
1.

ma
am
20
vir
tra
ga
Ag
wh
an
rel
M
an
He

ga
dio
go
ur
an

 

MID
ŚRO

Volume/T

Alternativ
Pollu

 

. Introductio

Climate 
ate change an

mong others re
016, Bauer et a
ronment Age
ansport and m
as emissions 
gency 2018). A
hich accounts 

n Union guide
late to polluti

Moreover, they 
nd reducing th
ellmann 2001)

Accordin
as emissions sh
oxide emissio

oal should be a
rban transport 
n Commission 

DDLE POMERANIAN S
ODKOWO-POMORSKIE

Annual 
Ro

Tom 20. Year/Rok

ve Fuels an
ution of th

Dariusz Pyz
Paweł Gołd
*Warsaw U
**Air Force

on 

policy pursue
nd strongly a

eduction of gre
al. 2014). Acc

ency in 2015,
municipal servi

in the entire 
A large share 
for 25% of ga

elines, recorde
ion reduction 
focus on inc

he role of oil-
), (Jacyna et al
ng to the adop
hould be redu

ons by approx
achieved by a
and their elim
2011). 

SCIENTIFIC SOCIETY O
E TOWARZYSTWO N

Set The Environ
ocznik Ochrona Ś
k 2018 

nd Their I
he Natural

za*, Ilona Jacy
da**, Piotr Go

University of T
e Institute of T

d by the Euro
affects the tra
eenhouse gas e
ording to the e
, the transpo
ces, accounted
European Un
in CO2 emiss

as emissions i
d in the Whit
and efficienc

creasing the im
derived fuels 
l. 2015). 
pted transport 
uced to 20% in
x. 60% compa
a 50% reductio
mination in the 

OF THE ENVIRONMEN
NAUKOWE OCHRONY

nment Protectio
Środowiska 

ISSN 1506-218X

Impact on 
l Environm

cyna-Gołda*, 
ołębiowski* 
Technology 
Technology 

pean Union, a
ansport indust
emissions (Mi
estimates of th

ort industry, i
d for over 25%
nion (Europea
sions is due to
n total transpo

te Paper of Tr
cy improveme
mportance of 
for alternativ

policy, by 20
n relation to 2
ared to data f
on of conventi

perspective o

NT PROTECTION 
Y ŚRODOWISKA 
n 

X 819-836

Reducing
ment 

aims to limit c
try through i
nistry of Ener
he European E
including urb
% of greenhou
an Environme

o urban transpo
ort. The Europ
ransport in 20
ent in transpo
public transpo
e fuels (Mülle

030, greenhou
2008 and carb
from 1990. Th
ional vehicles 

of 2050 (Europ

6 

g 

cli-
i.a. 
gy 

En-
ban 
use 
ent 
ort 
pe-
11 

ort. 
ort 
er-

use 
on 
his 
in 

pe-



820 Dariusz Pyza et al. 
 

The objective of low-emission transport is to be supported among 
other things by implementing solutions provided for in the European Par-
liament Directive on the development of alternative fuels infrastructure, 
aimed at increasing the availability of infrastructure and amending the Di-
rective 2009/33/EC on the promotion of ecologically clean and energy-
saving road transport vehicles (Polish Alternative Fuels Association 2018). 

2. Analysis of the alternative fuels market 

The growing need to reduce dependence on imports and declining 
oil resources are the main factors increasing the growth of the global al-
ternative fuels market. In addition, these factors affect energy companies 
and national governments in increasing investment in the alternative fuels 
market. 

Alternative mobility solutions improve fuel supply security while 
opening the way for improved sustainability. Alternative fuels have sig-
nificant advantages in reducing greenhouse gas emissions and pollution. 
In addition, they help reduce dependence on the use of fossil fuels in the 
transport sector.  

Pursuant to Directive 2014/94/EU of the European Parliament and 
of the Council of 22 October 2014 on the development of alternative 
fuels infrastructure, alternative fuels are fuels or energy sources that 
serve, at least partially, as a substitute for crude oil sources of energy in 
transport and which can potentially contribute to the decarbonisation of 
transport and the improvement of the environmental performance of the 
transport sector. These include, but are not limited to: electricity, hydro-
gen, biofuels as defined in art. 2 (i) Directive 2009/28/EC, synthetic and 
paraffin fuels, natural gas, including biomethane, in gaseous form (com-
pressed natural gas - CNG) and in liquid form (liquefied natural gas – 
LNG), and liquid gas (LPG), (European Parliament 2014). 

The transition from petroleum fuels to alternative fuels requires 
a change in fuel infrastructure, as most alternative fuels are not drop-in 
fuels (e.g. electricity, CNG, LNG, ethanol, hydrogen). 

In the coming years alternative fuels will play a very important role 
in the development of the transport sector around the world, including in 
European Union countries. One of the key objectives of the EU is that al-
ternative fuels become a widely available substitute for fossil fuels. Thanks 
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to the popularization of alternative fuels, it will be possible to achieve the 
benefits of reducing harmful emissions to the atmosphere, increase energy 
security through diversification of raw materials supply as well as obtain 
socio-economic benefits, including the creation of thousands of new jobs 
(Brooke 2010), (Pyza & Ziembicki 2016), (van Haaren 2011). 

One of the most widely used varieties of alternative fuels is CNG, 
i.e. compressed natural gas, whose energy value of 1 m³ is equal to 1 liter 
of gasoline. It is used primarily as a high octane fuel in internal combus-
tion engines. CNG is a low-emission fuel that is an alternative to conven-
tional car fuels, yet still clearly cheaper than them. Its ecological values 
are also connected with lower noise emission accompanying the combus-
tion of CNG and hat is more, its use is safer than eg gasoline, as it has 
a higher lower explosion limit. 

LNG (Liquefied Natural Gas) is also a fuel that is becoming more 
and more important in transport. LNG can be used both in liquefied form, 
mainly in means of transport, offering i. a. higher octane number than 
conventional fuels, as well as in the volatile form after being subject to 
regasification, eg as a network gas, or in areas outside the reach of gas 
distribution network. LNG as motor fuel has similar properties as CNG, 
combining ecological and economic values. This allows for a significant 
reduction of pollutant and noise emissions as well as a reduction in fuel 
purchase costs. Currently, the share of LNG in the global gas trade is 
over 25% (Energy Information Administration 2018). 

LPG (Liquefied Petroleum Gas) is a mixture of propane and bu-
tane, which is obtained in the refining of crude oil and at the stage of oil 
production. LPG is widely used in transport, primarily in passenger cars, as 
motor fuel with an octane number of 90-120. In comparison to conven-
tional fuels, LPG combustion results in significantly lower exhaust emis-
sions, although it is usually associated with higher consumption (10-20%). 

Hybrid systems combine two vehicle propulsion systems and usu-
ally consist of a gasoline engine that works in conjunction with an elec-
tric one. The use of such a system allows to reduce exhaust emissions up 
to 50% and significantly reduce noise. Although hybrid drives have been 
operating on a larger scale for around 20 years, when the Toyota Prius 
model hit the market, their popularity is limited, mainly due to the much 
higher price of vehicles available on the market. It should also be re-
membered that hybrid vehicles continue to use traditional fuels, so their 
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impact on reducing exhaust emissions is more limited than in the case of 
other types of alternative fuels. 

Currently, one of the main and most widely promoted directions 
of automotive industry development is the electric vehicle segment, in 
which almost all leading manufacturers offer models of this type of vehi-
cles. The use of electricity allows for low operating costs with low emis-
sivity, depending on the source of energy.  

Motor drives based on electrochemical fuel cells using hydrogen 
are relatively low-tech technology in the automotive industry. Due to 
insufficient level of advancement and costs, this technology has not been 
used on a mass scale so far. Hydrogen is defined in the long term as fuel 
of the future. It is renewable and at the same time ecological fuel. The 
market is in a very early stage of development and it was not until 2004 
that the Japanese concern Toyota introduced the first serial vehicle pow-
ered by a hydrogen fuel cell, under the name Toyota Mirai. 

The increasing demand for alternative fuels applies to several 
segments: passenger cars, vans, vehicles used in public transport and 
those used by municipal services. The degree of development of the elec-
tric car market in Europe varies significantly from country to country. 
The development of the electric car market is also evident in public 
transport and in transport used by municipal services. The share of indi-
vidual fuels for passenger cars in individual EU countries in 2015 is 
shown in Figure 1. 

The share of passenger electric cars powered by electricity in the 
European Union countries is at the level of 0.00%-0.4% of the total num-
ber of vehicles. The smallest share of personal electric cars in circulation 
may be observed in Greece, Poland, Romania, Slovakia and Slovenia. 
The largest share, however, occurs in the Netherlands and the United 
Kingdom. In the area of personal hybrid cars, their market share is at 
0.00%-2.3%. The smallest share can be noted for Slovakia and Slovenia, 
while the largest for the Netherlands (2.3%). Among the European coun-
tries belonging to and not belonging to the European Union, the greatest 
development of electromobility has been noticed in Norway. The share of 
personal electric cars (battery powered and hybrids) is 23.63%. 
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Fig. 1. Share of individual fuels for passenger cars in individual EU countries 
in 2015 
Rys. 1. Udział poszczególnych rodzajów paliw dla samochodów osobowych 
w poszczególnych krajach Unii Europejskiej w roku 2015 
Source: own study based on data from ACEA Report:  
Vehicles in use – Europe 2017. 

 
The largest share of passenger cars fueled by gas can be noted in 

Poland (14.4%), Italy (5%) and the Netherlands (almost 2%), while the 
smallest share is in Croatia, Denmark, Estonia, Spain, Ireland and the 
United Kingdom (0, 00%). The countries with the highest share of other 
alternative fuels used in passenger cars are Greece (3.1%), Lithuania 
(2.9%), Ireland (2.5%), Finland (1.7%), and Poland and Latvia (about 1%). 

The share of individual fuels for trucks and buses in individual 
EU countries in 2015 is shown in Figure 2. 

The largest share of heavy electric cars and electric buses can be 
observed in Italy (1.9%), while the smallest is in Croatia, the Czech Re-
public, Finland, Greece, Latvia, Romania, Slovakia and Slovenia (close 
to 0.00%). Poland's share in the use of trucks and electric buses (includ-
ing the hybrid) is at 0.01%. The average value for the European Union is 
low - the share of electric trucks and buses is at 0.3%, while hybrid ones 
at 0.04%. On the other hand, the use of gas in trucks and buses has the 
highest share in Slovenia (over 11%), Sweden (2.5%) and the Nether-
lands (1%). The largest share in the use of other alternative fuels can be 
noted for Greece (44%), while the smallest share for Austria, Croatia, 
Spain, Germany, Slovakia, Hungary or Italy (close to 0.00%). 
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Fig. 2. Share of individual fuels for trucks and buses in individual EU countries 
in 2015 
Rys. 2. Udział poszczególnych rodzajów paliw dla samochodów ciężarowych 
I autobusów w poszczególnych krajach Unii Europejskiej w roku 2015 
Source: own study based on data from ACEA Report:  
Vehicles in use – Europe 2017. 

3. Pollution of the natural environment in the aspect 
of means of transport  

The quality of the natural environment is an important factor af-
fecting societies and thus indirectly affecting economic development 
(Ambroziak et al. 2014). Transport, which stimulates economic and so-
cial development, contributes to environmental pollution at the same 
time. Particularly high air pollution is caused by road transport, the share 
of which in transport of cargoes in 2016 was 85.2%, while in transport 
work it was 78.7%. A similar situation occurs in passenger transport, 
whose share in passenger transport amounted to 56.2%, while in passen-
ger-kilometers it was 35.4%. 

The presented data and the specificity of road transport, indicate 
the need to implement pro-ecological solutions in this branch of transport. 

Air pollution from road transport depends on many factors. These 
include: the type of fuel, the type and basic features of the vehicle, the 
condition of the infrastructure, the vehicle's driving speed, the location of 
congestion, etc. (Ambroziak et al. 2014, Gołda & Zieja 2015, Jacyna et 
al. 2015, Jacyna-Gołda et al. 2016, Jacyna-Gołda et al. 2014, Pyza et al. 
2017, Zieja et al. 2017). 
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The measure of air pollution is the degree of emission and con-
centration of individual primary pollutants, i.e. harmful exhaust gas com-
pounds generated during driving. Among them there are: nitrogen oxides 
(NOx), carbon monoxide (CO), sulfur dioxide (SO2), lead (Pb) and solid 
particles (PM10) and (PM2,5) as well as dust and soot. Data from the 
Central Statistical Office show that road transport is responsible for more 
than 28% of the total emission of nitrogen oxides (NOx), more than 27% 
of carbon monoxide (CO) emissions and more than 15% of dusts. 

A much larger share of road transport and public transport in the 
emission of pollutants into the environment occurs in large urban ag-
glomerations, especially well-developed cities and in city centers heavily 
burdened with traffic (Pyza et al. 2017). 

Within the European Union, a European standard for exhaust emis-
sions has been introduced for all new cars. The introduction of the EURO 
standard limits the emission of several of the most important harmful ex-
haust components – nitrogen oxides (NOx), hydrocarbons (HC), carbon 
oxides (CO) and particulate matter (PM). Tables 1-2 show emission limit 
values for new vehicles with different engine types. Vehicles that do not 
meet the following standards are classified in the EURO 0 standard. 

 
Table 1. Emission limit values from vehicles powered by gasoline, natural gas 
or LPG 
Tabela 1. Graniczne wartości emisji pochodzącej z pojazdów zasilanych 
benzyną, gazem ziemnym lub gazem płynnym 

Standard CO [g/km] HC [g/km] NOx [g/km] 
HC + NOx 

[g/km] 
PM [g/km] 

EURO 1 2.72 – – 0.97 – 

EURO 2 2.20 – – 0.5 – 

EURO 3 2.30 0.20 0.15 – – 

EURO 4 1.00 0.10 0.08 – – 

EURO 5 1.00 0.10 0.06 – 0.005 

EURO 6 1.00 0.10 0.06 – 0.005 

Source: own development based on (Regulation (EC) No 715/2007) 
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Table 2. Limit values for emissions from vehicles equipped with diesel engines 
Tabela 2. Graniczne wartości emisji pochodzącej z pojazdów wyposażonych 
w silniki diesel 

Norma CO [g/km] HC [g/km] NOx [g/km] 
HC + NOx 

[g/km] 
PM [g/km] 

EURO 1 3.16 – – 1.13 0.14 

EURO 2 1.00 0.15 0.55 0.70 0.08 

EURO 3 0.64 0.06 0.50 0.56 0.05 

EURO 4 0.50 0.05 0.25 0.30 – 

EURO 5 0.50 0.05 0.18 0.23 0.005 

EURO 6 0.50 0.09 0.08 0.17 0.005 

Source: own development based on (Regulation (EC) No 715/2007) 

Limiting the negative impact of transport on the environment and 
the local community requires undertaking two types of actions. On the 
one hand, these are activities promoting the use of ecological forms of 
transport, including means of transport, and on the other hand aimed at 
limiting traffic in areas with high saturation of means of transport. 

Pro-ecological activities may have both local and national range. 
Activities on a national scale are regulations, among others in the area of 
lower road tolls for vehicles meeting higher emission standards and pro-
moting the use of alternative fuels in transport. 

In the field of local activities, it is necessary to distinguish aimed 
at limiting traffic in urban areas for vehicles fueled with traditional fuels, 
which is undertaken in some of European cities, including Poland. The 
development of vehicles fueled with alternative fuels significantly affects 
the reduction of air pollution, and in some cases noise. These vehicles 
use alternative fuels in relation to petrol and diesel.  

The development of vehicles powered with alternative fuels is dy-
namic, especially in highly developed countries, which contributes to the 
improvement of the air condition. Poland, as a member of the European 
Union, also promotes this direction of motorization development by under-
taking various types of activities, among others legislative. Following the 
Directive of the European Parliament and the Council 2014/94/EU on Oc-
tober 22, 2014 on the development of alternative fuels infrastructure, the 
Polish government has prepared the Act on electromobility and alternative 
fuels, which was adopted on January 11, 2018. 
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An important area that has an impact on reducing environmental 
pollution is electromobility, dynamically developing in European coun-
tries. The development of electromobility in Europe is stimulated by var-
ious incentives for electric car buyers. In most cases, they take the form 
of tax incentives (reductions or reliefs), often also in the form of direct 
surcharges to purchase vehicles. The types of incentives in selected Eu-
ropean countries are presented in Table 3. The incentives vary depending 
on the country and they are (PwC Polska Sp. z o.o., 2017): 
 Surcharges to purchase: 

- Austria: companies can receive a surcharge: up to EUR 1 500 for 
an electric vehicle and EUR 750 for a plug-in hybrid, 

- Germany: a surcharge program for the purchase of 400,000 vehi-
cles: for electric vehicles up to EUR 4,000 and for hybrids up to 
EUR 3,000, wherein the price of a vehicle may not exceed EUR 
60,000. The program lasts until 2020. 

- United Kingdom: surcharges for the purchase of electric vehicles 
and hybrids (plug-in). Vehicles with emissivity below 50 g 
CO2/km and a range of over 70 miles may receive co-financing 
covering 35% of the cost of purchasing a passenger vehicle, up to 
GBP 4,500 or GBP 25,000 (depending on the vehicle category) 
and 20% of the purchase cost of the van vehicle, but not more than 
8,000 GBP. Hybrid vehicles with a range of less than 70 miles and 
CO2 emissions of 50-75 g/km can receive a purchase grant of GBP 
2 500 (if the price of the vehicle does not exceed GBP 60,000). 

 Reductions in registration fees relate to the exemption from the regis-
tration fee. 

 Relief in fees/taxes borne by the owner: 
- Austria: exemption from car tax for electric passenger cars, the 

amount of which depends on the engine capacity, 
- Germany: exemption from car tax for electric cars for 10 years, 

period counted from the date of registration, 
- Norway: exemption from the tax on the purchase of an electric 

vehicle (which also means an exemption from import tax) and 
concessions for a hybrid vehicle (up to EUR 10,000), 

- United Kingdom: exemption from road tax. 
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 Additional tax/fees reliefs paid by enterprises: 
- Germany: limitation of unfavorable taxation of income from using 

a company vehicle for private purposes based on the price of an 
electric car, 

- Norway: a tax on electric company cars reduced by half 
- United Kingdom: excise duty exemption for electric cars and some 

hybrid cars. Exemption from corporate income tax, calculated on 
the basis of CO2 emissions. 

 Discounts in VAT apply to Norway and include the exemption from 
25% VAT when leasing an electric vehicle. 

 Other reliefs of a financial nature: 
- Austria: exemption from the CO2 emission fee levied by companies 

when using a company car for private purposes, 
- Norway: exemption from annual toll for cars for electric cars, 
- United Kingdom: zero tax on electric cars. 

 Discounts granted locally, e.g. in municipalities: 
- Austria: free parking, 
- Germany: free parking, separate parking spaces, the possibility of 

using bus lanes, 
- Norway: exemption from tolls for urban roads – urban toll, free 

parking, possibility of using bus lanes, free charging stations – 
3,200 stations in office buildings, shopping centers and car parks,  

- Great Britain: in London, electric cars are exempt from road tolls, 
in some districts, their owners pay lower parking fees. 

 Payments for investments in infrastructure:  
- Austria: co-financing for the construction of charging station in-

stallations intended for commercial use, 
- Germany: co-financing for the construction of a charging station 

(program value is EUR 300 million), 
- Norway: co-financing for the construction of fast charging sta-

tions, located every 50 km on the main roads. 
- United Kingdom: 500 GBP surcharge to cover the cost of in-

stalling electric car charging stations in homes. 
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Table 3. Catalog of incentives for buyers of electric cars used in selected 
European countries 
Tabela 3. Katalog zachęt dla nabywców samochodów elektrycznych 
stosowanych w wybranych krajach europejskich 

Type of incentive 
Country 

Austria Germany Norway 
Great 

Britain 
Subsidies for purchase YES YES NO YES 
Discounts in registration fees YES NO YES YES 
Relief in fees/taxes paid  
by the owner 

YES YES YES YES 

Additional tax reliefs/fees 
paid by enterprises 

NO YES YES YES 

Discounts in VAT NO NO TAK NO 
Other financial relief YES NO YES YES 
Discounts granted locally,  
e.g. in municipalities 

YES YES YES YES 

Surcharge for investment 
in infrastructure YES YES YES YES 

Source: own development based on (Rozwój elektromobilności w Polsce, Opra-
cowanie PwC Polska Sp. z o.o., 2017) 

Another area where solutions that reduce the emission of harmful 
compounds or noise should be sought for, is public transport. CNG in-
stallations are often used for public transport buses, but you can also 
point to examples of using electric and hybrid drives (London, Chicago, 
San Francisco, Rome, Warsaw, Krakow). All these activities are aimed at 
reducing emissions of compounds harmful to the environment, but they 
require not only legislative measures, but also financial support and ac-
tions aimed at public awareness in this area. 

4. Environmental research in the field  
of using alternative fuels 

Despite various types of activities supporting the development of al-
ternative fuels, in subsequent years the main type of drive used in cars will 
remain gasoline engines and diesel engines. Nevertheless, their share will 
steadily decline in favor of vehicles powered by alternative energy sources. 
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In 2016, 15,982 electric vehicles were registered in Poland. Pas-
senger cars accounted for 91.42% of this value, 6.44% heavy goods vehi-
cles, 0.38% truck tractors, 1.14% buses, and special cars 0.62%. 

According to the Electromobility Development Plan in Poland, by 
2025, a million electric vehicles are to travel on Polish roads, which is 
supposed to drive the expansion of innovative industry. In addition, the 
replacement of combustion cars with electric cars should reduce the 
emission of harmful compounds both in the corridors of the TEN-T base 
network as well as locally in the area of cities and urban agglomerations. 

The studies on the environmental effects of the development of 
electric vehicles in Poland in relation to air pollution were carried out 
taking into account their development forecasts until 2025.   

Three scenarios for the development of electric vehicles were as-
sumed in the analyzes: aggressive, moderate and conservative. It was 
assumed that the base year for analysis is 2025. In the aggressive scenar-
io for the base year, an achievement of 𝐿𝑃ଶଶହ

௦௦௩ ൌ 1 000 000 elec-
tric vehicles was assumed, in the moderate scenario, it was assumed to 
reach fifty percent of the number of electric vehicles for the base year of 
the aggressive scenario 𝐿𝑝ଶଶହ

ௗ௧ ൌ 50%𝐿𝑃ଶଶହ
௦௦௩, while in the 

conservative scenario, it was assumed to achieve twenty-five percent of 
the number of electric vehicles of the base year of the aggressive scenario 
𝐿𝑝ଶଶହ

௦௩௧௩ ൌ 25%𝐿𝑃ଶଶହ
௦௦௩. Taking into account the number of 

registered electric vehicles in 2016 and adopted development scenarios, 
forecasts of the number of electric vehicles in particular years were esti-
mated using the exponential regression function (Figure 3). The values of 
the regression function were estimated using a Microsoft Excel spread-
sheet. Expression regression models have the form: 
 Aggressive scenario 

𝑦 ൌ 715,54𝑒,଼ସ௫ (1) 

 Moderate scenario 

𝑦 ൌ 780,3𝑒,ଵ଼ଵ௫ (2) 

 Conservative scenario 

𝑦 ൌ 850,93𝑒,ଷଵସ௫ (3) 



Fi
wi
Ry
wr
So

th
by
de
an

cr
na
tra
cle
an

 

 

 

g. 3 Electric ve
ith forecasting m
ys. 3 Prognozy 
raz z modelami 
ource: own deve

 
It should

ere will be a 
y petrol and di
evelopment of
nalyses related

As part 
ease in the nu

arios will tran
ansport sector.
es and from ve

nalyzes (Tables
The analy

Estimation o
ing exponent
Estimation of
the developm

Alternative F

hicle developm
models 
rozwoju pojazd
prognostyczny

elopment 

d be assumed t
systematic red
iesel. The dev
f electric vehi
d to the reducti

of the analys
umber of elect
nslate into the
. The limit val
ehicles equipp
s 1-2). 
yses were carri
f the number 
tial regression 
f the number of

ment of electrom

uels and Their I

 

 

ment forecasts in

dów elektryczny
ymi 

that with the d
duction of the
veloped foreca
icles have bee
on of the emis
is, it was esti
tric vehicles fo
e volume of p
lues of emissio
ped with diesel

ied out accordi
of electric veh
models, 

f vehicles, whic
mobility, power

Impact… 

n Poland togethe

ych w Polsce  

evelopment of
e number of ve
asts for three s
en used in fur
ssion of polluta
imated to wha
or the three de
pollutant emis
ons from petro
l engines were

ing to the follow
hicles for part

ch will be redu
red by petrol an

8

er 

f electromobili
ehicles power
scenarios for t
rther studies f
ants. 
at extent the i
evelopment sc
ssions from t

ol-powered veh
e adopted for t

wing procedure
ticular years, u

uced as a result 
nd equipped w

831

 

 

ity 
red 
the 
for 

in-
ce-
the 
hi-
the 

e: 
us-

of 
with 



832 
 

diesel engi
line-power

 Estimation
erage annu

 Estimation
powered) 

 Estimation
standards,

 Taking in
EURO st
powered v
individual

 
The a

trogen oxides
lyzes in the 
transport sect
cles in Poland

 

Fig. 4. Restric
three scenarios
Rys. 4. Ograni
trzech scenariu
Source: own d

ines. The follow
red vehicles, 21
n of the annua
ual mileage of
n for individua
vehicle share 
n of the annu
 

nto account th
andards and 

vehicles and d
l pollutants. 

analysis refers
s (NOx), carbo

scope of lim
tor for three s
d are shown in

ctions on the em
s for the develo
iczenia wielkoś
uszy rozwoju po

development 

Dariusz Pyz

wing vehicle s
1.6% – vehicle
al mileage of v
f the vehicle at
al types of veh
structures with

ual mileage of

he annual mil
the limit val
iesel engines, 

s to three poll
on oxides (CO
miting the em
scenarios for t
n Figure 4. 

mission of pollut
opment of electr
ści emisji zaniec
ojazdów elektry

za et al. 

shares are assum
es equipped wit
vehicles in tota
t 13 700 km,  
hicles (petrol-p
h specific EUR
f vehicles for

leage of vehic
lues of emiss
estimation of 

ution compou
O) and solid pa
missions of p
he developme

tants from the tr
ric vehicles by 2
czyszczeń z sek
ycznych do roku

med: 78.4% – 
th diesel engine
al, assumed th

powered and d
RO standards, 
r individual E

cles for indiv
sions from p
emission limi

unds, which ar
articles (PM). 
ollutants from

ent of electric 

 
ransport sector 
2025 
ktora transportu 
u 2025 

gaso-
es, 
he av-

diesel-

EURO 

vidual 
etrol-
its for 

re ni-
Ana-

m the 
vehi-

for 

dla 



Alternative Fuels and Their Impact… 833
 

The analysis carried out for three development scenarios of elec-
tric vehicles by 2025 showed that the limitations on the volume of pollu-
tant emissions from the transport sector are growing exponentially. Due 
to the specifics of electric vehicles, it should be assumed that in the initial 
period of electromobility development, the largest pollutant emission 
limitations will occur in cities and urban agglomerations, smaller in the 
corridors of the TEN-T base network and other public roads. Due to the 
gradual development of charging infrastructure for electric vehicles, it is 
expected that these proportions will change in the perspective of further 
development of electromobility. 

5. Conclusions 

The development of electromobility is a priority of the European 
Union, which translates into a series of activities promoting and support-
ing this area of transport. Also in Poland, this area of transport is widely 
promoted, which should bring in the next years a number of tangible 
benefits both in terms of reducing environmental pollution and the devel-
opment of innovative industry.  

The research shows that the limitations in environmental pollution 
in the first years of implementing electromobility in Poland will be small, 
which is related to the low number of electric vehicles and the slow per-
suasion of vehicle users to this type of vehicle. A significant increase in 
environmental pollution restrictions should take place in the following 
years, together with a dynamic increase in the number of electric vehicles, 
this increase will be in exponential mode and for example for carbon mon-
oxide the limit in 2025 will be: for aggressive scenario 17,899.1 Mg, mod-
erate 8,960.6 Mg, conservative 4,469.9 Mg. 

The development of electromobility will occur in two areas, the 
first is the development of electric vehicles in individual transport, the 
second concerns public transport and electric buses, an example of which 
is the government e-bus program under which actions aimed at purchas-
ing electric buses by local government will be supported. 

Electromobility and the development of alternative fuels are ac-
tivities that effectively affect the natural environment, which requires 
support under various sectoral programs. These are activities that con-
tribute to environmental protection not only on a local or continental 
scale, but also globally. 
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Paliwa alternatywne i ich wpływ na ograniczenie 

zanieczyszczenia środowiska naturalnego 

Streszczenie 

W pracy odniesiono się do zagadnienia ochrony środowiska w aspekcie 
rozwoju paliw alternatywnych. Zgodnie z Dyrektywą Parlamentu Europejskie-
go i Rady 2014/94/UE z dnia 22 października 2014 r. w sprawie rozwoju infra-
struktury paliw alternatywnych, paliwa alternatywne to paliwa lub źródła ener-
gii, które służą, przynajmniej częściowo, jako substytut dla pochodzących 
z ropy naftowej źródeł energii w transporcie i które mogą potencjalnie przy-
czynić się do dekarbonizacji transportu i poprawy ekologiczności sektora 
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transportu. W tym aspekcie dokonano analizy dokumentów normatywnych 
istotnych z punktu widzenia stosowania paliw alternatywnych w obszarze 
transportu. Odniesiono się również do obecnego stanu rynku paliw alternatyw-
nych jak również przedstawiono perspektywy jej rozwoju. Przedstawiono pro-
blematykę zanieczyszczenia środowiska przez pojazdy samochodowe oraz 
wskazano na działania promujące elektromobilność w wybranych krajach eu-
ropejskich. W ostatniej części pracy przedstawiono wynik badań środowisko-
wych w zakresie wykorzystania paliw alternatywnych w Polsce. Przedstawiono 
prognozy dla pojazdów elektrycznych z uwzględnieniem trzech scenariuszy ich 
rozwoju a następnie przy założonych warunkach brzegowych oszacowano 
wielkości ograniczeń emisji zanieczyszczeń z sektora transportu do roku 2025. 

Abstract 

The paper refers to the issue of environmental protection in the aspect of 
the development of alternative fuels. Pursuant to Directive 2014/94 / EU of the 
European Parliament and of the Council of 22 October 2014 on the development 
of alternative fuels infrastructure, alternative fuels are fuels or energy sources 
that serve, at least partially, as a substitute for crude oil sources of energy in 
transport and which can potentially contribute to the decarbonisation of transport 
and the improvement of the environmental performance of the transport sector. 
In this aspect, the analysis of normative documents relevant to the use of alterna-
tive fuels in the area of transport was made. Reference was also made to the cur-
rent state of the alternative fuels market as well as prospects for its development. 
The problems of environmental pollution by motor vehicles were presented and 
actions promoting electromobility in selected European countries were pointed 
out. The last part of the work presents the result of environmental research on the 
use of alternative fuels in Poland. The forecasts for electric vehicles are present-
ed, taking into account three scenarios of their development and then, with the 
assumed boundary conditions, the values of pollutant emission limitations from 
the transport sector were estimated until 2025. 

 
Słowa kluczowe: 
elektromobilność, paliwa alternatywne, ochrona środowiska  

Keywords: 
electromobility, alternative fuels, environmental protection 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [481.890 680.315]
>> setpagedevice


