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8 Conclusions and implications 

 

This dissertation studied the car industry and the evolution of low-emission vehicles under 

the influence of policy interventions. Four empirical chapters shed light on the factors central 

to this development. This final chapter reflects on the findings, discusses the study's 

implications for theory and practice and its limitations, and it suggests directions for future 

research. 

 

8.1 Car firms, LEVs and the influence of policy interventions 

As mentioned in the introduction, in 1998, John Wallace, director of Ford’s alternative-fuel 

vehicle program, stated that the world of low-emission vehicles (LEVs) would be 

complicated and that not one fuel or one powertrain would dominate. He was right. The car 

industry has been in an era of ferment. The century-long dominance of the internal 

combustion engine has been challenged due to its negative effects, such as resource 

depletion, pollution and climate change. Incumbents in the industry have sought ways to 

react. While cars with an internal combustion engine have been made more efficient by 

incumbents to defend its dominance (Geels & Schot, 2007; Snow, 2010), car firms have also 

increasingly engaged in various low-emission vehicle technologies, namely hybrid, electric 

and fuel-cell vehicles (Frenken, Hekkert, & Godfroij, 2004). Although some studies have 

found that the sustainability of LEVs depends on the form of energy generation and in some 

cases LEVs cold even cause higher CO2 emissions than ICE vehicles (Granovskii, Dincer, & 

Rosen, 2006; Romm, 2006), LEVs are generally considered more sustainable than cars with 

an internal combustion engine (ICE). The increasing engagement in LEVs was stimulated by 

policy interventions in most developed and in some developing countries. This trend has 

raised several questions, such as how LEV development evolved internationally, what impact 

governments and firms have had on this trajectory, and how and why firms brought LEVs to 

the market. 

 Investigating the evolution of incumbents’ LEV strategies in relation to policy 

developments aimed to answer these questions. This dissertation offered insights into the 

process of technological change from different perspectives. It illustrated how sustainable 

technologies evolve and depicted the complex influence of business and government actions 

in different geographical areas at different policy levels on the transition. To shed light on the 
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interplay between firm innovation and policy interventions, this dissertation studied 

international LEV developments over the past 14 years. It sought to answer four research 

questions: 1) How have low-emission vehicles evolved internationally over the years, and in 

what way have government policies influenced firm innovation?, 2) in the trajectory of low-

emission vehicles, what has been the influence of protection mechanisms of governments and 

incumbents, respectively?, 3) in designing business models, how have incumbents dealt with 

the tension of the disruptive character of electric vehicles and the influence of government 

intervention?, and 4) considering the disruptiveness of low-emission vehicles, what have 

been the strategic motivations of car firms to engage in electric vehicles? The empirical 

chapters were based on a large dataset of multiple industry and newspaper sources from 1997 

until 2010. Performing a keyword search of the most important LEV technologies a dataset 

was compiled that included 9,908 articles from two trade magazines (Automotive News and 

WardsAuto World), a car magazine (Autoweek) and a daily newspaper (Financial Times). The 

dataset was carefully analyzed using the qualitative data analysis software Atlas.ti 6.2. 

The first empirical chapter (Chapter 4) gave an overview of developments throughout 

the whole period. It enabled an understanding of the major international players in the 

industry over several years in light of technological, market and policy developments. 

Chapter 4 also heeded the call for a better geographical conceptualization of technological 

transitions in the socio-technical systems literature (Bakker, Van Lente, & Engels, 2012; 

Dijk, Orsato, & Kemp, 2012). The analysis illustrated that the LEV trajectory evolved 

through three periods with changing technological foci. The chapter demonstrated that the 

LEV trajectory was shaped by governments and car manufacturers in different geographical 

areas at different policy levels: local, national, and international. At the beginning of the 

studied period, particularly U.S. and Japanese car manufacturers explored EVs, stimulated by 

government policies in California and Japan. Subsequently, from 1998 until 2005, the focus 

changed toward hybrid vehicles (HVs) and fuel-cell vehicles (FCs) due to disappointing 

performance of EVs, the promise of FCs to alleviate the problems of EVs, and favorable 

policies for HVs. In 2006, government support for green technologies and improved battery 

technology triggered a revival of EV technology. European car manufacturers began 

engaging more in LEVs stimulated by stricter government policies in Europe and HVs 

maintained their position in the product portfolios of most car manufacturers. So far, most 

studies on LEV development have looked at a single country context and have neglected the 

fact that technological transitions take place internationally. Based on the empirical analysis 

of the international LEV development, the chapter proposed three mechanisms which explain 
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why and how technological trajectories occur internationally: (1) policy diffusion and 

international policies, (2) international operations of firms, and (3) the fit between policy 

demands and firm capabilities. The mechanisms increase the explanatory power of the socio-

technical systems framework in international contexts, account for the diversity in transitions 

and link the transition literature to existing research that investigates different spatial 

dimensions (Dijk et al., 2012; Dyerson & Pilkington, 2005; Whitmarsh, 2012). 

Next, in describing how LEVs emerged, explanations commonly refer to government 

regulation, incentives or public-private projects. The analysis in Chapter 5 showed that in 

addition to such ‘protected spaces’ provided by governments, incumbents also ‘protected’ the 

development and commercialization of green cars themselves by supporting ‘unprofitable’ 

activities (Smith & Raven, 2012). In scrutinizing ‘protection mechanisms’—i.e., means to 

shelter innovations from market forces in the initial development and commercialization 

phase such as through incentives or dumping—Chapter 5 contributed to debates in the socio-

technical systems literature (Geels, 2002; Kemp et al., 1998) and the innovation management 

literature (Christensen, 1997; Danneels, 2004). Based on an examination of Daimler, General 

Motors and Toyota in the context of European, U.S. and Japanese policies, protection by 

firms appeared to be more successful in promoting hybrids and electric vehicles in specific 

periods and locations. These firms—while leveraging public protection—adopted private 

protection levers such as allocating resources, targeting specific niches (e.g. fleet managers), 

or collaborating with other stakeholders (e.g. new entrants). Linking insights from the 

innovation management literature with the socio-technical systems literature, Chapter 5 puts 

forward a framework that allows us to distinguish the type of protection and for whom it is 

most suitable, depending on the type of innovation—disruptive, systemic, or socially 

embedded. The analysis of the LEV trajectory shows that both governments and incumbents 

protected the LEVs. The interplay was illustrated in two trajectories, and this study found that 

although private protection was more effective, government support was necessary to trigger 

the trajectory. 

The third empirical chapter (Chapter 6) studied business models for the 

commercialization of electric vehicles (EVs) in more detail. The commercialization of EVs 

has been a struggle for car manufacturers, as EVs are expensive, require a new recharging 

infrastructure, and have a shorter driving range than ‘current’ cars (with customers thus 

having to change their driving and recharging patterns). It is generally assumed that EVs can 

become attractive only via a disruptive technology or radical change in business models. 

Based on a sample of incumbent as well as entrepreneurial companies Chapter 6 not only 
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drew upon but also contributed to the surging business model literature, investigating policy, 

asset and governance choices in EV business models (Casadesus-Masanell & Ricart, 2010; 

Cowan & Hulten, 1996; Zapata & Nieuwenhuis, 2010). In order to understand why 

incumbents face difficulties in bringing disruptive innovations such as EVs through new 

business models to the market, Chapter 6 made use of the concept of path dependence. The 

empirical results implied that, in addition to the ‘incumbents’ curse due to a firm’s history—

i.e., path dependence (Chandy & Tellis, 2000)—surprisingly, government support also 

impeded the successful diffusion of EVs through what is, for now, coined the ‘incentive 

curse.’ Firms face the incentive curse when government incentives foster counter-economic 

choices; this may occur, for example, when governments support selling products to a market 

to which they are ill-suited.  

The last empirical chapter (Chapter 7) subsequently explored incumbents’ 

motivations to engage in sustainable innovations such as EVs and contributed to the 

sustainable innovation debate. Sustainable innovations suffer often from value slippage; that 

is they create environmental or social value but it is difficult for firms to capture this value 

(i.e. it slips away) as most customers are not willing to pay the often higher price (Lepak, 

Smith, & Taylor, 2007; Rennings, 2000). As mentioned already, EVs are currently 

unattractive for most private customers. Indeed, an analysis of firms’ opinions indicated that 

most car manufacturers do not see a market for EVs. This explains why the majority of the 

incumbents only developed concept cars or built small test fleets based on refitting existing 

cars. Only a few—General Motors, Nissan and Mitsubishi—decided to develop and produce 

purpose-built EVs. Besides the fact that these firms envisaged a large market for EVs, they 

regarded their EVs—the Volt, the Leaf and the iMiev—as ‘halo’ vehicles to gain 

technological leadership, as a way to get government support, to prevent government fines, or 

as a means for a strategic turnaround. The chapter revealed that one of the benefits of 

engaging in sustainable innovations—in addition to first-mover advantages, CSR activities 

and policy pre-emption—is the possibility to facilitate strategic turnarounds. These 

motivations provide insights as to why and when firms invest in sustainable innovation which 

is valuable for analyzing and differentiating reasons for firms’ engagement in, for example, 

environmentally-friendly technologies.  
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8.2 Contributions 

This dissertation examined the influence of the interplay between car firms’ strategies and 

policies on the LEV trajectory. The empirical chapters shed light on different aspects of this 

relationship. Each chapter added specific contributions as laid out above. In the following I 

discuss the broader contributions of this dissertation. 

First and foremost, this dissertation bridges two disparate literatures: one on strategic 

management of innovation which regards firms as the main driver of innovation (Christensen, 

1997; Danneels, 2004; Keupp, Palmié, & Gassmann, 2012; Lengnick-Hall, 1992)—and 

another on technological transitions which studies governments and their influence on 

technological change (Geels, 2002, 2004; Kemp et al., 1998). Innovation management 

scholars have predominantly taken a micro perspective on innovation and paid less attention 

to the systemic influence, particularly the role of government policy. The results of this 

dissertation showed, however, that for technologies that are socially embedded, as is the case 

for LEVs (see Chapter 5), such a conceptualization does not suffice. In contrast to 

autonomous or systemic innovations, for these technologies to succeed, firms are not only 

dependent on their own innovativeness, suppliers, competitors or customers, but also rely on 

governments (Garud & Kumaraswamy, 1995).  

Thus, a more encompassing perspective is needed. Transition theorists have 

conceptualized innovation trajectories for such socially embedded technologies. This strand 

of literature has integrated the role of the relevant actors at different levels and in different 

stages of transition trajectories (Geels, 2002; Kemp et al., 1998). Studies in this realm have 

particularly depicted the transition from the development stage of innovations to the 

commercialization stage and its respective implications with regard to protection from market 

forces. The focus is primarily on how governments provide protected spaces in which new 

technologies are nurtured and actors learn about the technology (Smith & Raven, 2012). 

However, while the role of firms in the transition literature gains more attention, the 

idiosyncrasies of firm innovation, such as how firms protect technologies internally, or how 

they bring these technologies to the market are still underexposed.  

Therefore, in combining these two streams of literature on the strategic management 

of innovation and technological transitions, this dissertation overcomes their respective 

explanatory limitations and provides a more complete picture on technological change of 

socially embedded technologies. In the transition of socially embedded technologies, both a 

firm and a policy perspective are necessary, as firm strategies and government policies 
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influence technological trajectories concomitantly. That is, the technological trajectory of 

LEVs is a result of the combined actions of the actors, particularly firms and governments 

(see Chapter 4). Consequently, to understand the LEV trajectory, it is pertinent to recognize 

on the one hand the influence of governments that stimulate its development through policies 

and on the other hand the influence of firms which bring LEVs to the market (see Chapter 5). 

In other words, this dissertation opened the black box of institutional influences on firm 

innovation and intra-firm innovation respectively. Furthermore, the LEV trajectory itself is 

illustrated. In the following the contributions to these literature streams are discussed in more 

detail.  

 

Strategic management of innovation 

This dissertation contributes to the extant literature on the strategic management of 

innovation (Keupp et al., 2012) and adds in specific to the debates on disruptive innovation 

(Christensen, 1997), business model innovation (Chesbrough, 2010) and sustainable 

innovation (Hockerts & Wüstenhagen, 2010). One of the main themes in this dissertation has 

been the influence of the external environment on firm innovation in LEVs. So far, the 

external environment has not received much attention in the innovation literature (Keupp et 

al., 2012). Most studies have investigated autonomous or systemic innovations and rarely 

considered external influences (Keupp et al., 2012). Yet, besides being systemic innovations, 

with their inherent challenges (Chesbrough & Teece, 2002), LEVs are also socially 

embedded and therefore necessitate an integrated conceptual perspective which includes the 

external environment. Chapters 4, 5 and 6 explored the influence of government policies as 

one of the most important factors (Hekkert & Van den Hoed, 2004; Pilkington & Dyerson, 

2006). The empirical chapters unravelled the interdependence between firm innovation and 

policies. Different mechanisms came to the fore which enable a more complete understanding 

of factors that influence socially embedded innovations. 

Thus, the first contribution for the strategic management of innovation literature was 

to show how firm innovation co-evolves with government policies. Chapter 5 illustrated the 

mechanisms between firm innovation and government policies. Chapter 4 demonstrated the 

international dimension of the co-evolution considering policies across borders and firm 

innovation of car manufacturers from different home countries. The chapters revealed that 

government policies were highly influential for the LEV trajectory, underlining the fact that 

an integrated perspective is pertinent for a greater understanding of socially embedded 
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innovations. The consideration of government influences on firm innovation also raised the 

question of the impact of government policies on the business models of firms (in addition to 

the impact on technological change). Hence, the second contribution relates to the 

understanding of government influence on business models (Rennings, 2000). Chapter 6, for 

example, showed that government incentives may induce firms to take counter-economic 

decisions. While this finding requires further validation, it points to the saliency of 

governments in commercializing socially embedded innovations beyond its impact on 

technological change.  

Finally, the dissertation adds to the sustainable innovation debate (Hall & 

Vredenburg, 2003; Hockerts & Wüstenhagen, 2010; Schaltegger & Wagner, 2011). So far it 

has been assumed that entrepreneurs are more likely to bring sustainable technologies to the 

market (Hockerts & Wüstenhagen, 2010). This dissertation showed, however, that 

incumbents could also be the source of disruptive sustainable innovations. Nevertheless, in 

bringing LEVs to the market, incumbents tended to adopt efficiency-centred rather than 

novelty-centred business models (Zott & Amit, 2007). Moreover, this dissertation added the 

unexpected insight that sustainable innovations might have the additional benefit for firms to 

serve as a halo product which can support organizational turnarounds (Chapter 7). 

 

Technological transitions 

This dissertation also contributes to the technological transitions literature (Geels, 2002; 

Kemp et al., 1998). First, it illuminated the role of protection of technologies provided by 

firms and the interplay with government protection mechanisms (Chapter 5). While the 

transition literature has acknowledged that firms can protect sustainable technologies, it has 

mostly focussed on protection from governments (Geels, 2002; Raven, 2007; Smith & Raven, 

2012). This dissertation elucidated protection from a firm perspective and how firm 

protection interacts with government protection. The notion of ‘public and private protection 

levers’ was introduced in chapter 5 to illustrate how public and private protection was 

necessary for LEVs to emerge. In combination these levers facilitated a more comprehensive 

picture on the protection of LEVs in the early stages of the trajectory. With the explicit 

introduction of the mechanisms of private and public protection their respective roles were 

stressed.  

A second contribution relates to the spatial dimension of technological transitions. So 

far, transitions have mostly been studied irrespective of geographically dispersed 
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developments (Carlsson, 2006; Coenen, Benneworth, & Truffer, 2012). As the case of the car 

industry illustrated, however, technological transitions of internationally available products 

do not develop in a geographically isolated way. Internationally operating car firms are 

influenced by multiple policy environments (Chapter 4). LEVs have emerged increasingly on 

the agenda of many governments. Yet, policies have not been coordinated or orchestrated at a 

higher level. This has stimulated different localized trajectories that influence the 

international trajectories. In this context Chapter 4 conceptualized the mechanisms that are at 

play in the international co-evolution, added a framework to understand geographically 

dispersed technological transitions and presented an international perspective on the LEV 

trajectory (Whitmarsh, 2012). 

Altogether, then, the picture emerges that the LEV trajectory is a complex interplay of 

public and private protection in dispersed locations. This enriches the technological transition 

literature in that it illustrates the implications of geography and the role of firms and 

governments.  

 

Low emission vehicle literature 

This dissertation also contributes to the bourgeoning stream of studies on LEVs (Bakker et 

al., 2012; Dijk et al., 2012; Dyerson & Pilkington, 2005; Frenken et al., 2004). The 

emergence of LEVs has received growing attention, particularly from technology scholars. 

Studies on LEVs have examined how LEVs emerged, how they might replace the ICE and 

which technology might become the dominant LEV technology (Bakker et al., 2012; Cowan 

& Hulten, 1996; Van Bree, Verbong, & Kramer, 2010; Zapata & Nieuwenhuis, 2010). Most 

studies have taken a systemic or policy perspective. Only few adopted a firm perspective on 

LEV development (Kley, Lerch, & Dallinger, 2011; Wesseling, Faber, & Hekkert, 2013).  

However, firms have a significant influence on LEV development. Understanding 

firm motivations, challenges and actions are indispensable for a comprehensive depiction of 

LEV development. While car firms have been the target of government policies they also 

have been the entities that develop and commercialize LEVs. This dissertation examined the 

LEV trajectory from 1997 to 2010 from a firm perspective and shed light on where (Chapter 

4), how (Chapters 5 and 6) and why car firms engaged in LEVs (Chapter 7). This has 

provided a more complete picture on LEVs by shedding light on the interdependence 

between the LEV trajectory, car firms and policies, which might enable better informed 

predictions for future developments.  
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Finally, this dissertation contributed to a more accurate and comprehensive 

perspective on the LEV trajectory in and of itself (Chapter 4). Events, turns in the path, and 

phases in the development were described based on rich data and actual LEVs launched. 

Prior studies relied on patents (Wesseling et al., 2013), number of articles on specific 

technologies (Bakker et al., 2012) or anecdotal evidence (Cowan & Hulten, 1996; Dijk et al., 

2012). Also, this dissertation included all three main LEV types (i.e. hybrid vehicles, electric 

vehicles and fuel-cell vehicles), instead of grouping technologies (Bakker et al., 2012) or 

studying only one technology type (Cowan & Hulten, 1996; Dijk et al., 2012).  

 

8.3 Implications for practice  

Although Chapters 4 to 7 have already suggested implications for practice, this section 

discusses a few overarching considerations for businesses. A central topic of this dissertation 

were business models for LEVs and the inertia of incumbents in the industry to change 

existing business practices. The extant literature suggests that disruptive business models 

should be established in new entities such as spin-offs. However, the general opinion is that 

this practice is not feasible in the car industry due to the large investments in product 

development and production. General Motors established a new business unit—the Saturn 

brand, which was also responsible for the EV1. Nonetheless, the attempt failed and Saturn 

was discontinued. Still, in the case of LEVs, creating a separate business unit might be a 

worthwhile consideration because LEVs require different business practices which can be 

best developed in a separate organizational entity (see Chapter 6). Interestingly, BMW has 

planned to start a new entity for its green cars, called project ‘i,’ and Toyota also has 

considered spinning out the Prius to a separate brand.  

In the future, LEVs will likely continue to play a role for car firms. However, the 

transition to one or the other technology will continue to evolve slowly. While hybrids have 

become established in car manufacturers’ product portfolios, they are probably a transition 

technology towards electric or fuel-cell vehicles which have the potential to be CO2-

emission-free (depending on which energy sources are used). Currently, electric vehicles 

seem to be the most likely candidate to become the leading LEV technology (see Chapter 4). 

Yet, optimistic outlooks forecasting a speedy electrification of cars—for instance, in 

consultancy reports—should be regarded with caution. As Chapters 5, 6 and 7 illustrated, the 

industry moves slowly, not only due to its path dependence, but also due to inertia which is a 

result of the social embeddedness of cars. The industry has a slower ‘clockspeed’ than, for 
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example, the IT industry, in which new technologies are brought to the market much faster. 

The lack of a proper infrastructure and the necessary large investments in development and 

production facilities are not the only impediments to the transition—consumers also need to 

be enticed into the new technology. Car manufacturers need to find smart ways of alleviating 

or circumventing costs, perceptional issues and infrastructure challenges before the transition 

can pick up speed. Cars are usually the second-most-expensive investment (after buying a 

home) and, on average, vehicles remain on the road for about 17 years (Spitzley et al., 2004). 

Thus, innovative business models are needed to speed up this process.  

 

8.4  Limitations and further research  

This dissertation is not without limitations. The study relied on an extensive, in-depth 

analysis of publicly available trade journals, magazines, and newspapers. The trade journals 

(Automotive News and WardsAuto World) and car magazine (Autoweek) have the advantage 

that they report about the car industry from a well-informed outsider perspective which 

provides insight into industry and firm developments as well as relevant policies. The 

Financial Times was selected for its focus on firm strategy as well as its attention to 

environmental, political and economic developments. Moreover, newspapers are regarded as 

being exact, stable and unobtrusive (Yin, 2009). Despite the advantages of using these 

sources, information might be subject to reporting bias (Yin, 2009). I tried to overcome this 

problem by using four different sources. Certainly, gathering data directly from the industry, 

such as through interviews with managers or archival data of car firms would provide finer 

results, however, “given the often highly secretive nature of new product development 

activities in the car industry and the highly emotive political atmosphere of these initiatives” 

the adopted approach seemed proper given these circumstances (Pilkington & Dyerson, 2006: 

79). What is more, the car industry in general as well car manufacturers and the LEV 

trajectory in particular have special characteristics, for instance a vast scale and enormous 

complexity. Therefore, some of the findings of this dissertation might be idiosyncratic to the 

car industry and not generalizable. Finally, the adopted case study methodology in itself has 

limitations, which impede generalizability and reliability. I attempted to overcome these 

limitations by adopting a longitudinal perspective, rigorous analysis and the inclusion of 

multiple cases. Multiple cases provide the possibility to augment a within-case analysis with 

cross-case comparisons (Eisenhardt, 1989) and improve results through pattern matching 

which increases the reliability of theoretical findings (Yin, 2009). 



LIMITATIONS AND FURTHER RESEARCH 

207 

Future research could replicate this study in a different industry not only to uncover 

differences between technologies, but also to examine in more detail when and why 

trajectories take a certain direction due to different types of actions by incumbents and 

governments at different policy levels and in different geographical areas. Such information 

is important for managers and policy makers alike to foster technological change more 

effectively—particularly for sustainable innovations. Next, the proposed concept of the 

incentive curse could warrant better insights into why government support sometimes fails to 

yield the expected outcomes. However, the concept needs further empirical examination in 

different contexts to determine when and why these situations occur. Also, the link between 

the incentive curse and the incumbents’ curse needs further validation. And to conclude, 

future studies could investigate the role of sustainable innovation in strategic turnarounds. 

The findings suggested that sustainable innovations may provide the necessary halo effect to 

turnaround an organization in decline and therefore justify the value slippage. This requires 

further examination, particularly with regard to how much value slippage could be justified.  
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