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tǳōƭƛǎƘŀōƭŜ 9ȄŜŎǳǘƛǾŜ {ǳƳƳŀǊȅ 

The mission of the AEROFLEX project is to support vehicle manufacturers and the logistics industry to become 
prepared for future challenges in road transport. The main objective of the AEROFLEX project is to develop and 
demonstrate new technologies, concepts and architectures for complete vehicles that are energy-efficient, safe, 
comfortable, configurable and cost-effective.  

The reduction of the carbon dioxide (CO2) emissions in road freight transport in the next decades is a key issue. 
Focussing on this challenge, AEROFLEX WP1 analyses the impact of high-capacity road transport with longer and 
heavier-trucks (European Modular System: EMS examples see Figure 1-1) on mode choice and CO2 emissions at 
the EU level. For assessing the impacts of these new vehicle types, aimed to increase efficiency up to 33 % in long 
distance road transport and logistics, this deliverable describes the several approaches that are used to determine 
the impact e.g. on transport logistics, on modal split on CO2 emissions in road freight transport, and on combined 
transport.  

 

 

Figure 1-1: European Modular System; EMS1 (above) and EMS 2 (below)  

WP1 has the task to map and quantify load in EU and potential for configurable truck. The objectives of this 
deliverable are: 

¶ to describe the benefits of AEROFLEX innovations for selected use cases that were based on expert 
interviews 

¶ to calculate the impact of EMS on CO2 emissions on the EU freight transport market  

¶ to describe the potential for AEROFLEX innovations on the physical internet (PI) as one of the identified 
trends in future logistics  

¶ to derive recommendations as input for a book of recommendations. 

In addition, standard average loads by reference vehicles are compared to the maximum load for European 
Modular System to calculate average mean values and standard deviations of each KPI. These mean savings 
potentials in percentage values for different KPIs for the overall sample are displayed in Table 3-2.  

EMS will have a positive impact on company logistics. There will be more optimisation opportunities in trip and 
route planning for long road haulage, as well as for pre- and post-haulage in combined transport, due to both the 
increase of load capacity and the flexibility of EMS. The use of EMS in hub and spoke concepts of logistics service 
providers, especially for good classes with high tonne-kilometres and growing market segments (e.g. food 
products, courier/parcel/express cargo and general cargo) in combination with long daily transport distances per 
truck, EMS will significantly reduce mileage, transport costs, and CO2 emission. 
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Table 1-1: Mean saving potential for overall sample in % for different KPI. Standard deviation in parenthesis. Negative values 
indicate advantages for the Prime Candidates.  

KPI ϵκǘƪƳ Cost/tour CO2 TTW CO2 WTW1 

 

Standard average load 18.7 % 
(10.9) 

19.0 % 
(11.2) 

28.8%  
(17.0) 

20.9 % 
(11.3) 

(exemplary visualization) 
 

Maximum load for Prime 
Candidate 

-28.2 % 
(16.4) 

-28.1 % 
(16.5) 

-16.9 % 
(14.4) 

-25.8 % 
(33.7) 

(exemplary visualization) 

 

Further, based on an impact assessment by a macroscopic freight model, we can conclude that the modal shift 
changes in scenarios by using EMS 1 and EMS 2 without compensation of the higher efficiency in road transport 
and derived cost reduction on road freight transport, lead to a slight increase of freight transport on road on the 
one hand, and a decrease of rail and IWW in the range up to 3 % on the other hand. If this shift to road transport 
should be avoided, transport policy regulation or the access policy for EMS 1 and EMS 2 should provide a level 
playing field for all transport modes and should be accompanied by measures to improve efficiency of rail and 
inland waterway transport.  

Further, WP1 project partners could conclude that the deployment of EMS is expected to have a major impact on 
the CO2 emissions of whole EU road freight transport, due to a decrease of mileage in road freight transport in a 
scenario which external transport costs are considered. An adjusted EU regulation for integration of EMS in freight 
ǘǊŀƴǎǇƻǊǘ ǎƘƻǳƭŘ ōŜ ŀƛƳŜŘ ǘƻ ŀǾƻƛŘ ΨǊŜōƻǳƴŘ ŜŦŦŜŎǘǎΩ ƭƛƪŜ ǎƘƛŦǘƛƴƎ ǘǊŀƴǎǇƻǊǘ ǾƻƭǳƳŜ ŦǊƻƳ Ǌŀƛƭ ŀƴŘ ƛƴƭŀƴŘ ǿŀǘŜǊǿŀȅ 
transport to road transport.  

Finally, we address that AEROFLEX road transport innovations can take a role in the physical internet that is similar 
to that of broadband wireless connections in the digital internet: ultra-flexible, capable of moving high volumes at 
high speeds, with the best possible coverage at much greater efficiency than past technologies. 
  

 
1 For TTW and WWT calculations emission factors from DSLV Guide on Calculating GHG emissions for freight 

forwarding and logistics services (2012) have been used. 
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1 tǳǊǇƻǎŜ ƻŦ ǘƘŜ ŘƻŎǳƳŜƴǘ 
This document is the AEROFLEX deliverable D1.3 containing the final results of WP 1 in the AEROFLEX project. It 
covers the impact assessment of High-Capacity Vehicles (European Modular System EMS 1 and 2) on the following 
topics: 

¶ the freight transport logistics, based on selected use cases (chapter 3.1) 

¶ the freight transport on EU-27 level including projections of modal split and CO2 emissions of road transport 
in year 2040 (chapter 3.2) 

¶ the chance to reduce post- and pre-haulage costs in intermodal transport chains (chapter 3.3) 

¶ the application of AEROFLEX innovations in Physical Internet (PI) operations (chapter 3.4). 

The achieved results are based on the realized expert interviews to get information about real use cases for using 
the prime candidates as well as a macroscopic freight modelling, data evaluation and literature review. The 
document describes the relevant conclusions that have to be considered to evaluate the impact on the freight 
market in the EU-27. The derived recommendations (chapter 4) are based on our quantitative and qualitative 
impact assessment and the results that were published in WP1 deliverables D1.1 and D1.2 (AEROFLEX 2018a, 
2018b). It gives an input to WP7 of AEROFLEX. 

These outputs give a first appraisal of the market potential and impact on CO2 emission in EU freight transport 
market by new vehicle concepts (EMS 1 and 2). 
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!ōōǊŜǾƛŀǘƛƻƴ 
AEROFLEX ǇǊƻƧŜŎǘ ŀŎǊƻƴȅƳ ŦƻǊ ΨAerodynamic and Flexible Trucks for Next Generation of Long Distance Road 

TransportΩ 

CO2  Carbon dioxide equivalent 

EMS European Modular System  

EU European Union 

ft feet 

FTL Full Truck Load 

GHG Greenhouse Gas 

KPI Key Performance Indicator  

IWW Inland waterway transport 

ILU intermodal standard loading units (containers 20ft, 40 ft, 45 ft, swap bodies and semitrailers 
approved for combined transports) 

LHCV Long heavy commercial vehicles 

LTL Less than Full Truck Load 

LSP Logistics service provider 

NST 2007 Standard goods classification for transport statistics (see References) 

PI/̄  physical internet 

TEU  twenty food equivalent unit 

tkm tonne-kilometres 

ttw tank-to-wheel 

WP Work Package 

wtw well-to-wheel 

 

https://www.linguee.de/englisch-deutsch/uebersetzung/abbreviation.html
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2 LƴǘǊƻŘǳŎǘƛƻƴ 
2.1 Overall objective of project AEROFLEX and of WP1 

The mission of the AEROFLEX project is to support vehicle manufacturers and the logistics industry to prepare for 
future challenges in road transport. The main objective of the AEROFLEX project is to develop and demonstrate 
new technologies, concepts and architectures for complete vehicles that are energy-efficient, safe, comfortable, 
configurable and cost-effective. Work package 1 (WP 1) contributes to the overall project objective by describing 
the needs of the European logistics market in order to enable a vehicle development in line with the market 
requirements. The present report represents deliverable 1.3. The objectives of this deliverable are: 

¶ to describe the benefits of AEROFLEX innovations for selected use cases that were based on expert 
interviews 

¶ to calculate the impact of EMS on CO2 emissions on the EU freight transport market  

¶ to describe the potential for AEROFLEX innovations on the physical internet (PI) as one of the identified 
trends in future logistics  

¶ to derive recommendations as input for a book of recommendations. 

The results of the deliverable 1.3 are used in work package 7 to give an input to the transport policy regulation 
and to show the potential of AEROFLEX innovations. A first stakeholder workshop has shown that it is difficult to 
translate the requirements of the logistics service providers directly into technical details of new vehicle concepts. 
Therefore, the results of WP 1 were discussed in two online webinars (in September 2020 and in March 2021) 
organised with the help of European Technology Platform ALICE. These two online webinars have given us the 
chance to disseminate our results and to get a feedback from the participants. Furthermore, a special AEROFLEX 
session at the IPIC 2021 conference was held to disseminate the AEROFLEX results in June 2021. 

2.2 Preliminary notes 

wŜǎŜŀǊŎƘ ŎŀǊǊƛŜŘ ƻǳǘ ǇǊƛƻǊ ǘƻ ǘƘŜ ¦YΩǎ ǿƛǘƘŘǊŀǿŀƭ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴ ƻƴ ом WŀƴǳŀǊȅ нлнлΣ ŀƴŘ ǇǳōƭƛǎƘŜŘ 
subsequently, may include data relating to the 28 EU Member States (EU-28). Following this date, our research 
results take into account the 27 EU Member States (EU-28 minus the UK), unless specified otherwise. 

This report presents the results of research conducted prior to the outbreak of COVID-19 in Europe in February 
2020. For this reason, the results do not take account of the outbreak. 

The projections of freight transport until 2040 are calculated with the assumption that only diesel fuel is used by 
trucks. Alternative fuels such as CNG/LNG, biofuels, e-fuels, pure electric drive-train trucks, and hydrogen trucks 
that will be available in year 2040 are not taken into account. Therefore, it should be considered that due to a mix 
of efficient internal combustion engine driven trucks using a fuel mix (fossil, bio, and synthetic) besides new 
technologies like electric drives (fuel cell and/or battery) in trucks, the CO2 emissions will be significantly lower in 
the EU freight transport market. Our approach was designed to highlight the impact of AEROFLEX innovations to 
EU freight transport, but all conclusions are equally valid when considering energy consumption instead of fuel 
consumption and CO2 emissions. Therefore, we do not consider any other technical and technological 
transformations that could be expected but it is not the scope of AEROFLEX to quantify the impact of this 
transformation process in EU road freight transport. 

2.3 Overview of results of the previous deliverables of WP1 

2.3.1 Market potential by new vehicle concepts 

The deliverable D1.1 describes the relevant trends of transport related to new vehicle concepts. 

Logistics and the supply chain development cause the demand for long road haulage. Figure 2-1 shows some 
future trends and drivers of logistics that will influence the long road haulage in the future.  
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Figure 2-1: Future drivers of logistics (own figure based on Schwemmer 2017)  

The conclusions for the development of new vehicle concepts are as follows: 

Increase of efficiency for freight transport 

First of all, the improvement of efficiency is one important driver of European freight transport market. Co-
modality and synchromodality are key elements to improve the efficiency. Freight transport should be organized 
by the consideration of the strengths and weaknesses of the transport modes that are relevant to fulfil the 
requirements of the shipper: (i) lead and transport time, (i) weight and volume of the order /the shipment, (iii) 
and further specific costumer or good related characteristics. The transport by only one transport mode could be 
the most efficient way in case the strengths of this mode fulfils the given constraints, e.g. (i) to carry goods due to 
time constraints, (ii) to realize a direct transport between shipper and receiver without detours, (iii) and the 
availability of infrastructure and specialised transport equipment. Furthermore, it is necessary to fulfil the 
customer related expectations regarding transport costs and related to the increased influence of green logistics 
solutions. 

The available European data shows that in terms of tonne-kilometres, about 57 % of all freight transport is realised 
on long haul (300 km and over, Figure 2-2). Freight transport services up to 150 km are also relevant for new 
vehicle concepts in combination with smart loading units in order to support more efficient transport services at 
the interface between long and short distance transports i.e., in terminals (for combined transport) and logistics 
hubs. From the perspective of tonne-kilometres, new vehicle concepts could address all goods classes and not 
only selected ones due to the objective to develop a configurable and cost-efficient vehicle concept that is not 
dedicated for only some commodities.  

  

Figure 2-2: Characterisation of transported cargo in EU-28 in 2016 (EUROSTAT 2018) 

Pre-slung goods: cargo 
shipped already in a cargo 
sling or net, such as coffee 
in bags or coconut shells. It 
is usually prepared and 
loaded at the pier, ready 
for the vessel's arrival and 
subsequent loading 
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Vehicle concepts should be developed for low density goods, long transport distances and high revenue logistics 
segments  

New vehicle concepts should address good classes with high transport performance measured in tonne-kilometres 
(e.g. food products, beverages and tobacco, agricultural products) in combination with long transport distances. 
Furthermore, the potential revenues in logistics segments (e.g. contract logistics, full and less than truck load with 
palletized goods and courier/express/parcel) should be considered. These segments should be addressed, because 
the balance between market size, expected revenues and small order sizes expect a high demand for advanced 
vehicle concepts using modular loading units. Finally, it is recommended to realize an optimum trade-off between 
payloads and transport volumes in order to maximize the use of the loading capacities - combine different types 
of goods so that the maximum filling rate both in terms of weight and volume could be achieved, i.e. cargo that is 
stackable or use of double deck trailers.  

Fast and frequent road transport between hubs and industrial sites become important 

Due to the increasing amount of courier/parcel/express cargo and general or mixed cargo, hub and spoke 
transport concepts are increasingly used to consolidate the shipments and thus, to increase transport efficiency. 
Therefore, an already promising and further growing segment for new truck concepts can be identified in 
transports between hubs (e.g. terminals, ports, large warehouses) as well as between industrial sites and 
hubs/large warehouses/terminals. Here, it is essential that loading units can be optimally loaded and unloaded, 
manoeuvred, and placed at the gateways in cross-docking stations or in warehouses, even if there exists a limited 
space on yards and terminals for manoeuvring of trucks. Further, the organisation of a fast exchange of loading 
units between different vehicles or between transport modes is important.  

New vehicle concepts have to be compatible with the existing infrastructure 

Infrastructure conditions and constraints of the existing road infrastructure ς road, bridges, yards, driveways, 
roundabouts, parking areas and docks ς are key issues for new vehicle concepts. Currently, most parking areas 
and docks are not suitable for long commercial vehicles above 18.65 metres. The new vehicle concept of European 
Modular System (EMS) is compatible with the existing road infrastructure to avoid an extensive need for 
enhancement of the European road infrastructure or sophisticated technical solutions supporting manoeuvring in 
confined spaces on motorways and inter-urban roads. 

2.3.2 CO2 emission changes by new vehicle concepts 

The deliverable D1.2 describes the findings that high-capacity vehicles are a promising concept on the way to 
optimizing logistics operations is supported by the fact that 62 ҈ ƻŦ ǘƘŜ ǎǳǊǾŜȅΩǎ ǇŀǊǘƛŎƛǇŀƴǘǎ ǎǘŀǘŜ ǘƘŀǘ ǘƘŜȅ ŀƭǊŜŀŘȅ 
engaged with high capacity vehicles. 46 % expect to benefit from the use of longer vehicles and 39 % expect to 
benefit from heavier vehicles than are currently permitted by EU regulation (EU Directive 2015/719). 

In order to quantify possible savings for the different Key Performance Indicators (KPIs), use cases are analysed 
that are collected during expert interviews. The calculations are based on real world tours that are specified by 
logistics companies, including descriptions of currently used vehicles. This information is combined with 
characteristics of prime candidates the experts select to be potentially useful in the according use cases and fuel 
consumption simulations, as well as total cost of ownership (TCO) and transport cost calculations.  
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3 aŜǘƘƻŘǎ ŀƴŘ ǊŜǎǳƭǘǎ 
  

3.1 Impact the freight transport logistics, based on selected use cases 

This first chapter presents the results of using EMS for selected use cases that were collected by interviews with 
logistic operators in transport companies and logistics service providers. Results are based on the quantification 
of benefits of EMS if they will be in operation and will replace other standard vehicles in road freight transport.  

3.1.1 Methods 

Following the Global Logistics Emissions Council (GLEC) Framework, two sound tools for delivery tour simulation 
and total cost of ownership (TCO) calculation are used to calculate the KPI values of selected prime candidates 
and related future increase in transport efficiency by European Modular System (EMS) vehicles in the use cases 
(see below). As input values for the logistics tour simulation we use, on the one hand the vehicle configurations 
such as weight, engine and gearbox type and rear axle ratios, and on the other hand, the cycle characteristics i.e. 
slope and speed. In a second step, we process the simulation results of fuel consumption and average speed to 
calculate the TCO using further cost factors like driverΩǎ costs, purchase and maintenance.  
Furthermore, the CO2 emissions of the reference tour (based on the expert interviews) as well as for the potential 
tour with an EMS are based on the simulated fuel consumptions of a MAN tool. 

3.1.2 Results of use case implementation 

Interviewees were asked to select prime candidates per logistics segment and route type combination, which 
could be used in daily business providing the largest potential for economical and logistical benefits from their 
perspectives. The approach to use European Modular System (EMS) vehicles to improve efficiency is based on load 
consolidation as a crucial factor to realize the expected benefits. Thus, the impact of the use of the prime 
candidates is ŀƴŀƭȅǎŜŘ ǿƛǘƘ ǊŜƎŀǊŘ ǘƻ ǘƘŜ YtLǎ ϵκǘƪƳΣ ϵκǘƻǳǊ ŀƴŘ CO2 [kg] emissions tank-to-wheel (TTW) and well-
to-wheel (WTW). About 53 % of the ƛƴǘŜǊǾƛŜǿŜŜΩǎ votes were given for the following six most relevant prime 
candidates (in descending order of vote share): 6.1, 2.1, 3.1, 1.4, 2.2 and 4.7 (see Table 3-1). The shares ranged 
from 11.7 % to 6.2 %. An additional 10.1 % was achieved by Prime Candidate 1.3, which is a standard 4x2 tractor 
unit with a 13,62 m long semi-trailer. 

Table 3-1: Share of votes by interviewees of preferred Prime Candidates 

No. Prime Candidate Share of votes 

6.1 
 

11.7 % 

2.1 
 

9.7 % 

3.1 
 

9.7 % 

1.4 
 

9.3 % 

2.2 
 

6.6 % 

4.7 
 

6,2 % 

1.3 
 

10.1 % 

In addition, standard average loads by reference vehicles are compared to the maximum load for prime candidates 
to calculate average mean values and standard deviations of each KPI (see above). These mean savings potentials 
in percentage values for different KPIs for the overall sample are displayed in Table 3-2. 
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Table 3-2: Mean saving potential for overall sample in % for different KPI. Standard deviation in parenthesis. Negative values 
indicate advantages for the Prime Candidates.  

KPI ϵκǘƪƳ Cost/tour CO2 TTW CO2 WTW2 

 

Standard average load 18.7 % 
(10.9) 

19.0 % 
(11.2) 

28.8%  
(17.0) 

20.9 % 
(11.3) 

(exemplary visualization) 
 

Maximum load for Prime 
Candidate 

-28.2 % 
(16.4) 

-28.1 % 
(16.5) 

-16.9 % 
(14.4) 

-25.8 % 
(33.7) 

(exemplary visualization) 

 

3.1.3 Results of two selected uses cases 

To show the overall benefit, we select two use cases as an example. Each use case shows the potential efficiency 
gain by shifting reference vehicles to EMS 1 or EMS 2 for a specific current transport and maximizing the cargo 
volume to maximum GCW. The first use case reflects an intermodal transport chain on road and waterways and 
involves multiple countries (Netherlands, Germany and Finland). Using Prime Candidate 6.1 (i.e. EMS 2) makes it 
possible to carry 74 tons instead of 40 tons Gross Combination Weight (GCW) and results in a CO2 emission 
reduction potential of -129.6 kg or -25.81 % per tour. The second use case distinguishes from the first one and 
gives the potential to increase transport efficiency of EMS 1. In this case a single mode logistics chain (only road) 
is reflected by a tour between Germany and Austria using Prime Candidate 3.2 (i.e. EMS 1) with a maximum of 60 
tons instead of 40 tons GCW permissible. Due to the lower transport distance between origin and destination the 
emission reduction potential is limited to -72.0 kg CO2. Nevertheless, this is equivalent to a CO2 potential of -32.44 
% on one tour. 
In relation to these two use cases, Table 3-2 shows the theoretical benefits of EMS 2 and EMS 1. Only one instead 
of two vehicles (EMS 2) and only 3 instead of 4 vehicles (EMS 1) would be needed to transport (nearly) the same 
load as the reference vehicles.  

Table 3-3: Prime candidates and re-allocations in selected use cases 

No. 
Reference vehicles 

 (similar to 1st use case) 

No. Re-allocation w.r.t. EMS 2  

(e.g. PC 6.1): 

1.1 

 

6.1 

 
1.1 

 

 

 (saved) 

No. 
Reference vehicles  

(similar to 2nd use case) 

No. Re-allocation w.r.t. EMS 1  

(e.g. PC 4.3): 

1.1 

 

4.3 

 
1.1 

 

1.1 

 
2.3 

 

2.3 

 
2.3 

 

 

(saved)  (saved) 

 
2 For TTW and WWT calculations emission factors from DSLV Guide on Calculating GHG emissions for freight 

forwarding and logistics services (2012) have been used. 
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But beside this very positive theoretical effects of EMS 1 and 2, there are much more complex decisions to be 
taken on fleet level management, which is factored in by the results from the overall sample (cf. Table 3-3). Thus, 
on fleet level up to 30 % of tractors and drivers in suitable use cases could be saved by using EMS 1 and 2. 

3.2 Impact on freight transport on EU-28 level including projections of modal split and CO2 
emissions of road transport in year 2040 

In the following sections, we describe the two steps of calculating the impact of EMS 1 and 2 on European transport 
in 2040. The steps are: (I) application of a macroscopic freight model DEMO-GV for German transport, (II) upscaling 
the results for EU-28 (including the UK). Our approach is aimed to show the impact, based on assumptions for: 

¶ average payload per cargo group,  

¶ average fuel consumption, and  

¶ transport costs (distinguishing between time and distance related transport costs. 
These are developed for a baseline and four other scenarios. Our main interest is to calculate and assess the 
differences between these different scenarios compared with the baseline scenario. This should show the impact 
of using EMS 1 and EMS 2 on European road freight transport in year 2040. 

3.2.1 Methods 

CƻǊ ƻǳǊ ǇǊƻƧŜŎǘƛƻƴ ǿŜ ǳǎŜ ǘƘŜ ƳŀŎǊƻǎŎƻǇƛŎ ŦǊŜƛƎƘǘ ƳƻŘŜƭ Ψ59ah-D±Ω ό.ǳǊƎǎŎƘǿŜƛƎŜǊ Ŝǘ ŀƭΦ нлмтύΦ Lǘ ŎŀƭŎǳƭŀǘŜǎ ǘƘŜ 
transported goods between c. 400 German an c. 200 other European traffic cells. The goods will be transported 
via three ƳƻŘŜǎΥ ΨǊŀƛƭΩΣ ΨǊƻŀŘΩ ŀƴŘ ΨƛƴƭŀƴŘ ǿŀǘŜǊǿŀȅǎΩΥ ¢Ƙƛǎ ƛǎ ǘƘŜ ƳƻŘŀƭ ǎǇƭƛǘΦ The goods transport on road can be 
realized by seven road-vehicle types. Five are current vehicles:  

(I) ¢ǊǳŎƪ оΦр Җ тΦр ǘ D/² (II) ¢ǊǳŎƪ тΦр Җ мн ǘ D/² (III) ¢ǊǳŎƪ мн Җ му ǘ D/² 
 

(IV) TǊǳŎƪ му Җ нс ǘ GCW (V) ¢ǊǳŎƪ нс Җ пл ǘ D/²  
 

 

and two are new European Modular System (EMS) vehicles:  

(VI) ¢ǊǳŎƪ пл Җ сл ǘ D/² ό9a{ мύ  (VII) ¢ǊǳŎƪ сл Җ тп ǘ D/² ό9a{ нύ 

The share between all truck types is the mean split in the freight transport modelling. Modal split and mean split 
are calculated separately for every NST-2007 commodity class (NST 2007) and the combined transport (CT). The 
model DEMO-GV imports the data of average load factors and average transport costs (distinguishing between 
time and distance related costs) for every vehicle-type. Given the higher capacity of EMS 1 and EMS 2 vehicles, 
there are reduced costs per transported ton and a higher average load factor. 
DEMO-GV is a six-step model, including the following steps:  

(I) freight generation,  
(II) distribution,  
(III) transport costs,  
(IV) utility,  
(V) modal split related to transport modes (except air transport, pipeline, maritime and short sea 

shipping), and  
(VI) mean split on road. 

 
3.2.1.1 Freight Modell description of DEMO-GV 

(I) Freight Generation 
In the first step of DEMO-GV, there is the production of supply and demand in every traffic cell: the produced 
goods in the sources and the needed goods in the sinks. The goods are calculated based on to the gross value 
added (GVA) in each traffic cell. The relation between GVA and transported goods has been described by Müller 
(Müller et. al 2015). 

(II) Distribution 
The distribution step calculates the goods (in tons) which are transported from a traffic cell (source) to another 
traffic cell (sink). This source-sink-relation corresponds to the following gravitation approach: 

ÅØÐɼẗ ὉὓὟ ẗÍ ẗÍ             (1) 
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ὉὓὟ ÌÎ Å   Å  Å         (2) 

 ɗ ȡ fading rate of commodity c between source and sink  

Í ȡ total mass of a commodity c which is transported from a source i  

Íȡ total mass of a commodity c which is transported to a sink j 

Õȡ Utility between source i and sink j for a commodity c and a mode m  

ὉὓὟ: άŜǎǘƛƳŀǘŜŘ ƳŀȄƛƳǳƳ ǳǘƛƭƛǘȅέ between source i and sink j 

¢ƘŜ ƎǊŀǾƛǘŀǘƛƻƴ ŀǇǇǊƻŀŎƘ ŀƴŘ ǘƘŜ ǘƻǘŀƭ Ƴŀǎǎ ƛƴ ǘƘŜ ǎƻǳǊŎŜǎ ŀƴŘ ǎƛƴƪ ŀǊŜ ǳǎŜŘ ƛƴ ǘƘŜ ΨƛǘŜǊŀǘƛǾŜ ǇǊƻǇƻǊǘƛƻƴŀƭ ŦƛǘǘƛƴƎΩΦ 
This leads to the transported mass for every source-sink-relation (distribution). 

(III) Transport Cost 
The third step calculates the transport cost for every source-sink-relation. Hereby, we calculate the costs for every 
mode separately. Each cost value represents the cost for a standard delivery order that contains average time and 
distance related costs of each mode. The implementation of EMS 1 and EMS 2 leads to a reduction of the average 
transport cost in mode road. 

(IV) Utility 
¢ƘŜ ǳǘƛƭƛǘȅ ŘŜǎŎǊƛōŜǎ ǘƘŜ άǇƻǎƛǘƛǾŜ ǾŀƭǳŜέ ƻŦ ŀ ǎƘƛǇǇŜǊ ƛŦ ƎƻƻŘǎ ŀǊŜ ǘǊŀƴǎǇƻǊǘŜŘ Ǿƛŀ ŀ ǎǇŜŎƛŦƛŎ ƳƻŘŜ όōŜǘǿŜŜƴ ǎƻǳǊŎŜ 
and sink) by him. The calculation of the utilities corresponds to BVU et al. (2012). 

Õȟȟȟȟȟ ɗ  "#Ãȟȟȟȟȟȟɠ ɗ  "#Ôȟȟȟȟȟɠ ɗ  Ðȟ ȟ ɗ  "#Äȟ ȟȟɠ   (3) 

"#Øȟ‗
ȟ×ÅÎÎ π ‗ ρ 

ÌÎὼȟ×ÅÎÎ ‗ π
         (4) 

Õȟȟȟȟȟ :  utility of source i, sink j and commodity c or (maritime/continental) combined transport   

"#Øȟ‗ȡ   box-cox-transformation  

Ãȟȟȟȟȟ :  cost for a standard delivery order between i and j for commodity c or (maritime/continental)  

  combined transport ÖÉÁ ÍÏÄÅ Íȟ ÉÎ ÔÈÅ ÙÅÁÒ Ù ɍΌɎ 
Ôȟȟȟȟ :    transport time from i to j for commodity c or (maritime/continental)  combined transport via mode m [min] 

Ðȟ ȟȿÄȟ ȟ : punctuality [%] and delay [min]ÖÉÁ ÍÏÄÅ Íȟ ÉÎ ÙÅÁÒ Ùȟ ÁÎÄ ÖÉÁ ÔÒÁÆÆÉÃ ÔÙÐÅ ȬÔÙÐÅȭ ɉ#T or no CT) 

ɼȟɼȟɼȟɼȡ  weighting parameters each segment 
 ɠ ȟɠ ȟɠ ȡ  parameter for box-cox-transformation (each segment) 

Ψ{ŜƎƳŜƴǘǎΩ ŀǊŜ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ƻŦ ŎƻƳƳƻŘƛǘȅ ŎƭŀǎǎŜǎ ǿƘƛŎƘ ōŜƘŀǾŜ ǎƛƳƛƭŀǊ ƛƴ ǘǊŀƴǎǇƻǊǘΦ 
All utilities have to be calibrated by a variable summand . This summand guarantees the modal split which has 
been observed in 2010. The calculation of  uses the distribution matrix of 2010 (PTV Group, TCI Röhling, Mann, 
H. 2016). The calibration is necessary for a reliable projection. 

(V) Modal Split 
The modal split for the three modes ΨǊŀƛƭΩΣ ǊƻŀŘΩ ŀƴŘ ΨƛƴƭŀƴŘ ǿŀǘŜǊǿŀȅǎΩ ŦƻǊ ŀ ǎƻǳǊŎŜ-sink-relation is calculated by 
the probability Ðȟȟȟȟ  for a specific mode (McFadden 1973): 

Ðȟȟȟȟ
 ȟȟȟȟ

 В   ȟȟȟȟ

          (5) 

Ðȟȟȟȟ :  probability for a delivery order of a commodity c or (maritime/continental) combined transport 

from source i to sink j via mode m [1] 

Õȟȟȟȟ ȡ  calibrated utility for a standard delivery order of a commodity c or (maritime/continental)  

combined transport from i to j via mode m [1]   

В  ÅØÐ Õȟȟȟȟ ȡ ÓÕÍ ÏÖÅÒ ÁÌÌ ÍÏÄÅÓ ȬÍÏÄÅȭ ɍρɎ 

 
The modal split for a source-sink-relation with mass άȟȟȟ is calculated by Ðȟȟȟȟ : 

άȟȟȟȟ  Ðȟȟȟȟ ẗάȟȟȟ          (6) 

Íȟȟȟȟ :  tons of a commodity c or (maritime/continental) combined transport  which are transported from source i to sink j 

via mode m (modal split) [t] 
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Íȟȟȟ:  tons of a commodity c or (maritime/continental) combined transport  which are transported from source i to sink j 

(source-sink-relation from distribution) [t]  

(VI) Mean split on road 
After calculating the modal split for all three modes, we calculate the mean split on road. Hereby, the tons which 
are transported on road are split on several road-vehicle types tm, including EMS 1 and EMS 2. We use the 
ǇŀǊŀƳŜǘŜǊǎ ʰ ŀƴŘ ɾ which are calibrated by a maximum likelihood estimation. This estimation uses a sufficiently 
large sample for a reliable projection. The sample is Eurostat data from the year 2011 [Eurostat 2011]. The 
ǇŀǊŀƳŜǘŜǊǎ ʰ ŀƴŘ ɾ ŘƛǎǘƛƴƎǳƛǎƘ ōŜǘǿŜŜƴ ǊŜƎƛƻƴŀƭ όҖ мрл ƪƳύ ŀƴŘ ƭƻƴƎ-distance traffic (> 150 km). 

Õȟȟȟȟ ȟ  

ɻ ȟẗ  Ãȟȟȟȟ ɾ ȟȟ ẗɿ ɻ ȟẗ ÌÎ Ãȟȟȟȟ ɾ ȟȟ ẗ ɿ  

Ðȟȟȟȟ ȟ

 ȟȟȟȟ ȟ

В  ȟȟȟȟ ȟ
Íȟȟȟȟ ȟ Ðȟȟȟȟ ȟ ẗ Íȟȟȟȟ   (7) 

Õȟȟȟȟ ȟ :  utility for road -vehicle on road from i to j for commodity c and segment s  

Ãȟȟȟȟ ȡ   costs each ton of payload of a standard delivery order for tm between i and j, commodity c and 

  ÓÅÇÍÅÎÔ Ó ɍΌɎ 

ɻ ȟȡ  generic parameter for Ȭcommodity clusterȭ cl in regional traffic  

ɻ ȟ:  generic parameter for ȵÃÏÍÍÏÄÉÔÙ#ÌÕÓÔÅÒȰ ÃÌ ÉÎ ÌÏÎÇ-distance traffic 

ɾ ȟȟ ȡ  alternative-specific constant for tm aÎÄ ȵÃÏÍÍÏÄÉÔÙ#ÌÕÓÔÅÒȰ ÃÌ Én regional traffic 

ɾ ȟȟ :  alternative-specific constant for tm aÎÄ ȵÃÏÍÍÏÄÉÔÙ#ÌÕÓÔÅÒȰ ÃÌ Én long-distance traffic 

ɿ :   1 if regional traffic between ij; 0 if long-distance traffic between ij  

ɿ ȡ  1 if long-distance traffic between ij; 0 if regional traffic between ij  

Ðȟȟȟȟ ȟ ȡ  probability of transporting a mass via road-vehicle type tm from i to j for commodity c Ё 0 und segment s Ё 

1; 2 (no combined transport); ÑÕÁÌÉÆÉÅÄ ÐÒÏÂÁÂÉÌÉÔÙ ÁÆÔÅÒ ÍÏÄÅ ȬÒÏÁÄȭ ɍρɎ 

Íȟȟȟȟ ȟ ȡ mass which is transported from i to j via road-vehicle type tm [t] 

Íȟȟȟȟ : mass which is transported from i to j on road: commodity c Ё 0 und segment s Ё 1; 2 (no combined transport) 

The upper variables are valid for commodities ὧ  π and segments ί  ρȠ ς (no CT). 

In general, the mean split for every road-truck type, including EMS 1 and 2, is defined by its individual costs per 
ǘƻƴ ώϵκǘϐΦ ¢ƘŜ ŎŀƭƛōǊŀǘŜŘ ǇŀǊŀƳŜǘŜǊǎ ʰ ŀƴŘ ʴ ƭŜŀŘ ǘƻ ǘƘŜ ƳŜŀƴ ǎǇƭƛǘ ŦƻǊ ŜŀŎƘ ǊƻŀŘ-vehicle type. 

3.2.1.2 Upscaling the results for EU-28 
¢ƘŜ ƳƻŘŀƭ ǎǇƭƛǘ ŀƴŘ ǘƘŜ ƳŜŀƴǎ ǎǇƭƛǘ ƻƴ ǘƘŜ ǊƻŀŘ ƻŦ Ψ59ah-D±Ω ƘŀǾŜ ǘƻ ōŜ ǳǇǎŎŀƭŜŘ ǘƻ 9ǳǊƻǇŜŀƴ ƭŜǾŜƭΦ CƛǊǎǘΣ ǿŜ 
calculate the freight transport in tonne-kilometres ὸὴ at German level, multiplying the transport volume ὸὺ by the 
distance Ὠ between the cells at German level. The unit is tonne-kilometre [tkm]: 

 ὸὴὸὺẗὨ                 (8) 

The next step is an extension on the freight transport performance ὸὴ  which exists at European level. For this 
reason, we assume: 

ȟȟ

 
  ȟȟ

 
             (9) 

ὸὴ ȟȟ  Freight transport performance at German level for commodity ὧ with mode Ὥ [tkm]     

ὸέὸὥὰ ὸὴ  Total freight transport performance at German level [tkm] 
ὸὴ ȟȟ  Freight transport performance at European level for commodity ὧ with mode Ὥ [tkm]     

ὸέὸὥὰ ὸὴ  Total freight transport performance at European level [tkm] 

We assume the European territory as the territory of the EU-28. The assumption (8) is the result of the same mode 
ratios in Germany and the EU-28 EUREF 2016 projection (EUREF 2016) Based on equation (8) and the total 
projected freight transport performance in EU-28 of EUREF in 2016, a disaggregated freight transport performance 
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in EU-28 in 2040 is derived. The freight transport performance is disaggregated by NST-2007-classification and the 
three modes.  
The calculation of impact is realised by projections for the five scenarios. 
The projection of EMS1 and EMS2 is separated into 5 scenarios [short name in brackets]: 

a. ōŀǎŜƭƛƴŜ ǎŎŜƴŀǊƛƻ нлпл όǿƛǘƘƻǳǘ 9a{ м ŀƴŘ 9a{ нύ ώΨ.ŀǎŜƭƛƴŜΩϐ 
b. ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ 9a{ м ǿƛǘƘƻǳǘ ŀƴȅ ǊŜǎǘǊƛŎǘƛƻƴǎ нлпл ώΨ9a{ мΩϐ in modelling step (III)+(VI) 
c. ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ 9a{ м ŀƴŘ 9a{н ǿƛǘƘƻǳǘ ŀƴȅ ǊŜǎǘǊƛŎǘƛƻƴǎ нлпл ώΨ9a{ мҌнΩϐ in modelling step (III)+(VI) 
d. ƴƻ 9a{ м ŀƴŘ 9a{ н ŦƻǊ ΨƘŜŀǾȅ ŎƻƳƳƻŘƛǘƛŜǎΩΥ ŀǾƻƛŘƛƴƎ ƘŜŀǾȅ ŎŀǊƎƻ όŜΦƎΦ ōǳƭƪύ ǿƛƭƭ ōŜ ǎƘƛŦǘŜŘ ŦǊƻƳ Ǌŀƛƭ ǘƻ 
ǊƻŀŘ ώΨ9a{ мҌн Ҍ ŜȄŎƭǳŘŜ ŎƻƳƳƻŘƛǘƛŜǎΩϐ: DEMO-GV distinguishes between cargo groups in all modelling 
step, including cost calculation (III) and modal split (V)   

e. consideration of average external costs of transport e.g. study (Biehler, C., Sutter,D. 2019) from 
{ŜǇǘŜƳōŜǊ нлмфώΨ9a{ мҌн Ҍ ŜȄǘŜǊƴŀƭ ŎƻǎǘǎΩϐ by including them as transport costs in modelling step (III). 
The externals costs are allocated unbalanced to the several vehicles classes. 

The focus of this assessment of the modelling exercise by a calibrated freight model is on relative variations 
between scenarios, all absolute figures are based on model assumptions and construction for validated projections 
in 2040. These projections do not show the real EU freight transport volumes in the sense of validated forecasts 
in 2040. This result shows the impact assessed by the modelling of different scenarios. 

The share of travelled kilometres by EMS 1 and 2 in all scenarios is not limited (e.g. by a parameter that indicates 
a penetration grade, the availability of semitrailers or e-dollies), in comparison to all travelled kilometres on road. 
The individual truck-type costs define the travelled kilometre-costs for each truck-type (i.e. mean split) in every 
scenario. Therefore, our modelling algorithm select a truck configuration, depending on the cost per ton (related 
to distances and commodities) for the generated freight transport in the model. If the price ώϵκǘϐ is cheaper, the 
percentage of the truck configuration is higher. 

3.2.2 Freight modelling results 

On Figure 3-1 we observe the same increase of total transport tonne-kilometres from 2010 to 2040 in all scenarios 
and all modes will profit by increase of tonne-kilometres, that grows up from 2,556 billion tkm in 2010 to 3,801 
billion tkm (+49 %) in 2040 for all modes. As mentioned in the introduction this research was carried out prior to 
ǘƘŜ ¦YΩǎ ǿƛǘƘŘǊŀǿŀƭ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴ ƻƴ ом WŀƴǳŀǊȅ нлнлΦ CǳǊǘƘŜǊ, these results present data of research 
conducted prior to the outbreak of COVID-19 in Europe in February 2020. For this reason, the results do not take 
account of the outbreak.  
The combined transport (CT) is growing above average in the baseline scenario between 2010 and 2040 by 56 % 
for inland water way (IWW) transport and for rail freight transport by 65 %.  

Related to the adjusted cost parameters, we see that the modal shift (in tkm) changes slightly:  

¶ in the scenarios in sŎŜƴŀǊƛƻ Ψ9a{ мΩΥ ¢ƘŜǊŜ is an increase of 0.7 % in road, and reductions of 2 % in rail 
(including CT), and 1.7 % in IWW (including CT). 

¶ in sŎŜƴŀǊƛƻ Ψ9a{ мҌнΩΥ ¢ƘŜǊŜ is an increase of 1.1 % in road, and reductions of 3.2 % in rail (including CT) 
and 2.6 % in IWW (including CT). 

¶ in sŎŜƴŀǊƛƻ Ψ9a{ мҌн Ҍ ŜȄŎƭǳŘŜ ŎƻƳƳƻŘƛǘƛŜǎΩΥ ¢ƘŜǊŜ is an increase of 0.6 % in road, and reductions of 1.5 % 
in rail (including CT) and 1.7 % in IWW (including CT) 

Lƴ ǎŎŜƴŀǊƛƻ Ψ9a! мҌн ҌŜȄǘŜǊƴŀƭ ŎƻǎǘΩ ǘƘŜ ǇƛŎǘǳǊŜ ƛǎ ŎƻƳǇƭŜǘŜƭȅ ŘƛŦŦŜǊŜƴǘ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ƻǘƘŜǊ ǎŎŜƴŀǊƛƻǎΦ There is 
a reduction of 7.4 % on road tonne-kilometers, while rail (including CT) is growing by 22 % and IWW (including CT) 
by 18 %. This scenario shows the significant impact of transport costs of mode split on our freight modelling results.  

In general, we can conclude that the modal shift changes in scenarios by using EMS 1 and EMS 2 without 
compensation of the cost savings on road freight transport, lead to a slight increase of freight transport on road 
on the one hand, and a decrease of rail and IWW in the range up to 3 % on the other hand. If this shift to road 
transport is to be avoided, it is necessary to increase costs of road transport to compensate the advantage of an 
increased efficiency due to use of EMS 1 and 2. Therefore, the external costs of transpoǊǘ ƛƴ ǎŎŜƴŀǊƛƻ ώΨ9a{ мҌн Ҍ 
ŜȄǘŜǊƴŀƭ ŎƻǎǘǎΩϐ ǿŜǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘǊŀƴǎǇƻǊǘ Ŏƻǎǘǎ όŦƻǊ ŀƭƭ ƳƻŘŜǎύ ŀƴŘ ǘƘŜ ŦƛƎǳǊŜ ǎƘƻǿǎ ŀ ŘƛǊŜŎǘƭȅ ƻǇǇƻǎŜŘ ƛƳǇŀŎǘ ōȅ 
shifting transports on rail and IWW.   
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Figure 3-1: Projected transport performance (tonne-kilometres) for all scenarios 

Figure 3-2 distinguishes the travelled road kilometres of the three heaviest vehicle types in all scenarios. The total 
travelled road kilometres grow from 293.2 ōƛƭƭƛƻƴ ƪƳ όΨōŀǎŜƭƛƴŜΩύ ǘƻ нфуΦр ōƛƭƭƛƻƴ ƪƳ όΨ9a{ мҌнΩύ in 2040. The 
scenario with the internalisation of external costs shows a road volume of 270.4 billion km, 7.8 % less than in the 
baseline scenario. The scenario with the exclusion of several commodities shows the maximum value: 301.8 billion 
kilometres. The strong increase of mileage in this scenario is caused by the shift of heavy commodities from EMS 
1 and EMS 2 back to the standard truck with up to 40 tonnes GCW.   

 

Figure 3-2: Travelled road kilometres of heavy trucks (40 t GCW, EMS 1, EMS 2) for all scenarios 

The Figure 3-2 also shows the market share of EMS 1 and EMS 2 vehicles in the scenarios in 2040. In the scenario 
with EMS 1 the freight transport model calculates a market share of 7.4 % in road freight transport based on road 
mileage. In the other scenarios EMS 1 vehicles could reach a market share in road mileage between 4.3 % and 
7.5 % and EMS 2 vehicles between 2.0 % and 3.7 % in 2040. 
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The final step in our approach is to show the impact on CO2 emissions from road freight transport in EU-28. We 
calculated an average CO2 emissions factor per vehicle-kilometre based on JEC 2020 and assumptions of the 
AEROFLEX project related to average fuel consumptions. These parameters were discussed in a separate with 
project partners and are based on the realized tests (e.g. in WP 6) and shared experiences of AEROFLEX project 
partners. 

Table 3-4: Main assumptions for calculation of average CO2 emissions of the vehicle with GCW 40 tons and above EU -28 

vehicle type average fuel consumption in litre 
per vehicle-kilometres in 2040 

standard rigid 4x2 + trailer (vehicle group 4),  
standard tractor 4x2 + 3 axle standard semitrailer  
vehicle group 5), GCW 40 tons 

0.28 

EMS 1: rigid 6x2 + e-dolly (incl. battery package) + 3 axle 
AEROFLEX semitrailer with an e-axle (vehicle group 9) GCW 
60 tons 

0.376 

EMS 2: tractor 4x2 + e-dolly (incl. battery package) + 3 axle 
AEROFLEX semitrailer with an e-axle + 3 axle AEROFLEX 
semitrailer (vehicle group 5) GCW 74 tons 

0.443 

The following values for CO2 emissions are calculated with the general assumption that only diesel fuel is used by 
trucks. CNG/LNG, biofuels, pure electric trucks, and hydrogen trucks that will be available in year 2040 from the 
current perspective are not considered. Therefore, it should be considered that due to a mix of efficient internal 
combustion engine driven trucks using a fuel mix (fossil, bio, and synthetic) besides new technologies like electric 
drives (fuel cell and/or battery) in trucks the CO2 emissions of road transport will be significant lower. The CO2 
emissions of total road freight transport could be reduced by 7.9 Mio. tonnes per year or 3.7 % compared with 
the baseline in EU-28 (see Figure 3-3) in the best case scenario Ψ9a{ мҌн Ҍ ŜȄǘŜǊƴŀƭ ŎƻǎǘǎΩ. This is due to a 
combination of improved fuel efficiency in road transport (from EMS 1 and 2) and the internalisation of external 
costs leading to modal shift.  

In contrast, the freight modelling results of all other scenarios show that CO2 emissions will increase between 
3.4 % to 6.5 %, due to modal shift from rail and inland waterway to road. Our approach was designed to highlight 
the impact of AEROFLEX project results to EU freight transport. Therefore, we do not consider other technical 
transformations that could be expected. 

 

Figure 3-3: Impact on CO2 emissions on road transport (ttw: tank-to-wheel) 
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Based on these results, the policy regulation of transport and the access policy for EMS 1 and EMS 2 should address 
on the one hand the realization of the possible improvements in road freight transport. On the other hand, the 
future policy should be aimed to realize a level playing field in EU freight transport, so that the cost advantages of 
the use of EMS 1 and 2 would be compensated by measures to improve rail or inland waterway or to compensating 
these cost advantages by addressing measures for more sustainable transport (e.g. by use of hybrid or full electric 
drives or by including increased CO2 emission costs in the whole transport sector). 

3.3 Chance to reduce post- and pre-haulage costs in combined transport 

Year 2021 is the European year of rail. If the objectives of the European Green Deal are met, rail will have to take 
up a bigger share of passenger and freight transport. Addressing this part of the EU transport policy, this chapter 
will discuss how EMS could help to improve combined transport by higher efficiency of pre- and post-haulage to 
intermodal hubs and terminals.  

3.3.1 Methods 

Based on the modelling results, it can be concluded that EMS could help to improve the combined transport chain 
by more efficient pre- and post-haulage transport between intermodal terminals and shippers. We use a 
qualitative approach to show the potential benefits that will be able to reduce the transport time and the transport 
costs for first and last mile transport. 

3.3.2 Results related to combined transport 

The objective of this chapter is to identify potential more efficient tours for pre- and post-haulage on road by 
standard equipment and by using EMS 1 and EMS 2 vehicle configurations, following a general approach that is 
also implemented into the freight modelling (see chapter 3.2.2). Different studies (TML et al, 2008; Fraunhofer 
et.al. 2009; Christidis, P., Leduc, G., 2009; K+P Transport Consultants, 2009) have investigated to the impacts of 
longer and heavier vehicles in long road haulage related to the volumes of combined transport and single wagon 
load on rail transport. These studies have not given emphasis to the possible cost saving in combined transport 
and benefits in logistics that could be realised by using longer and heavier vehicles. The freight modelling in 
AEROFLEX addresses both aspects related to assumptions of average costs,  

(i) the cost savings in long-road haulage as well as  
(ii) the cost savings in pre- and post-haulage on road in combined transport by using EMS 1 and EMS 2.   

Due to that approach, we want to describe possible cost savings in the following description.  

The following intermodal use case describes the current standard situation with intermodal standard units (ILU). 
It has to be acknowledged that the terminals and ǎƘƛǇǇŜǊΩǎ infrastructure to manage EMS vehicle configurations 
is necessary to realize the benefits.  
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Figure 3-4: Intermodal transport chain ς current standard for national and international transports 

Figure 3-4 shows the use of tractor-semitrailer or rigid with container chassis and container trailer transport 
between shippers in an intermodal transport road/rail and between shipper and maritime or ferry-terminals.  

 

Figure 3-5: Intermodal transport chain ς use of EMS 1 for national and international transports 

The use of EMS 1 is shown in the next figure 3 5. The efficiency of pre- and post-haulage on road could be increased 
and the cost will be reduced. Based on the cost component data and the general assumption that the number of 
round trips from intermodal terminal to shippers and vice versa has the same frequency, we have calculated 
average cost savings of about 13 % per TEU (twenty food equivalent unit) ς average transport volume 6 TEU per 
day instead of 4 TEU for a standard vehicle combination. 
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Figure 3-6: Intermodal transport chain ς use of EMS 2 for national and international transports 

Finally, Figure 3-6 shows the use of EMS 2 in intermodal transport. Per round trip, the number transported ILU 
could be doubled. The calculated cost saving per TEU is on average about 21 % compared with a standard vehicle 
configuration ς average transport volume of 8 TEU per day instead of 4 TEU with the same number of drivers and 
hauling tractors. For both EMS 1 and EMS 2, the number of round trips per day to transport the same number of 
ILU or transport more ILU by one EMS 2 vehicle between shippers and intermodal terminals can be reduced. The 
shown round trip configurations in the figures 3-5 to 3-6 are not possible by using only standard HDV that have a 
limited capacity of only two TEU and need more round trips to carry the same numbers of ILU. EMS 1 and EMS 2 
will therefore support to realised new round trip configuration that are more cost efficient. Figure 3-7 should 
describe one option to flexible use of EMS 2 for pre- and post-haulage in combined transport. 

 

Figure 3-7: Intermodal transport chain ς use of EMS 2 and the opportunity to extend the trip planning and reduce of daily circles 
























