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ASSESSMENT OF TOTAL COSTS OF OWNERSHIP FOR MIDSIZE
PASSENGER CARS WITH CONVENTIONAL AND ALTERNATIVE

DRIVE TRAINS

The number of alternatively powered vehicles in Poland and EU is growing steadily. Different type of vehicle drive trains determine variati-

ons in their performances from economical and environmental technological aspects. The aim of this paper was to investigate the cost efficiency

and environmental aspects of midsize passenger cars equipped with different drive train technologies: conventional, hybrid, electric and LPG
fueled engine. To this purpose, the Total Cost of Ownership (TCO) method was used. Calculations were carried out by AFLEET Tool. The
results show that the LPG fueled car has the lowest TCO, while the cars equipped with electric drivetrain indicate the highest TCO. However

the electric car recorded the lowest cost of air pollutant emissions and externalities costs.

Keywords: Total Cost of Ownership (TCO), alternatively powered vehicles, hybrid electric vehicles, air pollutant emission

1. Introduction

Alternative fueled vehicles, as well as vehicles with alternative
power train, offer the opportunity to reduce greenhouse gases
emissions and limit the oil dependency. Air pollution is a big
problem in Polish urban areas. For this reason, the Polish
government has adopted a new law on electric mobility aimed
to promote and disseminate the low-emission vehicles. In 2017
according to [1] a significant growth of registration new electric
and hybrid electric passenger cars was observed in Poland.
Number of electric cars (including plug-in hybrids) reported
growth by 45% compared to previous year. The number of
passenger cars equipped with hybrid electric drive train increased
by 40% in comparison to 2016. It is worth noting that registrations
of cars fitted with a diesel engine increased only by 2.8% related to
the previous year. Figure 1 presents the share of propulsion type
in registrations of new passenger cars in 2017.

In 2017, the largest share of the new registered passenger cars
in Poland had the gasoline fueled vehicles, while in EU over a half
of the new cars were equipped with diesel engine. In EU new
registered cars fitted with electric and hybrid had higher share
than in Poland. The reverse situation is in the case of natural
gas fueled vehicles [1-2]. Various types of vehicle drive train
demonstrate differences in their performances from economical,
environmental and technological aspects [3-4]. Alternatively
fueled or powered cars ensure lower emission compared to
conventional vehicles. Hybrid and electric cars have higher
manufacturing costs than the conventional vehicles, which results
in higher acquisition price. However, the EVs and hybrids may
provide low running costs. The Total Cost of Ownership (TCO)
is a useful method to evaluate the costs related to the purchase
and use of a car. The TCO may be applied for identification of the
most economical type of a vehicle.

The aim of the paper is to evaluate the Total Cost of
Ownership for six types of passenger cars: gasoline, diesel, hybrid
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electric, plug-in hybrid electric, electric and LPG fueled. In this
study, the AFLEET Tool was used for the TCO calculation. The
presented analysis includes the cost of externalities. Results
presented in the paper could be useful in decision making on the
purchase of an alternatively powered car.

2. Total Cost of Ownership (TCO)

The Total Cost of Ownership (TCO) includes the initial
purchase price of vehicle as well as all direct and indirect
expenses incurred at its operation, such as repairs, insurance
and fuel. The TCO method provides all the costs arising during
the acquisition, operation and decommissioning. According
to authors of paper [5], the TCO analysis can be conducted
in two categories: consumer oriented studies and the society
oriented studies. In the first group, the costs distinguished by the
consumers are incorporated and the different vehicle technologies
are compared. In the case of the society oriented TCO studies, the
consumer costs are extended to externalities, such as air pollutant,
noise, accidents, congestions, climate change and environmental
impacts.

Various studies have been conducted recently using the TCO
method to analyze the costs effectiveness of the different vehicle
technologies. For instance, the papers [6-8] present the TCO
analysis for conventional, hybrid and electric cars. Studies [9-11]
show the Total Cost of Ownership calculations for urban buses
equipped with different types of propulsion drive. Research [12]
delivers the TCO calculation conducted for plug-in hybrid electric
vehicles for medium-duty truck.

Paper [5] provides the TCO analysis conducted for
conventional, electric and hybrid electric passenger cars
concerning three different car segments. Results show that
the investigated electric vehicles from medium and small cars
segment are less cost efficient then gasoline or diesel powered
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cars. The difference in the TCO with conventional and electric
vehicles is lower compared to the premium city car segment.

Numerous studies the Total Cost of Ownership calculation
contain the environmental and/or social impacts of vehicles.
Studies [13-14] present the Total Cost of Ownership including
the emission cost, associated with air pollution, either greenhouse
gases (CO,, NO,, CH,) or local air pollutants (NO, SO, PM)),.
The TCO method was used to evaluate and compare the cost
efficiency of vehicles with the different type of drive train.
Research paper [15] presented the Total Cost of Ownership
model for alternative vehicle technologies. The TCO was extended
with external costs related to vehicle ownership and use. Authors
interpreted the individual ownership to a societal perspective
by describing the effect of the technologies on the costs for the
society (“Total Cost for Society”). The results presented in the
paper submit that battery electric vehicles, plug-in hybrid electric
vehicles and hybrid electric vehicles have a lower societal cost
than petrol, diesel and compressed natural gas vehicles.

The TCO method may be applied to evaluate the cost
effectiveness of autonomous vehicles. The results of the research
[16] show that the Total Cost of Ownership method can be used
to compare fully automated vehicles with non-automated vehicles
for personal cars, taxis and trucks. The presented TCO analysis
included the costs of time spending for driving. The results show
that highly automated vehicles would be attractive and beneficial
to the high income groups as the time use related benefits can still
be realized in the long-distance travel, but may not be attractive
for taxi or mobility service operations, which primarily operate in
an urban environment.

There are numerous studies on utilization of the TCO
method to evaluate the perspectives of alternatively fueled and
powered vehicles in automotive market of a specific region or
country. For example, paper [17] provides analysis of the Total
Cost of Ownership, social lifecycle cost and energy consumption
obtained done for 66 cars with different types of powertrain
available in Italy in 2013. The results show that the conventional
cars (gasoline, diesel) have the lowest TCO. The electric vehicles
indicate the lowest social lifecycle costs. Authors point out that
alternative vehicles are still too expensive for consumers.

Diesel
27.79%

Gasoline

POLAND

Figure 1 Share of drive train type in registrations of new passenger cars in 2017 [1-2]

Study [18] presents the Total Cost of Ownership analysis of
electric passenger vehicles in Germany. Results provided in this
paper show that hybrid electric vehicles are already promising
option from the economical point of view. Authors state that
electric vehicles are currently not economically realizable in
Germany without governmental subsidies. Similar conclusions
were delivered in paper [19]. The contribution presents extensive
Total Cost of Ownership analysis of conventional, hybrid and
electric vehicles in three countries - the UK, Japan and USA
(California and Texas) over a time period of 16 years. The
authors indicate that the long term government support enables
increasing the interest in hybrid and electric vehicles and growing
the number of low-emission vehicles. Paper [20] and studies
reffered above show how crucial the government subsidies are for
development of electric mobility.

3. Assumptions for the TCO analysis

The TCO model includes costs of: acquisition, fuel,
maintenance and repair, insurance and license and externalities.
It should be noted that some of mentioned cost are relatively
variable over the vehicle operational time. The Total Cost of
Ownership analysis was conducted for midsize passenger cars
equipped with different types of drive systems: conventional with
gasoline powered engine (gasoline), conventional with diesel
powered engine, hybrid electric with gasoline combustion engine
(HEV), plug-in hybrid electric (PHEV), battery electric (EV),
and with engine powered by liquid propane gas (LPG). Detailed
parameters of investigated vehicles are presented in Table 1. Values
of average fuel consumption have been taken from summary [21].
It has been assumed that all the cars operate in an urban driving
conditions. The service life of the analyzed passenger cars is 15
years. The annual millage amounts to 20 000 km.

The fuel price on global fuel market is hard to predict.
Estimate of the stable fuel price during the vehicle operation time
is impossible to obtain. In this study, calculations were conducted
with assumption that the costs of gasoline is 1.09 EUR/dm? (4.69
PLN/dm?), costs of diesel: 1.15 EUR/dm? (4.97 PLN/dm?), costs
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Table 1 Characteristics of analyzed passenger cars [21-25]

Average fuel

Cost of acquisition  Annual insurance ~ Annual cost of repairs and

consumption [EUR] costs [EUR] maintenance [EUR]
Gasoline 6.7 [dm’/100km] 11600 320 580
Diesel 5.8 [dm*/100km] 13000 320 580
Gasoline Hybrid Electric Vehicle (HEV) 4.5 [dm*/100km] 32500 350 930
Gasoline Plug-in(;lﬁfltg\i;i) Electric Vehicle 18 [dm’/100km] 35000 350 930
Electric Vehicle (EV) 10.8 [kWh/100km] 35000 480 980
Liquid Propane Gas (LPG) 11.6 [dm?/100km] 12500 320 600

of LPG: 0.52 EUR/dm? (2.25 PLN/Nm?®) and the costs of electric
energy is 0.44 EUR/kWh (1.90 PLN/kWh) [22-23].

The insurance costs depend on a number of different
factors, such as age, sex, marital status, and location. Polish
insurance companies make the insurance rates also dependent on
the type of the drive propulsion. According to [24] the electric
vehicles are more expensive to insure than conventional cars.

The repair and maintenance costs include costs of periodic
inspections, costs of tires, operating fluids, parts and components
replacing, and costs of necessary repairs. The cost of maintenance
and repair differ between various drive types. The repair costs
of electric and hybrid electric vehicles are higher than for the
conventional cars. Some components of electric drive, like the
lithium-ion batteries, are very expensive to repair if damaged.
An additional reason is the availability of qualified staff to
handle work on electric and hybrid cars. The level of repair and
maintenance cost of analyzed cars have been provided from study
[25]. In the presented TCO model the repair costs of electric
and hybrid electric vehicles and the battery replacement costs
are included.

The external costs have been calculated by use of the AFLEET
Tool. In the TCO analysis described in the paper the externalities
include costs of air pollutant emissions (Carbon Monoxide,
Nitrogen Oxides, Sulfur Dioxide, Particular Matter: PM, ; and
PM,, Volatile Organic Compounds), costs of greenhouse gases
emission, costs of noise, costs of accidents, costs of congestions,
and costs of environmental degradation.

The TCO analysis was carried out using the AFLEET Tool,
developed by the Argonne National Laboratory (ANL). The
AFLEET Tool allows to estimate the lifetime fuel consumption
and air pollutant emissions and costs of ownership for the light
and heavy duty vehicles. The following drive system options have
been taken into account:

e conventional: gasoline, diesel;

* hybrid: gasoline HEV, diesel HEV, diesel hydraulic hybrid,
plug-in hybrid;

» electric: EV, EREV (Extended Range Electric Vehicle);

» alternative fuel: biodiesel, ethanol, hydrogen, LPG, CNG,

LNG.

The vehicle types in the AFLEET Tool are based on the
EPA’s Motor Vehicle Emission Simulator (MOVES) as this
allows the tool to estimate vehicle operation (e.g. tailpipe, brake
and tire wear) emissions for various types of vehicle drives [26].
The user can modify the vehicle purchase price, fuel economy
values, annual mileage, fuel and energy price, planned years

of ownership, as well as the loan interest rate and term when
purchase is financed by a loan.

The AFLEET tool includes the Simple Payback Calculator,
Total Cost of Ownership Calculators, Fleet Footprint Calculator
and Idle Reduction Calculator. The Simple Payback Calculator
analyzes the acquisition and annual operating costs to evaluate
a vehicle simple payback for purchasing, average annual petroleum
use, greenhouse gases emissions and air pollutant emissions. The
Total Cost of Ownership Calculator evaluates the net present value
of operating and fixed costs over the operation time of a vehicle,
lifetime fuel use, greenhouse gases emissions and air pollutant
emissions. The Fleet Footprint Calculator estimates the annual
petroleum use, greenhouse gases emissions and air pollutant
emissions of investigated vehicle, taking into consideration that
older vehicles typically have higher air pollutant emission rates
than the newer ones. Finally, the Idle Reduction Calculator
analyzes acquisition and annual operating costs to calculate
a simple payback of a vehicle acquisition, average annual fuel
use, greenhouse gases emissions and air pollutant emissions [26].

The AFLEET Tool displays simulation results in the outputs
tables and graphs involving the Total Cost of Ownership and its
components, fuel consumption, greenhouse gases emissions, and
air pollutant emissions over the planned operation time.

4. Results

The Total Cost of Ownership values, estimated for the above
mentioned vehicles are presented in Figure 2. The results of
provided analysis show that the lowest TCO value has the car
equipped with engine fueled by the LPG.

The LPG fueled car indicates 5% lower TCO compared to
diesel vehicle. The Total Cost of Ownership values, reported for
the conventional cars, are quite similar. The gasoline powered
vehicle has 3% higher TCO than the diesel one. Car fitted with
electric drive has the highest TCO level of the investigated
passenger cars. The EV demonstrates 40% greater TCO in
comparison to diesel fueled car. Hybrid cars show higher Total
Costs of Ownership than conventional cars. Compared to diesel
vehicle, the TCO values are bigger for plug-in hybrid - 40%, for
HEV - 36%.

The running costs are referred to as the sum of the fuel costs,
maintenance and repairs costs, and insurance costs. Significant
differences of running costs of the analyzed vehicles were
observed. In comparison to the diesel car, the LPG shows 5%

VOLUME 21

COMMUNICATIONS 3/2019



24

SZUMSKA et al.

80000
70000
60000
o= 50000
o
— 40000
S
~ 30000
20000
10000
0 n -
Gasoline Diesel HEV PHEV EV LPG
W Cost of externalities 7544.32 6432.57 5652.95 5199.13 3128.42 5810.15
M Cost of fuel consumption| 21923.02 20111.16 1472442 5889.77 14316.28 10360.47
= Cost O.f repairs and 8720.93 8720.93 13953.49 13953.49 14651.16 9069.77
maintenance
W Cost of insurance A883.72 A4883.72 5232.56 5232.56 7325.58 A883.72
B Cost of acquisition 11600.00 13000.00 32500.00 | 35000.00 35000.00 12500.00
Figure 2 Total Cost of Ownership summary graph
110% 275%
105% 250%
100% 225%
Gasoline
95% 200%
90% 175%
85% 150%
80% 125%
75% 100%
asoline HEV PHEV EV LPG
70% 75%

Figure 3 Percentage difference of the running costs (left) and acquisition costs (right) compare to diesel fueled car (100%)

lower running costs (Figure 3). The main and generally known
reason is a lower price of liquefied petroleum gas compared to
diesel and petrol.

The plug-in hybrid has the 26% lower running costs in
comparison to diesel fueled car. The PHEV indicates the lowest
costs of fuel consumption of the investigated passenger cars.
Expenditures incurred on fuel represent approximately 9% of its
TCO. The low values of fuel cost and the running costs could
make the PHEV more competitive in the future. The plug-in
hybrids are fitted with a large battery that can be recharged by
plugging into an electrical outlet. It allows to obtain the fuel
savings as using only electric drive until the battery pack is
depleted. The conventional cars have the highest operating costs.
This is due to high fuel consumption costs, which constitute the
biggest share in their TCO. Compared to the diesel fueled car,
the operational costs are respectively higher for gasoline - 5%, for
HEV - 1%, for EV - 8%.

The largest part in the TCO of electric and hybrid vehicles
represent the costs of acquisition. The purchase price is often
the determining factor in purchasing a car. Another issue that
can have a serious influence on acquisition decision is limited

battery lifetime and the costs associated with its replacement.
The purchase costs of EV and HEV constitute almost 47% of
their TCO, while for the PHEV - 54%. Compared to the diesel
fueled car, the costs of acquisition are higher for hybrid - 150%,
for plug-in hybrid and electric - 169% (Figure 3).

The external costs provided in this analysis include the costs
of air pollutant emission, cost of greenhouse gases emission, costs
of noise, costs of accidents, costs of congestions, and costs of
environmental degradation. The conventional cars indicate the
highest externalities costs of the investigated passenger vehicles.
The share of external costs in gasoline and diesel TCO value
amounts to 14% and 12% respectively. The externalities in the
PHEV and HEV constitute 8% of their Total Cost of Ownership.
The electric vehicle shows a 51% lower costs externalities
compared to diesel fueled car. Summary of air pollutant emissions
during the operating time of investigated vehicles is shown in
Figure 4.

The results show that the electric vehicle has the lowest
emissions of harmful substances to air. The CO emission level
for an EV is 52% lower compared to a diesel fueled vehicle. The
LPG fueled car has the lowest particular matter emissions of
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Figure 5 Life air pollutant costs

the investigated passenger vehicles. The cars fitted with hybrid
electric drive can significantly reduce the NO_emission. Nitrogen
Oxides emission is respectively lower for the HEV - 40% and
PHEV - 70% compared to diesel powered vehicle.

Figure 5 presents a comparison of costs associated with
the lifetime air pollutant emission estimated by the investigated
passenger cars.

Application of alternative powered or fueled drives can
reduce the air pollutant costs significantly. The lowest lifetime
air pollutant costs indicates the electric car. The EV has the 61%
lower air pollutant costs than the diesel powered car. The gasoline
fueled car shows the highest costs of air pollutant emissions of the
investigated passenger vehicles. The gasoline car has 10% higher
emission costs as compared to the diesel powered vehicle.

5. Conclusion

The presented analysis details the Total Cost of Ownership
associated with the type of drivetrain. Provided comparison
includes externalities costs. It was found that the LPG fueled car
has the lowest TCO and indicates low air pollutant emission. Fuel
consumption for the LPG is bigger than gasoline or diesel, but it
is compensated by significantly lower price. The LPG fueled cars
could be an alternative to replace the conventional cars. Hybrid
electric drives train powering the vehicles have the potential to
reduce the running costs and amount of environmental impact.
Especially the plug-in hybrids can bring cost-savings for the long
term use. However, their Total Cost of Ownership is significantly
greater than for the conventional cars.
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The results provided in this paper and in the studies presented
earlier demonstrate that the hybrid and electric vehicles are still
more expensive than the conventional cars. The disadvantages
of the HEVs and EVs are high purchase costs and additional
costs of battery replacement. The EVs and plug-in hybrids have
limited range, thus causing the long-distance journeys much less
convenient than gasoline, diesel or hybrid cars. It is promising
that prices of the Lithium-lon batteries are decreasing, while the
gasoline and diesel prices are steadily increasing over time. The
number of charging station and charging points vary significantly
across the EU countries. The Norway has the highest number
of installed charging points in Europe. Western EU countries,

have more than 10,000 public charging points in place. In the
Eastern Europe countries the electro mobility is significantly less
developed. In Poland in 2018 were 150 charging station located
mainly in large urban areas [27]. The European Commission
focuses on reducing dependency on oil and oil-related products
and foresees the use of common technical specifications for
recharging and refueling stations. The EU regulatory requires
Member States to develop national policy frameworks for the
market development of alternative fuels and their infrastructure.
For this purpose, EU elaborated funding programs to support and
build a network of high power charging stations infrastructure
along major routes across Europe.

such as Germany, The Netherlands, France and the UK, already
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