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Abstract

Purpose of the paper: The paper aims at developing a theoretical framework that links
diffusion policies to the types of barriers to which theoretical models of diffusion of
innovation implicitly or explicitly refer.

Methodology: The conceptual framework is based on an extended literature review. The
model is applied to an empirical case: the technology policy applied to diffuse the Li-lon
battery for electric vehicles.

Findings: Literature has deeply analysed the policies for the development of innovations,
but analysed the policies for innovations diffusion much less. To fill this gap, the study
highlights that an effective approach to the diffusion of a new technology should be based on
a careful analysis of the barriers to such diffusion and on a set of policies that simultaneously
act on these barriers.

Research limits: Additional empirical studies are required to assess the applicability of
the proposed conceptual framework.

Practical implications: The conceptual framework of this paper has implications for
scholars and policy makers. For scholars the paper opens the path towards the deepening of
a subject that is still little studied. For policy makers the research provides a conceptual tool
to guide their choices in supporting the diffusion of relevant technologies.

Originality of the paper: The paper classifies the barriers to the diffusion of a new
technology, providing a different perspective on theoretical studies on the diffusion of
innovations. It proposes a theoretical framework that links policies supporting the
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dissemination of an innovation to the diffusion barriers for the first time. The potential
explanatory power of the model is verified through a concrete case study.

Key words: diffusion of innovation; barriers to diffusion; diffusion policies; lithium batteries;
electric cars

1. Introduction

The diffusion of innovation (DOI) is topic of interest for a large range of
disciplines. The phenomenon, approached from several different points of view, has
been described as “the process by which an innovation is communicated through
certain channels over time among members of social system” (Rogers, 1995, p.5).
Many sociologists make a distinction between the words “innovation” and
“technology”; they define an innovation as an idea or object that is perceived as new
by an individual, and technology as a design for instrumental action.

More specifically, technological diffusion is defined as the “process by which
innovations (new products, new processes, new management methods) spread
within and across economies” (Stoneman, 1976). Rogers (1995) stressed that since
most new ideas are technological innovations, it is meaningful to treat innovation
and technology as synonyms.

Studies on DOI address relevant issues about the characteristics, determinants
and effects of the adoption process (Antonelli, 2006). In particular, scholars have
attempted to understand why adoption and later diffusion are not instantaneous and
all firms do not adopt the innovation at the same time (Stoneman, 1976). Different
models have been provided in order to better understand the diffusion of innovation.
Generally, these models focus on diffusion delays, analyzing the factors that affect
the diffusion process (Goldfarb, 2005).

Although literature on innovation technology has analyzed how this diffusion
process occurs over time in depth, only few studies explicitly focused on the role
covered by technology policy in speeding up the diffusion process.

Generally, policy initiatives have tried to concentrate mainly on the attempt to
generate and exploit technology invention or innovation. Technology policy
questions, as highlighted by Dasgupta and Stoneman (2005), are all related to
technology generation, leaving out the dissemination dimension of new technology
(Hahn and Yu, 1999). On the contrary, diffusion-oriented policy (Chiang, 1991)
aims at promoting the acquisition, diffusion and assimilation of a new technology in
a certain determined industry.

Ergas (1987) specified that the first priority in setting technology policies is to
ease the constraints and rigidities which slow the diffusion of new skills, technical
capabilities and the later technological innovation. These barriers represent an extra
cost for adopters that can stop or shape the innovation process (Budunchi and Smart,
2010).
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For this reason it could be useful to recognize the main rigidities that impede or
slow down diffusion processes in order to identify which diffusion policy could be
used to reduce the effects of such extra costs.

In accordance with these considerations, the aim of the paper is to provide a
theoretical framework that classifies technology policies according to the different
barriers to the diffusion of innovation that they intend to reduce.

Contributions to literature on our theoretical framework are manifold. First the
framework provides a comprehensive view of various diffusion policies, filling the
gap in innovation management studies that are mainly focused on ‘“mission-
oriented” policy.

Secondly, the study deepens the understanding of the role of technology policy
in reducing the costs of innovation diffusion. From a theoretical perspective this
allows scholars to develop a research agenda that considers the role of technology
policies that may foster a massive adoption of an innovation within an industry.
From a practical point of view the framework allows managers and policy makers to
turn their attention to diffusion costs when setting policies aimed at overcoming
barriers to innovation diffusion.

The paper starts by examining the literature on technological policy diffusion;
the second part explores the main barriers to the diffusion of innovation; in the third
part, technology policy and its barriers are combined in a comprehensive theoretical
framework that will be tested through an empirical case: the technology policy
adopted to favor the market introduction of Li-lon battery powered vehicles.

2. The idea of technology policy

Technology policy can be defined as that designed and/or implemented to affect
the innovative performance of a nation and/or of specific industries by influencing
the decision to develop, commercialize and/or adopt new technologies (Mowery,
1995; Hahn and Yu, 1999). Technology policy can come both from governments
and from technology suppliers: the main purpose of these policies is to spread
technological capabilities throughout the industrial structure, thus facilitating the
ongoing and the incremental adaptation to change (Ergas, 1987).

In past years, economic literature on technology and public policy has focused
predominantly on generation policies, underestimating the effects of policy
interventions in the diffusion process. However, some scholars have also started to
consider the relevance of policies aimed at sustaining the diffusion of a new
technology (Chiang, 1991; Stoneman and Diederen, 1994; Hahn and Yu, 1999;
Caerteling et al., 2008). Indeed, according to Ergas (1987) technology policies
should be more oriented towards ensuring effective technology utilization than
stimulating new ideas. The author proposed a specific taxonomy to classify the two
different policies: the “mission-oriented” policy aimed at generating new ideas and
encouraging R&D, and the “diffusion-oriented” policy, more focalized on spreading
such innovations.
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Specifically, the “diffusion oriented” policy focuses on technology acquisition,
diffusion and adaptation, as it spins on or trickles up existing products and industries
(Chiang, 1991).

On the other hand, Hahn and Yu (1999) suggested that technology generation
and diffusion policies are cyclical since technology change must be analysed as a
whole rather than separated parts of invention, innovation and diffusion. They argue
that there exists a bi-directional and cyclical linkage between these policies: policies
aimed at technology generation could improve technology diffusion and vice-versa
(Hahn and Yu, 1999).

Policy issues are important in technology matters because the market for
technology is imperfect (Hahn and Yu, 1999). As Arrow (1962) suggested, the
incomplete appropriability of technology refers to the fact that invention or
innovation (or more generally knowledge and information) have some of the public
goods’ characteristics, which provides preliminarily evidence of market failure and
therefore causes -for example- the need for government intervention (Hahn and Yu,
1999).

Stoneman and Diederen (1997) envisaged three main sources of market failure:
imperfect information, market power and externalities.

Information asymmetries represent the first source of market failure. In order to
reduce the inaccuracy of technology expectation, policy intervention is desirable to
the point where the marginal benefit of information provision is equal to the
marginal cost of that intervention: both private and public policies allow a better
diffusion process that is not necessarily the fastest one. The second source of market
failure is represented by the market structure, but there is no clear prediction in the
literature about which market structure will generate optimal diffusion. Finally,
externalities are the third main source of market imperfection. Negative externalities
occur if the adoption of technology by one firm negatively affects all other firms,
where the effect of these impacts is not being accounted in the adoption choice.

The rationale part of technology policies is based on these market imperfections.
In cases where imperfections make its intervention necessary, the central
Government represents an important catalyst in the process of innovation and
diffusion by using a wide range of policies it plays the role of technology sponsor
and diffuser.

As a matter of fact, the role of Governments in the development and
enhancement of innovative performance in economies is widely recognized.

Following the assumption of “endogenous growth” proposed by Romer (1994),
according to which “economic growth is an endogenous outcome of an economic
system, not the result of forces that impinge from outside”(Romer, 1994, p. 3),
policy makers cover a key role in stimulating the rate of R&D activities and the
diffusion of innovations in order to enforce national competitiveness.
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3. Atheoretical model of the barriers to new technologies diffusion

Diffusion theories have their origins in the explanation of the adoption of
technological change by farmers (Rogers, 1995). Since then, the scope of diffusion
theories and associated empirical research has broadened (Nutley et al., 2002) to
include education, anthropology, geography and sociology, believed to complement
one another (Kelly, 1978). Indeed, “diffusion is a complex social phenomenon
which clearly involves both economic and non-economic factors” (Warner, 1974,
p.438).

Studies on DOI address relevant questions about the characteristics, determinants
and effects of the adoption process (Antonelli, 2006). In particular, scholars have
attempted to understand why diffusion and later adoption are not instantaneous and
why all firms do not adopt the innovation at the same time (Stoneman, 1976).

Using different perspectives, several approaches have been developed in order to
analyze how this diffusion process occurs over time, which factors affect the
diffusion pattern and why adopters choose a specific technology.

While a number of literature reviews (Baptista, 1999; Geroski, 2000; Meade and
Islam, 2006) offer a clear understanding of the rationale behind each model of
innovation diffusion, none of them systematizes an aspect that is common to all
theories: i.e. the constraints that each theory considers as inhibiting innovation
diffusion.

For this reason, an important step towards developing a comprehensive
framework of technology policy starts with the study of the different kinds of
barriers that each model of innovation diffusion has explicitly or implicitly assumed
to be a driver of the phenomenon. Indeed, the identification of these barriers is a key
issue, as they can stop or shape the innovation process (Budunchi and Smart, 2010).
These barriers are considered as an extra-cost for adopters that slows down the
diffusion process.

We have identified distinct categories of costs specifically stressed in each
stream of research.

The most relevant models belong to the epidemic approach (Griliches, 1957,
Mansfield, 1961; Bass, 1969%) where diffusion is the result of information diffusion
(Baptista, 1999).

The main outcome of this model is that when the number of users of a new
product or invention is plotted versus time , it allows the development of the typical
S-shape curve of diffusion. Similarly, it is represented as a bell-shape curve when
frequency is plotted over time.

According to this approach, the aggregate model of diffusion depends on the
frequency of contact between potential and actual users. The information flows
among parties lead to an epidemic effect on the rate of technological diffusion
(Bocquet et al., 2007).

! Bass (1969) applied the model to consumer products, revealing the double effect of two

means of communication: mass media and word of mouth.
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In these models the role of information is emphasized by technology spillover or
word of mouth among potential users.

Epidemic models consider that the diffusion of a new technology is the result of
the reduction of the risk of adoption caused by the spreading of information on the
benefits of the new technology (Bocquet et al., 2007). As Geroski (2000)
underlined, according to these theories, learning, expectation and uncertainty are
related to costs of knowledge. Indeed if knowledge transfer is costly, agents with
little information will be uncertain about the benefit of a new technology. The
uncertainty of a new adoption primarily depends on the lack of information or
asymmetries among users (Mansfield, 1961).

As suggested by the epidemic approach, the uncertainty of new technology rent
is a significant barrier to the diffusion of innovation. In the identification of the lead
market, Beise (2004) emphasized the role of reputable first adopters in signalling the
credibility of innovation that can further reduce the risk of adoption.

As a matter of fact, the so-called demonstration effect is an important mechanism
of diffusion (Mansfield, 1968) and allows the epidemic diffusion of innovation.

In contrast to the epidemic approach, probit models (Davies, 1979; Karshenas
and Stoneman, 1993) calculate the diffusion path ranking firms by their
characteristics. These models cover the gap of epidemic theories that simplify reality
because undervaluate that the adoption decision is a choice made by specific
individuals or firms (Geroski, 2000).

This micro-foundation point of view assumes that adopters differ in some
characteristics (such as firm size) that affect the profitability of adopting the new
technology. These features could impact on other users’ adoption costs.

Firms adopt the new technology as acquisition costs fall; these costs are assumed
to fall over time. These costs can be recollected as the ones that a potential adopter
has to pay to employ new technology. The higher they are, the slower the diffusion
takes place.

As acquisition costs fall, the cumulative benefit distribution is mapped out as a
diffusion path, where early adopters achieve high returns by adopting while late
adopters achieve low returns (Karshenas and Stoneman, 1993).

As rank models suggest (Davies, 1979; Karhenas and Stoneman,1993) difference
in adoption depends on firm characteristics such as size, status and financial
resources.

Gerosky (2000) extended the discussion on the role of costs to probit models:
searching costs, switching costs and opportunity costs affect adoption choices.

According to economics literature, switching costs are one of the main barriers to
technology adoption (Menanteau and Lefebvre, 2010; Bunduchi and Smart, 2010).

They include the costs of scrapping existing fixed production factors, the
restructuring of production and marketing organizations and the re-skilling of
personnel.

In contrast to Antonelli (2006), we consider switching costs a distinct category of
costs, separated from acquisition and searching costs (Bunduchi and Smart, 2010;
Zhu et al., 2006) because they are more related to adopters than to technology itself.
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The idea of complementarities among adopters’ assets is consistent with the
concept of switching costs. In accordance with this idea the diffusion of new
technology is prompted only if it fits with other choices of the firm.

The cost and difficulty in reorganizing the production process around the new
technology (David and Greenstein, 1990; Goldfarb, 2005) represents an important
barrier to innovation adoption. According to Goldfarb (2005) and Helpman and
Trajtenberg (1996) the lack of complementary technologies is an important
explanation of slow adoption rate.

The complementary view is coherent with the concept of preadaptation
developed by Cattani (2005). He found that the availability of a prior experience and
a pool of skill is fundamental to have a positive effect on technological performance.

A higher level of compatibility of innovation, defined as “the degree to which an
innovation is perceived as being consistent with the existing values, past
experiences, and needs of the receivers” (Rogers and Shoemaker, 1971; p. 22 ),
allows a faster innovation diffusion (Teng et al., 2002). Switching costs are also
affected by firms’ existing competences and by the presence of dynamic capabilities
(Teece and Pisano, 1994) that are considered the foundation of competitive
advantage at the firm level and by the firm’s ability to learn - i.e its “‘absorptive
capacity”” (Geroski, 2000). The organizations which control these capabilities will
be more able to identify the most suitable innovation and adopt it: new technologies
diffuse more rapidly in industries where these skills abound.

Finally, opportunity costs are created by previous investments and make the
adoption of a new technology less convenient if its machinery has not yet been fully
depreciated.

Antonelli (2006) identified in the irreversibility of capital goods a possible factor
that delays the adoption and diffusion of a new technology. The duration of goods’
economic life affects the diffusion process until “the variable costs of the production
process with the old technology are lower than the total average cost obtained with
the new technology” (p. 8).

Other literature thread stemming from game theory analyze the stock and order
effect of diffusion of innovation (Reinganum, 1981; Fudenberg and Tirole, 1985;
Karshenas and Stoneman, 1993; Erat and Kavadias, 2006). These studies focus on
the strategic determinant of the adoption of innovation (Bocquet et al., 2007).
According to Karshenas and Stoneman (1993) technological adoption depends on
the number of previous adopters. Indeed, diffusion occurs because once a firm
adopts a specific innovation at a certain time, its competitors find it profitable to
adopt it after the cost of technology has sufficiently decreased (Erat and Kavadias,
2006). For this reason, according to the stock mechanism of diffusion, the benefit
deriving from the acquisition of the marginal adopter decreases as the number of
previous adopters increases. In stock models, the impact of past adoptions on the
return to a marginal adopter results from endogenizing the output decisions of firms
(Karshenas and Stoneman,1993). As firms acquire new technologies, their
production costs fall, leading to changes in the output of firms and the industry,
thereby affecting industry prices and the profitability of further adoption.
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According to Ireland and Stoneman (1985) and Fudenberg and Tirole (1985) the
returns from adopting a new technology depend on the adopters’ position in the
order of adoption. The models gave practical insights to firms’ adoption decision, as
they take into account how much waiting is necessary before adopting the
innovation.

In these models, the adoption choice is affected by technology characteristics
and costs, considered to decrease overtime. These costs include the purchase of
patents and licenses, configuration and installation costs and costs for technological
assistance and consultancy support. Naturally, when a technology innovation is
introduced it is in an unfavorable position compared to existing technology, as it is
more expensive, thus posing an important barrier to the diffusion process
(Menanteau and Lefebvre, 2010).

Gerosky also explained the phenomenon of ““‘information cascades’” where the
diffusion is contingent with the information adopted by the very first adopters while
the remainder of the diffusion is best described as herd-like behaviour. He also
argued that when network externalities are present, they strengthen the information
cascade effect. The diffusion process between competing technologies ideally
consists of three phases: the initial choice between various technologies, the lock-in
with the chosen technology and finally, the bandwagon effect induced by imitation.
From this point of view, the S-shaped curve is one of the possible outcomes of the
diffusion rather than the starting point of the analysis (Geroski, 2000).

The presence of an interaction network could affect the diffusion of innovation
(Deroian, 2002; Teng et al., 2002; Antonelli, 2006). In fact, when a population of
potential adopters interact with each other in order to form or confirm their opinion
on a new technology, they are able to favour or impede the diffusion of innovation.

The network effect is also explained by the rise of institutional isomorphism
among organizations. Indeed, according to the concept of the iron cage, the firm
choice to adopt a new innovation is related to its need to receive legitimacy
(DiMaggio and Powell, 1991). While early adopters of organizational innovations
are commonly driven by a desire to improve performance, for later followers
adoption provides legitimacy rather than improves performance (Meyer and Rowan,
1977).

At an aggregate level, the diffusion of innovation represents the outcome of
organizational homogenization: since each member of the population is forced to
adopt the innovation in order to reach legitimacy, the new technology spreads.

If a network already exists, the introduction of a new technology requires the
network to form or shift its opinion on the innovation. Moreover it has been
demonstrated that in markets with a higher level of social influence there is a degree
of uncertainty concerning the new technology that affects the final success of
innovation diffusion (Delre et al., 2010). Consequently, the network structure can
strongly affect the diffusion rate. To encourage network effects it is important to
promote the spread of information among potential users. Network effects can rise
in presence of technology standards that simplify the interrelation among different
technologies, or in presence of network externalities that increase the utility users
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gain from using a technology when the total size of the network or the availability of
complementary goods increases (Hall and Khan, 2003).

The introduction of new technology also implies a change in existing
relationships and routines in the network. Network transformation costs are another
important barrier to new technology diffusion.

Table 1 summarizes the relevant barriers to diffusion of innovation classified
through the essential review of main theoretical DOI research.

Tab. 1: Barriers to diffusion of innovations

FOCUS ADOPTERS TECHNOLOGY NETWORK
Theoretical Epidemic approach Stock and Order Information Cascade
approaches Probit models models

- Searching costs - Cost of technology| - Network externalities
Barriers to - Learning costs - Network transition costs
technology diffusion| - Switching costs - Network development
- Opportunity costs costs

Source: Our elaboration

4. Diffusion-oriented policies and barriers to new technologies
diffusion

Innovation management literature generally focuses on mission-oriented
initiatives, and is still small and fragmented with regards to diffusion policies.

Ergas (1987) specified that the first priority in setting technology policies is to
ease the constraints and rigidities that slow down the diffusion of new skills,
technical capabilities and - therefore - technological innovation. In particular,
diffusion oriented policies that are aimed at increasing the acquisition, the diffusion
and the assimilation of a new technology should be oriented at reducing such
diffusion barriers.

The conceptual framework here presented aims at linking policy instruments to
the rigidities that impede diffusion process. Both the policy-makers, which are a
technology supplier that wants to promote its own innovation and the government
aiming at enhancing the public sector innovation, have a wide range of policy
instruments to support technology diffusion.

As highlighted by the epidemic theory, information asymmetries constitute an
important constraint to technology diffusion. Adopters should not decide to use a
technology if its searching costs are too high.

In this case, policy intervention, in terms of information provision, is desirable.
A wide range of private and public information policies, such as demonstration
projects and advertising campaigns, publicly funded technology monitoring
exercises that inform the industry of recent technology advances, public subsidy of
consulting activities and so on (Stoneman and Diederen, 1994).
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Policy-makers might promote word of mouth communication or try to identify
key actors in order to make them evangelical supporters (Geroski, 2000). In
particular, the information flow generated by state government policy can help end-
users make more informed choices (Moon and Bretschneider, 1997) between
alternative technologies. In particular, Moon and Bretschneider (1997) suggest that
governments have the role of promoting information flow: “fact sheets, the
operation of consumer hot-lines, and the development of standardized testing
procedures, rating systems, performance standards and guidelines [and
demonstration of project results] - can help end-users make more informed choices
among alternative technologies” (Brown et al., 1990; p. 125). The enhancement of
the information flow is not the only means used to reduce adoption uncertainty.
Another way is to set technology standards that allow the creation of information. In
fact, technology standards are a solution to reduce the technological alternatives at
the disposal of firms and limit their exposure to the risks of choosing the losing
technology (David and Greenstein, 1990). In case of failure of a technological
standard, however, the negative effects on adopters may be disproportionally high.
Standards setting processes are sometimes also an important way to resolve the
externalities which surround choice (Geroski, 2000).

The diffusion constraints represented by learning costs - considered by probit
models - rise noticeably when knowledge transfer is costly and negatively related to
an individual’s capabilities. This dimension is strictly related to technology
expectation and uncertainties, since agents will not acquire complete information if
knowledge transfer is costly and will be uncertain about just what the new
technology does and how to use it best (Geroski, 2000). Geroski (2000) suggested
that while policies that improve the information flow make firms more aware of
their opportunities, knowledge transfer policies make firms more capable of
exploiting them.

Technical training and assistance or organizational ties can be promoted to
reduce these uncertainties.

Government policies, for example, could enhance personnel cooperation by also
providing personnel for potential adopters (Moon and Bretschneider,1997). Firms
may need to acquire special skills to adopt new technology and, even in presence of
such policy, could decide not to do so.

On the other hand, the funding of potential adopters could help reduce the
barriers caused by high switching, opportunity and acquisition costs.

Financial flow includes monetary subsidies to potential adopters or non-
monetary activities such as policy assistance, policy direction, auditing, personnel
exchange, counselling, technical communication and so on (Moon and
Bretschneider, 1997).
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Tab. 2: The relationship between barriers to diffusion of innovation
and diffusion policies

Barriers to technology diffusion Policies

* Monetary subsidies for technology

Cost of technology acquisition

Demonstration projects

Advertising campaigns

Monetary subsidies for consulting
Technology monitoring

Definition of technological standards
Identification of key adopters

Searching costs

e o o o o o

* Technical training

» Incentives for the formation of partnerships
between adopters and technology providers

» Personnel exchange and provision

Learning costs

* Assistance
Switching costs » Technical communication
* Pre-competitive consortia

* Monetary subsidies for technology

OBy Cess substitution

* Monetary subsidies for the network
Network esternalities externalities creation
* Public procurement

« Definition of technological standards
Network transition costs « Incentives for the formation of partnerships
between adopters and new partners

Source: Our elaboration

In truth, both subsidies, which encourage the building up of various types of
human and financial capital, will stimulate competition (particularly that of new
entrants). The effect of competition policy on technology diffusion is difficult to
evaluate since there is no clear position in the literature about which market
structure will best improve the diffusion path (Stoneman and Diederen, 1994).

In order to reduce negative externality the policy maker can tax the origin of the
externalities or create specific ownership rights in order to internalize these costs.
Diffusion policies are also effective in the case of positive externalities. It could
occur that a specific technology should be diffused on a wide scale to become
effective. In case of high network transformation costs, the adoption cannot take
place or would take place too slowly if the first users don’t find it profitable to adopt
the new technology given the small size of the network at the date of the decision to
adopt (Katz and Shapiro, 1986).
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Moreover, standard setting processes and administrative processes are sometimes
an important way to resolve externalities (Geroski, 2000).

In line with the “information cascade” theory, “the timing of policy intervention
may be at least as important as its substance” (p. 622). If the subsidy exists for a
limited period of time it will perform better than if it were expected to last for a long
period of time. Indeed in the latter case adopters may be tempted to delay their
choice because they take the subsidy for granted (Stoneman and Diederen, 1994).

Furthermore, in presence of increasing returns, the subsidy may destroy the
returns expectations of early adopters which decrease when the number of users
increases.

Last but not least, mission-oriented policies could also indirectly enhance
technology adoption. For instance, overcoming the dichotomy between generation
and diffusion policy, Hahn and Yu (1999) proposed an integrated incentive system
that contemplate both at the same time. The diffusion-based incentive system
(DBIS) is designed to synchronize and balance the role of generation and mission
oriented policy, considering the imperfection of the market and the cumulative effect
of technological change.

In the next section, the previously presented conceptual framework will be
illustrated in a real market situation in order to be more appealing and constructive.

5. Diffusion policies of the Li-lon Battery in the automotive industry

Lithium-ion (Li-lon) batteries are expected to become the most popular battery
for plug-in and full-battery electric vehicles (PHEVs and BEVSs). Despite there being
several types of batteries, including lead-acid and nickel-metal hydride batteries
(NiMH) that will continue to retain a considerable market share in the short term,
lithium-ion batteries are expected to dominate the market by 2017 (Deutsche Bank,
2009). In particular, being lightweight, Li-lon batteries can be made into large
battery packs to be used in hybrid and electric vehicles and contain relatively high
energy, allowing them to be used in a range of small consumer products such as cell
phones, tablets and laptops. Another important characteristic of lithium is that it is
reusable and therefore can be extracted from depleted batteries and recycled in new
batteries.

Research activities in this field have been very intense, considering that about
7000 lithium-battery related patents (both U.S. and International patent) were issued
during the 1997-2007 period.

The main battery manufacturers are concentrated in Asia, near manufacturing
sites for battery dependent portable consumer products. Automotive batteries are
one of the fastest-growing applications of Li-lon technology: the transition from
small, consumer-goods batteries to larger batteries for motor vehicles may well open
the door for new entrants in the industry.

Lithium-ion batteries are the most suitable existing technology for electric
vehicles, but there are many reasons why they did not completely diffuse in the
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automotive industry, delaying the spread of electric car. The first and strongest
barrier to the diffusion of Li-lon technology into automotive industry is its cost.

The cost of lithium battery is four to eight times that of lead acid and one to four
times that of NiMH, the two main competing technologies (Nishino, 2010). This
high cost represents a critical concern for its diffusion, as the cost of electric
vehicles is still too high compared to their reduced technical performance (autonomy
and speed limits). One of the main reasons for such high costs is that advanced
battery manufacturing is still an infant industry whose technology and potential
market remain highly uncertain (Canis, 2013).

Unlike lead-acid batteries, which are simply dropped into a vehicle’s engine
compartment and connected to the electrical system, a Li-lon battery should be
integrated with car technologies. In particular, the adopters should provide
additional and critical proprietary technologies: in fact they are integrally involved
in the design and production of Li-ion batteries for their vehicles. Moreover, the
development of complementary technologies represents a cost for potential adopters
that should be locked-in.

As a matter of fact, in their choice to implement an electric vehicle that run on
Li-lon batteries, automakers will sustain several costs: searching costs, linked to
their capabilities to identify the leading technology in which to invest, learning and
switching costs related to the development of complementary capabilities to improve
the battery in the vehicle and opportunity costs related to the lock-in effect if they
choose the wrong technology.

The weak diffusion of electrical vehicles - and then of the Li-lon battery in the
automotive industry- is also due to the high cost of network transformation. The
substitution of the conventional combustion gasoline engine with electric vehicles
requires not only a radical transformation of the automotive supply chain (Ernst et
al., 2012) but also the building of charging stations and their infrastructures. These
network changes should allow a positive externality that can permit a faster and
effective diffusion of electric vehicles and -as a consequence- the demand for the
related technology only when a critical mass has been reached

The Li-lon battery represents one of the rival technologies in the automotive
industry. For this reason its diffusion is enhanced by the growth of car
electrification. Several countries are trying to stimulate the production and the sales
of electric vehicles in order to reduce oil consumption, air pollution, and greenhouse
gas emissions. These interventions indirectly support the diffusion of the Li-lon
battery. The United States appears to be very committed to seizing the opportunity
to be a leader in the production of lithium-battery for vehicles, considering the many
advantages this national industry has, such as research capacity, domestic
automotive industry, a large market for vehicles and the support of government
policies.

There are two ways to support the diffusion of Li-lon batteries: the first is to
directly support the battery value chain through specific policies aimed at reducing
the costs of production and technology suitability; the second way is to encourage
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the production and the use of electric car, which would indirectly allow the diffusion
of this battery as an alternative solution for car fuel supply.

The U.S. Congress first supported electric vehicles in 1976, establishing a
demonstration project with the purchase of 7500 electric vehicles and the beginning
of DOE (Department of Energy) R&D program. It already recognized that the
electrification of the automotive industry was possible only with the improvement
and the diffusion of advanced battery technology. In spite of the various programs
specifically committed to supporting the automotive industry that were developed
throughout the years, the ARRA (American Recovery and Reinvestment Act of
2009) program had an immediate impact on the spread of Li-lon technology and the
transformation of the national advanced battery industry.

Among other activities, the ARRA provides federal financial support to develop
a domestic lithium-ion battery supply chain for electric vehicles and afterwards to
help the intra-firm diffusion of such technology.

In order to reduce the main barrier of Li-lon battery diffusion, federal policies
aim at supporting R&D programs in order to reduce the costs and improve the
performance of Li-lon batteries, assessing new materials for manufacturing in order
to offer cheaper technology that could contribute to reducing the final cost of
electric vehicles.

Moreover, a Li-lon battery cost breakdown is possible by reducing the cost of
components and raw materials supplied from overseas. The DOE offered $2.4
billion of funding to battery-related manufacturers, including auto manufacturers,
battery material suppliers, and battery recycling companies. These funds helped
establish U.S. manufacturing plants, which all played key roles across the value
chain, including materials, components, and the production of cells and battery
packs. The DOE has also offered $25 billion in low-interest loans to battery
companies (Lowe et al., 2010).

The Li-lon battery diffusion has also benefitted from the positive effect of world
policies. Governments in Japan, South Korea and China are providing similar
incentives, trying to stimulate the Li-lon battery supply chain and become the leader
in the manufacturing of advanced automobile batteries.

Besides these programs, the U.S. government offers a $7,500 tax incentive
(Deutsche Bank, 2009; DOE, 2010; Komblut & Whoriskey, 2010) to consumers in
order to pay the higher purchase price for electric vehicles. There is a large
consensus about the effect of these policies on battery diffusion, considering that the
economies of scale could drive battery technology costs down (Lowe et al., 2010).

In order to reduce the uncertainty of potential adopters, several demonstration
projects have been developed. Searching and learning costs could be reduced by
means of grants for $400 million to purchase several thousand PHEVs for
demonstration purposes, as well as to fund workforce training related to
transportation electrification (Canis, 2013). Moreover, the military sector has
become a technology incubator for battery development. It has been an early adopter
and supporter of domestic lithium battery production. On the basis of such
reasoning, one of the ARRA grants has been awarded to Saft America (the leading
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French battery maker) for the application of the battery in the military sector. Hybrid
buses represent another niche market where the United States excels and has the
potential to continue its dominance over the lithium-ion batteries market (Lowe et
al., 2010).

In order to overcome switching costs, the ARRA grants provided support to
automotive firms to develop electric cars. Since 2007, five companies have received
$8,4 billion in loans to work on hybrid and electric vehicles. the Clinton
administration in 1993 had already established the Partnership for a New Generation
of Vehicles (PNGV), a public-private partnership between the federal government
and the USCAR (U.S. council for Automotive Research), with the aim of
developing advanced and efficient technologies.

As highlighted before, automakers provide additional and critical technologies
that unite the battery’s output with the vehicle’s overall operation (Canis, 2013).
Automakers are involved in the design and production of specific technology for
their vehicles. Several automakers have partnerships or have entered joint ventures
with battery manufactures. Japanese automakers prefer strong alliances (i.e. the
battery for the Nissan Leaf are sourced from a partnership with NEC; Toyota has a
battery join venture with Panasonic), while non-Japanese automotive OEMs tend to
prefer weaker supply agreements. For example, U.S. automakers shop for batteries
for particular models in order to reduce the risk of a dangerous lock-in with a
specific supplier. An additional part of U.S. government efforts to develop and
sustain national battery manufactures industry consists in the fact that the heavy
weight of large Li-ion batteries for cars and light trucks makes it more cost-effective
to assemble them near the motor vehicle assembly plants where they will be used,
rather than transport them for thousands of miles.

The diffusion of electric vehicles also calls for the transformation of the
automakers network and the development of specific infrastructures.

The design of the electricity grid and the charging infrastructure are key
characteristics for developing the diffusion of electric vehicles. In fact, the federal
government, as well as utility companies, see the “vehicle to grid” as a market driver
for electric vehicles, and then battery diffusion. The ARRA funding provided grants
for the installation of a charging station network with the goal of establishing 40
million smart meters (Environmental Leader, 2010). The participation of energy
companies, particularly those involved in utilities, in such electrification is
widespread. Several utility companies started partnerships with local governments or
automakers not only in the United States but also in Europe. The diffusion of Li-lon
battery technology in electric car production is strongly dependent on the number of
previous adopters. An “information cascade” effect can be realized in presence of
positive externalities. The more people adopt electric cars based on Li-lon batteries,
the more this technology will spread. The bandwagon effect is sustained by national
subsidies that provide tax incentives to consumers in order to pay the higher
purchase price for electric vehicles. As highlighted by Perdiguero and Jiménez
(2012) these incentives are of limited effectiveness, resulting in a weak increase in
demand for hybrid vehicles. Indeed, vehicles with electric motors have a shorter
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range, which may cause some consumers to avoid purchasing them without
government incentives. The main point is to identify the bottleneck in the electric
car value chain, thus identifying and promoting the best technology.

Tab. 3: Barriers to and policies in favour of Li-lon battery diffusion

Barriers to Policies
Li-lon battery diffusion

» Public funds for all key players battery manufacturers’
Cost of technology value chain
* Public funds for R&D

* Public funds for demonstration project

Searching costs » Use of the technology in military sector and public
transportation
Learning costs » Public funds for workforce training

» Partnerships (JV or supply agreements) between
Switching & Opportunity battery and car manufactures
costs * ATVM loans for automotive companies to work on EVs
« Partnerships for a New Generation of Vehicles (PNGV)

Network esternalities » Tax incentives for consumer electric car purchase

» Grants for the development of charging infrastructure
Network transition costs + Partnerships between utilities companies and car
manufacturers or local governments

Source: Our elaboration

As mentioned throughout the paper, battery costs are the key factor that will
determine whether electric vehicles can ultimately be competitive and win market
shares at the expense of conventional vehicles.

Despite this innovation trend, other additional technological advances are
required in order for the battery to be widely applied to electric vehicles. For this
reason, current policies regarding Li-lon battery are more concentrated on
stimulating R&D rather than its diffusion. The US Department of Energy in 2011
has encouraged investments through its Office of Science in basic research that are
channelled through the Massachusetts Institute of Technology (MIT). This has
resulted in the development of a new material known as the “new nanostructured
cathode” which can be applied to battery technology (Perdiguero and Jiménez,
2012).

Many venture capital start- ups are emerging in the U.S. lithium-ion battery
market, many of which are based on licensed technology from U.S. national
laboratories and universities. They are accelerating the technology transition from
laboratory to mass production. Considering that battery technology requires further
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advances to address costs, range and recharging issues, the Li-lon battery may not
be the ultimate solution.

6. Conclusions

Literature has deeply analysed policies for the development of innovations, but
concentrated much less on the policies for innovations diffusion. To fill this gap, the
study highlights that an effective approach to the diffusion of a new technology
should be based on a careful analysis of the diffusion barriers and on a set of policies
that simultaneously acts on these barriers.

Diffusion policy should ease the constraints and rigidities that slow down the
diffusion of new skills, technical capabilities and the later technological innovation.
In particular, diffusion oriented policy aiming at increasing the acquisition, diffusion
and assimilation of technology in an industry should be oriented at reducing
diffusion barriers.

The framework presented in the paper analyses diffusion policies in terms of the
barriers to the diffusion of innovation that each policy is able to reduce. These
barriers consist of the costs that potential adopters should pay to adopt a new
technology. From the review of the foremost studies on innovation management, we
identified three main sources of costs: technology costs, adopter costs and network
costs. Diffusion policies should be directed to specifically easing these barriers and
supporting effective innovation diffusion.

The narrative case of the Li-lon battery technology diffusion in the U.S. shows
that both public and private policies are often focused on the reduction of such
barriers.

The case provides a clear picture of the many bottlenecks that a hew technology
may encounter during its process of diffusion and conveys the sense of the multiple
interventions that are required to sustain the diffusion of a critical innovation. In this
respect the U.S. government is playing a crucial role in catalysing the process of Li-
lon battery innovation and diffusion. The ARRA package helped expand the
national battery industry, reducing constraints to a wider adoption of Li-lon battery
in electric vehicles. Using a wide range of policies, the U.S. government played the
role of technology sponsor and diffuser.

Moreover, it is worth noticing that in the battery technology field there exists a
bi-directional and cyclical linkage between innovation and diffusion policies:
policies aimed at technology generation could improve technology diffusion and
vice-versa (Hahn and Yu, 1999). In particular, R&D or industrial policies could
have a secondary but relevant effect on the Li-lon battery technology diffusion
(Stoneman and Diederen, 1994).

The implications of the paper are manifold. From a theoretical standpoint, the
paper opens the path towards the deepening of a subject that is still little studied.

As a matter of fact, innovation management literature generally focuses on
mission-oriented initiatives and is still small and fragmented as regards to diffusion
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policies. To the best of our knowledge, there are few works that specifically analyze
or synthesize diffusion policy in the management field. Discussions on diffusion
policy are often misplaced in final research implications.

Instead, the paper firstly provides a classification of the barriers to the diffusion
of a new technology, providing a different perspective of theoretical studies on the
diffusion of innovations. In addition, it proposes a theoretical framework that links
the policies to support the dissemination of an innovation to the diffusion barriers
for the first time.

For policy makers the study provides a conceptual tool to guide their choices in
supporting the diffusion of relevant technologies, considering that the “diffusion
oriented” paradigm has become a trend of some countries’ technology policy.

In fact, Chiang (1991) highlighted that diffusion-oriented countries, such as
Japan or Germany, have performed better economically than “mission-oriented
countries” like France or the UK. The key notion of diffusion policy, which is
focused on the acquisition, diffusion and assimilation of a new technology, is to turn
a country into a “smart follower” by adopting a new technology instead of an
innovation developer.
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