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Abstract: The process of urbanisation is one of the most characteristic features of the 20th century
and the beginning of the 21st century. All economic and demographic forecasts indicate that the
process of urbanisation will continue to develop dynamically. Continuous urbanisation generates a
number of problems that are connected with issues such as urban freight transport, i.e., the problem
of traffic congestion, noise and air pollution. Therefore, recent years have seen a dynamic growth
in programmes intended to alleviate the negative impact of transport on the urban environment. A
number of international projects have been implemented or initiated and resulted in the development
of interesting solutions that enabled the rationalisation of transport and contributed to the devel-
opment of sustainable urban logistics, e.g., BESTUFS, CITY PORTS, CityLog, CityMove, C-LIEGE,
FREIGHTWISE, GRASS, NOVELOG, SMARTFREIGHT and SUGAR. Especially worthy of note
amongst those initiatives are those which are concentrated on the implementation of BEVs (Battery
Electric Vehicles). The authors of this paper have compared selected vehicles of the same brand and
the same manufacturer, with the only difference being their N1 category power source (commercial
vehicles with GVW of up to 3.5 tonnes), that are commonly used for the distribution of goods in
urban conditions. The main purpose of the analysis was to answer the following question: can an
electrical commercial vehicle compete in everyday use with a combustion-powered vehicle in the
current market conditions? To this end, the authors developed a formula to calculate the total cost
of ownership, in which all key criteria for vehicle use were taken into account, utilizing a scenario
method. The utilitarian value of this research arises from the fact that Poland and its problems related
to the issues analysed can serve as a source of preliminary analysis for other countries.

Keywords: electric commercial vehicle; urban logistics; total cost of ownership; market analyses;
electromobility

1. Introduction
1.1. Environmental Hazards in Urban Areas Generated by Transport

Today’s cities and urban areas are facing numerous commercial, social, economic and
environmental challenges as a result of their dynamic development. The global population
is increasingly concentrated in cities. A total of 55% of the global population currently
resides in urban areas, and according to UN estimates, this percentage is expected to rise to
68% in 2050 [1] (Figure 1).
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Figure 1.Predicted percentage of total population living in cities (own research on the basis of [1]). 

Forecasts indicate that urbanisation resulting from the ongoing relocation of people 
from rural areas to cities, along with overall global population growth, could increase the 
total urban population by another 2.5 billion people by 2050 compared to 2018 (Figure 2) 
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Figure 1. Predicted percentage of total population living in cities (own research on the basis of [1]).

Forecasts indicate that urbanisation resulting from the ongoing relocation of people
from rural areas to cities, along with overall global population growth, could increase the
total urban population by another 2.5 billion people by 2050 compared to 2018 (Figure 2) [1].
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In the European Union, the progress of this concentration is even faster (Figure 3)—in
2050, the percentage of the total population living in cities will be almost 84% (Figure 1).

The growth of the population in cities generates other effects, such as the significant
increase in passenger and freight transport, which in turn additionally generates certain
unwanted side effects. A very high density of road traffic is detrimental to the efficiency
of the transport system, due to extended travelling times and higher fuel consumption,
among other things. This reinforces the negative effects of transport, i.e., its significant role
in the increase in air pollution, the greenhouse effect and congestion.

Numerous economic research projects indicate that the costs of traffic jams to society
are high. In the European Union, these costs are estimated at 270 billion euros per year [3].
It is believed that there is a direct relation between the fluency of traffic in urban areas and
projected economic growth in these areas. Paper [4] demonstrates that in the locations of
major traffic jams, more fluent traffic could improve the efficiency of employees by as much
as 30% [5].
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Figure 3. Predicted number of people living in cities in relation to the total population of the European
Union (own research on the basis of [2]).

The growth in the number of vehicles in cities also contributes to higher transport-
related noise and higher emissions of pollution resulting from car exhaust fumes.

According to the International Energy Agency, cities emit 69% of CO2 in Europe, while
urban transport generates over 70% of pollution and 40% of greenhouse gases generated
by road transport in Europe.

The contribution of vehicle transport equipped with combustion engines to atmo-
spheric pollution in general and in cities is shown in Figure 4.
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Figure 4. The share of road transport in air pollution [6].

Incidentally, the World Health Organisation recognises air pollution as the biggest
single environmental health risk in Europe [7,8]. In the EU, air pollution is responsible for
over 1000 premature deaths daily on average, which is more than ten times the number of
deaths resulting from traffic accidents. Additionally, further 6.5 million Europeans have
been diagnosed with serious respiratory and cardiovascular diseases (strokes, asthma,
bronchitis). In Poland, air pollution is responsible for 47.3 thousand premature deaths each
year [9]. In 2013, the EU Commission estimated that the total external health costs from air
pollution were between €330 billion and €940 billion annually [10].

It is worthy of note that air pollution generally affects city residents more than the
residents of rural areas. A higher population density in cities means that air pollution is
emitted on a bigger scale and is harder to disperse than in rural areas. Figure 5 shows the
percentage of the EU urban population exposed to air pollutant concentration levels higher
than World Health Organisation air quality guidelines.
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quality guidelines [11].

Additionally, transportation is highly responsible for the deterioration of the “acoustic
climate” in cities. According to a European Union report [12], more than 50% of people
living in urban areas in most European states are exposed to road traffic noise at a level of
at least 55 decibels, measured in a day–night–day cycle, while 20–30% are exposed to noise
levels above 65 decibels during the day and above 55 decibels during the night.

Estimates of the number of people exposed to harmful noise levels are shown in
Figures 6 and 7.
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It is estimated that long-term exposure to environmental noise is responsible for 12,000
premature deaths and each year contributes to 48,000 new cases of coronary artery disease
in all of Europe. It is also estimated that 22 million people suffer from persistent high
irritability and 6.5 million people suffer from persistent intense sleep disorders [14].

According to [15], road transport is the dominant type of transport and generates by
far the highest external costs—83% (Figure 8), of which 31% of the total costs are generated
by freight transport.
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Despite the negative effects of transport, cities are obliged to ensure that their residents
have general access to transport services and to guarantee the efficient urban distribution
of goods with the consideration of economic and environmental factors. In this context, the
sector of mobility in cities is changing rapidly, as new business models, new technologies
and innovations are being developed, which is changing the existing approach to the
shaping of the mobility policy in cities.

Cities are trying to raise the level of balance between ever higher challenges and
the needs of residents and businesses through the development of local Sustainable Ur-
ban Logistics Plans (SULP) with the inclusion of modern infrastructural solutions and
technologies, such as Battery Electric Vehicles (BEVs).

1.2. The Policy of the European Union in the Context of the Electromobility of Utility Vehicles

One of the factors that guarantees and accelerates changes in the automotive sector is
undoubtedly the introduction of more rigid European Union exhaust emission standards.
According to the Regulation (EU) of the European Parliament and of the Council (EU) of
17 April 2019 setting CO2 emission performance standards for new passenger cars and for
new N1 commercial vehicles (vehicles designed to carry goods and with a total weight of
maximum 3.5 t; commercial vehicles), the average level of emissions of the fleet of new
commercial vehicles will have to be reduced by 15% until 2025 and by 31% until 2030 in
comparison to 2021.

In December 2020, the European Commission presented a strategy for sustainable
development and smart mobility [16], which represents a foundation for the further trans-
formation of the transport sector. This document assumes that by 2030 there will be at
least 30 million zero-emission passenger cars and 80,000 zero-emission heavy-duty vehicles
in use, and that by 2050 almost all passenger cars, commercial vehicles, buses and new
heavy-duty vehicles will be emission-free. The implementation of the set targets will be
connected with the introduction of more restrictive fuel emission standards and ultimately
with the prohibition of the sale of combustion-powered vehicles.

Additionally, in 2022, the European Commission, under the Fit for 55 package, ap-
proved new legislative proposals that involve the acceleration of the reduction inemissions
from new commercial vehicles. By 2030, emissions have to be reduced by 55%, and by
2035, they have to be reduced by 100%. In practice, this means that all new commercial
vehicles that are registered from 2035 onwards must be zero-emission vehicles. The agreed
compromise is intended to assist in the fulfilment of the aims of the Paris Agreement,
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contributing to the reduction in the production of CO2 by approx. 54 million tonnes in the
period 2020–2030.

The European Commission believes that the introduced changes will also bring about
economic benefits, especially for small and medium enterprises. According to forecasts,
in the course of a five-year operating period, a heavy-duty vehicle purchased in 2025 will
generate savings of €25,000, and one purchased in 2030 will generate savings of €55,000.
The consumption of petroleum in the period 2020–2040 will be reduced by as much as
170 million tonnes. Additionally, new laws are expected to improve the level of innovation
of the European economy, and a higher GNP will result in the creation of new jobs.

1.3. Light Commercial Vehicle (N1) Market in the European Union

The result of the implementation of an environmental policy aimed at reducing exhaust
emissions in sectors such as urban logistics is the constant increase in the number of
operated electrical light commercial vehicles of the N1 category in the European Union
(Figure 9). Another effect is a wider range of vehicles offered by car manufacturers, e.g., in
2019 Polish entrepreneurs had the choice of six electric-only commercial vehicle models,
whereas at the end of the first quarter of 2021, this number doubled to 12 models. However,
the progress of electromobility in the commercial vehicle sector is slower than in the sector
of electric-powered passenger cars. In total, 166,180 of such vehicles were registered in the
EU in 2020, which represents a 38% increase in comparison to 2020, whereas in the case of
M1 vehicles (passenger cars), this increase stood at 79%.
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Figure 9. Total number of AF light commercial vehicles (N1) in the European Union.

One of the major factors that dictate the modernization of the fleet of these urban-
operated vehicles is the increasing introduction of low- and zero-emission zones in some
EU countries. In addition, other restrictions on access to urban areas are being introduced
there, either permanently or for specific periods of time. This is particularly true for the
most polluting vehicle categories [17]. According to the European Cyclists Federation,
there are currently more than 250 of such areas functioning within the European Union [18]
(Figure 10). Low-emission zones have been already introduced in various European cities,
e.g., in Lisbon, Madrid, London, Paris, Rome, Vienna, Berlin and Oslo.

In most urban areas, vehicle access restrictions apply to the oldest vehicles that emit
the highest amount of pollutants and to specific areas, often covering the strict city centre.
However, this is supposed to change in the near future. Many cities and administrative
units around the world have announced plans to ban the entry of ICE vehicles (in some
cases limited exclusively to diesel engines). These include cities such as Bergen, Brussels,
London, Milan, Oslo, Paris, Rome and Strasbourg.
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In Poland, along with the planned amendment of the act on electromobility and alterna-
tive fuels of 11 January 2018, the legislative authorities intend to introduce regulations that
will enforce the creation of clean transport zones in cities with more than 100,000 residents
in situations where the Chief Inspectorate of Environmental Protection has found that the
maximum acceptable average values of the concentration of air pollutants have been exceeded.
As a consequence, zones of restricted access for ICE vehicles (petrol and diesel) will also be
introduced in Polish cities. From the perspective of entrepreneurs, this will necessitate the
rapid electrification of commercial vehicle fleets, which currently consist mostly of vehicles
equipped with diesel engines (Figure 11).
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According to [21], in 2021 the electric commercial vehicle fleet in Poland consisted
of 880 vehicles. As indicated in numerous research papers [22–28], the main obstacle for
the dynamic electrification of the Polish vehicle fleet is the constantly high price of electric
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vehicles in comparison with their ICE counterparts. These findings have been confirmed
in recent research [29], which indicates that the main factor considered by owners when
buying a car is still its price (Figure 12).

Energies 2022, 15, x FOR PEER REVIEW 8 of 24 
 

 

In most urban areas, vehicle access restrictions apply to the oldest vehicles that emit 
the highest amount of pollutants and to specific areas, often covering the strict city centre. 
However,this is supposed to change in the near future. Many cities and administrative 
units around the world have announced plans to ban the entry of ICE vehicles (in some 
cases limited exclusively to diesel engines). These include cities such as Bergen, Brussels, 
London, Milan, Oslo, Paris, Rome and Strasbourg. 

In Poland, along with the planned amendment of the act on electromobility and al-
ternative fuels of 11 January 2018, the legislative authorities intend to introduce regula-
tions that will enforce the creation of clean transport zones in cities with more than 
100,000 residents in situations where the Chief Inspectorate of Environmental Protection 
has found that the maximum acceptable average values of the concentration of air pol-
lutants have been exceeded. As a consequence, zones of restricted access for ICE vehicles 
(petrol and diesel) will also be introduced in Polish cities. From the perspective of entre-
preneurs, this will necessitate the rapid electrification of commercial vehicle fleets, which 
currently consist mostly of vehicles equipped with diesel engines (Figure 11). 

 
Figure 11.Market share of new light commercial vehicles (up to 3.5 t) by fuel type in 2020 [20]. 

According to [21], in 2021 the electric commercial vehicle fleet in Poland consisted of 
880 vehicles. As indicated in numerous research papers [22–28], the main obstacle for the 
dynamic electrification of the Polish vehicle fleet is the constantly high price of electric 
vehicles in comparison withtheir ICE counterparts. These findings have been confirmed 
in recent research [29], which indicates that the main factor considered by owners when 
buying a car is still its price (Figure 12). 

 
Figure 12. Answers to the question: “Which factor mostly affected your decision when choosing the 
car you most often use?” stated in the course of the “New Mobility Barometer 2020/21” study [29]. 
Figure 12. Answers to the question: “Which factor mostly affected your decision when choosing the
car you most often use?” stated in the course of the “New Mobility Barometer 2020/2021” study [29].

The proponents of such vehicles, however, consider their high purchase price to be
offset by the comparatively low operating costs of BEVs. They believe that a simplified
approach to cost effectiveness, which puts its main emphasis on the cost of purchase, may
lead to a predefined conclusion that a more expensive electric vehicle is not cost effective at
the moment. This simplification, according to them, is baseless and may lead to incorrect
requests, because it does not take into account many other cost elements besides the cost of
purchase. They therefore propose a holistic approach, which is reflected in the total cost of
ownership and takes into consideration the actual total costs connected with the purchase,
start up, operation, maintenance and selling of a vehicle.

When studying the literature [30–35], the concept of the total cost of ownership is often
used. The total cost of ownership (TCO) is a purchasing philosophy that aims to better
understand the true cost of purchasing a particular product or service [36]. For a vehicle,
this includes one-off costs, which include all ancillary costs, such as purchasing costs, but
also recurring costs, such as fuel and maintenance costs [37]. As the TCO considers all
costs throughout the life cycle, it can be used as an assessment tool to compare the costs
of different products [38]. This is especially important when comparing conventional and
electric vehicles, as the latter have relatively high upfront costs but may have lower running
costs [35].

There is no single, universally recognised formula, especially in respect of the category
of electric vehicles.

Authors of European analyses make different initial assumptions, whereby they fre-
quently arrive at different conclusions. Most of these analyses, however, favour electric
vehicles, although to a various degree.

Key to these considerations are economic and political conditions, which significantly
affect the final calculation results. Consequently, the results of analyses having the same
initial assumptions, performed for different countries, tended to be different (the presence
and amount of subsidies, miscellaneous electric power and fuel prices, different provisions
in terms of relief for electric vehicles, amount of deductible depreciation costs, taxes).

It should be noted that in their analyses, the authors usually compare the TCO of
vehicles with different types of propulsion of a market segment (mini, city, compact or pre-
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mium vehicles). Therefore, for each segment, the TCO curves for the multiannual analysis
are different. For example, in a study conducted under Belgian conditions, vehicles were
classified into three classes: city vehicles, midrange vehicles and premium vehicles [39].
According to these analysis results, electric city vehicles are not economically attractive
without the possibility of battery leasing, offered only by selected manufacturers. In the
remaining vehicle classes, the differences in TCO are much smaller, but again the TCO
of electric vehicles is not the same as the TCO of conventionally driven vehicles after the
assumed analysis period (7 years).

It was found in [40] that electric vehicles compete with conventional vehicles in the
category of quadricycles and light vans with a load capacity of less than 1000 kg. The
reverse is the case for electric vehicles with a battery capacity greater than 1000 kg, where
the operating costs are always higher than for conventional vehicles due to the expensive
purchase and cost of the batteries.

Another analysis, carried out for Swedish conditions, showed that the analysed electric
vehicle can be profitable with appropriately selected amounts of government subsidies [41].
Moreover, it should be noted that thanks to the cofinancing of the purchase of an electric
vehicle with 22% of the initial price, the TCO of an electric vehicle may be over 5% lower
than that of a conventional or hybrid vehicle after only 3 years of use.

The authors of another publication [42] indicate that plug-in hybrid vehicles are the
cheapest type of vehicle in Germany because the costs associated with their operation
are relatively low compared with vehicles with conventional drive, and their purchase
price is not as high as for electric vehicles. According to another study, the profitability of
electric vehicles strongly depends on the distance travelled during the year. According to
the authors, electric vehicles are a profitable solution if we take into account city vehicles
that cover at least 41.6 km per day. Vehicles from other market segments may be useful
when driving more than 77.9 km per day [35].

In Poland, the TCO analysis mainly concerns only electric passenger vehicles and
buses [43–48].

Few publications include an assessment of the economic benefits and an estimate of
the TCO for N1 vehicles (utility vehicles up to 3.5 t DVW). It should be noted that these are
only general reports without detailed analyses, which only provide the final conclusions of
the method used.

This article is therefore the first to discuss research related to TCO and BEV NI light
commercial vehicles, taking into account aspects that are of fundamental importance to
their potential users, especially for any entrepreneur who will sooner or later be faced with
the question: “if the purchase of such the vehicle pays off?”, as well as for decision makers
and local authorities that stimulate the development of electromobility by operating in
urban areas. For manufacturers and dealers of electric vehicles, it is also important to shape
the price of such vehicles.

The considerations in the article are organized as follows. Section 2 describes the
background information on the subject of this research and a brief rationale for undertaking
it. Section 3 presents a case study—an analysis of individual scenarios. Section 4 discusses
the results of the study in detail. The article concludes with a presentation of the conclusions
of the analysis.

2. Methodology
2.1. Assumptions for TCO Model Used for the Research

In the course of this research, an electrically powered N1 vehicle of a selected brand
was compared with a conventionally powered vehicle in the condition of long-term, every-
day use in an urban environment. Analyses were performed in order to verify whether an
electric commercial vehicle can be competitive against a conventionally powered vehicle in
existing market conditions. For the purpose of this research, dependencies and assumptions
made in many publications were analysed in the context of the economic and political
conditions currently present in Poland. On their basis, a TCO model was developed that
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took into account the total cost of the purchase, fuel costs, insurance, servicing and repairs,
taxes and subsidies applicable in Poland (Figure 13). All individual constituents were deter-
mined on the basis of generally available data, legislative acts and the authors’ assumptions.
In the performed analysis, all cash flows forecasted during the successive years of operation
were discounted to the base year (i.e., 2022); therefore, a discount rate was determined and
established at 1.29%, in compliance with the change in the method of establishing reference
and discount rates, announced in the Communication of the European Commission and
introduced on 1 July 2008.
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2.2. Costs Considered in the Analysis

Irrespective of the type of analysed vehicle, the TCO constituent costs considered in
this research were divided into the following categories:

− one-off costs: purchase of vehicle, administrative costs, costs of adapting the vehicle
to fleet;

− recurring costs: the purchase of vehicle insurance, vehicle’s technical inspections,
operating budget (e.g., car wash);

− variable costs: electric power (fuel), maintenance service, repair of damages not subject
to insurance.

− avoidable costs: public parking fees, clean transport zone entry fees, costs of saved
time (ability to use bus lanes).

2.3. One-Off Costs

A vehicle’s purchase price is the biggest single cost incurred during the entire car
ownership period. Independently of the catalogue price, the buyer can additionally receive
a number of discounts and bonuses, for example due to the simultaneous purchase of a
number of vehicles.

A wide and individual scope of the possibilities in this field means that for the purpose
of this analysis, the cost of purchase of the analysed vehicles was established exclusively
on the basis of the data provided by the manufacturer.
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As the commercial vehicles were intended for use in urban logistics, it was assumed
that the vehicles will be used exclusively for business purposes. In this case, entrepreneurs
are allowed to deduct 100% of VAT tax costs from the cost of purchase of the vehicle (if they
submit a VAT-26 tax form to the tax office and maintain a vehicle mileage logbook) and
from operating costs, e.g., fuel or electricity costs [49].

Additionally, on the basis of existing regulations, commercial vehicles are exempt from
excise tax. The original prices of both cars were therefore reduced by 3.1% of their value.
The possibility of the amortisation of the cost of a fixed asset—the commercial vehicle—in
the form of write offs was also included in the calculations. The amortisation of the cost of a
commercial vehicle can be performed using: the linear amortisation method, the individual
amortisation method and a one-off write off. Linear amortisation was implemented in the
analysis, with an annual write-off rate based on the List of Annual Amortisation Rates that
constitutes an appendix to the act on corporate tax. The implemented write-off rates are as
follows: 20% for commercial vehicles of the maximum gross vehicle weight of less than
3.5 t with conventional engines, and 14% for the same type of vehicles with electric
power [50].

On 22 November 2021, the National Fund for Environmental Protection and Water
Management initiated the “My Electric” programme, under which entrepreneurs can apply
for additional funding for the purchase of electric-only, factory new category N1 vehicles.
Entrepreneurs wishing to purchase such a vehicle can apply for additional funding up to a
maximum amount of PLN 50,000, but not exceeding 20% of eligible costs, or not exceeding
30% of eligible costs, but not more than PLN 70,000 in the case of the declaration of an
average annual mileage of more than 20,000 km. The declared mileage will be checked
after 2 years of operation [51].

It is notable that there is no maximum price for N1 electric vehicles, so any vehicle
of this type is eligible for additional funding. Additional funding will be paid only in the
form of a refund of already incurred costs, following the registration and insurance of the
vehicle and following the submission of an application for additional funding. In the event
of the expiry of allocated funds before the final deadline for the submission of applications
(09/2025), the National Fund for Environmental Protection and Water Management will
suspend the possibility of the submission of these applications.

This study determines the total cost of ownership of an electrical vehicle for two
different variants:

(1) without the consideration of any additional funding,
(2) with the consideration of a maximum amount of additional funding, i.e., PLN 70,000.

Administrative costs and costs of adapting the vehicle to the fleet, which may consist
of all expenses connected with the registration of vehicles, including branding, have been
ignored in the TCO analysis, because they are the same for both electric and combustion-
powered vehicles.

2.4. Recurring Costs

In the TCO analysis, it was assumed that recurring costs include all expenses that are
repeatable at certain time intervals throughout the entire vehicle ownership period, such as
the costs of insurance and technical maintenance of the vehicle.

In Poland, the insurance rate for a given vehicle is determined based on a number of
factors, such as the value of vehicle, owner’s personal details (age, driving experience, years
without accidents, place of residence), power of vehicle, type of vehicle and its intended use.
The payment of OC insurance (obligatory third-party insurance for owners of mechanical
vehicles) is obligatory, but in order to fully insure the vehicle against damage incurred
as a result of accidents, forces of nature, vehicle theft or vandalism, and to ensure the
protection of the driver’s and passengers’ life and health, it is also necessary to pay AC
(Autocasco) comprehensive cover insurance, as well as the NNW (accidental death and
injury) insurance. All of the mentioned constituents were included in the analysis.
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Currently, insurance premiums for electric vehicles are higher than those for the same
cars with other types of propulsion, which is mainly due to the higher initial value of
electric vehicles. In the analysis, real-life costs for the analysed vehicles were taken into
account, on the basis of data taken from their insurance policies.

Another recurring cost is connected with the periodic technical inspection of vehicles.
The costs of technical inspections were established on the basis of the existing rate, which is
PLN 99 per year (including the registration fee). Given that newly purchased vehicles are
subject to analysis, it was taken into account that such a vehicle must undergo a technical
inspection only after 3 years of operation, then 2 years after the first technical examination.
After this period, further technical inspections are performed annually [52].

Additionally, routine vehicle maintenance was taken into account, with its frequency
depending on the mileage or age of the vehicle. Its value was determined on the basis
of [53].

Recurring costs also include expenses for the regular maintenance of a vehicle. This is
a specific amount for the necessary maintenance of a vehicle in a clean condition and for
the topping-up of main operating fluids (coolant, brake fluid, windshield washing fluid or
transmission fluid). Most of the specified cost constituents affect the value of TCO, but do
not differ between electric and combustion-powered vehicles; therefore, they were ignored
in the presented TCO comparative analysis.

2.5. Variable Costs

Variable costs are all costs incurred by the owner of the vehicle throughout its entire
operating period and they depend on many external factors that vary in time. The main
expenses in this category include costs connected with the deterioration of energy carriers
(fuel/electricity) and all costs connected with the servicing of a vehicle that are not covered
by insurance or warranty and are caused by normal wear.

Servicing costs connected with vehicle maintenance depend on the type of car, its
intended use, annual mileage and include all repair and replacement of the operating
elements in a vehicle (brake pads, tyres, etc.) throughout the entire operating period of a
vehicle.

Electric vehicles have fewer moving parts, e.g., engine oil and fuel filters are not
changed (Table 1) therefore their service costs are lower than for cars with internal com-
bustion engines. Brake disks and pads also wear down much more slowly due to the
possibility of braking using the electric motor to a large extent [39,41].

The authors of this paper implemented specific market rates for various repairs and
estimated the expected intervals of the replacement of parts on the basis of the manufac-
turer’s data and on the recommendations of service companies. Servicing costs were then
evenly spread across all years covered by the analysis.

Among the recurring costs, operational costs connected with the degradation of the
energy carrier used to propel the vehicle have the greatest impact on the final TCO [54].

Vehicles performing certain tasks in urban logistics travel along different routes with a
different movement dynamic that depends on factors such as the nature of the performed
task, driver’s driving style, weight of the load, road conditions, etc. In order to carry
out a comparative analysis of the operational costs of vehicles, an average value of the
consumption of energy and fuel was established and implemented as a constant throughout
the whole period of analysis, and it was also assumed that the annual mileage was the
same for the analysed vehicles. The costs of the refuelling of combustion vehicles and of
the charging of electric vehicles were calculated as for the city cycle, with the assumption
of fuel prices, the charging station network and average electricity prices for individual
consumers valid for 2022.

The costs of charging were calculated based on the car’s initial and final charging
parameters (current battery state of charge—20%, expected battery state of charge—80%),
tariff rates offered by the operator and their components (amount of purchased energy,
possible charging time), whereas the average consumption of energy was calculated on
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the basis of battery capacity data and the medium-range WLTP (Worldwide Harmonized
Light-Duty Vehicles Test Procedure) claimed by the manufacturer.

Table 1. Maintenance service of an electric and combustion-powered vehicle.

Electric Vehicle Combustion Powered Vehicle

Annual service

Oil change No Yes
Oil filter change No Yes
Air filter change No Yes
Cabin air filter change Yes Yes
General diagnostics Yes Yes

Maintenance service

Valvetrain elements
replacement No Yes

Clutch replacement No Yes
Replacement/cleaning of
spark plugs No Yes

Replacement of belts No Yes
Replacement of seals No Yes
Replacement of traction
battery

Yes (if efficiency falls
below 70%) No

Replacement of brake pads
and disks Yes (ca. every 80,000 km) Yes

Replacement of operating
fluids Yes Yes

Incidental service

Turbocharger failure No Yes
Cylinder head gasket damage No Yes
DPF filter replacement No Yes
Gearbox damage No Yes
Failure of accessories Yes Yes

The cost of a 100 km journey in an electric vehicle was calculated with the assumption
that the amount of charged energy will be based on the average consumption of energy
needed to travel 100 km, with the assumption of the calculation elements of a selected tariff
and the maximum charging power specific for the vehicle under study.

Table 2 shows the costs connected with the refuelling/charging of the analysed vehicles
at stations open to the public in Poland, while Figure 14 shows the cumulative costs
connected with the charging/refuelling of the analysed vehicles during the analysed
10-year period.
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Table 2. Cost of a 100 km journey in the analysed vehicles [PLN].

Cost of Refuelling

Diesel 78.29

Cost of Charging

Operator Type of charging
AC DC

Greenway 45.24–58.68 49.05–97.73
PKN Orlen 34.40 60.86–73.03
EV+ 28.20–50.93 64.44–100.02
PGE Nowa Era 27.92 49.40–51.91
REVNET 30.74 64.44
Lotos 59.00 59.00
GO + Eauto 32.43 57.28
TAURON 34.12–36.94 71.24–82.70
IONITY - 53.70–125.30
charging at home 27.21 -
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3. Case Study—Analysis of Scenarios
3.1. Selection of Vehicles for Analysis

The analysis was based on the comparison of category N1 commercial vehicles of
similar technical and operational parameters with different power sources and drivetrains.

The type of vehicle selected for analysis is the most popular commercial vehicle in
Poland—the Renault Master (Figure 15).
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The following variants were analysed:

3 variant 1—vehicle with an electric motor,
3 variant 2—vehicle with a diesel engine.

Table 3 includes technical parameters, costs such as the purchase of the vehicle and
indexes connected with the analysed vehicles.

Table 3. Technical parameters and costs of the purchase of analysed vehicles [53].

Parameters Variant 2 Variant 1

Kerb weight [kg] 1757 1969

Loading capacity [kg] 1043 1131

Total length [m] 5.05 5.07

Total width [m] 2.07 2.07

Type of “fuel” diesel oil electricity

Average consumption of diesel oil [L]/electricity
[kWh] needed to cover a distance of 100 km 9.20 35.80

Maximum power [kW] 74 56

Maximum torque [Nm] 285 225

Maximum speed [km/h] 135 100

Acceleration to 100 km/h [s] 21.50 22

Maximum range [km] 1012 117

Cost of purchase of vehicle [PLN] * 168,313 317,586

Price of 1 L of diesel oil/1 kWh [PLN] * 8.51 0.76

Mileage [km/year] 30,000 30,000

Analysed period [years] 10 10
* Prices valid as of 12 June 2022.

3.2. Analysed Scenarios for Electric Vehicles

The total cost of operation of an electrical vehicle was calculated for the following
scenarios, and the results are presented in Figures 16–25:

A. Without any refund for the purchase of an electric vehicle
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− Scenario A1—the electric vehicle is recharged only at home via an electrical
socket;

− Scenario A2—the electric vehicle is recharged only at public AC charging stations
(the lowest price for 1 kWh was included in the calculations);

− Scenario A3—the electric vehicle is recharged only at public AC charging stations
(the maximum price for 1 kWh was included in the calculations);

− Scenario A4—the electric vehicle is recharged only at public DC charging stations
(the lowest price for 1 kWh was included in the calculations);

− Scenario A5—the electric vehicle is recharged only at public DC charging stations
(the maximum price for 1 kWh was included in the calculations);

B. With the consideration of a maximum possible refund for the purchase of an elec-
tric vehicle (PLN 70,000)

− Scenario B1—the electric vehicle is recharged only at home via an electrical socket;
− Scenario B2—the electric vehicle is recharged only at public AC charging stations

(the lowest price for 1 kWh was included in the calculations);
− Scenario B3—the electric vehicle is recharged only at public AC charging stations

(the maximum price for 1 kWh was included in the calculations);
− Scenario B4—the electric vehicle is recharged only at public DC charging stations

(the lowest price for 1 kWh was included in the calculations);
− Scenario B5—the electric vehicle is recharged only at public DC charging stations

(the maximum price for 1 kWh was included in the calculations);

3.3. Results of Analysis

A. Without any refund for the purchase of an electric vehicle
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4. Results

This research has revealed that in cases where no refund for the purchase of an electric
vehicle, which is offered to the buyers of electric commercial vehicles in Poland, has been
considered, with a scenario assuming that the electric vehicle will be recharged at home or
at public AC charging stations and with the implementation of the lowest price of 1 kWh,
the total cost of ownership of the vehicle is lower for an electric vehicle (Table 4) than for
an equivalent combustion engine vehicle. This cost was lower by 0.8% for scenario A1 and
by 0.4% for scenario A2. In the other scenarios, the TCO of an electric vehicle was higher
than that of a combustion engine vehicle by 18.3% in the case of scenario A3, and by 12.3%
in the case of scenario A4. The biggest difference between the TCOs for the two categories
of vehicles was observed in scenario A5, in which the electric vehicle was recharged using
DC chargers and which took into account the maximum price of 1 kWh. In this scenario,
the total cost of ownership of an electric vehicle was higher than that of a combustion
engine vehicle by 58.2%. Generally, it can be concluded that only in the cases of scenario A1
and A2 the total cost of ownership of the analysed vehicles will be equal after 10 years of
operation. In the other scenarios (A3, A4, A5), the TCO after 10 years of operation is higher
in the case of an electrical vehicle than in the case of a combustion engine vehicle.
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Table 4. Difference between the total cost of ownership (TCO) for an electric vehicle and for a
combustion engine vehicle [%].

BEV Charging Method
With Compression Ignition Engine

w/o Refund Max Refund

at home via electrical socket −0.8 −14.8
public AC charging stations (lowest price for
1 kWh considered in the calculations) −0.4 −14.4

public AC charging stations (highest price for
1 kWh considered in the calculations) 18.3 4.29

public DC charging stations (lowest price for
1 kWh considered in the calculations) 12.3 −1.7

public DC charging stations (highest price for
1 kWh considered in the calculations) 58.2 44.2

In the second case, which takes into account a maximum possible refund for the
purchase of an electric vehicle, the total cost of ownership of an electric vehicle and of a
combustion engine vehicle will become equal already after 5 years in the case of scenarios
B1 and B2. The TCO after 10 years in these scenarios was lower for an electric vehicle than
for a combustion engine vehicle by 14.8%—scenario B1, and by 14.4%—scenario B2. The
TCO for an electric vehicle was also lower after 10 years of operation in the case of scenario
B4, in this case by 1.7%. In the case of this scenario, the TCO for an electric vehicle and for
a combustion engine vehicle became equal after circa 9 years of operation. In the cases of
scenarios B3 and B5, the total cost of ownership of an electric vehicle was higher by 4.29%
in the case of scenario B3 and by 44.2% in the case of scenario B5 (Table 4).

5. Conclusions

None of the current investigators have any doubt that electromobility is currently the
most important megatrend in the global automotive industry, which also applies to the
segment of utility vehicles and to urban logistics. The popularisation of electric vehicles
has the potential to improve the quality of life in Polish cities, through the reduction in
pollution levels (in the case of the utilisation of energy from renewable sources, during the
operational phase the commercial vehicle is 100% zero emission) and the reduction in noise
emission levels [55]. The development of electromobility may also help to reduce traffic
congestion (in Poland, electric-only vehicles are entitled to use bus lanes and are exempt
from parking fees in toll parking zones in city centres). Additionally, in the near future,
thanks to V2G technology, electric vehicles will be also used as mobile energy storage units.
Additionally, through the electrification of the fleet of their vehicles, companies will be
able to implement the policy of corporate social responsibility. However, electric vehicles
cannot only be used for marketing purposes and as a way to improve a company’s image.
Investing in a zero-emission fleet by entrepreneurs should be economically viable. The
ownership of commercial cars generates substantial costs for companies, which are trying
to optimise these costs in every way in the current economic crisis.

The comparative analysis carried out in this article points to an urgent need to intro-
duce additional subsidies in the sector of N1 category commercial electric vehicles, in order
to make them economically competitive against their combustion powered equivalents.

A potential buyer of an electric commercial vehicle is currently offered financial
assistance only during the purchase of a new vehicle, which on the basis of the performed
calculations is not effective enough. With the consideration of the maximum possible
refund for the purchase price of a BEV, the total cost of ownership of such a vehicle will
become lower than the TCO for an equivalent vehicle with a combustion engine only after
at least 5 years. Therefore, it seems necessary to introduce subsidies, as in other European
states, that would also apply to the purchase of second-hand electric vehicles. We must
also bear in mind that most manufacturers, due to the process of degradation and loss
of efficiency, recommend the replacement of the traction battery after the mileage of, for
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example, 160,000 km, which generates more additional costs for the user in the amount
of between PLN 86,000 and 100,000. Investigators believe that this may be the answer
to the question of the very limited popularity of electric vehicles on the market, despite
the manufacturers’ declaration of the lower costs of their operation in comparison with
ICE vehicles.

From the perspective of the legislative authorities, it would seem worthwhile to
consider the introduction of certain tax benefits for electric commercial vehicles, in order
to make them competitive against their combustion engine equivalents not only at the
moment of purchase but also during their operation. One example of such a solution could
be the possibility of the tax deduction of an amount higher than 100% of the purchase of a
commercial vehicle (e.g., 125% or 150%) as company costs, by way of amortisation write
offs, or at least the implementation of parity in the amortisation rates. The period of the
amortisation of an electric commercial vehicle is currently longer, which may discourage
a potential buyer from its purchase and convince them to purchase a combustion engine
vehicle, because the purchase price of the latter can be deducted from the income as
company costs faster.

Additionally, the authors of this article believe that the Polish legal system should
implement one of the directives of the European Union, which allows an electric commercial
vehicle of the weight between 3.5 t and 4.25 t to be driven by drivers with a category B
license. Electric vehicles, due to the additional weight of the battery, are much heavier
than their combustion engine equivalents. The implementation of the above solution
would allow drivers to use electric commercial vehicles without the need to obtain a higher
category driving license.

In conclusion, the presented research on the problem of the total cost of ownership
of Light Commercial Electrical Vehicles in City Logistics does not fully resolve the subject
of the research, but only acts as encouragement for further scientific discussion on the
issue. In the near future there is bound to be the need for much more extensive research
covering legislative, technological and environmental changes in order to identify the role
of the TCO in the process of increasing the percentage of electric commercial vehicles in the
context of the problems of urban logistics based on the idea of electromobility.

Author Contributions: Formal analysis, E.S.-M.; Visualization, Z.Ł.; Writing—original draft, W.L.;
Writing—review & editing, E.S.-M., D.P. and Z.Ł. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. United Nations. Departament of Economic and Social AFFairs. 2018 Revision of World Urbanization Prospects. Available online:

https://www.un.org/development/desa/publications/2018-revision-of-world-urbanization-prospects.html (accessed on 20
April 2022).

2. European Commission. The 2018 Ageing Report: Economic and Budgetary Projections for the EU Member States (2016–2070).
Available online: https://ec.europa.eu/info/sites/info/files/economy-finance/ip079_en.pdf (accessed on 11 March 2022).

3. European Commission. Sustainable Transport. Search This Website Internalisation of Transport External Costs. Available
online: https://ec.europa.eu/transport/themes/sustainable-transport/internalisation-transport-external-costs_en (accessed
on 10 May 2022).

4. Hartgen, D.; Fields, G. Gridlock and Growth: The effect of Traffic Congestion on Regional Economic Performance. Policy
Summary of Study (No. 371), Reason Foundation. 2009. Available online: http://66.113.237.135/Projects/National/USA/cong_
region_performance/2009-06-22_Final_Summary_PS371.pdf (accessed on 18 April 2021).

5. Izdebski, M.; Jacyna-Golda, I.; Golebiowski, P.; Golda, P.; Pyza, D.; Zak, J. Decision Problems in Designing Database Architecture
for the Assessment of Logistics Services. Sci. J. Sil. Univ. Technol. Ser. Transp. 2020, 108, 53–72. [CrossRef]

6. Ministry of the Environment. Energy Saving Trust—Leaseplan.pl. Ecology in Car Fleets. Available online: https://docplayer.pl/
2732049-Ekologia-we-flotach-samochodowych-make-a-green-move-greenplan-there-is-a-lot-to-be-won.html (accessed on 7
November 2022).

https://www.un.org/development/desa/publications/2018-revision-of-world-urbanization-prospects.html
https://ec.europa.eu/info/sites/info/files/economy-finance/ip079_en.pdf
https://ec.europa.eu/transport/themes/sustainable-transport/internalisation-transport-external-costs_en
http://66.113.237.135/Projects/National/USA/cong_region_performance/2009-06-22_Final_Summary_PS371.pdf
http://66.113.237.135/Projects/National/USA/cong_region_performance/2009-06-22_Final_Summary_PS371.pdf
http://doi.org/10.20858/sjsutst.2020.108.6
https://docplayer.pl/2732049-Ekologia-we-flotach-samochodowych-make-a-green-move-greenplan-there-is-a-lot-to-be-won.html
https://docplayer.pl/2732049-Ekologia-we-flotach-samochodowych-make-a-green-move-greenplan-there-is-a-lot-to-be-won.html


Energies 2022, 15, 8392 22 of 23
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