
 

GET Service ICT-2012-318275 ©GET Service consortium 1 

 

 

 

20 February 2014 

Public Document 

 

 

 

 

 

ICT-2011.8 
GET Service Project 

2012-318275 
 

Deliverable D1.3 

 
CO2 calculation methodology 

    



20 February 2014  Public Document 

GET Service ICT-2012-318275 ©GET Service consortium 2 

Project acronym: GET Service 

Project full title: Service Platform for Green European Transportation 

  

Work package: 1 

Document number: D1.3 

Document title: CO2 calculation methodology 

Version: 1.1 

  

Delivery date: 30 September 2013 (M12) 

Actual publication date: 20 February 2014 

Dissemination level: Public 

Nature: Report 

  

Editor(s) / lead beneficiary: WU Vienna University of Economics and Business 

 

Authors(s): Martin Hrušovský (WU) 

Patricia Rogetzer (WU) 

Werner Jammernegg (WU) 

Stefan Treitl (WU) 

Roland Ettinger (TRANSVER) 

Jürgen Schmiele (TRANSVER) 

Emrah Demir (TU/e OPAC) 

 

Reviewer(s): Emrah Demir (TU/e OPAC) 

Paul Grefen (TU/e IS) 

  

 



20 February 2014  Public Document 

GET Service ICT-2012-318275 ©GET Service consortium 3 

History 

version changes authors 

0.1 Created structure J. Schmiele 

0.2 
Processed feedback on structure 
Adaption of initial structure 

M. Hrušovský 

P. Rogetzer 

S. Treitl 

0.3 

Section 2.1: Available emission models 

Section 2.2: European projects 

Section 2.3: Emission Calculators 

M. Hrušovský 

P. Rogetzer 

0.4 

Section 3.2.1: Calculation Methodology Road 

Section 3.2.2: Calculation Methodology Rail 

Section 3.3: Emissions from Transhipment 

J. Schmiele 

R. Ettinger 

0.5 Sections 2.1.1-2.1.3: Available Models E. Demir 

0.6 
Section 3.2.3: Inland Waterway Transport 

Section 3.2.4: Short Sea Shipping 

M. Hrušovský 

P. Rogetzer 

0.7 
Adapted version according to comments from review-
ers Paul Grefen and Emrah Demir 

M. Hrušovský 

P. Rogetzer 

R. Ettinger 

J. Schmiele 

0.8 Chapter 5: Conclusions and Outlook 

M. Hrušovský 

P. Rogetzer 

R. Ettinger 

J. Schmiele 

0.9 Added Introduction and Executive Summary M. Hrušovský 

1.0 Finalised version of the deliverable 
M. Hrušovský 

P. Rogetzer 

1.1 Revised version of the deliverable M. Hrušovský 

 

  



20 February 2014  Public Document 

GET Service ICT-2012-318275 ©GET Service consortium 4 

 

 



20 February 2014  Public Document 

GET Service ICT-2012-318275 ©GET Service consortium 5 

Contents 

Executive Summary ........................................................................................................................ 11 

1 Introduction .............................................................................................................................. 13 

1.1 Project Goal ...................................................................................................................... 13 

1.2 Work package goal ........................................................................................................... 13 

1.3 Deliverable goal ................................................................................................................ 13 

1.4 Approach .......................................................................................................................... 13 

1.5 Deliverable structure ......................................................................................................... 14 

2 Description of Status Quo ........................................................................................................ 15 

2.1 Available emission models ................................................................................................ 15 

2.1.1 Microscopic models for road transport ....................................................................... 15 

2.1.2 Basic microscopic models for rail ............................................................................... 19 

2.1.3 Basic microscopic models for IWT and SSS .............................................................. 21 

2.1.4 Handbook Emission Factors for Road Transport (HBEFA) ........................................ 21 

2.1.5 TREMOD ................................................................................................................... 22 

2.1.6 ARTEMIS .................................................................................................................. 23 

2.1.7 PLANCO .................................................................................................................... 24 

2.1.8 CEN ........................................................................................................................... 26 

2.2 European Projects ............................................................................................................ 27 

2.2.1 eCoMove ................................................................................................................... 27 

2.2.2 ECOSTAND .............................................................................................................. 29 

2.2.3 MEET ........................................................................................................................ 30 

2.2.4 RECORDIT ................................................................................................................ 31 

2.3 Emission Calculators ........................................................................................................ 32 

2.3.1 EcoTransIT ................................................................................................................ 32 

2.3.2 PTV Map&Guide ........................................................................................................ 34 

2.3.3 NTM Calc .................................................................................................................. 34 

2.4 Critique and Conclusion for GET ...................................................................................... 36 

3 Description of methodology and data sources ......................................................................... 37 

3.1 Methodological Assumptions ............................................................................................ 37 

3.2 Calculation Methodology per Mode ................................................................................... 37 

3.2.1 Road Transport .......................................................................................................... 37 

3.2.2 Rail Transport ............................................................................................................ 43 

3.2.3 Inland Waterway Transport ........................................................................................ 49 

3.2.4 Short Sea Shipping .................................................................................................... 52 

3.3 Emissions from Transhipment .......................................................................................... 55 

3.4 Summary .......................................................................................................................... 56 

4 Conclusions and Outlook ......................................................................................................... 58 

4.1 Conclusions for offline planning ........................................................................................ 58 



20 February 2014  Public Document 

GET Service ICT-2012-318275 ©GET Service consortium 6 

4.2 Outlook with real-time data (online planning) .................................................................... 59 

References ..................................................................................................................................... 60 

 

 

  



20 February 2014  Public Document 

GET Service ICT-2012-318275 ©GET Service consortium 7 

List of figures 
Figure 1: Scheme of relevant CO2e emissions ................................................................................ 14 

Figure 2: Time-speed-functions for typical traffic situations ............................................................. 22 

Figure 3: Dependency of engine power on speed for different vessel types for water depth of 7.5 m 
and draught of 2.5 m ....................................................................................................................... 26 

Figure 4: eCoMove project structure ............................................................................................... 28 

Figure 5: eCoMove benefit by avoidance of wasted energy ............................................................ 29 

Figure 6: Fuel consumption depending on average speed for different driving cycles (for 50% load)
 ....................................................................................................................................................... 39 

Figure 7: Typical train weights depending on the number of TEU ................................................... 46 

Figure 8: Energy consumption for trains with up to 100 TEU .......................................................... 47 

Figure 9: Resistance as a function of speed ................................................................................... 49 

Figure 10: Power consumption of different barge-barge-combinations ............................................ 51 

 
  



20 February 2014  Public Document 

GET Service ICT-2012-318275 ©GET Service consortium 8 

List of tables 
Table 1: Environmental factors ....................................................................................................... 29 

Table 2: Comparison of intermodal and all-road solution with respect to transport costs ................. 32 

Table 3: Cost and time savings of intermodal and all-road option ................................................... 32 

Table 4: Components considered for calculating power demand of road vehicles ........................... 38 

Table 5: Selection of driving cycles with average cycle speeds and fuel consumption .................... 39 

Table 6: Overview of functions for dependencies between average cycle speeds and fuel 
consumption ................................................................................................................................... 40 

Table 7: Variables for emission calculation in road freight transport ................................................ 41 

Table 8: Variables for rail freight transport ...................................................................................... 43 

Table 9: CO2 coefficients for electricity in Europe ........................................................................... 45 

Table 10: Coefficients for diesel ...................................................................................................... 46 

Table 11: Example results for rail freight transport .......................................................................... 48 

Table 12: General variables for IWT ............................................................................................... 49 

Table 13: Variables for resistance modelling of IWT ....................................................................... 50 

Table 14: Variables for IWT (pollutant emissions) ........................................................................... 52 

Table 15: Important variables for short sea shipping transport ........................................................ 52 

Table 16: Average speed for container vessels............................................................................... 54 

Table 17: Coefficients for main engine power calculation of container vessels ............................... 54 

Table 18: Fuel consumption factors for sea vessels ........................................................................ 55 

Table 19: Emission factors for fuels used in sea vessels ................................................................ 55 

Table 20: Energy consumption in terminals per TEU ...................................................................... 56 

Table 21: Important parameters and results of emission calculations ............................................. 57 

 
  



20 February 2014  Public Document 

GET Service ICT-2012-318275 ©GET Service consortium 9 

List of abbreviations 

Abbreviation Meaning 

ARTEMIS Assessment and Reliability of Transport Emission Modelling and Inventory Systems 

BMVBS German Federal Ministry of Transport, Building and Urban Development 

CEN European Commission for Normalisation 

CH4 methane 

CMEM comprehensive modal emission model 

CO carbon monoxide 

CO2 carbon dioxide 

CO2e carbon dioxide equivalent 

DB Deutsche Bahn  

DIN German Institute for Standardization 

DSLV Deutscher Speditions- und Logistikverband  

DWT deadweight tons 

EGR exhaust gas recirculation 

EMIT Emissions from traffic mode model 

EN EN standards, European standards for products and services by European Com-
mittee for Standardization 

EU European Union 

g gram 

GHG greenhouse gas 

GMS motorized cargo vessel 

GPS Global Positioning System 

Gtkm gross ton kilometre 

GTW gross ton weight 

h hour 

HBEFA Handbook Emission Factors for Road Transport 

HC hydrocarbons 

HDV heavy duty vehicle 

HFC hydrofluorocarbons 

IFEU Institute for Energy and Environmental Research Heidelberg 

ITS Intelligent Transport Systems 

IWT inland waterway transport 

kg kilogram 

kJ kilojoule 

km kilometre 

kN kilo Newton 

kW kilowatt 

kWh kilowatt-hour 

l litre 

LDV light duty vehicle 

LF load factor 



20 February 2014  Public Document 

GET Service ICT-2012-318275 ©GET Service consortium 10 

 

 

 

m metre 

m2 square metre 

m3 cubic metre 

MDO marine diesel/gas oil 

MEET Methodologies for Estimating pollutant Emissions from Transport project 

ml millilitre 

N Newton 

N2O nitrous oxide 

NMHC non-methane hydrocarbons 

NOx nitrogen oxides 

Ntkm net ton kilometre 

NTM Network for Transport and Environment 

PFC perfluorocarbons 

PHEM Passenger car and Heavy duty Emission Model 

pkm passenger kilometre 

PM particulate matter 

RECORDIT Real Cost Reduction of Door-to-door Intermodal Transport project 

RFO residual fuel oil 

rpm revolutions per minute 

s second 

SBB Swiss Railways 

SCR selective catalytic reduction 

SF6 sulphur hexafluoride 

SFC specific fuel consumption factor 

Sggmrss wagon type for 6 TEU 

Sgns wagon type for 3 TEU 

SO2 sulphur dioxide 

SSS short sea shipping 

t ton(s) 

TEU Twenty Foot Equivalent Unit 

tkm ton kilometres 

TREMOD Transport Emission Model project 

TTW tank-to-Wheel 

UIC International Union of Railways 

USA United States of America 

VBW Association of European Inland Navigation and Waterways 

vkm vehicle kilometres 

Wh watt-hour 

WTW well-to-wheel 



20 February 2014  Public Document 

GET Service ICT-2012-318275 ©GET Service consortium 11 

Executive Summary 

The reduction of emissions from transport is one of the objectives of the GET Service platform. In 
order to be able to reduce the emissions, it is necessary to measure those using appropriate meth-
ods. There exist a number of methods which lead to different results depending on the used meth-
odology and the scope of emissions considered. Therefore it is important to compare them and de-
cide which methods are suitable for calculating emissions for different transport modes integrated in 
the GET Service platform. The definition of the methodology for calculation of emissions used for 
the GET Service platform is the aim of Deliverable 1.3. 
 
Before defining the methodology for the GET Service platform, a review of available models, EU 
projects and emission calculators was conducted. Several instantaneous emission models for road 
transport could be identified in the literature. These models enable a more accurate emission pre-
diction since they are measuring important variables (e.g. speed, acceleration, engine power) in 
short time intervals (i.e. one second). However, many of these models require detailed data con-
cerning the vehicle, engine and infrastructure characteristics as input variables which might not be 
always available. Besides the characteristics of the vehicle, some of the models concentrate on the 
resistances that have impact on fuel consumption and the amount of emissions. This is the case of 
the railway model which considers aerodynamic, rolling, gradient, curve and acceleration resistance 
as the most important components for emission calculation. The model for inland waterway 
transport (IWT) and short sea shipping (SSS) takes into account the characteristics of the vessel as 
well as the characteristics of the waterway. 
 
Besides the instantaneous models, models such as HBEFA, TREMOD, ARTEMIS, PLANCO or 
CEN were reviewed. HBEFA is an emission model for road transport based on detailed data meas-
ured in test cycles that takes into account different traffic situations, vehicle types, driving patterns 
and infrastructure characteristics. Since the model offers very accurate results, it is the basis for a 
variety of other models and emission calculators. This is also the case for TREMOD which is an 
emission model developed for Germany taking into account also rail transport and IWT. Since, in 
many cases, it offers only average values valid for Germany, its use for other countries is rather 
limited. Detailed formulas with recommended values for input variables are presented in ARTEMIS 
where models for road, rail, IWT and SSS were developed. IWT was also a very important part of 
the PLANCO study which concentrated on comparison of costs and emissions between road, rail 
and IWT and offered detailed description of emission calculation methods for each considered 
transport mode. The proposal of the CEN norm for emission calculation also offers formulas and 
average values for energy consumption of vehicles. 
 
In addition to the reviewed models, important EU projects that could contribute to GET Service plat-
form were identified. The eCoMove project is oriented towards increasing the energy efficiency of 
vehicles by collecting and evaluating driving and traffic-related data and developing solutions for 
eco-driving in road transport. The ECOSTAND project aims at supporting a development of com-
mon assessment methodology for EU, Japan and the USA which would evaluate the impacts of 
intelligent transport systems (ITS) on energy efficiency and CO2 emissions. In the MEET project a 
comprehensive model for calculating air pollution emissions and energy consumption was devel-
oped. An analysis of door-to-door intermodal transport services was the objective of the RECORDIT 
project. 
 
A possible way of calculating the emissions from transport is the use of emission calculators. These 
tools calculate emissions using basic data about vehicle type and route travelled. One of the most 
important tools is the EcoTransIT calculator which enables multimodal routing including road, rail, 
IWT and SSS on the respective transport networks. The methods are based on models such as 
HBEFA or PLANCO as well as on real-world data from railway companies. NTM calculator is anoth-
er tool intended for buyers and sellers of transport services. The calculation is partly based on Eco-
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TransIT and the ARTEMIS model but it does not include IWT. As a third calculator, the Map&Guide 
tool was reviewed which is a product of PTV and concentrates on road transport. 
 
Based on the reviewed models and tools, the methodology for GET Service platform was defined. In 
this methodology the focus is on GHG emissions expressed in CO2 equivalents (CO2e) that come 
from fuel consumption from the vehicle and fuel and energy production (well-to-wheel). Empty trips 
are not considered as additional emission factor for loaded trips but the emissions for each trip have 
to be calculated separately. The considered transport modes are road, rail, IWT and SSS. 
 
The calculation methodology for road transport is based on models, fuel consumption and emission 
factors from HBEFA 3.1 and EcoTransIT calculator. Fuel consumption is dependent on traffic condi-
tions, average speed and topography of the route as well as on the load factor and vehicle type. 
GHG emissions can be derived directly from the calculated fuel consumption. 
 
In case of rail transport energy consumption is dependent on the gross weight of the train. Further-
more it is important to differentiate between tractions and specific emission factors for electricity 
production in different EU countries. 
 
The estimation of GHG emissions from IWT requires detailed data about the vessel and waterway 
characteristics. Regarding the vessel characteristics, the dimensions of the vessel and load factor 
influence the water resistance. Power speed curves give information about specific fuel consump-
tion for different speeds. The resistance and speed are also influenced by the water level and cross-
section of the waterway. 
 
The methodology for SSS consists of four steps. In the first step the average cruising speed has to 
be derived. The speed influences the required main engine power which can be transferred into fuel 
consumption using specific fuel consumption factors. After the fuel consumption is derived, GHG 
emissions can be calculated. In addition to fuel consumption of the main engine, emissions from 
auxiliary engines for operations in the ports have to be estimated. 
 
The results of the GHG emission calculations are strongly dependent on the available data needed 
for input variables. For offline planning usually only estimates based on average values or historical 
data for e.g. speed, specific fuel consumption (SFC) or vehicle characteristics can be used. Howev-
er, if online data about current traffic situation, driving behaviour or unexpected events becomes 
available, GHG emissions can be calculated more precisely by the GET Service platform. 
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1 Introduction  

This deliverable presents the analysis of the existing emission calculation tools and defines the 
methodology for emission calculation in the GET Service project. This section provides the back-
ground to this deliverable, by presenting the goal of the project as a whole, the goal of the work 
package of which the deliverable is a part, and the goal of the deliverable itself. It then goes on to 
present the approach that was used to arrive at that goal. Finally, it presents the structure of the 
remainder of the deliverable. 

1.1 Project Goal 
 
The GET Service platform provides transport planners with the means to plan transport routes more 
efficiently and to respond quickly to unexpected events during transport. To this end, it connects to 
existing transport management systems and improves on their performance by enabling sharing of 
selected information between transport partners, logistics service providers and authorities. In par-
ticular, the GET Service platform consists of components that: (i) enable aggregation of information 
from the raw data that is shared between partners and transport information providers; (ii) facilitate 
planning and re-planning of transport based on that real-time information; and (iii) facilitate real-time 
monitoring and control of transport, as it is being carried out by own resources and partner re-
sources. By providing this functionality, the GET Service platform aims to reduce the number of 
empty miles that is driven, improve the modal split, and reduce transport times and slack, as well as 
response times to unexpected events during transport. Thus it reduces CO2 emissions and im-
proves efficiency. 

 

1.2 Work package goal 
 
The goal of Work Package 1 is to describe the real-life usage scenarios of Transport Management 
Systems (TMS) and mobile route-planning devices which are used to derive the criteria for the suc-
cess of the GET Service platform. Based on the usage scenarios and success criteria, future use 
cases for the application of the GET Service platform are derived. For evaluation of the usage sce-
narios and use cases, a set of validation and evaluation metrics is defined which includes also a 
thorough analysis of actual CO2 calculators for transport activities. In addition, a set of requirements 
for system design, development, research activities and testing in real-user environments is defined. 

 

1.3 Deliverable goal 
 
The increasing demand for transport in Europe results in increasing emissions of carbon dioxide 
(CO2) and other greenhouse gases (GHG) which have negative impact on the environment. Since 
the amount of released GHG emissions is becoming an important topic for companies, it is neces-
sary to search for solutions that would reduce the amount of GHG emissions from transport. This is 
also one of the objectives of the GET Service platform which should provide tools for making the 
transport more efficient and environmentally friendly reducing the amount of released GHG emis-
sions. In order to be able to measure the achieved reductions of GHG emissions, it is necessary to 
define an emission calculation methodology. Therefore the goal of Deliverable 1.3 is to define the 
methodology which will be used for calculating GHG emissions for the GET Service platform. 

 

1.4 Approach 

 
Emissions from transport can be determined using various available tools and models. There exist a 

number of models and emission calculators dealing with the calculation of emissions but their re-
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sults vary significantly. The reasons for these differences are mainly the used methodology and also 
the emissions which are considered. Whereas some of the models concentrate only on CO2, others 
include also other GHG emissions and air pollutants. However, in most cases the emission calcula-
tors use only average values or estimates that do not consider real-time traffic conditions. As a re-
sult, additional emissions resulting from events such as congestion cannot be calculated. In order to 
get more accurate results for the GET Service platform, it is necessary to define a methodology 
which would be able to use the estimated values where no detailed data is available but also to im-
prove the emission calculation if detailed data about the vehicle and real-time traffic data provided 
by GET Service platform becomes available. 

 
The choice of the methodology is closely connected to the scope of emissions which are consid-
ered. Since the GET Service platform is concentrated on multimodal transport chains it is important 
to consider the emissions for each transport mode involved and also the emissions for transhipment 
at the terminals. As Figure 1 shows, the most important parameter for emissions from terminals is 
the number of stops and transhipments during the transport whereas the emissions from transport 
are significantly influenced by the distance. The emissions considered include emissions of CO2 and 
also other GHG (methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons 
(PFCs), sulphur hexafluoride (SF6)) which can be expressed as CO2 equivalent (CO2e) emissions. 
In order to make the emissions comparable between different transport modes, the calculation in-
cludes not only emissions from the fuel or energy consumption at the vehicle (tank-to-wheel, TTW) 
but also emissions from the production of the fuel or energy (well-to-wheel, WTW). 
 

 

Figure 1: Scheme of relevant CO2e emissions 

 

1.5 Deliverable structure 
 
The remainder of this deliverable is structured as follows. Section 2 offers an overview of existing 
models, EU projects and emission calculators which are of relevance for the GET Service platform. 
The methodology used for GET Service platform is described in detail in Section 3 displaying the 
detailed formulas and assumptions used for each transport mode and transhipment. In Section 4 the 
emission calculation process is summarized showing how the emissions will be calculated using 
offline data and which improvements are possible if online real-time data is available.  
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2 Description of Status Quo 
 
This chapter gives a description of the most important available emission calculation methods and 
their use in practice. It starts with the basic models available in the academic literature and contin-
ues with models developed and used in practice. In Section 2.2 a brief overview about current EU 
projects dealing with the topic of eco-routing, emission calculations and intermodal transport is giv-
en. The most important tools for the calculation of emissions are the emission calculators which are 
described in Section 2.3. Last but not least, Section 2.4 summarizes the results from described 
methods and derives conclusions for the methodology used in the GET Service platform. 
 
The descriptions of the models always include the scope of emissions and the transport modes 
considered. The focus is on road, rail, inland waterway transport (IWT) and short sea shipping 
(SSS). Air transport is not described since it is out of scope of the GET Service platform. 
 

2.1 Available emission models 
 
The following sections give an overview of available microscopic models, i.e. instantaneous emis-
sion models. The first part deals with models for road transport available in the literature. These are 
an instantaneous fuel consumption model, a running speed fuel consumption model, an average 
speed fuel consumption model, a comprehensive modal emissions model, a passenger car and 
heavy duty emission model, a physical emission rate estimator model, the vehicle specific power, 
emissions from traffic mode model as well as the Virginia tech microscopic model. For the second 
part there are basic models for rail transport described considering aerodynamic resistance, rolling 
resistance, gradient resistance and acceleration resistance. The third part of this section consists of 
models for IWT and SSS. After the microscopic models methods derived in models HBEFA, 
TREMOD, ARTEMIS, PLANCO and CEN are presented. 
 

2.1.1 Microscopic models for road transport 
 
Road transport is the most important transport mode in the EU using the road network in the EU 27 
countries with a total length of approximately 5,595 thousand km. 
 
This section reviews instantaneous emission models for the estimation of road vehicle emissions. 
Instantaneous models are necessary to predict traffic emissions more accurately. These are based 
on instantaneous vehicle kinematic variables, such as speed and acceleration, or on more aggre-
gated modal variables, such as time spent in each traffic mode, cruise and acceleration. For further 
details, the reader is referred to Demir et al. (2011, 2013). Note that due to lack of availability of suf-
ficient on-road measurement data, it is not possible to provide conclusive evidence to suggest a 
one-fits-all model usable for fuel estimations. It is therefore all models provided in this section are 
neither complementary nor quite different from each other. The main difference arises from the 
choice of input parameters. 
 
The standardized notations are the following: v is the speed of the vehicle (m/s), M is the total 
weight of the vehicle (kg), a is the instantaneous acceleration (m/s2), ω is the gradient (%), and g is 
the gravitational constant (m/s2), ρ is the air density (in kg/m3), A is the frontal surface area (in m2), 
Cd is the coefficient of aerodynamic drag, and Cr is the coefficient of rolling resistance. 
 
An instantaneous fuel consumption model 
 
An energy-related emissions estimation model, called the instantaneous fuel consumption model is 
described by Bowyer et al. (1985). The model uses vehicle characteristics such as mass, energy, 
efficiency parameters, drag force and fuel consumption components associated with aerodynamic 
drag and rolling resistance, and approximates the fuel consumption per second. The model as-
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sumes that changes in acceleration and deceleration levels occur within a one second time interval. 
The fuel consumption can be calculated as 
 

 
where ft is the fuel consumption per unit time (ml/s), Rt is the total tractive force (kN) required to 
move the vehicle and calculated as the sum of drag force, inertia force and grade force as Rt = b1 + 
b2v

2 + Ma/1,000 + gMω/100,000. Furthermore, α is the constant idle fuel rate, β1 is the fuel con-
sumption per unit of energy (in ml/kJ), β2 is the fuel consumption per unit of energy-acceleration (in 
ml/(kJ.m/s2)), b1 is the rolling drag force (in kN), and b2 is the rolling aerodynamic force (in 
kN/(m/s)2). The total amount of fuel consumption Ft (ml) for a journey of duration t0 can be calculat-
ed as 
 

 
A running speed fuel consumption model 
 
The running speed fuel consumption model is an aggregated form of the elemental model and was 
introduced by Bowyer et al. (1985). The model calculates fuel consumption separately during peri-
ods when a vehicle is running and when it is in an idle mode. The model is as follows: 
 

 
where Ft is the total fuel consumption (ml), xs is the total distance, vr denotes the average running 
speed (km/h), ts and ti the travel and idle time, respectively. The average speed is calculated as 
vr = 3,600xs/(ts - ti). Furthermore, Ek+ = max {0.35 - 0.0025vr, 0.15}, kE1 = max {0.675 – 1.22/vr, 0.5}, 
kE2 = 2.78 + 0.0178vr. 
 
An average speed fuel consumption model 
 
This model is another extension of the instantaneous model and was also proposed by Bowyer et 
al. (1985). The model relates fuel consumption per unit distance to average speed. In this model, 
the total fuel consumption (ml) can be estimated as Fs = fxxs, where the fuel consumption per unit 
distance is fx = fi/vs + cK, and vs denotes the average travel speed (km/h). Furthermore, K = 1 -
 K1(1 - M/1,200) - K2(1 - β1/0.090) - K3(1 - β2/0.045) - K4(1 - b1/0.000278M) - K5(1 - b2/0.00108), k is 
the adjustment factor for different types of vehicles, c is the regression coefficient, K1-K5 are param-
eters based on the analysis of real on-road data. 
 
A comprehensive modal emission model (CMEM) 
 
The model for heavy duty vehicles (HDVs) was developed and presented by Scora and Barth 
(2006), Barth et al. (2005) and Barth and Boriboonsomsin (2008). It is based upon second-by-
second tailpipe emissions data collected from 343 light duty vehicles (LDVs) tested under a variety 
of laboratory driving cycles. To produce accurate estimations, it requires detailed vehicle specific 

 

Formula 1 

 

Formula 2 

 

Formula 3 
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parameters for the estimations such as the engine friction coefficient, and the vehicle engine speed. 
The model is composed of three modules, namely engine power, engine speed and fuel rate. 
 

 The engine power module: The power demand function for a vehicle is obtained from the to-
tal tractive power requirements Ptract (kW) placed on the vehicle at the wheels: 

 

 
To translate the tractive requirement into engine power requirement, the following relation-
ship is used: 

 

where P is the second-by-second engine power output (kW), and ɳtf is the vehicle drive train 
efficiency. 

 

 The engine speed module: Engine speed is approximated in terms of vehicle speed as 
 

 
where N is the engine speed (in rpm), S is the engine-speed/vehicle speed ratio in top gear 
Lg, R(L) is the gear ratio in gear L = 1,. . . ,Lg, and ɳ is the efficiency parameter for diesel en-
gines. 

 
 

 The fuel rate module: The fuel rate FR (g/s) is given by the expression 
 

 
where Φ is the fuel-to-air mass ratio, k is the engine friction factor, and V is the engine dis-
placement (in litres). The CMEM can be seen as a state-of-the-art microscopic emission 
model because of its easy applicability. 

 
Passenger car and heavy duty emission model 
 
This microscopic emission model was designed for simulating fuel consumption. The model interpo-
lates the fuel consumption from the engine maps according to the course of engine power demand 
and engine speed in the driving cycles. The actual engine power (P) can be calculated as 
P =  Prr + Par + Pacc + Pgr + Pau + Ptl, where Prr = Mg(fr0 + fr1v + fr2v

2 + fr3v
3 + fr4v

4), v is the rolling 
resistance, Par = 0.5CdAρv3 is the air resistance, and Pacc = (M + mrot)av is the acceleration. Moreo-
ver, Pgr = Mgω0.01v is the gradient resistance, Pau = P0Prated is the power demand for auxiliaries and 
Ptl = Pdr/ɳt - Pdr refers to the transmission losses, where fr0 to fr4 are the rolling resistance coeffi-
cients, mrot is the reduced mass for rational accelerated part, P0 is the power demand of the auxilia-
ries as ratio to the rated power Prated, and Pdr is the power to overcome the driving resistances. The 
total emission value can be calculated under the transient conditions 
 

 

Formula 4 

 

Formula 5 

 
Formula 6 

 

Formula 7 
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where Eqs is the quasi-steady-state emission value interpolated from steady state emission map 
(in g/h), Prated is the rated engine power (kW) (since emission values are normalized to the rated 
power), Ftrans is the dynamic correction function ((g/h)/kW rated power). 
 
Physical emission rate estimator model 
 
The model was designed by Nam and Giannelli (2005) to measure vehicle emissions. The model 
consists of a series of stand-alone spreadsheets, which can be run and modified by user. The mod-
el performs well: in most cases the predictions are within 10% of observed values. The fuel con-
sumption rate (kg/s) can be formulated as 
 

 
where φ is the fuel air equivalence ratio, k is the engine friction, N is the engine speed, V is the en-
gine displacement volume, ɳt is a transmission and final drive efficiency, Pacc is the power draw of 
accessories, and LHV is the factor lowering heating value. The power demand (Pb) can be calculat-
ed as Pb = Crv + Bv2 + Cdv

3 + Mv(a + gω), where B is a rotating resistance coefficient. 
 
Vehicle specific power 
 
The model was introduced by Jimenez-Palacios (1998) to estimate instantaneous vehicle fuel con-
sumption and emission rates. It is highly correlated with variability in second-by-second emissions of 
pollutants from diesel vehicles. The model is a measure of the road load on a vehicle and is defined 
as the power per unit mass to overcome road gradient, rolling and aerodynamic resistance, and 
inertial acceleration. It can be calculated using an equation given by EPA (kW/t): 
 

 
where ∈ is the mass factor accounting for the rational masses. The fuel consumption (g) is 
 

 
where ɳ is the efficiency rate. 
 
Emissions from traffic mode model (EMIT) 
 
The EMIT model was introduced by Cappiello et al. (2002). It is a statistical model with a basis in 
the physical system for fuel consumption of LDVs. The fuel rate (g/s) can be calculated as 
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where Ptract = Afrv + Bfrv
2 + Cfrv

3 + Mav + Mg sin ω(θ)v, Afr is the rolling resistance coefficient 
(kW/(m/s)2), Bfr is the speed correction to rolling resistance coefficient (in kW/(m/s)2), and Cfr is the 
air drag resistance coefficient (in kW/(m/s)3). The total fuel consumption (g) is 
 

 
Virginia tech microscopic 
 
This model was developed by Ahn et al. (2002) from experimentations with numerous polynomial 
combinations of speed and acceleration levels using chassis dynamometer data on LDVs. The 
CO2e emissions were estimated using the carbon balance equation in conjunction with the fuel con-
sumption measurements. The fuel consumption rate for a cruising speed equal to the free flow 
speed and on a grade of ω can be computed as 
 

 
where Lij is the model regression coefficient at speed exponent i and acceleration exponent j. The 
total fuel consumption in litres can be calculated as 
 

 
where dl is the length of link l (km) and (vf)l is the free flow speed on link l (km/h). 
 

2.1.2 Basic microscopic models for rail 
 
The rail network in the EU27 countries has a total length of approximately 212,800 km. The contri-
bution of the rail network to global warming is quite important.  
 
The energy consumption of a freight locomotive may be determined from basic scientific rules. This 
type of theoretical approach can be applied to any type of train, regardless of its operation. In prac-
tice, the energy consumption is a function of gross train weight. However, there are also other pa-
rameters that have an impact on energy (fuel) consumption, such as speed, aerodynamic character-
istics, driving pattern, and the number of stops (Boulter and McCrae 2007).  
 
At steady speed on a flat line there are two kinds of driving resistances that are important: 
 

 Aerodynamic resistance 

 Rolling resistance 
 
In reality, conditions could be different. Gradients give rise to extra resistance due to gravitational 
attraction, and curves cause extra friction between the wheels and the rails. In addition, the acceler-
ation of the train also increases the resistance. Hence, the additional resistances are: 
 

 Gradient resistance 

 Curve resistance 
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 Acceleration resistance 
 
Since the curve resistance is very small and complicated to calculate, it is excluded from further 
consideration. The remaining resistances and formulas for their calculations are described in the 
following sections according to Boulter and McCrae (2007). 
 
Aerodynamic resistance 
 

An aerodynamic resistance is dependent on the frontal area of the train and locomotives, its shape, 
and its speed. Moreover, environmental factors such as air density and wind direction have an ef-
fect. The aerodynamic resistance can be calculated as follows. 
 

 
where    is the aerodynamic resistance (in Newton (N)),    is the air resistance coefficient,    is the 

effective frontal area (m2). Furthermore,   is the air density (kg/m3) and   is the speed (m/s). 

 

Rolling resistance 

 

The rolling resistance is a function of the total mass of the train and the rolling resistance coefficient. 
This can be calculated as 
 

 
where    is the rolling resistance (in N),    is the rolling resistance coefficient. Furthermore,   is the 
total mass of the train (kg), and   is the gravitational constant. 

 

Gradient resistance 
 

The gradient resistance is dependent on the weight of the train and the size of the gradient to which 
the train is exposed. The gradient resistance can be calculated as 
 

 
where    is the gradient resistance (in N), and   is the gradient. 

 

Acceleration resistance 
 

The acceleration resistance results from the acceleration of the train. This can be calculated as 
 

 
where      is the acceleration resistance (in N), and a  is the acceleration (m/s2). 
 
The rolling and aerodynamic resistances are dependent on equipment design, and vary from train to 
train. The gradient and acceleration resistances are only dependent on the total mass of the train.  
 
Given an operating condition, the energy consumption rate for moving a train can be calculated as 
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This can be considered to represent the energy delivered at the wheels, which must be produced by 
a prime mover, either a diesel engine or an electrical power generation unit. The primary energy 
consumption can be calculated as 
 

 
where      is the efficiency rate. 

 
Given a certain speed and acceleration, it is possible to calculate the energy consumption for a giv-
en driving condition. By dividing the operation into a matrix of speeds and accelerations, it is possi-
ble to calculate the energy consumption and emissions for any driving cycle by summing up the 
energy consumption for the individual conditions, weighted by the frequency. 
 

 
where       is the total number of driving levels and   ( ) is the frequency. 
 

2.1.3 Basic microscopic models for IWT and SSS 
 

Because of the close relation between IWT and SSS, the calculation of energy requirements is in 
many models considered the same. However, this is not completely true since the input parameters 
differ for each of the two transport modes. The IWT network in the EU27 countries has a total length 
of approximately 42,709 km of navigable inland waterways. This type of transport is also source of 
GHG emissions but its impact on global warming is less harmful than any other modes of transport 
in terms of CO2e emissions.  
 
A model for the calculation of energy requirements and GHG emissions was proposed by Boulter 
and McCrae (2007). This model considers detailed factors concerning the vessel and waterway 
characteristics. Since the model is used for a calculation of emissions from IWT in the GET Service 
platform, it is described in detail in Section 3.2.3. 
 

2.1.4 Handbook Emission Factors for Road Transport (HBEFA) 
 
The Handbook Emission Factors for Road Transport (HBEFA) was developed in 1995 as a tool for 
the calculation of emissions from road transport. Initially, the tool was developed on behalf of the 
Environmental Agencies in Austria, Germany and Switzerland, but currently the emission factors are 
also available for Sweden, Norway and France. The latest version HBEFA 3.1 was issued in 2010 
and contains updated emission factors for a variety of vehicles up to 2030 (Umweltbundesamt, 
2012). HBEFA offers the most detailed overview of emission factors for road transport and is there-
fore used as a basis for other models (e.g. TREMOD, ARTEMIS) or emission calculators (Eco-
TransIT, NTM Calc, PTV Map&Guide). The emissions taken into account include GHG (CO2, CH4 
and N2O) and air pollutants (nitrogen oxides (NOx), hydrocarbons (HC), carbon monoxide (CO), 
particulate matter (PM), benzene, xylene, toluene and ammonia). 
 
The calculation of emission factors is based on both the driving behaviour and the emission meas-
urements of the engines. In order to collect data regarding driving behaviour, recordings were made 
through Global Positioning System (GPS) tracking (black boxes), which recorded location, time, 
speed and altitude. The sample size comprised around 30 drivers and 700 hours of driving. The 
result of each record is a driving pattern in form of a (second by second) speed profile. Examples of 
these profiles are depicted in Figure 2 (Schmied, 2012, p. 9). 

               Formula 21 
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Figure 2: Time-speed-functions for typical traffic situations 

(Schmied, 2012, p. 10) 

 
Based on the collected data, typical traffic situations have been developed, This new scheme sys-
tematised traffic situations based on four dimensions: type of area (rural/urban area), five functional 
road types (e.g. urban development road), speed limit (e.g. 50 km/h) and four traffic conditions (free 
flow, heavy traffic, saturated, stop-and-go) (Schmied, 2012, pp. 9-11). As a result, 276 traffic situa-
tions were developed in total. 
 
The calculation of emissions is based on the Passenger car and Heavy Duty Emission Model 
(PHEM) developed by TU Graz. The measurement was done in various test cycles which simulate 
the influence of different load factors, road gradients, driving behaviour, gear shift strategies etc. 
The emission measurements were carried out at the dynamometers for passenger cars and LDVs. 
Pollutants were measured at the exhaust of the vehicle during its journey on the roller stand. For 
HDVs and buses, the engines were examined in the laboratory (engine test) in order to determine 
the emissions. In both cases, the dynamometer and the laboratory, different driving cycles were 
simulated, which should reflect the traffic conditions contained in HBEFA. In addition to measure-
ment results, correction factors such as loading conditions, aerodynamics, handling, cold start, 
evaporative emissions and traffic situations can be considered in order to obtain more accurate re-
sults (Kranke et al., 2011, p. 289). 
 
The emission factors measured by PHEM model are divided into various categories according to 
different criteria. HBEFA provides emission factors in g/vkm for the most popular vehicle categories, 
such as passenger cars, LDVs and HDVs, buses, coaches or motorcycles. The emission factors are 
divided according to the emission classes (EURO 0 - EURO 6), vehicle technology (e.g. vehicles 
with or without particulate filters, selective catalytic reduction (SCR), exhaust gas recirculation 
(EGR)), type of road (motorway, highway, main road, etc.), traffic conditions (liquid and viscous 
transport, storage and stop-and-go traffic) and gradient. Although the results include factors for  
EURO 5 trucks with EGR and EURO 6 trucks, these values are rather forecasted values because 
no measured values are available (Schmied, 2012, p. 30). 
 

2.1.5 TREMOD 
 
The Transport Emission Model (TREMOD) is a model for calculating the emissions of motorised 
traffic in Germany. The model was invented by IFEU Heidelberg and its current version 
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TREMOD 5.3 is available since November 2012. The tool offers emission factors for road, rail, IWT 
and air transport for both passenger and freight transport. However, due to its complexity, the com-
putational tool is not publicly available and is currently only used by institutions such as the Envi-
ronmental Protection Agency, the Federal Highway Research Institute, or the Association of the 
Automotive Industry. 
 
The objective of TREMOD is to create a model which connects the existing emission calculation 
models and forecasts the future development of transport emissions. The model is based on statis-
tical information about the existing vehicle stock, traffic volume and specific emission factors for 
different traffic situations. The model considers the traffic volume within the German borders for 
which the data for years 1960 to 2011 is available. Based on this data and forecasts of the German 
Federal Ministry of Transport, Building and Urban Development (BMVBS), a trend scenario with the 
forecast of traffic development until 2030 was developed. However, the emission factors provided 
by the model are in most cases only average values and therefore are of limited use for calculating 
emissions of company-specific transport chains. 
 
The model considers energy consumption, air pollution, and emissions of GHG. Gases such as 
CO2, N2O, HC, benzene, xylene, toluene, sulphur dioxide (SO2), CO, PM, SO2, NOx and ammonia 
are recorded. Besides the direct emissions from vehicles, TREMOD takes into account also the up-
stream chain and emissions from energy production. Here the emission factors differ significantly 
from each other due to the consideration of alternative fuels. 
 
In the field of road transport emissions, TREMOD uses factors of HBEFA 3.1. The inputs of the 
model include the existing vehicle stock derived from traffic censuses, traffic volume for each vehi-
cle type, engine type and age as well as traffic volumes for different road categories and traffic sit-
uations. Using this input data and specific emission factors from HBEFA, TREMOD calculates the 
weighted average of emission factors for each vehicle category which is then used equally for each 
vehicle in Germany. 
 
For rail transport, the output comprises domestic transport services (in pkm or tkm) and operating 
performance (square kilometres, offered tkm). Trains are differentiated into local and long-distance 
passenger and freight trains that are operated by Deutsche Bahn (DB) or by other railway compa-
nies. Additional factors such as the utilization and the share of diesel traction are also taken into 
account for the calculation of energy consumption. For all trains, detailed emission factors from DB 
are used. 
 
The data for inland waterway transport is based on the Federal Statistical Office which publishes 
information about the total transport volumes and fuel consumption. Due to the missing data, no 
specific emission factors for different vessels are taken into account. The fuel consumption is esti-
mated to be 10 g/tkm on average for all inland vessels. The fuel consumption needs to be multiplied 
by emission factors in order to obtain the amount of CO2e emissions.  
 
All in all, TREMOD offers an overview of the development of transport volumes and emissions cov-
ering all inland transport modes and air transport. The results of the model enable to discover cer-
tain trends in transport development which might be useful for macroeconomic analysis and 
transport policy decisions. However, the use of average values which are valid only for Germany 
limits the usability of the model for a detailed calculation of emissions for a certain vehicle or a cer-
tain route (IFEU, 2012). 
 

2.1.6 ARTEMIS 
 
The Assessment and Reliability of Transport Emission Modelling and Inventory Systems (ARTE-
MIS) is a project started in 2000 by a consortium of 37 partners. One of the main reasons for the 
start of this project was the uncertainty and differences in results of available methods for calculat-
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ing emissions from transport. Therefore the objective of the project is to examine the reasons for 
uncertainty and develop a harmonized methodology which would enable comparisons of emissions 
between different countries, include additional factors and offer the possibility for extensions in the 
future. The transport modes considered in the project are road, rail, inland waterway, sea and air 
transport. The implemented methodology enables the calculation of emissions for GHG as well as 
for air pollutants such as NOx, CO, HC and PM. 
 
The emissions from road transport are calculated separately for each vehicle category of passen-
ger cars, LDVs, HDVs and two-wheel vehicles including also emissions for cold start, evaporation 
emissions or emissions for auxiliary devices such as air conditioning and others. The results for 
HDV are based on the PHEM model used also in HBEFA (cf. Section 2.1.4). The emissions were 
measured in different test cycles in laboratories but also in real-world situations and the factors con-
sidered include among others average speed for different traffic situations, air and rolling resistance 
of the vehicle, gear shifting model, engine power, gradient of the road and techniques for emission 
reduction. 
 
The emissions from rail transport are mainly influenced by the gross weight of the train and the 
speed profile. Moreover, the energy consumption is dependent on the aerodynamic and rolling re-
sistance which are constant on a flat track for a constant speed. Besides these two resistances, 
gradient resistance and acceleration resistance are important in practice since tracks have different 
gradients and trains need to accelerate and decelerate during the journey. The speed and accelera-
tion profiles were summarized in an energy consumption matrix from which it was possible to model 
the distribution of speed and acceleration periods for different train categories. Based on this data, 
specific energy consumption and emission factors could be derived. 
 
The calculation of emissions for inland waterway transport is often conducted using models for 
maritime transport that do not consider special factors important in IWT. Therefore ARTEMIS offers 
a detailed calculation method which is suitable especially for inland waterway vessels. The model 
combines the characteristics of the vessel with the characteristics of the waterway. The main factors 
are the dimensions of the vessel, its capacity and utilization, the characteristics of the engine and 
propellers and the profile of the waterway, especially its depth and width. These factors enable the 
calculation of resistance and the engine power needed for a certain speed and waterway profile 
which results in energy consumption and emissions for different vessel classes. Recommended 
values are available for factors which are difficult to obtain in practice. 
 
The most important factor for the emission calculation in sea transport is the speed of the vessel. 
Besides the speed, the model developed by ARTEMIS considers the type, capacity and utilization of 
the vessel and the characteristics of its main and auxiliary engines such as their power and utiliza-
tion in different situations. Due to the differentiation between main and auxiliary engines it is possi-
ble to calculate emissions from cruising as well as from loading and manoeuvring activities in the 
port. Therefore a more accurate calculation is possible if the exact route and the number and dura-
tion of the stops in ports are known. 
 
The methods described in the ARTEMIS project offer in general a possibility of detailed emission 
calculations and list all important factors which need to be considered. In this way it is possible to 
get very accurate results. However, the high number of factors often leads to increased complexity 
of the models and many variables are not known in practice. Therefore it is sometimes necessary to 
aggregate the results and use only average or recommended results (Boulter and McCrae, 2007). 
 

2.1.7 PLANCO 
 
The study conducted by PLANCO consulting in Germany offers the economic and ecological com-
parison of road, rail and IWT. The study was initiated by the Association of European Inland Naviga-
tion and Waterways (VBW) due to the fact that in other available studies IWT is represented only by 
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taking general assumptions with a high level of aggregation. Therefore PLANCO study offers a de-
tailed approach for calculating the energy consumption and emissions of inland vessels which al-
lows better comparison between different transport modes. The calculations are limited to transports 
in Germany and the study uses values that were measured in 2006. In addition, a forecast for emis-
sion factors development until 2025 is provided.  
 
The comparison of transport modes consists of economic and ecological factors. Economic factors 
include mainly transport costs for each vehicle based on the estimated fixed and variable costs. For 
the ecological part a variety of external factors were taken. These include the costs of accidents, 
noise, land use, GHG emissions and air pollutants. For GHG only CO2 emissions were investigated 
and expressed in monetary terms using the value of 70 EUR/t recommended by the German Feder-
al Environmental Agency. The air pollutants comprise CO, HC, PM and NOx which is especially high 
in case of IWT. The calculation is oriented on WTW emissions. 
 
The calculation of fuel consumption in road transport concentrates on tractor-trailers which are 
mainly used for long-distance transports. Therefore the analysis is oriented on highways whereas 
other road types are of lower importance. The fuel consumption is dependent on three factors: infra-
structure parameters (e.g. number of turns, gradient), load factor and traffic density. Especially the 
traffic density is the decisive factor for the speed of the vehicle. Therefore the traffic density was 
divided into four categories ranging from free flow to stop-and-go traffic. Based on the data from 
various traffic censuses, different traffic densities for every hour during the year were simulated for 
German highways. As a result, average speeds and resulting fuel consumption rates were derived 
for each of the traffic situations. The fuel consumption rates range from 29.2 l/100 km for free flow-
ing traffic up to 61.9 l/100 km which clearly shows that fuel consumption in a congested section can 
be more than 100% higher in comparison to the free flowing section. However, the study also 
showed that for trucks on German highways in 2005 almost 70% of the driving time the average 
speed was higher than 70 km/h and only 3% of the driving time were spent in the stop-and-go traffic 
(PLANCO, 2007, pp. 103-111). Based on the fuel consumption, the CO2 emissions were calculated 
using the emission factor of 3.175 kg CO2/kg of diesel. For other pollutants the values from HBEFA 
2.1 were taken. The emissions for fuel and energy production were taken from TREMOD 2005 
(PLANCO, 2007, p. 239). 
 
Although there exist various energy consumption values for rail transport, PLANCO study uses its 
own method based on the Train Check tool developed by Transcare AG for the calculation of 
transport costs in rail transport. This tool allows the consideration of specific parameters of the train 
as well as the characteristic track profiles and number of stops. The parameters of the train include 
technical parameters of locomotives and wagons, train length and weight as well as train speed. 
Using regression analysis the results from different simulations were aggregated to a function dis-
playing the average energy consumption dependent on the gross weight of the train for trains with 
gross weight between 1,000 t and 5,000 t. The energy mix for the calculation of emissions was tak-
en from DB statistics and TREMOD (cf. Section 2.1.5) (PLANCO, 2007, pp. 195-196). 
 
The calculation of fuel consumption in inland waterway transport leads to many complications 
since it is strongly dependent not only on the characteristics of the vessel but also on the character-
istics and current situation of the waterway. As a result, many models and calculators use only av-
erage emission values per tkm and do not sufficiently differentiate between transport direction, wa-
terway section or vessel type (e.g. EcoTransIT (cf. Section 2.3.1)). However, this method leads to 
inaccurate results. Therefore the method used by PLANCO considers specific factors valid for dif-
ferent types of vessels and different waterway conditions. 
 
The first factor influencing the energy consumption is type and cross-section of the waterway. In 
general, waterways can be divided into free flowing sections, regulated sections and canals. Nauti-
cal conditions in each of these sections significantly influence the water resistance which has impact 
on the energy consumption. In sections with lower water levels the water resistance is growing 
much faster than in deep water which leads to higher energy consumption. In addition, lower water 
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levels also decrease the capacity of the vessel since less goods can be loaded due to lower possi-
ble draught of the loaded vessel. 
 
Besides the characteristics of the waterway, the vessel type also plays an important role. The differ-
ence in fuel consumption between a small vessel with a capacity of 1,100 t (Gustav Koenigs type) 
and a big motorized cargo vessel with a capacity of 3,000 t can be more than 40%. In general, en-
ergy consumption is displayed using functions describing the required engine power for reaching a 
certain speed. In most cases bigger vessels need less energy per loaded ton for reaching the same 
speed which is illustrated in Figure 3 where the vessels of Gustav Koenigs type (capacity 1,100 t), 
Johann Welker type (capacity 1,250 t) and motorized cargo vessel (GMS, capacity 3,000 t) are 
compared. In addition, bigger vessels can take more goods for the same water level which further 
decreases the emissions per tkm. Therefore it is very important to differentiate between each vessel 
type and not only include one average emission factor for IWT. 
 

 
 

Figure 3: Dependency of engine power on speed for different vessel types for water depth of 7.5 m and draught of 2.5 m 

(PLANCO, 2007, p. 201) 

 
In addition to the previous factors, the direction of transport is also important. Vessels sailing down-
stream need less energy than vessels sailing upstream because their speed is increased by the flow 
speed of the river whereas in the opposite direction vessels need to reach a higher speed in order 
to compensate the flow speed of the river. Only if all described factors are considered, detailed fuel 
consumption and emissions can be calculated.  
 
All in all, PLANCO study offers a very detailed method for calculation of emissions for the three 
transport modes considered. This method enables a very good comparison between different vehi-
cles used on the same relation. A very important innovation is the calculation of emissions for IWT 
which uses additional inputs not used in other models.  
 

2.1.8 CEN 
 
The CEN norm or the CEN standard prEN16258:2011 is a method for calculation and declaration of 
energy consumption and GHG emissions from transport. It is developed by the European Commis-
sion for Normalisation (CEN), publicly available since summer 2012. It is a European norm which 
offers a standardised procedure for evaluation and indication of energy consumption and GHG 
emissions from transport and transport chains. 
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The objective of the CEN norm is to come up with basic formulas for the evaluation of energy con-
sumption as well as GHG emissions. Furthermore it defines which emissions to take into account for 
the calculation and further defines the respective boundaries. The norm solely takes into account 
pure transport processes, i.e. storage as well as transhipment activities are not included, at least for 
the moment. A future CEN standard should incorporate these issues. Kranke et al. (2011, p. 280) 
are of the opinion that the majority of emissions are not produced by storage and/or transhipment 
activities; hence they could be neglected for the moment. 
 
The calculation of emissions according to the CEN norm is carried out by multiplying the energy 
demand with a respective conversion factor for energy. Transport chains have to be split up into 
sections divided at points of transhipment from one mode to another. Attention has to be paid to 
empty miles. For each section the consumption of energy as well as the GHG emissions are calcu-
lated and finally summed up. Considering empty miles means that the utilisation is considered 
throughout the entire tour of the vehicle, i.e. the vehicle is fully loaded for the outward journey and 
nearly empty for the return journey. An average utilisation is considered for the entire tour. 
 
Where possible, energy consumption should be calculated for the vehicle itself or for the respective 
transport way, respectively, or proportionate average values stemming from the entire transport 
route or for the whole fleet of vehicles of a transport company can be taken into account. In case of 
no direct measurement, default values from external data sources are allowed, e.g. HBEFA or Eco-
TransIT. 
 
The CEN norm requires evaluating energy consumption as well as GHG emissions, i.e. CO2, CH4, 
N2O, HFC, PFC and SF6. Furthermore, it is essential to calculate not only direct emissions of the 
vehicle (TTW), but also emissions for the fuel and energy production (WTW).  
 
To sum up, the CEN norm clearly defines system boundaries for the calculation, provides guidelines 
for the allocation of energy consumption and emissions. It is not yet finally regulated which data 
sources have to be used, hence a comparability of values determined by different data sources is 
not given or at least hampered. Since the CEN norm considers WTW emissions and, moreover, 
includes empty miles, i.e. extends the calculation limits, the reported emissions may be higher than 
using other means of calculation. 
 

2.2 European Projects 
 
The following subsections provide an overview about current as well as completed EU projects con-
cerned with logistics and transport processes focussing on the objectives of improving efficiency 
while at the same time creating more environmentally friendly transport processes. The projects 
selected were concerned with the creation of a comprehensive IT supported collaboration network 
for the logistics sector, hence similar or at least related issues that are covered by GET Service Pro-
ject. The four examined projects only represent a small part of the EU’s effort to make the transport 
sector more efficient and sustainable. The GET Service Platform uses this given input and further 
develops the ideas regarding efficient and sustainable transport by creating a comprehensive, Eu-
rope-wide IT infrastructure supporting cooperation between actors in logistics processes. 
 

2.2.1 eCoMove 
 
The eCoMove project is about Cooperative Mobility Systems and Services for Energy Efficiency. It 
aims at reducing the fuel consumption and CO2 emissions from vehicles and trucks by 20%. In or-
der to achieve this, the programme is enabling a better collaboration between the different partici-
pants of a transport process and supports them with applications like ecoSmart Driving, 
ecoFreight&Logistics and ecoTrafficManagement and Control. Furthermore the project’s goal is to 
improve the performance of vehicles by gathering and processing driving and traffic-related data. 
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Figure 4: eCoMove project structure  

(eCoMove, 2010a) 

 
The overall project is structured into subprojects as can be seen in Figure 4, whereof subprojects 
SP3, SP4 and SP5, which are the three main parts of the project, are of interest for the aim of this 
deliverable and will be discussed in short below. 
 
EcoSmart Driving (SP3) is concerned with passenger cars and develops solutions for eco-driving 
support for car drivers. This is not primarily of interest for the GET Service Project, because the fo-
cus is laid on passenger car driving, but the insights with respect to driving behaviour could be ap-
plied to freight transport as well (Höltl, 2012). 
 
EcoFreight and Logistics (SP4) focuses on drivers of trucks and logistics companies and develops 
applications for both eco-driving support for trucks and eco-freight and logistics management. The 
eCoFreight&Logistics part of the project is an application supporting the logistics sector in order to 
enable the actors to operate more fuel-efficiently. The eCoFreight and Logistics subproject is dedi-
cated to transport companies that operate on roads and which transport cargo weighting more than 
7.5 t. eCoMove features map data which has been extended with some information about road re-
lated data that has an influence on fuel consumption (cf. Table 1). ecoFreight and Logistics contain 
some applications that could be of use, for example eCoTripPlanning and eCoTourPlanning. One of 
the most important features of eCoMove is the eCoMap database with the extended map data. 
 
EcoTrafficManagement and Control (SP5) works on a more efficient traffic management. 
 
In order to enable these three systems to cooperate seamlessly there is an underlying subsystem, 
which is the eCoMove Communication Platform. It consists of in-vehicle platforms, roadside unit 
communication platforms and a communication support centre, which coordinates all interactions 
between the first two systems mentioned. This platform reveals certain similarities to the GET Ser-
vice Platform. 
 
Two core applications of this project worth mentioning especially with regard to this deliverable are 
on the one hand the ecoSituational model which is responsible for collecting data from the on-board 
equipment and the road side units about the current driving style and traffic situation. It then pro-
vides all the information needed to find an efficient driving strategy, like speed limits and road gradi-
ent. It also tries to make predictions in order to enable the driver to prepare for upcoming situations. 
On the other hand there is the ecoStrategic model which is part of the traffic management control. It 
is concerned with spotting the major influences on increased fuel consumption and other factors.  
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Environmental factor Description 

Road type urban, interurban, rural 

General traffic conditions 
general level of constraints due to infrastructures: density, stability, average 
speed, composition 

Geographical location specific geographical aspects 

Road user and behaviour users’ vehicle category, speed, acceleration, manoeuvres, behaviour 

Situational variables weather, traffic demand (predictable, but not controllable) 

Table 1: Environmental factors 

(TECNALIA et al., 2012, pp. 24-25) 
 

The eCoMove project moreover analyses whether and how it can sustainably change the behaviour 
of (private and) professional drivers into a more eco-friendly driving style. Therefore, the success 
criteria on driver performance are split up into driving and non-driving tasks. Driving tasks hereby 
include the operation of the vehicle (acceleration, deceleration, using gears, keeping speed, idling) 
known as primary tasks and finding the way to destination on the road network in current traffic situ-
ation (non-primary driving tasks). Besides these tasks there are also non-driving tasks like taking 
care of the vehicle’s condition, selecting a route, travel time, using energy or maximising payload. 
The eCoMove project lists sources of energy waste including inefficient deceleration, wrong gear 
and engine speed, excessive speed and acceleration, poor anticipation, congestion, poorly syn-
chronised signals, choice of inefficient route and lack of know-how and motivation (cf. Figure 5). 
 

 

Figure 5: eCoMove benefit by avoidance of wasted energy  

(eCoMove, 2010b)  

 

2.2.2 ECOSTAND 
 
The ECOSTAND project provides support for an agreement between the EU, Japan and the USA 
on a common assessment method for determining the impacts of ITS on energy efficiency and CO2 

emissions (ECOSTAND, 2011). 
 
The project is structured into six different themes or subtopics. The main aim of the Subtopic 1 (ITS 
applications) is to reach an agreement on the main categories and types of ITS application which 
the method needs to be able to assess. Subtopic 2 deals with the traffic simulation. Its goal is to 
identify traffic modelling approaches which enable CO2 emissions to be estimated for baseline con-
ditions and for various ITS implementation scenarios. Subtopic 3 seems most relevant for the GET 
Service Project. It deals with emission modelling and tries to identify the key requirements of CO2 
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emission models required to calculate the impacts of ITS. Subtopic 4 includes monitoring using 
probe vehicles in order to arrive at a common understanding of the contribution of probe data to 
real-time CO2 monitoring and Subtopic 5 deals with validation method to establish a common valida-
tion framework for both traffic simulation and CO2 emission models. Subtopic 6 deals with the provi-
sion of easy access to data required for estimating the impacts of ITS application on CO2 emissions, 
and for validating models, and to enhance current international traffic databases.  
 
The overall objectives of ECOSTAND are to provide the necessary support to permit the agreement 
on a common assessment method which will enable future ITS investment and policy decisions to 
be taken on the basis of sound and detailed knowledge of the impact of the ITS applications on CO2 
emissions and energy efficiency, to favour a continuous dialogue between the EU, Japan and USA 
on the assessment of this topic, to permit a high quality EU contribution to the definition of a joint 
research agenda and agreed assessment method, to actively stimulate cooperation and exchange 
between the three regions on the state of the art on the related modelling techniques and simulation 
tools, and to promote the definition of a common agenda for future research in this area. 
 
One part of the ECOSTAND project deals with emission modelling. The main objective of this sub-
topic is to identify the key elements and requirements of the CO2 emission models which are being 
used to calculate the impacts of ITS in Europe, Japan and USA, and to understand the implications 
for the development of a common assessment method. 
 
Exhaust emissions are dependent upon many factors, including vehicle-related ones such as model, 
size, fuel type, technology level and mileage, and operational ones such as speed, acceleration, 
gear selection and road gradient. Models must take into account these various factors, although the 
manner in which they do so, and the level of detail involved, can vary substantially. Perhaps the 
most important distinction between models is the way in which vehicle operation is taken into ac-
count.  
 

2.2.3 MEET 
 
The project Methodologies for Estimating pollutant Emissions from Transport (MEET) was launched 
by the Transport Directorate (DG VII) of the European Commission under the Fourth RTD Frame-
work Programme.  
 
The overall objective of the MEET project is to develop and provide models to estimate air pollutant 
emissions from transport activities for inclusion in strategic environmental assessment. To achieve 
this, the goal of this project is first of all to provide a set of data and models that allow different users 
and especially the COMMUTE project to calculate the pollutant emissions and the fuel or energy 
consumption of the different transport modes at strategic level. It moreover provides a comprehen-
sive method of calculation using the set of data and models. Additionally, it makes sure that this 
comprehensive method corresponds to the requirements of the potential users, and especially the 
COMMUTE consortium, in terms of accuracy, simplicity and input data availability (MEET, 2000; 
Jorgensen and Sorenson, 1997). 
 
The three main aims of the project are on the one hand to provide a set of data and models, allow-
ing various users of the project to calculate the pollutant emissions and the fuel or energy consump-
tion of the various transport modes at the strategic level. Secondly, the project aims at setting up a 
comprehensive method of calculation using the set of data and models. Finally, it makes sure that 
this comprehensive method corresponds to the requirements of the potential users in terms of accu-
racy, simplicity and input data availability. The project is now complete. It covers a large part of the 
action programme, but does not cover the engine emission maps, nor the mobility (factor analysis 
and models), and develops only written methodologies, but no software package (Carrie and 
Noppe, 1997). 
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The data set and the methodology will correspond to the state of the art in the field of emission in-
ventorying, i.e. either take into account, for some rare parts of the scope, very recent comprehen-
sive methodology, when it does exist and is of high scientific quality. In most of the cases it builds 
new methodologies through processing the basic emission and traffic characteristic measurements 
carried out all over Europe. The project compares the knowledge about emission factors and traffic 
characteristics in the different European countries.  
 

2.2.4 RECORDIT 
 
The RECORDIT project aims to analyse the cost structure of door-to-door intermodal freight 
transport services. It deals with the goal to improve the competitiveness of intermodal freight 
transport in Europe through the reduction of cost and price barriers which hinders its development, 
while respecting the principle of sustainable mobility (Schmid et al., 2001). 
 
The European project RECORDIT (Real Cost Reduction of Door-to-door Intermodal Transport) took 
place within the 5th European framework programme of science and research. One of the project's 
main goals was the identification of those places in the intermodal chain which cause lower competi-
tiveness of intermodal transport in comparison to road transport. The most important project out-
come is a comparison of the costs between intermodal and road transport. The key conclusions of 
the RECORDIT project were to give instructions to improve functions of the intermodal chain in the 
European transport system and findings which show the current situation of road transport in con-
nection with externalities in a different way (Capka, 2003). 
 
The objectives/aims of RECORDIT were to design a comprehensive method for the calculation of 
real (internal and external) costs of intermodal freight transport and for the understanding of cost 
formation mechanisms, to validate this method through its application to three meaningful European 
corridors, to analyse current charging and taxation systems to understand price formation mecha-
nisms, to carry out a systematic cost comparison for intermodal and all-road alternatives (cf. Table 2 
and Table 3 for details), to assess current imbalances and inefficiencies, to develop a decision sup-
port module to foster generalisation, to identify and analyse technical and organisational cost reduc-
tion options, to formulate recommendations on public policies and business actions to reduce real 
costs and to internalise external costs, to promote consensus building among operators and users 
(RECORDIT, 2002). 
 
The RECORDIT approach is fully consistent with EU policies and recommended principles on fair 
and efficient pricing of infrastructure use, the development of sustainable transport and the fostering 
of a competitive transport market in Europe. 
 
The lessons learned from the RECORDIT Project are summarized by Ricci (2003). The project 
found out that intermodal transport is consistently cheaper than all-road solutions. This was con-
firmed by the comparison of transport alternatives on routes Genova-Manchester, Patras-
Gothenburg and Barcelona-Warsaw. In the intermodal alternatives road transport for the first and 
last leg, rail transport and sea transport were combined. The comparison between intermodal and 
all-road solutions concerning transport costs, distance and transport time is displayed in Table 2 
which shows that the transport costs for intermodal transport are always lower. Moreover, the exter-
nal costs occurring with transport are significantly lower. Thus, an increasing sustainability of the 
transport sector can be guaranteed by the high potential of intermodal transport. On the contrast, 
lead times are substantially longer than for road, which contributes to explain the limited market 
share of intermodal transport services and the hence strong road mode (Ricci, 2003, p. 351). The 
author is of the opinion that by promoting a massive shift of freight traffic from road to intermodal 
services a significant benefit for the environment as well as for the community would be yielded.  
 
The RECORDIT Project has established a reference data set of internal and external costs, based 
on the information collected on three trans-European corridors, i.e. Genova-Manchester, Patras-
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Gothenburg and Barcelona-Warsaw. This represents a valuable starting point for a detailed as-
sessment of intermodal costs at the European level (Ricci, 2003, p. 366). A second major conclu-
sion of the project under consideration is the aim for an improved collaboration and information ex-
change among market players (Ricci, 2003, p. 369).  
 

 Intermodal All-road 

Corridor 
€/move-

ment 
Length (km) €/km 

€/move-
ment 

Length (km) €/km 

Genova-Manchester 2,315 2,134 1.08 2,836 1,912 1.48 

Patras-Gothenburg 3,970 4,128 0.96 4,894 3,599 1.36 

Barcelona-Warsaw 3,350 3,270 1.02 3,448 2,735 1.26 

Table 2: Comparison of intermodal and all-road solution with respect to transport costs 

 (Ricci, 2003, p. 362) 

 

 
Cost savings with 
intermodal option 

Time savings with all-
road option 

Cost of hour 
saved 

Per movement € % hours % (€) 

Genova-Manchester 98 3 71 80 1.4 

Patras-Gothenburg 521 18 59 70 8.8 

Barcelona-Warsaw 924 19 171 430 5.4 

Table 3: Cost and time savings of intermodal and all-road option 

 (Ricci, 2003, p. 363) 

 

2.3 Emission Calculators 
 
The models and projects presented in Sections 2.1 and 2.2 are in many cases the basis for emis-
sion calculators which help the users to calculate emissions of their transport activities. The calcula-
tors differ in the methods used, the transport modes and activities included, the scope and type of 
emissions considered and the availability for potential users. The most important calculators consid-
ering their practical relevance and frequency of use are described in the following sections. 
 

2.3.1 EcoTransIT 
 
The EcoTransIT project was initiated in 2000 by several European railway companies. The result of 
the project is the EcoTransIT-Tool for calculating emissions from transport developed by the Insti-
tute for Energy and Environmental Research (IFEU) Heidelberg, Öko-Institut Berlin and Rail Man-
agement Consultants GmbH (RMCon/IVE mbH) Hannover. The calculator includes countries all 
over the world with special emission factors for different regions. It is possible to calculate emissions 
for road, rail, IWT, sea shipping and air which can be combined in multimodal transport chains in-
cluding also emissions for transhipment of goods. 
 
The calculation is mainly based on methods from HBEFA and TREMOD developed by IFEU and 
INFRAS (cf. Sections 2.1.4 and 2.1.5). The factors taken into account are energy consumption, 
GHG emissions including CO2, CH4 and N2O as well as air pollutants consisting of NOx, SO2, non-
methane hydro carbons (NMHC) and PM. Concerning the scope, EcoTransIT takes into account 
direct emissions from vehicle operations and final energy consumption, and indirect emissions from 
energy provision, production and distribution. Emissions from production and maintenance of vehi-
cles and from construction and maintenance of infrastructure are not considered.  
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One of the advantages of the EcoTransIT calculator is the possibility of multimodal routing on differ-
ent transport networks. The tool uses a geo-information database including world wide networks for 
streets, railways, sea and inland waterways and aviation. The networks are connected via transit 
edges through which the transport mode can be changed easily. The links in the networks are divid-
ed into different categories with different resistances which lead to higher preference for links such 
as highways or dedicated railway freight corridors in comparison to less important links such as lo-
cal roads or non-electrified local tracks. 
 
Although emissions can be calculated for the entire world, there are no global average emission 
factors used. Instead, they are divided into seven regions with one of them being Europe including 
32 countries. In general, the most important factors influencing the energy consumption and emis-
sions are: 
 

 Vehicle type (e.g. vessel type, freight or passenger aircraft), size and weight, payload capac-
ity, motor concept, energy, transmission 

 Capacity utilization (load factor, empty trips) 

 Cargo specification (mass limited, volume-limited, general cargo, pallets, container) 

 Driving conditions (number of stops, speed, acceleration, water resistance) 

 Traffic route (road category, rail or waterway class, curves, gradient) 

 Total weight of freight 

 Transport distance 
 
One of the most important factors is the capacity utilization for which EcoTransIT includes also the 
empty trips and calculates the average emission factor for the entire loop. The amount of empty trip 
is set as standard value according to the type of goods (e.g. average cargo, volume cargo, heavy 
weight cargo) but can be changed by the user in the extended mode. 
 
In case of road transport EcoTransIT differentiates between five groups of trucks according to the 
weight ranging from trucks under 7.5 t up to trucks with gross weight of 40-60 t. For Europe the cal-
culator also differentiates between the emission classes of trucks (EURO I – EURO V) but does not 
include trucks with Pre-EURO I-standard anymore. The emission factors are based on HBEFA with 
fuel consumption differentiated according to the load factor. Two driving patterns are distinguished 
including the highway traffic and traffic on other road categories. Another important factor is the gra-
dient which takes into account country-specific factors. According to the gradient, countries can be 
divided into flat, hilly or mountainous. Whereas for the hilly countries no adjustments in comparison 
to the values from HBEFA are needed, for flat countries the emission factors are assumed to be 5% 
lower and for mountainous cuntries 5% higher. 
 
The emission factors for rail transport are based on several studies conducted by the International 
Union of Railways (UIC), Railion and the Swiss Railways (SBB) and the study EX~TREMIS offering 
a dataset for freight train emission factors in Europe. The most important parameter for emission 
calculation is the differentiation between diesel and electric trains. Whereas for the diesel trains the 
same conversion factor from fuel consumption to emissions is used, for electric trains the conver-
sion factors depend on the national electricity mix for each country. The energy consumption func-
tions for Europe are derived for trains of up to 2,000 t gross weight and are based on hilly terrain. 
The functions for flat and mountainous terrains are derived from function for hilly terrain which is 
multiplied by 0.9 and 1.1 respectively. The wagons used in calculation are standard wagons with 
23 t empty weight and 61 t payload capacity. 
 
For the inland waterway transport the vessels are divided only into two categories (lower than 
Class V waterways and Class V and higher waterways according to UNECE (1996)). For each of 
the classes only one average emission factor is used and more detailed differentiation between 
vessel types is not possible. The emission factors are partially based on PLANCO (2007). Besides 
the limited number of vessel types the calculator also does not take into account the direction of the 
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transport which significantly influences the fuel consumption. For sailing downstream the river in-
creases the speed of the vessel which results in less power and also less fuel consumption for a 
certain transport distance. In the opposite direction the vessel is sailing against the stream and 
therefore needs more power for reaching a certain speed which increases the fuel consumption and 
also the amount of CO2e emissions. However, this fact is not taken into account due to the assump-
tion that the transport purchaser should be responsible for the average performance and utilization 
of the vessel instead of differentiating between the transport downstream and upstream. 
 
The data for sea transport was obtained following a bottom-up approach in which data for several 
vessel types was used. The results were then aggregated to classes according to the cargo type 
(e.g. bulk, liquid, container) and capacity. In addition, certain vessel types were assigned to each 
trade lane according to the typical vessels used on this lane. Based on these vessel types and the 
usual utilization of the vessels, average trade-lane specific emission factors were derived. 
 
Since EcoTransIT allows computing of emissions for multimodal transport, it also considers emis-
sions arising from the transhipment of goods in terminals. The results are based on various studies 
from IFEU Heidelberg and it is assumed that all processes are performed with electricity. Although 
there exist different results for different terminal types (e.g. railway terminal, sea port), the calculator 
uses the value of 4.4 kWh/transfer of TEU for all terminals due to high uncertainty in the computa-
tion of these values (EcoTransIT, 2011). 
 

2.3.2 PTV Map&Guide 
 
PTV Map&Guide is a transport planning tool developed by PTV AG from Karlsruhe which is one of 
the partners of the GET Service Project. The tool includes a component for emission calculation and 
is used especially by mid-sized logistics providers from Germany, Poland, France, Austria and Swit-
zerland. In contrast to the other calculators presented in this chapter, PTV Map&Guide provides 
emission data only for the road transport. Moreover, a fee has to be paid for the use of the tool. 
 
For the calculation of emissions it is possible to choose between two methods: either standard val-
ues from the HBEFA 3.1 are used or the emissions can be calculated according to the draft of the 
CEN norm prDIN EN 16258:2011 (cf. Section 2.1.8) if the SFC of the vehicles is known. The emis-
sions taken into account include GHG emissions and air pollutants such as CO2, CH4, N2O, NOx, 
PM, CO, HC etc. The scope of the emissions is WTW.  
 
PTV Map&Guide offers a very accurate calculation of emissions. This is mainly due to the fact that it 
uses detailed data from NASA-SRTM and the geodata provider NAVTEQ which allows deriving the 
gradient for very short road segments. It differentiates between different road types and traffic situa-
tions (e.g. highway, highway with speed limit of 120 km/h, urban). The emissions of the vehicles are 
divided according to the vehicle categories (light/heavy truck: semi-trailer, drawbar-trailer combina-
tion) and emission classes (EURO I – EURO VI) but also an average over the whole fleet can be 
used. As a standard option, the emissions are calculated based on half loaded truck, but this value 
can be changed according to the specific cargo weight. Although the standard emission values are 
calculated mainly according to the situation in Germany, the tool can be used also for other coun-
tries if the emission factors are adjusted (PTV, 2012). 
 

2.3.3 NTM Calc 
 
NTM Calc was developed by the Network for Transport and Environment (NTM), which is a non-
profit organisation dealing with the methods for calculating the environmental performance of differ-
ent transport modes. The development of the methods is supported by a variety of partners from 
different industries and the methodology should serve as a common base for emission calculation 
primarily for buyers and sellers of transport services. The calculation of emissions is available for 
road, rail, sea and air transport. It also contains methods for emissions from production of different 
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fuels which are not included in the emission factors for each vehicle category. The transhipment of 
goods between the transport modes is not included in the calculation. 
 
The emission factors used in the calculator stem from the model ARTEMIS (cf. Section 2.1.6) which 
also includes HBEFA and from the EcoTransIT calculator described in Section 2.3.1. The emissions 
include the GHG emissions and emissions from air pollutants such as CO2, CH4, N2O, SO2, HC, 
NOx, PM, NMHC, CO. The calculator considers specific emission factors for different types of vehi-
cles which include only direct emissions from the fuel consumption. Indirect emissions from produc-
tion of fuels and energy are not considered. In the basic version available for every user, the calcu-
lation of emissions is based only on the shipment weight and distance. For all the other factors 
needed only average values are assumed including the load factor, mix of road categories or gradi-
ent. The tool does not include any routing function and offers only links to external calculators for 
determining the transport distance for each transport mode. 
 
The calculation process for road transport includes the selection of vehicle type, fuel type and fuel 
consumption, calculation of energy use and emissions to air, compensation for exhaust gas abate-
ment techniques, calculation the travelling distance and allocation of the emissions to the investi-
gated cargo. The emission factors are based on the ARTEMIS database offering ten different types 
of vehicles ranging from small pick-ups up to trucks with 60 t capacity. For the fuel consumption 
default values based on weighted averages of different gradients and road type mixes are used. 
Instead of the default values, the fuel consumption of the investigated vehicle can be used if the 
required data is available. Capacity utilization of the vehicle depends on the type of the transport. 
NTM differentiates between direct transport with frequent shipments, direct transport with single 
shipment and transport via integrating terminals similar to a hub-and-spoke system. The transport 
type is an important factor for estimating the share of empty trips which influence the capacity utili-
zation. As a result, utilizations between 30-60% for each vehicle category were estimated based on 
the approximations from Swedish integrators (NTM, 2008a). 
 
The calculation method for rail transport is mainly taken from the EcoTransIT calculator (cf. Sec-
tion 2.3.1). The main factors influencing the total emission are traction, gross weight of the train, 
topography and type of the cargo. NTM differentiates between bulk goods, average goods, volume 
goods and shuttle trains. Besides the type of the goods, the gross weight of the train is influenced 
by the allowed axle load and maximal length of the train. The gross weight of the train is also the 
main factor for calculating the energy or fuel consumption. For electric trains the calculation includes 
also emissions from the production of electricity at the power plant and losses from transmission of 
energy (10-30%). However, the consideration of indirect emissions from production is in contrast to 
the other transport modes where only direct emissions from the fuel consumption in the vehicle are 
considered. For the electricity mix different values for various EU countries are proposed. As a re-
sult, NTM offers average energy consumption and emission factors for different train categories 
which do not consider factors such as type of wagon, driving behavior, aerodynamic profiles, speed 
and number of starts and stops. In addition, an error factor of ± 30% is assumed due to high uncer-
tainty in various variables (NTM, 2008b). 
 
For the sea transport NTM offers ship categories selected according to the cargo type, speed and 
capacity covering the most common cargo types. Sea transport includes also vessels suitable for 
IWT but these are rather meant as ships for coastal and feeder operations so a typical IWT vessel is 
not considered. The important factor for emission calculation is the capacity utilization which can be 
derived from the line and the type of operation (fixed route, shuttle, tramp traffic). In addition, the 
engine type and fuel type used has to be considered. The fuel consumption is highly dependent on 
the speed, however, this factor is not considered in the model. As a result, only average values are 
used which do not accurately represent the emissions in real situations and therefore rather case-
specific data should be used for detailed emission calculation (NTM, 2008c). 
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2.4 Critique and Conclusion for GET 

 
The presented models, projects and calculators use different methods taking into account a variety 
of factors which lead to high variance in results. The level of detail ranges from average values tak-
en from national statistics, as it is the case of TREMOD, up to very detailed models taking into ac-
count very specific characteristics of the engines and vehicles (e.g. microscopic models (cf. Sec-
tions 2.1.1 - 2.1.3)). Although the first category of models offers easy calculation methods, the re-
sults are very moderate and the uncertainty and inaccuracy can be high. On the other hand, the 
detailed models require a high number of variables which increases the complexity of the calcula-
tions. In addition, it is in many cases complicated or even not possible to obtain all required data 
and therefore the use of these models in practice requires high effort. As a result, it is important to 
find a good combination between the level of detail and the number of required factors on one side 
and the accuracy of the model on the other side. 
 
Besides the level of detail, the range of emissions and the scope considered is important. The range 
of emissions taken into account in models described in previous sections varies significantly. 
Whereas eCoMove includes only CO2 emissions, models such as HBEFA, TREMOD or ARTEMIS 
calculate emissions for a variety of GHG and air pollutants. Concerning the scope, the majority of 
models concentrate only on direct emissions from the fuel consumption in the vehicle (TTW) but 
models such as the CEN norm include also emissions from fuel production (WTW) in order to make 
the emission values comparable between transport modes. Since the calculation of emissions for 
the GET Service platform should include WTW emissions and the focus is on emissions of GHG 
expressed in CO2e, an adjustment in the emission factors used in the models might be necessary. 
 
Another weakness of some of the models is the insufficient coverage of transport modes and of the 
transhipment between them. Models and calculators such as HBEFA or PTV Map&Guide include 
only road transport. Other models, such as CEN or NTM offer only average emission factors for 
some of the transport modes or use one method for different modes (e.g. one method for IWT and 
SSS). The emissions from transhipment activities are included only in the CEN model but also in 
this case only an average value without any detailed calculations is used. As the GET Service plat-
form should mainly deal with intermodal transports, it is important to define an accurate methodolo-
gy for each transport mode and focus also on transhipment emissions. Therefore a combination of 
different models is needed in order to receive the necessary results. 
 
Despite the inefficiencies of the models described above, some of the methodologies offer relevant 
models for the GET Service platform. These models include variables which are usually available or 
can be derived relatively easily and offer results on a high level of detail. For variables which cannot 
be obtained recommended values are used. The accuracy of these models can be further increased 
using historical or real-time data obtained from the vehicles monitored by the GET Service platform. 
The models and methodology chosen for emission calculation in the GET Service platform are de-
scribed in detail in Chapter 3. 
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3 Description of methodology and data sources 
 
The definition of a methodology for emission calculation is one of the important parts of the GET 
Service project since it defines the way in which the emissions will be calculated and how the objec-
tive of reducing the environmental impacts of transport will be measured. This chapter therefore 
defines in detail the calculation methodology for each transport mode considered and for the tran-
shipment of containers between the transport modes. The chapter starts with methodological as-
sumptions for the calculation which are described in Section 3.1. After that the calculation method-
ology for each mode is described in Section 3.2 starting with road transport in Section 3.2.1, fol-
lowed by rail transport in Section 3.2.2, IWT in Section 3.2.3 and SSS in Section 3.2.4. Section 3.3 
deals with the calculation of emissions from transhipment. The important factors for calculating 
emissions for each transport mode are summarized in Section 3.4. 
 

3.1 Methodological Assumptions 

 
Following assumptions were taken into consideration for the calculation methodology: 
 

 Emissions: the model considers emissions of CO2 and other GHGs expressed in CO2e 

 Emission scope: the scope chosen is WTW including emissions from fuel combustion in 
the vehicle and emissions from production of fuel and energy. This is important in order to be 
capable to compare emissions among transport modes 

 Empty trips: no empty trips are considered in the calculation of emissions via an additional 
emission factor since it is not possible to predict the amount of empty miles for a given vehi-
cle. CO2e emissions can be calculated directly for every empty trip and are the responsibility 
of the transport company. 

 Transport modes: the calculation includes road transport, rail transport, IWT and SSS as 
well as transhipment between these modes. Air transport is not included since this transport 
mode is out of scope of the GET Service platform 

 Data availability: the data used for offline planning and online re-planning might differ since 
in the re-planning phase more detailed information about a concrete vehicle and transport 
situation might be available in comparison to planning executed some time before the start 
of the transport. If real-time data is available, it will be always used for calculation. In case of 
missing data average or recommended values will be used. 

 

3.2 Calculation Methodology per Mode 

3.2.1 Road Transport 
 
Based on a physical approach, the parameters shown in Table 4 are of relevance for calculating 
energy demand and respectively CO2e emissions in road transport. The total power demand for an 
HDV movement is the sum of all parameters (Eichlseder et al., 2009). 
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Parameter Description Influencing factors 

PR Power demand to over-
come rolling resistance 

 mass of empty vehicle  

 payload 

 rolling resistance coefficients (drag resistance) 

 speed 

PL Power demand to over-
come air resistance 

 air resistance coefficient 

 cross sectional area 

 density of air 

PAcc Power demand for accel-
eration 

 acceleration 

 speed 

 mass of empty vehicle 

 payload 

 equivalent mass taking inertia of rotational accelerated 
parts into consideration 

PS Power demand to over-
come road gradient 

 mass of empty vehicle  

 payload 

 road gradient 

PAux Power demand from auxil-
iaries 

 rated power of the engine 

 ratio of power demand from auxiliaries to rated engine 
power 

PT Power losses in the 
transmission system 

 engine type 

Table 4: Components considered for calculating power demand of road vehicles 

 
The emission model PHEM calculates the engine power and respectively emission factors for HBE-
FA based on given courses of vehicle speed (driving cycles) and road gradient, the driving re-
sistances and the losses in the transmission ratios. Eichlseder et al. (2009) provide HDV power de-
mand values for HBEFA 3.1 for a set of driving cycles combining several European emission stand-
ards from Euro III to a prognosis of Euro VI values. Driving cycles distinguish between four funda-
mental road types in rural and urban areas. Furthermore, four different level of service definitions 
are considered for each road category ranging from free flow to oversaturated traffic conditions and 
leading to average cycle speed values in these conditions.  
 
In the context of GET, the driving cycles’ average speed values are used to estimate fuel consump-
tion depending on speed values. In order to reach a general approach within GET, average con-
sumption values for different emissions standards from Eichlseder et al. (2009) are used. According 
to DSLV (2013), nowadays emission standards have a minor influence on fuel consumption since 
the introduction of Euro III standard. Table 5 shows the selection of driving cycles and the derived 
fuel consumption values for cycle speeds. Data is based on driving cycles in flat conditions for 34-
40 t truck & trailer combinations with 50% loading. On the basis of these values, polynomial func-
tions were derived to describe the influence of speed v on total fuel consumption E for different road 
categories and traffic conditions. Functions are shown in Figure 6. As traffic conditions are consid-
ered, the functions demonstrate that a higher average cycle speed results in less energy consump-
tion per driven distance. According to Eichlseder et al. (2009), this can be explained by the fact that 
higher air resistance at high speed cycles is overcompensated by less engine work, which is con-
sumed in phases of acceleration and deceleration. As the approach considers traffic conditions and 
road categories, this calculation is suitable within GET to estimate fuel consumptions for different 
route options on the basis of static (road categories) and dynamic data (traffic conditions).   
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Area Type Road Category Level of Service  

average cycle 
speed 

fuel  
consumption 

km/h l / 100 km 

rural 

motorway / high-
way 

free flow 86.3 25 

dense traffic 81.0 27 

saturated 66.3 28 

oversaturated 16.6 62 

distributor / sec-
ondary road 

free flow 66.0 28 

dense traffic 52.7 35 

saturated 41.6 34 

oversaturated 13.5 65 

urban 

trunk road / pri-
mary-city road 

free flow 59.1 34 

dense traffic 48.6 35 

saturated 38.6 35 

oversaturated 13.5 65 

distributor / sec-
ondary road 

free flow 39.8 35 

dense traffic 30.1 38 

saturated 28.7 40 

oversaturated 11.8 70 

Table 5: Selection of driving cycles with average cycle speeds and fuel consumption  

(Eichlseder et al., 2009) 

 

 
Figure 6: Fuel consumption depending on average speed for different driving cycles (for 50% load) 
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Table 6 summarizes the derived formulas for the total fuel consumption E depending on the average 
cycle speed v for different conditions. Due to the formulas’ polynomial character, they only shall be 
considered suitable for certain ranges. 
 

Area 
Type 

Road Category 
Function to describe total fuel 
consumption E depending on 

average cycle speed v 

Coefficient 
of Determi-

nation 
Range 

rural 

motorway / high-
way 

Formula 23 

E1(v)= 0.0078v
2
 - 1.3237v + 81.794 

R² = 0.9978 10 km/h ≤ v ≤ 100 km/h 

distributor / sec-
ondary road 

Formula 24 

E2(v)= 0.013v
2
 - 1.7115v + 85.368 

R² = 0.9733 10 km/h ≤ v ≤ 80 km/h 

urban 

trunk road / prima-
ry-city road 

Formula 25 

E3(v)= 0.0231v
2
 - 2.3396v + 92.197 

R² = 0.9915 10 km/h ≤ v ≤ 65 km/h 

distributor / sec-
ondary road 

 

Formula 26 

E4(v)= 0.0492v
2
 - 3.7881v + 107.87 

R² = 0.9997 10 km/h ≤ v ≤ 45 km/h 

Functions are polynomial functions based upon Figure 6, which is extracted from Eichlseder et al. (2009). 
Data is for HDV. 

Table 6: Overview of functions for dependencies between average cycle speeds and fuel consumption 

 
Besides cycle speed and road conditions, also the load factor has major influence on fuel consump-
tion and emissions. The calculations above are based on a power demand approach for 50% load-
ing. The German DSLV guidelines ground the calculation of consumptions on empty drive power 
demand adding freight-related consumptions. This approach is matched with the dependencies de-
rived above to establish a definition of fuel consumption depending on average cycle speed and 
load factor. Table 7 shows the relevant parameters and the integration of different approaches for 
fuel consumption and respectively CO2e emission calculation from HBEFA, DSLV and EcoTransIT 
within GET. 
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Variable Unit Para-
meter 

frequently applied value / ap-
proach 

usage in GET 

V
e
h

ic
le

 T
y
p

e
 

Truck size - fT HBEFA: HDV 34-40 t 

 

EcoTransIT and DSLV:  
HDV 24-40 t 

HDV 34-40 t is considered as 
standard HDV in GET as con-
sumption values above are 
derived from Eichlseder et al. 
(2009) 

Emission 
Standard 

-  Emission values for HBEFA are 
based on a fleet mix (Euro III to 
Euro VI). According to DSLV no 
influence of emission standard 
on fuel consumption since intro-
duction of Euro III 

Consideration of HBEFA 3.1 
mean values and no further 
differentiation between differ-
ent emission standards 

Diesel con-
sumption 
empty drive 

l/100 km A DSLV grounds total diesel con-
sumption on empty drive con-
sumption adding freight-related 
consumption  

Calculation of empty drive 
consumption depending on 
speed on the basis of HBE-
FA 3.1 values for 50% loading 
following the DSLV approach 
differentiating between flat, 
hilly and mountainous coun-
tries 

Freight-
related diesel 
consumption 

l/100 km B DSLV defines total diesel consumption minus empty drive con-
sumption as freight-related consumption 

Total fuel 
consumption 

l/100 km E Total fuel consumption derived 
for load factor 50 % from HBE-
FA values represents the sum of 
diesel consumption empty drive, 
freight-related diesel consump-
tion and load factor fL 

Polynomial function for total 
fuel consumption E depending 
on speed as introduced above 

Air re-
sistance 

-  DSLV: higher fuel consumption 
for high-volume goods as for 
bulk cargo (without factoring) 

Calculation methodology is 
based on TEU assuming simi-
lar air resistance values 

L
o

a
d

 Maximum 
load 

t C Capacity depending on truck 
type.  

DSLV approach: loading ca-
pacity of 24-40 t HDV: 26 t  

Average load t L Average TEU mass: 10.5 t  average HDV loading: 21 t 

Load factor - fL ratio between average load and maximum load 

R
o

u
te

 

Road catego-
ry 

-  differentiation between urban 
roads and sections outside ur-
ban areas according to HBEFA 

HBEFA states different mean 
speeds for different road cate-
gories. Within GET, values are 
used to derive fuel consump-
tion and emission values on 
the basis of different 

Section 
Length 

km S total fuel consumption is directly 
affected by section length 

total fuel consumption is direct-
ly affected by section length 

Slope / Gra-
dient 

- fG Factors for flat/hilly/mountainous 
conditions 

in accordance with EcoTrans-
IT: 

fG = 1.0 for flat regions  

fG = 1.05 for hilly regions 

fG = 1.1 for mountainous re-
gions 

Table 7: Variables for emission calculation in road freight transport 
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DSLV (2013) defines the total fuel consumption E as the sum of empty drive consumption A and 
freight-related consumption B depending on the load factor fL 
 

 
where E is the total fuel consumption in l/100 km, A is the empty drive fuel consumption in l/100 km, 
B is the freight-related diesel consumption in l/100 km and fL is the load factor. 
 

 
where L is the loading in t and C is the loading capacity in t 
 
Further consideration of the road gradient leads to the following formula:  
 

 
where fG is the factor to consider conditions in empty drive fuel consumption (flat: fG = 1.0, hilly: 
fG = 1.05, mountainous: fG = 1.1). 
 
The influence of B on E is estimated within GET on the basis of A from DSLV average consumption 
values for 24-40 t HDV in flat conditions. 

 

 
On the basis of the formulas above the empty drive fuel consumption depending on speed A(v) is 
estimated from total fuel consumption depending on average speed Ex(v). Ex(v) is expressed by the 
formulas listed in Table 6 to describe total fuel consumption depending on different average cycle 
speeds v for different road conditions x.  
 

 
As the equations for Ex(v) are based on driving cycle measurements for HBEFA 3.1 and describe 
fuel consumption for flat conditions and 50 % loading, fG is set to 1.0 and fL to 0.5 to subsequently 
estimate A(v) on the basis of Ex(v). 
 

 
Finally the relations are integrated to describe the total fuel consumption Ex(v,G,L) on the basis of 
an average cycle speed (v) for different road categories (x), topography (G) and loading (L). 
 

 
CO2e emissions can be derived directly from calculated fuel consumption values. According to 
DSLV (2013), each litre diesel produces 3.24 kg CO2e emissions (WTW).  
 

         
Formula 27 

   
 

 
 

Formula 28 

     (      ) 
Formula 29 

          
Formula 30 

 ( )   
  ( )

   (         )
 

Formula 31 

 ( )          ( ) 
Formula 32 

  (     )         ( )     (         ) 
Formula 33 
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3.2.2 Rail Transport 
 
When deriving CO2e emissions for rail transport based upon an energy demand approach, the vari-
ables shown in Table 8 are of relevance.  
 

Variable Unit Frequently applied value Usage Relevance 

to
n
n

a
g
e
 /

 p
la

n
n
in

g
 

mass of locomotive t 80 to 120 t 
required to calculate 

tare mass 
high 

mass of each car t 

12.5 t (for wagon type Lgs 
with 2 TEU) to 29.1 t (for 
wagon type Sggmrss with 

6 TEU) 
 typical wagon type 
Sgns: 18.7 t (3 TEU) 

required to calculate 
tare mass 

high 

mass of each container t 2.4 t 
required to calculate 
net and gross mass 

medium 

mass of freight t <21.6 t 
required to calculate 
net and gross mass 

high 

mixed freight train   
influence on aero-

dynamic drag 
medium 

number of empty wagons   
influence on aero-

dynamic drag 
low 

trip length m   high 

empty trip factor    high 

in
fr

a
s
tr

u
c
tu

re
 /

 s
c
h
e
d

u
le

s
 

speed (average) m/s 20 to 25 m/s 
key value for aero-
dynamic drag and 
rolling resistance 

high 

acceleration m/s² 0.2 m/s² rolling resistance medium 

number of stops/km 
stops/ 

km 
1 stop / 150 km rolling resistance high 

temporary speed limits   rolling resistance low 

length of tunnels m  aerodynamic drag medium 

difference in altitude 
vertical 

m 
 rolling resistance medium 

curviness of tracks   rolling resistance low 

o
th

e
rs

 

wind 
m/s and 
direction 

 aerodynamic drag medium 

recuperation of decelera-
tion power 

    

Type of propulsion  diesel or electrical  high 

Engine efficiency % 
35 % to 42 % for diesel, 

80% for electrical propelled 
locos 

 high 

Electricity losses in net-
work 

 0,8 
correction factor for 
losses during power 

transmission 
Medium 

CO2e emission factor 
kg CO2e 

/ kWh 

Diesel: 0.324 kg CO2e/kWh 
(WTW) 

Electricity Mix from 
0,004  to 1.208 kg CO2e 

(WTW) 

 high 

Table 8: Variables for rail freight transport 

 
During the process of researching relevant literature it was attempted to find a formula that takes the 
large variety of parameters listed. Due to the aerodynamic complexity simplifications are being 
made in the all of the literature considered: 
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- Jorgensen and Sorenson (1997, pp. 223) describe the energy demand of freight trains with 
an empty mass of 600 t with the following two equations: 

 

  

      
       

        
 

   ( )
    

Formula 34 

 
where vaverage is the average speed in km/h for the section under consideration and x is the 
distance between stops in km (between 80 and 200 km). 
 
or alternatively: 

            
        

Formula 35 

 
where F is the force in kN/t, B0 to B2 are constants, v is the velocity in m/s, g is the gravity 
acceleration in m/s² and α is the gradient.The constants for freight trains were found to be: 
B0 = 24.7, B1 = 0 and B2 = 84.5*10-3. 

 
- EcoTransIT (2011, p. 44) finds the following equation for freight trains between 600 and 

1,800 gross tons: 
 

                
      

Formula 36 

where ECspec is the specific energy consumption in Wh/Gtkm and GTW is the gross ton 
weight of the train. 

 
They have compared the results to a large number of empirical values from Railion and 
EX~TREMIS and figure that the formula describes the energy consumption quite well as 
long as the gross train weight is between 600 and 1,800 t in hilly countries. For mountainous 
countries such as Austria they propose a correction factor or 1.1 resp. a 0.9 for flat countries 
like the Netherlands. 
 

Once the specific energy consumption is calculated the values can be converted into CO2e emis-
sions using coefficients. EX~TREMIS (2008) uses the following formula for this: 
 

   
                

    
 

Formula 37 

 
where Ei is the emission of the pollutant i in tons, ECcal is the total energy consumption in kJ 
(calibrated against official statistics), PSEFi is the power specific emission factor in g/kWh, 
0.35 is the average efficiency of a diesel engine according to TRENDS (2003) and the divi-
sion by 3,600 converts kJ into kWh.  

 
In order to be able to compare diesel and electric propelled trains, WTW emissions must be calcu-
lated. While these are constant among the different countries for diesel, they can vary tremendously 
for the production of electricity. In most countries electricity for railways is produced in own plants 
resp. generators because currents and voltages differ from the public electricity grid. Furthermore 
the usage of combined heat and power must be known, since only the emissions due to power gen-
eration are to be attributed to the energy consumption as the heating typically is a welcome by-
product of power generation. Table 9 shows the different coefficients for the different countries. The 
coefficients for diesel are displayed in Table 10. 
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Region 
Code 

Share of 
Combined 

Heat & Power 

Effi-
ciency 

Electricity for Railways 
Public 

Network 

CO2 CO2e NOx SO2 NMVOC PM10 CO2e 

 
[%] [%] kg/kWh kg/kWh g/kWh g/kWh g/kWh g/kWh kg/kWh 

Europe 0% 31% 0.681 0.468 0.939 3.645 0.067 0.273 0.424 

AT 82% 77% 0.112  0.095 0.079 0.007 0.024 0.210 

BE 23% 26% 0.381 0.393 0.769 1.321 0.055 0.104 0.219 

BG 19% 29% 0.607 0.660 1.338 1.959 0.074 0.145 0.538 

CY 0% 26% 0.951  3.049 7.301 0.428 0.226 n/a 

CZ 36% 31% 0.657  1.039 1.238 0.019 0.057 0.681 

DK 96% 56% 0.390 0.433 0.440 0.794 0.056 0.042 0.471 

EE 16% 26% 1.192 1.208 1.401 6.649 0.046 0.524 1.012 

FI 85% 35% 0.452 0.480 0.511 1.806 0.024 0.138 0.295 

FR 39% 26% 0.073 0.077 0.225 0.316 0.024 0.025 0.072 

DE 22% 32% 0.527 0.574 0.489 0.422 0.055 0.044 0.583 

GR 12% 22% 0.980 1.004 1.142 4.432 0.138 0.618 0.801 

HU 35% 24% 0.589 0.637 0.748 0.818 0.259 0.049 0.481 

IS 0% 87% 0.010  0.029 0.029 0.008 0.019 n/a 

IE 2% 30% 0.733 0.779 1.157 2.377 0.217 0.119 0.526 

IL 0% 27% 1.002  2.200 3.520 0.184 0.220 n/a 

IT 39% 46% 0.464 0.749 1.093 1.542 0.160 0.100 0.463 

LV 100% 70% 0.150 0.160 0.183 0.071 0.068 0.014 0.181 

LT 76% 30% 0.102 0.108 0.173 0.196 0.049 0.014 0.390 

LU 13% 26% 0.692  0.802 0.256 0.312 0.024 n/a 

MT 0% 26% 0.952  3.050 7.304 0.429 0.226 n/a 

NL 66% 40% 0.483 0.497 0.685 0.533 0.068 0.046 0.460 

NO 64% 70% 0.006  0.018 0.008 0.003 0.013 n/a 

PL 23% 28% 1.018 1.085 1.751 4.748 0.050 0.303 1.005 

PT 16% 39% 0.523 0.544 1.442 3.083 0.161 0.103 0.399 

RO 40% 37% 0.543 0.556 0.662 2.608 0.059 0.208 0.495 

SK 59% 29% 0.196 0.199 0.395 2.178 0.011 0.208 0.370 

SI 8% 31% 0.678 0.686 1.610 11.150 0.041 0.297 0.405 

ES 19% 38% 0.399 0.425 1.284 2.042 0.066 0.164 0.363 

SE 96% 91% 0.004 0.004 0.014 0.006 0.003 0.016 0.058 

CH 21% 54% 0.005  0.019 0.012 0.004 0.012 n/a 

TR 6% 32% 0.690  0.949 2.075 0.175 0.154 n/a 

UK 10% 34% 0.586 0.621 1.043 1.328 0.076 0.097 0.488 

Inconsistencies are due to use of different sources. Their causes could not be identified by the authors. 

Table 9: CO2 coefficients for electricity in Europe 

(EcoTransIT, 2011, p. 81; DSLV, 2013, p. 66) 
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  direct (TTW) total (WTW) 

  

kg CO2e kg CO2e 

Diesel (without biodiesel) kg/l 2.670 3.240 

Diesel Germany kg/l 2.490 3.150 

Diesel (without biodiesel) kg/kg 3.209 3.894 

Diesel Germany kg/kg 2.993 3.786 

Diesel (without biodiesel) kg/kWh 0.267 0.324 

Diesel Germany kg/kWh 0.249 0.315 

Diesel (without biodiesel) kg/MJ 0.074 0.090 

Diesel Germany kg/MJ 0.069 0.088 

Table 10: Coefficients for diesel 

DSLV (2013, p.12 resp. conversion factors p. 65) 

 
For the application in the GET Service project a combined approach was chosen that takes into 
account the gross train weight to derive the energy consumption based upon the data that is availa-
ble within the GET Service project. The formula of EcoTransIT (cf. Formula 36) can be applied, be-
cause it is not very likely that the gross weight of the trains with containerized goods is below 600 t 
or significantly above 1,800 t (cf. Figure 7). Therefore the formula is quite well suited to fulfil the de-
mand for GET Service, as the focus is on container transport, which tends to be limited by the 
length rather than the weight of trains. Furthermore it permits a significant simplification of wide 
range of parameters (cf. Table 8), while keeping some of the high important ones. The weight can 
easily be calculated as shown in Figure 7. 
 

 
Figure 7: Typical train weights depending on the number of TEU 

 
Based on the gross weight of the train, the energy consumption can be calculated using the follow-
ing formula: 
 

                  Formula 38 

 
Figure 8 shows the specific energy consumption for a train with up to 100 TEUs at a TEU weight of 
10.5 t. 
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Figure 8: Energy consumption for trains with up to 100 TEU 

 
In order to convert the energy demand into CO2e emissions Formula 37 is being used. It must be 
known whether the train is being pulled by electricity or diesel. In the case of electricity a calculation 
per country is required as the power generation coefficients differ significantly (cf. Table 9). 
 

   
(              )       

      
  

 
 

Formula 39 

where Pi are the pollutant emissions in t, GTW is the gross train weight which needs to be 
calculated for each scheduled train, PSEFi is the specific emission factor, η is the engine ef-
ficiency (e.g. 0.37 for the engines for diesel-electric locomotives (cf. EcoTransIT, 2011, 
p. 47)) and 3,600 converts kJ in kWh. 

 
Remarks: separate calculation for diesel and electric trains needed. Electric freight trains 
need to be segmented by country as well. 

 
When an example train consisting only of containers with one loco at 80 t, each car at 18.7 t (cf. 
Table 8 for a wagon type Sgns) and TEUs with 10.5 t each (including its own tare weight at 2.4 t) is 
calculated according to Formula 39, the results shown in Table 11 are generated.  
 
It can be shown that energy consumptions and emissions are declining with increased transported 
weight. Thus aside from transporting freight by train, longer trains are also favourable in terms of 
CO2e emissions. 
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TEU net-ton 
GTW 
with 

LF=45% 

train 
length 

Energy 
con-

sump-
tion 
[Wh/ 

Gtkm] 

Σ Energy 
con-

sump-
tion 

[kWh/km] 

Energy 
con-

sump-
tion 

[kWh/ 
ntkm] 

Energy 
con-

sump-
tion 

[kWh/ 
TEU-km] 

CO2e 
emis-
sions 

kg CO2e / 
diesel-

train-km 

CO2e 
emis-
sions 

kg CO2e / 
electric-
train-km 

(EU aver-
age) 

5 53 t 170 t 65 m 49.71 8.45 0.161 1.689 7.40 3.95 

10 105 t 260 t 105 m 38.20 9.93 0.095 0.993 8.69 4.65 

15 158 t 350 t 145 m 31.78 11.11 0.071 0.741 9.73 5.20 

20 210 t 440 t 185 m 27.57 12.12 0.058 0.606 10.61 5.67 

25 263 t 530 t 225 m 24.57 13.01 0.050 0.520 11.39 6.09 

30 315 t 619 t 265 m 22.29 13.81 0.044 0.460 12.09 6.46 

35 368 t 709 t 305 m 20.50 14.54 0.040 0.415 12.73 6.80 

40 420 t 799 t 345 m 19.03 15.21 0.036 0.380 13.32 7.12 

45 473 t 889 t 385 m 17.82 15.84 0.034 0.352 13.87 7.41 

50 525 t 979 t 425 m 16.78 16.43 0.031 0.329 14.39 7.69 

55 578 t 1069 t 465 m 15.89 16.99 0.029 0.309 14.88 7.95 

60 630 t 1159 t 505 m 15.12 17.52 0.028 0.292 15.34 8.20 

65 683 t 1249 t 545 m 14.43 18.02 0.026 0.277 15.78 8.43 

70 735 t 1339 t 585 m 13.82 18.51 0.025 0.264 16.21 8.66 

75 788 t 1429 t 625 m 13.28 18.97 0.024 0.253 16.61 8.88 

80 840 t 1518 t 665 m 12.79 19.41 0.023 0.243 17.00 9.09 

85 893 t 1608 t 705 m 12.34 19.84 0.022 0.233 17.38 9.29 

90 945 t 1698 t 745 m 11.93 20.26 0.021 0.225 17.74 9.48 

Remark: Numbers in grey exceed the recommended applicability of the provided formula. 

Table 11: Example results for rail freight transport 

 
When comparing the results of the calculation to other work, only MEET and EcoTransIT provide 
figures for freight transport on railways. 
 
MEET (1999, p. 360) calculates with 43 g/tkm for electrified freight trains with a load factor of 50%. If 
the load factor is increased to 100% 27 g/tkm are mentioned.  
 
EcoTransIT (2011) differentiates the results at a higher level of detail. They have introduced two 
additional dimensions, which are the type of freight (bulk, average, volume) as well as the type of 
train (light, average, large, extra large and heavy). The relevant combination for comparison is an 
average train at 1,000 t and average freight, which results in 32.2 Wh/Ntkm (EcoTransIT 2011, p. 
46). Table 11 shows a value of 29.0 Wh/Ntkm. Since the weight of the train is as shown in Formula 
39 calculated individually, the result can be considered as valid.  
 
In DSLV (2013) values for TEU-km are listed. For average freight (11 t/TEU) with a medium sized 
train (1,000 t) 0.405 kWh/TEU-km are provided. This compares to 0.309 kWh/TEU-km in Table 11.  
 
Overall it can thus be concluded that the energy consumption values appear to be within the ex-
pected margin of error. By calculating the weight of the train more accurately, results in terms of 
CO2e emissions are sufficiently accurate.  
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3.2.3 Inland Waterway Transport 
 
Comparing IWT with other transport modes less energy is needed for the prior one. Basic variables 
of relevance for the calculation of energy consumption and GHG emissions are shown in Table 12.  
 

Variable Unit 

V
e
s
s
e
l 
p
ro

p
e
rt

ie
s
 

Vessel type - 

Vessel length m 

Vessel breadth m 

Vessel draught (at specific load) m 

Number of propellers - 

Engine power kW 

R
o
u
te

 p
ro

p
e

r-

ti
e
s
 

Waterway depth m 

Waterway width m 

Distance travelled km 

Speed of vessel relative to water m/s 

C
a
rg

o
 

p
ro

p
e
rt

ie
s
 

Cargo type - 

Fraction of load draught for calculation % 

Loading weight t 

Table 12: General variables for IWT 

 
One major influencing factor is the type and size (length, breadth, draught) of the vessel. Larger 
inland waterway vessels consume significantly less energy per tkm compared to smaller vessels. 
Additionally, the water depth plays an important role for the calculation. Besides the size of the ves-
sel and the waterway depth, the speed of the vessel in relation to water influences the energy con-
sumption (cf. Figure 3, Section 2.1.7). 
 

 
Figure 9: Resistance as a function of speed  

(Kranke et al., 2011, p. 200) 
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In addition, the total water resistance increases with higher speed. The resistance curve of the ves-
sel in shallow and deep water is depicted in Figure 9. At the point of critical speed (VCrit) the re-
sistance is higher for shallow water compared to deep water. The distance between vessel and 
ground is dependent not only on the waterway depth but also on the vessel type and vessel draught 
and its loading weight. For resistance modelling, the variables listed in Table 13 are needed.  
 

Variable 
Para-
meter 

Unit 

R
e
s
is

ta
n
c
e
 c

a
lc

u
la

ti
o
n

 
Total resistance RT - 

Residual resistance RR - 

Frictional resistance RF - 

Fluid density   kg/m
3
 

Wetted surface of the vessel S m² 

Speed of vessel relative to water V m/s 

Froude number  Fnh
 

- 

Fairway depth h m 

Acceleration due to gravity g  

Table 13: Variables for resistance modelling of IWT  

 
The formula for the total resistance consists of three parts. RT, RF, RR are the respective specific 
resistance coefficients for total, residual and frictional resistance, where 
 

 RT
 = 0.5*CT*  *S*V² Formula 40 

 RR
 = 0.5*CR*  *S*V² Formula 41 

 RF
 = 0.5*CF*  *S*V² Formula 42 

 
The total resistance can be also calculated as  
 

RFT RRR   
Formula 43 

 
The calculated resistance corresponds to another concept, the Froude number. The Froude number 
Fnh is a function of the water depth, the speed of the vessel and the gravity acceleration. The re-
striction of the water depth influences vessels, i.e. ships running with velocities corresponding to a 
Froude number.  
 

The Froude number 
gh

V
Fnh   

Formula 44 

 
is defined in terms of the fairway depth h, the speed of the vessel V and the gravity accelera-
tion g. 

 

At Fnh = 1 the point of critical speed is reached, which is denoted by VCrit in Figure 9. At high veloci-
ties the water resistance can increase considerably. Conventional inland vessels are sailing only in 
the lower subcritical speed range with a Froude number ranging below 0.5 to 0.6. 
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Given the specific characteristics of the vessel and the variables for resistance modelling, also the 
power consumption can be evaluated and calculated with the help of Formula 45.  
 

PD = 0.5*g*V³*S*CT Formula 45 

 
The power consumption of different barge combinations (powered and dumb barges) can be evalu-
ated for different water depths and represented in engine power speed curves. Figure 10 below ex-
emplarily shows such a curve for a Barge-Barge-Combination. 
 

 

Figure 10: Power consumption of different barge-barge-combinations  

(Source: Strasser, 2013) 

 

According to Boulter and McCrae (2007, p. 227), in addition to the resistance modelling also the 

propulsive efficiency is very important when determining the emissions and energy consumption of 

inland waterway vessels. The increased difficulty of modelling this parameter and the limited value 

added when taking exact figures into account implies that constant values are used for calculations, 

for emission calculations normally a value between 0.45 and 0.55 is used (cf. Boulter and McCrae, 

2007, p. 228). 

 

Based on the determined power consumption, the pollutant emissions for transport with inland wa-

terway vessels can be derived. The required variables are depicted in Table 14. 

 

MGS 

Pushed lighter 
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Variable Parameter Unit 

P
o
llu

ta
n
t 

e
m

is
s
io

n
s
 

Energy consumption - kg/t 

Air pollutant emission - g/tkm 

Power consumption PD kW 

Specific fuel consumption  SFC g/kWh 

Fuel calorific value - kJ/kg 

Reference load - t 

Emission factor 
 

g/kg 

Table 14: Variables for IWT (pollutant emissions) 

 
The calculation is based on the resistance calculation and the values for propulsive efficiency and 
fuel consumption. The energy consumption of the vessel in kJ per tkm (cf. Formula 46) is calculated 
on the basis of the specific reference load in tons. The air pollutant emissions in Formula 47 (con-
sidering CO2, NOx etc.) are expressed as grams per ton of cargo carried and per kilometre travelled 
(Boulter and McCrae, 2007, p. 228). 
 

Energy consumption 
load referenceV10

valuecalorific  fuelSFCP
3

D

**

**
  

Formula 46 

 

Air pollutant emission 
load reference*V*10

factor emission*SFC*P
3

D  Formula 47 

 

3.2.4 Short Sea Shipping 
 
The calculation of emissions for sea vessels is based on a variety of factors which are summarized 
in Table 15. 
 

Variable Description Frequently applied value 

Vessel type Classification according to cargo 
type 

Container vessel 

 

Vessel size Maximal carrying capacity ex-
pressed in deadweight tons (DWT) 

500-250,000 tons 

Vessel utilization Capacity utilization of the vessel 60-65%  

Type of main and auxiliary en-
gine 

Number of strokes and fuel type of 
the engine 

2-stroke or 4-stroke diesel engine 

Power of main and auxiliary 
engine 

Maximal installed power of the en-
gines 

500-25,000 kW 

Type of fuel Type of fuel used by the vessel marine diesel/gas oil (MDO) 

residual fuel oil (RFO) 

Cruising speed Average speed of the vessel during 
the journey between two ports 

11-25 knots 

Fuel consumption at cruising 
speed 

SFC for a given vessel type at giv-
en cruising speed 

167-210 g/kWh 

Route Route of the vessel, especially the 
number and duration of stops at 
different ports 

 

Table 15: Important variables for short sea shipping transport 

(Boulter and McCrae, 2007, p. 259) 
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The emissions released by a sea vessel are dependent on the characteristics of the vessel on one 
side and on the operational factors on the other side. The vessels are usually divided into classes 
according to the type of cargo which they are carrying and their size including the dimensions and 
the maximal carrying capacity including load, fuel, water, stores and crew expressed in DWT. Fur-
thermore, the type of the engines, their maximal power and the type of fuel is also important.  
 
Unlike the other presented transport modes, sea vessels use two types of engines for their opera-
tion. The main engines are used during cruising at the sea. During their manoeuvring and staying in 
the port for loading and unloading of goods, the auxiliary engines are used. The division of opera-
tional time into cruising, manoeuvring and loading activities is mainly dependent on the route of the 
vessel and the number of ports which the vessel is calling at. In order to increase the utilization, 
vessels usually call at a higher number of ports on one line which increases the transport time and 
also the distances in comparison to direct connection between two ports. 
 
The crucial operational factor for calculation of emissions is the cruising speed of the vessel. Under 
normal weather and load conditions vessels are capable to cruise at their service speed which might 
be listed in their description in different registers (e.g. Lloyd´s register). However, the actual speed 
might significantly differ from the service speed since the speed is very important factor for the fuel 
consumption and a small speed reduction can lead to significant reduction of fuel consumption. 
Therefore in many cases shipping companies try to reduce the speed by 4-15% in case of lower 
utilization, but this measure also leads to longer transport times. 
 
Moreover, the maximal capacity and the utilization of the vessel have to be considered in order to 
calculate the emissions per TEU in case of container vessels. In general, the energy consumption 
does not significantly increase with the increasing utilization because in case of low utilization addi-
tional ballast water needs to be taken in order to stabilize the vessel. Therefore higher utilization 
rate decreases the amount of emissions per container (Kranke et al., 2011, pp. 213-215; Boulter 
and McCrae, 2007, pp. 248-251). 
 
In general, the emissions can be calculated using various methods depending on the amount of 
information available. Simple methods offer an average rate for fuel consumption of the vessel 
based on its type or operational area. This is the case for the simple method implemented in the 
ARTEMIS project which offers average daily fuel consumption factors according to the type of the 
vessel. For container vessels a value of 68 t/day was proposed (Boulter and McCrae, 2007, p. 252). 
 
A similar approach was chosen by Kranke et al. (2011, p. 219) who also offered average values but 
divided the vessels into more categories. Their criteria included the type and size of the vessel, the 
speed reduction and the line or region where the container is transported. According to the shipping 
line the average size and utilization of the vessel was determined and costs were calculated. The 
results for transport between ports within the EU show that on average the fuel consumption is 
78.9 g/TEU-km for full speed and can be reduced to 55.5 g/TEU-km if speed is reduced by 20%. 
These values are of relevance also for the GET Service Platform in cases where no specific data 
about the vessel would be available. 
 
However, if additional data about the vessel is available, a more detailed approach can be used. A 
detailed model was developed in the ARTEMIS project where the investigation was conducted on 
the basis of more than 60,000 vessels from Lloyd´s register. It offers a detailed calculation based on 
characteristics of each vessel and differentiates between emissions from main and auxiliary engine. 
For situations where no detailed data is available, it offers suggestions for average values for each 
factor. Therefore it can be used as a basis for calculations within the GET Service Platform where 
either the suggested factors or real-world data if available will be entered. 
 
At the beginning, the average service speed of the vessel has to be determined. The average 
speeds can be determined according to the type and the size of the vessel. The values for container 
vessels are displayed in Table 16. 
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Vessel type 
Average speed in knots per DWT band 

<5,000 <10,000 <25,000 <50,000 <100,000 <250,000 

Container 14 16 19 22 24 25 

Table 16: Average speed for container vessels 

(Boulter and McCrae, 2007, p. 254) 

 
As a next step, the required engine power needs to be calculated. The main engine power (ME) 
expressed in kW is dependent on the cruising speed and DWT and can be calculated using the fol-
lowing formula: 

          
Formula 48 

 
The coefficients k and n represent constant values derived from the analysis of the vessel database 
and differ for each vessel type and speed. The coefficients for container vessels for different speeds 
are displayed in Table 17. 
 

Speed in knots k n 

<16 3.8556 0.7612 

16 19.536 0.6089 

17 29.400 0.5796 

18 76.086 0.4941 

19 160.65 0.433 

20 293.5 0.4071 

21 295.93 0.4001 

22 384.24 0.3892 

23 321.78 0.4214 

24 164.05 0.4972 

25 72.141 0.5869 

26 55.869 0.6212 

Table 17: Coefficients for main engine power calculation of container vessels 

(Boulter and McCrae, 2007, pp. 255-256) 

 
In addition to the power of the main engine, the type of the engine has to be known. The vast major-
ity of the vessels possess 2-stroke or 4-stroke diesel engines. Whereas the vessels with lower en-
gine power are equipped mainly with 4-stroke engines, the proportion of 2-stroke engines signifi-
cantly increases for vessels with higher engine power. According to the type of the engine, specific 
fuel consumption factors for each type of the vessel can be derived which are displayed in Table 18. 
These fuel consumption factors are comparable to those derived in EX~TREMIS project where the 
recommended values were between 157-235 g/kWh (EX~TREMIS, 2008, p. 23). 
 

Main engine power (kW) 
Specific fuel consumption (g/kWh) 

2-stroke 4-stroke 

<500  186.71 

500-2,500  193.43 

2,500-5,000 210.00 186.97 

5,000-7,500 175.00 183.93 

7,500-10,000 175.00 183.49 

10,000-15,000 170.00 181.21 

15,000-25,000 170.00 181.30 
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>25,000 167.00 178.66 

Table 18: Fuel consumption factors for sea vessels 

(Boulter and McCrae, 2007, p. 260) 

 
After the fuel consumption of the main engine is calculated, it has to be converted into emissions 
using a conversion factor for each type of fuel. In general, vessels can use two main types of fuel 
which are marine diesel/gas oil (MDO) and residual fuel oil (RFO). Conversion factors for each type 
of fuel are displayed in Table 19. 
 
 

Fuel type 
GHG emissions in 

t/t of fuel 

Marine diesel/gas oil (MDO) 3.60 

Residual fuel oil (RFO) 3.39 

Table 19: Emission factors for fuels used in sea vessels 

(Kranke et al., 2011, p. 85) 

 
Besides the emissions from the main engine, the emissions from auxiliary engines have to be calcu-
lated. These emissions are relevant mainly for loading and unloading as well as for hoteling in the 
port. During cruising on the sea the energy used by auxiliary engines is very marginal in comparison 
to the main engine and therefore emissions from auxiliary engines during cruising are not taken into 
account. For calculation the auxiliary engine power (AE) in kW has to be known which can be ap-
proximated from the DWT of a vessel using the following formula: 
 

          
Formula 49 

 
The coefficients for container vessels are k=0.5504 and n=0.8637. 
 
For the operations in the port only a part of the auxiliary engine power is used which differs accord-
ing to the vessel type and operation type. Since ARTEMIS does not explicitly state any value for 
container vessels, the average values for all vessels can be used also for container vessels which is 
43% of the installed auxiliary engine power for loading/unloading and 21% for lay time. After the 
total power used for auxiliary engines is calculated, the emissions can be derived using emission 
factors displayed in Table 19. The total emissions can be then calculated as the sum of emissions 
from main and auxiliary engines. 
 

3.3 Emissions from Transhipment 

 
For logistics not only the transport itself generates emissions. There are GHG emissions attributable 
to transport, which consists for instance from (DLSV, 2013, p. 56): 

- electricity consumption for terminals, warehouses and offices 
- heating of terminals, warehouses and offices 
- consumption of energy for equipment such as forklifts, conveyers and alike 
- loss of refrigerant fluids for refrigerated warehouses. 

 
According to the CEN 16258 these contributions are not being considered (DLSV, 2013, p. 56). 
 
A recent study by Geerlings and van Duin (2011) derived static energy consumption per container 
move in the Port of Rotterdam. They are depicted in Table 20: 
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Energy Type of Equipment Fixed consumption Variable consumption 

Electric Quay Crane 6.00 kWh  

 Rail Crane 5.00 kWh  

 Automatic Staking Crane 7.25 kWh  

 Platform 5.00 kWh  

Diesel Automated Guided Vehicle 1.10 l 1.80 l/km 

 Reach Stacker / Top Lifter  5.00 l/km 

Table 20: Energy consumption in terminals per TEU 

(Geerlings and van Duin, 2011, p. 661) 

 
In case of a transfer from rail to sea transport thus 18.25 kWh are needed to unload, store and load 
a container. For the movement within the terminal 1.1 l plus 1.8 l/km are required. Therefore for a 
1 km transfer to the deep sea vessel roughly 13.5 kg of CO2e are generated with an EU average 
energy mix. 
 
For container transport EcoTransIT (2011, p. 83) finds a figure of 4.4 kWh/TEU and transfer process 
accurate. In order to generate CO2e emissions the figures of the public electricity network must be 
used (cf. Table 9). 
 
The authors of EcoTransIT (2011) compare it against earlier work, where the energy consumption 
was significantly lower. They acknowledge a high uncertainty even with the value of 4.4 kWh/TEU 
transfer process. 
 
The significant differences between the two sources may be due to the size of the terminals. Termi-
nals in ports tend to be far larger, while in smaller terminal locations containers may only occasion-
ally be staked by cranes and a direct transfer from a HDV to a railway wagon might be possible, 
thus limiting the terminal effort to a single crane use. 
 

Therefore it appears to be reasonable to distinguish between large ports such as Rotterdam where 
the fixed consumptions of Geerlings and van Duin (2011) are applied, while in all other presumably 
smaller terminals the 4.4 kWh of EcoTransIT are used. 
 

3.4 Summary 

 
Table 21 gives an overview about the important factors and methods used in emission calculation 
as described in more detail in Sections 3.2 and 3.3. 
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Mode Considered Disregarded Result 

Road  load factor 

 road category 

 gradient 

 vehicle speed  

 static engine efficiency fac-
tor 

 congestion / slow traffic 

 truck sizes (because of the fo-
cus on container transport) 

 EURO emission classes, only 
EURO V considered 

 future vehicle development 

kg CO2e/tkm 

Rail  load factor 

 train length / weight 

 diesel/electric train  
 

 speed 

 future vehicle development 

kg CO2e/tkm 

Inland waterway  load factor 

 vessel dimensions 

 water level 

 waterway characteristics 

 speed 

 water resistance 

 future vehicle development kg CO2e/tkm 

Short sea shipping  load Factor 

 vessel type 

 engine type 

 speed 

 route 

 future vehicle development kg CO2e/tkm 

Transhipment  terminal size  warehousing activities kg CO2e/TEU 

Table 21: Important parameters and results of emission calculations 
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4 Conclusions and Outlook 
 
In GET Service project two different levels of planning are defined. The first is offline planning, 
which provides a transport planner with information about what route and mode is optimal. Section 
4.1 provides recommendations to calculate the expected CO2e emissions prior to departure. 
 
Section 4.2 does elaborate briefly what additional possibilities to approximate CO2e emissions can 
be tapped once real-time data is available and how this can be used to approximate the emissions 
that do occur in reality. The formulas provided in Chapter 3 provide a first approximation on how to 
take e.g. slower traffic into account. 
 

4.1 Conclusions for offline planning 

 
Road 
 
In the context of GET, CO2e calculation methodology is mainly based on fuel consumption values 
and emission factors for HBEFA 3.1. On the basis of these values, formulas were derived to de-
scribe energy consumption and respectively CO2e emissions depending on average cycle speed 
distinguishing between four fundamental road types and taking different traffic conditions into con-
sideration. Furthermore, the load factor and a section’s topography are taken into account. Finally, 
the total fuel consumption depending on the listed factors can be estimated by using Formula 33. 
Total fuel consumption leads directly to CO2e emissions. As the approach considers traffic condi-
tions and road categories, this calculation is suitable within the GET Service platform to estimate 
fuel consumptions for different route options on the basis of both static data (road categories, esti-
mated speed on road sections, loading, topography) and dynamic data (live traffic conditions, travel 
time prognosis, load factor variation). 
 
Rail 
 
For the calculation of GHG emissions for freight transport on railways the Formula 39 should be 
applied which considers the mass of the train (between 600 and 1,800 t total mass) and transforms 
it into the total energy demand. This can thereafter be converted into CO2e depending on the pro-
pulsion of the train. For electric trains the different CO2e factors per country need to be used. Fur-
ther details on the calculation approach are elaborated in Section 3.2.2. 
 
Inland Waterway Transport 
 
The calculation of GHG emissions for IWT is dependent on a number of factors associated with 
vessel and waterway characteristics. Whereas vessel characteristics such as vessel type, dimen-
sions, engine power and load factor can be usually determined in advance and do not change dur-
ing the transport, the waterway characteristics such as cross section and water level are changing 
constantly dependent on which section of the waterway the vessel is sailing. Therefore detailed data 
about waterway characteristics has to be obtained from external sources (e.g. water levels from via 
donau for the Austrian section of Danube). Based on this data, the SFC factor can be determined 
and GHG emissions can be calculated. 
 
Short Sea Shipping 
 
The methodology for SSS is based on the model ARTEMIS and the calculation starts with the aver-
age cruising speed of the vessel as the most important factor. The average speed enables the deri-
vation of main engine power needed for cruising, which together with transport time, engine type 
and specific fuel consumption results in the total energy consumption for the main engine. Further-
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more, emissions for operation of auxiliary engines needed mainly for operations in the ports can 
also be calculated and have to be added to the emissions from main engine in order to achieve the 
total amount of released GHG emissions. The calculation is usually done for one TEU. Therefore 
also the capacity and utilization of the vessel have to be taken into consideration. 
 
Transhipment 
 
In the case of terminal emissions the scientific base is characterized by a high degree of uncertain-
ty. Therefore the authors recommend applying the detailed approach for large ports (e.g. Hamburg, 
Rotterdam, Genoa, Barcelona, Le Havre, etc.) with approximately 18.25 kWh/TEU transhipped. For 
all other terminals the value of 4.4 kWh from EcoTransIT (2011) can be applied. The transformation 
into CO2e shall be made by the regional electricity mix in public networks shown in Table 9.  
 

4.2 Outlook with real-time data (online planning) 

 
The possibility to use real-time data creates a whole new set of opportunities to calculate and up-
date CO2e emissions. GET Service project is targeted to focus aside from its other objectives such 
as data aggregation also on the consideration of real-time data. 
 
Input sources for continuously updated data streams are e.g. GPS data from on-board units from 
trucks, wherefrom e.g. the current transport speed can be calculated. The subsequently listed bullet 
points shall provide a non-exhaustive list of what may be possible with this new capability in terms 
of improving freight transport: 
 

- CO2e can be more precisely calculated once the real speed is being used, 
- based on a certain number of trips, predictions can be made based upon historical data, 
- further predictions on trip time and CO2e emissions can be made in dependence on the driv-

ing behaviour in the past few hours 
- if unexpected transport events are taken into account more precise approximations can be 

made, 
- weather forecasts can contribute to better estimation of possible delays which might lead to 

congestions and increased GHG emissions 
- updated information about water levels and their forecasts can improve the information 

about the usability and capacity of inland vessels which influences the amount of GHG 
emissions per TEU 

- a detailed information about the route together with the path altimetry of the chosen links can 
contribute to a more detailed consideration of the influence of gradients on the total fuel con-
sumption for both the offline and online planning 

 
All of the above mentioned approaches contribute to a more sophisticated real-time based approxi-
mation of CO2e emissions. This can lead – once the vehicles are approaching a point of decisions 
such as a motorway intersection – to a recalculation of the optimal route, which is then pushed e.g. 
from the transport planner/controller to the driver.  
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