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ARTICLE INFO  The fleet of electric vehicles is systematically growing. Many passenger car manufacturers are already 

reporting that after 2030, vehicles equipped with electric propulsion will account for half of the models 

produced. Vehicles equipped with an electric drive include: battery-powered electric vehicles, hybrid electric 
vehicles and fuel cell electric vehicles. Over the years, these vehicles have undergone constant change. The aim 

of this paper was to review trends in the development of pure electric vehicles and plug-in hybrid vehicles.  
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1. Introduction 
The electric powered vehicles are gaining an increasing 

share of the passenger vehicle market. There are three types 

of electric vehicles: battery electric vehicles (EV), hybrid 

electric vehicles (HEV), and vehicles equipped with fuel 

cells electric vehicles (FCEV). Despite the many challenges 

facing electric drive technology, there is a great reason to 

be optimistic about its future. New technologies in the field 

of electric vehicle drive systems have great potential to 

stimulate the development of intelligent and sustainable 

transport [56, 59]. Despite the many challenges facing elec-

tric drive technology, there are good reasons to be optimis-

tic about its future [12, 32, 44].  

The automotive industry is currently facing a profound 

transformation toward electric mobility. Diverse electric 

vehicle models in different price ranges available from 

automakers are resulting in a noticeable increase in EV 

sales. In Europe, sales of electric passenger vehicles in 

2021 increased by over 65% compared to 2020. In 2021, 

electric vehicles accounted for 17% of all passenger cars 

sold in Europe [28]. In the first half of 2022, electric pas-

senger vehicles reached an 11.1% share of European's over-

all automotive market [26].  

Car manufacturers put close attention to the customers’ 

likings. Based on the observation of the increase in interest 

in electric cars and the increase in sales of electric models, 

car manufacturers are form their offer. Carmakers aiming to 

gain a greater share of the electric vehicle market offer  

a wide range of models with electric drives to appeal to  

a growing group of consumers. The offer of each passenger 

car manufacturer includes models with hybrid or electric 

drives. These trends are observed both in the sector of small 

and city passenger cars, as well as sports cars and SUVs. 

According to the report [62], over the last 2 years, all car 

manufacturers have increased sales of electric vehicles. The 

development of electric drive technology is also taking 

place in light commercial vehicles. Electric and hybrid 

heavy-duty vehicles have already been developed. They are 

currently the subject of extensive testing and research [37]. 

Research shows that consumers who are interested in buy-

ing an electric vehicle pay attention primarily to its range, 

charging time, and purchase price [15, 40, 65]. The contin-

uous development of battery technology already allows you 

to cover an increasingly longer distance on a single charge 

[60]. In addition, with the use of fast chargers, battery 

charging times have also been significantly reduced [54, 61, 

64]. However, the high cost of purchasing an electric vehi-

cle is a barrier for many potential buyers. In many coun-

tries, subsidies and financial incentives are available for EV 

buyers to attract potential customers. In addition, many 

cities offer facilities for electric car owners in the form of 

parking fee exemption, toll road exemption, and bus lane 

use [14, 34, 38].  

Among the charging technologies for electric vehicles, 

wireless charging methods can be distinguished. It can be 

a flexible and promising alternative to standard plug-in 

battery chargers [7, 45]. Wireless charging is easier to use 

as it does not require a cable to be connected to the vehi-

cle. This is a technology still in development. However, 

thanks to properly placed charging infrastructure, it will 

be possible to recharge the battery (e.g. in parking lots or 

while waiting at red lights), which will further extend the 

range [24, 33, 68]. 

Many automobile concerns have set themselves ambi-

tious plans to increase the share of vehicle models with 

electric drives in the entire assortment of vehicles produced. 

The Volkswagen Group assumes that in 2030 every second 

vehicle produced will be equipped with an electric drive. It 

should also be emphasized that in 2021 Volkswagen was 

the second largest car manufacturer in the world [35, 48], 

and the share of battery electric vehicles in its total sales 

volume was 5.1%. The Stellantis Group, which brings to-

gether the following brands: Citroen, DS Automobiles, 

Jeep, Fiat, Opel, and Peugeot, announced a new strategy in 

March 2022, which assumes the sale of 5 million purely 

electric vehicles by 2030 [20, 57]. 

Asian automobile companies also have extensive vehi-

cle electrification plans. Toyota is a pioneer in the produc-

tion of hybrid vehicles. The Prius, unveiled in 1997, was 

the first widely available and mass-produced hybrid vehi-

cle, which continues to be very popular. Toyota has not put 

a purely electric model into production until 2021. With its  
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recently announced strategy, Toyota aims to introduce 30 

new EV models by 2030 [3, 19]. Nissan plans to introduce 

23 new electric models, including 15 new electric models 

by 2030. The company aims to achieve more than 50% 

share of electric vehicles in total global vehicle sales for the 

Nissan and Infiniti brands by 2030 [47]. Honda plans to 

introduce 30 electric models to the global market by 2030, 

with a production volume of more than 2 million vehicles 

per year. The company has announced that by 2040 it will 

completely phase out the production of gasoline-powered 

cars. In addition, Honda intends to engage in research and 

development of new battery technologies [58]. 

Ford Group has ambitious plans to develop electric vehi-

cle technology. The corporation intends to introduce three 

new electric passenger vehicles and four new electric com-

mercial vehicles in Europe by 2024. Planned sales are more 

than 600,000 electric vehicles by 2026 in the European mar-

ket only. In addition, Ford plans to open one of Europe's 

largest commercial vehicle battery plants in Turkey [25]. 

Plans to increase the share of electric cars are observed 

in the luxury and sports car sectors. For example, Mer-

cedes-Benz assumes that in 2025, 50% of the planned reve-

nues will come from the sale of EV and plug-in hybrid 

vehicles. In 2021, Mercedes-Benz sold 2.4 million vehicles, 

of which 4% were EV vehicles [42, 43]. The BMW Group 

predicts that at least half of the vehicles sold in 2030 will be 

BEV models [9]. In 2021, the share of electric vehicles in 

the total number of vehicles sold was 4% [21, 42]. The 

Volvo Group assumes that by 2025, electric cars will ac-

count for half of the models produced, and after 2030, all 

models produced will be equipped with electric drives [67]. 

In 2021, about 4% of vehicles sold by the concern were 

models equipped with an electric drive [65, 66]. In its strat-

egy, Audi concern assumes that by 2025 its offer will in-

clude more than 20 fully electric models. The concern 

clearly focuses on electromobility and plans to invest 

around EUR 18 billion in electrification and hybridization 

in the years 2022-2026. From 2026, two fully electric mod-

els will be available. A key element of Audi's electrification 

strategy is a new factory in China, where a state-of-the-art 

production facility for all-electric Audi models will be built 

by the end of 2024 [5]. 

Electrification of means of road transport is an oppor-

tunity to reduce CO2 emissions. The Green Deal for Europe 

(GDE) presented by the European Commission in 2019 

assumes the achievement of zero net greenhouse gas emis-

sions by 2050. The intermediate goal of the GDE is to re-

duce net greenhouse gas emissions by at least 55% by 2030 

compared to 1990. The document also contains legal regu-

lations responding to the challenges in the transport sector 

related to reducing energy consumption and increasing the 

use of the so-called clean energy, more efficient use of 

modern infrastructure, and reduced environmental impact 

[16]. In "Fit for 55" announced on 14 July 2021 the Euro-

pean Commission announced a package of legislative pos-

tulates. One of the calls is the introduction of CO2 emission 

limits for passenger vehicles and light-duty vehicles. Start-

ing in 2030, new vehicles are assumed to emit less CO2 

(compared to 2021) by an average of: 37.5% – for passen- 

 

ger cars and 31% – for light-duty vehicles. CO2 emission 

limits have also been set for trucks and other heavy-duty 

vehicles. The new regulations oblige manufacturers to re-

duce their CO2 emissions (compared to 2019) by an average 

of 15% by 2025, and then by 30% by 2030 [22]. The "Fit 

for 55" project assumes that from 2035 all new passenger 

vehicles and light-duty vehicles will be completely emis-

sion-free. Member States will be obliged to develop infra-

structure for electric vehicle charging and increase the 

number of hydrogen refueling stations. 

Technologies used in EVs can increase the flexibility 

of their use, which can be important in energy manage-

ment optimization systems. The possibility of using elec-

tric vehicles in systems supplying energy to the electric 

network of the Vehicle-to-Grid (V2G) and Vehicle-to-

Home (V2H) type means that electric vehicles can change 

their role from a means of transport into an energy storage 

system. V2G systems can reduce the pressure on the grid 

during peak EV charging and connect the vehicle to the 

grid to use electricity more rationally [4, 51, 70]. V2H and 

V2G systems mainly consist of battery management soft-

ware, equipment supporting two-way transmission of 

electricity, and communication modules between the vehi-

cle and the power grid. A properly designed V2G and 

V2H systems are aimed at optimizing charging costs for 

owners of electric vehicles while providing auxiliary ser-

vices to the grid [4, 10].  

Electric vehicle drives are undergoing continuous de-

velopment. New technologies related to energy storage, 

charging methods, or energy transfer allow electric vehicles 

to become more accessible to average consumers. The aim 

of this paper is to present trends in the development of 

electric-powered vehicles. The paper provides a review of 

electric drive vehicles and the development of electric drive 

technology in vehicles over the years. 

2. Electric-drive vehicles 
Classification of electric vehicle propulsion systems can 

be done by electrification level. The main parameter for this 

classification is considered to be the amount of electricity 

that drives the vehicle. This is determined by the energy 

capacity of the battery, which determines the amount of 

energy expended and recuperated [69]. Vehicles equipped 

with electric drive include: 

– battery electric vehicle (EV) – a vehicle with an electro-

chemical battery as the energy source and an electric 

motor as the drive unit 

– hybrid electric vehicle (HEV) – a vehicle that combines 

an internal combustion engine and an electric motor – 

the internal combustion engine is the main energy 

source 

– plug-in hybrid vehicle (PHEV) – a vehicle in which 

electric and combustion drives work together, but the 

electric drive is the main drive 

– fuel cell electric vehicle (FCEV) – a vehicle in which  

a fuel cell and an electro-chemical battery cooperate, 

and the drive unit is an electric motor. 

The specifications of vehicles with electric drive sys-

tems are summarized in Table 1. 
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Table 1. Technical features of vehicles with an electric drive train 

Type of vehi-
cle 

Drive sys-
tem 

Power unit  Energy sources 

BEV – Battery 

Electric  
Vehicle 

Electric 

motor drives 

Electric machine Battery 

charged from 
the electrical 

grid 

HEV – Hybrid 

Electric  
Vehicle 

Internal 

combustion 
engine 

HEV – Hybrid 

Electric Vehicle 

Internal  

combustion 
engine 

PHEV – Plug-

in Hybrid 
Electric  

Vehicle 

Electric 

motor drives 

PHEV – Plug-in 

Hybrid Electric 
Vehicle 

Electric motor 

drives 

FCEV – Fuel 

Cell Electric 
Vehicle 

Electric 

motor drives 

Electric machine Fuel cells 

3. Development of electric drive technology  

in passenger vehicles 
In order to determine the development trends in the field 

of electric drives used in vehicles, the parameters of select-

ed drive components were analyzed. On the basis of the 

report [52], models of electric and plug-in hybrid passenger 

cars of various segments were selected. A few of the long-

est-running models on the market were chosen. In the case 

of electric vehicles (EV), the following technical parame-

ters were analyzed: total power, top speed, battery nominal 

capacity, range, and curb weight. For plug-in hybrid vehicle 

analyses, the parameters selected were: internal combustion 

total power, electric machine total power, battery nominal 

capacity, electric range, and fuel consumption. 

3.1. Technological developments in electric vehicle  

propulsion 

Electric passenger vehicles from the four categories 

highlighted in the European Commission's Regulation [30] 

were investigated: 

– B-segment small cars: Peugeot iOn, Renault ZOE 

– C-segment medium cars: Nissan Leaf, Volkswagen  

e-Golf 

– D-segment large cars: Tesla Model 3 

– E-segment executive cars: Tesla Model S. 

According to reports [1, 59, 71] the models under dis-

cussion are the longest-produced electric vehicles on the 

market and are still very popular with customers. 

The first parameter under consideration is total power 

(Fig. 1). The drive unit in electric vehicles is exclusively an 

electric motor. Its task is to convert the electrical energy 

from the battery into mechanical energy used to drive the 

wheels of the vehicle. Total vehicle power is not constant 

and may depend on many factors such as ambient tempera-

ture, battery temperature and state of charge, battery type, 

battery state of age and battery age. 

As can be observed on Fig. 1, the total power of electric 

vehicles has been increasing over the years. In the  

B-segment of small passenger cars, the available total pow-

er of the Peugeot iOn was increased by only 4% over the 

production period (2009-2022), while that of the Renault 

ZOE (over a much shorter period: 2012-2022) was in-

creased by as much as 286%. For electric vehicles in the  

C-segment of medium-sized passenger cars, the available 

total power has also increased over the years. In the Nissan 

Leaf, the available total power has been increased by 158% 

compared to the first version of this model in 2010. The 

VW e-Golf in the years 2014-2022 recorded a slight in-

crease in engine power of 18%. Tesla models from the  

D-large car segment and the E-executive car segment rec-

orded a significant increase in total power, with 96% and 

186% respectively. 

 

Fig. 1. The total power output of the selected electric vehicle models from 
the start of their production until 2022 

 

Due to the increase in total power in the electric car 

models analyzed, there was also an increase in top speed 

(Fig. 2). However, while the increase in top speed in vehi-

cle segments B and C was small (up to around 8%), in-

creases of 20% and 61% were noted in vehicle segments D 

and E. 

 

Fig. 2. The top speed of the selected electric vehicle models analyzed from 

the start of their production until 2022 

 

An important parameter affecting the functionality of an 

electric vehicle is the battery nominal capacity. Figure 3 

shows the battery nominal capacity over the years of pro-

duction of electric models. 

 

Fig. 3. The battery nominal capacity of the selected electric vehicle models 

from the start of their production until 2022 
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The amount of energy stored depends on the energy ca-

pacity of the battery. Energy storage technology is still 

undergoing significant advances, such as in the area of 

materials used in cathodes and anodes. Current studies are 

aimed at obtaining the highest possible energy density and 

high energy density at the same time, while reducing the 

size and weight of the battery. As shown in Fig. 3, the nom-

inal battery capacity increased in the analyzed models of 

electric vehicles. The nominal battery capacity has slightly 

increased in the Peugeot iOn, by 10%. Over the years of 

production, the nominal battery capacity of the Nissan Leaf 

(by 158%) and Renault ZOE (by 111%) has been signifi-

cantly increased. For Tesla vehicles, the nominal battery 

capacity has been increased by 61% on the Model 3 and 

18% on the Model S, respectively.  

The popularity of electric vehicles is largely determined 

by their functional features. One of the important parame-

ters taken into account by future users is the range. The 

range can be defined as the distance that an electric vehicle 

can travel from fully charging the battery to its discharge to 

the limit level. From the point of view of especially new 

EV users, range is a key issue in the operation of this type 

of vehicle. The concern about the limited range of electric 

vehicles causes a phenomenon called "range anxiety" [13, 

49, 50]. A properly placed charging network can reduce 

range anxiety. The problem with EV use is the long battery 

charging time, which, depending on the battery capacity 

and charging method, can take up to several hours. Figure 4 

shows the range of the analyzed EV models during their 

production period. 

 

Fig. 4. The battery nominal capacity of the selected electric vehicle models 
from the start of their production until 2022 

 

As shown in Fig. 4, the range of most of the analyzed 

vehicles has increased. This is mainly due to the develop-

ment of energy storage technology. In the initial period of 

production, the analyzed vehicle models from the B and C 

segments showed a similar range. Compared to that period, 

the largest increase in range was recorded for Nissan Leaf 

(by 120%) and Renault ZOE (by 80%). It is worth mention-

ing that these vehicles saw the largest increase in nominal 

battery capacity during their production period. The range 

of the VW e-Golf has been extended by 20%. Based on the 

information provided by the manufacturers of the analyzed 

models from 2022, the range varied. Electric vehicles in the 

B segment had a range from 150 to about 400 km. In the 

case of C-segment electric vehicles, the range arrays from  

 

230 km to approximately 400 km. In the case of Tesla's 

Model 3, the range has been extended by 60% compared to 

the first generation of this vehicle. In the Tesla Model S 

over the years of production (2012-2022), the range in-

creased by 20%. In 2022, the range of Tesla vehicles from 

segments D and E was even 600 km. 

The increase in battery capacity not only extends the 

range but also results in an increment in EV weight. The 

increase in battery capacity not only extends the range but 

also results in an increase in the curb weight of electric 

vehicles. In the analyzed models of vehicles from segments 

B and C, the increase in curb weight was small, up to 10% 

over the years of production. The relatively highest increase 

in curb weight was recorded for the Tesla Model 3 (20%). 

Figure 5 presents the curb weight of the analyzed vehicle 

models over the years of production. 

 

Fig. 5. Curb weight of the selected electric vehicle models from the start  

 of their production until 2022 

3.2. Technological developments in plug-in hybrid  

vehicles 

In recent years, plug-in hybrid vehicle technology has 

undergone significant development. For this reason, select-

ed models of passenger cars with the plug-in hybrid drive 

from the following segments were analyzed: 

– B-segment small cars: Chevrolet Volt, Ford Fusion 

Energi 

– D-segment large cars: Volvo V60 Plug-in Hybrid 

– J- sport utility cars: Mitsubishi Outlander PHEV, Audi 

Q7 e-tron 

– S- sport coupés: Porsche Panamera S E-Hybrid, BMW 

i8. 

Selected hybrid vehicles are vehicles relatively the 

longest available on the market according to reports [2, 18, 

63]. The chosen models represent different segments, so 

they have different parameters of the drive system compo-

nents. 

In plug-in hybrid vehicles, the combustion engine is in-

tended to support the electric drive. Fig. 6 shows a compar-

ison of the power of internal combustion engines in the 

analyzed PHEVs. As can be seen, the power of the internal 

combustion engine in-creased in each of the analyzed 

PHEV models during their production period. On most 

selected models, ICE power has been increased slightly. 

The largest increase in ICE power was recorded in  

J-segment vehicles (Audi Q7 e-tron) and S-segment vehi-

cles (Porsche Panamera S E-Hybrid), by 32%. 
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Fig. 6. Internal combustion engine power of the selected PHEV models  
 from the start of their production until 2022  

 

The basic propulsion system of plug-in hybrid vehicles 

is the electric drive. The electric drive system carries out 

the movement of the vehicle while the internal combustion 

engine is turned off. Figure 7 shows the power of the elec-

tric motor in PHEV models during their production period. 

 

Fig. 7. Electric motor total power of the selected PHEV models from the 

 start of their production until 2022 

 

Over the years of production, the total power of the 

electric motor has increased in most of the analyzed PHEV 

models. Among the selected vehicles, the largest in-crease 

in electric motor power was shown by the S-segment mod-

el, the Volvo V60 (up 112%). The total power of the elec-

tric motor in the Mitsubishi Outlander and Porsche 

Panamera S E-Hybrid has also been significantly increased, 

by 67% and 43% respectively. 

Studying the growth of available power from both com-

bustion and electric drives, it can be seen that the total 

power increased and ranged between 185 and 424 kW. 

However, the percentage increase in power was not identi-

cal for all models. From an almost imperceptible increase in 

total power for the Ford Fusion to more than 40% for the 

Volvo v60 and Mitsubishi Outlander. 

Figure 8 presents the nominal capacity of the batteries 

used in selected PHEV models over the years of produc-

tion. In the two analyzed vehicles, the battery capacity 

remained unchanged. In other vehicles, the nominal capaci-

ty of the batteries was increased. 

The nominal battery capacity of the Chevrolet Volt has 

been slightly increased by 15%. Over the years of produc-

tion, the battery capacity of the Porsche Panamera S  

E-Hybrid has significantly increased by 90%. For the Volvo 

V60, Mitsubishi Outlander and BMW i8, the nominal bat-

tery capacity has increased by nearly 70%. The nominal 

battery capacity of the hybrid drive system determines the 

electric range. Figure 9 presents the electric range of the 

analyzed models of plug-in hybrid vehicles over the years 

of production. 

 

Fig. 8. Battery nominal capacity of the selected PHEV models from the  

 start of their production until 2022 

 

Fig. 9. The electric range of the selected PHEV models from the start  

 of their production until 2022 

 

In the first versions of the analyzed PHEV models, the 

electric range includes 34 km to 56 km. Extending the 

range resulted in a growth in the energy capacity of the 

battery. According to the manufacturers, in the 2022 PHEV 

versions, the electric range was from 35 km to 104 km. 

Over the years of production, the electric range of the 

Mitsubishi Outlander has approximately doubled. The elec-

tric range was significantly extended for the Volvo V60 

(60%), the Chevrolet Volt (52%), the Porsche Panamera S 

E-Hybrid (47%), and the BMW i8 (43%). 

One of the factors determining the popularity of hybrid 

vehicles is the possibility of using two power sources. It is 

possible to recover energy during braking, as well as driv-

ing only with an electric motor over relatively short dis-

tances, especially at low speeds, e.g. in traffic jams. An 

important argument for using this type of vehicle is lower 

fuel consumption compared to the classic internal combus-

tion drive. In PHEV vehicles, after the battery is discharged 

to the limit point, the vehicle uses the internal combustion 

engine. In each of the considered PHEV models, fuel con-

sumption has been reduced over the years of production 

(Fig. 10). 

In the initial production period, fuel consumption for  

C-segment vehicles given by manufacturers was about 6.3 

dm
3
/100 km. In the 2022 versions of PHEV models, the re-

ported average fuel consumption was about 13% lower. In 

the analyzed models from the D and J segments, over the 

years of production, the fuel consumption indicated in 
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terms of fuel consumption ranges from 1.1 dm
3
/100 km to 

2.0 dm
3
/100 km. Over the years of production of PHEV 

models in the S-segment, average consumption ranged from 

2.0 dm
3
/100 km to 2.1 dm

3
/100km. Among the analyzed 

PHEV models, the largest reduction in fuel consumption 

over the years of production was recorded by the Volvo 

V60 (around 40% less). It is worth mentioning that among 

the selected PHEV models, it was the Volvo V60 that in-

creased the battery capacity and electric motor power the 

most, resulting in a longer range in electric mode. 

 

Fig. 10. Fuel consumption of the selected PHEV models from the start  

 of their production until 2022 

 

Fig. 11. Curb weight of the selected PHEV models from the start of their 

 production until 2022 

 

Plug-in hybrids are characterized by a much higher 

weight compared to conventional vehicles, as they are 

equipped with both a classic internal combustion engine  

 

and an electric drive. In addition, the large weight of the 

vehicle is affected by the weight of the battery. In PHEV, 

the battery has a much higher energy capacity than in other 

types of the hybrid drive. Figure 11 shows the curb weight 

of selected PHEV models over the years of production. 

Of the vehicles analyzed, curb weight was slightly re-

duced in the Chevrolet Volt and Audi Q7 e-tron. For the 

other models, curb weight has slightly increased over the 

years of production. The Mitsubishi Outlander curb weight 

increased the most, by 11%. 

4. Discussion 
With the continued development of energy storage 

technology, the rapid expansion of the charging infrastruc-

ture, and the growing ecological awareness of society, ve-

hicles equipped with electric drives (EV and PHEV) are 

expanding their market share [6, 11]. The energy capacity 

of the battery largely determines the range of an electric 

vehicle. Taking into account the values of the nominal 

energy capacity of the battery and the range provided by the 

manufacturers of the electric vehicle models analyzed earli-

er, the relationship between these parameters can be deter-

mined. 

As the energy capacity of the battery increases, the 

range becomes longer (Fig. 12). Analyzing the parameters, 

based on the R
2
 determination index, it can be seen that 

there is a correlation between these factors, especially for 

EVs it is very strong. A similar relationship occurs for plug-

in hybrid vehicles. 

Analyzing selected electric vehicle models, it can be ob-

served that as the energy capacity of the battery increases, 

total power also becomes higher (Fig. 13). This was needed 

to ensure adequate range. In electric vehicles, the electro-

chemical battery is the source of energy. The battery capac-

ity has a direct impact on EV operation. The currently used 

lithium-ion batteries provide a range of up to several hun-

dred kilometers on a single charge with a relatively moder-

ate lifespan [27, 39, 72]. The energy capacity decreases 

over time [17, 23, 29]. The high costs associated with the 

production of lithium-ion batteries contribute to the in-

crease in vehicle prices, thus becoming a financial barrier 

for many potential buyers [36, 41, 53]. It is necessary to 

develop new technologies that enable the storage of large 

amounts of energy with the lowest possible weight. 

 

Fig. 12. Distribution of nominal battery capacity and range of EVs and PHEVs 
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Unfortunately, the increase in the electric capacity of 

the battery results in an in-crease in the weight of the vehi-

cle (Fig. 14). There is a high correlation between these 

parameters. The coefficient of determination R
2
 ranges 

from 0.85 to 0.97. Work is still being carried out to increase 

the battery capacity (energy density) without the need to 

enlarge them [8, 31, 46]. Research work on new battery 

technology could reverse this trend.  

Taking into account the care for the natural environ-

ment, plug-in hybrid vehicles are an important alternative to 

electric vehicles. Compared to an electric vehicle, a PHEV 

has a combustion engine that is used when the battery is 

discharged. Plug-in hybrids provide a relatively long-range 

(electric and combustion). This means that the user does not 

have to worry about the range and plan routes taking into 

ac-count the available charging infrastructure. Driving in 

pure electric mode and regenerating energy during braking 

contributes to lower fuel consumption and emissions. In  

a plug-in hybrid, the electric drive is the main electric drive. 

The size of the battery should be selected so as to be able to 

provide the longest possible range in electric mode. Over 

the years, plug-in hybrid technology has undergone contin-

uous development. 

Taking into account the care for the natural environ-

ment, plug-in hybrid vehicles are an important alternative to 

electric vehicles. Compared to an electric vehicle, a PHEV 

has a combustion engine that is used when the battery is 

discharged. Plug-in hybrids provide a relatively long-range 

(electric and combustion). This means that the user does not 

have to worry about the range and plan routes taking into 

account the available charging infrastructure. Driving in 

pure electric mode and regenerating energy during braking 

contributes to lower fuel consumption and emissions. In  

a plug-in hybrid, the electric drive is the main electric drive. 

The size of the battery should be selected so as to be able to 

provide the longest possible range in electric mode. Over 

the years, plug-in hybrid technology has undergone contin-

uous development. 

As in the case of electric vehicles, PHEVs are signifi-

cantly affected by the development of energy storage tech-

nology. Taking into account the parameters of the drive 

components provided by the manufacturers of the analyzed 

PHEV models, it can be seen that the increase in battery 

capacity translates into a longer electric range, which in 

turn reduces fuel consumption. The authors of the paper 

[55] studied the electric range value of a PHEV vehicle 

during regular driving on routes of various lengths. The 

results of the study showed that a route of about 20 km is 

covered between 15–35% in electric mode, a route measur-

ing 40 km is carried out about 50% exclusively in electric 

mode, and a route of about 60 km is traveled about 75% 

using the electric drive. In most of the tested PHEV models, 

over the years of production, the electric range was extend-

ed, while fuel consumption was reduced. The increase in 

the energy capacity of the battery also contributes to the 

reduction of fuel consumption. In most of the tested PHEV 

models, the battery capacity has increased over the years of 

production, resulting in lower fuel consumption. 

 

Fig. 13. Distribution of nominal battery capacity and total power of EVs 

 

Fig. 14. Distribution of nominal battery capacity and curb weight of EVs 
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5. Conclusions 
EU policy is aimed at reducing vehicles powered by in-

ternal combustion engines. Great emphasis is placed on the 

electrification of transport and the reduction of greenhouse 

gas emissions. Incentives and subsidies for the purchase of 

electric cars and the development of charging infrastructure 

may contribute to increasing the share of EVs in the auto-

motive market. 

Over the years, electric vehicles have undergone con-

stant changes. The purpose of this work was to present 

trends in the development of electric vehicles. Based on the 

results of the analyses, it can be observed that over the 

years the energy capacity of the battery has increased with  

a slight increase in the weight of the vehicle. Thanks to the 

development of energy storage technology, a longer electric 

range could be achieved. An alternative to electric vehicles 

are plug-in hybrid vehicles. Compared to traditional hybrid 

electric vehicles, PHEVs are equipped with batteries with  

a higher energy capacity that can be charged from the pow-

er grid. In plug-in hybrid vehicles, the internal combustion 

engine is designed to support the electric drive after the 

battery is discharged. Over the past years, the energy capac-

ity of the battery in plug-in hybrid vehicles has been in-

creased, with a slight increase in the vehicle's curb weight. 

There was also an increase in the total power of the electric 

motor. This results in a longer electric range and lower fuel 

consumption. 

Electric vehicles are currently one of the solutions to re-

duce greenhouse gas emissions in transport. During opera-

tion, EVs do not emit harmful substances into the air, un-

like conventional combustion vehicles. There is still scope 

to further reducing greenhouse gas emissions over the en-

tire life cycle of a vehicle, both in the operational phase by 

expanding the renewable energy infrastructure and in the 

production phase. Sustainability should not be limited to the 

use of hybrid or electric vehicles. It should take into ac-

count the modification of their construction by using new, 

more environmentally friendly, or recycled materials. 

 

Nomenclature 

EV battery electric vehicles 

FCEL fuel cell vehicles 

HEV hybrid electric vehicles 

ICE internal combustion engine 

ICEV conventional vehicle 

PHEV plug-in hybrid electric vehicle 

V2G Vehicle-to-Grid 

V2H Vehicle-to-Home 
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