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1 Introduction 
 

During the course of the 20th century, the passenger car had a significant transformative effect 

on societies in developed countries and, more recently, on those in developing countries. 

While at the beginning of the century cars were used mainly by rich people, they soon 

became the standard mode of personal transportation. Cars transformed activity patterns such 

as social interactions, employment and transportation of goods (Vilhelmson, 1999). They 

have provided mobility, brought freedom of movement to people and even created a 

collective culture around cars (Sheller, 2004). What is more, cars stimulate feelings, passions 

and experiences.  

However, cars have been the cause for major problems as well. For example, the 

production of cars requires large amounts of energy, and the necessary infrastructure causes 

significant changes in the landscape. In particular, the usage of cars consumes large amounts 

of petrol, an issue that has received widespread attention in recent years (Moriarty & 

Honnery, 2008a). Cars’ reliance on oil due to the internal combustion engine (ICE) 

contributes to resource depletion, energy security issues, pollution and climate change. Oil is 

becoming scarce and the remaining oil resources are often located in politically unstable 

regions of the world, threatening the reliable supply of oil. Moreover, cars contribute to 

climate change. In Europe, transport-related emissions alone account for 20 percent of all 

carbon dioxide (CO2) emissions (European Commission, 2012). Besides, car emissions, 

particularly in urban areas, have negative health effects and increase the risk of death (Samet 

et al., 2000). 

One important way to deal with these challenges are low-emission vehicles (LEVs), 

such as hybrid cars, electric cars or fuel-cell cars. Yet, LEVs pose significant challenges to 

established car manufacturers, also referred to as incumbents. For example, they threaten the 

dominance of the internal combustion engine and the competencies that car manufacturers 

have built up for over a century. What is more, LEVs pose a chicken-and-egg problem; that 

is, LEVs are not built on a large scale if the necessary recharging/refuelling infrastructure is 

not in place, but the infrastructure is not built without adequate demand for LEVs (Romm, 

2006).  
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Therefore, governments have stepped in and stimulated LEV development. For the 

last two decades, governments in multiple countries have increasingly tried to stimulate a 

move towards low emission vehicles. They have done so by providing platforms to develop 

LEVs; adopting new regulations targeting fuel efficiency and emissions; and implementing 

incentives for consumers to purchase LEVs (Mikler, 2010). Considering the international 

operations of incumbents in the industry, these policy developments pose significant 

challenges for car firms and are critically observed in the industry. Harry Pearce, Vice 

Chairman of General Motors uttered (Baker, 1998: 14): 

 

‘Government cannot and should not dictate the market. [...] It can serve as a 
catalyst providing leadership and financial incentives; educating the public in 
a balanced way; creating rational, market-based tax and regulatory policies; 
and supporting long-term technology research.’  
 

Nevertheless, the various policy interventions have spurred car firms’ LEV efforts around the 

world, and in the late 1990s, LEVs emerged on a larger scale for the first time. The 

engagement in cleaner, more climate-friendly technologies has grown very rapidly, and new 

products and markets have been emerging. Yet, the plethora of government interventions, fast 

technological development, uncertain market demand, and, not least, competitive moves have 

created considerable uncertainty for car firms that largely operate on an international scale. 

John Wallace, Ford's alternative fuel vehicle programs 1998, acknowledged this development 

(Sedgwick, 1998: 26):  
 

‘The industry is fragmenting. We are going to see a lot of different 
powertrains and fuels simultaneously in the market. It's really going to be a 
big change. It will be a very complicated world. We won't have one fuel and 
one type of powertrain.’  
 

The two statements above from industry practitioners point to three issues. First, car firms 

have moved from a relatively stable situation with regard to government regulation to an 

environment in which they face multiple policy interventions related to LEVs. Considering 

international operations of incumbents in the industry, these interventions create challenges to 

the firms—e.g., which technologies they should engage in—and great uncertainty about how 

the situation will evolve. At the same time, firms might gain a competitive advantage by pre-

empting policies. For example, Toyota gained a competitive advantage by bringing the Prius 

to the market. The firm is now considered innovative and relatively sustainable.  
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Scholars have studied the developments of LEVs; however, they have focussed in 

particular on the technological aspects of LEVs (Frenken, Hekkert, & Godfroij, 2004; 

Rajashekara, 1994); the future of  mobility (Eggers & Eggers, 2011; Kosugi, Tokimatsu, & 

Yoshida, 2005; Moriarty & Honnery, 2008a, 2008b); and more recently also on the 

competitive forces that shape innovation trajectories (Wesseling, Faber, & Hekkert, 2013). 

Yet, to the author’s knowledge, no study has provided a comprehensive review of the 

evolution of LEVs considering the interplay between businesses and policies on an 

international level and examined the potential transition towards LEVs.  

Second, LEVs, in addition to being technologically challenging, have much higher 

production costs than cars with an ICE. But to be appealing to the mass market, LEVs should 

not be more expensive than conventional cars. Thus, LEVs need to be protected initially—

that is, subsidized by governments or firms—until they can compete with ICE cars. For 

instance, in order to learn about and improve hydrogen cars, governments have provided real-

world testing platforms, invested in infrastructure and educated users. Car firms have also 

funded the expensive technologies themselves—e.g., Daimler built one of the largest fuel-cell 

test fleets in the world. Recently a few car manufacturers have also committed to the 

production of electric vehicles (EV)s.  

The existing literature has studied different government protection mechanisms and 

the respective responses of car manufacturers (Åhman, 2006; Koopman, 2010; Pilkington, 

1998; Shiau, Michalek, & Hendrickson, 2009), such as the effect of emission regulation, 

demonstration projects (Ahman, 2006; Harborne et al., 2007; Mikler, 2005) and government 

incentives (Bento, 2010; Beresteanu & Li, 2011; Serra, 2012). Yet, existing studies 

predominantly apply a top-down perspective considering a one-directional influence from the 

government towards firms. Hence, these studies have not fully addressed the bi-directional 

interplay between car manufacturers and governments protecting early LEV development. 

Besides, with regard to EVs there is no clear insight into incumbents’ strategic motivations—

next to government policies—to engage in EV production. 

Third, LEVs are, in some respects, fundamentally different from cars with an ICE, 

and therefore require changes in car manufacturers’ business model, such as in pricing, the 

value chain, or the required infrastructure. However, firms have routines, resources and 

capabilities that impede easy changes in their business models. For instance, Nissan partnered 

with the start-up Project Better Place to provide mobile-phone-like payment plans for EVs. In 

addition, the firm obtained generous government funds from different countries to build 

component plants. These required a divergence from common business practices—for 
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instance increasing the distance between the location of the assembly and the production of 

core components. Scholars have shown that incumbents face more constraints in designing 

innovative business models (Ahuja & Lampert, 2001; Bettis & Prahalad, 1995; Bower & 

Christensen, 1995) and also portrayed new business models which could suit LEVs (Wells, 

1991; Wells, 2004; Wells & Nieuwenhuis, 2004; Williams, 2006). What remains unclear, 

however, is how a firm’s path dependence and government support influence the design of 

new business models for LEVs.  

The issues laid out above are examined in more detail in this dissertation. It explores 

how the interplay between policy interventions and car firms’ strategies has evolved over 

time and how firms have adapted their innovation strategies and business practices. This 

dissertation aims to improve the understanding of the developments in the international car 

industry in the past 15 years with regard to low-emission vehicles. More specifically, it seeks 

to understand the strategies of car manufacturers and especially the interplay between 

incumbents and governments. Specific attention will be paid to electric vehicles. 

The author attempts to contribute to selected scholarly debates. Most importantly the 

dissertation seeks to contribute to the stream of literature on LEVs in general, shedding light 

on the evolution of LEVs in an international context. Next, it attempts to link the socio-

technical systems literature (Geels, 2002, 2004; Kemp, Schot, & Hoogma, 1998) with the 

strategic management of innovation literature (Christensen, 1997; Keupp, Palmié, & 

Gassmann, 2012). Also, it adds to the burgeoning literature on business models and 

contributes to the understanding of sustainable innovations. To this end, the dissertation will 

focus on the following four 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? 
 

4. Considering the disruptiveness of low-emission vehicles, what have been the strategic 

motivations of car firms to engage in electric vehicles? 
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Each question will be dealt with in an empirical chapter. The dissertation consists of two 

parts. Part One contains two introductory chapters: Chapter 2 discusses the main trends in 

production approaches, product development and innovation in the car industry, while 

Chapter 3 explains the most important LEV technologies, and briefly introduces perspectives 

of car companies and governments on LEVs, as precursor to Part Two, that consists of four 

empirical chapters (see Table 1.1). Chapter 4 provides an overview of the international 

developments of LEVs from 1997 until 2010, studying hybrid, electric and fuel-cell 

technologies and illustrates the interplay between incumbents and policies in different 

geographical areas and at different policy levels. Chapter 5 examines the influence of public 

and private protection on LEVs’ development trajectory from 1997 until 2010 based on an 

analysis of three case firms: General Motors, Toyota, and Daimler, which have followed 

different trajectories. Next, Chapter 6 focuses on electric vehicles in the period from 2006 

until 2010. It examines the strategic choices that car firms, incumbents as well as new 

entrants, made in their business models in light of the disruptiveness of the technologies and 

the presence of government incentives. Last, Chapter 7 explores three case firms, General 

Motors, Nissan and Mitsubishi from 2006 until 2010 with regard to their motivations to 

engage in the production of EVs. Finally, the conclusion presents the answers to the four 

research questions, sets forth the main implications of the research findings, addresses 

limitations and suggests avenues for future research. 
 

 
 

Table 1.1: Studied periods, firm foci and technology foci of the four empirical chapters 
 

Chapter Title Studied 
period 

Firm focus Technology focus 

4 The evolution of low-emission 
vehicles: Car manufacturers 
and policy interventions 
 

1997 – 2010 Incumbents  Hybrid vehicles, 
electric vehicles, fuel-
cell vehicles 

5 The role of public and private 
protection in disruptive 
innovation: The automotive 
industry and the emergence of 
low-emission vehicles  
 

1997 – 2010 General Motors, 
Toyota and Daimler 

Hybrid vehicles, 
electric vehicles, fuel-
cell vehicles 

6 Business models for sustainable 
innovation: Exploring strategic 
choices in the case of electric 
vehicles 
 

2006 – 2010 Incumbents and new 
entrants 

Electric vehicles 

7 Exploring incumbent 
motivations for producing 
electric vehicles 

2006 – 2010 General Motors, 
Nissan and Mitsubishi 

Electric vehicles 
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