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Abstract
The study of transformative policies and how they can promote the spread of a technology connects interests among different 
actors such as government, industry, and academia, who seek solutions for the use of renewable energy, among them solar 
energy. This study investigates transformative innovation policy for the solar PV energy in Brazil from a sociotechnical 
perspective of innovation and suggests ways to better promote this technology in Brazil. This study was based on data from 
two different information sources: (1) in-depth interviews with actors in the Brazilian national innovation system; and (2) 
secondary data from energy sector in Brazil. With an analysis that is unprecedented for Brazil, the study presents a proposal 
for transformative innovation policies for the sociotechnical transition process of solar energy in Brazil. The results indicate 
the need for incentive policies to develop the Brazilian domestic solar panel industry across the whole value chain, as well 
as for the definition of policies to encourage technological innovation and the formation of cooperation networks among the 
actors of the system as key elements to promote and disseminate this technology in Brazil.
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Introduction

Some initiatives have been undertaken to encourage the use 
and dissemination of renewable energy in Brazil. Histori-
cally, all domestic energy policies have been highly central-
ized and government-controlled. By identifying emerging 
policies to promote solar energy at the various levels and 
scopes of the sociotechnical system, this article maps the 
fundamental elements for a transformative innovation policy 
framework for solar energy in Brazil that tie together the 
needs of the stakeholders, while being cognizant of the par-
ticular needs of a developing country.

This study addressed the following question: What are the 
fundamental elements for a transformative innovation policy 
that promotes solar PV energy in Brazil?

We describe how the transition process in the solar energy 
innovation system depends on transformative innovation 
policy that favor the use and dissemination of this technol-
ogy at all levels and suggest pathways for innovation policy 
based on an analysis of the Brazilian trajectory. This study 
provides a vision of how multi-level perspective in transition 
studies and transformative innovation policy (TIP) frame can 
be combined in order to contribute for solar energy transition 
and how this transition involves the different dimensions of 
governance and innovation policies.

The article is structured into five sections: “Transforma-
tive innovation policy as a new frame in sociotechnical inno-
vation theory” section presents the theoretical framework 
based on transformative innovation policy as a new way of 
interpreting innovation policy to renewable energy, which 
seeks to identify the essential elements for the development 
of transformative policies from a theoretical perspective. 
“Methodological approach” section describes the methodol-
ogy for applying our research to Brazil’s socio-technical PV 
energy system. “PV energy transformative innovation policy 
framework” section presents the analysis of primary and sec-
ondary data and, lastly, “The sun shines on all: PV energy 
transformative innovation policy framework in Brazil” sec-
tion presents the model of transformative innovation policy 
for the use and dissemination of solar energy in Brazil.

Transformative innovation policy as a new 
frame in sociotechnical innovation theory

This study is based on transformative innovation policy—
TIP as a new way of understanding the potential for inno-
vation policy making for renewable energy transition. The 
analysis performed in this study allows for identification of 

the essential elements for the development of a proposal for 
innovation policies for solar energy in Brazil.

The multi-level approach of Geels (2002) as well as Loor-
bach’s (2017) transition management research is quite rel-
evant for transition studies. These studies identify the trajec-
tory of an innovation and the fundamental elements for them 
to consolidate in an already existing socio-technical regime. 
In a complementary way, Schot and Steinmueller (2018) 
point out the need to develop a new framing for innovation 
policy, named “transformative change.” This framing seeks 
to answer the question of “what needs to be transformed.”

Within the transition approaches to sustainability from 
the perspective of the socio-technical theory of innova-
tion emerged a new frame for innovation policymakers that 
look at the transformative potential of innovation. This new 
frame is named TIP—transformative innovation policy. In 
this sense, Schot et al. (2017) present a theoretical essay that 
summarizes a common understanding of the researchers of 
the transformative innovation policy consortium (TIPC) on 
the elements of this policy, divided in five topics: research 
and development, innovation, economic growth, environ-
mental and societal challenges, and public welfare/clean 
environment (see Fig. 1).

Fagerberg (2018) argues that policy advice needs to 
be based on field research on innovation studies and that 
sustainability transitions and climate change policies 
should consider the existing theorizing and knowledge in 
innovation.

Chataway et al. (2017) propose three non-static, non-
impermeable frameworks for technology systems and inno-
vation policy: research and development (R&D), innovation 
systems, and transformative innovation policies. Transform-
ative innovation policies are not only focused on ensuring 
that the innovation process takes place, but also on the direc-
tion that innovation will take. This approach argues that any 
profound change in terms of innovation revolves around 
“bottom-up” sociotechnical transitions that can be achieved 
through processes of experimentation, learning, networking, 
and participation (Chataway et al. 2017).

The seminar paper from Schot and Steinmueller (2018) 
points out that innovation policies have been historically 
presented in three distinct phases: The first, which starts 
after the war, consists of state support policies in structuring 
R&D to support the productive sector, reduce market fail-
ures and stimulate economic growth. The second one, which 
began in the 1980s, aims to structure national innovation 
systems geared toward the knowledge economy. This policy 
focuses on developing networks and clustering of knowledge 
and stimulus to entrepreneurship. The third phase consists 
of the transformative change, inspired by the UN Millen-
nium Development Goals, to develop policies that seek to 
address the complex process of socio-technical transition 
to sustainability, based on arrangements that stimulate the 



46	 D. Denes_Santos, S. K. da Cunha 

1 3

reduction in inequality and facing the problems caused by 
climate change.

Adopting renewable energy sources requires a commit-
ment of money, time, and effort. Twidell and Weir (2015) 
note that while some of the choices that need to be made are 
financial, others are ethical, personal, and based on busi-
ness and political criteria. The authors also point out that 
the choices of individuals and society are based on varied 
criteria, which may involve the discussion of values, but 
also economic and mathematical criteria to quantify deci-
sion making.

Regarding the theory of managing the transition to sus-
tainability, Loorbach (2007, p. 12) presents this approach 
as a “new governance model that provides a framework for 
generic (scientific) governance research and for policy mod-
els to influence change in society in the long run.” In a world 
in constant change, the challenge in terms of governance 
and policy is to deal intelligently with all the short-term 
processes of change in order to accelerate and lead them in 
a certain direction (Loorbach 2007). This author empha-
sizes that our current institutions, as well as our policies, 
are focused on solving problems in short- and medium-term 
horizons, and that the development of long-term goals aimed 
at governance requires disruption of existing routines and 
ways of thinking. However, it is the only option, and it must 

be based on a sense of urgency as well as on strong and 
inspiring visions of long-term sustainability and on strate-
gies of social innovation.

The sociotechnical theory of innovation has its origins 
in Neo-Schumpeterian thought, which sought to understand 
the process of innovation, by analyzing regularities, conti-
nuities, and discontinuities. This perspective also focuses 
on the analysis of the technological pathway, its structure, 
and the role that these technologies play in rejuvenating the 
economy through the application of the technical-economic 
paradigm that accompanies them (Perez 2009; Nelson 2008; 
Soete et al. 2009). These authors use the socio-technical 
perspective as a basis for their study of transitions by arguing 
that research in this area involves understanding the con-
text in which a certain technology is installed. This, in turn, 
comprises not only the development of knowledge and pro-
totypes, but also the mobilization of resources, the creation 
of social networks, the formation of new markets, and the 
regulatory frameworks.

In this sense, technological development involves the 
creation of links between several heterogeneous elements 
(Geels 2004; Geels and Schot 2010). Such technologi-
cal changes require actors to combine physical artefacts, 
organizations, natural resources, and scientific and legisla-
tive elements. Innovations in the system can be described as 

Fig. 1   Shared understanding of transformative innovation policy Source: Schot et al. (2017)
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large-scale transformations of how social functions, such as 
energy, transportation, communication, housing, and food, 
are offered. Artefacts alone have no power, and it is only in 
association with human agents, social structures, and insti-
tutional organizations that artefacts perform functions within 
socio-technical systems (Geels 2004).

When describing the multi-level perspective (MLP) for 
innovation systems, Geels (2004) points out some aspects 
of the dynamics of transitions, including the following con-
cepts: novelties emerge from technological niches; the diffu-
sion and breakdown of new technologies occur as the result 
of the connection in development at multiple levels; once 
innovations can disseminate and enter mass markets, they 
begin to compete with the existing regime and may eventu-
ally replace it; and the innovations of the system are rarely 
driven by the advance of radical technology, but by the 
union and combination of multiple technologies. The MLP 
perspective is a well-known theoretical approach to inform 
transformative innovation policy and this has been applied 
in this paper to look at the solar energy transition in Brazil.

According to the socio-technical transition approach pro-
posed by Geels (2002), the path for a sustainable transition 
starts at the niche level, with the emergence of innovations. 
At this stage, there may occur hybridization among novel-
ties and symbioses among system actors. In the solar energy 
socio-technical system, it was possible to identify small net-
works of entrepreneurs, which create innovations and strive 
for their technologies to develop, who are gaining legitimacy 
and market scale. Gradually, elements essential to the estab-
lishment of the system align, such as professionalization of 
the sector, norms for standardization of photovoltaic systems 
and their components, as well as research and development 
processes for solar energy, as such classifying the current 
situation of the socio-technical system for PV solar technol-
ogy in Brazil.

In this second phase, Geels (2002) highlights processes 
of socialization and institutionalization among niche actors, 
reinforcing the legitimacy of the new technology, and creat-
ing a technological path with its own rules. From this stage, 
there is a widespread diffusion of the technology, which 
is the third phase, and the consequent competition with 
the regime that is already established. In the case of solar 
energy, this process of use and dissemination of PV energy 
would provide more visibility to this technology in Brazil, 
putting pressure on the socio-technical regime. Finally, there 
is a final phase with the gradual replacement of the estab-
lished socio-technical regime, replacing old technologies for 
new ones. The solar energy socio-technical system in Brazil 
could be considered as being in Phase 2, with initiation of 
alignment and consolidation of activities within the regime, 
as shown in Fig. 2.

Berkhout (2010) asserts that a change in the technologi-
cal regime encompasses innovation in the system as a whole 

and is usually affected on a large scale. Almost by definition, 
these innovation processes are not likely to emerge from 
existing market conditions and relationships, and the estab-
lishment of innovation policies is critical if regime change 
is to occur. The author characterizes innovation in techno-
logical regimes as a result of the dynamics of the interaction 
and identifies four types of innovation: abatement (end of 
pipe) innovation; process innovation; product innovation; 
and infrastructure changes. For each of these forms, there are 
distinct components in terms of socio-technical systems, as 
well as differentiated environmental outcomes and impacts.

The transition process involves decentralization from an 
initial state, centralized in government institutions, to devel-
oping policies distributed among the levels and actors of 
the socio-technical system, with less clearly defined roles, 
mechanisms, and accountability (Smith 2007). Transition 
is a process of structural social change from one relatively 
stable system to another, through the coevolution of mar-
kets, networks, institutions, technologies, policies, individ-
ual behavior, and autonomous trends. The complexity of a 
transition implies a diversity of driving and impact factors. 
Single events can accelerate transition but cannot be the 
sole cause. Transitions are, therefore, multi-process, multi-
level, multi-domain, multi-actor, and multi-phase processes. 
Despite being characterized by nonlinear behavior, transition 
processes are gradual and can be described in terms of inno-
vation or even in terms of creative destruction. The central 
assumption is that social structures go through long periods 
of relative stability and optimization, followed by relatively 
short periods of structural change (Loorbach 2007).

Transitions are considered as interactive processes that 
coevolve and develop over decades from new practices 
and combinations of emerging technologies, initiated by 
change agents. The processes are embedded in the system 
and, throughout a process of experimentation, acceleration, 
institutionalization, and stabilization, begin to dominate the 
new regime (Loorbach et al. 2017), as depicted in Fig. 3.

Analytically, transition processes can be differentiated 
with respect to how actors can influence these processes in 
terms of the transition dynamics and transition governance. 
This understanding of the transition process involves non-
linearity, multi-level dynamics (Fig. 3), coevolution, emer-
gence, and variation and selection as a process of experi-
mentation and learning-by-doing (Loorbach 2017). In the 
following section, we detail the methodological approach to 
the analysis of the transformative innovation policy for solar 
energy transition Brazil.

The use of technology is fundamental to the development 
of a socio-technical system, as technology expands the range 
of resources that humans can access. Technology penetrates 
deeply and broadly into society, structuring and regulating 
it. New technologies not only play an important role in the 
restructuring of existing markets or in the creation of new 
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Fig. 2   Multiphases perspective for the solar energy in Brazil Source: Modified by the authors from Geels (2002)

Fig. 3   Multi-level dynamics of the transition process to a new regime Source: Loorbach et al. (2017, p. 607)
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markets; they also form the basis for major structural and 
organizational changes in the processes of production, ser-
vice delivery, and in entire sectors (Dolata 2013; Saviotti 
2010). These movements for socio-technical changing, as 
well as their ramifications, are influenced by transforma-
tive innovation policies, which will be addressed in the next 
section.

This paper aims to identify key elements for a trans-
formative innovation policy in solar energy in Brazil from 
an exploratory qualitative approach, whose methodological 
assumptions are described in next section.

Methodological approach

The present study seeks, through an approach unprecedented 
in the Brazilian context, to observe the impact of actors’ 
initiatives on the management of the socio-technical transi-
tion of innovation in electric energy activities directed at 
the use and dissemination of solar energy. The approach 
employs multi-level perspectives (technological niche, 
socio-technical regime, and socio-technical landscape) that 
were used to describe the transformative innovation policy to 
solar energy transition in Brazil and identifies key elements 
for solar energy TIP framework in a developing country. 
The exploratory phase occurred between 2015 and 2016 
and involved primary data from 20 in-depth interviews with 
strategic actors of the socio-technical system, such as Min-
istry of mines and energy, universities and final users (see 
Table 1).

The participants of the interviews were selected accord-
ing to criteria of their importance for the innovation sys-
tem and their willingness and interest in participating in the 
study. Additionally, 69 secondary data were analyzed, such 
as documents, resolutions, regulations, rules, incentive poli-
cies, financing policies, and official reports from relevant 
institutions in the national solar energy socio-technical sys-
tem (see Table 2).

The descriptive phase involved document and content 
analysis of all collected data, to study socio-technical dimen-
sions at the levels of socio-technical landscape (Macro), 
socio-technical regime (Meso), and technological niches 
(Micro), based mainly on Geels’ (2004) approach.

Table 1   In-depth interviewees of the Brazilian PV Energy socio-technical system Source: Primary data

Actor’s role within the system Position of the interviewee Number of 
respondents

Ministry of mines and energy (MME) Secretary of energy planning and development 2
Energy research company (EPE) Director of energy research 1
Brazilian Assoc. Clean energy generators—ABRAGEL CEO 1
National Bank for economic social develop. (BNDES) Manager of sectorial studies—renewable energy 1
Renova energy S/A Management of regulatory affairs 2
CPFL renewable Director of institutional relations 1
COPEL (State Energy Company) Implementation coordination 1
ELEJOR (Power Plants Jordão River S.A) Infrastructure engineering 1
Paraná Metrologia Management advice 1
UTFPR (Federal Technological University of Paraná) Full professor PV energy expert 1
UP (Positivo University) Full professor PV energy expert 1
3B Energy (PV Project Company) CEO 1
Elco (PV Project Company) PV specialist engineer 2
SISTECHNE (PV Project Company) Commercial management 1
CompactCia (PV Project Company) CEO 1
Lubke (PV Consulting Company) CEO 1
Residential system House owner 1

Table 2   Number and origin of documents analyzed

Origin of the document Number of 
documents

Regulations and resolutions 18
News media 13
Associations and NGO’s reports 9
Solarimetric atlas and other technical materials 7
Reports and ordinance from Ministry 7
Notices and reports from ANEEL 6
Courses on solar energy 3
International reports 3
Notices from BNDES 2
Projects for new law 1
Total 69
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In order to provide a complete understanding of how poli-
cies have been developed in Brazil and how they promote 
solar energy in the country, as well as to identify key ele-
ments for a proposal of innovation policies applied to this 
country, actors were selected from different levels and roles 
within the system for interviews. Selection criteria for the 
organizations interviewed were legitimacy within the social 
context in which they function and importance to the devel-
opment of policies with transformative potential within the 
system. For data treatment, we adopted the assumptions of 
the content analysis technique, applied with the aid of the 
“ATLAS.ti 7,” software for treatment of qualitative data. The 
analysis included 69 documents, plus the complete transcrip-
tion of the 20 audio recordings of the in-depth interviews.

PV energy transformative innovation policy 
framework

This section describes the results and describes key ele-
ments for a PV energy TIP framework in Brazil. We start by 
describing socio-technical aspects in the Brazilian context, 
and then explore our framework of transformative innova-
tion policy, based on this data analysis.

We used the ATLAS.ti 7 software to analyze the research 
data, both with regard to interviews and documents. As a 
result, 1066 codes were assigned in 20 analytical categories, 
which emerged from the data according to the criterion of 
number of repetitions in the documents evaluated and num-
ber of mentions during the interviews (see Table 3).

The analysis of relationships between the analytical cat-
egories enabled identification of the five most centrally con-
nected dimensions: (1) government initiatives, (2) research 
and development, (3) new technologies and innovations, (4) 
formation of new markets (Niches) and (5) societal welfare 
and clean environment (see Fig. 4).

Table 4 presents the description and some statements 
regarding each dimension that emerged from the data col-
lection, either through interviews or through documentary 
analysis. It is important to note that the connection between 
categories and the density of relationships is quite intense. 
The fact that an analytical category is analyzed in one of the 
five divisions therefore does not mean that it cannot fully or 
partially integrate into another or all other categories.

The policies implemented in Brazil since the 1980s 
proved to be efficient for structuring the National Electric 
Power System in Brazil. The national energy system was 
structured from a hydropower generation, with the par-
ticipation of relevant actors such as: National Electricity 
Agency—ANEL, Ministry of Energy, financing agencies, 
hydroelectric power plants, distribution companies energy, 
among others (Mendonça et al. 2018).

These data illustrate some of the challenges to the dis-
semination of solar energy in Brazil, such as the need for 
cooperation among actors to disseminate knowledge, the 
lack of technology transfer, the lack of clear and objective 
long-term goals that can assure investors, the lack of market 
scale, the fiscal incentive policies, and the poor technology 
dissemination in the country. The analysis was based on the 
five categories in Table 4; however, most of the analytical 
categories are connected to each other, which reinforces 
their character as multi-causation, multi-level, multi-domain, 
multi-actor, and multi-phases of transitions as proposed by 
Loorbach (2007), who describes such transitions as charac-
terized by nonlinear behavior.

Some common elements were identified by several 
respondents from different levels as essential for the devel-
opment of this technology in the country and were sum-
marized here in twelve factors: (1) learning among actors; 
(2) legitimization in the socio-technical system; (3) diver-
sity among actors; (4) culture, which needs to change; (5) 
leadership; (6) cooperation; (7) relationships among key 
actors; (8) solar radiation; (9) mobilization of resources in 
socio-technical system; (10) policies to encourage technol-
ogy; (11) professionalization of the sector; and (12) long-
term vision. These elements are in agreement with both 
theoretical bases used in this research. The socio-technical 
approach presents the learning processes, the diversity, and 
the cooperation among the actors of the socio-technical 

Table 3   Analytical category for Brazilian PV energy TIP framework 
Source: Authors

Analytical category Total

Financial and tax incentives 145
Government initiatives 88
Government policies 86
National industry 83
New technologies 74
Potential of technology and irradiation 71
New markets formation 69
Microgeneration—distributed generation 63
Research and development 63
Technology transfer 53
Global strategies 43
Structural changes 39
Normative, cognitive, and regulatory aspects 32
Market demand 30
Production and diffusion of knowledge 28
Government goals 27
Feed-in 23
Innovation system professionalization 18
Formal education 16
Resource mobilization 15
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system as fundamental elements for the transition process 
to take place. “In order to stimulate the innovation process 
by shaping and creating technologies, sectors and markets, 
dynamic relationships must be developed which create trust 
between actors” (Mazzucato 2017 p. 14)

In the next section, we will show how the findings of this 
research contributed to the development of a framework for 
transformative innovation policy for solar energy in Brazil.

The sun shines on all: PV energy 
transformative innovation policy framework 
in Brazil

The PV energy transformative innovation policy framework 
presented in this section merges theory–practice and results 
from a combination of the theoretical principles of the socio-
technical theory based on MLP perspective, transformative 
innovation policy approach, Brazilian PV energy system, 
and empirical results from the energy sector in Brazil. This 
framework took into account central elements from socio-
technical transition theory, which highlights four character-
istics, presented below:

•	 The non-prescriptive nature, always paying attention to 
a process of revision and reformulation. Transition pro-
cesses are dynamic and present aspects of complexity 
that make it impossible to draw prescriptive and long-
term results.

•	 The interdisciplinarity, which is an essential element in 
the formulation of such a framework, as the socio-tech-
nical transition process involves actors from a wide range 
of backgrounds and interests.

•	 The historical aspects related to the socio-technical sys-
tem under study, involving issues of centralization and 
control by the government, a hydropower-based trajec-
tory, and the strengthening of government institutions. 
These historical aspects strengthen the trajectory of the 
technology, in a process of systemic resistance to change 
from so-called path dependencies (self-reinforcing pro-
cesses that accelerate the direction of development within 
a system) and “lock-in” (state of a historically evolved 
system that can only to be modified from a great effort).

•	 The incentive policies which affect the use and dissemi-
nation of technology among the actors of the system, 
and involves environmental policies, incentives to use PV 
solar energy, fiscal incentives, and rules that regulate and 
define the next steps for the development of this technol-
ogy in Brazil.

The purpose of this policy proposal for the use and dis-
semination of solar energy is to provide a theoretical con-
tribution to the management perspective of the transition 
to sustainability, as well as an empirical application-based 
study of the PV energy in Brazil. This process is an effort 
to consolidate elements of theory and practice, result-
ing in an integrated and applied proposal for the MLP 
and TIP approaches under study. This proposal takes into 

Fig. 4   Structure of the relationships between the analytical categories for PV energy in Brazil
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Table 4   Key elements for PV energy in Brazil Source: Authors

Description Testimonials of participants
(verbatim extracts from interviews)

1. Government initiatives
Government initiatives were grouped into six different analytical 

categories:
“Regulatory, Cognitive, and Regulatory Aspects,” “Microgeneration—

Distributed Generation,” “Government Policies,” “Financial and 
Financial Incentives,” “Feed-in” and “Government Targets.”

Regulatory aspects have a strong impact on the speed and intensity 
of the transition of a technology, and this process is no different for 
solar energy. Norms and regulations contribute to the standardiza-
tion of the activities of the sector, as well as to the professionaliza-
tion and development of this technology in Brazil.

Government incentives are essential as, historically, other countries 
have developed such technologies through incentives. Thus, it was 
after the US incentive that the solar boom happened. After the Ger-
man incentive, the solar boom happened. Then the incentive of China 
which resulted in the solar “boom.” Thus, the incentives end up being 
essential in the process. (Interview with the CEO—3BEnergy)

For the 2024 horizon, the expectation is of an installed capacity of 
8.3 gigawatts of photovoltaic […] There is also a plan to encourage 
mounting solar panels on the roofs of federal schools, hospitals, super-
markets, residences, and allow these consumers to sell this surplus of 
energy in the free market

(Interview with the Planning Secretary of the Ministry of Mines and 
Energy)

2. Research and development
The Research and Development category was divided into three 

dimensions: “Production and diffusion of knowledge,” “ Profession-
alization of the Sector,” and “Formal Education.”

Integration among the various actors in knowledge production and 
diffusion is one of the key aspects for technology transition, but it 
faces some significant barriers. Academia wants to divulge findings 
and research, but companies want to keep their technologies and new 
projects confidential to avoid the risk of offering information and 
subsidies to their competitors. This results in a conflict of interests 
between the actors, related to the different roles and expectations 
that each actor has within the system

There is little integration. Few researchers in this area. Thus, as the 
researchers multiply, this will become natural and increase

(Interview with UTFPR Professor)
You take any engineer, graduated from a good university in electrical 

engineering, what he learned throughout the course was how to work 
with hydropower. Then, you go to an expensive area, you do not have 
a qualified workforce […] Engineering school lacks an undergradu-
ate class on solar energy. Now Prof Jair has created a specialization 
course, which is elective, that I took, in the renewable energies field. It 
is a matter of time

(Interview with Elco engineer)
3. New technologies and innovation
When mentioning the barriers to the transfer of PV energy technology, 

the cultural issue comes first. This is because few people know a 
photovoltaic electric system and many mistakes it for a water heating 
system, as this is an application of the technology that is historically 
and culturally more widespread in the country

Cultural change is a process that can take time and requires a certain 
effort from the actors of the system in terms of dissemination and 
awareness of new technologies. Although transitions are character-
ized by nonlinear behavior, the system innovation process itself is 
gradual

There is a cultural barrier, […] there are days when I come home with 
no voice, no voice, because all day long, “Oh, this does not heat water, 
it generates electricity,” and its always this talk, you know, to change 
the culture. Today, my job is not to sell photovoltaic, to sell renew-
able, but to raise awareness, and thats the macro function here of the 
company, you know? So, the difficulty is also cultural

(Interview with CEO of Compactcia)

4. Development of new markets (Niches)
Development of New Markets (niches) was divided into three ele-

ments for the purpose of analysis: “Global Strategies,” “Market 
Demand,” and “Technology Potential and Irradiation.”

The establishment of a domestic industry focused on the production of 
photovoltaic systems depends on market demand that, in turn, must 
be guaranteed on a large scale in order to reduce risks and make the 
market attractive to an investor

Large-scale demand depends mainly on alternative power source auc-
tions with a focus on photovoltaic electric energy. It is necessary to 
set targets for technology expansion in these auctions that, despite 
having been a success in 2010 and 2011, lack medium and long-term 
commitment on the part of the Ministry of Mines and Energy to the 
continuity in the growth of this source

Scale is the name of the game […] in solar energy there is only one 
technology, only one way in which the panel is made in the world… 
one does not have a dilemma of several technologies, then, the com-
petitiveness variable is the production variable, it is quantity. Then you 
are going to have a big industry…

(Interview with the Director of Institutional Relations CPFL Reno-
váveis)
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consideration the fact that the transition process is unpredict-
able and proposes some elements to facilitate the long-term 
direction of the PV energy through the emerging field of 
transformative innovation policy. Thus, “The sun shines on 
all” is an interpretation of what transformative innovation 
policy for PV energy in a developing country might look 
like.

Due to its socio-technical character, this model also 
considered the impacts that this technology may have on 
the country in terms of social change—such as vocational 
training, research and knowledge development, employ-
ment, and income generation at all educational levels—as 
well as on the national industry and, in the future, on the 
country’s economy. Confirming what Loorbach (2007) and 
Loorbach et al. (2017) propose regarding transitions and 
sustainable development, this proposal is based on the inte-
grated analysis of actors and their roles and is made in an 
effort to normatively redirect the technological development, 
as unpredictability and randomness are factors in complex 
social networks.

Government initiatives are one of the strategic elements 
of the proposed framework because of the historical trajec-
tory of the Brazilian electricity sector that is highly regulated 
by the state and determined by government institutions that 
carry out research, planning, and management of the energy 
sources that will comprise the national energy matrix. The 
impact of socio-technical landscape level indicators on niche 
level technology must be highlighted to reinforce the suit-
ability of the multi-level perspective as a methodology for 
the object under study. This dimension also includes the 

normative, cognitive, and regulatory aspects of the system, 
as well as public policies for the incentive and development 
of solar energy generation technology. Government policies 
such as programs to encourage the use and dissemination of 
renewable energies bring, like any innovation, their impacts 
on the innovation system to which they belong. Perez (2009) 
comments that the impact of a new socio-technical system 
stems from the “broad adaptability” of the contributing inno-
vations in its many facets. Each technology system brings 
together technological innovations in inputs, outputs and 
processes that result in organizational innovations and may 
lead to important changes in the social, institutional and 
even politics. In the case of the Procel programs (National 
Energy Conservation—promotes the efficient use of electric 
energy) and the Reluz (National Program for Efficient Public 
Lighting—promotes efficiency energy in public lighting), 
it can be said that the impacts were economic, behavioral, 
and cultural, since most of the actors involved in the socio-
technical system, including final consumers, became aware 
of the innovation and many made their purchasing decisions 
based on following the guidelines of the programs.

Research & development is the second strategic element 
and involves the production and diffusion of knowledge, 
professionalization of the sector, and formal education. It 
is considered as one of the barriers to the use and dissemi-
nation of PV energy in Brazil. One of the goals of transi-
tion management is spreading new knowledge. Therefore, 
the process of exchanges among the actors must be inten-
sive, in order to provide learning among the participants, 
generate new ideas, solutions, and technologies, and thus 

Table 4   (continued)

Description Testimonials of participants
(verbatim extracts from interviews)

5. Societal welfare and clean environment
The societal welfare and clean environment analysis category was 

divided into two dimensions of analysis: “Structural Changes,” 
which is particularly concerned with the need for changes in the sys-
tem to make the technology transition feasible, and “Resource Mobi-
lization,” which identifies the various ways in which the NIS actors 
use their resources. Given this scenario, the environment is consid-
ered favorable to the demand for sources of renewable energy other 
than hydroelectric, bringing an optimistic perspective regarding the 
future of this technology. A structural change involves a long-term 
transition process and requires the involvement of strategic actors 
in the system, as well as legitimization of the technology among the 
different levels of the innovation system, which starts with identi-
fication of solar energy as an opportunity to explore. Financing for 
promotion of the domestic solar panel industry is related to local 
content requirements that, for this technology, comprise a minimum 
of 60% in order to access the most attractive financing conditions, 
such as those offered by BNDES (the Brazilian National Bank for 
Economic and Social Development)

As most panels used in Brazil are of foreign origin, mainly from China 
and Europe, access to such financing faces a barrier

Nowadays, the hydropower plants and small hydropower plants are 
almost saturated; the environmental requirements have become very 
rigid, which ended up making it more expensive to set up a small 
hydropower plant. Today, for you to build a hydropower plant, you 
have to support, for I do not know how many years, the people that 
live around it, promote reforestation, not that this is wrong, but the 
environmental question has been much more rigid, compared to what 
it used to be, and more difficult to deal with

(Interview with engineer—ELCO)
Ministry policy sets the conditions and requirement for local production 

of the equipment required for photovoltaic energy generation. So even 
the funding lines establish levels of local content to be able to do the 
financing. This is important because those who want to obtain financ-
ing for set up must have a certain level of locally produced content in 
the equipment

(Interview with Planning Secretary of the Ministry of Mines and 
Energy)
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contribute to the consolidation of an environment with 
exchange of knowledge and of experiences on the pro-
duction, diffusion, and integration of knowledge within 
the socio-technical system (Loorbach 2007; Schot and 
Steinmueller 2018). Formal education is a necessity for 
the development of new technologies that, in addition to 
improving the conditions for the process of technological 
diffusion, also contribute to the professionalization and 
standardization of the activity of professionals working 
with solar energy in the country.

New technologies and innovations constitute the third 
strategic element of the framework, among other aspects, the 
technology transfer to the actors that are part of the system. 
Such innovations bring about changes and transformations 
in the structural, organizational, and even cultural aspects 
of the sector.

New technologies and innovation should connect with 
social and environmental objectives. Transformative inno-
vation policies from Schot and Steinmueller (2018) differ 
from policies aimed at structuring the national innovation 
system, since it involves debate with society, managing con-
flicting agendas, changing culture and values, new rules, 
new sources of funding. The process of socio-technical tran-
sition involves innovation policies, but goes beyond compos-
ing with the Millennium Development Goals, taking into 
account the social and environmental agenda. This strategic 
element requires the formation of networks and coalitions 
involving economic actors, representatives of civil society, 
producers of equipment, consumers, representatives of civil 
society (trade unions, associations, industry federations), 
representatives of regulatory agency (ANEL, and Energy), 
financing institutions, among others.

The fourth fundamental element is the creation of new 
markets and economic growth (niches). The market for this 
technology depends on a scale of demand sufficient to cause 
interest, and to impart a perception of security to domes-
tic and foreign investors that may invest in this technol-
ogy. The policies for the development of this technology 
should contemplate the current national demand, as well as 
the potential use of this technology, as the consolidation of 
an industry in this sector depends fundamentally on market 
formation.

The fifth and final key element is societal welfare and 
clean environment, considered essential for the study of the 
socio-technical transition of innovation in the country, due to 
the potential positive social impact, by generating job oppor-
tunities and income, thus seeking sustainable economic and 
social development. The social dimensions involved in the 
technology transition process are central elements of an 
approach through sociotechnical transition theory. In the 
case of solar energy in Brazil, this resulted in two important 
perspectives. The generation of employment and income, in 
a country such as Brazil, is a factor of extreme importance 

that occurs in all links of the value chain of the analyzed 
case, including the workforce for the solar panel and com-
ponent factories, the development and design profession-
als of the projects, and the installers and professionals who 
perform maintenance and technical assistance. The second 
factor is the cost of technology, which tends to decrease with 
the development of a domestic industry and with production 
scale gains. This would makes it possible to install solar 
panels in distant regions of Brazil, outside the reach of the 
power grid and brings the prospect of improving the quality 
of life of the families residing in these places, resulting in 
relevant social impact for the region.

The PV energy framework resulting from this study, 
called “The sun shines on all” also places twelve factors, 
called transversal factors, as essential to the development of 
this system. These factors are elements that have transversal 
application in all five dimensions detailed in “PV energy 
transformative innovation policy framework” section and 
that influence the development and consolidation of each of 
them, as illustrated by Fig. 5.

The multi-level perspective was applied to this model, 
especially as solar energy technology is in an early stage of 
development in Brazil. However, factors including govern-
ment policies, development of new markets, and new tech-
nologies are at the level of regime, and should be differenti-
ated from this regime’s established institutional structure 
in order for the transition to this technology to occur. The 
multi-level perspective in this governance model can also be 
recognized from the socio-technical landscape indicators, 
such as professional development, employability, and the 
direction of the country’s economy that are directly impacted 
by indicators located in the technological niche.

The landscape pressures that accompany the proposed 
guidelines to meet the UN Millennium Development Goals 
require changes geared toward the production of other 
renewable energy sources, such as photovoltaic, wind, 
biogas. It is time to implement bottom-up transformative 
innovation policies with the involvement of relevant players 
in the energy system. This requires incorporating into the 
policy agenda the needs of actors such as energy producers 
(including small local producers, entrepreneurs), distributors 
energy, consumers, civil society organizations, universities 
and research laboratories, equipment suppliers, etc.

The proposed “The sun shines on all” framework is our 
interpretation of what transformative innovation policy 
could look like, as a result from MLP perspective and TIP 
analysis in solar energy in Brazil. This framework could 
be applied as a tool to define a long-term vision and as an 
incentive for the technological transition process and the 
transformative policy formulation for the dissemination 
of technology at all levels of the socio-technical system. 
Adaptations will be necessary to enable its analysis in other 
contexts, as each transition process presupposes different 
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challenges, as well as involvement of different actors and 
relationships.

The transformative innovation policies (TIP) differ from 
the policies aimed at structuring the SNI, since it involves 
the debate with society, the management of conflicting 
agendas, the change of culture and values, new rules, new 
sources of financing. The process of socio-technical tran-
sition involves technological innovations, but goes beyond 
composing with the agendas, desires, values and culture of 
the whole society. In this sense, TIPs, different from the 
policies aimed at the structuring of the innovation system, 
should, besides searching for economic growth, increase the 
well-being of the population avoiding environmental degra-
dation, thus meeting the Millennium Development Goals.

Conclusions and recommendations

Brazil has the opportunity to foster and disseminate the 
use of photovoltaic solar energy as a relevant source in the 
national energy matrix, as well as to develop the entire pro-
duction chain of the sector, which includes the manufacture 
of inputs, components, equipment, and specialized labor. 
The promotion of this energy source requires some actions 

and governance policies that involve the private sector, 
development and regulatory agencies, banking institutions, 
and various government departments. Decentralizing the 
distribution of electric energy is one of few possibilities to 
offer electricity to millions of people living in the furthest 
reaches of this continental country.

The results presented in this paper do not offer definitive 
conclusions about the subject analyzed, but rather present 
key aspects and notes on emerging themes for transition 
management research, offering a theoretical and practical 
framework to contribute to the future research agenda in the 
field and in the industry, mainly regarding MLP perspec-
tive as a theoretical approach to inform how transformative 
innovation policy can be applied.

The analysis of the electricity regime in Brazil showed a 
trend toward stability and continuity of hydroelectric energy 
in the national energy matrix. It developed along with the 
history of the system, leading to a process of lock-in and 
path dependence, as the infrastructure for the transmission 
and distribution of energy are mostly built around hydro-
power dams. At the socio-technical regime level, the tech-
nological transition to photovoltaic energy in Brazil is a 
long-term process, which can take many years to develop 

Fig. 5   Solar energy transforma-
tive innovation policy frame-
work Source: Authors
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and consolidate within the industry. Still, some initial steps 
were taken by the government, albeit timidly.

The main findings of this research were identified from 
the MLP analysis, applied in this study as a theoretical 
framework for looking at solar energy in a developing 
country. The “sun shines for all” is an interpretation of how 
to think about innovation policy for solar energy in Brazil. 
They present five dimensions as essential for creating new 
policies for this technology: new market formation, govern-
ment initiatives, R&D, technology and innovation, societal 
welfare, and clean environment. The technology under study 
is now seen as an opportunity for the industry, and no longer 
as a threat, and is beginning to gain legitimacy with impor-
tant actors in the system, leading to a process of change in 
the currently consolidated mental model. As this technology 
gains more legitimacy with the other actors at the regime 
level, it begins to gather momentum, and the technological 
transition process tends to consolidate.

While applied to the solar energy system in Brazil, the 
framework that is presented here in a non-exhaustive way 
can be combined and refined for application to other contexts 
and sectors. However, its use alone cannot guarantee the 
greater use and dissemination of technology, nor is it a nec-
essary condition for the technological transition process to 
actually take place. Its application can facilitate the process 
of understanding and diffusion of this technology, as well as 
directing the trajectory of the transition to paths desired and 
specified by the policies established among the actors of this 
socio-technical system.

Among the limitations of this study are that it does not 
include all the elements and actors of the socio-technical 
system. The multi-stage, multi-level, multi-phase, and multi-
disciplinary characteristics of the sociotechnical systems 
show the high complexity of this system; researchers have 
the responsibility of identifying and selecting the most rel-
evant elements of the analyzed context. It is suggested as 
future research the application of this same methodology in 
other contexts and technologies, or to make the comparison 
between the policies of incentives to adopt renewable ener-
gies in other countries.

Acknowledgements  We thank all the institutions that agreed to col-
laborate with this research, contributing immensely to the result pre-
sented here.

Funding  This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Compliance with ethical standards 

Conflict of interest  The authors declared that they have no conflict of 
interest.

References

Berkhout F (2010) Technological regimes, environmental performance 
and innovation systems: tracing the links. In: Weber M, Hem-
melskamp J (eds) Towards environmental innovation systems. 
Springer, Heidelberg

Chataway J, Daniels C, Kenger L, Ramirez M, Schot J, Steinmuel-
ler E (2017) Developing and enacting transformative innovation 
policy: a comparative study. Paper presented at the international 
sustainability transitions 2017. http://www.trans​forma​tive-innov​
ation​-polic​y.net/paper​s/devel​oping​-and-enact​ing-trans​forma​tive-
innov​ation​-polic​y. Accessed 17 Dec 2016

Dolata U (2013) The transformative capacity of new technologies: a 
theory of sociothecnical change. Routledge, New York

Fagerberg J (2018) Mobilizing innovation for sustainability transi-
tions: a comment on transformative innovation policy. Res Policy 
47(9):1568–1576. https​://doi.org/10.1016/j.respo​l.2018.08.012

Geels FW (2002) Technological transitions as evolutionary reconfigu-
ration process: a multi-level perspective and a case-study. Res 
Policy 31:1257–1274

Geels F (2004) Understanding system innovations: a critical literature 
review and a conceptual synthesis. In: Elsen B, Geels FW, Green 
K (eds) System innovation and the transition to sustainability: 
theory, evidence and policy. Edward Elgar, Northampton

Geels F, Schot J (2010) The dynamics of transitions: a socio-technical 
perspective. In: Grin J, Rotmans J, Schot J (eds) Transitions to 
sustainable development: new directions in the study of long-term 
transformative change. Routledge, New York

Loorbach D (2007) Transition management: new mode of governance 
for sustainable development. International books (ed). ISBN-13: 
978-9057270574

Loorbach DL, Frantzeskaki N, Avelino F (2017) Sustainability tran-
sitions research: transforming science and practice for societal 
change. Annu Rev Environ Resour 42:599–626

Mazzucato (2017) Mission-oriented innovation policy: challenges and 
opportunities. UCL Institute for Innovation and Public Purpose 
Working Paper, (2017-1)

Mendonça ATB, Cunha SK, Nascimento TC (2018) Relações Multi-
níveis e Inovação Sustentável: o Programa Veículo Elétrico da 
Itaipu Brasil. RECADM: REVISTA ELETRÔNICA DE CIÊN-
CIA ADMINISTRATIVA 17:316–343

Nelson R (2008) As fontes do crescimento econômico. Campinas, São 
Paulo, Ed. UNICAMP, SP

Perez C (2009) Technological revolutions and techno-economic para-
digms. Working Papers in Technology Governance and Economic 
Dynamics The Other Canon Foundation, Norway and Tallinn Uni-
versity of Technology, Tallinn

Saviotti BPP (2010) On the co-evolution of technologies and institu-
tions. In: Weber M, Hemmelskamp J (eds) Towards environmental 
innovation systems. Springer, Heidelberg

Schot J, Steinmueller WE (2018) Three frames for innovation policy: 
R&D, systems of innovation and transformative change. Res Pol-
icy 47:1554–1567. https​://doi.org/10.1016/j.respo​l.2018.08.011

Schot J, Daniels C, Torrens J, Bloomfield G (2017) Developing a 
shared understanding of transformative innovation policy. TIPC—
transformative innovation policy consortium. http://www.tipco​
nsort​ium.net/publi​catio​ns/devel​oping​-a-share​d-under​stand​ing-
of-trans​forma​tive-innov​ation​-polic​y/

Smith A (2007) Emerging in between: the multi-level governance 
of renewable energy in the English regions. Energy Policy 
35:6266–6280

Soete L, Vespagen B, Weel B (2009) Systems of innovation. Working 
paper series. United Nation University. 2009/062 December 2009. 
Jacobsson, Lauber–PV, Germany

http://www.transformative-innovation-policy.net/papers/developing-and-enacting-transformative-innovation-policy
http://www.transformative-innovation-policy.net/papers/developing-and-enacting-transformative-innovation-policy
http://www.transformative-innovation-policy.net/papers/developing-and-enacting-transformative-innovation-policy
https://doi.org/10.1016/j.respol.2018.08.012
https://doi.org/10.1016/j.respol.2018.08.011
http://www.tipconsortium.net/publications/developing-a-shared-understanding-of-transformative-innovation-policy/
http://www.tipconsortium.net/publications/developing-a-shared-understanding-of-transformative-innovation-policy/
http://www.tipconsortium.net/publications/developing-a-shared-understanding-of-transformative-innovation-policy/


57Transformative innovation policy for solar energy: particularities of a developing country﻿	

1 3

Twidell J, Weir T (2015) Renewable energy resources, 3rd edn. Rout-
ledge, New York

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Danielle Denes_Santos  is now a postdoctoral fellow at Techn-
ion (Israel), she holds a Ph.D. in Technology innovation policy TU 
DELFT (Netherlands) and UP (Universidade Positivo) Master in Busi-
ness Administration—Federal University of Paraná (UFPR), Business 
Marketing Specialist—Federal University of Paraná (UFPR), under-
graduated in Business Administration—Tuiuti University (UTP) and 

undergraduated in Media (Advertising)—Federal University of Paraná 
(UFPR). Danielle has over 17 years of experience in academic posi-
tions as professor in several educational institutions. She is Adjunct 
Professor at Universidade Positivo—Brasil.

Sieglinde Kindl da Cunha  holds a Ph.D. in Economics—innovation pol-
icies (UNICAMP), MBA at Regional economics (USP) and Economic 
Development (UFPR). She was a researcher at the Research Center 
of the Institute for Economic and Social Development—IPARDES, 
1974 and IPARDES Research Director from 1996 to 2002. Since 2005 
she is a full professor of the Master’s and Doctoral Program in PMDA 
Administration and the Post-Graduate Program in Environmental Man-
agement—PGAMB of Universidade Positivo.


	Transformative innovation policy for solar energy: particularities of a developing country
	Abstract
	Graphic abstract
	Introduction
	Transformative innovation policy as a new frame in sociotechnical innovation theory
	Methodological approach
	PV energy transformative innovation policy framework
	The sun shines on all: PV energy transformative innovation policy framework in Brazil
	Conclusions and recommendations
	Acknowledgements 
	References




