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Abstract
The challenges of the new era about being more sustainable 
have been increasing in recent decades. Most of the studies 
have focused on investigating the sustainability transition in 
clean-tech industries of emerging economies. Meanwhile, 
the role of scale-based industries like the steel industry in the 
transition to sustainability has been neglected, specifically in 
emerging economies and developing countries. The iron and 
steel industry has a share of one-third of global industrial emis-
sions all over the world, which can make a stronger argument 
to get more attention. The pressure on the industry shift to 
more sustainable ways of production is currently undergoing 
in the Swedish steel industry within the HYBRID project that 
aims to transition towards a hydrogen-based steel making. Hy-
drogen Direct Reduction (H-DR) is taken as a case study in 
order to compare with the steel of Iran in terms of sustainability 
transition. Considering the advantages of Iran like the avail-
ability of renewable energy (solar), of iron ore, a growing steel 
industry, and well-skilled people, the main question is how Iran 
as a latecomer, can make a collaboration with Sweden in order 
to develop the sustainability transition in this industry. Here, 
the experiences of Sweden shall be taken into account to iden-
tify the features and conditions in Iran. We apply a Multi-Level 
Perspective (MLP) in this study. 

Introduction
Economic growth raises living standards around the world, but 
such growth can also put increasing pressure on ecosystems 
that lead to irreparable consequences in the future (Fagerberg 
2017). Neoclassical economists emphasize the important role 
of technology development in order to succeed in the economic 
development of countries. While its apparent aim was to bring 
economic equality and convergence in different countries, in 
practice, it polarized and divided the world economy into two 
parts, the rich north, and the poor south, which led to social 
and economic inequalities (Idowu et al. 2020). However, this 
approach is criticized since it is purely economic and destroys 
the biological balance of the world. In this regard, Fagerberg 
(2017) states that to reduce the ineffective consequences of eco-
nomic development, countries should become more innovative 
in the transition to sustainability. Therefore, subsequent studies 
attempt to focus on socio-technical systems in order to answer 
the question of how these systems can shift towards a sustain-
ability transition (Markard et al. 2012). The Paris Agreement 
from (2015) and the United Nations Framework Convention 
on Climate Change (UNFCCC) goals to reduce Greenhouse 
Gas (GHG) emissions all over the world have been effective in 
shaping sustainability transition studies. Most studies have fo-
cused on the development of sustainable technologies for tran-
sition in clean or emerging industries. In contrast, the energy-
intensive industries such as steel, cement, aluminum should 
be further explored because these industries, which are often 
based on natural resources, have a high share of CO2 emissions 
worldwide (Wesseling et al. 2017). Appropriate measures have 
been taken to reduce carbon emissions and increase energy ef-
ficiency in some countries such as Sweden or China. Such ef-
forts have navigated studies on clean technologies used to help 
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reduce carbon emissions in energy-intensity industries (Kara-
kaya et al. 2018, Kushnir et al. 2020). 

However, the growth rate of developing countries relies more 
on the development of energy-intensive industries with mass 
production. Hence, most of them focus on increasing produc-
tion for economic development, while in many cases, sustain-
able development goals have not been addressed (Idowu et al. 
2020). Given the importance of sustainable transition debates 
in recent years, therefore, low-carbon technological changes 
and socio-technical changes are prerequisites for the devel-
opment of many countries in the present age. Most studies of 
low-carbon technology in the steel industry are in one country 
(Karakaya et al. 2018; Kushnir et al. 2020; Arens et al. 2017) 
and few studies have examined several nations at transnational 
level (Zhao et al. 2019). Given the issues discussed above, the 
present study investigates sustainability transition in the steel 
industry. We choose a case study approach in two countries, 
Iran and Sweden, as we seek to respond to the following ques-
tions: Where are the Iran’s and Sweden’s steel industry placed in 
the transition process, and what factors have an impact on their 
success or failure? 

The paper aims at responding to the questions by applying 
the MLP method. The paper is structured as follows: Section 1 
gives an overview of literature. Section 2 reviews the global iron 
and steel sector. Section 3 presents the methodological details. 
Section 4 presents the case studies and their findings. The last 
sections provide discussions, conclusions and make sugges-
tions for industry, and policymakers.

Sustainability transitions
In recent years, sustainable transitions have been taken into ac-
count by many researchers. Sustainability transitions are long-
term, multi-dimensional, and fundamental transformation 
processes through which established socio-technical systems 
shift to more sustainable modes of production and consump-
tion (Markard et al. 2012). However, it is an intriguing question 
of how these transitions to a new system take place. To answer 
this question, the MLP has been applied (Geels 2006). The MLP 
is based on the logic that the transition would happen through 
interaction within and among three analytical levels: niches 
(local innovations), socio-technical regimes (established ac-
tors, technology, practices, and rules in the system and in fact) 
and a socio-technical landscape (Bilali 2019). Socio-technical 
regimes coordinate the activities of actors and social groups 
that force creates, lock-in, and path dependence in existing 
systems. So the transformation in the socio-technical regime 
is incremental. 

Changes in industrial leadership in the world iron and 
steel industry
Nowadays, the steel industry around the world has witnessed 
technological changes, starting with Open-Hearth Furnace 
(OHF) technology, then the emergence of Blast Oxygen Fur-
nace (BOF), and Electric Arc Furnace (EAF) technologies. 
Now it is on the verge of a new generation of technological 
transition (Ahman et al. 2018). For centuries, the adoption of 
such emerging technologies has become one of the most im-

portant challenges in different countries. Soma studies have 
introduced countries’ capabilities to attract new technologies 
in the context of industrial leadership changes (Kang & Song 
2017, Giachetti and Marchi 2017, Lee and Malerba 2016, Lee 
and Ki 2017). Windows of opportunities are a reason to catch 
up cycles that include demand shifts, regulations and technol-
ogy development (Lee and Ki, 2017). In this Part, technological 
catch up is introducing based on which circumstances and by 
which technologies countries could catch up in the steel indus-
try. 

Lee and Ki (2017) have taken this framework to analyze the 
process of industrial leadership change in the steel industry. 
They claim that the US was the industrial leadership in steel un-
til the first half of the 20th century, then the emergence of new 
technologies (BOF, continuous casting (CC)) in 1960 was an 
exogenous window of opportunity for Japanese firms to adopt 
and create their own path. However, Japan also failed to sus-
tain its position, and South Korea could benefit from reduced 
cost worldwide by importing mature and cheap technologies 
in 1970 and enhancement of in-house R&D in the develop-
ment of CC technology gradually. However, South Korea also 
like the US, and Japan could not sustain its leadership posi-
tion. With the financial crisis of 2008–2009, demand for steel 
declined again, and countries faced excess production capacity 
and oversupply of imports, which put high pressure on steel 
prices, and lowered the profitability of the industry. Under such 
circumstances, each country was seeking to reduce its imports 
and maintain its local market by adopting policies and laws. In 
this situation China’s iron and steel industry can adopt suitable 
measures quickly, and became world leader in EAF technol-
ogy production (Madias, 2014). At the same time, many envi-
ronmental challenges and constraints increased, and the steel 
industry forced to adopt some of the most stringent environ-
mental standards that would virtually reduce steel production 
and increase the circular economy. Thus, the global steel com-
munity attempted to balance excess steel capacity and ensure 
the sustainability of the carbon steel industry through efficient 
and cost-effective production routes (Joon Min, 2016). Differ-
ent countries have tried to introduce sustainable technology to 
meet the balance mentioned above and also to meet the 2050 
GHG emission target all over the world. These transitions not 
only are involved the technologies, but they are also included 
how the countries respond to the opportunities. Before devel-
oping the sustainability transition goals, all of the windows of 
opportunities were exogenous and latecomer countries should 
respond them actively (Lee and Malerba, 2017). However, in 
the transition era, indigenous windows of opportunity should 
be opened by managing a broad set of activities to develop so-
cio-technical system to respond proactively (Kwak and Yoon, 
2020, Yap and Truffer, 2019). Table 11 presents the emergence 
technologies in the steel industry.

1. In Table  1, “R” refers to more complex innovations that do not significantly 
change existing production structures; “RR” implies new technologies that require 
change in production facilities and systems, “RRR” refers to innovations at very 
early stages of development that would radically change the production system.
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Methodology
This paper aims to investigate the factors that are essential to 
developing a Technological Innovation System (TIS) in the steel 
industry. To this, a multiple case study has been used (Yin 2003). 
In a multiple case study, the researcher studies multiple cases to 
understand the similarities and differences between the cases. 
The multiple case study is studied with a comprehensive view by 
either one or several methods. The Multiple-Level Perspective 
has been used as an analytical method in the multiple case study 
framework of this paper (Gustafsson 2017). The case studies fo-
cus on the situation of sustainability transition, and hydrogen 
direct reduction technology in particular, in Iran and Sweden. 

The MLP approach has been applied to grasp fundamental 
factors that lead to success or failure of this type of transition 
in both countries through analysing the transition process at 
three levels, namely niche, existing socio-technical system, and 
landscape. Both primary and secondary data have been applied 
in the paper. As primary data, some semi-structured interviews 
were conducted among Swedish and Iranian experts in the 
steel industry during 2018–2019. The secondary data consist of 
academic papers, documents from companies, governmental 
documents, reports, and statistics of some agencies. 

STATUS QUO OF IRAN’S AND SWEDEN’S STEEL INDUSTRY
In this section, Iran’s and Sweden’s steel industry are compared. 
They have a different history, steel production amount, raw ma-
terial, energy consumption, and technology used. The Swedish 
iron and steel industry has a long history beginning in the mid-
dle ages (Jernkontoret, 2018). But the first attempts for domes-
tic steel production in Iran in 1884 and 1937 failed. The most 
important measure in Iran’s iron and steel was the construction 
of the Esfahan Steel company in 1965, which was put into op-
eration in 1972. After the Iran’s Islamic Revolution of 1979, the 
development of the industry flourished (Attarpour et al., 2018). 
A comparison of steel production in these two countries shows 
that Iran has 84.05 % of the total production of the two countries 
(Figure 1). Iran’s vision is to have 55 million tons production 
by 2025, and crude steel production in Iran increased by 30 % 
in 2019 that has transcended its ranking from 13th to 10th as a 
world steel producer. In 2019, Iran produced 31.9 million tons 
(MT) steel (World Steel Association 2019). In Iran, the largest 
share of production is in the three major manufacturing compa-
nies, Isfahan, Mobarakeh, and Khouzestan steel company (about 
17.8 MT out of a total of 21.8 MT in 2017) that most of them are 
ore-based reduction plants (Iran’s Steel Master Plan 2018).

Table 1. Overview of low carbon innovations in Iron and Steel (Wesseling et al. 2017).

Bottlenecks of diffusion of the 
innovation

DescriptionType of 
Innovation

Technology

High energy demand, costs, 
infrastructure, acceptance by the 
local public, CCS as a precondition

Currently under R&D (ULCOS project) needs high 
integration into existing plants which might need 
significant changes in plant/sites

RRecirculating Blast 
Furnace and Carbon 
Capture and Storage 
(CCS)

Costs, infrastructure, acceptance, 
CCS as a precondition

Makes obsolete coke ovens, Blast Furnace (BF) & BOF 
of conventional steel factories

RRSmelt reduction and 
CCS

Costs, infrastructure and TechnologyMake obsolete coke ovens, BF &BOF of conventional 
steel factories, but is combined with electric arc furnace, 
needs H2 supply infrastructure

RRDirect reduction 
with H2

Only available in lab; low coal/CO2-
prices and high electricity prices

Makes obsolete coke ovens, BF & BOF of conventional 
steel factories, needs large electricity supply; technology 
only on lab scale available

RRRElectrowinning

Table 2. Lists of interviews conducted in Iran and Sweden’s steel industry.

Interviewee in Sweden Interviewee in Iran
Assistant professor of KTH Royal Institute of Technology Member of the board of Middle East Meyare Sanat Engineering 

Company
Assistant professor of KTH Royal Institute of Technology Director of planning and research at National Iranian Steel Company

Professor of Faculty of Engineering (LTH), Lund University R&D manager of Isfahan Steel Company

Professor of Faculty of Engineering (LTH), Lund University Vice President of Research Management, Technology, and Localization 
of ESCO

Technical Director of Swedish steel producers’ Association 
(Jernkontoret)

Manager of Pershia Metal Espadana Investment Company

Senior Advisor (environmental issues) and Research 
Manager Swedish steel producers’ Association

Technology Manager of Isfahan’s Mobarakeh steel company

Chief Technology Officer of SSAB AB The executive director of Iran’s steel producers association
Researcher and assistant professor Professor at Sharif University of Technology
Expert in Stockholm environmental institute Deputy of Planning and capability building of Iranian Mines and Mining 

Industries Development and Renovation Organization (IMIDRO)
Energy and environment director CEO of Iranian Fartak Research and Innovation company
Researcher at CIRCLE Expert in related to technology development in Steel in Vice-presidency 

for Science and Technology 
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However, according to the World Steel Association, this 
amount was not significant for Sweden. The total production 
of crude steel in 2018 was 4.7 million tons, which shows a 5 % 
reduction compared to 2017. It should be noted that the quality 
and variety of steel industry products in Sweden is much higher 
and better than Iran because the production is based on spe-
cialty and highly finished products that are mainly exported. 
In Sweden, steel production is at thirteen plants. The majority 
of the steelworkers are found in Bergslagen. Ten production 
plants are scrap-based, and one of them is an ore-based reduc-
tion plant (Jernkontoret 2019). 

From the energy consumption point of view, the large part 
of the energy consumed in Sweden’s steel industry is based on 
coal, while in Iran, it is natural gas because Iran has second in 
the world in terms of natural gas reserves (Middle East Bank, 
2015). Based on the energy consumed, the type of technology 
used in each country is determined. In Sweden, the critical 
technology in steel production is oxygen Blown Converters 
(OBC), which is based on coal consumption with 62.5 % us-
age in 2017. In contrast, the largest share of steel production is 
based on a direct reduction in (EAF) that accounts for 89.5 % 
in 2017 (World Steel Association, 2018). According to Midrex 
statistics (2016), Iran has the most massive production of natu-
ral gas using plants and is the number one gas-based Direct 
Reduction Iron (DRI) producer (Figure 1). 

The amount of CO2 emissions in Sweden was 5,691.4 Kt in 
2018 that has experienced an 0.08  % reduction compared to 
the previous year (Swedish Environmental Protection Agency, 
2019). There is no exact information on the amount of CO2 emis-
sions in the Iran’s steel industry. However, they can be estimated 
based on emission factors of the technologies. The emission fac-
tors for the OBC and EAF of Iran’s steel industry are 1.46 and 
0.78 (ton CO2/ton steel) respectively. It shall be considered that 
about 20 percent of electric arc furnace volume is filled with recy-
cled steel scrap (with emission factor equal to 0.08 ton/ton steel) 
that is combined with pig iron (Third national communication 
to UNFCCC, 2017). Then in total, Iran’s steel industry CO2 emis-
sions can be estimated at about 17,542 Kt for 24,520,000 tons’ 
steel production. Compared to Sweden, it is less than 5,691.4 Kt 
CO2 emissions of 4,654,000 tons of steel production in Sweden 
(Swedish Environmental Protection Agency, 2019).

Comparison of raw material illustrates that Sweden is one 
of the largest sources of iron ore in Europe, with approximate-

ly 92 % of Europe’s iron and 5 % of the world’s iron reserves. 
Currently, Sweden’s mines produce 80 million tons of ore in 
Sweden per year, mostly from Kiruna Mine, which in 2008 
produced 27.5 million tons of iron. LKAB is a Swedish mining 
company that is wholly owned by the Swedish state and is the 
largest mining company in Sweden. It is located at Kiruna and 
Malmberget in northern Sweden. LKAB produced 27.2 Mt of 
iron ore products during 2019 (LKAB 2019). 

Iran also has abundant reserves of iron ore. About 40 % of 
Iran’s iron ore reserves are located in the GolGohar area of 
Sirjan in Kerman province, and the largest iron ore producer 
is GolGohar Mining and Industrial Company, which is under 
IMIDRO supervision. The company produced approximately 
14 million tons of iron ore in 2019. Iran also has a competi-
tive advantage in terms of sponge iron production worldwide. 
In 2019, Iran’s sponge iron reached 27.73 MT, an increase of 
7.7 % over the same period in 2018, and took the second place 
after India (producing 36.8 MT) in the world (Steel master plan 
2018). Nevertheless, Iran has 66.95 % of the total iron ore pro-
duction of the two countries (Figure 1).

Findings

ANALYSIS OF MULTIPLE LEVEL PERSPECTIVE 
Based on the Multiple-level perspective (MLP) framework, the 
sustainability transition of Iran’s and Sweden’s steel industry 
has been analysed. We, then, provide the extracted factors with 
some examples of the interviews’ text that are given as phrases 
inside the text.

Driver factors of sustainability transition in Sweden’s steel industry

Socio-technical landscape
Sweden has the target of emission reduction in different sec-
tors. Over the last years, the steel industry, like other sectors, 
has been under severe pressure due to global overcapacities, 
some practices, energy costs, and policies at the national and 
international stage. The EU commission signed the Kyoto pro-
tocol in 1998 and then set up its emission trading scheme un-
der the Emission Trading System (ETS) in 2005. By 2020, it 
cuts its Greenhouse Gases (GHG) emissions by 20 %, and that 
can make the challenges for energy-intensive industries like the 
steel industry in the long-term. 

 
 

Figure 1. Steel production (2018), technology usage, iron ore production (2017) of Iran’s and Sweden’s steel industry (World steel 
association).
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For industries that are in the international market, there 
are some allowances for emission-free. It is only for 2020, 
and then this amount of free allowances would be much 
lower than before. It will be problematic for industries that 
do not have other technologies today, and they cannot de-
crease emissions. So they have to pay for them. Another 
problem is that the steel industry in Europe is costly be-
cause no steel industry outside Europe has this price. This 
is an important legislation problem we have. So, to stay 
safe from the disadvantages, we need to think about tech-
nology development.

To solve the legislation issue, some considerations about Swe-
den’s vision started in 2011, after the financial crisis of 2008–
2009 that sustainable issues became highlighted. The vision was 
drawn up by Jernkontoret’s project group, together with repre-
sentatives from the steel industry, and Jernkontoret’s Council 
adopted this in March 2013 (Jernkontoret, 2019). With this vi-
sion, the Swedish steel industry intended to contribute to the 
ongoing shift to a sustainable society and with a greater respon-
sibility towards people and the environment. 

Starting the discussions at Jernkontoret, we figured out two 
important needs for the steel industry, one was an improve-
ment of the steel industry’s image, and another one is speak-
ing with one voice in the steel industry to move towards sus-
tainability. In 2015–2016, the steel industry and Stockholm 
Environment Institute (SEI) provided the action plans to 
bring the Swedish steel industry closer to its 2050 vision.

Then the Paris Agreement in 2016 was signed and released as 
an agreement within the United Nations Framework Conven-
tion on Climate Change, dealing with greenhouse-gas-emis-
sions mitigation, adaptation, and finance. The countries have 
committed to pursue climate policy in order to reduce or miti-
gate CO2 emissions. In June 2017, Sweden’s Riksdag decided by 
a large political majority to introduce a climate policy frame-
work with a climate act for Sweden. This framework is the most 
important climate reform in Sweden’s history and sets out the 
implementation of the Paris Agreement in Sweden. In this re-
gard, by 2045, Sweden is to have zero net emissions of green-
house gases into the atmosphere (Carlesson 2018). As it has 
mentioned by Geels (2006), the macro-level in MLP perspec-
tive is formed by the socio-technical landscape, which refers 
to aspects of the wider exogenous environment, which affect 
socio-technical development (for example globalization, envi-
ronmental problems, cultural changes). 

The cultural changes can also affect the existing socio-tech-
nical system to change by formulating suitable cultural poli-
cies that can sustain cultural practices and rights. For instance, 
the green operations and impacts of cultural organizations and 
industries raise awareness and catalyse actions about sustain-
ability and climate change, and foster ‘ecological citizenship’ 
(Dexbury et al. 2016). 

One of the most important preconditions to move towards 
sustainability is public support. The government has to 
change the mindset through the right policies like cultural 
policies. I think the Swedish government could do that bet-
ter than other countries.

Socio-technical regime

Government support for Research and Development (R&D)
Investment in R&D is costly and risky by itself. If a government 
has financial restrictions, public investment and innovation 
will decrease. Thus, well-designed policies on R&D allocation 
can play an important role in fostering investment. Sweden 
has some kinds of support for R&D, one is direct government 
funding of business R&D, and another is a tax incentive for 
R&D (OECD, 2019). The European Research Fund is a third 
type of support for Sweden’s steel industry. It allocates about 
SEK 400 million for steel research at companies, institutes and 
universities in Sweden annually (Jernkontoret, 2019). In 2017, 
Sweden was close to the OECD median in total government 
support to business R&D as a percentage of GDP, at a rate of 
0.13% of GDP (OECD, 2019). It demonstrates that the indus-
tries in Sweden are well supported financially. 

The steel industry had not any problematic issues on fund-
ing the research related to developing Hydrogen based 
production in Sweden. The feasibility studies and pilot 
plant building phases were 50 % funded by the government 
(Swedish energy agency) and 50 % by manufacturers.

Policymaking model of government
As Fagerberg (2017) has noted, the effective policies for sustain-
ability transitions are not based on traditional top-down poli-
cies. Reducing emissions of greenhouse-gases to almost zero 
requires a large number of actors all over the world to transi-
tion from producer-oriented to user-oriented mode. According 
to the ETS system, the Swedish steel association Jernkontoret 
with other actors, has proactively tried to discuss a fossil-free 
industry. It tries to convince other actors like the government 
and other organizations that the fossil-free steel industry is im-
portant and also has advantages in the long run. They could 
influence the visions and government’s expectations that lead 
to the formulation of the policies afterward. 

Looking for possible solutions to decrease or eliminate the 
emissions in the steel industry, we had some meetings with a 
group of government officials to bring them with ourselves. 
Thus, in 2013 the vision and 2017 the climate policies pro-
vided the support in practice.

Well established collaboration among actors
Transition is a multi-actor process that entails interactions be-
tween social groups (Geels and Schot 2010), meaning the more 
actors collaborate, the more successful transition to a sustain-
able environment will happen. In Sweden’s steel industry, the 
actors and especially producers have well-established relation-
ships. Additionally, Karakaya et al. (2018) have argued that the 
culture of the companies is to be special in niche markets that 
have no competition. In other words, the companies have fo-
cused on the production of special steels, and these products 
are aimed at customers within various market niches. In line 
with the Jernkontoret report (2018), the reason is that the 
Swedish steel industry has undergone a process of significant 
restructuring since the mid-20th century. And this has led to a 
specialization in fewer products. The major part of the special 
steel produced in Sweden is exported to 140 recipient coun-
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tries in 2014 (Jernkontoret, 2018). So, building a shared vision 
among actors based on their collaboration and transition from 
the current socio-technical system to a new one is simpler than 
the relationships based on the competition. 

One of the distinctions of this industry in Sweden, compared 
to other countries, is the lack of competition between the ac-
tors because Sweden’s steel industry is working on different 
products. As an example, there is an outstanding collabora-
tion among three major actors namely SSAB (a major pro-
ducer and incumbent company in the Swedish steel industry 
that is not a state-owned company but it has some cross-
ownership with LKAB), LKAB (the State-owned Swedish 
mining company) and Vattenfall (the state-owned Swedish 
multinational power company) in the HYBRIT project.

Of course, this cooperation is not limited to the national level; 
the Swedish steel industry also has some international collabo-
rations by joining and attending international networks like 
the European or the World Steel Association (EUROFER and 
Worldsteel). For instance, SSAB has some plants in other coun-
tries like SSAB’s production plants in Sweden, Finland, and 
the US. This company also can process and finish various steel 
products in China, Brazil, and many other countries. Nonethe-
less, the company is the frontier of knowledge by recruiting 
skilled labour and experts from different countries and using 
the potential of other countries. SSAB also helps the industry 
to be aware of the transformations that would happen in the 
industry globally and discover windows of opportunity earlier 
than other countries (SSAB, 2020). 

Today, we are strong in the global presence by having a high 
amount of professionals in approximately 50 countries.

The Swedish steel industry also has relationships with the re-
search centers and universities at national and international 
levels. The primary role of the research centers is to bridging 
the gap between university, industry, and government. Indeed, 
the R&D structure operates in a coherent and integrated way 
that provides a coherent orientation for all actors. 

We have good research centers that provide research issues 
about different sectors. So the universities and governmen-
tal agencies can see these issues, which is partly funded by 
this center, and apply for them by submitting their proposal. 
The HYBRIT project is an example in which Mistra, as a 
Swedish research foundation, could build bridges between 
academia and the business sector.

Public awareness
The development of new technologies requires radical changes 
in the culture of consumerism. Cultural acceptance is created 
through training and involving people in relevant issues like the 
environment. The concept of sustainable development is well-
known in Sweden, and therefore, it facilitates public support for 
transformations in different sectors. The climate change effect 
is also a familiar and popular concept among Swedes. The level 
of awareness among the public had peaked between 2002–2003 
because of the information campaign on climate change, as a 
part of Sweden’s climate strategy, by the Swedish Environmen-
tal Protection Agency on behalf of the Sweden government 
(Ministry of sustainable development Sweden, 2005).

We had many meetings with people in the company and 
outside (NGOs, Ordinary people, society entities, authori-
ties, politicians, academics …) in the workshops. We tried 
to listen to everybody.

Niche-innovation
For the sustainability transition, there are different kinds of in-
novation, of which technological innovation is the most favour 
by governments (Chang et al. 2015). Referring to the inter-
views, in 2015–2016, the steel industry, in collaboration with 
the Stockholm Environmental Institute (SEI) formulated ac-
tion plans to bring the Swedish steel industry closer to its 2050 
vision. In spring of 2016, the Swedish companies LKAB, SSAB, 
and Vattenfall announced their ambition to develop and imple-
ment a fossil-free steel production process in Sweden. This pro-
cess would replace coal with hydrogen for the direct reduction 
of iron, combined with an electric arc furnace. It would be al-
most entirely fossil-free, and if it fully deploys, Sweden will see 
a 10 % reduction in its GHG emissions. The concept is called 
Hydrogen Breakthrough Ironmaking Technology, or HYBRIT 
for short (Ahman et al. 2018). However, this technological in-
novation is still in a pilot phase and also has some challenges 
about creating infrastructures in practice. 

Barrier factors of sustainability transition in Iran’s steel industry

Socio-technical landscape limitations
In 1992, the Iranian government established a National Com-
mittee for Sustainable Development (NCSD), and the govern-
ment completed two national initiatives, the national plan for 
the protection of the environment, and the national strategy for 
sustainable development. However, they were not very success-
ful. After the introduction of the Paris Climate Change Agree-
ment (2015) around the world, many of the priorities of various 
sectors to meet their goals have changed in economic, techno-
logical, environmental, political perspective. Iran is also no 
exception. By submitting an Intended Nationally Determined 
Contribution (INDC), the Islamic Republic of Iran intended to 
participate by mitigating its GHGs emissions by 4 % (uncondi-
tionally) and 8 % (conditionally) in 2030. However, as shown in 
Figure 2, CO2 emissions have not decreased over the last years 
nationally, and Iranian companies have not imposed any strong 
climate targets yet. 

We have some policies for sustainable development that 
mentioned in Fifth and Sixth Five-year Development Plans; 
however, they are not applicable. They cannot push enough 
pressure on the sectors.

Moreover, the cultural preferences in Iran maintain the current 
socio-technical regime; most of the people prefer to purchase 
the products with low costs, which is in contrast to environ-
mental goods. Ecological goods need higher investments for 
production, and they might have higher consumption costs 
too. 

Culturally, our people are not serious about environmental 
issues because they have not been trained, and the perfor-
mance of related regulations is not efficient. So people do 
not pursue a sustainable path.
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Socio-technical regime barriers

Low R&D allocation
R&D efforts in the steel industry are driven by the goal of im-
proving the productivity of industrial processes. Iran’s internal 
R&D’s resources are not in perfect shape. According to the 
Budget Act (2019) passed by Iran’s Islamic Consultative As-
sembly, up to 3 % of the budget should be allocated to R&D in 
different sectors, which have been spending less than expected 
in the organizations. 

The government has set a tax exemption for corporations 
that are more in line with the vision 2025. They use this ex-
emption to invest in R&D. However, only a small number of 
large corporations (one or two of them) can take the advan-
tages of this grant.

Market control by fossil fuel systems
Due to the subsidies provided by policies in Iran, the produc-
tion (52 %) and consumption (60 %) share of natural gas are 
significantly high (Safari et al, 2019). Based on the IEA fossil-
fuel subsidies database (2019), Iran holds the first place among 
the world’s top countries in terms of the number of subsidies 
which is allocated to energy consumption. In 2018, Iran had 
allocated $69 billion of subsidies for various types of energy 
consumption, including oil ($26.6), natural gas ($26), and elec-
tricity ($16.6).

According to Merrill et al. (2017), the current global gov-
ernments’ subsidies to consumers and producers of fossil fuels 
hold industries back from delivering sustainable development. 
Huge subsidies and low energy price policies in Iran’s energy-
intensive industries like the steel industry are a reason to rein-
force the existing socio-technical system. 

Subsidizing fossil fuels makes it easier to access, so the 
manufacturers can make good money through a lower cost, 
while non-fossil fuels can be costly and risky in this situa-
tion that we are under the sanctions.

Another reason is understating the need for change and transi-
tions. Interviews with Iranian steel experts have revealed that 
the Iranian steel industry is in a better position than other 
countries in terms of emissions. It can easier transfer to fuel-
based sustainability because natural gas can be an important 
complementary fuel to support renewable energy in short to 
medium term (Safari et al. 2019). Since natural gas is a clear 
fuel with lower emissions and CO2 rates than coke and oil, this 

socio-technical system may not encourage companies to take 
advantage of new technologies based on renewable energy to 
produce the steel.

Iran has the lowest rate of greenhouse gas emissions and is 
well ahead of the goals of the Paris Agreement! 1.56 % CO2 
is produced per ton of production. We are 1.16 % behind the 
Paris Agreement for 2050, which is 1.19 %.

Government financial support restrictions
According to Article 44 of the Iranian Constitution, the gov-
ernment is obliged to transfer 80 % of the public sector shares 
to the private sector. Large steel companies under the supervi-
sion of National Iranian Steel Company (NISCO) were also pri-
vatized. However, privatization policies are inefficient in Iran’s 
steel industry. The shares of the large steel companies are usual-
ly owned by public companies like Iran Social Security Invest-
ment Company (SHASTA). Though they are allegedly private, 
they are still state-owned or public-private ownership. In such 
a case, because of the transfer of the public share to private, the 
government does not engage in financial support. Additionally, 
the units are large because they were initially launched by the 
government and then privatized. So, the capital is high, and the 
private sector is not able to provide this amount of investment. 

We are not completely privatized; only our ownership has 
been different, and now our stocks are in the hands of the 
Iran Social Security that is a state-owned organization.

Lack of proper cooperation among the actors
According to the literature of innovation system, interactions 
among the actors involved in technology development are as 
important as investments in R&D because they can help to 
promote the knowledge flows. A high number of actors make 
it difficult to coordinate and build a collaborative relation-
ship among them. According to the MLP, a socio-technical 
transition might occur if the socio-technical landscape ex-
erts sufficient pressure on the incumbent technology and if 
such pressure gets matched by the full development of at least 
one innovation niche. This pressure has to influence existing 
norms, visions, and preferences. In this regard, it is harder to 
create a shared vision, abolish the ruling socio-technical sys-
tem, and match with an innovation in an industry with a high 
number of actors than a small number of actors. 

It is a severe competition among companies to have more 
production for several reasons; first, because of the vision 
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Figure 2. Total CO2 emissions, Islamic Republic of Iran 2000–2017 (IEA data services).
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20252 that focuses on production. Next, due to the lack of 
proper government oversight in the companies, and lastly, 
because of the transfer of a large proportion of the min-
ing companies to the private sector. Many mining compa-
nies are seeking to develop their iron and steel production 
chains, resulting in not shaping the communication and co-
operation between suppliers and producers.

Iran’s steel industry does not have a specific R&D structure for 
facilitating the actors’ relationships. All of the R&D activities 
have been done by companies separately in the form of spo-
radic R&D. 

In Iran’s steel industry, when we talk about R&D, everyone 
thinks we are talking about gradual and small changes. The 
problem of R&D in Iran’s steel industry is that there is no 
direction.

At the international level, Iran also has important barriers like 
sanctions and limited access to international markets, custom-
ers, technologies and financial resources. Iran’s steel industry 
has no outstanding cooperation with foreign research centers 
related to environmental issues. 

Lack of proper executive policies related to the transition in steel
How policymakers could govern the sustainability transition 
processes through transformative policy mixes is a challenging 
issue in recent studies (Rogge et al. 2018, Kivimaa and Kern 
2016, Rogge and Reichardt 2016). It has been pointed out that 
policies should support not only green niches but also target 
overturning the status quo (Kivimaa and Kern 2016). In Iran, 
there are not well-established policies affecting the transition 
to fossil fuels free in the steel industry for two reasons; first the 
underestimation of fossil fuel issues in the steel industry, next 
is the lack of cooperation among policymakers from National 
Steel Company of Iran, IMIDRO, and the Ministry of Industry, 
Mine, and Trade in formulating convergent policies. Further, 
the state institutions dominate the company’s decisions. They 
exert strategies without examining the needs of companies. 

There are two legal and governmental entities that work on 
steel, one is the Ministry of Industry, Mine, and Trade, and 
another one is IMIDRO. The Ministry of Industry, Mine, 
and Trade, and IMIDRO have a Mining Deputy position, 
which is the same position but parallel in both institutions 
and in that position, they work on the same issue. So they 
face conflicting interests that would lead to a lack of consist-
ency in decisions.

Lack of public awareness
The awareness of Iranians about the benefits of environmental 
solutions in various sectors is low due to the competitive cul-
ture, lack of social trust, and education about the right envi-
ronmental policies. Also, there is no support for raising public 

2. In a five-year economic development plan in March 2005, the Iranian govern-
ment issued a document called Iran’s 20-Year Economic Perspective, outlining a 
road map for the country’s economic, political, social and cultural developments 
during the next two decades. The Perspective’s preamble promised that by 2025, 
i.e., after the completion of four five-year development plans, Iran would be a fully 
advanced country, rising to the number-one rank in economic, scientific and tech-
nological progress among 28 nations in the Middle East and Southeast Asia.

awareness and intervene for behaviour change among people 
in the companies. 

Here, people do not feel the need to pay attention to envi-
ronmental issues. They are in suffer to make enough money, 
so the importance of self-preservation is a priority over en-
vironmental survival.

Discussions
The aim of this study was to compare Iran’s and Sweden’s steel 
industry based on interviews conducted with experts of the 
industry in both countries. Results of the qualitative analysis 
revealed that the Swedish steel industry has succeeded in the 
Hydrogen- Direct Reduction (H-DR) technology pilot phase 
and many factors have supported this transition. As Kushnir 
et al (2019) stated “this technology changes the current steel 
production processes and it substitutes with current coal-based 
steelmaking using coke ovens, sinter plants, blast furnaces, and 
oxygen blown converters. Hence, the entire liquid phase need-
ed to be replaced and that, requires major investments.” As a 
bridging technology, hydrogen Direct Reduction can also rely 
on natural gas.

Even though many components of the H-DR/EAF setup 
have been tested and deployed in industrial settings, the key 
challenges about the process remain. (Ahman et al. 2018). One 
of the critical issues in countries like Sweden and Germany is 
not the technology, but the price of hydrogen plants. 

In Iran, the steel industry faces challenges related to status 
quo resistance that prevent the industry from being sustain-
able. Some of Iranian experts in the interviews have suggested 
to move towards sustainability transition in the steel industry 
through utilizing the potentials of two countries. Iran’s steel 
industry can be one of the major projects in Sweden’s H-DR 
development because of the potentials that Iran has. One of 
the potentials is that the generation of solar power in Iran has 
been developed in recent years. Referring to interviews with 
Swedish experts, Iran also has rich sources of natural gas that is 
needed for a short time in the H-DR process. Another potential 
of Iran’s steel industry is its infrastructures and skilled people. 
Iran’s steel industry has made advances in both production and 
the development of technology through Direct Reduction. Ini-
tially, Iran was the only importer of technology, and through 
the technical know-how of foreign partners, it could achieve 
OBC technology from foreign partners like Russia. Years after, 
the knowledge of how to work with MIDREX direct reduction 
ironmaking that reduces iron ore using natural gas, came to 
Iran through Kobe Steel of Japan. With the accumulation of 
knowledge, the efforts of internal engineers and the increasing 
demand for domestic steel as well as access to Midrex technol-
ogy knowledge, the improvement of the Midrex process and 
the creation of new technology in the reduction process called 
Persian Reduction (PRED) based on Midrex modification was 
initiated with the assistance of several Indian experts in Iran 
(Khalili et al. 2019). 

Based on interviews with the Swedish experts, they pointed 
out that if Iran would want to make low-carbon steel, it has 
excellent conditions much better than other countries. This 
can be a kind of cooperation between Iran’s and Sweden’s steel 
industry based on different kinds of international flows. How-
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as a technology to achieve sustainability transition has been in-
vestigated. As we understood, the current socio-technical system 
is stabilized in Iran through high investments in fossil fuel-based 
machinery and infrastructure. So change in these infrastructure 
requires a long time, taking high risks especially for the technol-
ogy which has not been commercialized. It may be good to sur-
vey the CCS because it can keep the existing processes. Hence, it 
is low risk, and is rather mature than H-DR technology.
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cal debates can be followed (Kivimaa and Kern 2016). In Iran’s 
interviews, it has been discovered that some experts disagree 
with energy subsidies. They are interested in moving towards 
sustainability, but the pressure of the opposite group prohibit 
them from attempting. One solution can be creating a network 
of both advocates of sustainability transition and influential 
people in selecting environment as a priority. 

Conclusion
This paper contributes to the literature in two ways. First, we 
applied a multiple case study method that has not been sur-
veyed in the recent papers. To do so, we investigated sustain-
ability transition in the steel industry based on a comparison of 
two developed and developing countries. Second, we deployed 
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Then we demonstrated that mutual collaboration among 
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in the steel industry based on H-DR. We can learn that based 
on taking advantage of countries together, it can be possible to 
achieve inclusive development in the steel industry. 

This paper has some limitations like the availability of inter-
view partners because some of them refused to have interviews. 
Another limitation is that in this paper, only H-DR technology 



1-116-20 RAHMANI, ALIZADEH SANI

44  INDUSTRIAL EFFICIENCY 2020

1. POLICIES AND PROGRAMMES TO DRIVE TRANSFORMATION

Ministry of sustainable development. (2005). Sweden’s forth 
national communication on climate change, http://UNF-
CCC.int/resource/docs/natc/Swenc4.pdf.

National vision of Iran for 20 years. (2005). The 20-Year Na-
tional Vision of the Islamic Republic of Iran for the dawn 
of the Solar Calendar Year 1404, Iran data portal.

OECD. (2019). R&D tax incentives Sweden: 2019, Directorate 
for science, technology and innovation. https://www.oecd.
org/sti/rd-tax-stats-sweden.pdf

Rogge, K. S., Pfluger, B., & Geels, F. W. (2018). Transforma-
tive policy mixes in socio-technical scenarios: The case 
of the low-carbon transition of the German electricity 
system (2010–2050). Technological Forecasting and Social 
Change, 119259.

Rogge, K. S., & Reichardt, K. (2016). Policy mixes for sustain-
ability transitions: An extended concept and framework 
for analysis. Research Policy, 45 (8), 1620–1635.

Safari, A., Das, N., Langhelle, O., Roy, J., & Assadi, M. (2019). 
Natural gas: A transition fuel for sustainable energy 
system transformation? Energy Science & Engineering, 7 
(4), 1075–1094.

SSAB. (2016). GRI report: Sustainability reporting.
SSAB. (2020). SSAB in brief. https://www.ssab.com/company/

about-ssab/ssab-in-brief.
Swedish Environmental Protection Agency. (2019). Emissions 

of greenhouse gases from industry by greenhouse gas, 
industry and year (2000–2018).

Third National Communication to United Nations Frame-
work Convention on Climate Change (UNFCCC) of 
Islamic Republic of Iran. (2017). National Climate Change 
Office at the Department of Environment.

Wesseling, J. H., Lechtenböhmer, S., Åhman, M., Nilsson, L. J., 
Worrell, E., & Coenen, L. (2017). The transition of energy 
intensive processing industries towards deep decar-
bonization: Characteristics and implications for future 
research. Renewable and Sustainable Energy Reviews, 79, 
1303–1313.

WSA. (2018). Steel statistical yearbook 2018.World Steel Asso-
ciation. https://www.worldsteel.org/en/dam/jcr:e5a8eda5-
4b46-4892-856b-00908b5ab492/SSY_2018.pdf

Yap, X. S., & Truffer, B. (2019). Shaping selection environ-
ments for industrial catch-up and sustainability transi-
tions: A systemic perspective on endogenizing windows of 
opportunity. Research Policy, 48 (4), 1030–1047.

Yin, R. K. (2003). Case study research design and methods 
third edition. Applied social research methods series, 5.

Zhao, J., Zuo, H., Wang, Y., Wang, J., & Xue, Q. (2019). Review 
of green and low-carbon ironmaking technology. Iron-
making & Steelmaking, 1–11.

Acknowledgements
This article was extracted from the PhD dissertation prepared 
by Soma Rahmani. The authors gratefully thank Iran’s Minis-
try of Science, Research and Technology for the opportunity 
of the first author to attend Lund university; Professor Cris-
tina Chaminade at the Department of Economic History for 
her support and guidance; and academics of Lund university 
in Sweden, Mazandaran university in Iran and assistance of ex-
perts in Iran’s and Sweden’s steel industry.

IEA fossil-fuel subsidies databases. (2000–2018). https://www.
iea.org/topics/energy-subsidies

Iran’s Steel Master Plan Studies (2018). (In Persian.)
Jernkontoret. (2020). Climate roadmap for a fossil free and 

competitive steel industry in Sweden in summary. https://
www.jernkontoret.se/globalassets/publicerat/stal-stalind/
climate-roadmap---summery.pdf

Jernkontoret (2020). The market for steel. https://www.jernk-
ontoret.se/en/the-steel-industry/the-market-for-steel/

Kang, H., & Song, J. (2017). Innovation and recurring shifts 
in industrial leadership: Three phases of change and 
persistence in the camera industry. Research Policy, 46 (2), 
376–387.

Karakaya, E., Nuur, C., & Assbring, L. (2018). Potential transi-
tions in the iron and steel industry in Sweden: Towards a 
hydrogen-based future? Journal of Cleaner Production, 
195, 651–663.

Khalili, I., Shirazi, B., Soltanzadeh, J. (2019). Historical review 
of the Iran’s steel industry: Application of the techno-
logical catch-up in complex product systems. Journal of 
Improvement Management, 13, 1 (in Persian).

Kivimaa, P., & Kern, F. (2016). Creative destruction or mere 
niche support? Innovation policy mixes for sustainability 
transitions. Research Policy, 45 (1), 205–217.

Kushnir, D., Hansen, T., Vogl, V., & Åhman, M. (2020). 
Adopting hydrogen direct reduction for the Swedish steel 
industry: A technological innovation system (TIS) study. 
Journal of Cleaner Production, 242, 118185.

Kwak, K., & Yoon, H. D. (2020). Unpacking transnational 
industry legitimacy dynamics, windows of opportunity, 
and latecomers’ catch-up in complex product systems. 
Research Policy, 49 (4), 103954.

Lee, K., & Malerba, F. 2017. Catch-up cycles and changes in 
industrial leadership: Windows of opportunity and re-
sponses of firms and countries in the evolution of sectoral 
systems. Research Policy, 46 (2): 338–351.

Lee, K., & Ki, J.-h. 2017. Rise of latecomers and catch-up 
cycles in the world steel industry. Research Policy, 46 (2): 
365–375.

LKAB. (2019). Annual and sustainability reports. https://www.
lkab.com/en/SysSiteAssets/documents/finansiell-informa-
tion/en/annual-reports/lkab_2018_annual_and_sustain-
ability_report.pdf

Madias, J. (2014). Electric furnace steelmaking. In Treatise on 
process metallurgy (pp. 271–300). Elsevier.

Markard, J., Raven, R., & Truffer, B. (2012). Sustainability 
transitions: An emerging field of research and its pros-
pects. Research policy, 41 (6), 955–967.

Merrill, L., Bridle, R., Klimscheffskij, M., Tommila, P., Lontoh, 
L., Sharma, S., … & Gerasimchuk, I. (2017). Making the 
Switch: From fossil fuel subsidies to sustainable energy. 
Nordic Council of Ministers.

Middle East bank. (2015). Investigation of Iranian Steel Indus-
try, https://middleeastbank.ir/uploads/steel_1394-02.pdf 
(in Persian).

Midrex. (2016). World Direct Reduction statistics, Midrex 
Technologies.

Min, D. J. (2016). Global Competitiveness Through Hybridi-
zation of FINEX and CEM Processes. Asian Steel Watch, 
2, 50–63.


