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RESUMO 

 
Este estudo fornece uma análise do processo de transição da mobilidade elétrica 

usando dois estudos de caso – Noruega e Brasil. A partir de uma perspectiva sócio-

técnica, explora a interação entre tecnologia e sociedade e propõe modelos adaptados 

de perspectiva multinível (MLP) para cada país como ferramentas para avaliar os dois 

diferentes contextos de transição tecnológica. Os modelos consideram fatores urbanos 

como relevantes na transição da mobilidade elétrica, Dessa forma contribui para 

preencher uma lacuna na literatura referente à falta de suporte empírico sobre a 

importância de se considerar escalas espaciais em análises de transições de 

sustentabilidade. Seguindo uma  metodologia que analisa dois estudos de casos, um 

enfoque particular é dado para os mecanismos causais da transição da mobilidade 

elétrica em ambos os casos. O objetivo é investigar se os instrumentos adotados na 

Noruega – um dos mercados mais avançados do mundo para veículos elétricos – 

também seriam eficazes no Brasil. O estudo conclui que os instrumentos adotados na 

Noruega, responsáveis pela superação dos desafios para uma transição bem-sucedida, 

possivelmente não seriam eficazes no contexto brasileiro. O caminho para a 

introdução de veículos elétricos no Brasil seria a eletrificação do transporte público, 

especialmente ônibus, e/ou a estratégia de hibridização, através do desenvolvimento 

da tecnologia híbrida flex fuel. 

 

 

Palavras-chave: Mobilidade elétrica; Sistemas socio-técnicos; Perspectiva multi-

nível; transições tecnológicas; Sustentabilidade 
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ABSTRACT 

 
This study provides an in-depth analysis of the process of electric mobility transition 

by using two case studies – Norway and Brazil. From a socio-technical perspective, it 

explores the interaction between technology and society, and proposes adapted multi-

level perspective (MLP) models to each country as tools for analyzing the two 

different contexts of technological transition. The models account for urban trends as 

relevant drivers in electric mobility transitions, contributing to fill a gap in the 

literature related to the lack of empirical support on the importance of spatial scales in 

sustainability transitions analyses. Following a pathway case strategy, a particular 

focus is given on the causal mechanisms of electric mobility transition in both cases. 

The aim is to investigate whether the instruments adopted in Norway – one of the 

world’s most advanced market for electric vehicles – would also be potentially 

effective in Brazil. The study concludes that the instruments adopted in Norway, 

responsible for overcoming the challenges for a successful transition, would most 

likely not be effective in the Brazilian context. The promising pathway for the 

introduction of electric vehicles in Brazil would be either by the electrification of 

public transportation, especially buses, and/or the hybridization strategy, through the 

development of the hybrid flex fuel technology.  

 
 

Key words: Electric Mobility; Socio-technical Systems; Multi-level Perspective 

Framework; Technological Transitions; Sustainability 
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1. Introduction 
 

Transport-related greenhouse gas (GHG) emissions correspond to one quarter 

of total GHG emissions in the world (IEA, 2018)1, being a severe contributor to the 

effects of climate change. In this sense, the decarbonization of the transport sector 

stands out as a policy priority among countries and a key driver for achieving the 

long-term goals of the Paris Agreement. Among the pathways towards a more 

sustainable transportation, such as reduction in transport demand, increased 

efficiency, modal shifts from private to public transportation, this work focuses on 

one path: transport electrification.  

 The aim of this study is to explore the process of electric mobility transition 

in order to understand how this innovation is incorporated into society. For this, we 

use a socio-technical approach (Geels, 2002, 2004), which is recognized as a tool to 

examine the interactions between technology and society, and investigate how 

technological systems are maintained, reproduced and changed by various actors 

(Geels, 2012). This approach sheds light on the stability component of transitions, 

which results from interlinks between heterogeneous elements that lock societies into 

certain paths of technology and practice. In this study, we consider a multi-level 

perspective (MLP) framework, for which the basic premise is that transitions result 

from the interplay between three analytical levels: niches (the locus for radical 

innovations), socio-technical regime (the locus of established practices and rules), and 

the socio-technical landscape (wider exogenous environment) (Geels, 2004, 2012). 

We propose an adapted MLP model that will be used as the analytical tool for the 

analysis conducted on electric mobility transitions. This model makes more explicit 

the role of sub-national units in electric mobility transition, accounting for urban 

trends as relevant drivers to facilitate the diffusion of niche innovations. This study 

will contribute to the literature by using empirical research to make a more spatially 

explicit framework. This is a gap in the literature, which has been recognizing the 

importance of local conditions within transitions approaches, but such conditions are 

not sufficiently taken into account in empirical analyses of sustainability transitions. 

                                                        
1 CO2 emissions from fuel combustion – Overview, IEA (2018) 
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Following a pathway case strategy, the study takes Norway and Brazil as case 

studies and focuses on the causal mechanisms of electric mobility transition in each 

country. An extensive literature regarding electric mobility in Norway provides 

historical data for an in-depth investigation of the transition process in the most 

successful market for electric cars in the world. The study elucidates the instruments 

responsible for overcoming the challenges and achieving a successful transition. More 

particularly, our aim is to investigate whether the instruments adopted in Norway 

would also be effective in the case of Brazil, a country on the initial stages of 

transition with a very incipient market for electric cars. In order to provide a more 

complete analysis, we use semi-structured interviews as the primary data source (see 

Appendix A). From the empirical analysis we developed a multi-level perspective 

framework for each country, composed of the actors and elements responsible for the 

electric mobility transition within each context. 

 This work is structured as follows. Section 2 presents the current status of 

electric mobility from a global perspective, describes the multi-level perspective 

framework and its application for the analysis of electric mobility transition (2.1 and 

2.2), explores the role of urban drivers in electric mobility transition, shedding light 

on this gap in the literature (2.3), and introduces the challenges for sustainability 

transitions. Section 3 presents the methodology and the adapted MLP framework with 

an urban landscape. Section 4 explores Norway’s and Brazil’s trajectories, describes 

the challenges for electric mobility transition, and presents the MLP framework 

developed for each country. This section also discusses pertinent issues poorly 

addressed in the current literature. 

 

2. Transition towards electric mobility 
In 2015, the historical Paris Agreement was the first international climate 

agreement to encompass all countries, both developed and developing, on mitigation 

efforts towards a low-carbon world. The Paris Agreement indicates that the world is 

willing to transform the way it generates and consumes energy by introducing cleaner 

and more sustainable technologies. As a result, the worst impacts of global warming 

would be avoided. A key element for achieving the ambitious long-term goals of the 

Paris Agreement to limit the temperature rise to below 2°C above the pre-industrial 
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levels is the decarbonization of the transportation sector. According to the 

International Energy Agency (2018)2, in 2016 the transportation sector accounted 

globally for one quarter of total emissions, 71% higher than the levels observed in 

1990, and the highest absolute increase was in road transport. Compared to other 

sectors, transportation is only behind electricity and heat sector as the largest emitter.  

There are several pathways for decarbonizing the transportation sector are the 

reduction in transport demand, modal shifts from private to public transportation, 

energy efficiency – which can be achieved through greenhouse gas standards for the 

production of more efficient vehicles by manufacturers – and alternative fuels, such as 

electricity. Nevertheless, despite efficiency gains in internal combustion engines in 

the past years, these vehicles would still be much less efficient than electric vehicles 

(EVs), which can achieve 80% of engine efficiency compared to approximately 20% 

in the case of internal combustion engine 3 . In this sense, this transition from 

conventional internal combustion to electric vehicles can be considered the “natural 

evolution of vehicle technology” (Delgado et al., 2017, p. 11). However, for electric 

vehicles to be responsible for the decarbonization of transportation sector and to 

mitigate the effects of climate change one must assess the whole life cycle of such 

vehicles: production, use, and final destination. Unlike internal combustion cars, a 

significant proportion of electric cars emissions is upstream – i.e., those produced in 

the generation of the electricity that supplies EV batteries. In this sense, EVs can only 

be considered zero-emission vehicles if the electricity it uses is produced from 

renewable sources. Regarding the total manufacturing emissions, Nealer et al. (2015) 

found that the production of a midrange battery electric vehicle (BEV) emits 15 

percent more than the manufacturing of a similar gasoline vehicle, and this number 

jumps to 83 percent when considering a long-range BEV with a larger battery4 . 

However, despite higher emissions from vehicle manufacturing, they are quickly 

offset by emissions savings from driving when electricity is generated by renewable 

sources (Nealer et al., 2015). Finally, we should address the disposal of batteries and 

other BEV components after the end of its useful life, as it can cause serious 

consequences for the environment. According to Nealer et al. (2015), the disposal 

process of the batteries would be responsible for most environmental impacts, but 

                                                        
2 CO2 emissions from fuel combustion – Overview, IEA (2018) 
3 https://cleantechnica.com/2018/03/10/electric-car-myth-buster-efficiency/ 
4 Considering the average U.S. electricity grid mix. 
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given that the majority of BEVs have not yet been retired, there is limited available 

data for such calculation. 

Since 2014 the global electric car stock has been growing remarkably and 

surpassed 3 million vehicles in 2017, after expanding 56% compared to 2016, as can 

be observed in Figure 1 (IEA, 2018). However, as the graph suggests, the growth has 

mainly been concentrated in China, Europe and the United States. According to IEA’s 

Global EV Outlook (2018), China is responsible for more than half of global sales of 

electric cars and is followed by the United States, the second-largest electric car 

market globally. In terms of market share, Norway is the most advanced country with 

electric cars accounting for 39% of new car sales in the country. The country is 

followed by Iceland and Sweden, where electric car sales share is 11.7% and 6.3%, 

respectively.  

 

Figure 1: Evolution of the global electric car stock, 2013-2017 

 
Source: IEA (2018) 

 

Despite the specificities and different conditions within those locations, they 

have consistently used similar tools to reduce barriers of cost, infrastructure, and 

awareness for EV adoption, combining regulations to stimulate industry as well as 

local programs. Among the most common actions are financial incentives, licensing 

and road access policies, parking policies, and consumer awareness campaigns. The 

financial incentives have been one of the most effective tools in the uptake of electric 

vehicles whether they are in the form of upfront rebates, tax exemptions, or pollution-

indexed taxation. Road access and parking policies have also been a valuable resource 

to promote the uptake of electric cars, especially in dense cities. Additionally, 

consumer awareness and education programs are of extremely importance in any 
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technological transition, because even in leading markets a significant portion of the 

population remains unaware and misinformed regarding EVs technology, its 

availability and its benefits. In this sense, partnerships between governments, utilities, 

manufacturers and advocacy organizations were crucial to implement programs that 

improved knowledge and generated greater interest in electric vehicles (Hall et al., 

2018). 

Charging infrastructure is a key enabler and driver of the electric mobility 

transition. The most advanced markets for electric vehicles represented in Figure 1 

have much more charging infrastructure than elsewhere, accounting for almost half of 

the world’s public charging (Hall et al., 2018). Besides the creation of strategic plans 

to set targets and build public charging stations, there were also funding for purchase 

and installation of private charging infrastructure. However, within those private 

charging stations some problems may appear in apartment buildings and 

condominiums given that most of them proscribe parking facilities but only a limited 

number allow for or mandate EV charging outlets (IEA, 2018). In such cases the 

installation of charging outlets would require changes in building regulations. For 

IEA (2018), the development of building codes embedding requirements for newly 

building parking spaces to be ready to receive an EV charging outlet is crucial for a 

greater diffusion of electric cars in private households. 

2.1 Transitions and multi-level perspective 
 

Throughout the history society is being transformed by a series of 

technological innovations. These phenomena had rapidly intensified in the modern 

age and consist in the development of new technologies, which start in co-existence 

with existing ones until they can supplant them. The innovations with the highest 

transformational power are those that occur at the level of societal functions, such as 

transportation, communication, housing, and energy supply. The incorporation of 

such innovations into society consists of technological transitions. The complexity 

behind this incorporation process is related to the fact that technological transitions 

are co-evolutionary processes that involve not only technological changes, but also 

changes in other interlinked elements (Geels, 2002, 2004, 2005).  

In line with this idea of technological transitions as a systemic and co-

evolutionary process, the concept of ‘systems of innovation’ emerged in the literature 
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with several approaches to analyze the system itself as well as the transitions from 

one to another. Even though all approaches emphasize the systemic nature of 

innovations and interlinks between the elements, each of them has its specific focus 

(Geels, 2004). On the one hand, approaches inspired by the evolutionary theory, 

business studies and innovation studies tend to focus mainly on the production side 

where innovations emerge. On the other hand, those rooted on cultural and 

domestication studies are more user-focused, leaving aside the development process 

per se. 

Incorporating the best elements from those approaches, the socio-technical 

systems encompass both the supply side (innovations) and the demand side (user 

environment) of technological innovations, serving as a “bridge between separate 

bodies of literature” (Geels, 2004, p. 902). Thus, in socio-technical systems not only 

firms and industries are important actors but also users, public authorities, the media, 

research institutes, and non-governmental organizations. 

In this conceptualization, the technological transition from one socio-technical 

system to another does not occur easily, because the existing system that has been 

around for decades is resistant to change. In such system, heterogeneous elements are 

interlinked, creating stability (Geels, 2002, 2004, 2005). The stability is dynamic, 

which means that changes can still occur, but are mostly incremental and predictable 

in certain directions. This, in turn, results in stable trajectories and path dependencies. 

The phenomena of lock-in or path dependence (Unruh, 2000) can be explained by 

mechanisms such as shared beliefs that make society blind for new developments, 

consumer lifestyles, market barriers due to regulations and laws, sunk investments in 

infrastructure and people, economies of scales that result in lower costs (Geels, 2012).  

This stability is mainly part of the deep structures of the system, the socio-

technical regime and socio-technical landscape (Geels, 2002), responsible for the 

rules that coordinate and guide different social groups. In regime rules are aligned and 

linked together, so that it is difficult to change one rule without altering others. This 

alignment gives regimes “stability and ‘strength’ to coordinate activities” (Geels, 

2004). The landscape is the macro-level which influences the regime in a nested 

hierarchy (as illustrated in Figure 2) and refers to aspects of a wider exogenous 

environment, such as societal values, political ideologies, beliefs, and macro-

economic trends. It is an even harder structure than the regimes in the sense of being 

beyond the control of individual actors (Geels, 2012, 2002, 2004, 2005). Given these 
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levels’ ‘hardness’ it is difficult for radical innovations to emerge within them. The 

locus of those innovations is on the micro-level, formed by technological niches, 

which are crucial for technological transitions. They provide a favorable environment 

for social networks that support innovation, a protection for novelties because of 

different selection criteria from the mainstream market, and locations for learning 

processes. They are thus the “seeds for change” within the system (Geels, 2002, 2004, 

2005). 

But how do radical innovations break through the niche to the regime level? 

This process can have a really hard time in stable situations – i.e., when the linkages 

between the heterogeneous elements at the regime level are maintained and 

reproduced due to the co-ordination and alignment of different social groups. In turn, 

once ongoing processes at both the regime and the landscape levels lead to tensions 

and misalignments, those linkages are ‘loosen up’, resulting in the creation of 

windows of opportunity for radical innovations to diffuse and be incorporated in the 

socio-technical system (Geels, 2002).  

 

Figure 2: Multiple levels as a nested hierarchy 

 
Source: Geels (2002) 

 

This idea of technological transitions as a combination of stability and change 

comes from the multi-level perspective (MLP) (Rip & Kemp, 1998), according to 

which transitions appear as the outcome of a dynamic relationship between 

developments at all the three levels and involve not only technology and market 

shares, but also changes in wider dimensions such as regulation, infrastructure, 

sectorial policy, and cultural meaning (Geels, 2002). By adopting a co-evolutionary, 
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systemic and actor-based5 approach, the multi-level perspective divides the process of 

technological transition in several phases (Geels, 2005), as illustrated in Figure 3. In 

the first phase, novelties emerge in niches in the existing context of regime and 

landscape levels. In the second phase, the novelty starts to gain resources for technical 

specialization as it is used in small market niches. The third phase is characterized by 

the breakthrough of the innovation and its diffusion and competition with the current 

regime. The fourth and last phase corresponds to the (usually gradual) replacement of 

the old technology in the regime and the subsequent changes on wider dimensions of 

the socio-technical system. 

 

Figure 3: Multi-level perspective phases for system innovation 

 
Source: Geels (2005) 

 

2.2 MLP as a guiding framework for electric mobility transition 
 

The present study focuses on the socio-technical system of urban mobility, 

which consists of several elements, such as technology, regulation, user practices, 

cultural meaning, and infrastructure, as illustrated in Figure 4. This urban mobility 

socio-technical configuration is internationally consolidated. Large automobile 

industries lead the production system and the industrial structure, which is also 

supported by a consolidated supply infrastructure led by international oil companies, 

that privileges the development of road infrastructure and guide urban planning 

towards road-based transportation. Additionally, there is a well-consolidated 
                                                        
5 Focuses on strategies, perceptions, actions and interactions between actors of different social groups 
– e.g., consumers, industry, public institutions, non-governmental organizations etc. 
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maintenance and repair services network of auto parts and components. Finally, 

another important component of such configuration is the cultural and symbolic 

meaning of individual vehicles, linked to comfort, autonomy, freedom and even 

personal success (Geels, 2012). 

 

Figure 4: Socio-technical system for urban mobility 

 
Source: Geels (2005) 

 

 All those elements generate a cycle of positive feedback between consumer 

and vehicle manufacturers, which is also supported by a financial market that 

facilitates the purchase and financing of individual vehicles and by a set of policies 

and regulations that privileges individual internal combustion vehicles (Rodriguez, 

2018). In this sense, changes in this socio-technical configuration towards low-carbon 

mobility imply economic, industrial, political, environmental, technological, social 

and cultural changes, influenced by incumbent and powerful actors that could create 

resistance in face of transition processes. Such resistance is related to the lock-in and 

path dependence phenomena described previously, which mechanisms in the case of 

transportation are translated in terms of sunk investments in roads, plants, and 

employees, user lifestyle, cultural values, and vested interests (industry, car and road 

lobbies) (Geels, 2012).  

  This study analyzes the specific case of socio-technical transition towards 

electric mobility, using the multi-level perspective as a guiding framework (see 

Figure 5). The socio-technical regime in the transport domain is composed of a 

dominant regime (auto mobility) and other transport modes - such as train, tram, bus, 

and cycling - that has been around for decades but are considered subaltern regimes, 

because they capture only a small percentage of total mobility (in terms of passenger 
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kilometers) (Geels, 2012). As already mentioned, this dominant regime consists of 

individual internal combustion vehicles powered by fossil fuels, supported by strong 

interactions between technology and institutions that generates the lock-in 

phenomenon in the socio-technical system, hampering technological transitions. 

Moreover, the socio-technical system of urban mobility is not static or closed. Rather, 

it is strongly influenced by broader systems, which can also affect the demand for 

mobility, as they support other social practices such as leisure, commuting to work, 

business trips, among others (Geels, 2018). Thus, the set of urban transport regimes is 

complemented by a series of parallel regimes such as energy, urban planning, 

Information and Communication technologies (ICTs), and work. 

 

Figure 5: MLP model for passenger mobility system reconfiguration 

 
Source: Geels (2018) 

 

 Each regime within the urban mobility socio-technical system is affected by 

different mechanisms from multiple niche-innovations. Electric mobility is a 

technological niche-innovation that can either replace the existing components and 

established technologies (e.g., batteries replacing internal combustion engine in cars) 

or be symbiotically adopted in existing regimes, resulting in hybrid forms (e.g., plug-

in hybrid vehicles and hybrid vehicles powered by biofuels) (Geels, 2018). Other 

niche-innovations can improve the existing regimes, such as smart cards and mobility 

apps. Finally, examples of niche-innovations in non-transport regimes are home-

working, urban planning, and smart grids, which affect mobility demand (Geels, 2018) 

and can be determinant to a successful transition to electric mobility.  
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 Urban mobility regimes are also affected by multiple landscape developments 

that differentially affect each regime. On one hand, there are destabilizing landscape 

pressures, that facilitates the emergence of niche innovations into the regime level. 

Regarding the introduction of electric mobility, those pressures can be: discussions of 

climate change; energy security concerns; energy efficiency; diffusion of ICT and 

possible shifts towards an information society (Geels, 2012; Rodriguez, 2018) On the 

other hand, there are landscape pressures that help stabilize the current automotive 

regime and create barriers to the introduction of electric mobility. Those pressures are 

mainly related to cultural preferences and values, fueling infrastructure shaped around 

the internal combustion cars, and macro-economic growth enabling consumers in 

developing countries to buy their first (internal combustion) car.  

 

2.3 The role of urban drivers for sustainability transitions 
 

Although the multilevel perspective highlights the importance of nested 

connections and relationships between stable landscape and regime levels with the 

innovative environment of niches, the spatial scale frequently remains implicit or 

underdeveloped (Hodson & Marvin, 2010, 2011). In the specific case of sustainability 

transitions literature, the lack of attention for the spatial dimension in MLP 

approaches has neglected the role of sub-national units. Most studies has either 

explicitly or implicitly focused on the national-scale level (Gibbs & O’Neill, 2017). 

However, considering that most of GHG emissions from energy use and 

transportation come from cities, urban drivers are becoming powerful promoters of 

sustainability transitions. As a result, urban and regional policies became central to 

facilitate the embedding and diffusion of niche technologies (Hansen & Coenen, 

2015). 

Several studies have criticized the lack of spatial sensitivity in MLP 

approaches in sustainability transition analysis. In a review paper on sustainability 

transition studies, Smith et al., (2010) call attention for the fact that geography matters 

for sustainable innovation, but the literature is only beginning to explore such 

influence. In this sense, the geography of transitions is considered a research 

challenge to be addressed in future research. In a similar vein, Coenen et al., (2012) 

and Coenen & Truffer (2012) highlight that spatial contexts are all too often treated 

(at best) as a “passive background variable”, which reduces comparability between 
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places in sustainability transitions analyses. Focusing on the specific case of MLP 

framework, Raven et al., (2012) call attention for the fact that the three levels 

(landscape, regime, and niches) are often implicitly merged with specific territorial 

boundaries in empirical studies: regimes tend to be associated with national features, 

landscape with international ones, and niches with local features. However, they 

argue that there is no theoretical reason “to conflate the MLP levels with specific 

territorial boundaries” (p. 64). More recently, in a review of the literature on the 

geography of sustainability transitions, Hansen & Coenen (2015) identified a growing 

consensus that place-specificity matters. However, while most contributions add 

spatial sensitivity to transitions’ frameworks, only few suggested “alternative 

frameworks to study sustainability transitions” (p. 14).  

Thus, it seems that the sense of the importance of local conditions within 

transitions approaches in general and MLP in particular is growing. However, “these 

conditions are not sufficiently taken into account in the empirical analysis inspired by 

MLP” (Raven et al., 2012, p. 67). This study explores this gap in the analysis of 

electric mobility transition. As highlighted in Geels (2012), the neglect of spatial 

scales and the role of sub-national units create additional complications in the 

particular case of the transport domain: many dimensions of the automobility regime 

are local (e.g. parking fees, road maintenance, local policing, congestion charging, 

urban planning, and access to city centers). In this sense, within national mobility 

regimes there can be local variations at the urban level, and the role of urban drivers 

should be incorporated in the analysis of electric mobility transition 

This study will contribute to the literature by using empirical research to make 

a more spatially explicit framework. We help address this gap by exploring Norway 

and Brazil case studies both empirically and to support the theoretical discussion on 

the importance of explicit spatial scales in transitions analyses.  

 

2.4 Challenges for sustainability transitions  

 

Emerging as a response to environmental problems, the transition towards 

electric mobility is an example of a sustainability transition (Geels, 2011). Differently 

from environmental issues that were considered priorities in the 1970s and the 1980s, 

such as water pollution, acid rain, and waste disposal, the solution for climate change 
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and other contemporary environmental problems would not lie in incremental clean 

technologies. On the contrary, it involves deeper structural changes in transport, 

energy, agri-food and other systems (Geels, 2010a, 2011).  

In general, transitions at the level of societal functions, such as transportation, 

are complex and long-term processes that involve multiple actors. They are linked and 

aligned to the existing technology, which creates resistance. In this sense, for those 

transitions to emerge they need to overcome the barriers created by the established 

socio-institutional framework, also known as the lock-in phenomenon (Unruh, 2002), 

which is further explored in the next chapter. Furthermore, there are some special 

characteristics regarding sustainability transitions that create additional challenges. 

Among those special characteristics that make the transitions towards sustainability 

different and more challenging compared to other historical transitions is the fact that 

their goal is a ‘collective good’. As a consequence, there are limited incentives for 

private actors to support sustainability transitions voluntarily. Thus, public authorities 

and civil society emerge as crucial actors to address this type of transition and deal 

with the disagreements and debates that such a contested and ambiguous concept 

creates (Geels, 2011). A second unique attribute of sustainability transitions is also 

related to the fact that sustainability is a collective attribute: benefits for users are not 

always clear, and sustainable solutions are often more expensive/less efficient 

compared to established technologies (Geels, 2011). In this sense, Geels emphasizes 

the importance of taxes, subsidies, regulatory frameworks to change policies, and a 

consolidated economic structure so that vested interests’ barriers would be overcome. 

Finally, a third special characteristic of sustainability transitions described in Geels 

(2011) relates to the specificities of the economic sectors where this type of transition 

is mostly required, such as energy, transport, and agri-food. Large firms are dominant 

in those sectors and specific capabilities give them some economic advantages (e.g., 

access to distribution channels, complementary technologies, specialized 

manufacturing capabilities), which, in turn, give them strong positions compared to 

those who first develop environmental innovations (Geels, 2011). The biggest 

challenge would be the reorientation of such large incumbent firms, which still defend 

the existing regime, towards the support of the innovation leaders, which could result 

in faster innovation breakthroughs.  

In line with Geels (2011), Kemp & van Lente (2011) also argue that the cause 

of sustainability adds an additional challenge to such transitions. According to them, 



 17 

sustainability transitions should involve a “change in criteria that actors use to judge 

the appropriateness of products, services, and systems” (p. 122). In this sense, 

successful sustainability transitions should be seen in a more consequential way, 

requiring society to accept constraints and move in the direction of different ways of 

life. Otherwise, it is very unlikely that transitions will lead to sustainability.  

In sum, considering all the challenges for sustainability transitions in general, 

and those related to the particular case electric mobility transition, – which is 

addressed in more detail next chapter – the decarbonization of the transport sector to 

achieve the ambitious long-term goals of the Paris Agreement is extremely 

challenging. The analysis of the successful transition in Norway provides information 

on the elements responsible for overcoming those challenges. Then, we investigate 

the case of Brazil and whether the instruments adopted in Norway would also be able 

to overcome the challenges in different context. 

3. Material and Methods 

3.1 Case Studies 

In order to understand the transition process towards electric mobility, we take 

Norway and Brazil as case studies. A detailed “real-life” examination helps to explain 

the complexities and specificities within each case (Yin, 2003). The selection of those 

cases follows the pathway case strategy, which purpose is determine whether the 

causal process works as expected within individual observations (Goertz & Mahoney, 

2012). In other words, the pathway case study methodology allows for a deep 

examination of data within each context, elucidating the causal mechanisms of the 

transition (Gerring, 2008; Goertz, 2017). By causal mechanisms we understand as 

those that produce or generate the outcomes (Goertz, 2017). In our study, the outcome 

is the introduction of electric vehicles and the mechanisms are the instruments 

adopted to surpass the challenges of a successful transition towards electric mobility. 

Norway is considered an extreme case (Gerring, 2008), because it has an 

extreme value on our dependent value of interest, which is the introduction of electric 

vehicles. As illustrated in previous chapter, Norway’s rate of EV penetration lies far 

away from the world’s average, being considered the world’s most advanced market 

for EVs. Brazil in contrast is a very incipient market, being useful to probe the causal 
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mechanisms (Gerring, 2008): whether the instruments adopted in Norway are 

sufficient to promote a successful electric mobility transition.  

  A historical perspective is adopted for analyzing Norway’s transition from the 

socio-technical system perspective. Historical data comes from the extensive 

literature regarding electric mobility in Norway. In Brazil, few studies focused on 

have been conducted on this subject considering the Brazilian context. Hence, we 

conducted semi-structured interviews with several actors involved with the 

development and implementation of electric mobility in Brazil as primary data source. 

The interviews explored relevant factors for a successful transition towards electric 

mobility as well as challenges and pathways for electric mobility in the country 

according to the interviewers. The interviews were conducted with 11 actors: (2) from 

the government, (2) from the automotive industry, (4) from the energy sector, and (3) 

from Academia. They all see the potential for electric mobility in the country, mainly 

due to the relatively clean energy matrix, and recognize the challenges for the 

introduction of electric mobility in the country. However, there is not a consensus 

regarding the instruments to promote such transition, neither the best pathway. While 

for some the hybridization of the fleet is the best, others state that the introduction of 

hybrid flex fuel vehicles would not lead to a widespread adoption of purely electric 

vehicles in the long term, because the main paradigms of electric mobility would not 

be addressed and overcome. In total, 11 interviews were carried out. Interviews were 

recorded in consent of the actors and fully transcribed. 

 

3.2 Adapted MLP model for electric mobility transition 
 

For the sake of a better understanding of the electric mobility transition 

process, this work proposes an adapted MLP model. This model is used as an 

analytical tool to examine the technological transition in the two proposed case 

studies – Norway and Brazil –, from which we identified the actors and collected the 

elements responsible for the electric mobility transition and also combined them to 

develop two MLP frameworks, as presented in section 4.4. This model makes more 

explicit the role of sub-national units in electric mobility transition, accounting for 

urban trends as relevant drivers to facilitate the diffusion of niche innovations. 

Differently from previous studies, which explore the role of sub-national units in 

niches, we see urban trends as an important component within the landscape level.  
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 The major change regarding the MLP models described previously is the 

addition of another landscape scale, the urban landscape, which accounts for those 

technology-external factors (Geels, 2002) and structural trends within the urban level. 

Considering that the electric mobility transition involves changes in urban mobility 

aspects, the introduction of such innovation at the regime level also depends on 

landscape pressures that emerge at the city level, such as local incentives and urban 

infrastructure. The national landscape, in turn, accounts for deeper structural trends 

related to national geographical characteristics (e.g., energy production matrix), 

environmental concerns, cultural values, and broad political coalitions (Geels, 2002). 

In this sense, the MLP frameworks developed for the two case studies analyzed have 

both a national and an urban landscape, making explicit these spatial differences.  

 In line with Geels (2002, 2012, 2018) we consider the regime level as a stable 

structure where innovations are mostly incremental, and composed not only by firms 

and industries (car manufacturers in the case of automobility regime), but also other 

social groups such as policy makers, consumers and markets. As a consequence, the 

automobility regimes are sustained by industrial production, politics, habits of use and 

established practices (Geels, 2012).  

 Finally, for the analysis of the transition towards electric mobility we consider 

different technologies of electric vehicles (cars and buses), such as purely electric and 

flex fuel hybrid, as the innovation niches. Car sharing initiatives are also considered 

an innovation niche. 

 

4. Results and Discussion 

4.1 Electric mobility in Norway: a successful transition  
 

Norway’s EV development started back in the 1970s, with the development of 

prototypes of EVs by several Norwegian private enterprises. This development also 

counted with financial support from the Research Council of Norway, which saw it as 

an opportunity of industrial innovation. According to Figenbaum & Kolbenstvedt 

(2013), this corresponds to the first of the five phases of Norway’s EV development. 

This phase continued until 1990, when the focus switched to testing the new 

technology and removing the barriers to EV adoption. In this sense, the first EV 

incentives were established, such as exemption from the registration tax in 1991, free 
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parking in 1993, reduced annual license fee in 1996, and road toll exemption in 1997. 

In this second phase, there were also the first efforts to commercialize the Norwegian-

made battery electric vehicles (BEVs) with the company Think, which went bankrupt 

due to slow sales and loss of financial resources. The third phase started in 1999 with 

Ford buying Think in an attempt to launch production and sales of the Norwegian EV 

Think City. This effort was accompanied by new purchase incentives such as the 25% 

VAT exemption launched in 2001, the free access to EVs in bus lanes in 2005, and 

the ferry ticket exemption in 2009. Despite these incentives, the supply of vehicle was 

still a challenge and the technology seemed not sufficiently developed for the market 

to take off, with EVs still not as advanced, safe or comfortable as traditional cars. 

This scenario started to change in the fourth phase of market introduction (2009-

2012), when established automotive manufacturers such as Mitsubishi, Peugeot, 

Citroen and Nissan made an aggressive entrance in the Norwegian market. As a result 

of this increased competition, prices were rapidly decreasing, and the “Norwegian 

production dream” faded away with new bankruptcies of national producers. In 2009, 

EVs introduction also gained support from the newly established governmental 

agency Transnova, which emerged as a tool to support tests and demonstrations of 

new technologies to reduce GHG emissions from the transportation sector, and for 

that matter supported the establishment of charging stations on a larger scale 

financially. Despite the fact that infrastructure development was the only new 

incentive in that phase, sales were increasing dramatically since 2011. The authors 

suggest thus, that it was probably not the lack of incentives that limited the EV sales 

earlier, but the lack of a variety of attractive cars available in the market. When EVs 

were made available in the market, incentives start having an effect (Figenbaum et al., 

2015; Figenbaum & Kolbenstvedt, 2013). Finally, the current phase since 2013 is the 

market expansion, with a continued increasing demand with incentives kept constant 

and vehicles manufacturers launching new vehicles. 

In order to understand the successful introduction of electric cars in Norway, it 

is also important to consider some national characteristics that may have contributed 

for the development of EV market. First of all, Norway is one of the world’s largest 

exporters of oil, and since the discovery of the oil reserves in North Sea in the late 

1960s, the country could build the economy on oil and gas exports. Norway also has 

abundant access to clean and renewable energy as it started to utilize its several rivers 

and waterfalls to produce hydro electricity around the 1900s. These hydropower 



 21 

resources generate almost entirely of the electricity in Norway and have allowed for 

the country’s industrialization, wealth creation, light and heating for more than a 

hundred years6. In this sense, besides the driving force of climate issues, there is also 

an “economic logic” for Norway to electrify its transportation sector the most as 

possible while exporting almost entirely of its oil and gas production (Interview Artic 

University of Norway).  

Moreover, central to understanding the successful introduction of electric cars 

in Norway is the fact that internal combustion cars are heavily taxed, which includes 

registration taxes on new vehicles, annual taxes, taxes on fuels and numerous toll 

roads. In this context, it is possible to create incentives by reduction or exemption in 

those taxes, thus influencing the types of vehicles to be sold (Hannisdahl, Malvik, & 

Wensaas, 2014; Steinbacher, Goes, & Jörling, 2018). Given that EVs are completely 

exempt from VAT and import tax in Norway, and EVs operating costs are relatively 

lower compared to traditional ones, the result is a total cost of ownership (TCO) for 

EVs significantly favorable, even more with the higher payback of EVs with 

increased yearly driving distance.  

 Another key factor to understand the successful electric mobility transition in 

Norway is what Carranza, Paturet, & Salera (2014) call citizens’ zero emission 

awareness. According to them, the fact that incentives and awareness actions were in 

place since the 1990s have given enough time for citizens to understand the benefits 

of electric mobility. Otherwise, as in the large majority of markets, the technical 

complexity and lack of consumers’ knowledge on the electrical powertrain and 

batteries lead consumers to believe in several technology myths and perceived risks, 

which can be considered a barrier to EV adoption. In the same line, Figenbaum et al., 

(2015) stress the importance of a communication process in any technological 

transition. The case of Norway is marked by an active work of organizations that 

contributed to a frequent media coverage and public discussion, with a significant 

increase in the number of press articles about EVs. Such effective diffusion channels 

contributed to spread the EV experience within social networks, overcoming the 

barrier of lack of knowledge. Combined with the incentives making EVs more 

affordable, the increased knowledge has made more people consider buying an 

electric car (Figenbaum et al., 2015) 
                                                        
6 https://www.regjeringen.no/en/topics/energy/renewable-energy/the-history-of-norwegian-
hydropower-in-5-minutes/id2346106/ 

https://www.regjeringen.no/en/topics/energy/renewable-energy/the-history-of-norwegian-hydropower-in-5-minutes/id2346106/
https://www.regjeringen.no/en/topics/energy/renewable-energy/the-history-of-norwegian-hydropower-in-5-minutes/id2346106/
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 Furthermore, there is also the fact that a significant number of Norwegians 

have access to a private garage with a circuit breaker that support charging of electric 

cars. For these consumers, charging an EV is currently a “simply matter of plugging 

the car into an existing wall outlet” (Hannisdahl et al., 2014). For those who are not 

able to establish a home charger on their own, such as those who live in shared 

apartment buildings, Oslo and some other cities have a grant system to support 

charging stations in buildings. 

 In sum, it is clear that the introduction of electric cars in Norway was possible 

due to the interplay between different stakeholders from society, industry, and 

government.   

4.2 Electric mobility in Brazil: a different pathway 
 

In contrast with the reality of Norway, the market for electric vehicles in 

Brazil is still very incipient. According to the National Association of Motor Vehicle 

Manufacturers (ANFAVEA), those vehicles accounted for only 0.2% of the 2.57 

million new vehicles licensed in 2018. In total, there are approximately 7,000 electric 

vehicles circulating in the country, where less than 1,000 are purely electric models 

and the vast majority is hybrid. The impressive number of 43,083,902 vehicles (light 

duty vehicles, buses, and trucks) in circulation in the country reflects the economic 

relevance of the automobile industry: 4% of the GDP (Gross Domestic Product) in 

2015 and 1.3 million direct and indirect jobs in national territory (MDIC, 20167; 

Anfavea, 2017)8. Additionally, Brazil is the world’s 10th largest vehicle producer 

(Anfavea, 2016). However, EVs are not seen as a priority to stimulate such industry. 

As previously mentioned, the introduction of electric vehicles around the 

world has been mainly motivated by environmental issues, as an attempt to avoid 

pollution and the worst impacts of climate change and global warming. Given the 

expressive participation of the transportation sector in total GHG emissions, the 

reduction in local pollutants and decarbonization of this sector is crucial. In this sense, 

the substitution of conventional vehicles equipped with inefficient and pollutant 

internal combustion engines by cleaner and much more efficient electric vehicles 

seems the best pathway. In addition, the international oil shocks in the 1970’s and the 

                                                        
7 http://www.mdic.gov.br/index.php/competitividade-industrial/setor-automotivo 
8 http://www.anfavea.com.br/estatisticas.html 

http://www.mdic.gov.br/index.php/competitividade-industrial/setor-automotivo
http://www.anfavea.com.br/estatisticas.html
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rise in oil prices after the 2000’s warned the extreme dependency on fossil fuels and 

highlighted the necessity of diversifying the energy matrices. Thus, energy security 

can also be considered a motivation for the introduction of electric mobility around 

the world. Nevertheless, those issues do not act with the same intensity for Brazil, 

being inefficient as drivers for the introduction of EVs (Interviews Bright Consulting, 

and Aneel; Consoni et al., 2018). The reason lies on the different composition of the 

Brazilian energy matrix and on the historically different technological solutions to 

deal with similar issues. 

Regarding the national energy matrix, the participation of renewable sources 

in Brazil in 2017 was 42.9% compared to the world average of 14% (see Figure 6; 

EPE, 2018). This factor is strongly related to relatively low GHG emissions in the 

country. In this sense, the transition towards electric mobility would not be motivated 

by environmental issues as in other international cases (Consoni et al., 2018).  On the 

other hand, the relatively clean Brazilian energy matrix would strengthen the 

sustainability of electric mobility in the country (Interview Enel2), as it would not 

“transfer” GHG emissions to the electricity generation phase (upstream emissions) – 

what happens in locations where the energy matrix is predominantly fossil. 

Additionally, electric vehicles could complement the electricity generation by 

intermittent sources, such as solar and wind, given that they can be used as a 

distributed energy resource by storing electricity generated by external sources in 

their batteries and returning that energy to the electric grid (Interview MME; Delgado 

et al., 2017). In this sense they would be supporting the energy grid. 

 

Figure 6: Brazilian Energy Matrix* 

   
Source: EPE, 2018 
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Concerning the rises in oil prices, the technological route chosen was the 

development and diffusion of ethanol, first with the Ethanol Program (Pro-Álcool, in 

Portuguese), a nationwide program launched in 1975 that favor sugar cane ethanol 

instead of fossil fuels (Consoni et al., 2018). This decision was motivated by the 

country’s tradition and experience with sugar, easily distillated at the sugar plants, 

and the low cost of sugar at the time. This strategy was reinforced in 2003, with the 

introduction of the flexible-fuel technology, which was rapidly adopted given the fuel 

distribution infrastructure already in place. Today, flex fuel vehicles account for more 

than 70% of the light vehicles national fleet (see Figure 7; EPE, 2017).  More 

recently, in 2018, the launch of the new national biofuels program, RenovaBio 9, 

reinforced the strategic role of all types of biofuels (not only ethanol, but also biogas, 

biodiesel, etc.) in the Brazilian energy matrix, whether for energy security or GHG 

emissions mitigation. Thus, this option for other technological routes can also explain 

the absence of clear targets and objectives for electric mobility on the part of the 

Federal Government, as well as a lack of coordination between different federal 

agencies and other actors involved. 

 

Figure 7: Brazilian light vehicles fleet (2017) 

 
Source: EPE, 2017  

 

                                                        
9 The main objectives of the Program are: provide greater predictability about the role of biofuels in 
the national energy matrix; contribute for the compliance of the emissions reduction targets of the Paris 
Agreement; promote the adequate expansion of biofuels in the energy matrix, focusing on the 
regularity of supply (MME, 2018) http://www.mme.gov.br/web/guest/secretarias/petroleo-gas-natural-
e-combustiveis-renovaveis/programas/renovabio/objetivos 
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http://www.mme.gov.br/web/guest/secretarias/petroleo-gas-natural-e-combustiveis-renovaveis/programas/renovabio/objetivos
http://www.mme.gov.br/web/guest/secretarias/petroleo-gas-natural-e-combustiveis-renovaveis/programas/renovabio/objetivos
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As a result, the initiatives promoting electric mobility in the country have been 

occasional and, to a great extent, combined with indirect measures, most of them 

focusing on the promotion of clean technologies in general (Consoni et al., 2018). In a 

recent report10 from PROMOB-e11, which systematizes all electric mobility initiatives 

existing in Brazil, it becomes clear the imbalance of efforts as well as the 

discontinuity of actions in time. Moreover, they identified much more initiatives 

related to Research & Development than targeting the reduction of taxes or promoting 

purchase incentives. These findings reinforce the incipience of the topic and this 

market in the country (Fontes, 2018). The same report also shows that most of the 

initiatives were launched recently, after 2013, indicating an initial alignment with the 

international tendency of market growth. Among the most relevant ones are the 100% 

import tax exemption for fully electric models with a range of at least 80 kilometers, 

and aliquot from 0% to 7%, out of a total of 35%, for hybrid models depending on 

their size and efficiency (Consoni et al., 2018; Delgado et al., 2017). In addition to the 

Import Tax exemption, fully electric models and hybrids also benefit from some 

initiatives at the state/municipal level: they are exempt from the vehicle’s property tax 

(IPVA) in seven states12 and partly exempt in other three states13. In the state of São 

Paulo, those vehicles are also exempt from road space rationing rules. However, 

overall, with the lack of integration between the actors in the institutional framework, 

the discontinuity of initiatives, and the absence of specific regulations, the market for 

electric vehicles are still incipient. 

 

4.3 Challenges for electric mobility transition: mechanisms and pathways 

 

 In section 2.4 we described some of the additional challenges that transitions 

towards sustainability must overcome in order to be successful. In this section we 

translate those challenges for the specific case of electric mobility transition and use 

the successful experience in Norway to understand the instruments and mechanisms 

adopted and the actors responsible for overcoming each of them. Moreover, it is 

                                                        
10 “Sistematização de Iniciativas de Mobilidade Elétrica no Brasil” – PROMOB-e (2018) 
11 A technical cooperation project implemented by the Ministry of Economy in partnership with the 
German Ministry of Economic Cooperation and Development. 
12 Ceará, Maranhão, Pernambuco, Piauí, Rio Grande do Norte, Rio Grande do Sul, and Sergipe  
13 Mato Grosso do Sul, São Paulo, and Rio de Janeiro 
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discussed whether those instruments would be effective in the case of Brazil. All 

analyses are done in light of the multi-level perspective framework. 

 
PRICE CHALLENGES  

 First of all, electric vehicles are still much more expensive than combustion 

engine cars, mainly due to batteries’ high cost, which corresponds to approximately 

1/3 of an EV total price (Delgado et al., 2017). Despite the fact that the calculation of 

cumulative costs of ownership of internal combustion14 vehicles compared to those of 

electric vehicles indicates a relative advantage of the latter (Interview Aneel; Delgado 

et al., 2017), the initial cost remains a significant barrier for approximately 60 percent 

of potential EV buyers (Holland-Letz et al., 2018). In this sense, reducing its cost 

becomes crucial for a greater market penetration of these vehicles. The tendency is 

that the cost of batteries will fall significantly through economies of scale, but until 

then the adoption in larger scale is conditioned to some variables.  

In Norway, this challenge was addressed with purchase incentives – also 

called pull measures15 (Bjerkan, Nørbech, & Nordtømme, 2016) – which are in place 

since the 1990s, such as the exemption from the registration tax that was implemented 

in 1991 and the reduction in the annual license fee for EVs in 1996. In 2001 the 25% 

VAT exemption was launched and complemented the older incentives. Local 

incentives such as free parking, road toll exemption, free access to bus lanes, and 

ferry ticket exemption were also responsible for overcoming the cost barrier in the 

country and for the rapid BEV diffusion: their average economic value (avoided costs 

and value of time savings) in 2014 for the average BEV user in Norway was 1,900 

Euro per vehicle and 48 million Euro for the total fleet (Figenbaum, 2016; Figenbaum 

et al., 2014). The heavy taxation on internal combustion vehicles in the country is 

another factor that contributes for a favorable total cost of ownership for EVs. ICE 

vehicles taxes based on emissions, engine power and weight and can vary from 3,000 

to 9,000 Euros in total depending on the model16. Regarding the VAT, it could be as 

much as 5,000 Euros on a typical Volkswagen Golf ICE (Figenbaum, 2016). 
                                                        
14 The cumulative cost of ownership per year for each vehicle includes expenses with fuel, tires, 
maintenance, registration, licensing, insurance, and loan repayment (Delgado et al., 2017) 
15 According to Bjerkan, Nørbech, & Nordtømme (2016), most measures for increasing adoption of 
EVs were encouraging EV purchase rather than discouraging the use and adoption of internal 
combustion engines.  
16 In the case of the Volkswagen Up, the total taxes are around 3,000 Euros and this value vary from 
6,000 to 9,000 Euros in the case of the Volkswagen Golf (Figenbaum, 2016). 
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Additionally, the conventional annual vehicle license fee on ICE vehicles is around 

350 to 410 Euros, considerably higher when compared to the 50 Euros fee of BEVs, 

the lowest rate for private cars (Figenbaum, 2016).  

 In sum, purchase incentives to electric vehicles combined with a heavy 

taxation on internal combustion vehicles were responsible for overcoming the price 

challenges in Norway, where EVs reached price parity or are even cheaper. As an 

example, a Volkswagen Golf costs the equivalent of 31,000 to 35,000 Euros, while 

the fully-electric e-Golf costs 27,000 Euros (CityLab, 201817). 

 The high acquisition price of electric vehicles is also one of the main barriers 

for a wide adoption of electric mobility in Brazil. The simplest electric model in the 

market costs R$150,000 Brazilian Reais (EPE, 2018), 64% more expensive than a 

similar internal combustion model, which price is around R$54,000 Brazilian Reais18. 

A high discrepancy is also observed when comparing hybrid models: a luxury model 

is 30% more expensive than a similar internal combustion model, which price is 

equivalent to smaller and compact hybrid models, around R$130,000 Brazilian Reais 

(EPE, 2018). The analysis of the case of Norway as well as other successful examples 

around the world provided evidence of the efficacy of purchase incentives to address 

the price challenges. So far in Brazil there are very limited incentives in this direction, 

such as Import Tax exemption, and some other initiatives at the state level. However, 

it is expected that after the implementation of some purchase incentives, the final 

price of electric cars would still be around R$80,000 Brazilian Reais, only affordable 

to a small amount of the population. Also, those consumers that are used to buy cars 

at this price range are usually searching for big and luxurious cars, instead of compact 

electric ones that would be available at this price (Interview EPE1). This issue is 

further discussed in more detail in the mobility paradigm challenge. Thus, at least in 

the short and medium terms, the final price of electric models would still be much 

higher than most of the population could pay for, especially considering that the 

tendency is a demand expansion in low income social classes, that will, in turn, buy 

lower cost models (Interview EPE1). 

                                                        
17 https://www.citylab.com/environment/2018/12/norway-electric-vehicle-models-incentives-car-free-
oslo/578932/ 
18 Comparison between Renault Zoe, a compact all-electric model, and Renault Sandero model 2019 
with 1.6 engine. 

https://www.citylab.com/environment/2018/12/norway-electric-vehicle-models-incentives-car-free-oslo/578932/
https://www.citylab.com/environment/2018/12/norway-electric-vehicle-models-incentives-car-free-oslo/578932/
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In this sense, most of the actors believe that in the short and medium terms the 

best pathway for the introduction of electric mobility in the country would be by the 

electrification of public transportation (Interviews Aneel, COPPE, EPE2, and 

Unicamp) – especially buses – that are already being produced in the country by three 

manufacturing companies. The current fleet is circulating for 10 years in average19 

and most of them is powered by diesel, what implies in an extremely inefficient and 

pollutant fleet. In this sense, the electrification of buses would provide several 

environmental benefits such as better public health and air quality in cities, less noise, 

and reduced GHG emissions. Additionally, investments in the introduction of electric 

buses would also provide larger social returns in terms of urban mobility, benefiting a 

much larger amount of the population when compared to incentives for the 

introduction of private electric cars (Interview EPE2).  

 

CHALLENGES IN THE NEW MOBILITY PARADIGM 

 In addition to the cost challenge, the transition to electric mobility also faces 

structural barriers in the demand side, as it implies changes in mobility paradigms. 

While on the one hand EV users could benefit from greater freedom from public 

supply infrastructure given that they can be charged at home or workplace; on the 

other hand, internal combustion drivers became used to a very wide network of gas 

stations that is expanding since the 19th century and allow them to fuel their vehicles 

whenever and wherever they think it is necessary. Moreover, the fact that EVs are 

characterized by a more limited autonomy compared to internal combustion vehicles 

implies an increase in the refueling frequency as well as an extension in the refueling 

time – from a few minutes for a fuel refueling to several hours for a standard charge. 

This relative limited autonomy can also contribute for a barrier called ‘range anxiety’, 

which results from users’ fear of running out of electricity (Interview Aneel). Even 

though this fear was proved to be overstated 20 , public charging infrastructure 

dissemination, specially those equipped with faster chargers, would contribute to 

reducing or eliminating this problem (Delgado et al., 2017).  

                                                        
19 Sindipeças (2017)  
20 Based on analysis of travel standards data in the US and other evidence, (Needell et al., 2016) found 
that 87% of vehicles currently on the road could be replaced by a low-cost electric vehicle available on 
market, even it there is no possibility of charging during the day. 
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In Norway, the diffusion of charging stations on a larger scale has been 

financially supported by the governmental agency Transnova since 2009. 

Additionally, awareness actions in place since the 1990s gave citizens enough time to 

understand the benefits of electric mobility, the technical complexities of this new 

technology, and the new mobility paradigm. Together, those incentives for the 

installation of public charging stations and the increased knowledge of society have 

made more people consider buying an electric car and contributed for overcoming 

demand challenges.   

Differently from Norway, where the challenges of the new mobility paradigm 

are related to charging issues, such as range anxiety and home charging, in Brazil 

there is an additional challenge: vehicles are still considered an status symbol in the 

sense that most of the prospective buyers of electric vehicles are not willing to spend 

in a compact electric car the same that would be spent in a luxurious internal 

combustion car. Moreover, environmental aspects are not yet a strong concern for car 

buyers in the country. In this sense, these cultural aspects could intensify the mobility 

paradigm challenge in the country. 

 Some of the actors (Interviews Bright Consulting, COPPE, and Enel1) defend 

car-sharing programs as a possible instrument to overcome that challenge, as they 

would allow users to get used to the technology. However, an actor (Interview 

Nissan) highlighted the difficulties for the implementation of those programs, mainly 

due to the high prices of electric cars in the country. Some actors also pointed out that 

this instrument would be competing with other mobility programs, such as Uber, that 

are much more consolidated at a more competitive price.  

It is almost a consensus among the actors (Interviews Bright Consulting, 

EPE1, EPE2, and Unicamp) that Brazil would gradually overcome this paradigm with 

the adoption of hybrid flex fuel vehicles, given that the biofuels industry and flex fuel 

technology are already nationally widespread. Thus, those vehicles would be used in 

the transition towards electric mobility, benefiting from an existing supply 

infrastructure as well as a biofuel production chain. Toyota has recently announced 

that the company will start producing the Corolla hybrid flex in the country, the first 

model to adopt this technology, by the end of 201921. This is major advance for the 

adoption of the flexible fuel technology in large scale in the country, and is 
                                                        
21 https://revistaautoesporte.globo.com/Noticias/noticia/2019/04/toyota-corolla-hibrido-flex-sera-
fabricado-em-sao-paulo-e-chega-esse-ano.html 

https://revistaautoesporte.globo.com/Noticias/noticia/2019/04/toyota-corolla-hibrido-flex-sera-fabricado-em-sao-paulo-e-chega-esse-ano.html
https://revistaautoesporte.globo.com/Noticias/noticia/2019/04/toyota-corolla-hibrido-flex-sera-fabricado-em-sao-paulo-e-chega-esse-ano.html
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encouraged by the strong association between the auto industry and the biofuels 

industry, which will be explored in the next challenge. 

However, for a few actors (Interviews Enel1, and Enel2), the hybridization of 

the fleet is not a transition with the purely electric vehicles as the final goal because 

the main paradigms of electric mobility, especially regarding charging habits, would 

not be addressed in such transition. 

 

CHALLENGES FOR THE TRADITIONAL AUTO INDUSTRY 

 The transition to electric mobility also involves challenges that demand 

structural changes in the supply side. The classical product-oriented business models 

of the global automobile industry will be replaced by service-oriented ones – i.e., the 

automobile industry will not only be responsible for the electric vehicle production 

itself, but will also assure mobility guarantees after the delivery of the product, which 

comprise services such as charging infrastructure and information management (Kley, 

Lerch, & Dallinger, 2011). In this sense, electric mobility expands automakers’ 

production chain (see Figure 8). Additionally, whereas the engine is a core know-how 

of the manufacturers, batteries are often brought from third-party suppliers. Thus, new 

opportunities arise for cars manufactures in interaction with other participants outside 

the automobile sector, such as power utilities, charging infrastructure operators, and 

financial services companies, expanding the whole value chain of electric vehicles.  

In Norway, the long-term policies22, incentives and the establishment of EV 

regimes indicated a clear policy direction for the international auto industry, which 

started delivering EVs in the Norwegian market as they could more easily see the 

opportunities in the country. The traditional car industry profited from all the 

“achievements, incentives and market activities the independent EV regime had 

accomplished until then” (Figenbaum & Kolbenstvedt, 2015, p.16). Moreover, the 

country counts with traditional vehicle parts production industries that have entry into 

EV projects and deliver components for several electric vehicles being manufactured 

by large car manufacturers (Figenbaum & Kolbenstvedt, 2013). 

 

 

                                                        
22  A broad coalition of different political parties regarding electric vehicles and vehicle taxation 
policies in Norway generates political agreement and facilitates the uptake of long-term policies 
(Haugneland, Lorentzen, Bu, & Hauge, 2017). 
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Figure 8: Electric vehicles’ value chain 

 
Source: Delgado et al. (2017) 

  

In the case of Brazil, despite the great production capacity of the traditional 

national auto industry, it is not well integrated with agents related to innovation, 

research and development, and political environment, relevant for the necessary 

transformation of the industry. This lack of integration added to the lack of fiscal 

incentives explains a certain resistance and lack of confidence of the auto industry 

regarding the commercialization of electric cars in the country (Consoni et al., 2018). 

And without perspectives of larger scale of commercialization, it would be even 

harder to project local production of electric cars, which would only be viable after a 

certain base volume to make the production profitable for the industry23 (Interview 

Nissan). As a result, the current initiatives are very punctual and not enough robust to 

leverage the electric mobility diffusion in the country. In the ethanol experience, in 

turn, such alignment between economic, political, and technological actors 

contributed to build all the necessary infrastructure and capabilities to maintain 

ethanol competitive in the fuel market. 

 Additionally, there is a particularity in Brazil regarding the strong association 

between the auto industry and the biofuels industry. As previously described in the 

beginning, the development and diffusion of biofuels, particularly ethanol, is 

                                                        
23 According to one of the industry actors interviewed (Nissan), this number varies for each company, 
but the production of 100,000-150,000 units usually allows for an industrial plant to be profitable.  
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considered a nationwide priority and is strongly associated with the success of flex 

fuel technology development. This resulted in a well established biofuels industry, 

extremely relevant for the economic development of the country as well as job 

creation, and in a strong participation of flex fuel vehicles in the national fleet (more 

than 70%). In this sense, the transformation of the auto industry towards electric 

mobility production is greatly linked to the dynamics of the biofuels industry. And 

recent government initiatives, such as the RenovaBio, indicate the biofuels will still 

be considered a national priority, constraining the adoption of purely electric vehicles.  

 

REGULATORY CHALLENGES 

Finally, transition towards electric mobility also faces regulatory challenges. 

In the case of emissions regulations, differently from traditional internal combustion 

vehicles, the vast majority of emissions and energy consumption in the case of 

electric vehicles is concentrated upstream24, and the old regulatory design that control 

for exhaust emissions is no longer valid. In this sense, electric vehicles cannot be 

regulated as petroleum-powered vehicles have been for the past four decades, 

otherwise they would not account for full emission impacts (Lutsey & Sperling, 

2012). Additionally, the introduction of electric vehicles can be challenging in 

locations where fuel taxes have a large participation in revenues for public authorities, 

as they can be responsible for imbalances in such revenues. The integration of electric 

vehicles in the electric power system could also be responsible for energy imbalances, 

depending on the manner in which that power is consumed25, what could require 

additional generating capacity (Electrification Coalition, 2009).  

In the case of Norway, the country clearly benefited from the abundant access 

to clean hydro electricity, which provides “GHG emission-free” electricity, 

facilitating emissions regulatory control. Concerning the potential impact to the grid 

of a larger adoption of electric vehicles, for many regions in Norway, especially those 

in the south, it is not perceived as a major challenge: local grids believe that smart 

                                                        
24 “Those produced when electricity that supplies the EV is generated, as well as emissions and energy 
use associated with manufacturing the materials used to make the vehicles” (Delgado et al., 2017). 
25 Ideally, much of the vehicle charging would happen during off-peak hours - when significant 
generating capacity is not operating -, what would not result in much imbalance in the electricity 
supply. In this scenario, electric vehicles could be used in vehicle-to-grid (V2G) systems and inject the 
electricity stored in the battery back to the grid in peak hours. The introduction of EVs in larger scale 
can enable V2G systems to become a distributed power resource to be dispatched by the system 
operator at critical demand times (Delgado et al., 2017). 
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charging, tariffs, and potential stationary batteries will handle the increased demand in 

most cases (Noel et al., 2017). In order to facilitate that integration, changes in the 

regulations governing grid operations are welcome, such as the allowance of “non-

utility stakeholders to enter the charging services market (which is currently not 

permitted in a number of countries)” (IEA, 2018 p. 13). IEA’s Energy Outlook (2018) 

also suggests the development of building codes embedding requirements for "EV-

ready" parking as a key regulatory policy ensuring the diffusion of EVs in private 

households. Regulatory reforms in technical aspects of the electricity sector and its 

utilities are also important for a successful diffusion of electric vehicles. However, 

due to its technical specificities it is out of the scope of this work to analyze them in 

detail26.  

Regarding the impacts in the electricity distribution network in Brazil, most of 

the actors believe that the additional electricity consumption of electric vehicles 

would be completely manageable by the Brazilian electricity system (Interviews Enel1 

and Aneel). Moreover, this electricity demand could not only be manageable but even 

smaller when compared to the amount of energy consumed in the whole production 

chain of fossil fuels, especially in the refineries. However, there is not a specific 

regulation to guide the introduction of electric vehicles in the current Brazilian 

regulatory framework. For instance, it is missing in the country specific regulations 

for the sale of electricity in public charging stations, for batteries disposal in their end-

life, and a definition regarding the standard plug. The absence of regulations 

especially concerning infrastructure aspects elevates the uncertainty and insecurity of 

investments.  

The analysis is summarized in Table 1 below: 

 

 

 

 
 
 
 
 

 

                                                        
26 More on Electrification Coalition (2009) 
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Table 1: Summary of initiatives in Norway and best pathways for Brazil 

 
 

4.4 Multi-level perspective frameworks for electric mobility transition in Norway and 

Brazil 

 

From the experiences in Norway and Brazil, it was possible to collect the 

actors and the elements responsible for the electric mobility transition in each context 

and combine them to develop a multi-level perspective framework for each country, 

which summarize the analyses. It is clear from the proposed models that the urban 

scale is considered, and the influence of each urban driver in the uptake of electric 

mobility transition. This section provides empirical evidence on the importance of 

urban trends in the installation and diffusion of niche technologies. This alternative 

framework fills a gap in the literature, which has not properly addressed spatial scales 

in sustainability transitions analyses. 

 

 

 

Challenges   Norway Brazil 

Price 

  

- Purchase incentives (e.g., tax exemptions) 
 
- Local incentives (e.g., free parking, road toll 
exemption, access to bus lanes, ferry ticket exemption)  

Very limited incentives. Even after the implementation, 
EVs would be affordable to a small amount of the 
population. 
 
Best pathway: electrification of public transportation, 
especially buses. 

New mobility 
paradigm 

  

- Diffusion of public charging stations 
 
- Consumers' awareness actions 

Vehicles still considered a status symbol. 
 
Best pathway: Adoption of hybrid flex fuel vehicles, 
benefiting from an existing supply infrastructure as 
well as a biofuel production chain. 

Traditional auto 
industry 

  

- Clear policy direction for the international auto 
industry 
 
- Traditional vehicle parts production industries 

Lack of integration added to the lack of fiscal 
incentives create resistance and lack of confidence of 
the auto industry to commercialize EVs in the country. 
 
Best pathway: Production of hybrid flex fuel vehicles 
due to the strong association between the auto industry 
and the biofuel industry. 

Regulatory 

  

- Abundant access to clean hydro electricity facilitating 
emissions regulatory control 

Not a specific regulation to guide the introduction of 
EVs, elevating the uncertainty and insecurity of 
investments.  
 
Best pathway: Benefit from the large hydroelectricity 
generation to improve emissions regulatory control. 
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Figure 9: MLP for Norway 

 
Source: Author’s elaboration 

 

 

Figure 9 represents the proposed MLP model for Norway. Among the national 

landscape elements affecting electric mobility transition in Norway are the 

hydropower generation and the oil exports.  Norway’s several rivers and waterfalls 

are responsible for a clean and abundant hydro-electricity available in the country, 

which results in real reduction of GHG emissions and local pollutants when used in 

electric vehicles (Figenbaum et al., 2015). Additionally, the large oil reserves in the 

North Sea were responsible for the country’s economic development since the 1960s, 

due to oil and gas exports. In this sense, besides the climate issues, there are economic 

advantages for Norway to electrify its transportation sector using cheap hydro 

electricity while exporting almost entirely of its oil and gas production. Another 

national landscape trend that influenced changes in the established regime was the 

heavy taxation in internal combustion cars. This explains why tax reductions and 

exemptions for electric vehicles made them significantly attractive. Finally, a broad 

coalition of political parties around the strategy of making electric cars economically 

beneficial compared to internal combustion ones, made possible a gradual 
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introduction of incentives throughout the years, and was a key driver for a successful 

electric mobility transition (Haugneland et al., 2016). 

Moving to the urban landscape, it encompasses all the local incentives for the 

adoption of electric vehicles throughout the years: access to bus lanes, free toll roads, 

free admission on national road ferries, free parking, subsidies for the implementation 

of charging infrastructure, and citizen’s awareness actions. These incentives were 

crucial to create the windows of opportunity for electric mobility to emerge from the 

innovation niches and be gradually incorporated by the regime.  

Among the regime elements that influenced the electric mobility transition in 

Norway are the national EV production by the Norwegian company Think and the 

international auto industry manufacturing. The former was responsible for the 

promotion of a homegrown car industry, and this opportunity of having national EV 

production attracted financial support from the government since the early 1980s, 

which allowed for continuous tests of the EV technology and pushed several tax 

exemptions and other market incentives relatively early (Hannisdahl et al., 2014). The 

latter was also a relevant component for the electric mobility transition in Norway 

because the aggressive entrance of several international automotive manufacturers in 

the Norwegian market increased the variety of attractive cars available in the market, 

increased competition and decreased prices (Figenbaum et al., 2015; Figenbaum & 

Kolbenstvedt, 2013). Additionally, we consider the taxation policies as constituents of 

the socio-technical regime, and they are linked to the policy dimension within the 

regime. Finally, information services27 are also considered a component of the regime 

and were effective diffusion channels that contributed to expand citizens’ knowledge 

on EV technology and benefits of electric mobility.  

 

 

 

 

                                                        
27 The most relevant ones are: i) the New Vehicle Guide (established by the Norwegian Public Roads 
Administration), which is a searchable database with all passenger cars and model variation available 
on the Norwegian market that allows the user to compare vehicles according to the GHG emission 
requirements; ii) the Grønn Bil’s statistics, a web page that contains current statistics about the vehicle 
fleet; and the iii) NOBIL, a public available database containing information about charging stations 
for EVs in Norway (Figenbaum & Kolbenstvedt, 2013). 
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Figure 10: MLP for Brazil 

 
Source: Author’s elaboration 

 

In the case of Brazil, the MLP model (Figure 10) is fulfilled with the Brazilian 

actors and elements responsible for the incipient market for electric vehicles in the 

country and that point towards a different transition pathway if compared to 

Norway’s. Regarding the national landscape components, the Brazilian energy matrix 

can be considered relatively clean due to its composition of 42.9% of renewable 

sources, compared to the world average of 14%. As a result, electric mobility 

transition in the country is not motivated by environmental issues. Moreover, the 

national landscape is composed by the ethanol production, which reinforces the 

strategic role of biofuels for energy security and mitigation of GHG emissions, and 

the choice of the biofuel technological route rather than electric mobility. Within the 

national landscape there are also the cultural associations regarding ICE cars, related 

to the idea of cars as a status symbol and the weakness of environmental concerns as 

an aspect considered in cars’ purchase.  

Moving to the urban landscape, urban mobility priorities in Brazilian cities 

generate pressures that impact the electric mobility transition in the country. Given 

that most of Brazilian cities suffer with poor quality urban mobility infrastructure, it 
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impacts on the type of electric mobility technology that should be prioritized: the 

introduction of electric buses, for instance, would provide larger social returns in this 

case than private electric cars, benefiting a larger amount of the population.  

Additionally, another urban landscape component is the well-established supply 

infrastructure. It was established in parallel with the development of the biofuel 

industry and the introduction of the flex fuel technology in the country, favoring ICE 

vehicles rather than electric mobility. In this sense, this element generates pressure 

towards the development of the hybrid flex fuel technology, which will benefit from 

the existing supply infrastructure and the consolidated biofuel production.   

Among the regime level elements is the traditional auto industry 

manufacturing. It is strongly associated with the biofuel industry, which strategic 

roles for the country’s economic development, employment generation, and emissions 

mitigation are being reinforced throughout the years in detriment of clear targets and 

objectives of other technological routes such as the electric mobility. This association 

allowed for the success of the flex fuel technology, which is present in more than 70% 

of the national fleet. The regime level also accounts for the exemption of the import 

tax for electric vehicles, on of the few taxation policies adopted in the country 

favoring the introduction of electric mobility.  

Finally, regarding the niche innovations, they point towards the co-existence 

of flex-fuel technology and electric vehicles, which is materialized in the hybrid flex 

fuel vehicle, composed of both an electric and an internal combustion engines, which 

could be fueled by either gasoline or ethanol. By investing in such technology Brazil 

would not only be benefiting from the recent innovative processes on biofuels and 

from a consolidated flexible-fuel technology, but also from i) an existing supply 

infrastructure, not requiring major changes in cities’ infrastructure for the 

implementation of electric charging stations; ii) a better acceptance from the society, 

without transformations in the mobility paradigm; and iii) the strong association 

between the auto industry and the biofuels industry. Moreover, when compared to the 

fully electric vehicles, the hybrid-flex seems more efficient and a cleaner option: a 

recent study by MAHLE Metal Leve (2019) projects the total GHG emissions in 2030 

for both technologies in Brazil, and while the ethanol hybrid vehicle is project to emit 

27 gCO2e per kilometer, the fully electric would emit 42. Niche innovations are also 

related to the electrification of buses, which are already being produced in the country 

by three manufacturing companies and appear as a better alternative than private 
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electric cars, which is also an innovation niche, but will face more barriers to emerge 

to the niche level. Finally, car sharing programs are also a niche innovation, still 

incipient in the country, with very few initiatives in Brazilian cities. 

 

4.5 Research agenda 
 

A pertinent issue that we bring into discussion is related to socio-technical 

transitions in developing countries. So far, the multi-level perspective framework has 

been mainly used to explain transitions in the developed world. Still, Wieczorek 

(2018) published a recent systematic review of 115 publications that have employed 

the multilevel perspective in developing countries. She identified features of 

sustainability transitions in developing countries and confronted them with those in 

the developed world. In the following, we mention a few distinctive features of 

relevance to the analysis of electric mobility transition. 

First, Wieczorek points that socio-technical regimes in developing countries 

are characterized by a certain degree of dysfunctionality or an absence of basic 

systems of provision. To deal with it, society develops alternative strategies to 

improve the reliability of basic services, which become stable over time. This lack of 

a highly organized infrastructure (energy, road etc.), frees the society from the 

pressure of developing new configurations that would facilitate the shift to sustainable 

systems. As a result, carbon lock-in is reinforced (Unruh, 2000). Bringing these issues 

to the context of electric mobility transition in Brazil, our analysis sheds light on the 

challenges of promoting such transition in a context where basic urban mobility 

infrastructure is not provided. In this case, different strategies should be adopted: the 

electrification of public transportation appears as a possible pathway that would 

provide larger social returns when compared to the introduction of private electric 

cars – the pathway followed by Norway. 

Wieczorek also highlights the fact that global environmental problems cannot 

be solved by technology improvements alone. In turn, they need to be coupled with 

deep social, political, and cultural changes in the systems for successful sustainability 

transitions. Considering the institutional settings of most developing countries, with 

lack of stable institutions and high levels of uncertainty about markets and social 

networks, those changes at the social, political and cultural spheres can be much more 
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challenging. This is another point of relevance for the analysis of electric mobility 

transition in Brazil.  

5. Conclusions 
 

The purpose of this study was to investigate the transition process towards 

electric mobility in order to understand how this innovation is incorporated into 

society. This is relevant given the key role of the transport sector’s decarbonization 

for mitigating the effects of climate change. By using a socio-technical approach, we 

took into account the complexity of the transition to a new technology into society, 

which involves not only technological changes but also transformations in other 

interlinked elements. We carried out two case studies, Norway and Brazil, to analyze 

such interactions in the transition towards electric mobility. For this, we developed 

multi-level frameworks adapted to the context of this transition in both countries.  

Since the transition to electric transportation involves urban changes and depends on 

pressures emerging at the city level, the framework proposed includes an urban 

landscape, additional to a national landscape, accounting for structural trends within 

the urban level. This contributes to a gap in the literature related to the lack of 

empirical support on the importance of spatial scales in sustainability transitions 

analyses. In our analysis we followed a pathway case strategy with the purpose of 

determining whether the causal process works as expected within individual 

observations. In this regard, a deep examination of data within each context 

elucidated the causal mechanisms of the transition.  

Our findings suggest that instruments adopted in Norway, responsible for 

overcoming the challenges for a successful transition towards electric mobility, would 

not be effective in the Brazilian context. Considering the strategic role of biofuels in 

the country and urban mobility priorities in Brazilian cities, which suffer with pool 

quality urban mobility infrastructure, the pathway for the introduction of electric 

vehicles in Brazil would be different: either by the electrification of public 

transportation, especially buses, and/or the hybridization strategy, through the 

development of the hybrid flex fuel technology.  
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Appendix A 
 
The following actors were interviewed in this study. 
 

 

Actor Type of actor Date Fully transcribed 
Artic University of Norway (UiT) Academia 2019 - 13 - 03 Yes 
Brazilian Electricity Regulatory Agency (Aneel) Public Agency 2017 - 13 - 02 Yes 
Bright Consulting Private Consulting 2019 - 21 - 03 Yes 
COPPE UFRJ Academia 2019 - 18 - 04 Yes 
Enel1 Private energy company 2017 - 07 - 03 Yes 
Enel2 Private energy company 2019 - 03 - 04 Yes 
Energy Research Office (EPE)1 Public 2017 - 23- 03 Yes 
Energy Research Office (EPE)2 Public 2019 - 05 - 04 Yes 
Ministry of Mines and Energy (MME) Government 2017 - 06 - 03 Yes 
Nissan Multinational automobile manufacturer 2019 - 04 - 04 Yes 
Unicamp Academia 2019 - 05 - 04 Yes 


