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Importance This paper deals with the efficiency of governmental incentives to the market of electric vehicles.
Objectives The paper aims to quantify different governmental incentives through modeling.

Methods The study applies a correlation-regression analysis, test for equality of means for two independent
samples, and the Mann-Whitney test.

Results The paper provides models of paired linear regression to describe how governmental subsidies for
purchase of electric vehicles (EV) and EV charging infrastructure level influence the EV market volume. Based on

the test for equality of means, | found out that preferential parking rates, access to public transport lanes and
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restricted driving zones, tax credits on EV purchase and preferential electric power supply tariff have no

statistically significant impact on the annual EV market volume and EV dissemination. The results were verified
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through the Mann-Whitney test.
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Introduction

Automotive industry is an important link in the global
economic architecture. It contributes about 10 percent
to GDP of developed countries (Japan) and creates from
one tenth (EU countries) to one sixth (USA) of the total
workplaces in the overall industry. Automotive
engineering consumes about a half of total oil produced
worldwide, over one forth of manufactured glass,
generating substantial multiplicative effects [1].

In Russia, the motor vehicle market accounts for 1.5
percent of GDP so far, including dealership and

"For the source article, please refer to: Mocndos B.B.
MogenvpoBaHue 3$pdeKTMBHOCTV Mep rocyapCTBEHHO NOAAePXKN
Pa3BUTKSA 31€KTPOMOBWILHOMO TpaHcnopTa. PHAHCOBAsA aHaINTVIKa:
npo6nemsbl 1 pewweHns. 2018. T. 11. Ne 2. C. 140-153.
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Conclusions and Relevance The received models can be used to forecast parameters of the Russian EV market
provided that some governmental incentives are in place.
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services, and employs 1.4 million people, with the share
of the automotive industry not exceeding 0.5 percent of
GDP.

However, demand for automotive products generates
the need in high-tech products manufactured in
the chemical, metallurgical, electrotechnical and other
industries, thus providing jobs to over 3.5 million
people' Therefore, the State supports the automotive
industry development as one of its priorities.

During the crisis periods of 2008-2009 and 2015-2016,
the  governmental policy lured automotive

! Tendentsii razvitiya avtomobil’noi promyshlennosti, resul'taty
2014-2015 godov i srednesrochnye perspektivy razvitiya otrasli [Trends
in the automotive industry development. The 2014-2015 results and
mid-term prospects of the industry development]. Moscow, Ministry
of Economic Development of the Russian Federation, 2016.
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manufacturers to localize their production, and directly
backed demand. During the 2008-2010 and 2016
periods, the automotive industry received USD 130
billion and USD 113 billion in financial aid for crisis
management purposes.

However, despite such considerable allotments from
the budget, imported components still have
a 72-percent share in automotive production costs,
while production output and sales going down annually.
Idle production capacities affected financial results of
enterprises as their net loss reached RUB 102.3 billion
in 2015.

Considering the maturity of global automotive market,
the Russian enterprises have little opportunity to

increment the production of conventional motor
vehicles  since  similar  products of leading
manufacturers outperform it technologically and

economically. Breakthrough technologies seem to be
one of the promising and realistic areas for the State to
support the automotive industry since they are
intended to address old structural issues of
the industry. Such technologies, first of all, include
electric vehicle technology, automated driving systems.

Currently, leading car manufacturers actively develop
electric and hybrid car programs (Fig. 7) and intellectual
car driving systems. If the latter of the technological
advancements is in limited use only (mainly in artificial
driving scenarios), the first one has already passed
the industrial probation.

The global market of electric cars has been rapidly
growing for the recent decade, being spurred by various
measures of the State aid. Many Russian [2-4] and
foreign [5-10] economists delve into the efficiency of
such measures. However, governmental incentives have
not been quantified yet due to limited statistical data,
which the new electric vehicle market has not
accumulated sufficiently.

This research aims to construct econometric models to
evaluate and forecast quantitative effects of various
governmental incentives to electric vehicles.

The pool of information comprises analytical materials
of the International Energy Agency (IEA)’, national and

2 Global EV Outlook 2016. Beyond One Million Electric Cars. Paris,
International Energy Agency, 2016, 51 p.
URL: https://www.iea.org/publications/freepublications/publication/
Global_EV_Outlook_2016.pdf; IEA. Energy Technology Perspectives.

regional programs for electric vehicles development in
the USA, Japan, France and China [11]°.

Analysis of Global Incentives Stimulating
Demand for High-Tech Products

The same principles govern States in supporting
the automotive industry likewise the other innovative
sectors of economy (for example, renewable energy?).
They can be conditionally divided into measures
supporting R&D, production and demand for innovative
technology.

Whereas the automotive industry is a mature sector of
economy, in the majority of developed countries R&D
and production development are within
the competence of the profit-making segment of
national innovative systems [14].

Leading global auto groups make huge financial
injections into R&D every year, being innovative drivers
of their national economies (Fig. 2 and 3). For instance,
Volkswagen takes the lead among 2,500 global
companies benchmarked by their R&D investment
(Industrial R&D Investment Scoreboard).

Maintaining demand for such auto groups' products,
countries follow different strategies by supporting
export and conquering foreign markets, fueling the race
of standards (for example, environmental footprint) and
making public procurement [2, 15].

The research referred to herein gives a detailed view of
the best-in-class experience in electric vehicles support
and development [2]. The scholars highlight financial
support measures and various types of non-financial
benefits (operational preferences), which car owners
may enjoy in various countries.

| analyzed how frequently States resort to various types
of governmental incentives to develop the uptake of
electric vehicles. As the analysis shows, countries tend

Paris, International Energy Agency, 2016.

3 paris Declaration on Electro-Mobility and Climate Change and Call
to Action. Paris, UNFCCC, 2015. URL:
http://www.iea.org/media/topics/transport/pariselectromobilitydeclarati
on.pdf; Compilation of the Road Map for EVs and PHVs toward the
Dissemination of Electric Vehicles and Plug-in Hybrid Vehicles. Ministry
of Economy, Trade and Industry, 2016.

URL: http://www.meti.go.jp/english/press/2016/0323_01.html

“International Tax Incentives for Renewable Energy: Lessons for
Public Policy. San Francisco, Center for Resource Solutions, 2005, 27 p.
URL: http://dx.doi.org/10.15405/epsbs.2017.01.69
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to preferential parking rates, tax benefits for motor
vehicle operation (for example, road tax), full or partial
sales tax exemption and direct governmental subsidies
to reimburse some costs for purchase of an electric
vehicle.

As for the amount of subsidies and benefits, they
considerably vary and sometimes account for 49
percent of the initial market price of an electric car
(Table 1).

Furthermore, electric vehicle charging infrastructure is
a crucial and expensive part of the State support to
electric vehicle development. The EV charging
infrastructure is more often than not formed and
developed through the Public Private Partnership
mechanism [2].

It is noticeable that demand for electric vehicles is
institutionally supported not only in the countries
where such vehicles are manufactured (USA, China,
Japan, Germany), but also in those ones, which do not
yet have EV producing enterprises (Denmark, Norway).
Therefore, | did not find an empirical corroboration of
the opinion circulating in the literature (for example, in
researchers referred herein [2, 16-18]°) stating that
national governments support the electric vehicle
development with the intention of taking the global
technological lead in this area.

Modeling the Impact of Various Governmental
Support Measures
on the Electric Vehicle Market Indicators

To construct econometric models reflecting what
impact the governmental support measures have on
electric vehicles, | rely upon annual reports on the
Technology Collaboration Programme on Hybrid and
Electric Vehicles of IEA® for 2014-2015 and analytical
overview of the global electric vehicle market’.

>Smil V. [All Cars will be electric cars in the near future]. Glavnyi
mekhanik = Chief Mechanic, 2011, no. 3, pp. 30-32. (In Russ,); Technology
Collaboration Programme on Hybrid and Electric Vehicles (HEV TCP).
Hybrid and Electric Vehicles. The Electric Drive Chauffeurs. Annual
Report Prepared by the Executive Committee and Task 1 over the Year.
Paris, IEA, 2016-2017, 378 p.

®HEV TCP Annual Report over 2016: The Electric Drive Chauffeurs.
URL: http://www.ieahev.org/news/annual-reports

7 Global EV Outlook 2016. Beyond One Million Electric Cars. Paris,
IEA, 2016, 51 p.
URL: https://www.iea.org/publications/freepublications/publication/
Global_EV_Outlook_2016.pdf

As the first step, | conducted an investigative correlation
analysis in order to trace the closest statistical
relationships between quantitative variables, which
reflect the situation in the most advanced national
markets of electric vehicles, and governmental
incentives (Table 2).

Afterwards | forge four models of paired linear
regressions for those variables that reveal the closest
correlation.

Please find below the model showing the way one-off

subsidy for electric vehicle purchase influences
the market volume:
Y=0.017X, M

where Y stands for the market volume for the year (pcs);
Xis an amount of subsidies (EUR).

If viewed through F-test, the model is statistically
meaningful for the level p = 0.001. Standard error of
regression coefficient is 0.0025, coefficient of model
determination R* = 85% (high explanatory level).

Reflecting the impact of the EV charging infrastructure
level on the market volume and being built on the U.S.
data, Model 1 is expressed as follows:

Y(t) = 38.39X(t - 1) + 30,559.82, (2)

where Y(t) is annual market volume within the t-period
(pcs);

X(t - 1) is the number of fast charge devices within the
period t - 1.

If assessed through F-test, the model appears to be
statistically meaningful at the level p = 0.01. By t-test,
the regression coefficient is of statistical value at
the level p = 0.01, while the model intercept behaves so
at the level p = 0.05. Standard error of the regression
coefficient and intercept is 5.22 and 10,798.88
respectively. The coefficient of R* model coefficient
equals 93 percent (high explanatory level).

Reflecting the impact of the EV charging infrastructure
level on the market volume and being based on the U.S.
data, Model 2 is expressed as follows:

Y(t) = 4.8X(t - 1) + 30,564.59, (3)

where X(t - 1) is the number of slow charge devices
within the period t - 1.
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If assessed through F-test, the model is of statistical
value at the level p = 0.01. By t-test, the regression
coefficient is statistically meaningful at the level p =
0.01, while the intercept of the model behaves so at
the level p = 0.05. Standard error of the regression
coefficient and intercept is 0.67 and 10,805.98
respectively. The coefficient of Model 2 determination
equals that of Model 1, i.e. 93 percent (high explanatory
level of dependent variable).

Reflecting how publicly subsidized cost of electric
vehicle influences the uptake of electric vehicles,
the model is expressed as follows:

Y=0.265X, (4)

where Y is the uptake of electric vehicles (percentage of
all operational electric vehicles);

X is percentage of electric vehicle cost subsidized.

If assessed through F-test, the model appears to be
statistically meaningful at the level p = 0.005. By t-test,
the regression coefficient is of statistical value at the level
p = 0.005. standard error of the regression coefficient is
0.073. The coefficient of determination is 55 percent
(medium explanatory level of dependent variable).

To check the impact of other governmental incentives,
other than quantitative one (parking benefits, access to
public transport lanes, restricted driving zones,
preferential electric power supply tariffs and tax
credits), | carried out a series of tests for equality of
means and Mann-Whitney U tests (the latter is
advisable if analyzable samples are not that ample [19]).
Table 3 presents results of both tests performed using
STATISTICA 10.0 software package.

As the test statistics show, none of the analyzable
factors has a statistically meaningful impact on

the electric vehicle market indicators (uptake level and
market volume). However, it would be erroneous to
report that these governmental incentives are
ineffective. The governmental incentives are likely to be
effective but if they are complemented with more
powerful factors, such as subsidizing some part of
market value of an electric vehicle and EV charging
infrastructure development.

Conclusions

Reflecting how financial aid influences indicators of
national EV markets, the proposed models can be used
to forecast the development of the EV market in Russia
under certain circumstances (some incentives in place)
and decide on those types of incentives which are
believed to generate the greatest effect per unit of
investment.

Furthermore, the models may help assess how much
investment is needed to deploy the EV charging
infrastructure and reach certain benchmarks of
the national EV market.

It is noteworthy that the proposed models can (and
should) be adjusted and get more sophisticated as new
statistical data are collected. For example, they might
include several regressors instead of one to explain
the dependent variable. Presented in the formulas (1)-
(4), they give just a general outlook of the most
common and explicit patterns in the global EV market
development. They are not yet configured to some
country distinctions, such as the level and dynamics of
the vehicle-to-population ratio, cost of conventional fuel
(petrol, gas) and electric power tariffs, stringency of
local environmental laws, etc. My further research will
be dedicated to elaborating the proposed approach by
collecting and analyzing new statistical data.
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Table 1

State subsidy assistance for purchasing and operating an electric vehicle in different countries

V\V. losifov / Digest Finance, 2018, volume 23, issue 2, pages 133-141

Country Percentage of subsidies Subsidies (total amount), EUR One-off subsidy for EV purchase
of the total price
South Korea 30 19,888 13,488
Denmark 49 19,466 19,466
Norway 45 15,907 14,113
China 23 14,469 14,469
USA 18 9,319 6,989
Spain 3 6,412 5,500
France 18 6,300 6,300
Netherlands 17 6,188 3,380
United Kingdom 15 5,508 5,298
Japan 10 4,369 4,369
Germany 13 4360 4,000
Sweden 12 4,156 4,156
Switzerland 5 1,670 1,262
Portugal 2 925 331
Italy 0 94 94

Source: Authoring based on [22]

Table 2
Results of correlation analysis of the dependence of the EV market indicators on the State support
Indicator Share of subsidy Total subsidies One-off Infrastructure level Uptake of electric vehicles Market
in the value subsidy for EV volume
purchase
Share of subsidy 1 - - - - -
in the value
Total subsidies 0.75 1 - - - -
One-off subsidy for EV 0.7 0.96 1 - - -
purchase
Infrastructure level 0.77 0.89 0.84 1 - -
Uptake of electric vehicles  0.71 0.35 0.38 0.07 1 -
Market volume 0.7 0.84 0.85 0.95 -0.01 1
Source: Authoring
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Table 3
Results of the tests for equality of means and Mann-Whitney tests
Dependent variable Grouping variable T-test in the test plevel Zof the Mann - p-level
(factor) (0 - No,1-Yes) for equality of t-test Whitney test of Ztest
of means
Uptake of electric vehicles Parking preferences -0.16 0.87 0.94 0.34
Access to public transport ~ 1.13 0.28 1.22 0.22
lanes
Preferential electric -0.67 0.51 -0.26 0.79
power tariff
Tax credit 0.29 0.77 -1.16 0.24
Market volume in 2015 Parking preferences 0.34 0.75 0 1
Access to public transport ~ 0.29 0.22 1.54 0.12
lanes
Preferential electric 13 0.22 0.56 0.57
power tariff
Tax credit 0.35 0.73 -0.64 0.52

Source:Authoring

:Z::li i1n the distribution of the leading electric vehicle brands in the U.S. market, 2011-2017, pcs
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Figure 2
The share of automotive companies in total funding for R&D of companies on the Top-50 World Industrial R&D Scoreboard, 2012-2015
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250,000 242,513.2
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o
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E 150,000
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M Total funding for R&D M Automotive enterprises

Source: Authoring based on the European Commission Joint Research Center data. URL: http://iri.jrc.ec.europa.eu

Figure 3
Frequency distribution of various governmental incentives for electric transport development
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