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Abstract 

This paper refers to the challenges faced in Europe regarding energy consumption in the transport 
sector. Based on statistics from the European Union and the United Nations, the transport sector 
contributes up to one-quarter of global greenhouse gas emissions, and this share is increasing. 
Intermodal transportation is the combined use of different vehicles within a trip, in most cases with 
a notable railway share, hence it has a high potential in terms of energy efficiency. In accordance 
with the EU emission goals (Fit for 55, EU 2040), it is a reasonable approach, to have an insight into 
the transportation modal change possibilities that can move European urban transportation 
towards sustainability. This paper provides an overview of the major factors that make railway 
transport competitive and attractive. The paper contains an enumeration of transportation modes 
in the Budapest metropolitan area and their environmental impact of the urban transport. The 
analysis considers required traction power, the efficiency of the drivetrains, electricity mixes and 
potential ridership. Focusing on the railway share of the intermodal transportation, energy demand 
calculations were performed by a numerical traction power estimation. The calculations show that 
by increasing the share of rail transportation, a significant decrease can be achieved in the overall 
energy demand of the urban transportation. Intermodal transportation is presented as an energy-
saving possibility in the mobility sector by describing a current transportation route and schedules 
in Hungary. Intermodal transportation is compared to the individual passenger car transportation. 
The full intermodal transport and increased guided transport share are discussed. The goal is to 
show a comparison in energy demand between an increased share of intermodal railway 
transportation and individual commute in Europe, based on the example of the Budapest 
metropolitan area. Besides the technical advantages, possible drawbacks and side effects are 
discussed, focusing on life quality, excessive investment demands and the cost-benefit approach. 

Keywords: railway, intermodal, energy consumption, sustainability, metropolitan area 
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I. INTRODUCTION 

A quarter of European greenhouse gas emissions are linked to transportation. This is the 
major reason why transportation is a notable sector in terms of sustainability goals. Significant 
improvements can be achieved in accordance with the greenhouse gas reduction goals set by the 
European Union (Fit for 55, EU 2040). Apart from the climate impact, European metropolitan areas 
face other environmental problems that are rooted in insufficient transport solutions. Highway 
expansions represent an inefficient use of urban space, resulting in elevated noise and dust 
pollution, as well as the reduction of green areas. 

Moreover, the excessive energy consumption of individual road transport is not only an 
environmental aspect but also raises concerns about the EU's energy independence and the 
vulnerability of fossil fuel supply. While this goes hand in hand with the greenhouse gas reduction 
goals, it is also an important aspect of railway transportation that significantly lower energy 
consumption results in not only less climate impact but also decreases the import volume of crude 
oil products, thereby improving the trade balance of the EU. 

 

II. METHODS 

In the following, an energy calculation is presented for three transport modes that are common in 
an urban area. The energy consumed is linked to the CO2 emissions, hence this will provide a basis 
for the comparison of individual transportation with intermodal transportation in typical urban 
areas. 

 

1. Transportation possibilities in the Budapest metropolitan area 

The first option uses an internal-combustion passenger car, while the second uses an electric car 
on the same route. For both fossil fuel and battery-powered vehicles, indirect emissions from the 
petrochemical industry, battery production and the electricity storage losses must be added to 
direct emissions. (Magyar Tudomány, 2021) 

The third option uses intermodal transportation with multiple vehicles in a single trip. In this 
example, 75% of the route is covered by suburban railway, with the remaining segments consisting 
of rural road access to the train station and urban railway travel. 

The above-listed transport modes are summarized and presented in Figure 1.  
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Figure 1. Transportation possibilities for a chosen itinerary in the Budapest metropolitan area.  

 

2. Calculations 

In this section, CO2 emission calculations for each transportation possibility are presented. Data 
retrieved from the European Union represent the CO2-equivalent values, which account for all 
greenhouse gases weighted by their climate impact (EEA, 2025).  

 

3. Individual transportation 

[1] Internal combustion car 

Data on fuel consumption of a conventional car can be seen in Table 1. 

Table 1. Internal combustion engine car fuel consumption (Magyar Tudomány, 2021). 

 values 

CO2 emissions (m’) 202 g/km 

route length (s) 65 km 

Total CO2 emission over the 65-km-long route: 

𝑚𝑚 = 𝑚𝑚′ ∙ 𝑠𝑠 = 202 ∙ 65 = 13130 𝑔𝑔 

The carbon emissions of the passenger car share of the intermodal transportation are estimated in 
the same way. 

[2] Electric car 

internal combustion engine car
65 km

electric car
65 km

internal combustion engine car
13 km
interurban rail
40 km
urban rail
10 km

[1] 45 min [2] 50 min
[3] 110 min
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The energy consumption of an electric car can be seen in Table 2. The value is based on the 
Spritmonitor online database of various passenger cars. The electricity consumption of five 
widespread models (VW ID.3, Renault Zoe, Hyndai Kona, Kia e-Niro, Nissan Leaf) was averaged, 
1583 vehicles in total. 

Table 2. Electric car energy consumption (Spritmonitor, 2026). 

 values 

consumption (b) 0.1709 kWh/km 

route length (s) 65 km 

Total energy consumption over the 65-km-long route: 

𝑊𝑊 = 𝑏𝑏 ∙ 𝑠𝑠 = 0.1709 ∙ 65 = 11.1085 𝑘𝑘𝑘𝑘ℎ 

As mentioned above, CO2 emissions depend on the electricity mix. The second value for the 
European Union in Table 3 includes an additional 175 g/kWh from battery production and storage 
losses based on a UNECE report from 2022. 

Table 3. Electricity mix data (EEA 2024, UNECE 2022 p36 Fig. 23). 

 CO2 emissions 

European Union (m’) 187 g/kWh 

European Union (m’’) 
(included battery production) 

362 g/kWh 

Hungary (mH) 
(included battery production) 

312 g/kWh 

CO2 emissions of an electric car over the 65-km route with respect to electricity mixes 

𝑚𝑚1 = 𝑊𝑊 ∙ 𝑚𝑚′ = 11.1085 ∙ 187 = 2077 𝑔𝑔 

𝑚𝑚2 = 𝑊𝑊 ∙ 𝑚𝑚′′ = 11.1085 ∙ 362 = 4021𝑔𝑔 

𝑚𝑚𝐻𝐻 = 𝑊𝑊 ∙ 𝑚𝑚𝐻𝐻 = 11.1085 ∙ 312 = 3465 𝑔𝑔 
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4. Public transportation 

The Hungarian State Railways have 123 Stadler FLIRT multiple unit trains, whose technical data are 
shown in Table 4. A large proportion of the commuter service in the Budapest metropolitan area is 
covered by these trains; therefore, this type was taken into consideration. 

Table 4. Multiple unit train specifications (Stadler, Andersson et.al 2018) 

 values 

total mass (m) 130 t 

track length (s) 40 km 

air resistance coefficient (k) 0.001 

front wall area (A) 12 m2 

rotating mass factor (γ) 0.08 

Acceleration (a) 0.8 m/s2 

The following calculations for the energy consumption are based on Newton’s laws and the railway 
dynamics principles. 

The dynamics of the movement of an accelerating railway vehicle can be described as follows 
(Zobory, 2017) 

(1 + 𝛾𝛾) ∙ 𝑚𝑚 ∙
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝐹𝐹𝑡𝑡 − 𝐹𝐹𝑟𝑟𝑟𝑟𝑟𝑟 

where the total resistance is the sum of all resistances: 

𝐹𝐹𝑟𝑟𝑟𝑟𝑟𝑟 = 𝐹𝐹𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 + 𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎 + 𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎 

where the rolling resistance for commuter trains is: 

𝐹𝐹𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 𝑒𝑒 ∙ 𝐺𝐺 = 𝑒𝑒 ∙ 𝑚𝑚 ∙ 𝑔𝑔 

where e is the specific resistance, that is an experimentally determined ratio (Csanádi, 1954) 

unit: � 𝑁𝑁
𝑘𝑘𝑘𝑘
� 

for multiple unit commuter trains: 
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𝑒𝑒 = �2 + 0.022
𝑣𝑣2

100�
 

The air resistance for railway vehicles is (Andersson et.al 2018): 

𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎 = 𝑘𝑘 ∙ 𝐴𝐴 ∙ 𝑣𝑣3 

The acceleration resistance, where γ=0,08 is the relative mass addition to consider the rotating 
masses (Wende, 2003) 

𝐹𝐹𝑎𝑎𝑎𝑎𝑎𝑎 = 𝑚𝑚 ∙ (1 + 𝛾𝛾) ∙ 𝑎𝑎 

The equations above were implemented in a Microsoft Excel model. This numerical model 
calculates the work performed over 20-meter sections of the railway track in accordance with the 
equations for acceleration, deceleration, and constant-speed traction. By summing the computed 
energy demand for each 20-meter section, the model estimates the total energy consumption of 
the railway vehicle. 

𝑊𝑊 = � 𝐹𝐹𝑣𝑣 ∙ 𝑠𝑠
40𝑘𝑘𝑘𝑘

0𝑘𝑘𝑘𝑘

= 864.8 𝑀𝑀𝑀𝑀 

The results of the tractive work calculation on the Hungarian Railways Line 30a is summarized and 
presented in Figure 2. It can be seen, that the increasing utility factor let the energy consumption 
per passenger decrease, and stabilized at 1.2 kWh for this 40 km section. 

 
Figure 2. Left: Driving cycle of an interurban train in the Budapest metropolitan area. Right: Energy consumption in 

accordance with travelled distance and utilization. 
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5. Estimation for urban railway lines 

According to the Umweltbundesamt (German Federal Environment Agency), the emissions per 
passenger kilometer of urban rail public transport in 2024 were 42 g; therefore travelling 10 km by 
tram and metro produces 420 g of emissions. 

 

III. RESULTS 

The following section presents an exemplary CO2 emission analysis for the Budapest metropolitan 
area based on the energy consumption calculations above. Three transportation modes were 
compared on a 65-km commute route: conventional car, electric car, and intermodal transport 
(combining road access, interurban railway, and urban rail). Table 5 below shows the total CO2 
emissions for this specific itinerary. 

Table 5. Greenhouse gas emissions from the different transport modes presented in Figure 1. 

Transport mode Total CO2 emissions 

Internal combustion 
engine car [1] 

13130 g 

Battery electric car 
[2] 

3465 g 

Intermodal 
transportation [3] 

3210 g 

 

1. Extended results 

Although the analysis of the Budapest Metropolitan Area may appear to be a specific case, most 
urban areas of the European Union are similar in terms of road and railroad networks, intermodal 
possibilities, urban structure and commuter behaviour. Therefore, the Budapest example can be 
considered representative of urban areas across Europe. 

The Excel model was extended with a more detailed approach for electricity carbon footprint 
estimation in order to provide a comparison between different European grids. As shown in Table 
6, significant differences can be observed depending on the fossil fuel and nuclear share of the 
electricity mix, with Poland having the worst value and France having the best. 

Table 6. CO2 equivalent GHG emissions from selected European grids (EEA). 
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Country GHG emissions CO2 eq. 

EU average 187 g/kWh 

Germany 298 g/kWh 

France 43 g/kWh 

Poland 554 g/kWh 

Hungary 137 g/kWh 

The extended comparison presented in Table 7 includes the full public transport possibility, by 
replacing the passenger car by a diesel bus. The emissions of local bus transport was calculated the 
same way as the urban rail, and the data was also retrieved from the Umweltbundesamt, estimated 
94 g per passenger kilometers. 

Table 7 below summarises the emission values of different transport modes based on the electricity 
mixes presented in Table 6 above. 

Table 7. Greenhouse gas emissions from different transport modes (EEA, Umweltbundeasamt). 

Transport Mode EU Germany France Poland Hungary 

ICE car 13130 g 13130 g 13130 g 13130 g 13130 g 

Electric car 4000 g 5226g 2408 g 8055 g 3465g 

P+R 3270 g 3403 g 3097 g 3710 g 3210 g 

Full public 
transport 

1866 g 1999 g 1693 g 2306 g 1806 g 

It can be observed that the railway transportation significantly decreases the CO2 emissions, 
regardless the large differences in the electricity grids. The reason is that the overall energy 
consumption is more crucial in terms of sustainability than the electricity provided to an efficient 
transport mode. As it can be seen in Table 7, public transportation enables a notable CO2 emission 
reduction even with the worst electricity grid (Poland) while emissions in countries with an already 
clean grid (France) can still be improved. 
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IV. DISCUSSIONS AND CONCLUSION 

1. Greenhouse gas emission reduction 

The analysis shows that without any improvements in the electricity infrastructure, the total 
emission reduction can be 80-85%, dependent on the passenger car consumption and the 
utilization of the public transport lines. This is a significant difference even compared to the best 
case of electromobility, because electric cars can only provide up to ~70% greenhouse gas emission 
reduction, and only in case of low-carbon electricity. 

From a cost-benefit perspective, the widespread adoption of electric vehicles requires substantial 
investment in electricity grid infrastructure to achieve meaningful emission reductions. In contrast, 
railway-based intermodal transport delivers significant CO2 reductions because of its inherent 
energy efficiency, even without electricity grid improvements. This makes rail transport a more 
economically viable pathway to immediate emission reductions, particularly when infrastructure 
investment resources are limited. 

 

2. Further benefits of guided transportation 

Railway transport is nearly free of local emissions, apart from noise or dust, although modern 
railway technologies can address these issues to an acceptable level. 

The larger capacity of the vehicles has an additional advantage, their tare weight is lower compared 
to the payload. Furthermore, the larger the vehicle, the better the utilization tends to be. According 
to a report by BKK Centre for Budapest Transport (2024), the average number of people in a 
passenger car is 1.3, while public transport operates at considerably higher utilization, reaching 
even over 100% during rush hours. This results in lower space requirements for transportation 
infrastructure. 

 

3. Possible drawbacks 

Besides the beneficial effects of the increased railway share, the possible drawbacks have to be 
mentioned as well. The major concern is the excessive investment demand of the infrastructure. 
Furthermore, the large scale of improvements, such as track and railway station renovations, new 
connections, and even park and ride facilities, can raise opposition in local communities. 

Park and ride solutions are already common in many major cities and agglomerations, yet users still 
face the disadvantage of their inflexibility and in some cases, poor coverage. Only a considerably 
cheaper, faster, and more convenient public transport network can balance the comfort offered by 
passenger car transportation. 
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