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Abstract— A model based comparison between an electric 

vehicle (EV) and a conventional vehicle with an internal 

combustion engine (ICEV) is presented in this paper. The study 

is performed by use of “Advanced Vehicle Simulator” 

(ADVISOR) in MATLAB environment. Both types of vehicles 

are subjected to a New European Driving Cycle (NEDC) 

procedure and to a combined “city-highway” fuel economy test 

procedure. As these test procedures are US based ones, it is not 

explicitly the case in terms of Bulgaria’s conditions. Thus, in 

addition, a comparative fuel economy evaluation is presented. 

Based on obtained results from ADVISOR, it can be seen that 

NEDC’s nature of fast and aggressive style of driving does not 

enhance EV’s inherent advantages and the necessity of charging 

infrastructure is vividly exhibited. Emissions’ results of 

simulated ICEV exceed the normative values of hydrocarbons 

and of particle matters set by US’ Environmental Protection 

Agency (EPA) and Europe’s EURO 6 standards. However, the 

simulation done by ADVISOR does not account for emissions 

reduction techniques. In addition, the fuel consumption and fuel 

economy evaluation shows that to travel by EV is less expensive. 

This, however, is a direct comparison of “tank-to-wheel” 

efficiency of EVs and ICEVs. Whenever “well-to-wheel” 

efficiency is considered the efficiency with which the primary 

source of energy to respective vehicle is produced has to be 

included. That is to say the “well-to-wheel” efficiency is the 

product of the “tank-to-wheel” efficiency and the efficiency 

which is known as “well-to-tank”. Then, if an EV is charged with 

electricity generated by coal-fired power plants its “well-to-

wheel” efficiency is similar to the one of ICEVs. Furthermore, 

albeit ICE’s inherent lower efficiency, the accessibility of ICEVs 

is still widely needed as there are many uncertainties regarding 

EV’s charging purely by spatial point of view at residential 

complexes. Thus, taking everything below into considerations a 

complete extinction of any type vehicle seems unlikely and it is 

more likely that in the future a vehicle diversification comprised 

of ICEVs, EVs and hybrids will be the standard.  
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I. INTRODUCTION  

Electric vehicles (EVs) are one of the most promising 
contenders to replace conventional internal combustion 
engine vehicles (ICEVs) as a mean of transport. Even though 
an electric motor is significantly more efficient than its ICE 
counterpart and EVs’ are characterized by significantly higher 
“tank-to-wheel” efficiency than ICEVs, the “well-to-wheel” 
efficiency of EVs appear to be heavily influenced by the 
method of electricity’s generation [1] – [4].  

A model based comparison on the efficiency of EVs to 
ICEVs is presented in this paper. The study is done in 

development environment MATLAB with the help of the 
“Advanced Vehicle Simulator” (ADVISOR) gui. ADVISOR 
is a flexible but robust analysis tool allowing advanced vehicle 
modelling [5] – [7], [11]. Since some relations and processes 
are significantly complex and computationally intense to 
present by a model of simple description, they are simulated 
in an idealized nature. Comparing the efficiencies of their 
respective powertrains reveals each of their respective “tank-
to-wheel” efficiencies. However, in a well-to-wheel efficiency 
is included not only the tank-to-wheel, but also the “well-to-
tank” efficiency. The well-to-tank efficiency is consisted of 
the efficiency of producing the “primary” source of energy 
with respect to vehicle’s point of view, i.e. electricity for EV’s 
and fuel for ICEV’s, and also the efficiency of transportation 
of said “primary” source [8] – [11]. Thus, the purpose of this 
paper is to serve as a baseline when comparing EVs’ to 
ICEVs’ efficiencies as a mean of transport.  

II. MODEL BASED COMPARISON  

In this study a relatively large sport utility vehicle (SUV) 
is considered for both types of vehicles. The considerations of 
a large SUV that are applied are as follows: frontal area of 2.7 
to 3 m2; vehicle’s wheelbase of 2.9 – 3 m; curb mass of 1800 
–3000 kg; cargo mass of 100 kg, passenger mass of 80 – 100 
kg/person, etc. Further details of simulated EV and ICEV are 
presented in sections A and B, respectively.  

ADVISOR’s setup windows for EV and ICEV are shown 
on Fig. 1. (a) and Fig. 1. (b), respectively. Beneath these setup 
windows Simulink models are generated. It has to be noted 
that ADVISOR takes a multitude of variables into account [5], 
[8]. Values of some of the variables in considerations are set 
in a way that describes behaviour and response that are purely 
theoretical and idealized. This is done with the purpose of 
faster and simpler simulation.  

The comparative analysis on the efficiency is comprised 
of two parts – firstly both types of vehicles are run through a 
simulation on a standard New European Driving Cycle 
(NEDC) procedure; secondly both types of vehicles are 
subjected to a combined fuel economy test procedure “city-
highway”. Taking into account that ADVISOR has been 
developed by US’ Department of Energy [5], the “city-
highway” test procedure is primarily giving results of fuel 
economy in the US. Emission standards by US’ 
Environmental Protection Agency (EPA) [12] exhibited in 
Table I.  

Thus, as this is not explicitly the case in terms of 
Bulgaria’s conditions and standards, a comparative fuel 



economy evaluation is done in addition (chapter III, section 
C), in accordance to Europe’s Euro 6 standard (Table II) [13].  

Initial conditions of NEDC are as follows. Ambient 
temperature, as well as ICEV’s interior converter’s 
temperature, exhaust pipe’s temperature, engine’s cylinders, 
hood, interior and exterior initial temperatures, and also EV’s 
energy storage system’s (ESS’) initial temperature and 
motor’s initial temperature are set to 20 °C. Additionally, 
ESS’ initial state of charge (SoC) is set to 0.5.  

A. Electric vehicle’s considerations.  

The considerations of an EV SUV in this study are the 
following:  

 A permanent magnet synchronous motor with 
nominal power of 100 kW is taken as a traction motor 
in the electrical drivetrain system. ADVISOR’s 
interface treats the electrical motor and its 
corresponding inverter as one unit. Thus, on the 
bottom left hand side of Fig. 1 (a) the efficiency map 
is noted as “motor/inverter”;  

 The battery pack is comprised of 100 modules. A 
battery module is equivalent to a single battery in 

ADVISOR. Each module is set to represent a Li – ion 
battery;  

 Transmission is set as a single-speed gearbox and 
layout is chosen to be front-wheel drive;  

B. Considerations regarding internal combustion engine 

vehicle.  

Analogously to EV’s considerations in section A, ICEV’s 
considerations are as follows.  

 A diesel engine with volume of 2.2 L and maximum 
power of 96 kW is considered. The engine is referred 
to as fuel converter in ADVISOR’s interface as the 
type of ICE can be selected by the user (on Fig. 1. (b) 
ci denotes compression ignition, i.e. diesel type, 
while the other option – si denotes spark or standard 
ignition, i.e. gasoline fuel);  

 Transmission is set as a five-speed gearbox and 
layout is chosen to be front-wheel drive;  

 

 

  
(a) (b) 

Fig. 1. ADVISOR’s setup windows – (a) EV’s setup and (b) ICEV’s setup.  

 

TABLE I.  Light-duty vehicle and light-duty truck exhaust emissions’ standards, defined by EPA.  

Unburned hydrocarbons  

(HC), g/mi  

Nitrogen oxides  

(NOx), g/mi 

Carbon monoxide 

(CO), g/mi 

Particle matters 

(PM), g/mi  

0.156 0.6 4.2 0.08 

Equivalent value in metrics 

HC, g/km 

Equivalent value in metrics 

NOx, g/km 

Equivalent value in metrics 

CO, g/km 

Equivalent value in metrics 

PM, g/km 

0.097 0.373 2.61 0.05 

 

TABLE II.  Emissions’ standards of passenger cars according to EURO 6.  

Unburned hydrocarbons  

(HC), g/km 

Nitrogen oxides  

(NOx), g/km 

Carbon monoxide 

(CO), g/km 

Particle matters 

(PM), g/km  

0.1 0.06 1 0.0045 

 

 



III. SIMULATION RESULTS  

Simulation is performed by ADVISOR gui in MATLAB 
environment. Simulation results are divided between section 
A and section B. Section A covers EV’s simulation results of 
NEDC and “city-highway” test procedure. Analogously, 
ICEV’s simulation results are covered in section B. 
Additionally, a fuel consumption evaluation in terms of 
Bulgaria is exhibited in section C.  

A. Electric vehicle’s simulation results.  

EV’s results panel is displayed on Fig. 2. Based on the first 
of the four plots it can be seen that EV has not completed the 
last portion of NEDC. This is due to that the last portion is 
characterized with flat roads with faster and more aggressive 
nature of driving. Thus, at that high speed portion of NEDC 
energy demand on ESS is significantly increased, the SoC 
decreases rapidly, EV cannot perform regenerative braking 
and at the end of simulation SoC drops to zero, i.e. EV has 
stopped (second plot). Nevertheless, the average efficiency of 
EV’s driveline is 96.3352 %. The “motor/inverter” group has 
performed with an average efficiency during driving of 
93.2083 % and an average efficiency during generating of 
80.2775 %. Thus, motor/inverter’s average round-trip 
efficiency would come up to 74.825 %. ESS’ average 
efficiency during discharging – 93.587 %, while during 
charging – 95.5397 %. Thus, ESS’ average round-trip 
efficiency is 89.4127 %. Hence, EV’s tank-to-wheel 
efficiency would come up to 64.4514 % 

 

Fig. 2. Electric vehicle’s simulation results panel.  

 

Fig. 3. Electric vehicle’s results on the fuel economy “city-
highway” test procedure.  

Fig. 3. presents EV’s performance on the fuel economy 
“city-highway” test procedure. As expected, EV’s operation 

there are no emissions (also shown on the third plot of Fig. 2), 
which is the cause that the fuel consumption values are 
registered as infinite by ADVISOR.  

B. Internal combustion engine vehicle’s simulation results.  

Based on ICEV’s simulation results panel on Fig. 4. it can 
be seen that the considered ICEV managed to complete NEDC 
and the emissions in g/ km are as follows – HC at 0.285 g/ km; 
CO at 0.916 g/ km; NOx at 0.278 g/ km and PM (PM10) at 
0.136 g/ km. Based on EPA’s standards (Table I) this run of 
ICEV on NEDC exceeds the norms of HC and PM. Based on 
EURO 6 standards (Table II), only CO value does not exceed 
its norm.  

During this NEDC run the engine performed with an 
average efficiency of 26.2527 %. In addition, the average 
efficiency of the driveline is 95.7252 %. Hence, ICEV’s tank-
to-wheel efficiency – 25.1304 %.  

Analogously to section A, the fuel economy “city-
highway” test procedure’s results are given on Fig. 5. In this 
procedure the simulated ICE SUV consumed 10 L/ 100 km 
with regards to city driving and 7.1 L/ 100 km with regards to 
highway driving. 

Combined fuel consumption is 8.7 L/ 100 km. As the 
nature of this test procedure is different than the nature of 
NEDC, the emissions’ results during this test are as follows. 
HC at 0.129 g/ km; CO at 0.521 g/ km; NOx at 0.218 g/ km 
and PM at 0.132 g/ km. Once again, the norms of HC and PM 
are exceeded according to EPA’s standards (Table I). In terms 
of emissions standards of EURO 6 (Table II) during this run 
only CO does not exceed set norm value.  

 

Fig. 4. Internal combustion engine’s vehicle simulation 
results panel.  

 

Fig. 5. Internal combustion engine vehicle’s results on the fuel 
economy “city-highway” test procedure.  



C. Fuel consumption evaluation in Bulgaria.  

Even though there are government subsidies in many 
countries regarding EVs’ purchases, including Bulgaria, it is 
still unknown how electrical energy’s taxing will change 
whenever EVs become more widely spread and utilized by the 
masses. Charging infrastructure is often termed as one of the 
biggest drawbacks of today’s EVs, but it is more so their 
biggest necessity as it is shown by [14]. There are many 
uncertainties regarding charging infrastructure purely from 
spatial point of view concerning public parking spots in front 
of residential complexes and how parking spots will change 
for citizens living in these given complexes depending on 
charging stations. In terms of electrical point of view, it is 
shown that there are no major concerns to the state of the 
power grid and its potential to handle EVs as loads, especially 
when taking into account the implementation of a vehicle-to-
grid strategy [14] and introduction of digital substations on a 
global scale [15]. Thus, as it stands, a fuel economy evaluation 
can be made by considering present electrical energy’s billing 
and considering present prices for petrol fuels – both taken 
from consumer’s perspective with the respective value added 
tax (VAT), excise for petrol fuels, etc. The presented billings 
and tariffs below are taken with regards that 1 BGN ≈ 0.511 € 
(as of February 2023).  

 Domestic charging stations are billed on domestic 
tariff plan. Present domestic tariff plan in Bulgaria is 
priced at 0.21 to 0.25 BGN/ kWh ≈ 0.11 to 0.13 €/ 
kWh without tax for using the grid (roughly 0.07 
BGN/ kWh ≈ 0.04 €/ kWh) and without VAT. 
Accounting for these taxes, the price range becomes 
0.32 to 0.37 BGN/ kWh ≈ 0.16 to 0.19 €/ kWh;  

 Industrial consumers’ tariffs are billed at an average 
weekly stock price of 0.3 – 0.4 BGN/ kWh ≈ 0.15 to 
0.2 €/ kWh. Accounting for taxes it comes up to 0.43 
to 0.55 BGN/ kWh ≈ 0.22 to 0.28 €/ kWh;  

 Public charging stations at present are billed at a 
fixed price of 1 BGN/ kWh ≈ 0.511 €/ kWh.  

Considering an EV with a 40 kWh battery pack that can 
travel realistically 200 to 250 km on a single charge. 
Therefore, this results in 160 to 200 Wh/ km or 0.16 to 0.2 
kWh/ km. From here, a cost per kilometer can be estimated:  

 To travel a single kilometer per charge only by 
domestic charging would roughly result in 0.054 to 
0.078 BGN/ km ≈ 0.028 to 0.04 €/ km;  

 Single kilometer on an industrial billing would come 
up to 0.07 to 0.11 BGN/ km ≈ 0.036 to 0.057 €/ km;  

 Thirdly, to travel a single kilometer only on public 
charging costs 0.16 to 0.2 BGN/ km ≈ 0.082 to 0.102 
€/ km.  

The presented petrol fuel price ranges are taken in a 
month’s interval during February 2023 and are as follows:  

 Gasoline with octane number 95 is priced between 
2.44 and 2.64 BGN/L (1.25 to 1.35 €/L);  

 Gasoline with octane number 98 is priced between 
2.85 and 3.15 BGN/L (1.46 to 1.61 €/L);  

 Gasoline with octane number 100 is priced between 
2.74 and 3.48 BGN/L (1.4 to 1.78 €/L);  

 Standard diesel is priced in the range of 2.69 to 2.99 
BGN/L (1.37 to 1.53 €/L);  

 Premium diesel is priced at 2.79 to 3.36 BGN/L (1.43 
to 1.72 €/L).  

Considering fuel consumption results from Fig. 5., then to 
travel a single kilometer via this considered SUV would cost 
as expressed in Table III.  

Easily, it can be spotted that travelling by petrol fuelled 
ICEVs is more expensive due to naturally lower “tank-to-
wheel” efficiency. However, the charging infrastructure in 
Bulgaria is scarce and insufficient in comparison to petrol 
stations’ infrastructure. Furthermore, once EVs become 
widely spread throughout the masses, an additional excise on 
electrical energy may be incorporated towards charging.  

TABLE III.  Travel cost of petrol vehicle with regards to 
Bulgaria’s circumstances.  

 City consumption Highway 
consumption 

Combined 
consumption 

Gasoline 
95 

0.244 – 0.264 
BGN/ km 
or  
0.125 – 0.135 €/ 
km 

0.173 – 0.187 
BGN/ km 
or  
0.089 – 0.096 €/ 
km 

0.212 – 0.23 BGN/ 
km 
or  
0.108 – 0.118 €/ 
km 

Gasoline 
98 

0.285 – 0.315 
BGN/ km 
or  
0.146 – 0.161 €/ 
km 

0.202 – 0.224 
BGN/ km 
or  
0.103 – 0.114 €/ 
km 

0.248 – 0.274 
BGN/ km 
or  
0.127 – 0.14 €/ km 

Gasoline 
100 

0.274 – 0.348 
BGN/ km 
or  
0.14 – 0.178 €/ km 

0.195 – 0.247 
BGN/ km 
or  
0.1 – 0.126 €/ km 

0.238 – 0.303 
BGN/ km 
or  
0.122 – 0.155 €/ 
km 

Standard 
diesel 

0.269 – 0.299 
BGN/ km 
or  
0.137 – 0.153 €/ 
km 

0.191 – 0.212 
BGN/ km 
or  
0.098 – 0.108 €/ 
km 

0.234 – 0.26 BGN/ 
km 
or  
0.12 – 0.133 €/ km 

Premium 
diesel 

0.279 – 0.336 
BGN/ km 
or  
0.143 – 0.172 €/ 
km 

0.198 – 0.239 
BGN/ km 
or  
0.101 – 0.122 €/ 
km 

0.243 – 0.292 
BGN/ km 
or  
0.124 – 0.149 €/ 
km 

D. Well-to-wheel efficiency 

The well-to-tank efficiency for ICEV’s can be estimated 
in the following way [16].  

 Extraction of crude oil from oil field – efficiency of 
97 %;  

 Transportation of crude oil to the refinery –efficiency 
of 99 %;  

 Crude oil refining – efficiency of 91 %;  

 Fuel distribution – efficiency of 98 %.  

Thus, ICEV’s well-to-tank efficiency is 86 %. Then, 
having ICEV’s well-to-tank and tank-to-wheel efficiencies, 
the well-to-wheel efficiency can be determined as a product of 
the former two and comes up to, namely, 21.612 %.  

With regards to EV’s, well-to-tank efficiency is comprised 
of the efficiency of electrical power plant and efficiency of 
transmission. Efficiency of transmission is comprised of 
losses in transmission lines, losses in substation and losses in 
distribution, and can be considered as constant – generally 
around 85 % in Bulgaria. Then, the efficiencies of different 
power plants is the primary factor and it is as follows [17]:  



 Coal based steam power plants – efficiency between 
32 and 42 %;  

 Nuclear power plants’ efficiency is between 35 and 
38 %;  

 Hydro power plants’ efficiency is between 85 and 90 
%;  

 Pumped-storage hydro power plant – efficiency 
between 70 and 75 %;  

 Solar power plant – efficiency between 16 and 22 %;  

 Wind power plant – efficiency between 20 and 40 %.  

Therefore, EV’s well-to-wheel efficiency ranges from 10 
to 58 % depending on the type of power plant.  

IV. CONCLUSIONS 

A model based comparison between an EV and ICEV on 
NEDC and “city-highway” test procedures is presented in this 
paper. In addition, a fuel consumption evaluation in terms of 
Bulgaria and a cost to travel a single kilometer are also given.  

Even though in the last part of the NEDC EV ran out of 
charge, it cannot be unequivocally stricken out as battery’s 
initial SoC is set to 50%. Furthermore, due to the fact that 
NEDC has a lot of flat roads with more aggressive style of 
driving and not a lot of inclinations, regenerative braking is 
not utilized which in turn limits additionally battery’s 
charging. Thus, traveling in such conditions would require 
charging stations to be placed more often and some vehicle-
to-grid strategy to be implemented.  

Based on fuel economy evaluation with regards to 
Bulgaria’s circumstances, it is evident that by direct 
comparison travelling by EVs cost less. However, the travel 
cost becomes comparable when considering “well-to-wheel” 
efficiency. Thus, taking everything considered into account, it 
is an unlikely perspective that only one type of vehicles will 
be left remaining in existence, and more likely that a vehicle 
diversification comprised of ICEVs, EVs and hybrids, both 
classic HEV’s and also PHEV’s, will be the prospect of the 
future.  
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