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Abstract: The influence of mankind around the world is unquestionable. Resources are used 
and pollution is made during the transportation of human capital, raw materials, semi-final 
and final products. Nowadays pollution is a key factor in the progress towards sustainability 
in all sectors. Recently only the transport sector has not been able to fulfil the requirements 
and lower its emission in Europe. Further on there is a global pressure on modal shift from 
road to rail. But the question is still not answered whether the rail transport pollutions less? 
This article aims to present a method of analysis and to answer these questions in the case 
of Hungary.
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1. Introduction

Human activities are now shaping the Earth more than any other geological factor, as 
human dominance affects almost all biological systems on the Earth (Fig. 1).

Fig. 1.
Average Atmospheric CO2 and Average Earth Temperature Complex Time Series
Source: Török and Tánczos (2007)
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The 6°C Scenario (6DS) is largely an extension 
of current trends. By 2050, energy use almost 
doubles (compared with 2009) and total 

greenhouse gas (GHG) emissions rise even 
more. In this case the transport sector would 
emit 10 810 million tCO2,eq worldwide (Fig. 2).

The 4°C Scenario (4DS) takes into account 
recent tendencies, emissions made by 
countries, to limit emissions and step up 
efforts to improve the energy efficiency. 
Projecting a long-term temperature rise 
of 4°C, the 4DS is already an ambitious 
scenario, which requires significant changes 
in policy and technologies. Moreover, 
capping the temperature increase at 4°C 
requires signif icant additional cuts in 
emissions in the period after 2050. The 2°C 
Scenario (2DS) describes an energy system 
consistent with an emissions trajectory that 
recent climate science research indicates. 

Importantly, the 2DS acknowledges that 
transforming the energy sector is vital, but 
not the sole solution: the goal can only be 
achieved if CO2 and GHG emissions in 
non-energy sectors are also reduced. The 
transport sector contributes to the total 
CO2 emission with 24% in the case of the 
EU27 (International Energy Agency, 2012). 
Finding out whether road or rail is the most 
eco-friendly mode of travel is very difficult. 
In this article the author is only focusing on 
environmental impact of transport modes - 
rail and road - based on CO2 emission (Fig. 3 
and Fig. 4).

Fig. 2.
Forecast of Energy Consumption in the World and in the EU27
Source: International Energy Agency (2012), http://www.iea.org/etp/explore
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2009 2050

Fig. 3.
Transformation of Energy Flows in Transport Sector in EU27
Source: International Energy Agency (2012), http://www.iea.org/etp/explore

It is almost universally accepted that rail 
transport is greener than travelling by road. 
But is it true? This paper tries to answer this 

question. Firstly the energy flows have been 
investigated separately for road transport 
and for rail transport.

2009 2050
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Fig. 4.
Transformation of Energy Flows in Transport Sector in EU27
Source: International Energy Agency (2012), http://www.iea.org/etp/explore

According to the study of the International 
Energy Agency (2012) in 2009 the road 
transport subsector used 71 EJ worldwide, 
and the rail transport subsector used 1.9 EJ 
from fossil fuel. 

Based on the forecast unti l 2050 the 
road transport will lower its fossil fuel 
consumption and will use 46 EJ biofuels. 
Compare to this, rail transport will use 5.5 EJ 
biofuel.
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2. Methodology

The basic assumption was that passenger 
cars should be compared to rail transport 
in case of passenger transport, and heavy 
goods road vehicles should be compared to 
rail transport in case of goods transport in 
terms of environmental pollution. In the case 
of the passenger cars and electric railway, the 
emission should be on the basis of distance 
and in the case of the goods transportation, 
the comparison between electrified railway 
and heavy goods road vehicles should be on 
the basis of energy unit.

Estimating the CO2 emission of fossil fuel 
burning is a very complex task, because 
fossil fuel is a chemically complex blend of 
more than 400 hydrocarbon components. 
The described CO2 estimation processes 
are based on the following studies by Zöldy 
(2011), Bereczky (2012) and Barabas and 
Todorut (2011), as a description of ideal 
burning (Eqs. (1-4)).

2 C8H18 + 25 O2  16 CO2 + 18 H2O  (1)

2 C14,5H30 + 44 O2  29 CO2 + 30 H2O  (2)

C2H5OH + 3 O2  2 CO2 + 3 H2O  (3)

2 C19H38O2 + 53 O2  38 CO2 + 19 H2O  (4)

It is an upper estimation for CO2 emission, 
in real condition there is no such perfect 
burning. So firstly the fuel consumption 
was needed to be defined for distance based 
emission (Eq. (5)) and for energy based 
emission (Eq. (6)):

 (5)

where:

τ – fuel consumption ,

ρ – density of fuel ,

k – type of fuel (1 – gasoline, 2 – diesel oil),

l – type of road vehicle (1 – passenger car, 2 – 
light goods vehicle, 3 – heavy goods vehicle, 
4 – trucks, 5 – bus),

 –  f u e l  c o n s u m p t i o n  o f  10 0   k m 

.

 (6)

where:

γ  –  e m i t t e d  C O 2 b y  l i t r e  o f  f u e l 

,

δ – fuel needed to produce 1 MWh energy 

,

ε – energy production related emission 

.

Looking at the entire “greening” of the 
transportation, significant results were 
achieved in the last couple of decades 
(Domanovszky, 2014; Olli-Pekka, 2014). 
Firstly, from 1999 the petrol is unleaded, and 
the compulsory blending of bio component 
was a great step towards a sustainable future 
(Wilde, 2011; Bereczky and Török, 2011). 
In Hungary now (in 2013) 4.4V/V% of bio 
component is added to fossil fuel. These 
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conditions were taken into account for 
distance based emission (Eq. (7)) and for 
energy based emission as well (Eq. (8)):

 (7)

where:

 (8)

where:

ω – burning related CO2 product ion 

,

σ – emitted CO2 [g CO2].

Firstly, the system limits have been widened. 
In the case of the road transport not only 
the fuel consumption were taken into 
account (tank to wheel consumption), but 
production, transportation (well to tank 
consumption) were also included separately 

for distance (Eqs. (9) and (10)) and for energy 
based comparison (Eqs. (11) and (12)). 

 (9)

 (10)

 (11)

 (12)

where:

ϑ – constant, burning related emission 
compared to total life cycle emission [-],

ϕ1 – Total CO2 emission (well-to-wheel) on 

1 km  ,

ϕ2 – Total CO2 emission (well-to-wheel) on 

1 MWh .

So far the model setup can be concluded as 
(Fig. 5):

Fig. 5.
Methodological Overview of the Comparative Analysis
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The above mentioned model is capable 
for investigation the further extension of 
bio component, for instance in the case of 
10V/V% or the significant penetration of 
electric road vehicles (European Automobile 
Manufacturers Association, 2010a).

3. Results

Due to the more and more stricter regulations, 
technological advances have dramatically 
reduced the footprint of road vehicles in the 
past 20 years. In 1998, most new cars in the 

UK emitted an average of 186 grams of CO2 
per passenger kilometre. By 2020, cars will 
be required by the European Union to emit 
almost half of the previous amount: no more 
than 95 grams. For CO2 emission it is worth 
observing on the basis of the data of European 
Automobile Manufacturers Association (Fig. 6). The 
CO2 emission of traditional internal combustion 
engines are significantly decreasing, more 
and more energy-efficient vehicles are being 
sold with lower CO2 emissions than 120 g/
km (European Automobile Manufacturers 
Association, 2010b).

Fig. 6.
Distance Based Emission of New Cars in EU27
Source: European Automobile Manufacturers Association (2010b)

Within the EU27 there is large market 
segregation between Core Countries and 
Newly Associated States (Panasiuk and 
Lebedevas, 2014). For instance the market 

penetration of greener vehicles is slower 
in Hungary (Szendrő et al., 2012) (Fig. 7) 
that can be inf luenced by soft measures of 
transport policy related tools (Szendrő, 2011):
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Gasoline driven passenger cars Diesel oil driven passenger cars

Buses Heavy goods vehicles

Fig. 7.
Hungarian Road Vehicle Fleet

Therefore in the process of analysing 
Hungary, the EURO 3 categories were used 
to follow the lower rate of green cars. 

Table 1 indicates the converted (distance 
based) emission of electricity, compared to 
EURO-5 standard if their energy originates 
from different power plants.

Table 1
Distance Based Comparison of Emissions in the Case of the Power Plants and Passenger Cars

 SO2 NOx PM CO2 CO
 g/km g/km g/km g/km g/km
Nuclear 0,001 0,001 0,000 0,394 NA
Coal 0,007 0,011 0,004 16,300 NA
Gas 0,000 0,007 0,000 8,518 NA
Oil 0,000 0,023 0,002 22,000 NA
Wind 0,000 0,000 0,000 0,129 NA
EURO 3 Diesel - 0,176 0,000 208,640
EURO 3 Gasoline 0,059 0,588 0,000 286,713
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Table 2 indicates the converted (energy 
based) emission of electricity, compared to 

EURO-3 standard, if their energy originates 
from different power plants.

Table 2
Distance Based Comparison of Emissions in Case of Power Plants and Goods Vehicles
 PM [g/MWh] NOX [g/MWh] SO2 [g/MWh] CO2 [g/MWh]
Nuclear 7 70 32 19700
Coal 182 560 326 815000
Gas 21 326 4 425882
Oil 79 1159 2 1100000
Wind 5 20 15 6460
EURO 3 Diesel 0 5882 118 501437

4. Analysis and Discussion

So in terms of “greening” the transportation, 
con s ider i ng EU RO  3 s t a nd a rd,  t he 
environmental impact of road transport 

in Hungary will only decrease with the 
wide spread of rail transport if electricity 
is produced in a nuclear, gas or wind power 
plant (Table 3).

Table 3
Comparison of Road and Rail Transport from Environmental Point of View

Passenger transport [g/km]
(well-to-wheel emission)

Goods transport [g/MWh]
(well-to-wheel emission)

PM NOX SO2 CO2 PM NOx SO2 CO2

Nuclear 0,000 0,001 0,001 0,394 Nuclear 7 70 32 19700
Coal 0,004 0,011 0,007 16,300 Coal 182 560 326 815000
Gas 0,000 0,007 0,000 8,518 Gas 21 326 4 425882
Oil 0,002 0,023 0,000 22,000 Oil 79 1159 2 1100000
Wind 0,000 0,000 0,000 0,129 Wind 5 20 15 6460
EURO 3 Gasoline 0,000 0,176 - 208,640

EURO 3 Diesel 0 5882 118 501437
EURO 3 Diesel oil 0,000 0,588 0,059 286,713

Unfortunately in Hungary the penetration of 
wind turbines are low. Only nuclear power 
plant exists. Mostly old and environmentally 
unfriendly power plants are producing 
electricity. Further on the electrified railway 
penetration in Hungary is very low. So taking 

into account all these the modal shift – only 
from environmental point of view – can be 
questionable. Finally a sensitivity analysis 
has been done, to investigate the influence 
of the reliability of inputs and parameters 
(Table 4).
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Table 4
Result of Sensitivity Analysis

 
CO2 emission [g/km] CO2 emission [g/kWh]
Passenger Transport

Goods Transport
Gasoline Diesel oil

Ratio of bio component 0,34% 0,39% 0,38%

Fuel consumption
Passenger car

Gasoline 1,00% 0,00% 0,00%
Diesel oil 0,00% 1,00% 0,00%

Heavy Goods Vehicle 0,00% 0,00% 0,00%
Technological efficiency  
of fuel production and distribution 1,16% 1,16% 1,16%

The sensitivity analysis showed that the 
model most sensitive to technological 
efficiency of fuel production and distribution. 
This means that if the efficiency of fossil 
fuel production refine or distribution can be 
increased then the maximal CO2 emission 
reduction can be achieved.
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