase in oil prices might affect 
citizens’ transportation patterns (e.g., use fewer cars, buy fuel-efficient 
vehicles, choose jobs close to their workplace) or it may even 
welcome electric cars [47]. 

3.6. Economic growth and downturn 

There is a close correlation between the growth of economic activ-
ities and energy demand [48]. Macroeconomic growth enabled con-
sumers in developing countries to buy their first car, and families in 
developing countries also bought several cars per family member. As a 
result, demand for cars as well as energy increased [47]. In four coun-
tries (Saudi Arabia, Iran, Iraq, and Kuwait), which hold about half of the 
world’s oil reserves, volatility in oil prices has increased the long-term 
instability of this energy source (Sadorsky, 2009). Energy production 
from renewable energy sources is a plan to address the concern about the 
volatility of energy resources and continued economic growth. As the 
energy demand increases in the future for developing countries, a better 
understanding of the impact of economic growth on developing coun-
tries’ TIS is desirable. 

Economic growth increases government funding. However, 
Increasing government funding does not necessarily lead to more sub-
sidies and tax exemptions or more investment in R&D, rather it is related 
to factors such as political tendencies, government policies, reinforce-
ment of groups, etc. Nonetheless, in this case there is a greater chance of 
obtaining public and private funding for the development of renewable 
energy technology [49]. Changes in economic growth are usually 
analyzed by examining changes in GDP and domestic and international 
economic events and their impact on TIS functions such as resource 
mobilization and legitimacy [50]. As economic growth affects govern-
ment funding, downturn also reduces it. The latest studies show that 

1 From this part of paper, we mention the macro factors as landscape factors 
by inspiration of Multilevel perspective. 
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economic downturn would put pressure on existing technologies and 
make them change [51]. For instance, these studies mentioned that 
economic downturn led the Dutch government to decide to import 
electricity and this decision affected the Dutch electricity sector in turn 
[37]. 

3.7. Climate change and environmental issues 

Climate change has affected the development of the energy sector 
[45]. For example, in the Netherlands, attention to minimizing envi-
ronmental impact has led to a boost in energy production from Com-
bined Heat and Power due to its cleanliness [44]. There is also 
significant evidence in various areas of technology that illustrate the 
impact of climate change and environmental issues on technology. For 
example, researchers have pointed out in their research that issues 
related to climate change have led to public concerns and policy actions 
across Europe, such as subsidizing innovation programs and CO2 control 
regulations for new vehicles, which has made cleaner technology in the 
automotive industry more attractive [25]. 

The use of fossil fuels creates two types of environmental problems: 
1) low air quality; 2) emissions of greenhouse gases that affect global 
warming. Governments confront these effects at different levels [46]. 
Supporters of clean energy emphasize these two points and endeavor to 
promote the use of renewable energies. Also, limited access to natural 
resources due to natural disasters or climate change (e.g drought) makes 
countries turn to other renewable sources. For example, with reduced 
rainfall in Iran, the amount of electricity produced by turbines decreased 
from 14% to 5%. And this decline in production has made it possible to 
compensate for the shortage of electricity by increasing the capacity of 
solar power plants which have affected the electricity sector. 

4. Cultural and social support 

Social support of a particular technology can help to improve the 
image of that technology within the community, making it become a 
public demand [37]. This support could be from social networks and 
activists. The legitimization of innovation through social networks 

creates a sense of public demand [50]. 
The growth of environmental awareness is a socio-cultural devel-

opment [52]. Increasing environmental awareness in civil society might 
influence government and energy sector actors to invest in clean tech-
nologies. This pressure can come from energy consumers and increase 
the demand for energy from renewable energy technologies, or by 
supporting or adopting environmental policies from environmental 
lobby groups. Evidence suggests that there is a link between environ-
mental awareness and more willingness to use renewable energy tech-
nologies [53–55]. As stated, social acceptance of technology plays a 
critical role in increasing use of technologies. The pros and cons of 
technology for its potential consumers are significant in the adoption 
and use of that technology [56]. Another cultural factor that would be 
influential at the macro level is historical experience. Having positive or 
negative experiences with technology influences the acceptance or 
rejection of that technology by the stakeholders. The experience of using 
renewable energy technologies for instance, as well as how new tech-
nologies are approached can be further social factors. For example, en-
trepreneurs and investors’ perspectives on new technologies play a 
decisive role in implementing that technology. A case in point is Ice-
land’s experience which shows that the interests and outlooks of en-
trepreneurs with respect to new technologies heavily facilitated the 
introduction of the hydrogen project, which at the time of its launch was 
very novel and high-risk [57]. 

4.1. Geographic factors 

When we look at TIS within a country, there is a risk that the influ-
ence of external and global factors on TIS won’t be taken into account 
[58,59]. Carlsson [60] states that technological changes taking place 
elsewhere in the world might affect innovation system’s functions. In 
other words, there are factors beyond the geographical boundaries of a 
country that would influence the functions of the innovation system 
[60]. Moreover, the latest studies emphasize that international in-
stitutions at the macro level impact domestic TIS [27]. 

Innovation systems in different regions complete each other. Also, 
actors of the innovation system relate to each other internationally 

Fig. 1. TIS and MLP frameworks [36].  
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through knowledge networks [61]. 
Scientific cooperation between countries creates knowledge ex-

change. This scientific cooperation consists of practical conferences 
[62]. Furthermore, Research shows that academic networks can often 
exchange scientific knowledge among developed and developing coun-
tries [58]. The transfer of skilled people from different areas of the world 
leads to the exchange of knowledge between countries. University pro-
grams can also play a role in the spread of skills and knowledge in the 
world. Student exchange programs at the international level between 
universities are examples of such activities [62,63]. Researchers explain 
that the acquisition of knowledge by domestic companies through 
collaboration with foreign companies is one of the crucial mechanisms 
in knowledge spillover [64]. Corporate-level partnerships, such as joint 
ventures or collaborative research projects, begin technology transfer 
and knowledge development across countries. Also, communications 
created between domestic companies with foreign companies around 
the world is another option [58,62]. The presence of multinational and 
transnational corporations whose activities might affect other parts of 
the world is another geographic factor. For example, an innovation that 

appears in a multinational corporation would diffuse in different parts of 
the world [58]. 

Companies often cooperate in the production process. Indeed, in the 
global value chain, companies are involved in a stage that they have the 
most competitive advantage. In the global production network, pioneer 
companies are outsourcing labor-intensive activities and assign these 
activities to companies in developing countries creating knowledge ex-
change and spillover [65]. Hence, changing technology and growth in 
the value chain can have specific effects on the TIS of other countries 
[28,58,62];[63]. According to the literature review, we summarized 
macro factors into 9 categories as follows (Table 1): 

These factors can affect Iran’s photovoltaic innovation system as 
Fig. 2: 

5. Methodology 

To respond to the research question there were three stages. First, 
after reviewing the literature, we carried out semi-structured interviews 
to identify all macro factors. Then, we extracted the most related macro 
factors using thematic analysis (Table 1). We conducted the interviews 
in Iran between January and March of 2018. The sampling targeted 
experts with relevant experience in photovoltaic energy technologies 
from industry and university. In total 21 experts, including five uni-
versity professors with related research experience in the field of energy, 
ten experts and six researchers working in R&D centers were selected. 
Second, we gathered the primary data to extract the most critical macro 
factors. Then, by using ISM and a specific questionnaire, we got the 
experts’ opinions about the macro factors. 

Interpretive structural modeling (ISM) increasingly has been used by 
researchers in different fields such as policy analysis and management 
research. ISM is a well-established methodology that can be used to 
explain complex relationships among many parts of a problem. It acts as 
a tool for organizing and directing complex relationships between var-
iables of an issue. ISM methodology not only provides insight into the 

Table 1 
Macro factors affecting TIS.  

Macro factors abbreviation symbol Reference 

Government policy GP A [28,44] 
Variety in energy portfolio with the aim 

of increasing energy security 
EV D [46] 

Economic sanctions ES H Experts 
Subsidy targeting ST C Experts 
Crisis in the Oil Price CO I [37,47] 
Economic growth and downturn EGD B [47,50] 
Climate change and environmental issues CC G [45–47]. 
Cultural and Social support CS E [44,45,50, 

56] 
Geographic factors GF F [28,58,62, 

63]  

Fig. 2. Macro factors affecting Iran’s photovoltaic innovation system.  
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interaction between variables but also provides a structure based on the 
importance of variables [66,67]. In this stage, 28 specialists and experts 
selected, including eight faculty members and 18 industry experts and 
researchers working in the field of photovoltaic technology. After 
gathering the questionnaires, we initiated the process of data analysis. 
This process is as follows: 

5.1. Constructing the Structural Self-Interaction Matrix (SSIM) 

In this stage, we asked the experts to weigh each variable pair using 
the questionnaire and the symptoms presented in Tables 2 and 3. 

5.2. Constructing the reachability matrix 

In this stage, symptoms in the Structural Self-Interaction Matrix are 
transformed into binary numbers by the rules determined in the ISM 
method. This means that arrows A, O, V, X are substituted by 1 and 0. 
The transformation method is briefly shown in Table 4. 

Table 5 presents the initial reachability matrix in the view of experts 
in the field of photovoltaic technology. 

5.3. Consistency of the reachability matrix 

Once the initial reachability matrix is obtained its internal consis-
tency needs to be checked. For example, if i leads to j and j leads to z, 
then i also should lead to z and if it does not exist in the initial matrix, 
then the matrix must be matched for consistency. In this case, zero 
variables which are converted to 1, are represented by 1*. It should also 
be noted that in large and complex systems it is assumed that each 
component can be obtained from itself. Therefore, all elements of the 
main diameter of matrix are always 1. Table 6 shows the final reach-
ability matrix. 

5.4. Level partitions 

In this step, we obtained the reachability and antecedent sets for each 
driver using the final reachability matrix (Table 7). The reachability set 
of a driver is all of the drivers that are influenced by it. To find the 
influenced drivers for a particular driver, we look at the row related to it. 
The number of ones in this row represents the influenced drivers. The 
antecedents of a driver consist of the drivers that may affect it. To find 
the antecedents we must look at the column related to that driver and 
the number of ones in this column represents drivers influencing it [67]. 
After determining the reachability and antecedent sets, it is necessary to 
determine the levels of drivers. Driver with the same reachability and 
intersection sets are placed at the top level in the ISM hierarchy. After 
determining a driver’s level, it is removed from the table and work on 
other drivers is continued. This is continued until the levels of all drivers 
are found [68]. 

In the first iteration, the drivers C, F, and H placed at the top level, 
and then these three variables were removed from the table and the 
second iteration was performed (Table 8). 

Table 2 
Conceptual relationship in constructing the SSIM  

Symptoms Symptom Concept 

V i leads to j (driver i will help to achieve or is more important than driver 
j) 

A j leads to i (driver j will help to achieve or is more important than driver 
i) 

X There is a mutual relationship between i and j or they have the same 
importance 

O There is no relationship between i and j  

Table 3 
Structural self-interaction matrix.   

A B C D E F G H I 

A  V V V V V V V V 
B   X X O V O V O 
C    O V V V X O 
D     O O V O A 
E      O V V A 
F       O X O 
G        V A 
H         A 
I           

Table 4 
Transforming conceptual relationships into binary numbers.  

Conceptual symptom i to j j to i 

V 1 0 
A 0 1 
X 1 1 
O 0 0  

Table 5 
Initial reachability matrix obtained.   

A B C D E F G H I 

A 1 1 1 1 1 1 1 1 1 
B 0 1 1 1 0 1 0 1 0 
C 0 1 1 0 1 1 1 1 0 
D 0 1 0 1 0 0 1 0 0 
E 0 0 0 0 1 0 1 1 0 
F 0 0 0 0 0 1 0 1 0 
G 0 0 0 0 0 0 1 1 0 
H 0 0 1 0 0 1 0 1 0 
I 0 0 0 1 1 0 1 1 1  

Table 6 
Final reachability matrix.   

A B C D E F G H I 

A 1 1 1 1 1 1 1 1 1 
B 0 1 1 1 1* 1 1* 1 0 
C 0 1 1 1* 1 1 1 1 0 
D 0 1 1* 1 0 1* 1 1* 0 
E 0 0 1* 0 1 1* 1 1 0 
F 0 0 1* 0 0 1 0 1 0 
G 0 0 1* 0 0 1* 1 1 0 
H 0 1* 1 0 1* 1 1* 1 0 
I 0 1* 1* 1 1 1* 1 1 1  

Table 7 
Level partition of drivers (iteration 1).   

Intersection Antecedent Set Reachability Set Level 

A A A A,B,C,D,E,F,G,H,I  
B B,C,D,H A,B,C,D,H,I B,C,D,E,F,G,H,  
C B,C,D,E,F,G,H, A,B,C,D,E,F,G,H,I, B,C,D,E,F,G,H, 1 
D B,C,D A,B,C,D,I B,C,D,F,G,H,  
E C,E,H A,B,C,E,H,I, C,E,F,G,H,  
F C,F,H, A,B,C,D,E,F,G,H,I, C,F,H, 1 
G C,G,H A,B,C,D,E,G,H,I C,F,G,H,  
H B,C,E,F,G,H, A,B,C,D,E,F,G,H,I, B,C,E,F,G,H, 1 
I I A,I B,C,D,E,F,G,H,I,   

Table 8 
Level partition of drivers (iteration 2).   

Intersection Antecedent set Reachability set Level 

A A A A,B,D,E,G,I  
B B,D A,B,D,I B,D,E,G  
D B,D A,B,D,I B,D,G  
E E A,B,E,H,I, E,G  
G G A,B,D,E,G,I G 2 
I I A,I B,D,E,G,I   
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In the second iteration, driver G is removed from the table and then 
the third iteration was performed (Table 9). 

In the third iteration, driver E is removed from the table and then the 
forth iteration was performed (Table 10). 

In the fourth iteration, driver B is removed from the model, and in 
the last iteration the levels of driver I and A were determined 
(Table 11). 

The hierarchical model derived from the ISM analysis is shown in 
Fig. 3. As can be seen in the figure, subsidy targeting (C), economic 
sanctions (H) and the geographic factors (F) drivers are in the first 
level. The ordering of drivers in the ISM hierarchy is from low to high 
importance. This means that the drivers of the first levels are the least 
important and the drivers of the final levels are the most important. In 
fact, in this model, government driver (A) policy is the most important 
driver in the ISM hierarchy, meaning it can have the most significant 
influence on the photovoltaic innovation system. 

6. MICMAC analysis 

In the third stage, we used the MICMAC method. MICMAC is the 
abbreviation for cross-impact matrix multiplication applied to classifi-
cation (MICMAC) [69]. This method is a structural analysis which is 
used to identify key variables. This technique was first introduced by 
Ref. [70] to analyze the influence and dependence of variables in 
complicated systems [71]. This technique reveals the structure of re-
lations of dependency and mobility between system variables and points 
out the essential variables in the evolution of the system [72–75]. The 
method determines which of these variables are the most independent or 
dependent and then identifies the main variables that can affect the 
objects [76]. Moreover, MICMAC analysis classifications helps re-
searchers to formulate how variables should be managed [77]. 

The method starts with providing a list of variables (variables were 
extracted in the first stage). It follows with analyzing the relationship 
between variables and the degree of dependence between them 
(Table 12). If the degree of influence is non-existent, low, medium or 
high, the scale would be 0, 1, 2, and 3 respectively [73,74]. This kind of 
data is generally qualitative so a questionnaire, including matrix of 
direct influence, was given to experts. We asked the experts (who 
participated in the previous step of analysis) to make a point the degree 
of influence between variables. After gathering primary data using 
MICMAC software we conducted analysis. 

As it shown in Fig. 4, the plane of influence/dependence has four 
sections. In each section, one variable group can be located, which has 
specific definitions. The first group consists of autonomous variables 
that have weak influence and dependency levels. These variables have a 
weak relationship with the system. The second group includes linkage 
variables, which have a strong influence and strong dependence level. 
Linkage variables are unstable and any changes in these variables will 
have an effect on other variables, and ultimately the system’s feedback 
can change these variables again. The third group includes dependent 
variables. They have a weak influence but strong dependency level. The 
fourth group includes independent or driver variables that have strong 
influence and weak dependency levels [78,79]. 

As we can see in Fig. 4, government policies and the crisis in oil price 
are in the category of independent variables. It means that these vari-
ables can drive other activities in the innovation system and boost them. 
Economic growth and downturn, variety in energy portfolio with the 

Table 9 
Level partition of drivers (iteration 3).   

Intersection Antecedent Set Reachability Set Level 

A A A A,B,D,E,I  
B B,D A,B,D B,D,E  
D B,D A,B,D,I B,D 3 
E E A,B,E,I E 3 
I I A,I B,D,E,I   

Table 10 
Level partition of drivers (iteration 4).   

Intersection Antecedent Set Reachability Set Level 

A A A A,B,I  
B B B B 4 
I I A,I I,B   

Table 11 
Level partition of drivers (last iteration).   

Intersection Antecedent set Reachability set Level 

A A A A,I 6 
I I A,I I 5  

Fig. 3. ISM hierarchy model.  

Table 12 
Matrix of direct influence.   

A B C D E F G H I 

A 0 3 2 2 2 1 2 2 1 
B 0 0 2 3 3 0 3 0 0 
C 0 2 0 2 2 3 2 3 0 
D 0 3 1 0 2 0 3 3 2 
E 0 0 3 3 0 3 2 0 0 
F 0 0 0 2 0 0 3 0 0 
G 0 1 0 0 1 0 0 0 1 
H 0 3 2 3 1 3 0 0 0 
I 0 3 3 2 0 2 0 2 0  

Fig. 4. Categorizing variables using MICMAC technique.  
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aim of increasing energy security, cultural and social support, subsidy 
targeting and economic sanctions are categorized as linkage variables. 
These variables can affect other variables and also can be influenced by 
them. Finally, climate change, environmental issues and geographic 
factors are categorized as independent variables with strong dependency 
and weak influence. This suggests that these two variables are more 
dependent on other variables of the system and less than effective 
variables. 

Fig. 5 2 shows the direct influence of variables. The color and width 
of lines indicate the strength of influence. For instance, government 
policies (A) and crisis in oil prices (I) are two driver variables which can 
affect other variables. Both of them have the most substantial influence 
on economic growth and downturn (B). This means that high influence 
variables are strategic ones that can moderate and affect other variables. 

The MICMAC method helped us to identify the relationship between 
variables, the extent of influence (driving power) and dependency of 
variables. In other words, this method gave us the ability to classify 
variables into four categories; independent, dependent, linkage and 
autonomous. These categories help policymakers and researchers to 
better understand and interpret the interaction between variables and 
track the impact of their decisions on other macro factors and in the end 
on TIS. 

7. Discussion 

In this section we reflect upon findings with regards to the circum-
stances of Iran as a developing country and explain the results according 
to the experts’ opinion about the macro factors and their impact on 
Iran’s photovoltaic innovation system functioning. This analysis can be 
useful because landscape factors could be unique to the context in which 

the innovation system grows [80,81]. 
We start with economic sanctions. Long lasting economic sanctions 

on Iran led to the relationship with international companies being cut off 
from Iranian photovoltaic industry. Experts believe that the role of these 
companies in TIS of photovoltaic in Iran was diminished to selling solar 
panels to power plants and international companies did not cooperate in 
technology transfer or strategic participation in the Iranian technology 
market. When it comes to geographic factors, international knowledge 
networks and scientific cooperation between countries in the form of 
knowledge exchange and conferences were not very practical in evalu-
ating Iran’s TIS [58,82]. 

This analysis also showed that the effects of subsidy targeting is 
much less important than other factors. Subsidy targeting has led to an 
increase in energy prices and a reduction in energy demand in Iran but 
has not been able to affect the technological field of photovoltaics as a 
renewable energy technology in Iran. Experts cited that, in contrast to 
Iranian policymakers’ goals, subsidy targeting in Iran was not able to 
encourage citizens and companies to change their energy resources (e.g., 
from natural gas to solar power) and only caused to energy prices to rise 
sharply. 

The next landscape factor to study is climate change and envi-
ronmental issues. Iran officially joined the “Paris Convention” in 2017, 
and as a result, renewable and clean energy technologies became a 
priority for Iranian policymakers. In recent studies, the high impact of 
this factor on attracting policymakers to encourage the growth of 
renewable energy technologies was determined [45,47,80]. For 
example, in the Netherlands, this has led to a boost in energy production 
from Combined Heat and Power [37]. In Iran, climate change has had a 
serious impact on people’s lifestyle. Hence, finding solutions to reduce 
the impact has been taken into consideration by policymakers. Reduc-
tion in accessible natural resources which occur due to climate changes, 
makes policymakers in Iran turn to other renewable resources. For 
instance, due to reduced rainfall in Iran, the hydro-electricity share of 

Fig. 5. Direct influence graph.  

2 http://rc.majlis.ir/fa/report/show/916456. 
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total electricity production of the country decreased to 5% from 14%. 
Therefore, this became an opportunity to compensate for the electricity 
shortage by increasing the capacity of the solar and wind power plants. 

Cultural and social support with the aim of increasing energy se-
curity is the factor in the next level of importance. Previous research has 
shown that there is a link between environmental awareness and will-
ingness to use renewable energy technologies [53–55]. Social support 
for a particular technology can help to improve the image of that tech-
nology within the community [44]. and the legitimization of innovation 
through social networks creates a sense of public demand [50]. 

Moreover, studying variety in energy portfolio factor shows that, 
by decreasing the share of fossil fuels in the energy supply portfolio of 
Iran, policymakers are seeking to increase the share of renewable energy 
resources, including photovoltaics. Besides, security of energy supply is 
another important factor that government is following in extending the 
variety of the energy portfolio. In the opinion of experts these two fac-
tors led to the establishment of the “Iranian Energy Efficiency Organi-
zation” (IEEO) in 1996 as a government regulatory agency with the 
mission to increase energy efficiency and energy consumption ration-
alization in all energy-intensive sectors, such as residential buildings. 

The experts have determined economic growth and downturns as 
another important landscape factor. There is a close correlation between 
the growth of economic activities and energy demand [48]. It directly 
affects government revenue and the R&D budget in renewable energy 
technologies, and consequently enhances technological development in 
the innovation system [37,51]. In this context, the latest research indi-
cated economic growth as an influential factor in the wind energy TIS in 
Colombia [80]. In recent years because of economic downturns and 
decreasing government budgets in Iran, investment in renewable energy 
and R&D in a new generation of solar energy and other emerging 
technologies has stopped (Fig. 6). 

According to the statistics in the Fig. 6, more investment and 
resource allocation are required for R&D in Iran. 

The oil price is the next landscape factor with a higher level of 
importance. As a significant portion of the budget of the oil-rich coun-
tries is supplied from oil sales, a sudden increase or decrease in oil prices 
for oil-rich countries could directly affect investment levels in renewable 
energy in the long term. On the other hand, lower oil prices in addition 
to reducing the government budget of the oil-rich countries can also 
affect the willingness to produce energy from other renewable sectors. 
Experts believe that with low oil prices the cost of energy supply from 
fossil fuels will be decreased and the investment in renewable industries 
would lose its economic value due to lack of competitive prices. 

The results of this study indicated that the political context in which 
the innovation system operates is so important for its development and 
so government policies should be considered the most important macro 
factor. Besides, access to public finance for R&D, market formation as 
well as the creation of legitimacy has a positive impact on attracting 
entrepreneurs to take action inside the technological innovation system 
[28]. A review of other countries’ experiences such as The Netherlands, 
shows that government policies can eliminate or enhance emerging 
technologies in the field of energy [44,45]. Other policies, such as 
import or export restrictions on some commodities, increasing or 
decreasing exchange rates, encouraging strategies for attracting foreign 
investors, feed-in tariffs, etc. can be considered part of government 
policies. For instance, some policies that affect the TIS of photovoltaic 
are as follows (Table 13): 

Table 13 shows electricity feed-in tariffs in Iran from 2015 to 2018. 
While the adopted tariffs were very attractive for actors in 2015, it was 
reduced or unchanged in the following years and lost its attractiveness 
for entrepreneurs in the photovoltaic power sector. 

The results of MICMAC analysis showed government policies and oil 
price as driver variables that could also stimulate other landscape factors 
and should be emphasized more in assessing a TIS. In other words, if 

Fig. 6. R&D credits as a percentage of GDP (parliament research center of Iran).  

Table 13 
Electricity feed-in tariffs.a.  

Year Technology Type Guaranteed Electricity 
Purchase Tariffs (IRR) 

2015 A solar farm with the capacity of more than 
10 MW 

5600 

A solar farm with the capacity of 10 MW or 
less 

6750 

A solar farm with the capacity of 100 kW MW 
or less (exclusive to electricity subscribers 
and limited to branching capacity) 

8730 

A solar farm with the capacity of 20 kW MW 
or less (exclusive to electricity subscribers 
and limited to branching capacity) 

9770 

2016 A solar farm with the capacity of more than 
30 MW 

3200 

A solar farm with the capacity of 30 MW or 
less 

4000 

A solar farm with the capacity of 10 MW or 
less 

4900 

2017 All the capacities Same as previous year 
2018 All the capacities Same as previous year  

a http://www.moe.gov.ir/. 
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policymakers make these factors change, other macro factors will 
change too. For example, changes in government policy affect economic 
conditions and energy portfolios. 

Economic growth and downturns, variety in energy portfolios with 
the aim of increasing energy security, cultural and social support, and 
subsidy targeting and economic sanctions were categorized as the 
linkage variables. These variables have strong driving power (influence) 
and dependency level. For example, government policy may affect 
economic sanctions and consequently impacts geographic factors (e.g. 
Lack of technological and scientific exchanges with other countries). 

Finally, climate change and environmental issues and geographic 
factors are dependent variables. Thus, these two variables are dependent 
on other variables in the photovoltaic innovation system and therefore 
were not considered as influential factors. In the end, the result of the 
MICMAC analysis informs policy and decision makers about the inter-
action between variables and the consequences of their decision. 

8. Conclusion 

As our analysis has demonstrated, the combination of Multi-level 
perspective and innovation system approach offers a suitable base for 
macro level analysis of technological innovation systems. As exemplified 
for Iran’ s Photovoltaic TIS, this combined conceptual perspective 
apparently reveals how macro factors (landscape) can address the 
functioning of an innovation system. We determined the most influential 
factors and their interactions. Due to the uncertainties about the direc-
tion of the development of new technologies and the impact of the 
landscape factors on their development, understanding the nature of 
these factors would be valuable for the actors of an innovation system. 

In doing so, after a literature review, semi-structured interviews 
were carried out and primary data to extract the importance of macro 
factors and understanding how they affect the TIS, was gathered. At the 
end of this stage, the main macro factors affecting photovoltaic inno-
vation system was identified as follow: government policy, variety in 
energy portfolio of the country, economic sanctions, subsidy targeting, 
oil prices, economic growth and downturns, climate change and envi-
ronmental issues, cultural and social support, and geographic factors. 

The aforementioned macro factors can impose restrictions or create 
opportunities for the actors and functions of a TIS. For example, deter-
mining feed-in tariffs may encourage the entrepreneur to enter the 
market of photovoltaic TIS, or economic downturns may decrease the 
budget of R&D centers working on solar panels. Hence, identifying and 
prioritizing these factors can help policymakers gain a better under-
standing of a TIS. In that respect, after identifying these factors, the ISM 
method was used to prioritize these factors based on their importance in 
the TIS. The results of prioritizing landscape factors using ISM method 
showed that subsidy targeting, geographic factors, and economic sanc-
tions were insignificant and so those were the least important factors 
affecting the transformation of photovoltaic innovation system in Iran. 

Moreover, results of MICMAC analysis showed that government 
policy and a crisis in oil price are the drivers of other variables. Thus any 
changes in these variables may put pressure on other macro variables 
and affects their value. A lower oil price in Iran for instance may reduce 
government revenue and consequently decrease R&D budgets which in 
the end limits knowledge development as one of the primary functions in 
TIS. The result of this analysis helps policymakers to investigate the 
systemic problems of TIS more precisely and track the impact of their 
decisions on TIS functioning. This research also showed that with 
greater attention to detail, we were able to identify landscape factors 
that are unique to the activity of the innovation system in a specific 
country. 
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