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ABSTRACT. Countries in the EU, as part of the Paris Agreement, committed to achieving EU climate
neutrality by 2050. To meet this goal, the EU aims to reduce its net greenhouse gas emissions across
the entire economy by at least 55% by 2030 compared to 1990 levels, continuing the reduction of
emissions until 2050. The transport sector, responsible for a quarter of EU greenhouse gas emissions,
must transform, requiring a 90 % reduction in greenhouse gas emissions by 2050. It is crucial to enhance
the efficiency of both personal and freight transport in the EU and reduce dependence on fossil fuels.
Our paper presents the cost calculation results of using electric vehicles with a total weight of up to 3.5
tons in the courier services sector, compared to conventional vehicles. Based on our analysis, electric
vehicle usage is effective and environmentally beneficial. However, BEVs (battery electric vehicles) have
higher acquisition costs than ICEVs (internal combustion engine vehicles). This paper analyses the
vehicle fleet of a significant courier company. Thanks to their data, it was possible to provide a closer
look at the economic efficiency of BEV in courier services.
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1. INTRODUCTION

Transportation accounts for one-quarter of greenhouse
gas emissions in the EU, and progress in decarbonizing
the transport sector has been slower than in other eco-
nomic industries. While emissions have significantly
decreased in other sectors, emissions from transporta-
tion have risen in recent years. Enhancing the effi-
ciency of both personal and freight transport in the
EU and reducing its dependence on fossil fuels are
essential.

In recent years, a growing demand for products
purchased online from the comfort of one’s home has
led to direct delivery to the customer’s doorstep. The
outbreak of the COVID-19 pandemic has further deep-
ened this trend, and at certain times, online shopping
has become the only alternative to accessing specific
products. Delivery through courier services is gain-
ing momentum, resulting in increased air pollution as
more vehicles from various courier companies travel
the roads. Therefore, it is essential to address the pos-
sibility of alternative drives for these types of vehicles.

Some companies operating in courier services have
already taken steps towards carbon neutrality. World-
wide, there are many examples of using electric vehi-
cles for delivering packages to end consumers, which
do not produce harmful air emissions and contribute
to environmental protection. Typical examples in-
clude electric scooters or e-bicycles used for deliveries
within the central areas of large cities, significantly
speeding up the delivery process.

This topic has also been addressed by the EU, and
as part of the Paris Agreement, member states com-
mitted to achieving the EU’s climate neutrality by
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2050. To meet this goal, the EU aims to reduce its net
greenhouse gas emissions across the entire economy
by at least 55 % by 2030 compared to 1990 levels, and
it will continue gradually decreasing emissions until
2050.

In March 2023, the Council adopted new rules for
further reducing CO5 emissions from new passenger
cars and vans, amending the EU regulation from 2019.
These revised rules establish gradual emission reduc-
tion targets. From 2030 to 2034, emissions must be
reduced by 55 % for new cars and 50 % for new vans
compared to the 2021 targets. All new passenger cars
and vans must have zero emissions from 2035.

The proposal aims to reduce CO2 emissions in the
road transport sector in line with EU climate targets.
It involves increasing emission reduction targets for
2030 and introducing new targets for 2035 and 2040.
The proposed rules expand the scope of the regulation
to cover almost all new heavy-duty vehicles with certi-
fied CO2 emissions, including smaller freight vehicles,
city buses, coaches, and trailers, subjecting them to
emission reduction targets. According to the updated
rules, all new city buses will have zero emissions from
2035. Long-distance buses and coaches would continue
to be subject to overall targets [IJ.

In 2021, there was a significant increase in interest
in electric vehicles (EVs) in the EU (Figure [T}, both
in the M1 (passenger cars) and N1 (light commercial
vehicles) categories. The adoption rate rose from
10.7% to 17.8 % within one year. Additionally, the
use of electric vans experienced growth from 2.1 %
to 3.1% [3]. Globally, electric vehicles are gaining
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FIGURE 1. New registrations of electric cars, EU-27 [2].

popularity, with countries such as China and the USA
witnessing a year-on-year increase in their numbers [4].

Thanks to the collaboration with the Department
of Road and Urban Transport and a significant courier
company which operates electric vehicles in Slovakia,
it was possible to obtain the necessary dataset. This
article describes an economic calculation based on
these data, providing a closer insight into the economic
efficiency of Battery Electric Vehicles (BEV) in courier
services.

This article serves as a response to the following
research questions:

(1.) Is the use of electric vehicles economically viable?

(2.) Do they represent a green future in delivery ser-
vices?

(3.) Is the utilization of these vehicles profitable?

(4.) Do low operational costs outweigh the high ac-
quisition price of the vehicle?

2. MATERIALS AND METHODS

2.1. ANALYSIS OF THE CURRENT STATE IN
SLOVAKIA

In Slovakia, the trend of electric vehicles has a slower
pace (Figure ; however, some companies operat-
ing in this sector are starting to adopt alternative
propulsion systems for delivering parcels. Examples
include DPD, SPS, and GLS Slovakia. Other compa-
nies are also making efforts with their pilot projects
in electromobility.

When it comes to electric vehicles, several questions
arise. BEVs have higher acquisition costs than ICEVs
(internal combustion engine vehicles). An essential fac-
tor in decision-making are operational costs connected
with a type of the vehicle drive. The electricity needed
for charging is generally less expensive than the fluc-
tuating fuel prices, which are currently higher than in

previous years. However, indeed, electricity tariffs for
businesses in Slovakia have also increased. Another
crucial factor is the cost of service and maintenance
for electric vehicles and insurance costs. The insur-
ance prices are related to the vehicle’s value, which
tends to be higher for BEVs.

2.2. CHARACTERISTICS OF THE SELECTED
COMPANY

The analysed company is among the leading providers
of standard and express parcel services, serving thou-
sands of customers daily across Slovakia [6].

In Slovakia, the analysed company became the first
to utilize Voltia eNV200 electric vehicles with zero
CO2 emissions for parcel delivery, making it the pi-
oneer in deploying these special vehicles for urban
delivery. By 2025, the company aims to deploy 129
vehicles in Slovakia [7]. The Voltia vehicle, based on
the Nissan eNV200, is from a Slovak manufacturer.
Despite its compact size, it offers up to twice the cargo
space compared to other electric vehicles in its cate-
gory, with 8m? of cargo volume, a payload capacity
of 580kg, and a range of up to 200km on a single
battery charge, producing no CO4 emissions [§].

Table [I| shows an overview of the mileage of electric
vehicles (BEV) from the analysed company and the
number of parcels delivered by these vehicles.

Table |2| provides the number of vehicles that the
company has in the capital city, Bratislava, and other
locations across Slovakia.

2.3. COST CALCULATION

2.3.1. FUELS, ENERGY

To perform the given calculation, the authors had
access to the company’s internal data, which they pro-
vided for our analysis. It was possible to compare the
usage of three electric and diesel vehicles, specifically
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FIGURE 2. Number of registered BEVs and PHEVs in Slovakia in 2021 [5].

The number of kilometres travelled The number of parcels delivered by electric
by electric vans in 2022 vehicles in 2022

929623 1,5 million
TABLE 1. Basic data on analysed vehicles [9].
. in outside

Type Vehicle Bratislava Bratislava
STELLANTIS (Citroen, Peugeot, Opel) 24 18
BEVs Mercedes-Benz E-sprinter - 6
Nissan e-NV2000 20 27
> 44 51

Total 95

Peugeot Boxer
Citroen Jumper 570
Fiat Ducato

ICEVs (diesel)

TABLE 2. Number of vehicles of analysed company [10].

ActA POoLYTECHNICA CTU PROCEEDINGS

Nissan eNV200 and Fiat Ducato, for parcel delivery in
Bratislava, Nové Zamky, and Kosice. The analysis in-
volved analysing the kilometres driven for each month
in 2022, used electricity in kW 100km~!, the num-
ber of delivered parcels, and the cost per kW. Based
on the number of kilometres driven, we calculated
these indicators for average daily, monthly, yearly, and
kilometre-based costs. Refer to Figures [3| [ and
and the summary Table [3]

For all analysed vehicles, we concluded that unit
costs are lower for BEVs; however, this applies only
to costs related to the most significant differentiating
factor, namely the fuel or energy price.

2.3.2. ACQUISITION COSTS

The acquisition cost of an electric vehicle is more
expensive than that of a combustion engine vehicle,
primarily due to battery costs, which constitute the
majority of the vehicle’s total. See Table [4]
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2.3.3. REPAIRS AND MAINTENANCE

BEVs have less expensive repairs and maintenance
compared to ICEVs. The main reason is that they
have fewer moving parts. Electric motors are less
prone to wear because they do not have components
like pistons, clutch, or gearbox. There is no need for oil
changes. In a vehicle with conventional fuel, there are
many moving and functional parts that are susceptible
to malfunctions and possible part replacements. Also,
thanks to regenerative braking, the lifespan of the
vehicle’s brake pads and discs is extended. Research
shows that the repairs and maintenance of a BEV
are up to 30% less expensive than a conventional
vehicle [II]. Similar conclusions were reached by the
authors in [12].

The authors established the average costs for repairs
and maintenance for both BEVs and ICEVs through

market research and price quotations. The findings
are presented in Table
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FIGURE 3. Comparison of the vehicle costs — vehicles allocated in Bratislava [10].
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FIGURE 5. Comparison of the vehicle costs — vehicles allocated in Kosice [10].

City/Vehicle Nissan e-NV200 (BEV) Fiat Ducato (ICEV)

Bratislava 0,1043 €km~! 0,2031 €km~!
Nové Zamky 0,0587 €km~! 0,2047 €km~!
Kosice 0,1109 €km~! 0,1984 €km~!

TABLE 3. Comparison of unit fuel/energy costs [10].
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Type Vehicle Price range

BEV Nissan e-NV200 29200-34 125 € without VAT
BEV  Citroen e-Jumpy 50 kWh  35140-36 350 € without VAT
BEV  Citroen e-Jumpy 75 kWh  40350-41 560 € without VAT
ICEV Fiat Ducato 2085029550 € without VAT

TABLE 4. Vehicle acquisition costs of BEVs and ICEVs in 2022.

Year /Distance BEV ICEV
2/40000 km 178.00 EUR  234.42 EUR
4/80000 km 514.36 EUR  359.52 EUR
6/120 000 km 397.69 EUR 822.31 EUR
8/160 000 km 692.36 EUR 422.58 EUR

Average price
per year

222.80 EUR 229.85 EUR

TABLE 5. Service and maintenance costs for vehicles.

NISSAN eNV200 FIAT DUCATO

City Total costs [€] Total costs [€]
Bratislava 1724.91 3509.48
Nové Zamky 1605.02 5873.37
Kosice 955.47 1940.41

TABLE 6. Total vehicle costs and conversion to unit
costs.

2.3.4. INSURANCE COSTS

Based on market research, we analysed insurance
providers and the prices for their services. Various in-
surance programs differ in the scope of services offered,
including coverage for insurance events. Nevertheless,
the average insurance price for electric vehicles is
€217.62 per year, for diesel vehicle (ICEV) is €262.41
per year. Insurance costs were taken from source [I3]
for the vehicles included in this study.

2.3.5. GOVERNMENT SUBSIDIES

Currently, there is no government subsidy for the
acquisition of electric vehicles in Slovakia; however, in
the past, the state provided subsidies [I4].

2.3.6. VEHICLE TAX

Vehicle taxes are subject to vehicles of categories: Lle
to L7e, M1, M2 and M3, N1 to N3, O1 to O4. The sub-
ject of the tax is a vehicle used for business. Vehicles
of categories L, M and N, whose only energy source
is electricity, have a zero-tax rate in Slovakia [I5].

2.3.7. SUMMARY OF COSTS

Based on the conducted calculations related to the
vehicle propulsion costs, i.e., electricity or diesel, and
defining expenses such as service and maintenance,
insurance, and motor vehicle tax, it is possible to

calculate total operating costs per vehicle and year.

The summary and comparison are in Table [0}
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3. RESULTS

Several conclusions could be formulated from the anal-
ysis of the operating costs of an electric vehicle com-
pared to a vehicle with a conventional engine. They
are described in this chapter.

3.1. ADVANTAGES AND DISADVANTAGES OF
BEV

The benefits of BEVs in our territory are as follows:

+  Fuel costs: Energy for charging is less expensive
than fuel.

+ Repair and maintenance costs: Repairs and main-
tenance for a BEV is less expensive (compared to
ICEV).

+ Insurance costs: Prices are comparable with
minimal differences.

4+ Vehicle tax: Exempt from (motor) vehicle tax (in
Slovakia).

+ Government subsidy: A possibility to cover the
difference between the price of BEV and ICEV.
Currently, it is not available in Slovakia.

+ Environmental benefits: Contribution to environ-
mental protection, zero emissions.

+ Convenience: Smooth, quiet operation, automatic
transmission, and more.

The disadvantages of BEVs in our conditions are as
follows:

- High acquisition costs: The value of BEV depends
on innovative technologies and expensive batteries.

- Low operation range — However, it is adequate for
urban delivery.

- Vehicle lifespan — 8 years (estimation), recom-
mended battery replacement period.

Of course, for an economic comparison of BEVs and
ICEVs, it is necessary to study all the related costs.
Authors all over the world are trying to quantify TCO
(Total Costs of Ownership). For example, the TCO
assessment in [I6] shows that BEVs are currently more
expensive than ICEVs.

3.1.1. CosTs

The main factor in the operation of electric vehicles is
the lower cost of electricity compared to fuel (diesel).
It is the primary motivation for businesses to acquire
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City BEV ICEV
Total energy costs Unit costs per km Total fuel costs Unit costs per km
Bratislava 1284.49 0.104 2706.22 0.203
Nové Zamky 1164.60 0.059 5070.11 0.205
Kosice 515.05 0.112 1137.15 0.198
Total 2964.14 8913.48

TABLE 7. Comparison of total fuel and energy costs.

and operate such vehicles, regardless of the environ-
mental impact and companies’ efforts to become car-
bon neutral. Based on the obtained data and calcula-
tions, this article confirmed that operating an electric
vehicle can save fuel costs. Charging an electric vehi-
cle is less expensive than refuelling a diesel delivery
vehicle. Table [7] summarizes the costs of analysed
vehicles in three Slovak cities.

Even though, in all cases, the diesel vehicle covered
more kilometres than the electric one, the operation
of the electric vehicle is less expensive.

3.2. BENEFITS FOR COMPANY

The idea of expanding the fleet of vehicles with an
alternative fuel vehicle has ecological and economic
significance [17]. Based on our findings after calculat-
ing the ownership costs of an electric vehicle compared
to a combustion engine vehicle, we can assert that
electric vehicles represent the future in the courier
services sector. An electric vehicle has its ecological
justification but also ensures a certain comfort for
the employee with its quiet and smooth ride or au-
tomatic transmission; these factors can influence the
driver’s performance, whose working environment will
improve. Despite the high acquisition cost of the vehi-
cle, low operating costs can ensure economic efficiency.
Several companies should consider incorporating such
vehicles into their fleets because they can save costs
and contribute to environmental protection.

4. CONCLUSIONS

Based on the provided data, it is clear that electric ve-
hicles are efficient primarily due to their low operating
costs. The energy costs required for charging BEVs
are significantly lower than the fuel costs for ICEVs.
It is the most significant differentiating factor in the
utilization of electric vehicles. Similarly, the cost of
repairs and maintenance is lower, the EV is exempt
from motor vehicle tax (in Slovakia), and the insur-
ance cost is comparable to that of combustion engine
vehicles. The drawback is that the acquisition cost of
the vehicle is higher. However, in most cases, despite
this, it can save companies a considerable financial
resource, thanks to its low operating costs.

One form of support is state subsidies. Currently,
there is no project in Slovakia supporting the devel-
opment of electromobility. Based on past projects,
however, we can consider subsidies as a successful tool

for promoting and developing electromobility in Slo-
vakia. A subsidy of several thousand euros can cover
the price difference between an electric and a diesel
vehicle. It serves as motivation for potential own-
ers to purchase electric vehicles. The subsidy also
applied to N1 category vehicles, which could be ap-
pealing to businesses and courier service companies.
It is essential to consider the lifespan of the vehicle,
approximately 8 years, during which the battery de-
grades, and its replacement is theoretically necessary
with prices ranging from €10 000 upwards.

Nevertheless, this article proves that BEVs represent
the future of urban delivery services.

It is also important to note that the significance
of Battery Electric Vehicles (BEVs) in the courier
service sector is substantial because courier vehicles
cover only short distances daily, with a significant
portion of stop time.

Battery electric vehicles (BEVs) currently face
several drawbacks hindering their broader adoption.
Their limited driving range poses a significant chal-
lenge, particularly in long-distance freight transport.
Additionally, heavy batteries reduce the vehicle’s ef-
fective weight, impacting its performance. Moreover,
the weight of the cargo also affects the electric car’s
energy consumption.

Electric vehicles represent the green future in the
courier service sector because online shopping is still
more popular, leading to increased demand for courier
companies. Some customers are also interested in
a company’s ecological practices, so they consider the
company’s behaviour toward the environment [I8].
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