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Abstract:

In this paper we review the available methods, r#odad results about
the diffusion of electric vehicles and the evaloatof related policy. We
show that existing models often relate to contéhds are not relevant for the
design of policies that could take place in EurdpMe also find that many
models rely on exogenous diffusion assumption amd reot intended to
simulate the effects of alternative policy packagesich can significantly
limit their scope. Moreover we find that only a fefthe studies presenting
themselves as costs-benefit analysis really periehat they claim. We also
draw some conclusions on the features of modelswbald be needed to
derive recommendations relevant in the Europeaisypiyamework.



1. Introduction

Electric cars as an alternative to conventionakrimal combustion
engines are becoming increasingly popular amonigypatakers as well as
the general public since they supposedly appeaa agay to address
environmental issues as well as the rising pricesossil fuels. In this
context, a number of countries are considering fious policies in order to
foster the diffusion of such technologies. It isMewer unclear how such
policies can represent a welfare improvement f.thair social benefits are
larger than their costs. This is already apparensicering the high costs of
some measures decided in given countries (consid8000 € premium
proposed in numerous European countries) and gtetargets of this policy
(consider the target of 1 million vehicles in 2086t by the German
government). Such high targets and heavy costsigmmt, in themselves,
be a sufficient rationale for rejecting these pekdout they strongly suggest
that they should be submitted to rigorous assessmen

In order to assess the validity of these policykpges, one needs to
establish a consistent evaluation framework based e realistic
representation of the mechanisms leading to thesiloin of electric vehicles
and a comprehensive representation of the costbamefits that accrue to
the different actors.

In this paper, we present the main existing motteithe simulation of
diffusion and for the evaluation of electric camgdther with the main
findings of Cost Benefit Analysis. In a conclusigection we propose a
number of guidelines for future developments.

2. Existing models and results

The literature regarding the diffusion of electiiehicles consists of
several types of material: diffusion forecast (whigypically provide the
foreseen development of electric vehicles in amigentext), models (that
allow for large scale simulation of various pol&genarios), and evaluations
(which provide results about the costs and benefifmlicies). While these
different materials should theoretically be intedd, it is often found that
they are quite distinct which makes it possible paceed with our
examination using this categorization.

Diffusion forecast

As far diffusion forecast is concerned, the avddamaterial mainly
consists of simplified market penetration forecdsased, mainly, on the
Bass diffusion theory (a methodology defined in B@969, 2004) and used
recently for instance in Becket al (2009)) or ad hoc Stated Preferences
surveys (Achtnicht, 2008; Dagsvik et al., 2002; Mand Fosgerau, 2011).
Some other studies (mainly carried out in a probesd rather than a
scientific context) rely on the concept of Totals€of Ownership (TCO), an
approach that, sometimes with some more extra doatins, substantially



assigns the demand to the most economical techyndfoga critic of cost
driven decision process see Turrentine and Ku00q)).

Bass diffusion models are a way to model mathemiftithe speed at
which the potential market of a given technologwydhieved based on two
types of behaviorsgnnovationandimitation. Stated Preferences surveys, as
far as they are concerned, are based on surveyprnb@ose to consumers
hypothetical products (for instance a gasolinenatlr a given range and fuel
costs, together with an electric car with differgetformances) and obtain
information on how much consumer preferences arsitbee to the different
features (for instance: range, fuel cost). Thionmiation is then used to
simulate consumer purchase behavior when producith wiven
characteristics are introduced in the market.

Forecast and evaluation models

Another important body of literature relates to misdErrore. L'origine
riferimento non e stata trovata. indicates the most relevant models
available to forecast and evaluate the diffusioreleictric vehicles. Such
models can prominently be illustrated by the Ui®jgrt Transition toward
Alternative Fuel Vehicles (TAFV: (Greene, 2001)dats successor (AVID,
(Santini and Vyas, 2005a)).



Table 1 — main existing models for the forecastevaluation of electric car diffusion

transport and environment

Model Country - Time | Type of model Market diffusion approach Observation
frame
TARFV USA Micro economic  welfare Discrete choice model. CoefficientHigh level of resolution among
(Greene, 2001) maximization model derived from microeconomics angdtechnologies and fuel types
(and AVID), partly, economic data
(Santini and Vyas, 2005b)
VISION USA- Spreadsheet model Exogenous market penetratiziffusion pattern is strongly driven by
(Singhet al, 2003) until 2050 assumption for different technologies| numerous exogenous assumptions
(see also VISION CA)
Smart Garage (RMI) USA Spreadsheet model Bass diffusion with exogenou®0Strong focus on time pattern of battery
2010-2030 potential reload
AECOM Australia Market penetration forecast Synthetic Utility Fuont
(AECOM Australia, 2009) | Until 2040
CalCars California Market and policy simulation Nested multinomial logit for ownership
(Kavalec, 1996) 1994-2015 model and technology choice based on RP and
SP data
IPTS transport 20 developed System dynamics Weibull distribution based on gosts Implemented in Vensim
technologies model countries: up tg Wood algorithm to take into accoupt
(Christidis et al., 2003) | 2020 capacity constraints
Vector21l Germany Extended TCO approach TCO+wtp for “advanced vekicl Model includes 9 technologies and 900
(Mock et al, 2009) Until 2030 customer types.
BEV diffusion is exogenously limited
(for instance to 50 % for small cars) to
reflect range limitation
ASTRA EU 27: System  dynamics  modelDiscrete choice model. MNL Implemented in Vensim.
(IWW et al, 2000) until 2050 integrating  macroeconomic Discrete  choice  calibrated qgn

diesel/gasoline competition 1990-200

)

1 Other existing transport models were not consiflérehis table (for instance Transtools. Tremaa}hey offer limited knowledge about.



Electric car evaluation

Apart from these models, which concentrate on theket penetration,
the literature also proposed a number of studibsldal as “cost benefit
analysis” of electric vehicles. Most of the studialling into this category
actually use this terminology improperly, at leéstour view, as they
consider the costs and benefits to car users dBigpnpison, 2006), or
alternatively, the industry, or government agend§osub 2010), or
sometimes omitting the externality component of @@BA (Draperet al,
2008) negating the intrinsic holistic view of cdstnefit analysis that
should consider costs and benefits to societyvelsade.

Some studies however take a broader view on thé.tdfazimi
investigates the effect of electric and alternafiva vehicles on air quality
in the Los Angeles area and provides the $ valuthefrelated benefits
(Kazimi, 1997a; Kazimi, 1997b). This analysis does, however, compare
benefits against costs. Funk and Rabl analysegriliate and social (=
private + external) km costs of electric agairestaline and diesel vehicles
in France (Funk and Rabl, 1999; Rabl, 2002). Tfie@tings indicate that
while the total costs of EV are higher than dietieby are not generally
lower than gasoline cars. Carlson and Johansommwie analyze the
social costs and benefits of the introduction obkty technology among
small cars in Swedish towns (Carlsson and JoharSsmmiman, 2003).
Their main finding is that, due to the differenae taxation between
electricity and fuel, the development of EV willstanore to society than it
will benefit (through the reduced environmentalegmality). Such results
can however be found controversial. While theiuaggtion of no burden
cost of taxation is supported by solid argumentsirt other crucial
assumption that reduced tax revenues is a cosidietg is controversial
and not aligned with the standards of Cost Bergfdlysis as it constitute
a mere transfer between economic adereefe, Griffin and Graham
examined the private as well as the total (privaexternalities) costs and
benefits of new fuels in the US (Keeé al, 2007). The scope of their
research for the current policy process is howdieited in that they

2 In a personal communication, the authors provieesarguments on why there
approach would be valid even considering that tards fundamentally a transfer between
agents.



consider hybrid vehicles (parallel to “advancedsdig and E85) as the
only electrified technology. Interestingly, theimadysis aims at integrating
novel elements in a Cost Benefit Analysis framewitk&: the impact of
reduced oil consumption on US energy security, tBbound effect
(increase in vehicle miles travelled when cheapavelling technologies
are made available). Their finding is thatéasured by NPV, the diesel is
the most promising alternatiVa statement that would seem provocative in
a number of contexts (as, typically, in Europeaesdrbut whose scope is
limited for the current policy discussion due toe thimited set of
technologies considered and to the specificityhefCalifornian context.

PriceWaterhouseCoopers also produced Costs Behaditysis of EV
fleet deployment in Austria (PriceWaterhouseCogp2@99). This study
takes into account changes in taxation, importerggnconsumption, and
infrastructure investments (charging stations, gneplants). While this
study provides interesting insights (for instanbeveing that, in what can
be understood as a no policy scenario, the effeEModiffusion on public
budget is substantially neutral), it fails to reszg the fact that COBA
should treat as generally neutral transfers betvegemt3 and erroneously
associate costs and benefits to decrease/incregeaéral taxation.

In Australia, AECOM performed a simplified Cost Bdibh Analysis of
various policy scenarios in New South Wales (AEC@MWktralia, 2009).
Costs relate to purchase and operating costs ofehieles. Benefits relate
to Green House Gas and mostly, air pollution. mee scenario policies
that are considered can strongly increase thearadfits of electric vehicles
diffusion. Such a result however constitutes a tenpyospect as the Net
Present Value of policies usually becomes posaivg in years after 2030.

As can be observed from this synopsis of previdudiss, the number
of available analysis is quite reduced when comsigehe policy relevance
of the issues and the number of countries whichadlgt are considering
Electric Vehicles policy. Apart from the generaledeof keeping up with
the pace of technological development and to gémemesults in other
contexts than the few investigated areas (Parigd®h towns, California,

% With a provision for second order effects as rtéld for instance opportunity costs of
public costs.



New South Wales, Austria, Australia) the existirgsults need to be
complemented with further investigations.

First, one needs to take into account the linkagjeSlectric Vehicles
development with further economic impacts, and witlelated
(acknowledgedly speculative) employment effectdicikanakers have a
strong focus on the so-called “indirect effectstl@mployment effects. In
the absence of sound, micro-founded analysis, thieypmaking process
can easily be occupied by fuzzy, policy driven,bplproduced figures
which call for more rigorous analysis.

Second, there are some other issues on lgiebar’ benefits like CQ
emissions should be accounted for in a Cost BeAefdysis with national
scope.

Third, more fundamentally, few of these models (@macis an
exception, Keefe as well but with the narrow pectipe of the costs and
benefits to a public agency) are really policy alon tools that would
compare the outcomes of policy scenarios with @gnly defined reference
scenario. Most of them concentrate on examiningirtipgact of an (often
exogenous) EV diffusion. So they evaluate the benef some (undefined)
technology development while arguably, what isvate is not what is the
cost/benefit of the apparition of a new technologyt how a policy can
improve welfare by influencing this development. &/fs needed is a tool
that simulates the effects of policy packages based set of incentives
consistent with the policy currently considereddnjicy makers (Kley et
al., 2010).

Conclusion

In this paper, we have reviewed the existing modals results for the
forecast of electric and alternative fuel vehickesd the evaluation of
related policies. We have found that a number otlels are available.
They basically relate to three paradigms: TCO, 8Reys and Bass
difftusions models with a limited number of additdn heterodox,
approaches.



We found that most of the models available fordHfusion of Electric
Vehicles relate to the North American context andboovide limited
insights into the relevant policy issues for Eumpeountries. Eventually
we found that the Cost Benefit Analysis of Eleciiehicle policy is still
incipient as, to our best knowledge, notwithstagdihe quality and
relevance of the works we have quoted in this lartitone of them
constitute a satisfactory and comprehensive evaludtamework for EV
policies in European countries.

This picture suggests that the community of appéieonomists should
dedicate efforts to the extension of existing medelcusing on a few
features. Apart from the need to develop relevadt@nsistent evaluation
tools, one can propose a number of modeling feattinat should be
considered in order to make the diffusion mechasjsnmand
correspondingly, the policy recommendations, mesdistic.

First, there is a general need to develop adequaideling and
evaluation tools for the European context: manythaf existing models
have been developed for an American context andigedittle insights
about the evolution that can take place in Europe.

Second, we find that a stronger focus should beemadthe model
development about market diffusion mechanisms. &myrof the existing
models, diffusion is exogenous, which makes ituallly impossible to
make policy assessment. In other models, we fiatttie adequacy of the
behavioral parameters is questionable: whethes fiaised on a given SP
survey that can prove very idiosyncratic, or whetihaés calibrated on a
very limited set of data (like diesel/gasoline nerkhares). Additionally,
one should consider how the diffusion theory inEghould be integrated
together with discrete choice models. There is@ewdiscrepancy between
the meaning that marketing science gives to SP dbasarket shares
estimates and the meaning given to these estirbgtésnsport scientists.
How these two diverging approaches should be releshes still on the
agenda of transport modelers and marketing scisntis

Third, one should consider that most of the existinodels present
limited interactions with the energy sector, whités sector will certainly



be impacted by the development of EV and reversatye policy measures
will probably be implemented through the energyaeconsider refueling

stations). Similarly to energy sector, we also oecithat more attention

should be dedicated to car industry and to thg @@issions standard that
this industry will have to face due to EU/443 regign. Such a change in
the regulatory setting is felt to be a major chaimgéne car market and may
constitute a strong input to EV diffusion. In tluentext it is fair to state

that the modeling of EV diffusion should explicittgke into account the
effects of this regulation on the car industry amtirectly on car market.

It is our view that, taking into account these gadions, evaluation
models could become a relevant tool for the dedinibf EV development
policies in European countries.
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