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Comparative analysis of the rail and road transport in the CO2 

emission 

 
In the article we made a comparing the rail and car transport in the CO2 emission. We described the 

research concerning the negative influence of harmful exhaust fumes, in particular of carbon dioxide on the 

natural environment and the health of people. We presented main assumptions of the mathematical model of the 

environment-friendly transport system. We described the structure of the transport network with the help of the 

graph. We set characteristics describing elements of this structure and characteristics concerning vehicles 

especially concerning the volume of the carbon dioxide emitted by them. On account of the specificity of 

appearing of the transport in Poland in the model we took into account only means of road and rail transport 

used for the carriage of cargo and passengers, and we also divided them on account of the kind of fuel powering 

them. For analysis we chose the string Warsaw - Łódź, in which it is possible to move by different means of 

transport which transmitting different amounts of the carbon dioxide to the atmosphere. We conducted 

distribution of passengers flow into the transport network for three scenarios according to the criterion of the 

total amount of the external costs associated with the air pollution. 

Key words: transport, modelling of the distribution of traffic flow, environment-friendly transport system, 

CO2 emission  

 

Analiza porównawcza transportu kolejowego i samochodowego w zakresie emisji CO2 
 

W artykule dokonano porównania transportu kolejowego i samochodowego w zakresie emisji CO2. 

Przedstawiono badania dotyczące negatywnego oddziaływania związków szkodliwych spalin, w szczególności 

dwutlenku węgla na środowisko naturalne oraz zdrowie ludzi. Przedstawiono główne założenia matematycznego 

modelu proekologicznego systemu transportowego w tym przedstawiono jego elementy. Strukturę sieci 

transportowej przedstawiono przy pomocy grafu. Zadano charakterystyki opisujące elementy tej struktury oraz 

charakterystyki dotyczące pojazdów w tym wielkości emitowanego przez nie dwutlenku. Ze względu na specyfikę 

występowania transportu w Polsce w modelu uwzględniono tylko środki transportu drogowego i szynowego 

wykorzystywane do przewozu ładunków i pasażerów a także dokonano ich podziału ze względu na rodzaj 

zasilającego je paliwa. Dla analizy wybrano ciąg Warszawa – Łódź, w którym przemieszczać się można różnymi 

środkami transportu, które emitują różne ilości dwutlenku węgla do atmosfery. Przeprowadzono rozłożenie 

potoku pasażerów na sieć transportową dla trzech scenariuszy według kryterium całkowitych kosztów 

zewnętrznych związanych z zanieczyszczeniem powietrza. 

Słowa kluczowe: transport, modelowanie potoku ruchu, proekologiczny system transportowy , emisja CO2 

 

1. Introduction 

In the last decade the level of economic devel-

opment results among others from necessity of 

limiting its negative impact on the environment. 

According to data the greater participation in gen-

eral emission of harmful compounds into the natu-

ral environment results from the transport activity. 

Continuing in spite of the crisis growth trends in 

passenger and goods transports (tab. 1) are elimi-

nating effects of action taken in the objective of 

lowering harmfulness of the transport. A rise in the 

transport work is being observed both of goods 

transport, as well as passenger (fig. 1) and it is 

possible to observe the dominance of the road 

transport.  

From conducted analyses concerning the road 

transport it results that it is the most harmful for the 

environment and it is emitting the most toxic com-

pounds from all types of transport. 

In Poland transport of goods and of passengers 

is dominated by two types of transport: road and 

rail. The road transport, which playing substantial 

role in the economy, is one of primary sources of 

the emission of air pollutants. 

 

Tab 1. Forming of dynamics the structure of 

transport of cargo and the transport work 

TYPES OF TRANSPORT 
2005 2010 2012 2013 2005 2010 2012 2013 

Previous year = 100 Structure in % 

 TONES 

TOTAL 107,4 104,8 93,6 103,3 100,0 100,0 100,0 100,0 

Rail transport 95,3 105,4 92,9 100,7 18,9 13,1 12,9 12,6 

Car transport 112,8 104,7 93,6 104,0 75,9 83,1 83,4 84,0 

Air transport 117,5 111,1 90,7 90,1 0,0 0,0 0,0 0,0 

Pipe transport 101,7 111,9 97,3 95,6 3,8 3,1 3,0 2,7 

Inland waterway shipping 109,8 90,9 89,9 110,2 0,7 0,3 0,3 0,3 

Sea transport 41,6 89,2 96,6 93,2 0,7 0,4 0,4 0,4 

Source: Central Statistical Office: Transport. Activ-

ity results in 2013. Warsaw, 2014 
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Fig. 1. Graph of the participation of the transport 

work of different types of transport in 2013 

Source: own study on the base Central Statistical 

Office: Transport. Activity results in 2013. Warsaw, 

2014 

 

The European Commission pay much attention 

to the problem of the harmfulness of the transport. 

The negative impact of the transport on the natural 

environment results mainly from: 

− greenhouse gas emissions contributing to the 

climate change, 

− releases of air pollutants affecting the health of 

people and the local natural environment nega-

tively, 

− filling protected areas, 

− transmitting the noise threatening the human 

health. 

High and still growing emission of the harmful 

exhaust fumes through vehicles, especially on ur-

ban areas, is extorting changes in a road traffic 

system. In the article we concentrated on issues of 

greenhouse gas emissions contributing for the cli-

mate change, in particular CO2. 

 

2. Greenhouse gases emission 

How earlier we recalled greenhouse gases emis-

sion is one of negative effects of the transport. Gaz-

es are volatile chemical substances appearing in the 

atmosphere, which physics and chemical structure 

permits on stopping and storing the thermal energy 

and its handing over to the surface of the Earth in 

the form of the infrared radiation. The transport 

activity is a primary source (direct or indirect) of 

greenhouse gases emission, so as the carbon diox-

ide (CO2), methane (CH4), nitrous oxide (N2O), 

tropospheric ozone (O3), carbon monoxide (CO), 

nitrogen oxides (NOx) and volatile organic com-

pounds (VOC). 

According to research of scientists cooperating 

in Global Carbon Project frames, in 2013 humanity 

issued to the atmosphere 36 billion ton of carbon 

dioxide, that is by the 2.3% more than a year be-

fore. The most carbon dioxide (43%) we freed 

consuming coal. The most carbon dioxide (43%) 

we freed consuming coal. A burn of oil (33%) and 

of gas (18%) was on a second place. In tab. 2 we 

described the annual emission of the carbon dioxide 

from the burn of fossil fuels (in million ton). 

 

Tab. 2. Annual emission of the carbon dioxide from 

the burn of fossil fuels (in million ton) 

Country 1980 1990 2011 2013 

Percent of 

the global 

emission 

Emission 

per capita 

China 1499,7 2459,2 8659,7 9524,3 27,1 7,1 

USA 5158,9 5444,6 6002,7 5931,4 16,9 18,9 

Russia 2059,9 2343,4 1708,9 1714,2 4,9 12,4 

Germany 1126,2 1030,5 802,3 842,8 2,4 10,4 

Poland 475,7 387,3 337,0 331,1 0,9 8,6 

Ukraine 622,9 751,7 317,6 301,1 0,9 6,7 

Czech 195,7 169,9 116,8 109,4 0,3 10,7 

Source: BP Statistical World Energy Review 2013. 

 

A carbon dioxide is playing an important role in 

coming into existence of the greenhouse effect 

which the share amounts to 50% and still grows as 

a result of the human activity: CO2 emission associ-

ated with the industry, connected with reducing of 

forest areas. It is judging, that the CO2 global emis-

sion is equal 1011 t/year. 

 

3. Transport system model taking into 

account environmentally aspect 

3.1. General assumptions 

According to research carried out within the 

project EMITRANSYS [1], [9], [10], [11], [12], 

[13] model of the transport system includes a repre-

sentation of these elements and these properties of 

the system which are important for point of view 

the aim of research [14]. This will allow for the 

ability to analyse and assess the functioning of the 

existing or projected transport systems. 

The model of environmentally friendly transport 

system (MEST) is described as follows: 

 

MEST = ST, GE, FE, QE, OE  (1) 

 

where: 

ST – set of various types means of transport, 

st ∈ ST, 

GE – graph of system structure, GE= <WE, LE>, 

where WE={1, ..., a,…, i , i’…, b, ..., WE} is a set 

of elements of the structure and LE is the set of 

transport connections, 

FE – set of characteristics of elements of the struc-

ture, 

QE – matrix of transport tasks, 

OE – organization of system. 

The individual elements of the model are de-

scribed in detail in the articles [9], [10]. 

In the model MEST we defined the following 

sets: 

− E – transport relations, 

− P
ab 

– transport paths for transport relation (a,b), 

single path numbered by index p, 

− RSP - numbers of engine types, rsp ∈ RSP, 

− NEU – numbers of EURO emission standards, 

neu ∈ NEU, 
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− SPT - segments of the demand for transport of 

goods, spt ∈ SPT, 

− SPP - segments of the demand for transport of 

passengers, spp ∈ SPP. 

More information about the structure of MEST 

can be found in [9], [10] and [12]. 

MEST model takes into account the volume of 

freight and number of passengers appearing in 

points of origin and the disappearing in points of 

receipt of goods and passengers, written using 

a two-element vector QE = [X1, X2]: 

− for carriage of goods X1 = [x1(a, b, spt)], 

− for carriage of passengers X2 = [x2(a, b, spp)]. 

Everyone st-type of vehicles we described as the 

vector of technical-technological, ecological and 

economic parameters in the form: 

 

v(st)=[rsp(st),neu(st),q(st),m(st),c(st),em(st,v)]    (2) 

 

where: 

rsp(st) – type of st vehicle’s type engine,  

neu(st) – kind of st vehicle’s type norm EURO,  

q(st) – capacity of st vehicle’s type,  

m(st) – type of transport (road, rail) of st vehi-

cle’s type, 

k(st) – kind of transport (freight, passengers) of 

st vehicle’s type,  

c(st) – unit cost of transport by st vehicle’s type, 

em(st,v) – unit volume of the CO2 emission for st 

vehicle’s type driving with the speed v. 

Every transport connection (i,i‘) we described 

by vector of parameters in the form:  

 

p(i,i’)= [st(i,i’),neu(i,i’),l(i,i‘),kd(i,i‘),v(i,i‘),d(i,i‘), 

DMC(i,i‘),Qosi(i,i‘),B(i,i‘),H(i,i‘),ob(i,i‘)]           (3) 

 

where: 

DMC(i,i‘), Qosi(i,i‘), B(i,i‘), H(i,i‘) – restrictions 

concerning the total permissible mass, pressure on 

axes, horizontal and vertical gauge,  

neu(i,i’) – permissible norm of the exhaust emis-

sion,  

l(i,i‘), d(i,i‘) – the length and the capacity  

v
max

(i,i‘) – permissible speed,  

other markings are found in [12]. 

Organization of the traffic flow in the MEST 

model is the result of the distribution the traffic 

flow on the elements of the transport network and 

on means of transport different types. Because of 

the subject and scope of the research scenarios of 

the traffic flow distribution are defining by matri-

ces: 

− XT, XT = [xt(p, a, b, st neu, rsp)] matrix of 

variables with interpretation of carry goods, 

− XP, XP = [xp(p, a, b, st, neu, rsp)] matrix of 

variables with interpretation of carry passen-

gers. 

 

3.2. Limiting conditions and indicators 

of quality solution assessment 

Among the restrictions can be distinguished en-

vironmental, technical, technological, economic 

and social constraints. In the group of environmen-

tal constraints should be highlighted limitations that 

affect on reduction of emission by means of 

transport: 

Limitations of optimization task concern: 

1. completion of the demand for the transport: 

 

 

 

   

,

( , , , )

2 , , ,

st spp neu rspp

a b spp

xp p a b st

q st spp xp a b spp

  

   



   
a,b ST NEU RSPP

E SPP

 

                        (4) 

 

 

 

   

,

( , , , , , )

1 , , ,

st spt neu rspp

a b spt

xt p a b st neu rsp

q st spt xt a b spt

  

   



   
a,b ST NEU RSPP

E SPT

 
         (5) 

 

2. capacity of connections (of segments) of roads: 
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where: 

pp(st)- conversion rate of st vehicle’s type on ca-

pacity units, 

3. limiting of entry into area from the considera-

tion of acceptable Euro norm: 
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It should also be taken into account constraints: 

1. resulting from the preset capacity of connec-

tions (sections) of paths, 

2. resulting from being at the disposal number of 

means of transport, 

3. of decision variables type, 

4. on the speed of the drive, 

5. connected with traffic flow, 

and others. 

Formal writing of mentioned restrictions were 

presented in the papers [9], [10], [12], [14], [18]. 

As the efficiency indicators for quality solution 

assessment of the proecological transport system 

we can highlights: 

1. economic criteria: eg. the cost of transport: 
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2. ecological criteria: e.g. emissions of harmful 

compounds, the number of vehicles with the 

least number of vehicles with the lowest num-

bers of Euro standard used to transport, the ex-

ternal cost or minimize emissions of harmful 

substances emitted for each of the compounds 

separately: 
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3. social criteria: e.g. availability of transport, 

external cost of accidents: 
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4. Comparison of carbon dioxide emis-

sions from rail and road transport in 

selected communication string 

4.1. Characteristics of the research 

problem 

Comparing the amount of carbon dioxide emis-

sions from rail and road transport was carried out 

on the example of passengers flow distribution on 

the network forming communication string Warsaw 

– Lodz. We analysed supra-regional rail and road 

connections – buses and passenger cars.  

For the study, we identified three types of car-

riage relations: Warsaw – Żyrardów, Warsaw – 

Skierniewice and Warsaw – Lodz. On the basis of 

estimates and assumptions that not all journeys are 

carried out every day, we assumed that the volume 

of passengers flow loading analysed communica-

tion string is: 

− in relation Warsaw – Lodz 4000 passengers per 

day, 

− in relation Warsaw – Skierniewice 5500 pas-

sengers per day, 

− in relation Warsaw – Żyrardów 8500 passengers 

per day. 

We conducted a distribution of traffic flow on 

the network for three scenarios. In the first scenario 

we assumed that for the next analysed years (2014, 

2020, 2025, 2030) will increase the volume of pas-

sengers flow – in 2015 by 2% compared to 2014, in 

2020 by 5%, in 2025 by 8% and in 2030 by 11%.  

In the second scenario, we assumed that for the 

next analysed years (2020, 2025, 2030) will change 

the shape of the railway network. In conducted 

experiments we assumed that in 2020 will be de-

commissioned connections Warsaw – Mszczonow 

– Skierniewice, Warsaw – Sochaczew – Ski-

erniewice, Warsaw – Sochaczew – Koluszki and 

selected on the route Warsaw – Sochaczew – Zgierz 

– Łodz. In addition, we taken into account the pro-

jected increase of the volume of passengers flow. 

For the years 2025 and 2030 we taken into account 

the shape of the network as in 2020 and assumed an 

increase in the size of passengers flow which 

should be transported according to the first scenar-

io.  

In the third scenario, we assumed the change in 

the structure of vehicles which run on each connec-

tion in the analysed string. The current structure of 

flow in each analyzed year (2015, 2020 and 2025) 

has been adapted to the projected market share. In 

addition to changing the structure we taken into 

account the increasing volume of passengers flow 

(first scenario) and changing the shape of the rail-

way network (the second scenario). 

The distribution of passengers flow in the ana-

lysed communication string we presented in work 

[17]. In the experiments we described the various 

elements of infrastructure by characteristics with 

the interpretation of the volume of the external 

costs of air pollution. As a criterion function we 

assumed total volume of the external costs related 

to the implementation of all transport tasks. 

Based on the results [17] we calculated the car-

bon dioxide emissions of CO2 associated with the 

implementation of daily transport tasks. For rail 

transport, we estimated it based on the amount of 

energy consumed by train to overcome the specific 

section [2] and then based on the gross weight of 

the train, the typical filling and using data compiled 

by PKP Energetyka [27] we calculated the CO2 

emissions expressed in kilograms per passenger. 

The unit volume of carbon dioxide emissions of 

CO2 for road transport adopted based on [26] (155 

in grams per kilometre for passenger cars and 450 

in grams per kilometre for buses). 

 

4.2. Comparison of carbon dioxide emis-

sions for the first scenario 

In the first scenario we made the distribution of 

passengers flow on the network based on the as-

sumption that for the next analysed years will be 
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successively increasing volume of passengers flow 

to transport. The size of flow loading each network 

elements is shown at work [17]. For the years 2020, 

2025 and 2030 determined carbon dioxide emis-

sions at each connection. The emissions for 2014 

shown in fig. 2. 

 

 
Fig. 2. Carbon dioxide emissions for the first sce-

nario in 2014 

Source: own study using the model EMITRANSYS 

in PTV VISUM. 

 

For distribution of passengers flow from 2014 

the road transport emitted to the atmosphere close 

the 82% of the total volume of the carbon dioxide 

(CO2) connected with the accomplishment of daily 

transport tasks in the string Warsaw – Lodz. 28% of 

the total volume was issued from buses, however 

54% from passenger cars. The rail transport is re-

sponsible for emission of the 18% of the total vol-

ume of emission. We described it on fig. 3. 

 

 
Fig. 3. Volume of the carbon dioxide emission for 

the first scenario in 2014 

Source: own study 

 

The volume of the carbon dioxide emission for 

2020 was described on fig. 4, for 2025 on fig. 5, 

however for 2030 on fig. 6. 

Increasing volume of the passengers flow for 

transporting, forecast for 2020, caused the fall in 

the participation of the rail transport in the total 

volume of the carbon dioxide emission by the 2%. 

Increasing participation was observed for connec-

tions carried out by passenger cars. Shares of indi-

vidual branches of the transport in the carbon diox-

ide emission for distribution from 2025 don't differ 

towards 2020. For the forecast for 2030 volume of 

the flow for transporting there has been a fall in the 

participation in the total volume sharing of emis-

sion for the rail transport about 1% and the height 

on bus links. 

 

 
Fig. 4. Volume of the carbon dioxide emission for 

the first scenario in 2020 

Source: own study using the model EMITRANSYS 

in PTV VISUM. 

 

 
Fig. 5. Volume of the carbon dioxide emission for 

the first scenario in 2025 

Source: own study using the model EMITRANSYS 

in PTV VISUM. 

 

 
Fig. 6. Volume of the carbon dioxide emission for 

the first scenario in 2030 

Source: own study using the model EMITRANSYS 

in PTV VISUM. 

 

4.3. Comparison of carbon dioxide emis-

sions for the second scenario 

In the second scenario distribution of passengers 

flow into the transport network we made based on 

the assumption that for consecutive analysed years 

a change of the shape of the railway network will 

take place. Apart from that we took into account 

forecast increasing the volume of the passengers 
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flow. For years 2025 and 2030 we took into account 

shape of the network like in 2020 and we estab-

lished the increase in the volume of the passengers 

flow for transporting according to the first scenario. 

For 2020 we described the volume of the carbon 

dioxide emission on fig. 7. 

 

 
Fig. 7. Volume of the carbon dioxide emission for 

the second scenario in 2020 

Source: own study using the model EMITRANSYS 

in PTV VISUM. 

 

The change of the structure of the transport 

network which was accepted for 2020, towards the 

situation from 2014 caused increasing the participa-

tion of rail transport in the general volume of the 

carbon dioxide emission by the 10%. We observed 

reducing the share for bus connections (by the 4%) 

and for passenger cars (by the 6%).  

In the second scenario for years 2025 and 2030 

we took into account shape of the network like in 

2020 however we established the increase in the 

volume of the flow, according to the first scenario. 

The volume of the carbon dioxide emission for 

2025 was described on fig. 8, however for 2030 on 

fig. 9. 

 

 
Fig. 8. Volume of the carbon dioxide emission for 

the second scenario in 2025 

Source: own study using the model EMITRANSYS 

in PTV VISUM. 

 

Increasing the number of passengers for trans-

porting at the modified structure of the transport 

network (for 2020) in 2025 caused the rise in the 

share of the rail transport and car in the total emis-

sion of the carbon dioxide by the 3% everyone, 

however in 2030 towards 2025 by the 2% everyone. 

 
Fig. 9. Volume of the carbon dioxide emission for 

the second scenario in 2030 

Source: own study using the model EMITRANSYS 

in PTV VISUM. 

 

4.4. Comparison of carbon dioxide emis-

sions for the third scenario 

In the third scenario we assumed the change of 

the structure of motor vehicles moving after indi-

vidual connections in the analysed string. Current 

structure of the stream in every analysed year 

(2015, 2020 and 2025) was adapted for projected 

market shares (with every year successively a par-

ticipation of vehicles moving along analysed roads 

which engines having an emission standard EURO 

0 and EURO 1 to the benefit of vehicles having a 

norm EURO 5 and EURO 6). Apart from the 

change of the structure we took into account in-

creasing volume of the passengers flow (the first 

scenario) and change of the shape of the railway 

network (the second scenario). For 2015 we de-

scribed the volume of the carbon dioxide emission 

on fig. 10. 

 

 
Fig. 10. Volume of the carbon dioxide emission for 

the third scenario in 2015 

Source: own study using the model EMITRANSYS 

in PTV VISUM. 

Increasing volume of the passengers flow for 

transporting, modifying the structure of the railway 

network and the structure of motor vehicles for 

2015 caused the increase in the participation in the 

total emission of the carbon dioxide on the road 

connection carried out by passenger cars by the 1%, 

and consequently fall about the 1% of emission on 

the railway connection. For 2020 we described the 

size of the carbon dioxide emission on fig. 11. 
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Fig. 10. Volume of the carbon dioxide emission for 

the third scenario in 2020 

Source: own study using the model EMITRANSYS 

in PTV VISUM. 

 

Increasing volume of the passengers flow for 

transporting, modifying the structure of the railway 

network and the structure of motor vehicles for 

2020 reducing the participation in the total emission 

of the carbon dioxide of the road transport towards 

2015 by the 11% for the rail transport, where we 

registered the rise in the share. On a bus connection 

the participation reduced by the 4%, however on 

the car connection as far as by the 7%. 

 

 
Fig. 11. Volume of the carbon dioxide emission for 

the third scenario in 2030 

Source: own study using the model EMITRANSYS 

in PTV VISUM. 

 

Increasing volume of the passengers flow for 

transporting, modifying the structure of the railway 

network and the structure of motor vehicles for 

2030 increasing the participation in the total emis-

sion of the carbon dioxide of the road transport 

towards 2020 by the 5% for the rail transport, 

where we registered the reducing in the share. On a 

bus connection the participation increased by the 

3%, however on the car connection by the 2%. 

 

5. Summary 

Shaping of sustainable development of the 

transport system should integrate the social, envi-

ronmental and economic objectives which are con-

sidered both from the point of view of transport 

policy various countries and the European Union. 

Increasing the passengers flow for transporting 

in line with forecasts in the analysed string caused 

increasing the complicity in the total emission of 

the carbon dioxide of the motor transport, however 

making the rail transport smaller. Amongst ana-

lysed types of the road transport it was possible to 

notice the height on connections carried out by 

passenger cars. The change of the structure of the 

railway network caused the increase in the partici-

pation in the total emission of the rail transport as 

far as by the 10%. For the modified structure at 

gradual increasing the volume of the passengers 

flow for transporting the participation of the rail 

transport reduced. Increasing the volume of the 

passengers flow for transporting, modifying the 

structure of the railway network and structures of 

motor vehicles caused gradual reducing of partici-

pation of the motor transport in the total emission 

of the carbon dioxide. 

Presented in paper approach to the development 

of the transport system shows that: 

1. scenario analysis showed the validity of high-

emission vehicles traffic restrictions; 

2. actions of transport policy should be directed to 

the development of infrastructure, especially ur-

ban ring roads and areas particularly valuable 

natural; 

3. by limiting access to certain areas of greater 

emission vehicles in favor of electric vehicles or 

rail transport; 

4. multivariate analysis of transport systems de-

velopment scenarios allows for the development 

of guidelines for: 

− the validity of the construction and mod-

ernization of infrastructure, 

− the appropriateness of removing infrastruc-

ture facilities. 
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