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Abstract 

The purpose of study is to research the development of electric vehicle technology in the United 

States. This study describes the United States public policies towards electric vehicle technology 

and system of innovation approaches. The government roles with the help of national system of 

innovation have been also covered in this study. 

The point of departure was the study of available literature and U.S energy policy acts which 

illustrates that the break-through in electric vehicles still not only depended on better battery 

technology and infrastructure for charging stations but also on social, economic and political 

factors. The important actors involved in the process are both at local and international level are 

private firms, governmental departments, research and development (R&D) institutes, non-

government organizations (NGO’s) and environmental organizations etc. The arguments which are 

put forward in the background of development of such technologies are to reduce dependence on 

foreign oil and to reduce emissions of harmful gasses. 
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1. Introduction 
 

1.1 Electric vehicles and policy institutes 
 

Simon and Walls (2008:01) in their study The U.S. National Innovation System "identified four 

cornerstones of United States success at innovation that helps to establish conditions allowing 

innovation to flourish on its own such as i) incentives ii) government support iii) mix of 

entrepreneurial and large firm capitalism iv) societal institutions". However, in this study role of 

government and incentives has been elaborated. This study addresses the regulatory challenges and 

incentives created for the development and integration of electric vehicles (EVs) in the United 

States of America (U.S.). These regulatory challenges involve various problems to the speed at 

which EVs are introduced at national level in U.S. Thus making it important for the regulatory 

institutions to responds effectively by providing incentives and making national policies to deal 

with complicated issues such as risks involved and pave the way for their penetrations into current 

fleet of vehicles. Also, improvement in battery technology challenges the regulation policies at 

national and international level. Similarly, knowledge and policies based on earlier EV technology 

need to be reviewed as currently lot of improvement in battery technology has occurred. 

 

This paper examines and discusses about U.S. government policies to see how they help to facilitate 

the EV technology and did it affect the EVs market share at national level. It has been found out in 

the study that U.S. government identifies several barriers, just to mention few - production capacity, 

technology, vehicle cost and infrastructure that have to be overcome in order to achieve large-scale 

market penetration of EVs. As identified earlier, the national government can play a significant role 

to facilitate the successful implementation of EVs in the U.S. Therefore, I will make the use of 

concepts and ideas from the systems of innovation (SI) approach focusing national system of 

innovation (NSI) about the technology in question. 
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1.2 Aim of the study 

The aim of this research is to understand how the legislatives Acts during the time period 1992 to 

2009 emerges within the U.S. for EVs deployment with a particular focus on directives in American 

Recovery and Reinvestment Act of 2009 (ARRA 2009). 

The concept of risk involved such as uncertainty about this technology and their acceptance in 

society and market are the conceptual focus of this investigation because of the fact that these 

concepts have been at the forefront of the EVs regulations debate for many decades. This 

investigation will show that the regulations have been altered in different time periods during 1992 

to 2009. 

1.3 Research questions 

The study will answer the following research questions: 

x How can U.S. governments facilitate to the successful implementation of technology 

such as EVs in this study? 

x How can we understand policy aimed at electric vehicles in terms of US national 

innovation system? 

x Does policy help to overcome the barriers that exist to the successful deployment of 

EVs in US and how? 

 
1.4 Structure of the thesis 
 

The thesis starts with the presentation of the topic and introduces the reader with the underlying aim 

of the study. This chapter also describes different barriers in the development of EVs in U.S. that 

provide the background knowledge of study that has been one of the reasons why the EVs was 

introduced in U.S. With the help of scientific literature the author has presented and discussed the 

existing barriers in the development of the EVs technology as well as identified which barriers 

hindering the development of EVs technology in U.S. most. 
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The chapter 2 of this study is dedicated to explain the methodology of this study. The approaches 

used during this study and how the data for the study have been collected are explained. The 

credibility of the findings and limitations has been discussed in this chapter. 

The chapter 3 describes the theoretical framework of the study and how the national system of 

innovation approach can to understand and identify the important actor’s in a system. Particular 

space is dedicated to explain the government role in the innovation diffusion process. 

The results of the thesis are revealed in the chapter 4. The author starts with presenting the relevant 

political acts and sections that are relevant to the study. Author also discusses how government 

through time and with the help of political tools has created national system of innovation. And how 

the relevant conditions and environment for the successful implementation of EVs has been slowly 

build up. Author also analysis the government attempts to address the existing barriers. 

Chapter 5 concludes the thesis with a general discussion. In this chapter, many problems associated 

with this technology have been discussed and throws light upon various shortcomings with this 

technology. 

 

1.5 Barriers in the development of electric vehicle technology in the USA 
 

In this part, an analysis of various types of barriers facing EVs development is introduced. The aim 

of this analysis is to find out what factors are important for acceptance and development of EVs on 

a large scale. The most important obstacle with alternative technologies is that their introduction 

and use simply does not adjust into the current transportation system. According to Romm 

(2005:2610) there are six concerns regarding alternative fuel vehicles: 

1. High first cost for vehicle; 
2. On-board fuel storage issues (i.e. limited range); 
3. Safety and liability concerns; 
4. High fueling cost (compared to gasoline); 
5. Limited fuel stations: chicken and egg problem; 
6. Improvements in the competition (better, cleaner gasoline vehicles). 
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In present, it seems difficult to switch to alternative vehicle technologies and fuels as we are locked-

in the dominant gasoline car technology. Nevertheless, that escape could be possible as mentioned 

by Cowan and Hulten (1996:61) “crisis in existing technologies, regulations, technological 

breakthroughs, changes in taste, emergence of niche markets, and new scientific result.” However, 

this dream has not fulfilled yet on large scale because of many technological, economic, political 

and social factors as explained below. 

1.5.1 Technical barriers 
 

Battery technology is considered a key to the future of electric, hybrid and plug-in hybrid electric 

vehicles. Canis (2011:5) put forward this “the major hurdle in providing a large national fleet of 

hybrid electric vehicles (HEVs), plug-in hybrid electric vehicles (PHEVs), and fully electric 

vehicles (EVs) is the size, cost, weight, durability, and safety of the batteries that would power 

them.” Likewise, Kushnir and Sandén (2011:1406) mentioned “success of EVs depends on their 

technical performance, cost and safety of battery system.” And Rand et al., (1998:54) notes “success 

of EVs in public still relies on improvement in battery technology”. Consequently, the improvement 

in battery technology is crucial for the development of such vehicles types. In order to achieve this 

goal, development of appropriate battery type seems to become biggest challenge for researchers 

and scientists. 

 

There are various types of batteries that are currently being used - or being developed for the use in 

EVs such as lithium ion, nickel cadmium and nickel metal hydride that is also mentioned by 

Kiehne, (2003). The author assumes that the battery of the future will likely be the lithium-ion 

battery.  Similarly, Sierzchula et al., (2012:49) state that “in present the variety of battery types used 

in EVs has expanded, largely through lithium-ion chemistries.” And this is the reason that due to 

advancement in battery technology, large firms and startup firms start targeting different consumer 

markets with their EVs models. These authors also mentioned that startup firms developed EVs for 
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niche market - sports cars and low speed vehicle, while large firms are generally developing EVs as 

per customer demands. 

In present, lithium ion batteries are considered as a promising battery technology. According to IEA 

(2010:9) “the most prominent major new battery technology is based on lithium which is naturally 

occurring, light weight, reusable, can be extracted from depleted batteries and recycle for use in 

new batteries.” This is an important characteristic from the environmental prospective and due to its 

light weight feature it can be easily fabricated into small and large battery packs that can be used in 

electric and PHEVs types. Rand et al., (1998:423) states “success of primary lithium cells in 1970s 

becomes the source of involvement for large companies such as Exxon and Bell Telephone in the 

USA to investigate rechargeable alternative in that area.” According to Liu et al., (2011:1) 

“rechargeable lithium-ion batteries have made great advances in the past 20 years and are 

extensively used for consumer electronic devices due to their high energy density and long cycle 

life.” These consumer product ranges from laptops, mobile phones, MP3 players and small EVs etc. 

Similarly, Marom et al., (2011:9939) note “among the available battery technologies to date; only 

Li-ion batteries may possess the power and energy densities necessary for EV applications.” It can 

be said that in forth-coming future, rechargeable lithium-ion batteries can be considered as a viable 

battery technology for EVs. 

 

Figure 1 Picture showing how Lithium ion battery looks like (Source: Chambers, 2009). 
 
Furthermore, nanomaterial may be used in future lithium-ion batteries which are mentioned by 

Kushnir and Sanden (2011:1405-1406) that “variety of nanomaterials is under investigation to 
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replace the active material in lithium-ion batteries to overcome various performance limitations.” 

These authors also called lithium-ion battery ‘a front runner technology’ for energy storage in 

proposed electric vehicles. Besides authors focused on the development and understanding of 

nanomaterial in lithium-ion batteries and there is a possibility that nanotechnology may bring a 

breakthrough in battery technology (Bruce et al., 2008; Kushnir and Sanden, 2011). 

Bandhauer et al., (2011:01) statesthat “lithium-ion batteries are well-suited for fully electric and 

hybrid electric vehicles due to their high specific energy and energy density relative to other 

rechargeable cell chemistries.” Likewise Valøen and Shoesmith (2007:01) analysis show that the 

performance of lithium ion batteries is better than NiMH and NiCD batteries. Due to above 

mentioned features the sale of lithium-ion batteries are increasing worldwide. According to statistics 

from battery association of Japan, there is a significant increase in the sale of lithium ion batteries 

from 29,722 to 1,218,342 between 1995 and 2011 ( Ministry of Economy, Trade and Industry, 

November 2012). 

 

Nevertheless, lithium-ion batteries also have shortcomings that are pointed out by Bruce et al., 

(2008). Safety is a serious issue in lithium-ion battery technology. Similarly, Goodenough and Kim 

(2010:6668) points out that “the principal remaining challenge is to develop safe, rechargeable 

batteries for larger plug-in hybrid and all-electric vehicles (PHEVs and EVs) of larger driving 

range, faster charging rates, and lower cost as well as for EES for the grid”. The author mentioned 

in their study that on commercial scale the lithium-ion batteries are currently being used in small 

EVs. Thus the major drawbacks with lithium-ion battery packs seems to be short life cycle, safety, 

weight, range, poor low temperature performance and costs. However, lithium-ion batteries can be 

regarded as batteries of future as they are making great progress in modern electrochemistry. These 

batteries have to go long way to establish public trust and attention of the researchers and scientists. 

 



15 
 

According to the findings it can be said that EVs have been manufactured since the mid of 1800s 

and early 1900s. Development of battery by Volta in 1800 paved the way for Davenport 

revolutionary electric motor in 1830's. However this battery was not useful for EVs due to voltage 

storage problem. Nevertheless Plante developed lead-acid storage battery that further helps in the 

development of EVs as these batteries were capable of being recharged that was a compulsory 

condition for such vehicle types. Thus 1890-1910 was considered significant period in the history of 

EVs as battery technology improved significantly. Due to battery rechargeable capacity and 

technology development the EVs were encouraged to be used as taxis in the U.S. and one such 

example was Pope Manufacturing Company that had 500 electric cabs at the end of 1898. One other 

example that could be found in the history is electric Carriage and Wagon Company that operated 

EVs as taxis in New York City. These taxis were considered as symbol of luxury and comfort. 

EV technology is not a new technology. Still there are many problems associated with EV 

technology as described in the academic literature. Holzman (1997:584) asserts: 

“Most of the major manufacturers are experimenting with battery power in cars... there is a 

need for a breakthrough in battery power in EVs. The reason is simple: existing gasoline cars 

have a range of about 380 miles and it is difficult for EVs to gain that power and mileage 

range. Even battery advocates concede their limitations.” 

In other words, the competition between ICV and EV in general are still about mileage and range. 

Though most of the companies are showing great interest in the development of EVs/PHEVs and 

they are doing extensive research in this field of technology. One such example is BMW i3 and i8 

concept cars. 

1.5.2 Economic barriers 
 

There are always expectations related with alternative fuel types of technologies. Especially, the 

expectations rise when there is a shortage of fuel or increase in the petroleum prices. Everyone 

starts looking into alternative mode of transportation that runs on electricity or consumes less 

petroleum. However, every innovation requires significant investments. Government funding and 
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grants as well as ability to boost their public image could be strong motivator for the private 

automobile companies to invest in uncertain technologies and niche markets. 

According to International Energy Agency (IEA, 2011) the primary issue that has challenged the 

adoption of EVs in the 1990s, and that continue to be the greatest barrier, is the trade-off between 

battery performance (top speed and driving range) and vehicle cost. Kurani et al., (1996) estimated 

that “there is a small market share for electric vehicles (EVs) because of their high price, low range 

and slow recharging” (in Ewing & Sarigöllüb, 1998:429). It can be said that EVs have not been able 

to offer an alternative reasonable price so far, therefore EVs are "sold mostly in the niche markets as 

low speed vehicles or as prototypes exhibiting technological advances" (Sierzchula et al., 2012). 

Other economic factors such as manufacturing and maintenance costs, maximum distance and 

recharge time can affect the use of EVs. Ewing & Sarigöllüb (1998:437) mentioned that “battery-

powered EVs have the high cost for manufacturing and battery replacement but their energy costs 

would be much less than a conventional vehicles”. They also suggests that there is a need for 

policies such as electronic road pricing or carbon taxes for non-EV that might help to improve the 

image of the EV's relative operating costs. The authors in their study give the example of EVs use 

in Montreal showing the potential of EVs, but only if they overcome the performance and cost 

barriers. 

Despite the fact that EVs exist for centuries, it is still expensive to buy and maintain. However, 

nowadays battery size and weight problem is solved to some extent but still long lasting battery 

charge is the obstacle in their development. And in present it seems impossible for common people 

to buy EVs due to their high costs and lack of charging facilities. EVs are not expected to make any 

progress until battery and infrastructure issues related with them will be solved first. It seems that 

debate about what should be in place first - technology or infrastructure, only prolongs the process. 

 

At present the innovative vehicles that could match the range and refueling time of conventional 
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vehicles are consider only the hybrid EVs and the fuel-cell powered EVs. Motavalli (2001) also 

suggests that hybrid vehicles could solve not only costs and range of battery but also reduce air 

pollution. And some people are also willing to pay an extra CAN$1000 for such vehicle types 

(Ewing & Sarigöllüb, 1998). 

1.5.3 Environmental and social barriers 
 

According to Gjøen and Hård (2002:268) “politically, the EV is first and foremost regarded as an 

environmentally benign solution to urban pollution problems”. Concern over urban air quality in 

recent years has propelled the electric vehicle (EV) to the forefront of debate concerning 

technologies and strategies to reduce the environmental and health impacts of urban transport, 

among the largest contributors to urban air pollution as well as to anthropogenic greenhouse gas 

emissions (see US Dept. of Energy, 1996; Walsh, 1995 in Funk and Rabl, 1999). Similarly Kempton 

and Kubo (2000) show strong connection between increasing concerns about air pollution and 

resource depletion and public acceptance of EVs. 

However, Funk and Rabl (1999:409) in their case study compared electric and conventional 

vehicles in France showed that “the cost of air pollution is not enough to give the EV a clear 

advantage against all conventional cars”. Besides we need to consider the resources for electricity 

generation and the amount of emission produced by for EVs to be able to determine the actual 

environmental and social outcome.  According to Funk and Rabl (1999:398) “most agree that there 

are emissions trade-offs, and that the net reduction due to the use of electric vehicles depends on the 

source of fuel for electricity generation.” 

Glover and Brzezinski (1989) claim that “generating electricity for recharging batteries for EVs can 

cause considerable environmental harm”. Similarly, Lave et al., (1995:993) focused on 

environmental consequences of producing and reproducing large quantities of batteries to power 

electric cars. According to them "lead-acid batteries experienced peak production in late 1997", 

therefore, it can be assumed that their smelting and recycling will cause great environmental and 
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health problems. 

Recycling of batteries is considered a big problem from an environmental and human health 

perspective. According to U.S. Environmental Protection Agency (2012) “batteries contain heavy 

metals such as mercury, lead, cadmium, and nickel, which can contaminate the environment when 

batteries are improperly disposed. When incinerated, certain metals might be released into the air or 

can concentrate in the ash produced by the combustion process.”Similarly, Fujita et al., (1992) 

mentions some of the negative effects of lead which are reduced cognitive function and behavioral 

problems, even at low levels in the blood. Moreover, such battery elements as nickel and cadmium 

can be dangerous to humans and the environment as they are considered to be highly toxic (Lave et 

al., 1995). There are growing concerns about environment, air pollution and health. However, these 

problems may overcome by the help of extensive research and development efforts in the field of 

batteries, fuel cells and alternative energy storage devices. As it has been showed earlier, battery 

manufacturing, handling and disposing has to be done more safely and with much care to avoid 

contamination of nature. 

Besides, environmental obstacles of EVs there are also social and cultural barriers. Lave et al., 

(1995) explains the human need and desire to experience high speed and long range when using 

personal vehicles. But as Calvert et al., (1993) points out EVs cannot compete with gasoline cars for 

speed and distance due to limited battery features. 

Experiences and knowledge are important factors for public acceptance of EVs. Motavalli 

(2001:107) points out the difference between USA and Europe when it comes to EV development 

“U.S. events are mostly about technology while European one are more about infrastructure, 

building an EV friendly base through local initiatives and public participation.” Some European 

countries by renting EVs try to raise public participation and to develop their interest in these 

vehicles. This put emphasis on user-product interaction as elaborated by Andersen and Lundvall 

(1998:11) “successful innovation is to a large degree dependent on close and persistent user-

producer contacts.”  
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Thus user’s point of view is important in this process as it can put limitation on product 

development or provide vital information that is not seen by the car producer. Furthermore, 

Freeman & Lundvall (2008:12) states “learning-by-interacting between parties linked together and 

is dependent on time and space”. This aspect of learning-by-interaction can be useful for the 

acceptance and development of EVs in society. The public should be given an opportunity to try 

these vehicles types by the automobiles companies. And companies should take primary 

responsibility to inform public about the positive and negative aspects related to them. 

1.5.4 Political barriers 
 

Many projections about penetration of the electric vehicle in automobile market were made already 

in 1970 and further on. With introduction of the California Zero Emission (ZEV) Mandate in the 

1990s interest about EVs increased, but not to expected range. One positive outcome of the ZEV 

was continuing investments and research of hybrid-electric vehicles (HEV) and low-emission 

vehicle technology (Sierzchula et al., 2012). The strict restrictions and laws from California Air 

resource board helped to stir interest in EVs and PHEVs. Sperling and Gordon (2009:24) states 

“due to California zero emission rule, the number of EVs reached 3,000 in the year 2000 that bind 

automakers to manufacture zero emission vehicles.” Following the California initiative, in 1996 

General Motors Corporation introduced EV1 which was driven on led acid battery. However, it 

turned out to have significant issues with not only battery durability and weight but also safe 

recycling (Lave et al,. 1995). 

When it comes to implementation and popularization of EVs government support is pivotal. Hall 

and Kerr (2003) show the importance of policy development, subsidies or tax exemptions and need 

for infrastructure to influence the public acceptance of innovation. However, these are not the only 

factors that influence the implementation of new technologies. Calef & Goble (2007:1) analyzed the 

government failure of implementing EVs in California and France and came to conclusion that apart 

from political support, people behavior and attitude was among decisive factors. 
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When it comes to political barriers, Banister (2005) in his work about sustainable transportation 

makes distinction among legal or regulatory barriers, policy failures or unintended outcomes, and 

institutional and administrative barriers. 

Regulatory or legal barriers can be related to a lack of relevant government regulation and 

incentives. There may be unreliable or weak policy signals, which hold back investor willingness to 

invest and consumer readiness to purchase. Inadequate incentives and policy signals can lead to 

market failures, which hinder the distribution of cleaner technologies (Banister, 2005; Browne et.al, 

2012). 

According to Banister (2005) policies might fail, might be abandoned or modified as a result of 

unplanned events, for example, economic crisis, changed political priorities or unexpected 

public/media reaction. Browne et.al, (2012) argue that government subsidies and excise relief 

schemes do not always achieve planned outcome as they aim at the acquisition of EV rather than 

use. Therefore, such programs might be misused in order to obtain tax exemption and does not 

imply behaviour change in long term. Similarly, authors doubt the usefulness of demonstration 

projects. Even if government claims that such projects would enhance the deployment of the 

necessary technological innovation, often government-funded demonstration projects are about 

public relations and political objectives. 

According to Browne et.al, (2012) the institutional and administrative barriers can be seen from 

‘chicken and egg’ perspective. Government are reluctant to develop infrastructure, which affects 

demand for EV and low demand makes vehicle manufacturers unenthusiastic to invest in new 

technology. It is like circle of activities dependent on each other. 

Melaina and Bremson (2008:3233-3241) analyzing the refueling availability for alternative fuel 

vehicle markets came to conclusion that the enormous investment in conventional energy assets are 

slowing down the development of alternative fuel markets. There is lock-in by existing technologies 

and institutional infrastructure. 
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Despite the above mentioned barriers, concerns are growing about finite oil resources and air 

pollution caused by the ICEVs. Rand et al., (1998: vii) states, “a renaissance of interest in road EVs 

began in the 1970s as a result of the world ‘oil crises’ of 1973 and 1979.” Because of oil crises the 

people and government started to realize that oil supplies will end sooner or later and it would be 

hard to compete with ever growing demands of worlds growing population and transportation. 

Number of factors has contributed to fact that policy makers are seeking to reduce greenhouse gas 

emissions and air pollution as well as develop greener economy and reduce the U.S. dependency on 

fossil fuels. 
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2. Methodology 
 

The aim of this chapter is to provide information about the method used in this study and discuss 

the reasons for choosing them. The methodology illustrates how the necessary data is collected and 

the usage of gathered data to answer the research questions. 

2.1 Research approach 
 

According to Denzin & Lincoln (2000) “there are two main approaches to investigate any research 

study i.e. qualitative and quantitative methods”. Qualitative methods are natural towards human 

interpretations with more details and quantitative methods are more often used for quantifiable 

results. The qualitative method helps us to develop casual relationships for underlying events 

particularly from secondary sources (books, articles and journals). This approach helps to build the 

theoretical framework of the study and helps to answer the research questions. As far as this study is 

concerned, it is qualitative in nature and it also covers document analysis of political regulations 

surrounding the EV technology in U.S. The document analysis provides the empirical material of 

this study and fulfill the aim of study. 

Political document and law is usually created as a response to some identified problem and aims to 

provide solutions. At this point background study is important to understand and analyze the policy 

documents. The studies of policy and policy-making is changing its nature and policy is no longer 

made by the elected politicians, more and more various actors, for example, industry and non-

governmental organizations are involved in the process (Buse et al., 2005). Keeping in mind these 

changes and fact that various approaches to policy analysis exist, I have chosen to highlight a 

context and relations of certain political documents, identified problems and suggested solutions. I 

will also pay particular attention to identify and describe how political documents lay grounds to 

embrace the collaboration with private sector. Further, I will use the concepts and ideas of national 

system of innovations to scrutinize existing policies. 

According to Denscombe (2007:35) “case studies focus on one instance of particular phenomena 
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with a view to providing an in-depth account of event, relationships, experiences or processes 

occurring in that particular instance.” Based on this it is possible to say that the thesis also has some 

aspects of a case study of EV technology in U.S., however, I do not claim that it is a pure case 

study. 

2.2 Research method 
 

This study is built upon document analysis of American political manuscript such as Energy policy 

acts from 1992, 2005 and 2007 and the Recovery and Reinvestment Act of 2009, focusing EVs 

technology. This way of data collection is chosen for two important reasons; first previous studies in 

this area are often fragmented and focuses on separate aspects such as environmental, technological, 

economic or political problems. Second, there is no particular data showing government support 

and funding for the development of EVs technology in an easy and comparable way. 

2.2.1 Document analysis 
 

Institutional documents serve as a purpose of qualitative research for many years. In recent years, 

there has been tremendous amount of increase in the number of journals and research reports that 

mention document analysis as an important part of the methodology. This type of methodology 

helps to describe the nature and type of documents to be in use. The document analysis also helps to 

increase the understanding and knowledge about the subject in study. 

2.2.2 What is document analysis and how it serves as a part of research study? 
 

According to Glenn A. Bowen (2009:28) “document analysis is a systematic procedure for 

reviewing or evaluating documents - both printed and electronic (computer-based and Internet-

transmitted) material and like other analytical methods in qualitative research, document analysis 

requires that data be examined and interpreted in order to elicit meaning, gain understanding, and 

develop empirical knowledge”. The documents that are being used in study can be of different 

forms. They can include government policies, regulations, laws, conferences reports, background 
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papers, books and journals, press release documents, institutional reports and agendas. This method 

also helps to study and identify the language, content, meaning and structure of the document. And 

it supports to identify the interrelationship between different documents and their significance to 

each other. Content analysis of document can also help to organize information into categories 

related to the central aim and questions of the research. 

Glenn A. Bowen (2009:34) further points out that “document analysis is a process of evaluating 

documents in such a way that empirical knowledge is produced and understanding is developed.” 

Document analysis process involves finding documents/information regarding required study 

purpose, selecting and evaluating them. The document analysis helps to define the type of 

documents and needs related to study. Merriam (1988:118) pointed out, “documents of all types can 

help the researcher uncover meaning, develop understanding, and discover insights relevant to the 

research problem.” It is important part to understand how the document can serve as a part of 

research study. For that reason documents can provide the facts and background information about 

the study topic. 

This sort of background and historical information can help the researcher to identify what has been 

done in the past in regard to specific issue and what condition were favorable at that time. This 

helps the researcher to get hold of past as well as the present. Thus document analysis can provide a 

source to track development and changes in different time period. And it can help the researcher to 

compare various available documents such as American legislative acts from 1992 to 2009 to track 

and identify the changes. This can also help in a way to validate the document and its effectiveness 

to the policy implementation. Thus the knowledge gain from documents analysis can be valuable 

for present and for future research study. 

2.2.3 Use of language in documents 
 

The recognition of language use is important when doing document analysis. Atkinson and Coffey 

(2004:59) state that “a document reconstruction of social reality depends upon particular uses of 
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language.” One can often recognize what sort of document one is looking for and what information 

it contained that is simply possible by the through recognition of its distinctive use of language. At a 

common-sense level we can recognize that official documents and reports are often embedded in 

language that differs from everyday language use. 

We can regard language as one of the tool that can help us to understand the construction of certain 

documents and its discrepancy from other documents. In this regard, it is important to pay attention 

to the question of how documents constructed and is the flow of text. Moreover, documents may 

form a certain kind of predictability about future development. And, document reality depends upon 

logical relationships between documents. Hence, analysis of documents must take justification of 

such relationships to see if they can be related to each other or not. 

2.2.4 Relationship between documents 
 

According to Atkinson and Coffey (2004:66) “documents do not stand alone and they do not 

construct systems or domains of documentary reality as individual and separate activities.” The 

documents refer to other documents or realities. Therefore, the analysis of documentary reality must 

look beyond separate texts and one should ask how they are interrelated. This feature of document 

analysis is important as it helps to identify the background and purpose of the document. Moreover, 

Atkinson and Coffey (2004:68) points out that document analysis can help to “explore the inter 

textual relationships and examine how conventional formats are shared between texts, and thus how 

they construct a uniform, bureaucratic style.” In this, way we can note how they are linked as series 

or sequence of documents. 

2.2.5 Advantages/strength of document analysis 
 

Document analysis can be regarded as an efficient and cost effective method. It is less time 

consuming as compared to other qualitative research methods, because it does not require for 

example, planning and holding interviews and then transcribing them. In this case, the researchers 
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need to identify and select the data instead of collecting data; however it does not mean that it is an 

easy task. Even though various types of documents are available online, one must make sure that 

the documents of interest are selected. Thus researcher might be required to visit several websites 

and browse hundreds of archive pages. One must bear in mind that in order to identify appropriate 

documents, one must get acquainted with the organizational structure of the subject in focus. On 

other hand such official government/political reports that does not require author’s permission and 

is most often available on the public domain and accessible to the public. Besides, it can be 

considered as cost effective method as compared to other research methods. 

2.3 Selection of the documents 
 

I have found out in my search that documents like 2005 Energy Policy Act (EPAct 2005) and the 

2007 Energy Independence and Security Act (EISA) are used as a reference/data source for the 

earlier mentioned American Recovery and Reinvestment Act of 2009. Therefore, it was important 

for me to examine those previous documents and not only focus on one single document. For that 

reason, I have performed cross-sectional comparison between new and old documents. It helped me 

to understand the quality of those documents and the evidence they contain that help to satisfy aim 

of the study. I could say that I used snowball method to recognize the significant documents for my 

study and the American Recovery and Reinvestment Act of 2009 served as the point of departure. 

I ended up selecting four political documents: 

x The Energy Policy Act of 1992 

x The Energy Policy Act of 2005 

x The Energy Independence and Security Act of 2007 

x The American Recovery and Reinvestment Act of 2009 

In my qualitative analysis of the content in the selected documents I have focused on themes I have 

found in the literature. First, I searched for all paragraphs and sections that spoke about electric and 
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plug-in electric vehicles or alternative fuel vehicles. All relevant information, which can be found in 

the policy documents are described and presented further in this work. 

Thereafter, I started to work with the grouping and content analysis of the texts. In order to remain 

objective and systematic, I used earlier knowledge in the literature and theory recognised and 

described themes: environmental, technological, political, economic and social. For my own 

convenience, I drafted several questions, for example: 

x Is the document easy to understand and implement? 

x Is the document still valid? 

x Who is the target audience of the concrete section of the document? 

x What concerns lies under the proposition? 

x What issue does it aims to solve? 

x Why was the document written and when? 

Finally, I looked closer at content and tried to see how can it been explained in terms or national 

innovation theory. 

2.4 Limitations 
 

Documents come into existence in order to confirm reality other than just to satisfy research 

purpose that makes it harder to get directly sufficient answer to the research question. And it could 

be possible that access to some classified documents can be hidden from the public access. For this 

study, four government policy acts (1992, 2005, 2007, 2009) related to aim have been analyzed. 

These documents show government perspective in relation to EV technology development by 

providing incentives and infrastructures at national level. Here, negative point is a risk that NSI can 

be misinterpreted as only promoting just government perspective and EV technology as a success 

ignoring other negative aspects/factors related to it. It is because other actors such as car 

industry/firms, universities R & D programs, market perspective (public views) which are also 
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considered as main components of NSI as mentioned in the figure.2 in theoretical part of this study 

has been omitted. It was due to the fact that author wanted to focus on these four government 

legislative acts and to present government role/result in a simple and comprehensive way.  

 

There are many studies already present showing detailed role of those missing NSI components. 

Hence, it can be said that one limitation of NSI approach is its broadness as it cannot be easily 

integrated into one theoretical perspective. This may create confusion and analysis from same actors 

(government) can be regarded as a weakness of study/theory. 

Besides that, some other possible methodological limitations of study are as follow: 

2.4.1 Sample size 
 

In total four numbers of political/legislative documents issued during the time period (1992, 2005, 

2007, and 2009) have been chosen as an empirical material for study. This small size of data may 

restricts/limits document analysis to minimum as there are so many other U.S. political documents 

available that could be added to the study such as mentioned below: 

x January 29, 2009: Lilly Ledbetter Fair Pay Act of 2009, Pub.L. 111–2 

x February 4, 2009: Children's Health Insurance Program Reauthorization Act (SCHIP), 

Pub.L. 111–3 

x February 17, 2009: American Recovery and Reinvestment Act of 2009 (ARRA), Pub.L. 

111–5 

x March 11, 2009: Omnibus Appropriations Act, 2009, Pub.L. 111–8 

x March 30, 2009: Omnibus Public Land Management Act of 2009, Pub.L. 111–11 

x April 21, 2009: Edward M. Kennedy Serve America Act, Pub.L. 111–13 

x May 20, 2009: Fraud Enforcement and Recovery Act of 2009, Pub.L. 111–21 

x May 20, 2009: Helping Families Save Their Homes Act of 2009, Pub.L. 111–22 

x May 22, 2009: Weapon Systems Acquisition Reform Act of 2009, Pub.L. 111–23 
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x May 22, 2009: Credit CARD Act of 2009, Pub.L. 111–24 

x June 22, 2009: Family Smoking Prevention and Tobacco Control Act, as Division A of 

Pub.L. 111–31 

x June 24, 2009: Supplemental Appropriations Act of 2009, Pub.L. 111–32 

x October 28, 2009: National Defense Authorization Act for Fiscal Year 2010, Pub.L. 111–84 

x November 6, 2009: Worker, Homeownership, and Business Assistance Act of 2009, Pub.L. 

111–92 

x December 16, 2009: Consolidated Appropriations Act, 2010, Pub.L. 111–117 

x February 12, 2010: Statutory Pay-As-You-Go Act, as Title I of Pub.L. 111–139 

x March 4, 2010: Travel Promotion Act of 2009, as Section 9 of Pub.L. 111–145 

x March 18, 2010: Hiring Incentives to Restore Employment Act, Pub.L. 111–147 

x March 23, 2010: Patient Protection and Affordable Care Act, Pub.L. 111–148 

x March 30, 2010: Health Care and Education Reconciliation Act of 2010, including the 

Student Aid and Fiscal Responsibility Act, Pub.L. 111–152 

x May 5, 2010: Caregivers and Veterans Omnibus Health Services Act of 2010, Pub.L. 111–

163 

x July 1, 2010: Comprehensive Iran Sanctions, Accountability, and Divestment Act of 2010, 

Pub.L. 111–195 

x July 21, 2010: Dodd–Frank Wall Street Reform and Consumer Protection Act, Pub.L. 111–

203 

x July 29, 2010: Tribal Law and Order Act of 2010 

x August 3, 2010: Fair Sentencing Act of 2010, Pub.L. 111–220 

x August 10, 2010: SPEECH Act, Pub.L. 111–223 

x September 27, 2010: Small Business Jobs and Credit Act of 2010, Pub.L. 111–240 

x December 8, 2010: Claims Resolution Act of 2010, Pub.L. 111–291 

x December 13, 2010: Healthy, Hunger-Free Kids Act of 2010, Pub.L. 111–296 
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x December 17, 2010: Tax Relief, Unemployment Insurance Reauthorization, and Job 

Creation Act of 2010, Pub.L. 111–312, H.R. 4853 

x December 22, 2010: Don't Ask, Don't Tell Repeal Act of 2010, Pub.L. 111–321, H.R. 2965 

x January 2, 2011: James Zadroga 9/11 Health and Compensation Act of 2010, Pub.L. 111–

347, H.R. 847 

x January 4, 2011: Shark Conservation Act, Pub.L. 111–348, H.R. 81 

x January 4, 2011: Food Safety and Modernization Act, Pub.L. 111–353, H.R. 2751 

 

The above mentioned Acts from January 29, 2009 until January 4, 2011 are shown here as an 

example to demonstrate that large number of Acts exists and issued each year which is aimed to 

address known issues in the country. And one can also understand that it would be quite difficult to 

acquire concerned material from such Acts related to one aspect of theory. For that reason the 

author has carefully chosen only four documents that have been mentioned before. It was due to the 

reason that small sample size give the opportunity to carefully read and analyze the document data. 

Even though it was a time taking process with small data size due to the fact that these documents 

are not embedded in an easy language that is explained before in this chapter of study. 

2.4.2 Lack of available  data 
 

As already mentioned for study four policy documents are chosen carefully. It was difficult to find 

other related documents. However, this less or lack of data can encourage new research in this area 

of study and researchers can try to evaluate more document in this respect. 

2.4.3 Lack of public opinion 
 

One other limitation was lack of public opinion about these chosen Acts. This could be an important 

feature as it can help the researcher to understand what people think about government incentives 

and policies for EVs. And if there are any other social problems such as poverty, education, 
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unemployment that need to be solved first before solving the problems of air pollution or personal 

transport? Thus it would be important to know what general public consider the most important for 

them. 

Another possible improvement to the study could have been interview the participant. This could 

help to gain greater information about participant awareness and attitudes towards such acts. Thus 

this method could have added important qualitative data. The methodology could have included the 

interviews or survey questions. For example; government policy makers, car and battery 

manufacturers, car drivers and general public etc. Some of the future research question may be 

related to study are as follow: 

z Negative effects related with car batteries? 

z Electric vehicles infrastructure issues? 

z Diversity of battery technologies? Still unknown.. 

z Electric vehicles emissions, costs and maintenance related issues for policy makers? 

2.4.4 Data verification 
 

When evaluating these policy documents I thought about data verification present on the internet. 

Even though the data is obtained from government official website, still I would like to meet some 

authority in person to talk about it and what problems they had faced when formulating such 

documents. 

2.5 Conclusion 
 

It can be said that this study has many limitations. This study was primarily limited by its small 

sample size. The sample size could have been extended by including more Acts and policy 

documents. A large number of sample sizes would have benefits the result and gave the way to 

explain things in much better way. An earlier start/focus towards data collection would have given 

the chance to involve other actors mentioned in the theoretical party of study. However, the 

limitation of study could lead to the future research in this area. A great depth analysis of all Acts 
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can lead to understand how the policies are framed in the U.S. And one can focus on target groups 

mentioned in the Acts/policies for in-depth study analysis. 

To conclude this chapter, it can be said that document analysis involves various steps such as 

searching, reading, skimming and interpretation. This process combines elements of content 

analysis and thematic analysis. Hence, document analysis helps researcher to identify study needs, 

background, a way of tracking changes and development. In short, document analysis can offer cost 

and time effectiveness and reliability that outweigh its limitations. 
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3. Theoretical background 
 

This chapter helps the reader to become familiar with the system of innovation (SI) 

approaches/models and the national system of innovation (NSI) in respect to EVs technology. In 

theory, U.S NIS can work as a platform/hub to establish conditions and laws to allow the innovation 

to develop on its own. This chapter describes the U.S Nation Innovation system (NIS), how it works 

and how is it evolving by time and the factors that can influence on it. 

3.1 Introduction 
 
In the late 1980s a new conceptual framework appeared in the science, technology and innovation 

studies, ”The National Innovation System” (NIS) which suggests that the research system's ultimate 

goal is innovation and that the system is part of a larger system composed of sectors like 

government, university and industry and their environment” Godin (2007:04). The NSI framework 

has been elaborated in this part with the emphasis of relationships between different actors in a 

system that can explain the U.S innovation systems in respect to EVs. The development of EVs 

innovation is not without barriers and problems as it is a complex and uncertain process. The 

purpose of this chapter is to analysis the implication of NSI approach to one of the potential 

environmental vehicle technology, EVs in U.S. 

Though EVs technology have existed for more than a 100 years in U.S., investments in the 

development are still restricted due to technology barriers (battery), expensive material, dominant 

internal combustion engine technology, and interest in hybrid vehicle technology. 

The nature of EVs technology and its implication by key stakeholders such as manufacturers, 

suppliers, dealers, government, R&D departments, customers, innovators, NGOs and politicians 

etc., is important part of innovation system and all concerns needs to be satisfied before successful 

implementation of environmental technology innovations can take place in society. 
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3.2 An overview of system of innovation 
 

According to Lundvall (1992:1) “theories in social sciences may be regarded as focusing devices.” 

One social device which may help us in this regard is known as system of innovation (SI) approach. 

SI concept in this study is used as a ‘focusing device’ which can be constructive for theoretical and 

practical purposes or understanding and integration of technologies. The identification of key 

factors will help the policy makers to see how EV technology can be affected and what policy 

support is needed in future for its diffusion in society. 

For Lundvall (1992:2) “a system of innovation is constituted by elements and relationship which 

interact in the production, diffusion and use of new, and economically useful, knowledge.” 

Similarly, Freeman (1987:1) defines the concept of SI as “network of institutions in the public and 

private sectors whose activities and interactions initiate, import, modify and diffuse new 

technologies.” Definition of SI is well summarised by Edquist (1997) who identifies economic, 

social, political and organisational factors as significant part of SI. Following Edquist line of 

argument, one can safely say that he defines the SI as a process that cannot take place in isolation. It 

takes help from different actors in a network. SI approach addresses firms engaged in innovation 

and looks at how these can interact with each other, and how these are constrained and enabled by 

the environment, such as by the policy makers. This is very important characteristic of SI approach 

that could be used for EVs development which is to learn and complement with other present 

technologies. And it can eventually help to develop better cars and batteries. 

Before further describing more about SI approach, it is important to understand what does ‘system’ 

means in the innovation process. According to Hillman (2008:29), “a system can be regarded as 

comprising a number of components and the relations between them. Due to the interaction between 

components, a system requires properties that the separate components do not have, i.e., a system is 

more than sum of its parts.” Thus for Hillman (2008) as well as for Carlsson et al., (2002) and 

Holmberg (2008) a system cannot act alone and it depends upon different actors for its success. 

Keeping in view Hillman, Carlsson’s and Holmberg perspective about system, we can perceive that 
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a system is a dynamic stable structure in the innovation process. It is dynamic as it keeps the things 

to work in a proper order. It can be assumed that system works as a hub for connecting different 

actors in a network in a unique way which results in the success of innovation process. 

There are different approaches towards SI. One approach focuses on the regional strength of 

innovation system and other approach spots technology globally and internationally as a 

determining factor in the innovation system. Judging from the above discussions, it would be fair if 

one assesses innovation systems as categorized into national/regional, technological and sectoral. 

Before passing any firm judgement, it would be fair to present these approaches in order to 

understand the whole innovation process and system approach to the analysis of innovation in EVs: 

Table 1 Classification of SI 
Approaches towards system of 

innovation 
Description 

National/Regional systems  Geographical approach. Studies innovation 
activities in a country or in a region. 

Technological system Technological approaches Studies how the 
development of technologies occurs and how it is 
inter-related. 

Sectoral system Institutional approach. Help us to understand the 
differences and similarities in organizational 
development. 

As described above the innovation system perspective is applied on various levels such as: national 

innovation systems (Freeman and Soete, 1997), regional innovation systems (Cooke et al., 1997) 

and technological innovation systems (Carlsson and Stankiewicz, 1991). However, all approaches 

share a consideration of the interactive nature of successful innovation processes (Hessels & Lente, 

2008). 

According to Lundvall et al, (2006:228-229) “system of innovation has emerged as a framework for 

the growing body of literature that addresses the process of innovation both at the national, regional 

and even sectoral level.” Freeman and Lundvall have done a lot to stimulate research on NSI. Thus 

keeping in view these different approaches of SI, the NSI approach is chosen as a main theoretical 

approach for this study because it will help to expose the role of government in building national 
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system of innovation. 

3.3 National system of innovation 
 

In its broad sense the “NIS refers to the national network of institutions, both public and private and 

the policy initiatives for the development and diffusion of various technologies” (Lundvall et al., 

2006:229). It can be assumed that in U.S NIS approach, national governments create policies and 

extensive infrastructure aiming to facilitate their industry to develop innovative products. In theory 

NIS put emphasis on companies to improve national competitiveness in the national and 

international market. 

Mowery and Rosenberg (1993) mentions that NSI includes not only R&D activities but also 

relevant policies, training possibilities and technology itself. Moreover, authors are convinced that 

educational, governmental and financial institutions are equally important parts of NSI. 

Dodgson et al., (2008:430) points out that “the dynamics of national innovation systems are a 

source of considerable academic and policy interest, especially when to address new competitive 

challenges they involve changing institutions and relationships within successful systems.” NIS can 

be useful and interesting approach in a way that it may involve the configuration and infrastructure 

of institutes and organizations at national level that structure the development and diffusion and of 

old and new technologies in different ways. 

To summarize NSI arguments it can be said that it is a concept that allows for a deeper 

understanding of particular technology in a country (society). The causes of NSI processes are 

manifold as it emphasizes on interaction among different actors in the society. It takes into 

consideration institutional, technological and economic aspects that have been argued further in the 

study. 
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Figure 2 Main components of NSI 
 
 
The concept of NSI relies on the understanding of the linkages between different actors involved in 

the innovation process as mentioned in the figure 2. The national government as an actor can 

perform better role in the acceptance and development of technology in the society. 

3.3.1 Technological part of NSI 
 

Diffusion and initiation of new technologies are one of the core characteristics of NSI, therefore it is 

important to take a closer look at the technological part of NSI. The success of EVs technology 

depends on underlying technologies but also market demand and infrastructure. Besides, there is a 

considerable complexity and uncertainty in EVs research and development (R&D) and customer’s 

feedbacks. Scientists and engineers are still struggling to build an ideal battery. Hall and Kerr 

(2003) suggest the concept of ‘technological trajectories’ to explain the relations of technology 

pushes and demand pulls. These specific technologies are chosen by factors such as market 

potential and demand, manufacturing costs, government policies and subsidies, environment and 

human health conditions. Thus car manufacturers or firms can do experiments and innovations in 

their products to find out whether those technologies/products can be a success or a failure. ‘In 
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relation to technological trajectories the role of network of externalities is not ignorable’ (Dhebar, 

2001). In case of motor vehicles the network of externalities would include availability of fuel 

stations, battery charging or replacing stations, good road network and systems, public transport, car 

industry etc. These factors are demanded to pass the certain technology in society. However most of 

these factors can have adverse effects or hinder EVs development until these requirements are 

fulfilled. 

Hall and Kerr (2003:491) conclude that “technological achievement is a necessary but not sufficient 

condition for successful innovation.” It is because success of technology also required significant 

changes in infrastructure and policies. Nevertheless, there are number of internal and external 

barriers in respect to alternative environmental technologies. 

3.3.2 Government role in the NSI 
 

It is usually considered that government plays a pivotal role in the development of innovative 

technologies. Hall and Kerr (2003:465) states that “governments play a major role in regulating 

intellectual capital laws, building infrastructure and instituting policies that speed the mass adoption 

of new technologies and consider major stakeholders in the innovation value-added chain.” Various 

types of innovations are supported in many diverse ways by different governments, according to 

their understanding of the concept of NSI (Dosi et al., 1988). Hall and Kerr (2003) further points 

out that emerging technology are usually supported through government grants, loans and external 

aids. These resources are governed by national research council's or R&D departments, which 

makes them a powerful actor. 

Due to government intervention automobile companies in U.S. seem concerned about 

manufacturing alternative fuel vehicles. For instant in California, government have tough rules and 

regulations related to emissions from motor vehicles. They have advised the automobile industry to 

reduce greenhouse gas emissions by making fuel efficient cars and to use alternative renewable 

fuels (California Air Resources Board, 2012). 
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Due to U.S. government funding the work on electrochemical storage technologies can be pursued. 

In 1992 United States Advanced Battery Consortium (USABC) was established. The mission of 

USABC is to develop electrochemical storage technologies that can support electric, hybrid and fuel 

cells vehicles. The strategy of USABC involve long term promotion of R&D and engage different 

actors together such as automobile manufacturers, national laboratories, universities and other 

important stakeholders. Hence the main objective of USABC is to develop battery technology for 

EVs (United States Advanced Battery Consortium, 2012). 

Another example of the role of the government is the Energy Independence and Security Act and 

the American Reinvestment and Recovery Act in U.S., which promote and support the development 

and purchase of plug-in hybrid electric vehicles (Skerlos & Winebrake, 2009). 

Finally, public and private firms at national level with governmental support have the ability to 

manufacture quality products to compete on international market as visible in the case of Toyota 

Car Company: 

“The firm started in the textile machinery industry late in the nineteenth century and already had 

a reputation for technical innovation when it was urged by the Japanese government in the 1930s 

to enter the motor vehicle industry” (Freeman and Soete, 1997:151). 

  

This shows government realization and interest to engage various actors for the development of 

vehicle industry at national level. This has significantly changed the industrial behaviour and we 

can identify from the above example that the governments of Japan have provided the extensive 

infrastructure and platform for the establishment of technology. Likewise government of U.S. can 

also provide infrastructure and subsidies to automobile companies to achieve the goals for 

environmentally friendly vehicles. Moreover government can also stimulate the purchase of EVs by 

applying different financial incentives which is described in chapter 5. 

 

 To conclude this part it can be said that NSI approach helps to identify the role of government. 
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Government can act as a hub and provide the platform for the establishment of innovation policies 

for technologies. This co-operation among different actors can pave the way for further 

technological developments at national level. Finally, NSI approach will help us to understand the 

formation of social, technological and economic policies and serve as a useful tool to understand 

innovation and activities in the EVs industry in US. In short  “the US Academy of Science has 

brought into its vocabulary the national innovation system and now uses it as a framework for 

analysis science and technology policy in the US” Lundvall, et.al (2002:214). This shows the 

importance of NSI perspective in policy making in the U.S. In the following chapter we can see that 

how U.S policies are developing and changing keeping in mind NSI framework. 
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4. Policy document analysis 
 

This chapter describes the development of legislative acts that has been created to support the EV 

technology. 1992 Energy Policy Act was the first public policy that included plug in hybrid electric 

vehicles and battery electric vehicles in their texts. However, the real breakthrough happened 

several years later with introduction of the 2005 Energy Policy Act (EPAct 2005) and the 2007 

Energy Independence and Security Act (EISA 2007). The American Recovery and Reinvestment 

Act of 2009 (ARRA 2009) is a clear proof of the passage the U.S. government has taken, to 

reinforce and sustain the U.S. leadership position in the field of innovations via investing in 

transportation, environmental protection, and infrastructure. However, before explaining these 

laws/acts it will be better to understand how they are approved/processed and published in the U.S. 

4.1 How Laws/Acts are made/passed in U.S.? 
 

United States Constitution state in Article 1, section 1 that “all Legislative Powers herein granted 

shall be vested in a Congress of the United States, which shall consist of a Senate and House of 

Representatives” (United States House of Representatives, 2014). We can assume that all power of 

laws/political acts making in U.S. lies within Congress that consists of public elected members of 

Senate and House of Representatives. Keeping this definition in mind to pass any law following 

steps should be needed as mentioned by United States House of Representatives : 

“first a electric member/representative sponsor a bill which is assigned to a committee for 

approval. If released by the committee, the bill is put on a calendar to be voted on, debated or 

amended. If the bill passes by simple majority (218 of 435), the bill moves to the Senate. In 

the Senate, the bill is assigned to another committee and, if released, debated and voted on. 

Again, a simple majority (51 of 100) passes the bill. Finally, a conference committee made of 

House and Senate members works out any differences between the House and Senate versions 

of the bill. The resulting bill returns to the House and Senate for final approval. The 

Government Printing Office prints the revised bill in a process called enrolling. The President 

has 10 days to sign or veto the enrolled bill” (United States Houses of Representatives, 2014). 
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After President of U.S. signed the bill, it can be available to the general public. For that purpose, 

U.S. Government printing office (GPO’s) Federal Digital Sytem (FDsys) provides free access to 

official publications. With the help of FDsys one is able to search government documents and below 

is some features of FDsys: 

z Access is free. 

z About 50 different collections of Federal Government information are available. 

z FDsys is easy to use. 

z FDsys offers authentic, digitally signed PDF documents. 

z Information is preserved for permanent public access. 

z Search multiple publications at once. 

z Conduct complex searches. 

z Narrow, sort, and filter search results. 

z Access documents in multiple file formats. 

z Access meta data in standard XML formats. 

z Browse by collection, Congressional committee, date, and Government author. 

z Utilize a searchable online help system (U.S. Government printing Office, 2014). 

Thus one can understand how the Acts/Laws are processed and published in U.S. Following are 

chosen laws/acts described below related to EV technology development that can also give more 

insight/understanding about policy making in U.S.: 
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4.2 Energy policy act of 1992 
 

The Energy Policy Act of 1992 (EPAct) was enacted by the 102nd United States Congress with 

public law number: 102-486. The Act was introduced by member of U.S. House of Representatives 

as H.R.776 Rep.Philip R.Sharp on February 4, 1991. It was passed to House on May 27, 1992 (381-

37). Later, it was passed the Senate approval on July 30, 1992 (93-3). It was reported by the joint 

conference committee on October 5, 1992 and agreed by the House on October 5, 1992 (363-60) 

and by the Senate on October 8, 1992 (voice vote). Finally, the bill was signed into law by President 

George H.W.Bush on October 24, 1992. 

 

The Energy Policy Act (EPAct) of 1992 was designed to increase clean and renewable energy use 

and lessen the nation's dependency on imported energy and improve overall energy efficiency in the 

United States. The Energy Policy Act of 1992 is the first to define the term ‘alternative fuel' which 

is later used in other energy related documents and acts. According to section 301 the term 

‘alternative fuel’ means: 

x Methanol, ethanol, and other alcohols 

x Blends of 85% or more of alcohol with gasoline 

x Natural gas and liquid fuels domestically produced from natural gas 

x Liquefied petroleum gas (propane) 

x Coal-derived liquid fuels 

x Hydrogen 

x Electricity 

The EPAct proposes several programs that are intended to promote the use of alternative fuel 

vehicles. For example, as declared in the section 307 annual awards program shall be established to 

recognize those Federal employees who demonstrate the strongest commitment to the use of 

alternative fuels and fuel conservation in Federal motor vehicles. 



44 
 

Section 405 provides opportunity for appropriate Federal agencies and individuals and 

organizations with practical experience in the production and use of alternative fuels and alternative 

fueled vehicles, for the purposes of promoting the use of alternative fuels and alternative fueled 

vehicles, establish a public information program on the benefits and costs of the use of alternative 

fuels in motor vehicles. This public information program will produce and make available an 

information package for consumers to assist them in choosing among alternative fuels and 

alternative fueled vehicles. Such information package should provide relevant and objective 

information on motor vehicle characteristics and fuel characteristics as compared to gasoline, on a 

life cycle basis, including environmental performance, energy efficiency, domestic content, cost, 

maintenance requirements, reliability, and safety. 

 

Title VI – electric motor vehicles is purely devoted to promotion of electric or electric-hybrid 

vehicles. It is divided in two subtitles: (a) the Electric Motor Vehicle Commercial Demonstration 

Program and (b) Electric Motor Vehicle Infrastructure and Support Systems Development Program. 

Section 601 of the act provides definitions of the term `electric motor vehicle' means a motor 

vehicle primarily powered by an electric motor that draws current from rechargeable storage 

batteries, fuel cells, photovoltaic arrays, or other sources of electric current and may include an 

electric-hybrid vehicle; and the term `electric-hybrid vehicle' means a vehicle primarily powered by 

an electric motor that draws current from rechargeable storage batteries, fuel cells, or other source 

of electric current and also relies on a non-electric source of power. 

 

Further in the respective document under the section 611-616 one can obtain information on the 

Electric Motor Vehicle Commercial Demonstration Program. This program in collaboration with the 

Electric and Hybrid Vehicle Program Site Operators, manufacturers and the electric utility industry 

intends to demonstrate electric motor vehicles and the associated equipment of such vehicles. But 

also accelerate the development and use of electric motor vehicles and evaluate the performance of 
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such electric motor vehicles in field operation, including fleet operation, and evaluate the necessary 

supporting infrastructure. Moreover for the encouragement of the purchase or lease of electric 

motor vehicle a discount of up $10,000 is offered. To carry out the activities under the program 

government has reserved $50,000,000 for the 10-year period. 

 

Electric Motor Vehicle Infrastructure and Support Systems Development Program according to 

definition includes support and maintenance services and facilities, electricity delivery mechanisms 

and methods, regulatory treatment of investment in electric motor vehicles and associated 

equipment, consumer education programs, safety and health procedures, and battery availability, 

replacement, recycling, and disposal, that may be required to enable electric utilities, manufacturers, 

and others to support the operation and maintenance of electric motor vehicles and associated 

equipment. Further detailed rules and conditions are explained under sections 621 – 626. Total 

provision for this program is $40,000,000 for the 5-year period and allocation to the single project 

may not exceed $4,000,000. 

 

To conclude, we can say that EPAct 1992 demands the review of the U.S national energy policy and 

the effects of energy usage on the environment. This Act supports the development of alternative 

fuel vehicles in the country. And U.S. Department of Energy (2011) issued guidelines as per 

demanded by the Act on incentives that different States can offer in promotion to alternative fuel 

vehicles. In short, the EPAct 1992 provides guidelines, technical support and financial incentives to 

encourage the use of alternative fuel vehicles. 
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4.3 The energy policy act of 2005 
 

The Energy Policy Act of 2005 (EPAct 2005) was Enacted by the 109th United States Congress with 

public law number: 109-58 and became effective on August 8, 2005. It is also known as public 

health and social welfare Act. This Act was introduced in the House as House Representative 

Member Joe Linus Barton on April 18, 2005. It passed the House approval on April 21, 205 (249-

183) with 132 roll call vote via clerk.house.gov and later got Senate approval on June 28, 2005 (85-

12) with 158 roll call vote via senate.gov. It was then reported by the joint conference committee on 

July 27, 2005; agreed to by the House on July 28, 2005 (275-156, roll call vote 445, via 

clerk.house.gov) and by the Senate on July 29, 2005 (74-26, roll call vote 213, via Senate.gov). 

Finally, it was signed into law by President George W. Bush on August 8, 2005. The Energy Policy 

Act of 2005 (EPAct 2005) was the U.S. government attempt to address growing energy problems by 

providing tax incentives and loan guarantees for energy production of various types. The underlying 

ideology of the act is “to ensure jobs for our future with secure, affordable and reliable energy” 

(EPAct 2005:1). 

 

In the section 706 of the EPAct 2005, the department of Energy is instructed to establish a research 

program to advance the commercialization of hybrid flexible fuel vehicles or plug-in hybrid flexible 

fuel vehicles. EPAct 2005 requires vehicles to achieve at least 250 miles per petroleum gallon. A 

total of $40 million is authorized for the program ($3 million in 2006, $7 million in 2007, $10 

million in 2008, and $20 million in 2009). 

 

Later in the section 711 the government orders the department of Energy to “accelerate efforts 

directed toward the improvement of batteries and other rechargeable energy storage systems, power 

electronics, hybrid systems integration, and other technologies for use in hybrid vehicles” (EPAct 

2005:226). 

Section 1341 is dedicated to set out the rules for providing a fuel economy credit of up to $2,400 for 
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light-duty hybrid electric vehicles and trucks. The fuel economy credit is based on efficiency gains 

over model year 2002 baselines. A conservation credit increases the fuel economy credit by up to 

$1,000 based on lifetime fuel savings. To qualify for the credits, the vehicles must meet certain 

emissions standards based on gross vehicle weight ratings (GVWR). The credit will phase out after 

a manufacturer has sold 60,000 qualified vehicles. 

Even though the section 915 addresses the issue of battery reuse and disposal, the EPA 2005 does 

not sufficiently recognise the BEVs. 

In short, The Energy Policy Act (EPA) addresses energy production and consumption in the U.S. 

and provides loan guarantees for entities that develop or use innovative technologies to avoid the 

by-production of greenhouse gases. This Act also provide basis for the increase amount of biofuel 

usage that must be mixed with gasoline. This Act involves consumer’s tax credit for hybrids and 

advanced technology vehicles. Also includes tax credit for renewable energy production such as 

biomass, winder power, geothermal, ocean and solar energy. 

4.3.1 Act controversy 
 

After the Energy Policy Act of 1992, Congress has worked on new energy legislation since 2001. 

And a bill was almost enacted in 2003 but it was ultimately failed when the Senate refused to 

approve a conference report developed by a limited number of Senators and Representatives. But in 

2005, Congress worked again and drop several controversial provisions and finally The Energy 

Policy Act of 2005 results into a law” (The Federal Policy Act of 2005, ACEEE). 

Provisions in the original bill that were not in the Act 

x Limited liability for producers of Methyl tert-butyl ether (MTBE). 

x Drilling for oil in the Arctic National Wildlife Refuge (ANWR). 

x Increasing vehicle efficiency standards Corporate Average Fuel Economy (CAFE). 

x Requiring increased reliance on non-greenhouse gas-emitting energy sources similar to the 

Kyoto Protocol. 
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The Washington post states that “bill is a broad collection of subsidies for U.S. Energy companies in 

particular nuclear and oil industries. During the debate over the bill's numerous subsidies, taxpayer 

groups questioned why thriving energy companies need federal aid to produce energy. But the bill's 

defenders say it is not realistic to expect newer and cleaner technologies to succeed their own. 

"They need a jump-start," said Tom Kuhn, president of the Edison Electric Institute (Washington 

Post, 2005). 

According to Martha Marks of Santa Fe, president of the National Republicans for Environmental 

Protection that “their organization was disappointed in the final version passed by Congress as it did 

not give enough support to conservation, and continued to subsidize the well-established oil and gas 

industries that don't require subsidizing (NBRC News, 2005). The bill did not include provisions for 

drilling in the Arctic National Wildlife Refuge (ANWR) even though some Republicans claim 

"access to the abundant oil reserves in ANWR would strengthen America's energy independence 

without harming the environment (The National Center for Policy, 2005). 

 

Hence the final bill of Energy Policy and Act dropped most of the controversial amendments that 

blocked passage of earlier versions, including authorizing oil drilling in the Arctic National Wildlife 

Refuge, relieving the petroleum industry of liability for the gasoline additive known as MBTE and 

exempting some communities from clean-air standards. Eco-friendly measures to tighten fuel-

efficiency standards for automobiles and take a stand against global warming were deleted as well. 
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4.4 The energy independence and security act of 2007 
 

The energy Independence and security act of 2007 (EISA 2007) also known as Long - term Energy 

Alternatives for the Nation Act. It was enacted by the 110th U.S. Congress and became effective on 

December 19, 2007 with a public Law number: 110-140. The title of this Act amended into Public 

Health and Social Welfare. This Act was introduced in the House as H.R.6. by Nick Joe Rahall on 

January 12, 2007. The committee consideration was: Ways and Means, Natural resources, budget, 

rules, transportation and infrastructure. It was passed House on January 18, 2007 (264-162, roll call 

vote 40 via Clerk.House.gov). And later passed the Senate on June 21, 2007 (65-27, roll call vote 

226, via Senate.gov) with amendment. The House agreed to Senate amendments on December 6, 

2007 (235-181, roll call vote 1140, via Clerk.House.gov) with further amendment. The senate again 

reviewed it and agreed to House amendment on December 13, 2007 (86-8, roll call vote 430, via 

Senate.gov). Finally, it was signed into law by President George W.Bush on December 19, 2007. 

 

High oil prices and climate change concerns is underlying reasons for the Energy Independence and 

Security Act of 2007. The stated purpose of the act is “to move the United States toward greater 

energy independence and security, to increase the production of clean renewable fuels, to protect 

consumers, to increase the efficiency of products, buildings, and vehicles, to promote research on 

and deploy greenhouse gas capture and storage options, and to improve the energy performance of 

the Federal Government, and for other purposes” (EISA 2007:1). 

Section 131 firstly addresses and explains the terms “electric transportation technology” and “plug-

in electric drive vehicle”. 

Respectively, electric transportation technology is understood as “technology used in vehicles that 

use an electric motor for all or part of the motive power of the vehicles, including battery electric, 

hybrid electric, plug-in hybrid electric, fuel cell, and plug-in fuel cell vehicles.” 

While the term ‘‘plug-in electric drive vehicle’’ means a vehicle that (a) draws motive power from a 
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battery with a capacity of at least 4 kilowatt-hours; (b) can be recharged from an external source of 

electricity for motive power; and (c) is a light, medium, or heavy-duty motor vehicle. 

EISA provides funding of more than $500 million for PHEVs, BEVs and other electric 

transportation programs. Just to mention few, for example, plug-in electric drive vehicle program, 

Dr. Andrew Frank plug-in Electric vehicle competition for institutions of higher education, domestic 

manufacturing conversion grant program and many more. 

Plug-in electric drive vehicle program under section 131 is intended to "provide grants on a cost-

shared basis to State governments, local governments, metropolitan transportation authorities, air 

pollution control districts, private or non-profit entities, or combinations of those governments, 

authorities, districts, and entities, to carry out one or more projects to encourage the use of plug-in 

electric drive vehicles or other emerging electric vehicle technologies" (EISA 2007:18). 

The act also anticipates grants for institutions of higher education in order to create new, or support 

existing, degree programs to ensure the availability of trained electrical and mechanical engineers 

with the skills necessary for the advancement of plug-in electric drive vehicles; and other forms of 

electric drive transportation technology vehicles. 

 

Domestic manufacturing conversion grant program within section 132 authorizes the secretary of 

Energy to establish a program to encourage domestic production and sales of efficient hybrid and 

advanced diesel vehicles and components of those vehicles. The program shall include grants to 

automobile manufacturers and suppliers and hybrid component manufacturers to encourage 

domestic production of efficient hybrid, plug-in electric hybrid, plug-in electric drive, and advanced 

diesel vehicles. 

 

The US government with the help of advanced battery loan guarantee program hopes to establish a 

program to provide guarantees of loans by private institutions for the construction of facilities for 

the manufacture of advanced vehicle batteries and battery systems that are developed and produced 
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in the United States, including advanced lithium ion batteries and hybrid electrical system and 

component manufacturers and software designers (EISA 2007:22, Section 135). 

Section 109 describes extension of flexible fuel vehicle credit program regulates a special bonus 

credit under the federal fuel economy laws (CAFE –corporate average fuel economy) for dual- fuel 

vehicles such as PHEVs and has been prolonged until 2019. 

 

To conclude we can say that EISA 2007 increased the production of clean renewable fuels, U.S. 

energy security, research and development, and, provide greenhouse gas capture and storage 

programs, biofuel infrastructure and vehicle fuel economy. Besides, U.S department of Energy 

(2010) identify following “Federal energy management goals/requirements in ElSA 2007 in 

different areas such as: 

x Energy reduction goals for federal buildings 

x Facility management/benchmarking 

x Performance and standards for new buildings and major renovations 

x High performance buildings 

x Energy saving performance contracts 

x Metering 

x Energy-Efficient product procurement 

x Office of management and budget (OMB) reporting 

x Reducing petroleum/alternative fuel use” 

Thus EISA 2007 seems to be a major step towards production of renewable fuels and U.S efforts to 

reduce dependence on oil. This act encourages energy efficiency and usage in buildings by 

developing modern domestic energy consumption infrastructure. 
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4.4.1 Act controversy 
 

The House passed versions of the bill which contained two controversial provisions:  

z “a renewable portfolio standard which required that utilities to produce 15% of their power 

from renewable energy and; 

z a tax package which would fund renewable energy through the repeal of $21 billion in oil and 

gas tax breaks; the Senate failed to pass these provisions in two cloture votes” (Van Ness 

Feldman law and policy firm., 2014). 

 

According to the Washington Post 2007 “On June 21, 2007, an attempt by the Senate Democrats to 

raise taxes on oil & gas by $32 billion was reportedly blocked by the Republicans”. The raise of 

taxes on oil and gas companies would have provided money and accelerated alternative fuel 

projects. 

Title I of the original bill, the “Ending Subsidies for Big Oil Act of 2007,” denied certain tax 

deductions to producers of oil, natural gas, or primary products of oil or natural gas, and increased 

from five to seven years the period during which five major integrated oil companies must write off 

their expenditures on geological and geophysical studies related to oil exploration” ( EPACT 2007). 

Opponents of the bill argued that the act would "make America more dependent on foreign sources 

of energy as exploring domestic domestic production and search can be costly”. For example, The 

United States Chamber of Commerce, 2007 said that “it supported the rapid development of 

alternative fuels but that the new technologies are not developed enough, and are insufficient to 

make any real difference” It can be said that more regulation on oil and gas industry could not be 

the solution to the energy problems. Some opponents of the bill included Democratic Senators 

Claire McCaskill, Mary Landrieu and Carl Levin. 
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4.5 The American Recovery and Reinvestment Act of 2009 
 

The American Recovery And Reinvestment Act of 2009 (ARRA) enacted by the 11th United States 

Congress. It became effective on February 17, 2009 with public law number: 115-5. This Act was 

introduced in the House as H.R.1 by Dave Obey on January 26, 2009. It passed the House on 

January 28, 2009 (244-188) and Senate on February 10, 2009 (61-37). It was further reported by the 

joint conference committee on February 12, 2009 and agreed by the House on February 13, 2009 

(246-183) and by Senate on February 13, 2009 (60-38). Finally, it was signed into law by President 

Barack Obama on February 17, 2009. 

 

The global financial crisis has had a significant impact on every economy of the world, including 

the U.S. In order to address the rising problems, on February 13, 2009 President Obama and the 

Congresses passed the American Recovery and Reinvestment Act of 2009 (ARRA 2009). The 

nature of this act is to stimulate the U.S. economy. It is also known and referred as ‘stimulus 

package’. The US government hopes that with the help of the American Recovery and 

Reinvestment act of 2009, it will be able to save the existing jobs and create new ones as well as 

spur economic activity and secure economic growth in the long-term. Moreover the government is 

expecting to increase citizen trust through accountable and transparent government activities 

(ARRA, 2009). To guarantee transparency, the website www.recovery.gov was created, where the 

public can see how recovery funds are being spent by recipients of contracts, grants, and loans, and 

the distribution of recovery entitlements and tax benefits. 

 

The Act is seen as extraordinary response to a crisis. With this fund the government expects to 

modernize the US infrastructure, enhance energy independence, expand educational opportunities, 

preserve and improve affordable health care, provide tax relief, and protect those in greatest need 

(ARRA, 2009). 
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The initial plan was to provide in total $787 billion, but in 2011 it was increased to $840 billion. 

When it comes to the alternative fuel vehicles, where the electric vehicles are included, the ARRA 

has to modernize the US infrastructure, enhance energy independence, expand educational 

opportunities, preserve and improve affordable health care, provide tax relief, and protect those in 

greatest need. 

 

The Department of Energy, who is responsible for the energy programs, has been provided with $2 

billion for grants for the manufacturing of advanced batteries and components. The money shall be 

used also to provide facility funding awards to manufacturers of advanced battery systems and 

vehicle batteries that are produced in the United States, including advanced lithium ion batteries, 

hybrid electrical systems, component manufacturers, and software designers (ARRA, 2009:24). 

 

The ARRA in hope to create the energy efficient federal motor vehicle fleet also allocates funds for 

capital expenditures and necessary expenses of acquiring motor vehicles with higher fuel economy, 

including: hybrid vehicles; electric vehicles; and commercially-available, plug-in hybrid vehicle 

(ARRA, 2009:36). 

 

The section 1302 is dedicated to the “credit for investment in advanced energy facilities”, which 

now also includes the (a) fuel cells, micro turbines, or an energy storage system for use with electric 

or hybrid electric motor vehicles; and (b) new qualified plug-in electric drive motor vehicles or 

components which are designed specifically for use with such vehicles, including electric motors, 

generators, and power control units, or other advanced energy property designed to reduce 

greenhouse gas emissions (ARRA, 2009:232). The advanced energy manufacturing tax credit is 

equal to 30 percent of the basis of eligible property placed in service in a taxable year as part of an 

advanced energy project. 
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The ARRA also has implications on the refuelling stations. Temporary Increase in Credit for 

Alternative Fuel Vehicle Refueling Property (Section 1123) modifies the credit rate and limit 

aggregated for property placed in service in 2009 and 2010. Qualified property is now entitled to 50 

percent credit and the per-location limit increases to $50,000 for business property. 

 

Further, part V entitled Plug-in electric drive motors, which is composed of sections 1141 – 1144, is 

dedicated to identify the different rules that are applicable for electric vehicle in regard to taxation 

and credits. 

 

The section 1141 outlines the new law about the credit for qualified plug-in electric drive vehicles 

purchased after Dec. 31, 2009. To qualify, vehicles must be newly purchased, have four or more 

wheels, have a gross vehicle weight rating of less than 14,000 pounds, and draw propulsion using a 

battery with at least four kilowatt hours that can be recharged from an external source of electricity. 

The minimum amount of the credit for qualified plug-in electric drive vehicles is $2,500 and the 

credit tops out at $7,500, depending on the battery capacity. The full amount of the credit will be 

reduced with respect to a manufacturer's vehicles after the manufacturer has sold at least 200,000 

vehicles. 

 

Section 1142 introduce a special tax credit for two types of plug-in vehicles — certain low-speed 

electric vehicles and two- or three-wheeled vehicles. The amount of the credit is 10 percent of the 

cost of the vehicle, up to a maximum credit of $2,500 for purchases made after Feb. 17, 2009, and 

before Jan. 1, 2012. To qualify, a vehicle must be either a low speed vehicle propelled by an electric 

motor that draws electricity from a battery with a capacity of 4 kilowatt hours or more or be a two- 

or three-wheeled vehicle propelled by an electric motor that draws electricity from a battery with 

the capacity of 2.5 kilowatt hours. 

Section 1143 is dedicated to conversion of the vehicle. The credit is equal to 10 percent of the cost 
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of converting a vehicle to a qualified plug-in electric drive motor vehicle and placed in service after 

Feb. 17, 2009. The maximum amount of the credit is $40,000. The credit does not apply to 

conversions made after Dec. 31, 2011. 

 

Finally, as specified by the section 1144, starting from 2009 the Alternative Motor Vehicle Credit, 

including the tax credit for purchasing hybrid vehicles, can be applied against the Alternative 

Minimum Tax (AMT). Before these changes, the Alternative Motor Vehicle Credit could not be 

used to offset the AMT. 

4.5.1 Act controversy 
 

However, likewise other Acts this Act also has some opposition. Washington Post 2009 reported 

that “the stimulus package caused outrage in the Canadian business community, and that the 

government in Canada "retaliated" by enacting its own restrictions on trade with the U.S” 

(Washington Post, May 15, 2009).  U.S. largest trading partner Canada seemed more concerned 

with this bill because some of the Canadian companies working in U.S. told to buy products made 

in U.S. Products. Also, the bill was not appreciated by all economic circles. “Economists such as 

Daron Acemoglu, Martin Feldstein, Nobel Prize winner Paul Krugman, Larry Summers and Nobel 

Prize winner Joseph Stiglitz, support this bill but other economist’s opposite it due to the debt 

incurred; these include Robert Barro, James M. Buchanan, Nobel Prize-winner Robert Lucas, Jr., 

Edward C. Prescott, and Vernon L. Smith. And the libertarian Cato Institute ran a full-page ad 

opposing this bill signed by about 200 economists in The New York Times and The Wall St. Journal 

on 28 January 2009” ( Kathy Gill, 2009). 

4.5.2 American Recovery and Reinvestment Act: Outcome 
 

The Department of Energy in order to develop infrastructure and technology to address the nation’s 

energy issues, received $35.2 billion out of $90 billion of government investments and tax 

incentives. As of February 16, 2012 Department of Energy has spent $22.3 billion, supporting over 
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15,000 clean energy projects across the country. These investments has saved and created new jobs, 

increased the use of renewable electricity, reduced countries dependency on oil, set practices to 

increase energy efficiency and established the U.S. leadership in clean energy industries. 

 

The department of energy has concluded that due to the ARRA of 2009, the electric vehicle industry 

is slowly but steady establishing roots in the US motor vehicle industry. The US government goal is 

to be able to produce batteries and components to support one million plug-in hybrid and electric 

vehicles on road by 2015. Every government investment has been complemented with at least equal 

amount of money from the industry side. The results of the ARRA investments has been collected 

and presented in the report of the Department of Energy (2012:2): 

 

x 70 private companies and researchers in over 30 states have received grants to help 

build the American advanced battery and electric vehicle manufacturing industry from the ground 

up. 

x Thirty new advanced battery and electric vehicle component plants are opening 

across the country as a result of these investments. 

x Before the Recovery Act, a 100 mile range electric vehicle battery cost $33,000. 

Because of the high-volume manufacturing the Recovery Act is spurring, those batteries will cost 

about $16,000 by the end of 2013 and $10,000 by the end of 2015. 

x Before the Recovery Act, there were less than 500 electric vehicle charging stations in 

the U.S. Because of the Recovery Act, there are over 5,000 charges deployed today and there will 

be over 18,000 by 2012. 

4.6 Government policy for developing national innovation system 
 

In this part I will try to show how by following the development of the policy acts it is possible to 

see the government input in building the national system of innovation. In the table 5 I have 
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presented in condensed way the policy acts and their aim, main points and what has been the focus 

when it comes to electric vehicles as well as to some extend the amount of investment the U.S. 

government has allocated. 

It is necessary to point out that as the analysed documents are legal policy acts the language and 

style is also very official, full with legal terms and references to different parts and historical 

changes etc. The nature of such documents is to be very precise and well defined as it represents the 

government work and actions and serves as point of reference, however due to fact that these are 

legal documents one could say that special knowledge and education is required to enjoy reading 

them. Personally I think that such policy acts should be written to serve general public as it provides 

guidance as to how government works and how one should interact. The fact that I do not possess 

legal background, I interpret as contributory factor because it allows me to question every word and 

meaning without making certain professional assumptions. 

 

But going away from the technical details and complexity of legal documents, the content is of 

strong interest for this study.  This was also part of this study to discuss and show how public policy 

can affect and strengthen the national system of innovation by using example of EVs. Content 

analysis of the documents demonstrated how the interest and importance of EVs has been enhanced 

by the policy. Every policy is created as response to some events. Enormous dependency on oil and 

growing concerns about air quality and climate change has triggered U.S. to revisit their policies 

and make modification. The four policies that have been covered by this study aims at finding ways 

to decrease country dependency on fossil fuels. Transportation is one of sectors that heavily rely on 

supply of oil. In order to look for solution the U.S. government introduced the concept of alternative 

fuel vehicles (AFV) in their Energy policy act of 1992. This concept covers all possible fuels 

(except oil) that a car can drive on, therefore making a legal act suitable for almost everything. I see 

this as a problematic issue as it allows manipulations and wide interpretation of act; moreover it 

loses clear thread, focus. From the content of 1992 act it is not clear what the U.S. position on the 
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future of transportation sector is. Only with the Energy Independence and Security Act of 2007 it 

becomes clearer that the U.S. government plan to increase energy independence and reduce 

dependency on foreign oil supplies by promoting PHEVs and BEVs. 

Table 2 Overview of the analysed policy acts 

Policy Act The aim of 

policy act 

Main points, focus Investmen

ts 

Energy 

Policy Act 

of 1992 

to increase clean 

and renewable 

energy use and 

lessen the 

nation's 

dependency on 

imported energy 

and improve 

overall energy 

efficiency in the 

United States 

Definition of AFV; 

 

Programs to promote the use of AFV at 

federal government level 

 

 

Focus- Federal government agencies and 

employees, information and 

demonstration programs 

 

$90,000,00

0 for the 

10-year 

period 

 

 

The Energy 

Policy Act 

of 2005 

to address 

growing energy 

problems by 

providing tax 

incentives and 

loan guarantees 

for energy 

production of 

various types 

A research program to advance the 

commercialization of hybrid flexible fuel 

vehicles or plug-in hybrid flexible fuel 

vehicles and to the improvement of 

batteries and other rechargeable energy 

storage systems 

 

Vehicle requirement to achieve at least 

250 miles per petroleum gallon. 

A total of 

$40 

000,000  

for the 4- 

year period 
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Focus – research, commercialization and 

vehicle conversion 

 

The Energy 

Independen

ce and 

Security Act 

of 2007 

 

to increase 

energy 

independence 

and security, 

to increase the 

production of 

clean renewable 

fuels, to protect 

consumers, to 

increase the 

efficiency of 

products, 

buildings, and 

vehicles 

PHEVs, BEVs and other electric 

transportation programs  to encourage the 

use of plug-in electric drive vehicles or 

other emerging electric vehicle 

technologies 

 

Collaboration  on a cost-shared basis to 

State governments, local governments, 

metropolitan transportation authorities, 

air pollution control districts, private or 

non-profit entities to carry out one or 

more projects 

 

Grants to automobile manufacturers and 

suppliers and hybrid component 

manufacturers to encourage domestic 

production of efficient hybrid, plug-in 

electric hybrid, plug-in electric drive, and 

advanced diesel vehicles. 

 

Education programms at universities 

$500  

000,000   
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Focus – collaboration, knowledge 

transfer, research, commercialization 

The 

American 

Recovery 

and 

Reinvestme

nt Act of 

2009 

to stimulate the 

U.S. economy by 

mmodernizing 

the U.S. 

infrastructure, 

enhancing  

energy 

independence, 

expanding 

educational 

opportunities etc.   

The research and manufacturing of 

advanced batteries and components 

 

Credit for investment in advanced energy 

facilities and refuelling stations 

 

Taxation and credits  for the purchase of 

EVs and conversion of vehicle 

 

Focus- research, deployment, 

infrastructure, pricing 

 

 

$840 

billion in 

total 

 

The policy documents were analysed by extracting all information and sections that concerned 

electric and plug-in electric vehicles. Even though electric vehicle technology is not new, it is still 

considered in the frame of this study as innovation as it continues to develop and evolve. 

In the light of theoretical framework, one could clearly see with the help of political documents and 

case of electric vehicles, the pivotal role of government in building up system of innovations. As 

stated earlier, NIS refers to the national network of institutions, both public and private and the 

policy initiatives for the development and diffusion of various technologies. In an early 1992 the 

main focus of policy was raising awareness mainly among those who worked for the federal 

government. Later after more than 10 years the general situation has matured to the level where new 
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elements could be highlighted. The energy policy act of 2005 put emphasis on the research 

programs, improved standards and commercialization of technology. It is a step towards system of 

innovation as more actors been involved. Just two years later a new corrections was introduced to 

the Energy Independence and Security Act of 2007. By looking at the different sections and content, 

one can notice growing attention devoted to electric vehicles in comparison to the act of 1992 and 

2005. The act of 2007 explicitly promotes purification of transportation, and provides support for 

research and collaboration. As we know a system of innovation is constituted by elements and 

relationship which interact in the production, diffusion and use of new, and economically useful, 

knowledge. The U.S. government is strongly supporting and promoting collaboration on a cost-

shared basis among state governments, local governments, metropolitan transportation authorities, 

air pollution control districts, private or non-profit entities in order to boost strong, innovative, 

knowledge based economy. 

Finally as stated earlier the government response to the economic crisis was the American Recovery 

and Reinvestment Act of 2009. Even though this is purely a tool to boost national economy and 

create new jobs, it also serves as example for the US government role in the nationals system of 

innovation. Such policies provide financial incentives to invest in research and innovation. 

Moreover the government has predefined the areas of interest and the deployment of electric 

vehicles as one of U.S. priorities in the sector of transportation. 

One can conclude that it is priority because the government is allocating funds to multiple 

directions: industry, universities and research institutes, state governments and potential car 

purchasers. From this one can say that the government plays all cards to reach a goal of putting on 

roads one million electric vehicles by 2015. Besides, changes in legislative acts and programs along 

with changes in current technological, political and social environment force many U.S firms to 

create a division of labor in the U.S NIS. For example in case of EVs, the car components such as 

batteries, recharging points, and disposal and distribution points are going to be performed by 

different actors. This will creates a division of labor and different actors in a system will be 
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cooperating with each other likewise in theory they do it. 

The allocation funds given to firms could help in structural changes which may affect industrial R 

& D and will increase firm’s reliance on other organization outside their boundaries/limits. For 

example, under the terms of National Cooperative Research Act during 1985-1994” US firms 

formed more than 450 'research joint ventures' (Link, 1996 in Mowery, 1998, p.646). To sum role of 

different actors such as universities R & D, industries, foreign industry will increase in order to 

cooperate with each other to solve many social, political, technological and environmental 

problems. However, there is always risk of failure involved in the whole process as many programs 

may be linked to organizational personal goals and objectives. Some failures could be in internal 

organizational infrastructural, poor communication between different actors, poor monitoring of the 

whole process, time factor, focusing much on technology or product and ignoring the other local, 

political and social factors. To solve such issues NIS approach could be a useful tool as it can urge 

continuous reformation of institutes and policies at the national level. This could be used to achieve 

the highest sustainable economic growth and to overcome many social, political and environmental 

problems within a country. 

4.7 Is money answer to all problems? 
 

Despite streamlines and focused policy, some argue that we are still locked-in in the dominant 

technology and that such fiscal policies are not going to solve the problems. Many fear that despite 

government incentives, the initiative and efforts first has to come from industry and consumers. The 

government funding cannot be seen as “easy money” for the experiment that is foreseen to fail. The 

industry and consumers has to take serious stand and commitment in long term. 

Earlier in the study I present a vast range of barriers that is recognised in the other studies that delay 

successful implementation of EVs in the market. Here I would like to bring up some of the barriers 

that were also addressed at political level. First, it is clear that the issues with battery technology 

seem to be recognised by all involved parties and there is clear message from policy point of view 
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that this problem (range, material, durability, price etc.) has to be resolved. Thus significant 

funding's has been allocated to remove this barrier. 

Secondly, economic barriers in terms of high initial expenses of the electric vehicle also have been 

recognised by the government. The government contribution and response to this problem is tax 

relief and subsidies to purchase new car. Household can receive up to $10, 000 if they purchase 

electric vehicle. The government is also subsidizing the production of batteries in order to reduce 

the total cost of vehicle. 

Energy policy acts reviewed and analysed in this study per se involved the environmental concerns 

- air pollution, climate change and dependency on fossil fuels. But it also occurred that some of the 

government financed research is aimed at safe and sustainable reuse or disposal of batteries. 

As described earlier deployment of electric vehicles in the market largely rely on public acceptance. 

From the document analysis it became clear that government strategy has been from the very 

beginning aimed at raising awareness, steering informative campaigns and executing demonstration 

projects. Unfortunately it seems that it might take generations for changes to occur as it is about 

changing lifestyle. American society is built around heavy sports utility vehicles (SUVs), cheap and 

easy accessible oil. 

Finally, one of the important legal and political barriers identified in this study is the fact that 

despite recognition of AFV’s already in early 1992, the actual breakthrough happened between 2005 

and 2007. Such delay might depend on political lobby or individual political party interests to 

sustain existing technology, but it is only speculation as it is hard to prove. The document analysis 

showed that the government has put the biggest effort in building up infrastructure. Without 

government financial support such investments would most likely not be possible as it is still not 

profitable for private investors alone. 
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5. Conclusion and future work 
 

This paper has discussed different issues related with EVs technology including economic, social, 

technological and environmental challenges. NSI approach has helped to understand that 

government, industry and people have a powerful role to play in encouraging or discouraging 

existing development and the production of EVs in U.S. Not all important innovations come from 

the scientific knowledge; some are initiated by situation and needs. Experiences of users seem to be 

an important factor behind market trends and product development. Firms usually innovate because 

they believe that there is knowledge and potential for profit. Besides, car companies in many parts 

of the world are experiencing pressure within the national context to develop environment friendly 

vehicles with least emissions. For that reason car companies will have to adapt different approaches 

for manufacturing their vehicles. In the case of EV technology, governments could encourage these 

industries by passing laws that could directly affect car manufactures. 

The government should facilitate R&D institutes and manufacturing industry by providing them 

basic investment in infrastructure and human capital. Diffusion can be enhanced by programs that 

increase the number of people that are knowledgeable about the innovation and capable of applying 

it to the needs of industry. 

The NSI provided a good framework for reorganization of different actors involved and helps to 

identify government role in the process. The automobiles companies and R&D institutes are main 

actors in the development of EVs. However national government role cannot be neglected and are 

highly significant. It is because government can encourage and provide funds for research in this 

area through university education, scholarships, rules and regulations, R&D support and creating 

social awareness and responsibility. Governments can also create a firm taxation policy which 

discourages the use of old vehicles with the propensity to produce more CO2 emission. At the same 

time, they could create a tax-free system to those using cost effective vehicles and vehicles with less 

CO2 emission. However, governments have a lot of considerations which they need to take in to 

account before making any new policy. First of all, they need adequate and reliable information 
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before passing any sound policies and laws. For example, how reliable these electrical vehicles and 

batteries are? What are the economic and practical implications of them? How safe are they and 

how one can measure the degree of usefulness in relation to the older models? 

Therefore, it can be understandable that government role is very significant for encouraging these 

technologies as they have the capacity to boost the auto vehicle industry to manufacture 

environment friendly and fuel efficient vehicles. This pragmatic approach backed by any 

government at national level could gradually spread at international level. Furthermore, challenges 

that are linked with the development of EVs are not only connected to their internal organization 

but it is also connected with infrastructure, knowledge, competitiveness, relationship and interaction 

between different actors in the network. 

 As like other technologies in the development phase, EVs have serious challenges that must be 

solved before they can have a real impact on the market such as: 

First, the biggest problem with the commercialization of EVs seems to be its costs. It cannot 

compete in price with other available technologies such as hybrid, gasoline vehicles which runs on 

combustion engines.  Tax reduction, free parking and the mass production of EVs could be some of 

the solutions to lower their prices. 

Second, the EVs are dependent on battery technology, which is not fully developed to satisfy the 

needs of users. There is a need for further research in material science to solve the problem of 

battery durability and weight. 

Third, as said earlier lack of infrastructure and charging stations is considered a big problem. 

Due to small share of EVs in the market and unclear future prospects, it seems to be risky and 

unprofitable investment for private firms. 

Fourth, source of electricity generation for EVs need to be taken into consideration. The 

electricity generated by fossil fuel could contribute to air pollution, therefore renewable energy, like 

solar or wind, should be part of solution. However maintenance and operation costs are currently 
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very high for renewable energy, which in turn increase the overall cost of EVs. 

Fifth, due to limited range, weight of battery packs as well as high cost and unknown health side 

effects the public acceptance of EVs has not reached its maximum potential. Besides, there is also 

a possibility of negative impacts on environment due to batteries disposal since they might 

contain toxic elements and carcinogens. Therefore more research and investment is needed in 

electric battery production and safe disposal. 

To conclude we can say that growing concerns about health and environment started a new era in 

the automobile industry. EVs are gaining fame again and more research is taking place in this area 

of mobility. But success of EVs largely depends upon public acceptance, technology development, 

distribution and government support and policies. 

 

 

 

 

 

 

 

 

 

 

 

 



68 
 

References 

x Atkinson, P. and Coffey, A. (2004). Analysing documentary realities in D. Silverman (Ed.), 

Qualitative research. London: Sage publication: pp. 45-62. 

x Bandhauer, T. M, Garimella, S. & Fuller, T.F. (2011). A critical review of thermal issues in 

Lithium-Ion batteries: critical reviews in electrochemical and solid-state science and 

technology. Journal of The Electrochemical Society, 158 (3), pp.1-25. 

x Banister D., (2005). Overcoming barriers to the implementation of sustainable transport. In 

Barriers to Sustainable Transport: Institutions, Regulation and Sustainability (Eds.) P. 

Rietveld, R.R. Stough.  Spon Press. 

x Bengt-Åke Lundvall, Björn Johnson, Esben Sloth Andersen and Bent Dalum. (2002). 

National Systems of production, innovation and competence building, Research Policy 31 

(2002) pp. 213-231, Department of Business Studies, Aalborg University, Aalborg, 

Denmark. 

x Benoit Godin. (2007), National Innovation System: The System Approach in Historical 

Perspective. Project on the history and sociology of STI Statistics, Working Paper No.36. 

x Browne D., O' Mahony M., Caulfield B., (2012). How should barriers to alternative fuels 

and vehicles be classified and potential policies to promote innovative technologies be 

evaluated? Journal of Cleaner Production, Volume 35, November 2012, pp. 140–151. 

x Bruce, G. P., Scrosati, P.B., & Jean-Marie Tarascon, J-M. (2008). Nanomaterials for 

Rechargeable Lithium Batteries. Angewandte Chemie International Edition, Volume 47, 

Issue 16, pp.2930–2946. 

x Buse K, Mays N, Walt G. (2005). Making health policy. Milton Keynes, UK: Open 

University Press. 

x Calef, D., Goble, R., (2007). The allure of technology: How France and California promoted 

electric and hybrid vehicles to reduce urban air pollution. Policy Science 40, pp. 1–34. 



69 
 

x California Environmental Protection Agency. (2012). Air Resources Board. Retrieved on 

2013-01-24 from http://www.arb.ca.gov/homepage.htm. 

x Calvert, J.G., Heywood, J.B., Sawyer, R.F., & Seinfeld, J.H. (1993). Achieving acceptable 

Air Quality: some reflections on controlling vehicle emissions. Science Volume 261, pp. 37-

45. 

x Canis, B., (2011). Battery Manufacturing for Hybrid and Electric Vehicles: Policy Issues.  

Congressional Research Service report for Congress- prepared for Members and 

Committees of Congress. Retrieved on 2013-01-24 from 

http://www.fas.org/sgp/crs/misc/R41709.pdf. 

x Carlsson, B. &Stankiewicz, R.(1991).On the nature, function and composition of 

technological systems.Journal of Evolutionary Economics.Volume 1, Number 2, pp.92-118. 

x Carlsson, B., Jacobsson S., Holmen M., &Rickne, A. (2002). Innovation systems: Analytical 

and Methodological Issues, Research Policy 31, pp. 233-245. 

x Chambers, N. (2009).  World Takes Baby Steps Towards A Lithium-Ion Recycling 

Infrastructure. September 24, 2009 Retrieved on 2013-01-24 from 

http://www.matternetwork.com/2009/9/world-takes-baby-steps-towards.cfm. 

x Cooke, P., Uranga M.G., & Etxebarria G. (1997). Regional innovation systems: Institutional 

and organizational dimensions. Research Policy, Volume 26, Issues 4-5, pp. 475-491. 

x David C. Mowery. (1998). The changing structure of the US national innovation system: 

implications for international conflict and cooperation in R&D policy, Haas School of 

Business, University of California, Berkeley, USA 

x Denscombe, M.  (2007). The good research guide for small-scale social research projects 

3rd ed. Maidenhead: Open University Press. 

x Denzin N.K. & Lincoln, Y.S. (2000). The SAGE Handbook of Qualitative Research. 

California: Sage Publications, Inc. 



70 
 

x Dhebar, A. (2001). Six chasms in need of crossing. MIT Sloan Management Review, 

Volume 42(3), pp. 95–100. 

x Dodgson, M., Mathews, J., Kastelle, T. & Hu, M. (2008).The evolving nature of Taiwan's 

national innovation system: The case of biotechnology innovation networks. Research 

Policy 37, pp. 430-445. 

x Dosi G, Freeman C, Nelson R, Silverberg G & Soete L. (1988). Technical change and 

economic theory. London: Pinter Press. 

x Edquist, C. (1997). Systems of innovation, Technologies, Institutions and Organisations.  

London: Pinter Press. 

x Freeman, C & Soete, L. (1997).The Economics of Industrial Innovation, 3ed. London: Pinter 

Press. 

x Freeman, C. (1987). Technology and economic performance: lesson from Japan, London: 

Pinter Press. 

x Freeman, C. (1995). The ‘national innovation system’ in historical perspective. Cambridge 

Journal of Economics, 19, pp. 5-24. 

x Freeman, C., Lundvall, B-Å. (1988). Small Countries Facing the Technological Revolution, 

London/New York: Pinter Publishers.  

x Fujita, E.M., Croes, B.E., Bennett, C.L., Lawson, D.R., Lurmann, F.W., and Main H.H. 

(1992).Comparison of emission inventory and ambient concentration ratios of CO, NMOG, 

and NOx in California's south coast air basin, J. Air Waste Manage. Assoc., Volume 

42, 264–276. 

x Funk, K., & Rabl, A. (1999). Electric versus conventional vehicles: Social costs and benefits 

in France. Transportation Research. Part D. 4, pp.397- 411. 

x Gjøen, H., & Hård, M. (2002). Cultural Politics in Action: Developing User Scripts in 

Relation to the Electric Vehicle: Science Technology Human Values. 27: 262, pp. 262-281. 



71 
 

x Glenn.A. Bowen. (2009). Document analysis as a qualitative research method. Qualitative 

Research Journal, Volume 9, no (2) pp. 27-40. 

x Glover, E.L., & Brzezinski D.J. (1989). Exhaust Emission factors and 

inspection/Maintenance Benefits for Passengers Cars. A technical report of U.S. 

Environmental Protection Agency. Retrieved on 2013-01-24 from 

http://nepis.epa.gov/Adobe/PDF/9100RSJT.PDF. 

x Goodenough, J.B., & Kim Y. (2010). Challenges for rechargeable batteries: 15th 

International Meeting on Lithium Batteries (IMLB). Journal of Power Sources, Volume 196, 

Issue 16, pp.6688-6694. 

x Gordon O. Ewing, G.O., & Sarigöllüb, E. (1998). A model of car fuel-type choice under 

travel demand management and economic incentives. Transportation Research D, vol.3 (6), 

pp.429-443. 

x Hall J., & Kerr, R. (2003). Innovation dynamics and environmental technologies: the 

emergence of fuel cell technology, Journal of cleaner production. Volume 11, Number 4, 

pp. 459-471. 

x Hessels L.K., & Lente, H. (2008). Re-thinking new knowledge production: A literature 

review and a research agenda. Research Policy. Volume 37, Issue 4, pp. 740-760. 

x Hillman, K. (2008). Environmental Assessment and Strategic Technology Choice: The Case 

of Renewable Transport Fuels. Environmental Systems Analysis, Department of Energy and 

Environment, Chalmers University of Technology, Gothenburg, Sweden. Retrieved on 

2013-01-24 from http://publications.lib.chalmers.se/records/fulltext/76645.pdf 

x Holzman, D. (1997). A Driving Force: Environmental Health Perspective. United Nations 

Centre for Transnational Studies, Volume 105, Number 6, pp. 582-587. 

x International Energy Agency. (2010).Hybrid and Electric Vehicles: the Electric Drive 

Advances, Hybrid and Electric Vehicle Implementing Agreement, March 2010. 



72 
 

x International Energy Agency. (2011). Technology Roadmap Electric and Plug-in Hybrid 

Electric Vehicles.  Retrieved on 2013-01-24 from 

http://www.iea.org/publications/freepublications/publication/EV_PHEV_Roadmap.pdf 

x Jin-Long Liu, Jie Wang, Yong-Yae Xia, (2011).A new rechargeable lithium-ion battery with 

a xLi2MnO3· (1−x) LiMn0.4Ni0.4Co0.2O2 cathode and a hard carbon anode. Electrochimica 

Acta. Volume 56, Issue 21, pp.7392-7396. Department of Chemistry and Shanghai Key 

Laboratory of Molecular Catalysis and Innovative Materials, Institute of New Energy, 

Fudan University, Shanghai 200433, People's Republic of China. 

x Kathy Gill. (2009). American Recovery and Reinvestment Act of 2009 H.R. 1, The 2009 

Economic Stimulus Package Published in about.com US politics Retrieved on 2014-01-24-

from http://uspolitics.about.com/od/economy/tp/2009_economic_stimulus_bill.html. 

x Kempton, W. & Kubo, T. (2000). Electric-drive vehicles for peak power in Japan: Energy 

Policy.Volume 28, pp.9-18. 

x Kenneth L.Simons & Judith L.Walls. (2008). The U.S. National Innovation System: 

Encyclopedia of technology and Innovation, Wiley-Blackwell. 

x Kiehne, H.A. (2003). Battery Technology Handbook (Electrical Engineering and 

Electronics), 2nd edition.  New York: Marcel Dekker Inc. 

x Kurani, S. Kurrani., Turrentine, Thomas. & Sperling, Daniel. (1996). Testing electric 

vehicle demand in ‘hybrid house holds' using a reflexive survey. Transportation Research 

Part D 1 (2), pp.131-150. The University of California Transportation Center at Berkeley. 

x Kushnir, D., & Sanden B.A. (2011). Multi-level energy analysis of emerging technologies: a 

case study in new materials for lithium ion batteries: Journal of Cleaner Production. 

Volume 19, Issue 13, pp.1405-1416. 

x Lave, L. B., Hendrickson, C. T. & McMichael, F.  C. (1995). Environmental Implications of 

Electric Cars. Science; Volume 268, pp. 993-995. 



73 
 

x Link, A.N., (1996). Research Joint Ventures: Patterns from Federal Register Filings. Review 

of Industrial Organization, Volume 11, pp. 617–628 

x Lundvall, B-Å., Intarakumnerd, P. & Vang, J. (2006). Asia’s Innovation Systems in 

Transition. Massachusetts: Edward Elgar Publishing Inc. 

x Marom, R., Amalraj, R.S., Leifer, N., Jacob, D. & Aurbach, D. (2011). A review of 

advanced and practical lithium battery materials: Journal of Materials Chemistry, Volume 

21, pp. 9793-10220. 

x Melaina, M.,Bremson, J., (2008).Refueling availability for alternative fuel vehicle markets: 

sufficient urban station coverage, Energy Policy, Volume 36 (8) (2008), pp. 3233-3241 

x Ministry of Economy, Trade and Industry. Machinery statistics, November 2012, Retrieved 

on 2013-01-24 from Battery association of Japan: http://www.baj.or.jp/e/statistics/02.php 

x Motavalli, J., (2001). Forward Drive: The Race to Build ‘Clean’ Cars for the Future. 

London: Earthscan Publications Ltd. 

x Mowery, D.C., Rosenberg N. (1993). The U.S. National Innovation System. In R.R. Nelson  

(Ed.), National Innovation Systems: A Comparative Analysis (pp. 29-75). Oxford/New 

York: Oxford University Press. 

x NBCNEWS. (2005). Bush signs $12.3 billion energy bill into law Retrieved on 2014-01-

20 from http://www.nbcnews.com/id/8870039/#.Utg_hRBdU8I. 

x Peyton Knight. (2005). Small Group of House Republicans Derails ANWR Drilling, 

The National Center for Public Policy Research Retrieved on 2014-01-

19 from http://www.nationalcenter.org/TSR111005.html. 

x Rand, D.A.J., Woods, R. & Dell, R., M.(1998). Batteries for Electric Vehicles: Society of 

Automotive Engineers: Research Studies Press.  

x Robin Cowan, R., & Hulten, S. (1996). Escaping lock-in: the case of electric vehicle: 

technological forecasting and social change, Volume.53, pp.61-79. 

x Romm, J. (2005). The car and fuel of the future: Energy Policy, Volume 34, pp.2609–2614. 



74 
 

x Sierzchula, W., Bakker, S., Maat, K. & Wee, B. (2012). The competitive environment of 

electric vehicles: An analysis of prototype and production models: Environmental 

Innovation and Societal Transitions, Volume 2, pp.49– 65. 

x Sperling, D., Gordon, D. (2009). Two Billion Cars: Driving Towards Sustainability.  

Oxford: Oxford University Press, Inc. 

x Steven Nadel. (2005). The Federal Agency Policy Act of 2005 and its implications for Energ

y Efficiency Program Efforts by American Council for an Energy Efficient Economy 

Retrieved on 2014-01-

18 from http://www.paenergyfuture.psu.edu/pubs/aceee_reports/aceee2005federal.pdf 

x The Washington Post. (2005). Energy Bill Raises Fairs About pollution, Fraud by Michael 

Grunwald and Juliet Eilperin Retrieved on 2014-01-

19 from http://www.washingtonpost.com/wp-

dyn/content/article/2005/07/29/AR2005072901128.html. 

x U.S. Advanced Battery Consortium. (2012). Power of Automotive Collaboration.Retrieved 

on 2013-01-24 from http://www.uscar.org/guest/teams/12/U-S-Advanced-Battery-

Consortium. 

x U.S. Department of Energy. (2011). One Million Electric Vehicles by 2015. Status Report 

February, 2011 Retrieved on 2013-05-05 from 

http://www1.eere.energy.gov/vehiclesandfuels/pdfs/1_million_electric_vehicles_rpt.pdf. 

x U.S. Department of Energy. (2012). Alternative Fueling Station Counts by State: Alternative 

Fuels Data Center (AFDC), Retrieved on 2012-11-16 from 

http://www.afdc.energy.gov/fuels/stations_counts.html. 

x U.S. Environmental Protection Agency. (2012). Batteries.Retrieved on 2013-01-24 from 

http://www.epa.gov/epawaste/conserve/materials/battery.htm. 

x Valøen, L. O. and Shoesmith, M. I. (2007). The effect of PHEV and HEV duty cycles on 

battery and battery pack performance. In Proceedings in 2007Plug-in Highway Electric 



75 
 

Vehicle Conference, Manitoba, Canada.Retrieved on 2013-01-24 from 

http://www.pluginhighway.ca/PHEV2007/proceedings/PluginHwy_PHEV2007_PaperRevie

wed_Valoen.pdf. 

x Van Ness Feldman law & policy firm. (2014). Retrieved on 2014-01-

20 from http://www.vnf.com/. 

x Walsh, M P. (1995). Motor Vehicle Pollution in China:  an Urban Challenge. In 

Proceedings of a Symposium on China’s Urban Transport Development Strategy, Stephen 

Stares and Liu Zhi, Eds.  Beijing, November 8-10.  World Bank Discussion Paper No. 352. 

 

 


