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Themost important barriersto the development of electromobility in Poland

Abstract: In accordance with the Strategy for Responsibleel@ment, by 2025, over 1
million electric cars powered solely from BEV baitts are to travel on Polish roads [24].
However, although such cars have a number of adgastsuch as lower maintenance costs,
higher acceleration, lower maintenance requiremela®er noise levels than internal
combustion cars, and above all no emissions ar thlece of use, BEV's share in the
automotive market remains small and in 2018 yea erdy 0.1%. Such a marginal number
of currently used BEV electric cars in Poland, m®vhat the electric mobility market is still
in the initial phase and its development limitsioas difficulties. This article discusses the
most important barriers to the development of ebagobility in Poland related to with the
price of buying an electric car, the range of dmvion a single charge, infrastructure
dedicated to them. Solutions have also been prdposhkich should certainly affect the
decisions of users when choosing a vehicle witlivargtype of drive, and consequently the
development of electromobility.
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Introduction

Transport is considered to be one of the most itapbfactors stimulating economic activity

as well as economic growth and development. hasks to him that the efficient and proper
functioning of other branches of the national ecopdoecomes possible. Expenditures on
transport cause not only its development but atslirectly other parts of the economy [2],

thus determining its competitiveness and efficiency

Unfortunately, transport, apart from numerous bimemanifested in economic
progress and development, also carries a very fisghn the form of external costs [4, 22],
i.e. noise and vibration, surface and groundwatdiuon, soil contamination, microclimate
changes, land take for the construction of trartspetworks, accidents and, above all, air
pollution (including CQ and other gases causing the greenhouse effect)ginrexhaust gas
emissions (tald).

In 2016, along with the energy sector, the transwas the main source of greenhouse
gas emissions in the European Union and was resgpersr 27% of their emissions [11], of
which around three-quarters of emissions from #asnomic activity were caused by road
transport, and passenger cars in particular.

Hence, the 21st century brings many questions athmuffuture of the automotive
industry. The last three decades have seen rapiglggenent in internal combustion engine
technology. This was a consequence of the impromeofemanufacturing techniques and the
introduction of electronics to the automotive inys While previously manufacturers
focused on improving engine performance and efimye growing environmental awareness
and new legal requirements have contributed tofdhes on performance optimization and
savings technology. As a result, modern cars paieyenternal combustion engines are less
harmful to the environment and reduce noise emissiavhile maintaining excellent
properties [14]. However, on a sectoral basis,iftifgact remains significant, not least due to
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the increasing number of vehicles on the road [B&J. 1 shows the expected increase in the

number of cars with internal combustion enginesipeed in the world, which is forecast to
produce over 100 million units in 2020.

Tab. 1. Transport impact on the environment [38]

Etr;\lllirrgg;nccin Air pollution Water pollution L?grldagd Heiégt;nd
1 2 3 4 5
land use,
landscape
constant destruction,
population

displacement

emissions of CO2

: acid rain, . .
during and other . accidents, noise,
. spread of pollution  harmful : :
operation  greenhouse gases influence vibration
(including HC2)
. . spread of spread of spread of toxic leaks, risk
risk during hazardous :
. hazardous hazardous . of fire and
reloading substances, risk :
substances substances of fire explosion
Compared to the effect during normal
congestion operation, congestion has a greater impact due

to wasted time and reduced energy efficiency
Impact rank according to environmental elements and modes of transport

roads *k% * *k% *k*k
rail *b ** *
waterways *x *
maritime . . N
transport
air transport * * *

* low impact, ** significant impact, *** very sigrficant impact; b - plus the activity of the
power plant; ¢ - the impact can be significant wharaccident occurs
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1. Projected number of cars produced in the worlaGs0 [11]

Therefore, the continuous increase in the demanttdasport requires taking further
steps to limit its negative effects [12, 36].

In connection with the above, but also due to thimg oil prices, car manufacturers
are looking for other propulsion sources than ttternal combustion engine. It should not be
forgotten that oil resources - the raw material tfog production of fuels used in cars - are
limited, and most of the deposits are found intaallly unstable areas [28, 29]. Both of these
factors carry the risk of an automotive. Vehiclenuiacturers are aware that the one that
meets the needs of an alternative solution, cheapdrno less reliable than an internal
combustion vehicle, may become a leader in thenaniive industry. At present, apart from
the dangers of the crude oil market, the ecolodcaihd image is also very important and has
a direct impact on sales results. It is relatethtincreasing social awareness and effective
lobbying of environmental organizations. An altéiveto internal combustion engines seems
to be cars with a BEV electric motor.

Share of electric carsin the automotive market in Poland

By analyzing the global statistics of the growtkeraf electric cars (Fig2) and being aware
of the EU requirements regarding, inter alia, inyeroent of air quality (e.g. reduction of
GHG (Greenhouse Gas) from transport by 60% to 2850990 [23]), Poland will also face
the era of electricity in transport. The Ministrf Bnergy assumes that one million electric
cars will be registered in the country by 2025 (€&).

Tab. 2. Planned growth path in the number of electric aaioland, 2018-25 [30]

Y ear New BEV registrations Number of electric cars
1 2 3

2018 7872 13576

2019 18 734 32 310

2020 44 588 76 898

2021 106 119 183 017
2022 183 017 366 034
2023 183 017 549 051
2024 274 525 823 576
2025 205 894 1029470
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However, despite the fact that the number of nevdgistered electric cars is

constantly growing year by year (Fi8). (medium-term rate of changg=36%), the share of
BEV electric cars in Poland is still only 0.1% inet automotive market. However, in the
European Union, it is at the level of 0.8% (Bjg.
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Barriersto the eemobility development
The marginal number of currently used BEV electiges in Poland proves that the electric
mobility market is still in the initial phase. ltevelopment is limited, among others, by such
barriers as:

* EV purchase costs, largely determined by the cbshe battery (the weight of the

battery is also a barrier),

» poorly developed charging infrastructure,

» short travel range on a single charge (batteryagpa

* long battery charging time.

Purchase cost and limited choice

Today, having an electric car - although it has ynaavantages - is still quite burdensome for
the user. The first difficulty when buying suchehicle is a limited choice and then the price.
In 2018 (as of 06.2018), consumers could choosa @oly fifty-two BEV models (in Poland

- 15 models [8]) with over four hundred ICE (IntafrCombustion Engine) models. Often,
BEV models cannot be viewed in the showroom, aner gdurchase, you have to take into
account longer waiting times for collection. Moreovnot all dealers sell such cars. For
example, a Volkswagen with an electric drive carbbeght in Poland and then serviced only
in 4 out of 85 dealerships of this concern [19].

Almost all consumer studies have shown that ondhef main obstacles to the
implementation of e-mobility is the higher price lwdttery electric cars compared to similar
models with conventional combustion engines [37,41].

This is also confirmed by research carried out lantér Public, which shows that the most
important factor when buying a car is its pricegUfe 5 presents the results concerning the
answer to the questioihat criteria are the most important for you when purchasing a car?
(more than one answer possible) [21].

b

9] .
e L b 24% ) Osoby prywatne L Przedsighiorcy

5. The most important criteria taken into accounth®/buyer of a car in Poland [21]

Currently, in Poland, for a car powered only bya#tdry, you have to pay at least PLN
100,000 PLN (exception: two-person Renault Twitzgom 53 200 PLN) (Fig7). Comparing
their price with their counterparts with internalngbustion engines, it is at least twice as high
(Table 3). At this point, it should be added that for maygars, among Polish car buyers,
vehicles imported from countries located west ofaRd's borders have been very popular.
They are often over 20 years old, according to ity in 2017 they accounted for 33.7% of
the automotive market. In 2018, more than half@# rcar registrations were registrations of
cars over 10 years old (Fig). Such a large interest in such cars is undouptedé to the
purchase price, which is the maximum amount of mada0,000 PLN.
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Tab. 3. The price of selected, new passenger cars with various engines in Poland (PLN) [24]

EV 778 771
BRAND MODEL PRICE MODEL PRICE MODEL PRICE
1 2 3 4 5 6 7

. 128 000 — 72 000 — 72 000 —
Nissan Leaf 165 000 Juke 24 000 Juke 29 000
121 900 — . 56 500 -63 . 46 000 —

Renault Zoe 143 000 Clio 000 Twingo 62 000
86 000 — 80 000 —

Volkswagen  e-golf 162 890 golf 118 000 golf 94 000
Volkswagen  e-Up! 115190 - - Up! 40 000

do 4 lat; 10%

[NAZWA KATEGORII];
[WARTOSC]

[NAZWA KATEGORII]

6. First registrations of used passenger cars, January-November 2018 - age structure (own
study based on [34])

7. Electric car prices (PLN) [39]

Figure 7 shows the prices (PLN) of new EVs, and for selected ones, Table 3 compared
with the prices of conventionally powered cars of similar power and equipment.

Charging infrastructure

The problems related to the dissemination of battery-operated cars should be considered not
only in terms of finance but also their efficiency, long charging time and infrastructure
barriers.

The infrastructure in this market relates mainly to the network of charging stations on
which the mobility of electric vehicles depends and appears to be a key barrier to market
diffusion, as well as a major source of concern for consumers to change their preferences.
According to research conducted among Polish drivers, the lack of generally accessible
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charging infrastructure is currently one of the mndactors discouraging them from
purchasing an electric car [6, 21, 32].

In 2018, the number of public charging points inaAd was 631 (Fig8), which
means that there were 6 PEV (Plug-in Electric Viehicars for each of them (Fi@).
Directive 2014/94 / EU "Clean Energy for Transpart'the European Parliament and of the
Council recommends that the Member States haveobkcly accessible charging point for
every 10 registered electric and plug-in hybridsci]. It follows that the number of such
chargers in Poland is currently sufficient.
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8. Number of public charging points in Poland, 2000-2 (own study based on [9])
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9. Number of PEV per one public charging point indPal, 2008-2018 (own study based on
[9])

However, in the current conditions, when the battapacity is small, and thus the
range of PEV vehicles is small, the location oflgubharging points is of great importance.

Figures10 show the location of public charging points in &wal, which shows that
they are mostly located in larger cities. This nsetrat with their current location, it is not
possible to use such a car for further journeys, feom Warsaw to Gdesk, without top-up
during the journey. Being aware of this, Polishvdrs fear that when the battery in their car
runs out, they will not be able to recharge it ggiblic chargers and continue their journey.
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10. Location of charging stations in Poland (as oft8eyber 2018) [33]

However, the problem with the placement of charginmts is not the only difficulty
with the infrastructure of electric cars. Accesd is very often difficult. Many times, in order
to be able to use the charging, you must call aakenan appointment in advance. It may also
turn out that the charging station cannot be ussduse there is no suitably qualified person
who could start the charger. It also happens tiafree charging at the car wash can be used
only after purchasing the most expensive packagg [1

Battery charging time and limited range

Electric cars, in many respects, have an advardagecars powered by internal combustion
engines, they also have one serious operationabdbsitage: limited range. An internal
combustion car can travel about 600-800 km on am fank. Filling the fuel tank and
continuing the journey is not a challenge (apastrfrfinancial) and after just a few minutes
after reaching the gas station, you can go on.

Unfortunately, when traveling by electric car itigrrently not realistic. Tabk shows
the charging duration, which can range from moent®0 hours to 20 minutes depending on
the type of charger and BEV model. The shortese timm charge the battery is with quick
chargers, which in 2018 accounted for 23% of plphwailable chargers in Poland (F&).

In addition, table4 shows the distance that can be traveled by arrielear on a single
charge.

It should be remembered that the ranges specifigtidomanufacturer can be achieved
only under optimal conditions - driving at a lowdaconstant speed, gentle acceleration, not
using heating and air conditioning and other en@gysuming devices, with a low load of
the car (without passengers and luggage), as wellith appropriate ambient temperature. It
is difficult to meet all these conditions at thensatime, therefore the real range is much
lower.

For example, the range of the Tesla S with batew@ to 100 kWh, at an ambient
temperature of -10 °C, heating turned on, a consfaeed of 102 km/h, drops from 800 km to
about 370 km [18]. The range can be even lessufnged to accelerate frequently and the
driver needs to do so dynamically, or if you wamtgb faster. You can try to increase the
range by adding more batteries, but this is astmtiaith a significant increase in the price of
the car and its weight, which in turn causes eveatgr energy consumption [20].
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Tab. 4. Charging time for selected electric cars availablPoland, depending on the type of
charger (own study based on [1])

Charging time [h]

Leve 1
Brand and Total range (devices Leve 2 Level 3
model (km) mstq]led n (dlow chargers) (fast chargers)
private
households)
1 2 3 4 >
smar'g fort\_/vo 109 13,6 3,4 0,32
Electric Drive
BMW-i3 130 16,2 4,05 0,38
Volkswagen e- 134 16,6 4,15 0,39
Golf
Nissan Leaf, 24
o 135 16,8 4,2 0,4
Nissan Leaf, 30
o 172 21,4 5,35 0.5
Conclusions

According to the research conducted among PolesBEV price is undoubtedly the biggest
obstacle to the development of electromobilityislta significant barrier for both private
individuals and entrepreneurs. Moreover, when ihes to financial issues, respondents also
have serious concerns about the cost of using saich A group of consumers even believe
that the costs associated with the operation al@ctric car are much higher than in the case
of vehicles with a conventional drive [25]. Meanighitoday, from an economic point of
view, the total cost of ownership of a TCO electtimr is lower than a vehicle with a
conventional engine [15].

Therefore, a special role of decision-makers indéeelopment of electromobility in
Poland is to make consumers aware of the benefitasmg electricity, such as lower
operating costs and less harmful to the environmiens also important for principals to
launch, above all, a set of financial incentivegha form of subsidies for the purchase of a
vehicle and the expansion of a dense network ofipehargers. These non-fiscal ones, i.e.
driving bus lanes, free parking in paid placesity parking lots, which have been in force
since February 22, 2018, did not contribute toeasing BEV sales in Poland.

According to the report published on October 311 2My the European Automobile
Manufacturers Association [16], there is a corretatbetween the increase in sales of
electrically charged cars and the privileges pregdsy the principals due to BEV ownership.
Therefore, for some time now, there has been angtiwend in Europe to support
electromobility in this area. Financial incentivaax breaks, and exemptions and other
incentives are offered to individuals, companie®] #cal authorities wishing to invest in
building public charging points. An example of hamuch the implemented stimulus can
affect the development of EV infrastructure was tae reduction introduced in 2014 in
France for companies that install a charging pointheir buildings. The adopted solution
brought the intended effects, as already in 201%harease in the number of chargers was
recorded compared to 2014 by 482% [35]. Additiognadin extended network of charging
points would increase the chances of finding agdrathat would be compatible with a given
car.

In addition, the legislator has to face one moneiteqserious problem that will
undoubtedly affect the development of electrompil the country. Currently, with more
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and more cities in Europe imposing restrictionstio@ use of diesel cars or even banning
them, diesel depreciating in some countries is inge@ more attractive in others. Cheap cars
that do not meet new air protection standards, idersd obsolete in some markets, may
become attractive and at the same time problerfatiothers. Increased imports of used cars
with traditional drive may block the natural repagent of the fleet, with all negative effects

on the natural environment, delaying or even dgstgpplans related to the electrification of

the transport sector. In the last quarter of 2@0@®&er diesel cars were registered for the first
time (18%) than a year ago, i.e. 1.2 million. Irstiespect, Poland is an exception in Europe.
At the same time, i.e. in the last quarter of 20BB8 thous. new cars with a diesel engine,
4.3% more than last year. Apart from Poland, regfisins of new cars with diesel engines

increased only in Bulgaria [23].

To sum up, subsidies for purchase, a dense netwfgrlablic charging points, as well
as awareness of using a car that is cheaper tatepand has a less negative impact on the
environment should certainly influence the decisiohusers when choosing a vehicle with a
given type of drive, and thus the development edacbbility.
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