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Executive summary

Introduction

The aim of Amitran is to develop a framework for evaluation of the effects of ICT measures in
traffic and transport on energy efficiency and CO, emissions. This deliverable describes the
main outcomes of WP4 of Amitran: a methodology for the evaluation of the effects of ICT
measures on CQ emissions (including a methodology for scaling up), the framework
architecture for this methodology (steps, models, interfaces and simulation environments that
are needed for the methodology) and the model requirements (what should the models in the
framework architecture be able to do, what are their inputs and outputs).

The scope of Amitran is as follows. Al modes are included with the exception of air transport
and deep sea transport. All types of ITS applications are included The long term changesas a
result of ITS on the infrastructure network and public transport and freight transport
scheduling are not included. Focus of Amitran is on the assessment of CQ effects while other
results are extras The geographical scope for Amitran is the EU27' countries; the
methodology can be applied on all scales, but focus for scaling up is on country and EU-27
level.

Definition of the methodology

The definition of the methodology is the general outline of the Amitran methodology
including its main steps. The figure below illustrates the chain from ITS systems to CQ
emissions; it gives a logical overview of how ITS systems can have impact on C@emissions.
The main elements of this chain are system categorization, factors and parameters influenced
by ITS, tansport system, parameters relevant for CQ emissions and scaling up.

Factorsand parameters
influenced by ITS

ITS system or service

Navigation and Travel —
Information ‘ Indirect factors ‘ Relevant parameters

Traffic Management and —— for CO2 emissions
Control 1 Freight
Demand and Access 1 Passenger 1 Speed —

[ Parameters describing ) 1 Acceleration CO; emissions (local)

Management
Driver Behaviour and traffic demand 1 Road 1 Kmtravelled
1 Rail 1 Weight

1 Shipping 1

a N

T
Transport system

Eco-Driving
Logisticsand Heet
Management

Safety and Emergency
Systems

Long term
effectson ITS

k.

Parameters describing

driving behaviour and CO, emissions (large scale)
vehicle conditions

! The Amitran methodology is generic and can also be apfdi¢tte EU28, 29 omore in the future thoughit will depend
on the availabilityand updatesof datainto the Knowledge Base
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Starting from an ITS system the system can have a direct or indirect influence on driver or
traveller behaviour and on vehicle conditions. These mechanisms are distinguished intofour
groups: (1) parameters describing traffic demand (trip generation, destination, mode,
departure time, and route choice); (2) parameters describing driving behaviour and vehicle
conditions (lane change, speal, headway and driving dynamics) (3) indirect factors
(infrastructure capacity, transport costs, availability of mode and transport means, connections
with other modes); and (4) lbng term effects of ITS (when deployment of an ITS induces
demand and leads to new infrastructure or adjusted public tran sport services. When an ITS
influences traffic/transport directly , the effect is described with a parameter (such as route
choice, departure time choice, driving behaviour). When an ITS influences traffic/transport
indirectly via some external influence, the effect is described with a factor (such as
infrastructure capacity, transport costs). Together these influences are reflected in the overall
transport system; the total of transport (freight and passengers) on all transport networks:
road, rail and inland shipping. In turn, changes on the transport system have an effect on
parameters that directly influence CO, emissions, such as speed, acceleration, kilometres
travelled etc. The CO, emissions on a local level can be calculatedfrom these parameters and
scaled up to a larger geographic region if needed.

Framework architecture and model requirements

The framework architecture is a detailed and technical description of the required (modelling)

steps in the Amitran methodology . The Amitran architecture follows the approach of the

factors and parameters that can be influenced by ITS.This is done to keep the framework
architecture (relatively) simple and consistent with the methodology , and because the choice
of models and flow of calculations depend on the factors and parameters influenced by the
ITS.The figure below gives a(general) overview.

D4.1: Requirements and design of the methodol@gydate,versionl11, 201405-02) Vi
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ct-.-.-ur.k and Madel
eronomic data
o FrEiEht ™
ITS application

DEMAKD MODEL model |

Data flow

Driwing behaviour

)
rriadel |

Macrascopic Micrescopic N )

ol Data flow (interface)

TRAFFIC SIMULATION MODEL l

MNetwaork(s) N
|road, rail, .}

Emission
factors

| Macro | | Micro J

|

‘ Scaling up

Scaled up 00,
EnLissions

EMISSION MODEL

SCALING UP

The framework is divided into four main parts: demand modelling, traffic simulation
modelling, emission modelling and scaling up. First a demand model is used to create the
demand in terms of trips from origins to destinations. A distinction is made between freight
and passenger traffic due to the differing demand models creating the respective parts of the
total traffic. For both models (as well as for the traffic simulation model) the network on which
the traffic takes place is input; its most important parameters are d apart from the graph
structure of the network itself o the capacities, volume-speed-relationships for the network
links, and nodes. Output of the demand model are matrices of origin -destination (OD) pairs
for given time intervals.

The traffic simulation model links the demand to the traffic network; it creates the traffic flow
and provides thus the data for the emission model. For passengers the traffic simulation
model often incorporates the demand model. The output of the traffic simulation modelling
consists of the amount of traffic (vehicle mileage), information on the weight/occupancy of
vehicles (this is also input 8 vehicle fleet), the characteristics of traffic (e.g. average speed per
link), and in case of a detailed microscopic approach data on the individual vehicles (e.g.
acceleration profiles).

D4.1: Requirements and design of the methodol@gydate,versionl11, 201405-02) vii
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These data feed into the emission modelling part. The emission models use the traffic
simulation models input and calculate the emission values from the macro or micro input. The
types of emission models to be employed depend on the type of traffic data used (and this
depends on the ITS application). for aggregate traffic data emission factors or macroscopic
emission models are suitable while microscopic traffic simulation models feed into detailed
microscopic emission models. Macroscopic models use link specific data like flow and/or
speed and derive an emission value from this. Microscopic emission models use the vehicle
trajectories and calculate emissions for individual vehicles based on driving dynamics ard
engine specific emission characteristics. The emission models generate the amount of
emission for the scenario under investigation.

The requirements that Amitran poses on the models were identified in the framework
architecture as described in Chapter3. Thisresultedina 6 wi sh | i stdé of the ¢ty
are needed by Amitran. The model requirements are given in terms of a technical description,
inputs and outputs. Since Amitran does not develop new models, the requirements are given
on a functional level, and not on a software level.

Scaling up

For scaling up CO, emissions (e.g. to country level or EU27 level) two methods are
distinguished: scaling up using statistics and scaling yp using a macroscopic multimodal traffic
model. A knowledge base will be developed to provide the Amitran user guidance for carrying
out the scaling up. The setup of the knowledge base has been defined. The knowledge base
will offer to the user: (1) guidance through the scaling up process; (2) examples of scaling up;
and (3) links to relevant data. Based on examples of scaling up methodologies, a preliminary
list of data needed for scaling up was prepared.

D4.1: Requirements and design of the methodol@gydate,versionl11, 201405-02) Vil
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Glossary of terms

Term

Description

Baselineperiod/ phase

Emission factor

Period of time during which the system, function, application or measure
under test is not operating

Measure of the average amount of a specific pollutant or material
discharged into the atmosphere by a specific process, fuel, equipment, or
source. It is expressed as number of pounds (or kilograms) of particulate
relative to units of activity 9 e.g. for driving masg distance)

Emission rate

The weight of a pollutant emitted per unit of time (e.g. tons/year or g/s)

Level of Service

Level of Service (LoS)s a measure used to describe the performance of
transportation infrastructure. The Highway Capacity Manual lists the
following levels of service:

A = Free flow

B = Reasonably free flow

C= Sable flow

D = Approaching unstable flow

E= Unstable flow

F = Forced or breakdown flow

Link A road, rail or waterway connection
Node A connecting point at which several links come together
Scenario Description of the future* state of the world & usually used to describe

alternative states of the world for comparison in policy analysis or CBA
(*usually future, although may also be applied to the past in ex post
evaluation)

Situational variable

An aspect of the surroundings made up of distinguishable levels. At any
point in time at least one of these levels must be valid.

Transport supply

The capacity of transportation infrastructures and modes, generally over a
geographically defined transport system and for a specific period of time.
Supply is expressed in terms of infrastructures (capacity), services (frequency)
and networks (coverage). Capacity is often assessed irstatic and dynamic
terms. The number of passengers, volume (for liquids or containerized

traffic), or mass (for freight) that can be transported per unit of time and

space is commonly used to quantify transport supply.

Transport demand

Transport needs. Similar to transport supply, it is expressed in terms of
number of people, volume, or tons per unit of time and space.
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Treatment period/phase

Period of time during which the system, function, application or measure
under test is operating, such that it is either active all the time, or can be
switched on or off (e.g. by the driver or traffic manager)

Acronyms

Acronym Description

ACC Adaptive Cruise Control

ADAS Advanced Driver Assistance System

CBA Cost Benefit Analysis

CH, Methane

CNG Compressed natural gas

Cco Carbon monoxide

Co, Carbon dioxide

DoWw Amitran Description of Work

FESTA Field opErational teSt supporT Action; delivered handbook to assist in setting
up, conducting and evaluating field operational tests

FOT Field Operational Test

GHG Greenhouse gases, including CQ

HC Hydrocarbon

HDV Heavy duty vehicle

HMI Human-machine interface

ICE Internal combustion engine

ICT Information and Communication Technology

IPCC Intergovernmental Panel on Climate Change

ITS Intelligent Transport System

LDV Light duty vehicle

LNG Liquefied natural gas

NOXx Nitrogen oxide

N,O Nitrogen dioxide

D4.1: Requirements and design of the methodol@gydate,version10, 2014-05-02)
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PM, PM10, PM2.5 Particulate matter or particulates, PM10 are particles on the order of ~10
micrometres or less, PM2.5 areparticles smaller than 2.5 micrometres

SQ, Sulphur oxide

SV Situational variable

TEU Twenty foot Equivalent Unit (container size)

UNFCCC United Nations Framework Convention on Climate Change

VOC Volatile organic compound

WP Work package
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1.Introduction

The aim of Amitran is to develop a framework for evaluation of the effects of ICT measures in
traffic and transport on energy efficiency and CO, emissionsthat can be used by stakeholders
who want to assess a certain ICT measure By doing so, Amitran will contribute to the
development of ICT solutions that allow more (fuel) efficient multimodal goods transport and
passenger mobility.

The objectives of work package 4 (WP4) in Amitran are to define a methodology for the
evaluation of the effects of ICT measures on CQ emissions (including a methodology for
scaling up), to design the framework architecture for this methodology, to define the model
requirements and to develop and build a database for scaling up.

This deliverable describes themain outcomes of WP4: a methodology for the evaluation of the
effects of ICT measures on ©, emissions (including a methodology for scaling up), the
framework architecture for this methodology (steps, models, interfaces and simulation
environments that are needed for the methodology) and the model requirements (what
should the models in the framework architecture be able to do, what are their inputs and
outputs). Whereas the methodology describes the chain from ITS systems to CQ reductions in
general, the framework architecture is a more detailed and technical description of the
required (modelling) steps.

Because a lot of data needed for scaling up is already available in existing database, it has
been decided that instead of building a database for scaling up a knowledge base will be
developed. This knowledge base will provide guidance, suppat and examples on the scaling
up process and will contain links to the most relevant data sources. The knowledge base will
be due at the end of the Amitran project; this document contains the set -up of the knowledge
base.

This introduction chapter describes the background of the project (Section 1.1), the approach
that was used to produce the outcomes of this deliverable (Section 1.2), the scope of the
project (Section 1.3), the user and use of the Amitran methodology (Section 1.4), the relations
with other projects (Section 1.5) and other work packages and deliverables within the project
(Section 1.6) and an overview of the deliverable (Section1.7).

1.1 Background

The mechanisms by which ICT has an impact on C®emissions can be very complex, and
calculating this impact requires various models, such as trafficsimulation models, (multimodal)
transport demand models and emission models. An integrated and harmonized modelling

approach for the assessment of CQ emissions is not available, and knowledge on interactions

D4.1: Requirements and design of the methodol@gydate,versionll, 201405-02) 1
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between the models is missing in some cases. Currently available models do not provide a
complete view, and there is a need for an integrated evaluation approach.

Amitran will fill this gap by providing a complete methodology and tools to assess CO ,
reductions in a systematic and realistic way. This will facilitate the comparison of different
systems and studies. Amitran will give a clear integrated view on how ICT influences mobility
aspects of the whole (multimodal) chain and CO, emissions, and it takes into account the

whole process of transport and mobility . The exact scope of Amitran can be found in Section
1.3

1.2 Approach in developing the Amitran methodology

This section describes the approach that is used to develop the Amitran methodology,
framework architecture and model requirements.

Scoping and categorization

At the start of the project WP4 delivered a document (milestone) that was a starting point for
several of the work packages in Amitran. Results of the document were outcomes on the
scoping of Amitran with regard to travel modes, a first system categorization (that was taken
further in WP3), and a distinction of stages of the transport process and travel and transport
modes (including distinction of different vehicle and fuel types). Also a decision on the scope
of CO, effects that is taken into account in the project w as made. The work in this step has set
the first boundaries for the Amitran methodology, and helped making an overview of the
stages of transport, modes, and vehicle and fuel types that play a role in the project.

Literature review

In developing the metho dology, Amitran makes use of existing knowledge from other

(European) projects that work(ed) on (environmental) impact assessment, scaling up and
development of models. An inventory of knowledge and approaches (in impact assessment
and scaling up) that have been used in other projects has been made for this purpose. In
Table 1 an overview of the reviewed projects (and working groups, task forces, etc.) can be
found, including a short description of what the projects are about.

Table 1: Overview reviewed projects.

Project Short description

FESTA (Handbook, Guidelines for conducting FOTs: whole process of planning, preparing,
[1D executing, analysing and reporting a FOT.

D4.1: Requirements and design of the methodol@gydate,versionll, 201405-02) 2
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Project

ICT & Energy
Efficiency study[2]

ECOSTAND (D2.1,
[31)

Introduction

Short description

Analysis on how ICT can contribute to reduction of emissions of CG, and
possible other greenhouse gases through innovative technologies.

Describes the general approach that ECOSTAND will follow (common
assessment methodology) and provides an initial basis for discussions
between EU, US and Japan.

EC Meti taskforce
(technical report) [4]

eCoMove (D6.2,
validation plan) [5]

Summarises the status in EU with regard to methodologies for assessing the
impacts of road transport on CO..

Gives an overview of the validation categories (environment, mobility, driver
behaviour including driver performance, safety, user acceptance and driver
compliance) and validation process starting from the definition phase,
evaluation in order to finalise with the impact assessment.

iCars (overview
assessment
methods) [6]

The catalogue includes 14 methods for various uses with regard to impact
area, assessment type as well as the lifecycle of the system assessed. The
results show the focus and applicability of a selection of methods for
different purposes.

USEU WG on
assessment tools

Working Group on assessment tools for cooperative system, collaboration
between US and EU.

euroFOT[7]

European FOT on Active Safety Systems. In the project impacassessment is
carried out, including environmental impacts.

eSafety forum WG
ICT for clean and
efficiency mobility

(8]

Review of Green ITS measures. Seven typad ITS application areas that
seem to offer the greatest potential for environment are identified.

COFRET9]

A FP7 project in which a methodology is developed for calculating CO,
emissions in the context of supply chains.

2Decide [10], [11],
[12]

A FP7 project in which an ITS toolkit for decision makers has been
developed.

EC IA guidelines [13]

EC guidelines used for their own impact assessment for new policy
measures.

ETISplusproject [14]

RETRACK15]

ETISplus develops a database containing the most recent transport related
data for the EU, including data influencing transport activities (e.g. socio-
economic, mobility patterns, prices, taxesé )

The RETRACK project applies an innovative rail freight service concept to the
movement of rail freight across Europe.
In the RETRACK project a knowledge basés developed.

D4.1: Requirements and design of the methodol@gydate,versionll, 201405-02) 3
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Project Short description

EnergyITS Project in | Aim to establish reliable international evaluation methods to estimate traffic
Japan [78] flows using hybrid simulation tools that encompass traffic networks from
metropolitan to rural areas as well as an emission model to calculate
vehicular CO, emissions.

ICT-EMISSIONS[79] | The main goal is to develop a novel methodology to evaluate the impact of
ICT-related measures on mobility, and vehicle energy consumption of
vehicle fleets at local scale.

Most of the information found in the literature was either too general or too specific
(applicable to one specific example) to be directly usable for developing the Amitran
methodology and the scale up approach. Most useful projects were eSafety forum WG ICT for
clean and efficiency mobility, EC Meti taskforce ITS project (Japan), ECOSTAND,ICT
EMISSIONS COFRET(for methodology), and FESTA, euroFOTETISplusas well RETRACKfor
scale up and knowledge base)

The eSafety forum WG on ICT for clean and efficiency mobility was established in December
2006 to define how ICT and ITS carhelp making transport for people and goods cleaner and
more energy-efficient. Therefore, a eview of dGreen ITS measure8 wa s maalen types d
of ITS application areaswere identified. The application areas from the eSafety forum working
group is used in Amitran for the categorization of ITS systems and services.

In March 2008, the European Commission has agreed with the Japanese Miistry of Economy,
Trade and Industry (MET]I) to develop a common methodology for assessing the impact of ICT
for transport on CO, emissions. The first step for such methodology was to conduct a survey
of existing methodologies and approaches to traffic and emission modelling in the EU and
Japan. For the EU, theEC Meti taskforce (technical report) summarised the status and defined
some recommendations, including:

9 Identifying the core green ITS applications, where six categories were proposed;

91 Defining the main elements of the common methodology as: traffic simulation models,

emission models, probe information and traffic database;
1 Defining a roadmap for developing the required modelling technologies;
1 Explaining the requirement to have a clear definition o f data needs and availability.

In Japan, the Energy ITS project was conducted from 2008 to 2012 to establish a reliable
international evaluation method for ITS and to develop a technology for autonomous driving
and platooning. For the methodology, hybri d simulation tools were developed, which include
traffic networks from metropolitan to rural areas as well as an emission model to calculate CO,
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emissions. Moreover, technology to monitor CO, emissions using probes was developed and
a comprehensive technology to estimate CO, emissions was examined.

In January 2009, an agreement was signed between the European Commission and the
Research and Innovative Technology Administration (RITA) of the US Department of Transport
(DoT). As a result of the two European agreements with Japan and the US, the threeg/ear
ECOSTAND project was established in December 2010.The FP7 project ECOSTAND
(Coordination and Support Action) has the objective to provide support for an agreement
between three regions & the European Union, Japan and the United Statesd on a framework
for a common assessment methodology for determining the impacts of Intelligent Transport
Systems on energy efficiency and CQ emissions. ECOSTAND did not aim at producing a
methodology, but rather at developing a roadmap and joint research agenda to ident ify gaps
in the research and propose solutions to enable the development of the methodology. To
achieve this goal, ECOSTAND developed a roadmap with actions to be undertaken to
conclude the development of the methodology and the supporting tools. The devel oped
roadmap covers the period up to 2020 and was divided into four stages: current (to 2013),
short term (Nov 2013 8 Dec 2014), medium term (2015- 2016) and long term (up to 2020).
The recommendation actions for each stage were statedin [80].

ICT-EMISSIONSIs another FP7 projectdealing with a methodology to assess the CO, impact of
road transport (Oct. 2011-Sep. 2014) granted within the same call as Amitran. The project
aims to develop a novel methodology to evaluate the impact of ICT -related measures on
mobility, and vehicle energy consumption of vehicle fleets at local scale. Special attention is
given to new vehicle technologies such as startstop systems, hybrid, plug-in hybrid and
electric vehicles. Since ICT-EMISSIONS is running parallel to Amitan, a close contact between
the two projects is planned (see Section 1.5).

In the context of freight transport, the COFRETproject is examining methodolog ies for the
accurate calculation of carbon emissions considering all modes in the supply chains. COFRETs
also running parallel to Amitran and is used for the link with logistics/supply chain and other
modes.

Concerning the scaing up approach, one project from which Amitran can use earlier
developed knowledge is FESTA. In FESTA, a handbook was ddeped to provide guidelines
for the conduction of Field Operational Tests (FOTs)[1]. It walks the reader through the whole
process of planning, preparing, executing, analysing and reporting a FOT, and it gives
information about aspects that are especially relevant for large FOTs, such as administrative,
logistic, legal and ethical issues. Another aspect of the FESTA Handbook is to pave the road
for standardisation of some aspects of FOTs, which would be helpful for crossFOT
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comparisons. The description on how to carry out impact assessment and scaling up in FESTA

is not very extensive, but FESTA is a good reference for users when they are organizing a field
test.

Another relevant project is the euroFOT project, which has done work on developing a scaling
up approach. Thee ur o F OT 06 are used siquirput fr the Amitran scaling up approach.

With regard to the scaling up knowledge base that will be developed, there are two useful
projects, namely ETISplus and RETRACKTISplus develops a database containing transport
related data for the EU, and in the RETRACK project a knowledge base is developed where we
can learn from.

In Section 1.5 it is explained in a broader sense (not just for developing the Amitran
methodology, but for the whole project) what the relations to other projects are; projects
mentioned in this lite rature review as well asother projects.

Brainstorming and workshops

Based on the literature review, the work carried out in WP3 and the expertise of the partners
within WP4 a first version of the Amitran methodology and framework architecture were set
up in a brainstorm session that included making a flowchart. This flowchart described in a very
rough way the steps that are needed to calculate CO, emissions. This flowchart helped to get
a feeling for the different (types of) steps that we had to in clude in the methodology.

In a separate workshop the first set up of the scaling up methodology was developed. A
number of ITS systems were used as an example: for these systems, the way to scale up local
results to larger scale results (for example on EU27 level) was written down. From these
descriptions gener al 6rul esd were derived, whi c
that a more general description of the scaling up methodology could be developed.

Working out methodology , framework arc hitecture and model requirements

Based on the O6roughd fl owchart developed in the
made of the steps needed for CO, calculation, including the models that are needed. What the

inputs and outputs of the different mode Is are and what they should be able to do (model
requirements) was worked out as well. Also the scaling up methodology was developed in

more detail, and everything was integrated in one methodology. The framework architecture

was finalized, explaining the different parts of the Amitran methodology, to calculate CO,

emissions for an ITS on a large scale level.
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1.3 Scope

In this section, the scope of Amitran is explained concerning all relevant aspects, such as
transportation modes, ITS applications, future technologies, other emissions, wellto-wheel
approach and the geographical scope.

Transportation modes

The Amitran methodology takes into account all types of European (multimodal) traffic for
freight and passengers. To be precise, this includes rail, short sea, inland shipping,
transhipment and all kinds of road transport. Air transport and deep sea transport are not
included.

Applications: ICT for transport

Amitran considers all types of ICT in the above mentioned transport modes that can be used
to improve any transport process, or in particular that have a potential to reduce CO,
emissions. This includes navigation and traveller information systems, traffic management and
control systems, demand and access management systems, driver behaviour change and &-
driving systems, logistics and fleet management systems, and safety and emergency systems.
Also applications that influence auxiliary systems such as aiconditioning and other
parameters that affect vehicle performance such as tyre pressure are consideed. The
categorization of ICT applications for transport are taken from the ECOSTAND project[3] and
further detailed in sub-categories, as reported in Amitran deliverable D3.1 [16]. In Amitran,
both the terms dTSHand ACT for Transporbare used; they are considered to be synonyms. In
deliverable D3.1 the types of ITS systems taken into consideration are explained and
categorised, as well as an expert impact estimate has been performed, resulting in a list of
systems with high potential for CO, reduction. The used categorisation and the methodology
is flexible in the sense that also other ITS or future ITS can be categorised and assessed within
the Amitran framework.

Not all long term and indirect effects of Intelligent Transport Systems are taken into account
in the Amitran methodology. Changes to the transportation network (infrastructure network)
and public transport and freight transport scheduling on the long term are not included in the
Amitran methodology. For example, an increase in traffic demand might influence the building
of roads, and an increase in travelling by public transport might change the bus schedules.
Depending on the type of evaluation that is carried out an indirect change in demand (e.g.
induced demand because of better throughput) can be calculated with the Amitran
methodology.

Future technologies and scenarios
The actual developments in the field of power trains, hybrid and electrical vehicles, driven by
the European CGQ legislation aimed to reduce CO, emissions interfere with the effects of ITS
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on CO, emissions. Therefore we have the ambition to take these developments into account,
but it depends on the possibilities of existing emission models to account for the transition of
technologies, for how far we can include this in the Amitran methodology.

Concerning other future developments that will influence the effect of ITS on CQ,, for example
the fleet composition (vehicle types) and future mobility behaviour, it is important that a
proper baseline scenario is used. This is explained inSection 3.1.4 However, Amitran is not a
project doing research on how to build scenarios for the future. Defining a baseline scenario
for future years therefore falls outside the scope of the Amitran project.

Other relevant emissions

The Amitran methodology focuses on the assessment of CQ effects, in order to contribute to
reduction of emission of greenhouse gases. Additional greenhouse gases associated with
transport emissions are N,O and CH; (methane). Both have only minor contributions from
transport?, despite being more effective as greenhouse gas.

However, there is a need among the stakeholders to also assess the effects of other emissions
from transport, such as particulate matter (PM10, PM2.5 EQ, NO,, HC, CO, SQ VOC eftc., as
was also indicated by the stakeholder needs as repored in deliverable D2.1 [17]. This is
because both on country and EU level, norms (standards and oljectives) have been developed
for maximum concentration values of these pollutants (per hour, day or year, see[18]). The
focus of Amitran is on CO, emissions, but sometimes fuel consumption and/or emissions of
other pollutants come along with CO , emissions by using emission models. In that case they
can be taken into account.

Life-cycle or well -to-wheel approach

In order to be able to make a fair comparison between different transportation modes and
vehicle types, in particular for different fuel or energy carrier therein, it is necessary to not only
look at direct CO, emissions, but also at additional CO, emissions needed for energy
production . These emissions are called t h avell-do-tank6 emissions. For example, electrical
transportation modes have emissions earlier in the chain, comparedto vehicles with a
combustion engine. Since ITS do not influence the weltto-tank part, this is not included in the
Amitran framework. However, since the wellto-tank emissions have an influence on the total
number of emissions, we do give additional information below, including references to
literature where emission factors associated to energy consumptions before the tank can be
found.

% Depending on engine technology and penetration of heavy -duty CNG/LNG vehicles methane may
have some significant effect, but still only a fraction of the CO, contribution to greenhouse gases.
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In life-cycle analysis(of which a well-to-wheel analysis is a specific form) the analysis is often
broken down into stages like production, transport, conversions, distribution, each with their
own particular associated energy consumption and emissions. The wellto-wheel analysis is
commonly used to assess total energy consumption and emissions impact of different types
of modes and vehicles including their carbon footprint, and the fuels used in each of these
transport modes. Within the European context, data are available for the additional energy
consumption and emissions associated with the chain before the tank, [19]. The framework of
the UNFCCC and the IPCC are the appropriate platforms for the consensus on the attribution
of the emission of greenhouse gases to the appropriate sources. Adding well-to-tank
emissions should be carried out according to those guidelines.

Well-to-tank approaches are the assignment of the amount of fuel used by the emissions of
production, processing, and transport of the fuel. Based on the origin of the fuel, age and size
of the processing plants the emission may vary. Typically thewell-to-tank emission of CG, is
less than 20% of the total emission. Therefore, the vast majority of the emissions occur while
driving. This is not the case br electric vehicles, where the emission of the vehicle is zero, and
the emission of the electricity production depends on the mix of power plants and alternative
energy sources. For pollutant emissions the fraction of well-to-tank is even lower. Certain
parties construe average values of the well-to-tank emission based on the averages of
production and transport, typically for a country or region. For example, in terms of grams of
CO, emission per litre fuel sold. These numberswill vary from region to region, and year to
year. This variation is not only due to the production of fossil fuels, but also because of the
increasing fraction of biofuels in the European market. When assesing the effect of ITS
measures it is important to use the same basis for allwell-to-tank emissionsinstead of relying
on different sources of data. For European assessments the ConcawdRC study[19], which is
regularly updated, is the common source for well-to-tank assessments.

Also in the FP7 project COFRET a welio-wheel approach is applied. Their approach is to use
well-to-wheel emission factors for each transport mode. This doesnot influ ence the rest of the
methodology. The approach of Amitran is similar.

The environmental impact created by the production of the ITS application itself and by its
physical existence (e.g. energy consumption because of the use) is not taken into account.

Geographical scope

The geographical scope of the Amitran project is Europe, and to be more precise, the EU-27
countries. The user of the Amitran methodology should be able to assessCO, effects on total

EU 27 level. For this,a scaling-up methodo logy is developed to scale up the effect from local

level to EU-27 level. However, itis also be possible to assess the effects on country or local
level, as also came out as a stakeholder needgee D2.1, [17]). The Amitran methodology can in

principle be applied on all scales, and the two main geographical levels that are taken into
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account in the scaling-up methodology explicitly are EU27 level and country level (the
knowledge base offers links to these types of data).

Output

Amitran focuses on CGO, emissions, but while carrying out the assessment, other outputs can
be obtained as well. For other emissions and fuel consumption this is already explainedin this
section. Besides that often traffic indicators (throughput, speed, travel times) are obtained as
well, since traffic simulation models are used in the assessment.

1.4 Use of the Amitran methodology

This section explains shortly who the users of the Amitran methodology are and how the
Amitran methodology can be applied. This will be elaborated more later in the project and

presented to all potential users in the Amitran online guidance tool (part of D7.6: Online
checklist and handbook for assessing ITS measwrs impact on CO, emission). These
documents will guide users and stakeholders in using the Amitran methodology in their

assessment activities.

Who are the intended users of the Amitran methodology?

Based on analysis in WP2 three types of user groups have ben identified: stakeholders
applying the methodology, stakeholders requiring the use of Amitran and stakeholders
influenced by the results of Amitran. Research and consulting organizations are seen as the
main stakeholders applying the Amitran methodology , while stakeholders requiring the use of
Amitran are for example public authorities. In Deliverable 6.1[20] use cases are defined based
on the profile of the rel evant Amitran stakeholders, illustrating in which contexts and for which
purposes Amitran might be applied. The following important users and stakeholders of
Amitran have been identified: national authorities, city public authorities, logistics companies
and research and consulting companies

Depending on t he stakehol der 6s rol e (perform
commissioning others to perform the assessment), different information about Amitran or
knowledge is required. The stakeholders applying Amitran by running the models themselves
needs to have sufficient basic knowledge on modelling, evaluation and ITS. From the other
stakeholder types, no expert knowledge is required in order to understand the basic steps and
goals of Amitran.

Why should the Amitran methodology be used  ?
Amitran combines a couple of advantages for evaluating the impact of ITS on CO, emissions
that other methodologies do not offer all in once:
1 Amitran offers a full methodology taking into account different types of European
(multimodal) traffic for freight and passengers;
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1 Amitran includes a methodology to scale up local effects to a larger level;

1 Amitran will offer a knowledge base with access to the relevant data needed to scale
up the results;

1 Amitran will specify interfaces that can be used to connect the models necessary for a
CO, assessment;

1 Amitran aims to offer a standardized method; when assessments are carried out with
Amitran the results can be compared;

How can the Amitran methodology be applied?

WP7 will deliver an online guidance tool and checklist to guide the user through the
methodology. The online guidance will also give examples on the application of Amitran
methodology. The use of the scaling up methodology will be explained as well The guidance
tool will be in the form of an online wiki, as worked out in Chapter 4. The scaling up
knowledge base will be provided as a separate deliverable,D4.2.

1.5 Relation with other projects

Amitran makes use of existing knowledge from other (European) projects that work(ed) on
(environmental) impact assessment, scaling up and development of models, such as the study
Ol mpact of I nf or mat i oTechnalogids of &mergy Efficiereyt in dRoad
Tr ans [Rpand the FP7 project ECOSTAND (Coordination and Support Action) Projects
especially relevant for developing the Amitran methodology and other WP4 issues have
already been described in the literature review in Section 1.2; in this section projects useful for
Amitran in a broader sense are discussed.

ECOSTANDprovides support for an agreement between three regions & the European Union,
Japan and the United Statesd on a framework for a common assessment methodology for
determining the impacts of Intelligent Transport Systems on energy efficiency and
CO, emissions. Becaise of this largely common objective, Amitran cooperates closely with
ECOSTAND and will usewhenever fitting in Amitran, what has already been developed by
ECOSTANDAN example is the categorisation of ITS applications, as used in D3.116].

Another project from which Amitran can use earlier developed knowledge is FESTA. In FESTA,
a handbook was developed to provide guidelines for the conduction of Field Operational
Tests (FOTs)[1]. It walks the reader through the whole process of planning, preparing,
executing, analysing and reporting an FOT. Another aspect of theFESTAHandbook is to pave
the road for standardisation of some aspects of FOTs, which would be helpful for cross FOT
comparisons. Amitran can learn from FESTA how to develop a handbook and methodology
aimed at giving guidelines and standardising assessmeris of ITS. We will use the guidelines
from FESTA whenever they are applicable for C@Qassessments of ITS. This is already reflected
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in the organisation of the workplan as shown in Figure 1, which has similarities with the FESTA
V-shape representing the FOTchain [1].

Furthermore, another comparable FP7 project running in parallel with Amitran is ICT-
EMISSIONS.The goal of ICFEMISSIONS is to develop a novel methodolg@y and software
tools to evaluate the impact of ICT-related measures on mobility, vehicle energy consumption
and CO, emissions of vehicle fleets at the local scale by means of real world tests with selected
applications. While Amitran ai ms t o deokkdlo®p metbhgldo!l ogy suit at
measures within the scope, ICTEMISSIONS develops more specific methodologies for
selected applications. Because of the overlap in the projects, coordination and cooperation is
in the interest of both projects and the European Commission. Therefore several coordination
meetings are organised to determine in detail the areas of synergy and overlap and the
consequences of a possible common approach.

Finally, several other European projects are runningwhich also are of relevance when they are
developing or assessing ICT measures in transport on C@emissions. Examples areeCoMove,
COFRET, CarboTRAFmMartCEM, Optimism, and Sunset. These projects will be followed by
Amitran and informed about Amitran. Cooperation might be possible in the performance of
use cases for the validation of Amitran. This will be worked out in detail in WP6.

1.6 Relations with other work packages and deliverables

WP4 is the central work package in Amitran and therefore has strong links with the other WPs;
see Figure 1 for an overview. In WP4, the scoping, outline, design and requirements of the
methodology are developed and as such serves as input to the development of the
methodology. WP4 provides input to WP5, WP6 and WP7. In WP5 open interfaces to connect
models will be developed and reported in D5.1: Specifications of interfaces.

Feeding into WP4, WP2 and WP3 have both provided input. In WP2 the user needs irrelation
to the methodology have been identified, and the requirements for the modelling framework
have been developed. Also the Amitran use cases have been outlined (further developed in
WP6) which provide insight into the use of the Amitran framework. This has been reported in
Deliverable 2.1: Framework Requirements Definition[17]. WP3 has developed a typology for
ITS based on a list of systems and services, theiinfluences on transport and travel behaviour
and the role they play in influencing CO, emissions. This provides the basis for the scoping of
the Amitran framework and model interface development. The methodology for this
classification of ITS has been r@orted in Deliverable 3.1: Methodology for classification of ITS
[16].

WP6 validates the impact assessment methodology, based on the outputs defining the
framework and its architecture, models interfaces and scaling up from WP4. Finally, WP7
handles all dissemination issues, and part of this is the creation of an online checklist and
online guidance tool, which is based to large extent on the outcome of WP4. The checklist and
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the guidance tool will be reported in D7.6: Online checklist and handbook for assessing ITS
measures contribution to CO, emission, and will guide users and stakeholders in using the
Amitran methodology in their assessment activities.

WP 1 Project management
. . . . o Online checklist
WP 7 Dissemination, liaison and exploitation and handbook

WP 4.1 WP 2 WP 6

Proof of Concept
Framework ;E?’erlgescéss Validation
methodology Validate of impact
requirements assessment
& Assess impact methodology

Impact Assessment

WP 3

‘Analysis & Structuring AMITRAN methodology
of ITS impacts

WP 4 tasks 4.2,4.3,4.4
Design and architecture
of assessment framework

WP 5

Open interface development

Figure 1: Amitran work packages structure (the knowledge base (task 4.5) is not depicted in
this figure 4 this is part of WP4).

1.7 Deliverable overview

The structure of this deliverable is as follows. The Amitran methodology is defined in Chapter
2. The framework architecture and model requirements are given in Chapter 3. In Chapter 4,

the methodology for scaling up and design of the knowledge base is described. Concerning
the knowledge base for scaling up, in this deliverable the chosen approach and outline of the

structure will be described. The detailed specificaions will be reported in a separate document

at a later stage. After Chapter 4 the annexes and references are given.
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2.Definition of the methodology

This chapter describes the definition of the methodology; the general outline of the Amitran
methodology including its main steps.

The purpose of this chapter is to explain the general process on a high level and to derive and
understand the relevant factors and parameters, not yet taking into account details of the
required models. This chapter was worked out as preparation for the framework architecture
as described in chapter 3.

Section 2.1 gives a general overview of the methodology; it illustrates the chain from ITS
systems to CQ, emissions. The main elemets of this chain are explained in detail in Sections
2.2 to 2.6. These include system categorization, factors and parameters influenced by ITS,
transport system, parameters relevant for CQ, emissions and scaling up.

2.1 Amitran methodology

Figure 2 illustrates the chain from ITS systems to CQ reduction; it is meant to give a logical
overview of how ITS can have impact on CQ emission. A similar depiction was the starting
point of Amitran and has been adjusted during the early stages of the project. Starting from
Intelligent Transport Systems, a system can have an influence on transport processes such as
traffic demand, driver or traveller behaviour and on vehicle conditions. This influence will be
reflected in the transport system; the total of transport (freight and passengers) on all
transport networks: road, rail and inland shipping. Changes on the transport system in turn
have an effect on parameters that directly influence CO, emissions, such as speed,
acceleration, kilometres travelled etc. From these parameters, C@ emissions on a local level
can be calculated and scaled up to a larger geographic region, either by a modelling approach
or by a direct approach using statistics.

Besides output on CO, emissions, also fuel consumption can be acquired as an output of
energy efficiency, since there is a oneto-one relationship between fuel consumption and CO,
emissions. Other emission types like NOx and PM10 can often be received as output as well,
but that depends on the possibilities of the models that are used. An estimate for the
pollutant emission would be providing emission factors for NO , and PM10 per CG,, for each
engine technology. Train and ship emission models are based on fuetsold in such a manner.
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Factors and parameters
influenced by ITS

ITS system or service
(1 Navigationand Travel ) _

Information Transport system Relevant parameters
9 Traffic Management and for CO2 emissions

Control q Freight
1 Demand and Access 2] i Passenger Speed —

= .

Management g % = Parameters describing Acceleration GO, emissions (local)
1 Driver Behaviour and g 2 traffic demand f Road Km travelled

Eco-Driving cg 1 Ra{l ) Weight
1 Logisticsand Fleet gL I 1 Shipping

Management @ -

Parameters describing

Safety and Emergen L - .
1 systeyms gency driving behaviour and [oo2 emissions (large scale) j
%/) vehicle conditions

|\ y

Figure 2: Diagram from ITS system or service to CQ emissions on European level.

A system can have a direct or indirect influence on driver or traveller behaviour and on vehicle
conditions. For example, an ITS which bandheavy duty vehicles (HDV) from a certain area (e.g.
city centre) will reduce the number of HDVs as a direct effect. However, the number of light
duty vehicles (LDVs) might ircrease as an indirect effect. These direct and in direct influences
can be described by factors and parameters which are defined in deliverable D3.1 As
explained in D3.1, by separating the direct and indirect effects of ITS, Amitran follows a new
approach as compared to assessments done in the past. This approach offers a better
understanding of the mechanisms by which ITS exert their influence These mechanismscan
be distinguished into four groups as follows:

9 Parameters describing traffic demand

9 Parameters describing driving behaviour and vehicle conditions

1 Indirect factors

1 Long term effects of ITS

These four groups were introduced in deliverable D3.1 and are defined in detail in Section 2.3.
A short explanation is given here to differentiate between factors and parameters. When an
ITS influences traffic/transport directly this is described with a parameter (such as route choice,
departure time choice, driving behaviour), and when an ITS influences traffic/transport
indirectly via some external influence this is described with a factor (such as infrastructure
capacity, transport costs).

Sections2.2to 2.6 go into more detail on each of the blocks of the diagram in Figure 2. Each
section starts with a small figure of the diagram where the corresponding block is indicated,
while examples are provided in some sections to help clarify the addressed concepts.
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2.2 System categorization

Factors and parameters
influenced by ITS

ITS system or service

Navigation and Travel e
Information ‘ Indirect factors ‘
Traffic Management and
Control

Demand and Access
Management

Driver Behaviour and

Relevant parameters
for CO2 emissions

( Transport system

1 Freight
i Passenger

( Parameters describing )
trafficdemand {ﬂ Road }

1 Speed
T ;

QO; emissions (local)

on
1 Kmtravelled
1 Weight
T

1 Rail

; I ' 1 Shipping

Eco-Driving

Logisticsand Heet
Management

Safety and Emergency
Systems /

Long term
effectson ITS

Parameters describing
driving behaviour and
vehicle conditions

CO, emissions (large scale)

As stated in the previous section, the starting point of the Amitran methodology is an
Intelligent Transport System or Service(or several)for which the user wants to carry out a CO,
impact assessment. Amitran takes into account ITS in various fields: systems related to
passengers and freight used in road, rail, and inland waterway traffic. To make sure that all
relevant systems are covered,different categories of ITS are taken as a starting point and
systems belonging to these categories are identified. In WP3 a categorisation for ITS is
developed based on a list of systems and services. This is reported in Deliverable 3.1:
Methodology for classification of ITS [16]. Six system categories are distinguished following
the classification from the ECOSTAND project3]:

1 Navigation and Travel Information
Traffic Management and Control
Demand and Access Management
Driver Behaviour and EceDriving
Logistics and Fleet Management

=A =4 =4 4 =

Safety and Emergency Systems

The categories were filled with systems mentioned in ECOSTAND, but alsowith additional

systems. The classificationis suitable for Amitran with respect to the factors and parameters
that the systems have influence on. The Amitran framework is developed in such a way that it
is open to new kinds of systems and system categories, and it can be easily extended in the
future if needed.
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2.3 Factors and parameters influenced by IT S

T\
/. N\

Factorsand parameters
influenced by ITS

ITS system or service

Navigation and Travel

Relevant parameters
for CO2 emissions

Transport system

1 Freight
L, f Passenger

Information ‘ Indirect factors ‘
Traffic Management and A s

Control

Demand and Access N {Q P N 1 Speed T :
Management g c Parameters describing 1 Acceleration QO emissions (local)
Driver Behaviour and - 3 traffic demand 1 Ro_ad 1 Kmtravelled
Eco-Driving 2 gl J 1 Rail 1 Weight
Logisticsand Fleet S8 I 1 Shipping T .
Management | ) e —
Parameters describing
Safety and Emergen > = P
Sysleyms Ry driving behaviour and O, emissions (large scale)
vehicle conditions

\/
The second block in Figure 2 contains the factors and parameters influenced by ITS. The

specification of factors and parameters influenced by ITSis made because ITS impact CQ@
emissions in transport through multiple pathways. For example, starting from the pre-trip
phase, ITS might influence the destination, route or mode choice & or even trip generation

altogether. During the on -trip phase, a driver with a navigation device might be prompted to

adjust his or her route, or receive advice on how to adopt a more environmentally friendly

driving style. For the public transport and freight sectors, factors such as vehicle choice, load
factor and more importantly, the whole fleet management, have a substantial effect on fuel
consumption and carbon emissions. All these issues are displayed inFigure 3. They have an
effect on the type of modelling that is used later on, as is explained later in this document.

Freight and passengers transport are combined in this figure; the parameters given cover
both. Also all transport modes are included. In the figure the chronology of decisions is given
from left to right. A distinction between long term and short term pre -trip decisions is made.
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Figure 3: Specification of factors and parameters influenced by ITS (second block inFigure 2).

Figure 3 indicates four levels of factors and parameters influenced by ITS

1 Parameters describing traffic demand: these are the core parameters related to the
classical fourstep model for transportation forecasting: trip generation, trip
distribution, mode choice, and route assignment. These parameters describe the
choice whether to make a trip (trip generation), where to go on this trip (destination
choice), how to make the trip (with which mode & mode planning), when to make the
trip (departure time choice), which route to take (route choice), etc., for either
passenger or freight transport. In case of the latter the decisions are made by the
logistics planners. The other two parameters in this category are choice of transport
means (the exact vehicle/train/vesseltype that is chosen, so more specific than mode
choice) and occupancy/load factor (the number of passengers or the amount of freight
in a vehicle in relation to its capacity). The decisions can take place pretrip or on -trip
(except for trip generation and departure time choi ce which only take place pre-trip)
and in case of pre-trip as long term (strategic) or short term decisions.

1 Parameters describing the driving behaviour and vehicle conditions: these parameters
refer to the vehicle (this can be a car, train, ship, etc.) once it is determined when and
where to travel. These parameters describe the realisation of traffic and include lane
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change, speed, headway and driving dynamics. Moreover, auxiliary systems such as air
conditioning and other parameters that affect vehicle performance such as tyre
pressure are included.

9 Indirect factors influencing traffic demand and driving behaviour: infrastructure
capacity, transport costs, availability of mode and transport means (vehicles),
connections with other modes and location choice. These factors can be influenced by
ITS and they in turn influence decisions on travelling 0 this is a two-step process If a
mode is not available or expensive, the traveller can choose another one; if the railway
operator cannot offer a slot for a certain train with cargo (capacity), the logistics
company can choose to use lorries, etc.

1 Long term effects of ITS: A long term effect is a sort of an indirect effect of ITS but
appears on the long-term. An example of long term effects can be that the
deployment of an ITS which induces demand will in turn lead to new infrastructure
(roads, parking spacss, distribution centres, etc.) or adjusted public transport services.
Long term effects are not taken into account in Amitran, since very little is known
about these effects and there are no tools to model them. These effects are mentioned
to make the user aware of them and to ensure the flexibility of Amitran in case models
or finding s become available in the future (see also Chapter 4).

A more extensive explanation of Figure 3 can be found in Deliverable 3.1[16]. Definitions of all

factors and parameters used inFigure 3 are copied from Deliverable 3.1 and can be found in
Annex 1.

2.4 Transport system

Factorsand parameters
influenced by ITS

ITS system or service

Navigation and Travel
Information ‘
Traffic Management and ———
Control

Indirect factors ‘

Relevant parameters
for CO2 emissions

Transport system

i Freight
| | (1 Passenger

1 Road
1 Rail 1 Weight
11 Shipping )

Parameters describing h 3
driving behaviour and CO, emissions (large scale)
vehicle conditions

Demand and Access
Management
Driver Behaviour and

1 Speed
1 Acceleration
1 Kmtravelled

CO, emissions (local)

trafficdemand

T

‘ Parameters describing

Eco-Driving
Logisticsand Heet
Management

Safety and Emergency
Systems

Long term
effectson ITS

The third block in Figure 2 is the transport system. This block connects the factors and
parameters that are influenced by ITS to parametersrelevant for CO, emissions. Changes in
the factors and parameters influenced by ITS will in turn affect the transport system. With
transport system we mean the total of all vehicles and their movements in the network. Some
ITS systems can affect more than one factor or parameter, and there can be links between
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different kinds of inf luences. All these influences come together in the third block of Figure 2
where a complete view of the whole transport system (the resulting speeds and flows in the
network of freight and passengers transport together, for all transport modes) is presented. As
an illustration, two examples are given in this section; the full details of this step in the
framework can be found in Chapter 3.

Example: Advanced Driver Assistance System (ADAS)

The first example concernsa system that influences driver behaviour for vehicles on the road,
such as Adaptive Cruise Control (ACC)This ITS systeminfluences speed, acceleration, and/or
headway. When driving behaviour with and without the system is known, an adapted driver
behaviour model can be developed for driving with the system (assuming a driver behaviour
model for the baseline situation 9 driving without system 9 already exists). This model can be
used in a microscopic traffic flow simulation tool 3, to test the effect of different penetration
rates and scenarios (including different traffic states) on a network of roads with different
vehicle types. This then represents the direct effect of the ADAS on the transport system.
There could also be an indirect effect, because it is possible that traffic flow improves because
of the ADAS, and this might attract more traffic. This can be determined with a macroscopic
traffic simulation tool * which includes a demand model. With such a tool on European level
(e.g. TRANSTOOLS) the flows on the complete European transport network can be
calculated, including all modes, for both passengers and freight transport.

Example: logistic planning system

The second example concerns a system improving the planning process for logistics planners.
This system influences pretrip parameters describing transport demand, such as route
planning, mode planning, and choice of transport means. The influence of these parameters
altogether results in changes in the transport system for all modes. The influences serve as
input to a macroscopic traffic simulation tool, and affected parameters for CO, emissions
(such as vehicle kilometres) can be calculated.

A microscopic traffic flow simulation tool is a tool in which each vehicle (or pedestrian) is simulated
individually, i.e. it is represented by a corresponding entity in the simulation. The same holds for
interactions between the entities. The tool simulates realistically the flow of vehicles on a road network.
Further explanation is given in Chapter 3.

* A macroscopic traffic simulation tool does not handle individ ual vehicles, but simulates aggregated
traffic flows. In order to determine second order effects on demand, the model should contain a
demand model which uses production and attraction equations to determine the number of trips
between each pair of origin and destination, see Chapter 3.
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2.5 Relevant p arameters for CO , emissions

Factors and parameters
influenced by ITS

ITS system or service

Navigation and Travel
Information ‘
Traffic Management and i E—
Control

Demand and Access

Indirect factors ‘

CO, emissions (local)

1 Acceleration
1 Kmtravelled
1 Weight

\|

Management

( Parameters describing )
trafficdemand

S

Driver Behaviour and
Eco-Driving
Logisticsand Feet
Management

Safety and Emergency
Systems

Long term
effectson ITS

Parameters describing
driving behaviour and
vehicle conditions

CO, emissions (large scale)

[

The fourth block in Figure 2 contains the relevant parameters for determining CO, emissions.
They can be extracted from the previous blocks. From the ITS measures to be evaluated, as
described in D3.1, certain aspects mst be known for a complete evaluation. Intelligent
Transport Systems influence the relevant parameters for CQ emissions of a certain trip or
collection of trips. The main parameters relevant for CO, emissions are:
9 Driving behaviour (for all modes)
0 Speed
o Number of stops, severity of braking
0 Gear shifting strategy
o Idling, activating start/stop system
0 Acceleration
1 Vehicle kilometres
0 Total vehicle kilometres travelled per vehicle/train/vessel type
1 Vehicle/train/vessel type
o0 Mode choice
o Fuel type
0 Specific technology
1 Weight of the vehicle
o0 Empty vehicle weight
0 Load factor for freight transport/occupancy for passenger transport
0 Weight of passengers, luggage, fuel and equipment
o Power to mass ratio
1 Use of auxiliary systems and other (air conditioning, heating, tyre pressure, etc.)
9 Actual state of the vehicle: tyre pressure, particulate filter backpressure, absence of
exterior fixtures, and maintenance
1 Infrastructure characteristics such as $ope of the road, quality of the road

Furthermore, some circumstances of the surroundings are known to affect the outcome. These
circumstances are called situational variables. A situational variable represents an aspect of the
surroundings made up of distinguishable levels. At any point in time at least one of these
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levels must be valid. Examples of situational variables are weather conditions (distinguishable
levels could be dry, light, rain, snow), holiday season (distinguishable levels: no holiday vs.
holiday) and differences in winter and summer fuel density and composition. These
circumstances must be captured in appropriate parameters, in order to compensate the
results of the transport modelling for any bias.

Some parameters are included as they affect the outcome, but are not affected by an ITS
measure. The choice of vehicle technology and the state of the vehicle (both included in the
list), do affect the outcome, but are not likely the result of active control by ITS. These
parameters are mainly included in order to use the proper baseline scenario, since the
baseline emission level and the effect of ITS depends on the actual state of the vehicles.

For the remaining parameters, one or more parameters can be affected by ITS which in turn
influences the resulted CO, emissions.

There are other factors influencing CO, emissions, for example fuel composition (e.g. biofuel),
wheel alignment, and cold versus hot engine. They can affect the absolute outcome, if fuel
consumption is monitored. However, there are a couple of possible reasons whythese factors
are not included. The effect on emissions is very small, or they are not likely to be influenced
by ITS and, even if they were, the effect would not be known or would already be included in

the average emission factor. In that case it depends on the emissions model that is chosen by
or available to the user of Amitran, if it can be included. Note also that the Amitran

methodology aims to determine the effect of ITS on CQ emissions, i.e. the change in CQ
emissions with regard to the baseline scenario (where no ITS is used) The accuracy of the
absolute value of the baseline and future scenario are therefore of less importance than the
difference between the two scenarios. For factors that will not change in the future scenario
(e.g. cold veraus hot engine), the inclusion is therefore of less relevance.

2.6 Scaling up

Factorsand parameters
influenced by ITS

ITS system or service

Navigation and Travel
Information

Traffic Management and ——
Control

Demand and Access
Management

Driver Behaviour and

‘ Indirect factors ‘

Relevant parameters
for CO2 emissions

Transport system

1 Freight
9 Passenger

trafficdemand 1 Road
1 Rail
f 1 Shipping

1 Speed
1 Acceleration

CDZ emissions (Iocal

1 Kmtravelled
1 Weight
T

Long term
effectson ITS

Eco-Driving
Logisticsand Feet
Management

Safety and Emergency
Systems

Parameters describing
driving behaviour and
vehicle conditions

Y
, emissions (large scal

%

[

The last step in the Amitran framework is the scaling up of the CO, emissions from local level
to a higher level, for example country level or EU-27 level. The previous steps in the framework
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have delivered results at a local scale. However, policy and business decisions are taken based
on expected effects at a more global level. At the moment EU-27 level is the largest level that
is considered. However, Amitan is open to broader regions, so if the EU will be constituted of
more than 27 countries in the future, the Amitran methodology is still applicable (assumed
that data are available on the new countries).
Amitran proposes two methods of scaling up. The first method of scaling up is through
modelling, using a macroscopic multimodal traffic simulation model on EU-27 level (or
another level that is chosen). The second method isa direct method, using a knowledge base
with statistical information . Amitran will develop a knowledge base by providing a central
point of reference, where links to all relevant information for scaling up and links to databases
can be found. This information might also be relevant for a macroscopic approach (e.g. to
predict penetratio n rate or acceptance). The choice between scaling up through modelling or
statistical information depends on issues such asthe availability of models and the type of
effect.
Further details of the scaling up process, more information about the scaling up data and the
way this will be presented to the users are given in Chapter 4.
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3.Framework architecture

This chapter describes the framework architecture. Tte framework architecture is derived from
the methodology as described in Chapter 2. Whereas the methodology describes the chain
from ITS systems to CQ reduction in general, the framework architecture is a more detailed
and technical description of the required (modelling) steps. The framework architecture
consists of the following three parts:

1. General Amitran architecture

2. Requirements for the models

3. Interfaces between the models
In this chapter all parts of the framework architecture are described, except for the scaling up,
which is described in Chapter4. Therequirements for the models are derived based on the ITS
typology (from WP3) and the design of the framework. They are formulated in such a way that
the specifications for the models and for the interfaces can be designed directly. A more
elaborate description of the models will be made in WP5. In Amitran only already existing
models will be used and no new models will be developed. For the interfaces between the
models only the logical data flow is described since the interfaces between the models are not
yet available. These will be developed in WP5 and reported in D5.1: Specifications of
interfaces.

The structure of this chapter is as follows. Section 3.1 first describes the user input. what is
expected from the user when he or she wants to use the Amitran methodology? Section 3.2
contains the general Amitran architecture. In Section 3.3 the requirements for the models are
given. In Section 3.4 information on how the models need to be linked together (interfaces) is
given, deduced from the model requirements and specifications.

3.1 User input

This section describes the required input from the user when he or she starts using the
Amitran methodology. The user input is specified in four categories, which are described
below:

1. Research question

N

System description

w

Type of effects of the system

B

Data on the system
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3.1.1 Research question
The research question defines what the user wants to investigate. An example of a research
guestion is: what are the effects of Adaptive Cruise Control (ACQ on CO, emissions on the EU

27 level when 50% of the vehicles are equipped with the system? Phrased in a more general
way:

What are the effects of a certain SYSTEMN CO, emissions on a certain LEVElfor a
certain PENETRATION RAPE

More specific information can possibly be added to the research question, such as a future
year, a specific situation (for example motorways), or different penetration rates per country.
In fact the research question describes a certain scenario. When a user wants to assess several
scenarios, these can then be written as several research questions, or as one research question
with several sub questions.

The user can choose several penetration rates, or make assumptions on this. It should be
taken into account that a system which cannot be retrofitted will only be available in new cars,
which can be at maximum around 7% of the vehicle fleet per year. There might also be models
available working with market introduction ye ar and take-up rate. For cooperative systems a
model is then needed for infrastructure as well as for vehicles.

The O6standardd research question as defined
user wants to know the effects. However, sometimesa user wants to assess several systems, or
a combination of systems is tested. The research question can be adjusted accordingly: if
systems are tested separately (and the user wants to know the effects for each system
separately), then several research gaestions are needed, one for each system. If a combination
of systems has to be assessed, then this combination of systems should be included in the
research question. Sometimes there is information (data) about a combination of several
systems, but the usea wants to assess the systems separatelyThis is a difficult issue, since the
effects found have to be split in some way. The systems tested may have an influence on each
other or may cause the same effects. In Amitran we will not tackle this issue. More about
debundling of systems (and effects) can be found in for example [7].

3.1.2 System description
A good assessment starts with a clear picture of the system underassessment(as holds for
any kind of assessment) This enables the user to define the factors and parameters that are
expected to be influenced by the system. Therefore, the user needs to have a description of
the system he or she wants to test that is asdetailed as possible. Minimum issuesthat should
be in the description are:
1 What does the system do? (e.g. an ACC keeps distance)
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1 How does the system work? (e.g. an ACC measures the distance and controls the
accelerator accordingly, conform a certain following algorithm )
1 What is the goal of the system? (e.g. comfort for the driver, safety, stabilizing the traffic
flow, improving throughput)
1 Under what conditions does the system work? (e.g. urban or highway, heavy traffic
conditions, when the road is slippery)

If the user doesnot h a v eknowldugesabolt atre i sgstem under assessment,
assumptions can be made based on literature review, previous implementation s of the system

elsewhere or by making design choices of a new system When making such assumptions, the

user needs to consider that the impacts of the system will differ for each specific

implementation. Collecting information about system description s for all kind of ITS systemsis

outside the scope of Amitran, however, the test and use cases in D3.2, D5.1 and D6.2 will give
examples.

3.1.3 Type of effects of the system
In order to choose the right type of models later in the evaluation, the user needs to know
which factors and parameters (as described in Section2.3) are influenced by the ITSsystem .
From the system description the user has to deduce and define what mechanisms the system
has, and how these influence the factors and paraneters, all in a qualitative way. These
descriptions should be comparable to the ones presented in Chapter 5 of D3.1[16].

3.1.4 Data on the system
With the qualitative information on type of effects of the system, the user can see (in the
remainder of this chapter) which types of models are needed (sometimes there is more than
one possibility) to calculate CO, emissions. The first model in the chain needs nput on the
system provided by the user: quantitative data on the effects of the system on the factors and
parameters as described in Section 2.3. For example: cars with ACC drive % faster, or
travellers using a certain system with real time traffic and public transport information change
from car to public transport for y% of their trips. Data on compliance (e.g. whether a user uses
the system and accepts the advice)is also needed In this section we give some options of
where this input data can come from. In the remainder of this chapter and later in WP5 it is
described in more detail what exact input the user needs to have per model type. Possible
data sources are:
1 Literature: sources can be e.g. the 2Decide project [10], [11], [12]), the eIMPACT
project [21], ICT & Energy Efficiency study[2] and references given in D3.1[16], etc.
9 Driving simulator study
1 Experiments (FOT, pilot, etc.): for advice on the setup of such an experiment we refer
to the FESTA methodology[1]
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1 (FOT) data from earlier projects
When no data sources are available, input could be based on expert judgment.
An alternative or extra data source could be direct measurements of fuel consumption and/or
CO, emissions (e.g. with aportable emissions measurement system(PEMS)) From fuel
consumptions, given the fuel composition or carbon content, CO, emissions can be calculated
directly, and CO, emissions measurements can be scaled up directlyor used to validate the
models.

For data on the system, it is important that a comparison is made between the baseline
situation (no system present) andasocal | ed O6treatmentd phase (syst
the introduction, Amitran is not a p roject about scenario building. This means that in case the
user wants to calculate CQ emissions for a future year, Amitran does not provide a full
explanation giving all numbers needed for this. The following are topics that should be
considered when making calculations for future years (this is not an exhaustive list)

1 Fleet composition
Penetration rate of the system (retrofit or not)
Usage of the system
Travel demand
Future engine types/efficiency improvements
Economic developments
Fuel types

= =4 =4 4 4 -4 -4

Infrastructure network

1 Mobility behaviour
For reference the user can have a look at documents from the European Commission22], the
TRANSvisions study{23] or national scenarios, such as the WLO scenarios for the Netherlands
[24]. Also some models alreadyinclude data on future years.

In addition to data on the system it is useful to have data on the system in different situations
such as traffic state (Levels of Service), weather, lighting, etc.(the so-called situational
variables). This is also important for scaling up as will be explained in Section 4.1. Assisted by
the outcomes of Section 3.1.3 the user of the Amitran methodology has to think of what data
are relevant for the system, and try to collect them.

The type of input the user provides influences the accuracy of the results and the model types
that can be used. The less detailed the system description andthe input data are, the less
detailed (accurate) and reliable the calculation of the CO, emissions effect is. On the other
hand, when for example no models are available on the micro level, there is no need to collect
micro level data such as car following behaviour and accelerations.
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It is very difficult to tell beforehand how choices in modelling and data collection influence the
accuracy of the results. Therefore the user is advised to perform a sensitivity analysis on the
input parameters, especially when input is coming from expert judgment and/or assumptions.
A sensitivity analysis is a study on how the uncertainty in the output of a model can be
apportioned to different sources of uncer tainty in its inputs. A sensitivity analysis is useful to
test the robustness of the results of a model and to increase the understanding of the
relationships between input and output variables. A balance between the robustness of the
model and incorporating enough relevant dependencies must be struck. There are several
approaches to perform a sensitivity analysis, and there is a wide range of literature available. A
number of sources can be found on Wikipedia [25].

3.2 General Amitran architecture

This section explains the general Amitran architecture. It describes in more detail what is
explained in Sections2.4 and 2.5: how to go from factors and parameters influenced by ITS via
models to a calculation of CO, emissions. The architecture includes all factors and processes
that define the reality of the vehicles (and passengers) moving and thus creating traffic. Only
by such an approach, it is possible to include all the possible influences that any ITS may have
on the traffic. An ITS can affect any choice made by a traveller and thus define the travelling
pattern in space and time. Furthermore, ITS may take direct influence on the movement of a
vehicle, from driver information over warning systems and semi-automatic function up to fully
automatic driving. This requires that al/l choi ce
be included in the overall framework. A general (high level) overview of the architecture with
models, data and data flow is given in Figure 4. Some of the data flow arrows in the figure are
red; this will be explained in Section 3.4. Three aspects of the architecture (demand modelling,
network aspects and emission calculation) are explained below the figure but also in Sections
3.2.1,3.2.2and 3.2.3in more detalil.
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Figure 4: General overviewAmitran framework architecture

The framework is divided into four main parts: demand modelling, traffic simulation
modelling, emission modelling and scaling up. First ademand model is used to create the
demand in terms of trips from or igins to destinations; this always includes a time dimension
when these trips take place. A distinction is made between freight and passenger traffic due to
the differing demand models creating the respective parts of the total traffic. The input into
the passenger demand model are socioeconomic data relating to the area used for the
investigations; for the freight part the input consists of the locations of production,
consumption and intermediate locations in the freight flow, as well as general economic data.
The structure of the freight and passenger models differ since freight can be based on a
statistical basis (trade and transport statistics) where for passengers this is mostly not
available. For this reason for the creation of a passenger OD a geneation and distribution
model are required and for freight a base year OD matrix is mostly available. For both models
(as well as for the traffic simulation model) the network on which the traffic takes place is
input; its most important parameters are @ apart from the graph structure of the network itself
0 the capacities, volume-speed-relationships for the network links, and nodes. Within the
freight demand model the modal split model is distinguished (not shown in the figure). The
relative costs and time of the different modes are influencing the choice for the (combination
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of) modes. The modal split model has (or should have) different sensitivities for different
commodity types. Where some commodities are by nature more dedicated to railways (mainly
low valued bulk flows), others are by nature dedicated to road (mostly high-valued goods)
and part is perfectly exchangeable. Output of the modal split model is the (changed) modal

split in terms of tonnes by mode by commaodity group and OD. Output of the deman d model
are matrices of origin-destination (OD) pairs for given time intervals. Demand modelling is
explained in more detail in Section 3.2.1

The traffic simulation model links the demand to the traffic network; it creates the traffic flow
and provides thus the data for the emission

for data describing a specific situation, e.

mo d e

g.

refer her e(simulatiom) motdred fof itco al gori t hms that can t

attributes or trajectories. For passengers the traffic simulation model often incorporates the

demand model. The output of the traffic simulation modelling consists of the amount of traffic

(vehide mileage), information on the weight/occupancy of vehicles, the characteristics of
traffic (e.g. average speed per link), and in case of a detailed microscopic approach data on
the individual vehicles (e.g. acceleration profiles).

These data feed into the emission modelling part. The emission models use the traffic
simulation models input and calculate the emission values from the macro or micro input. The
types of emission models to be employed depend on the type of traffic data us ed: for

aggregate traffic data emission factors or macroscopic emission models are suitable while
microscopic traffic simulation models feed into detailed microscopic emission models.

Macroscopic models use link specific data like flow (or derived values sich as LOS) and/or
speed and derive an emission value from this. Microscopic emission models use the vehicle
trajectories and calculate emissiors for individual vehicles based on driving dynamics and

engine specific emission characteristics. In some casese.g. for ships or trains, more general
models exist that link emission to the power used by the vehicles; influences like speed
patterns etc. are neglected. The emission models generate the amount of emission for the

application case (area size and time)under investigation.

Scaling up of CO, emissions (to country level or EU27 level for example) is done within the

framework, either within the models, or after the modelling, using statistics. The scaling up

process is described inChapter 4.

Connection between parameters influenced by ITS and the framework architecture

As stated earlier in this section, the Amitran approach makes use of the mechanisms by which
ITS exert their influence. These mechanisms (partly) determine how the assessment should be
carried out and what types of models should be used. Figure 5 shows the connection between
parameters influenced by ITS (the first and second mechanism as listed in Sectior.3) and the
framework architecture. Note that the figure does not start with ITS applications on the left,
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but with the parameters influenced by ITS. This is done to keep the framework (relatively)
simple, and because the choice of models and needed flow of calculations depend on the
parameters that are influenced by the ITS. The relation between ITS and the factors and
parameters that they influence can be found in Deliverable 3.1 [16]. The figure is further
explained below Figure 5.

Transport processes ¢ A
Network and Model
economic data
J N
[ =/
Choice of transport means |
‘ ‘ | > DEMAND MODEL |
|
| Data flow
|
- _I A 4
o Macroscopic Microscopic )
=== > Data flow (interface)
|
| TRAFHC SMULATION MODHE.
| A /
| ~
Eiission
|I= === factors ‘ e ‘ ‘ Micro ‘
|
| BEMISSON MODEL
|
|
‘ Use of auxiliary systems ‘ : v
|
|
T
)

Scaled up OO,
emissions

Figure 5: Connection between parameters influenced by ITS (on the left) and framework architecture

First there is a group of parameters describing demand (trip generation, destination choice,
departure time choice, and choice of transport means), and when an ITS system influences
these parameters, changes in the demand modelling need to be made. For passengers the
parameters trip generation (number of trips made from a certain location), destination choice
(indicates what the destination of a trip is) and departure time choice (the choice of time when
a trip starts) determine the number of trips for each origin destination pair per mode per time
unit, and together they describe demand. For freight transport, demand describes the amount
of goods per unit time from a certain origin to a cer tain destination. In the Amitran context it
is assumed that location of production, distribution centres and consumption (i.e. the location
of customers) and the demand for goods generated is unchanged (as first order effect) by the
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ITS system in considerdion and therefore can be regarded as input. Choice of transport
means (the vehicle (type) that is chosen within a mode) is a refinement of the mode choice
and plays a role in freight transport more than passenger transport. The choice of transport
means influences CG, emissions. Since different transport means can involve a different fuel
type (e.g. bio-fuel, electricity, diesel),well-to-tank emissions can be taken into account as well
This was referred to earlier (Sectionl1.3). It is essential that the CQ emission involved with the
production of the energy that is used directly by the transport means is included; this can be

accomplished by factors that indicate the CO, production per unit energy used by the

transport means, e.g. mass per unit energy for a national electricity production mix (grams per
kilo-watt-hour of electrical energy).

The next block contains route choice and mode choice. Route choice and mode choice are
parameters that connect to both the demand model and the traffic simulation model. It
depends on the exact implementation of the ITS system (e.g. whether route choice and mode
choice are influenced pre-trip or on -trip) for which model(s) they are relevant. Changes in pre
trip route choice result in a change in distribution of vehicles over roads (or trains over
railway) and routes. The route choice resp. the assignment depends on the traffic status of the
network. Therefore many assignment models include an iterative approach. All types of traffic
simulation models can be used for a route assignment (micro, meso and macro) depending on
the geographical scale of the application in combination with the available computing
power/time as well as required level of detail. Usually traffic simulation models already contain
a route choice model. It depends on the model if and how this can be adapted for a certain
ITS. For freight transport the routes result from the route planning process often performe d by
a dispatcher. These routes are taken over to the route assignment which then uses this input
to generate the total vehicle flows on the network. When the effect of the change in route
choice on traffic is calculated, it is possible that there is a change in amount of congestion on
certain roads. This could induce demand. To calculate this (second order) effect, a macroscopic
traffic simulation model could be run (again) with new input about journey times and traffic
flow. For input to emission models to determine the effect of a changed route assignment,
both micro and macro emission models can be used. In principle a macroscopic model that
can handle multiple vehicle classes should be sufficient, since changes are expected on the
level of composition o f the traffic flow, total vehicle km travelled or the amount of congestion.
On-trip route choice poses more strict requirements on the traffic simulation models. Both
meso- and microscopic traffic simulation models can be used, however they need to be abk
to incorporate route change during a trip (therefore macro scopic models are not an option,
although they could be applicable with some extensions concerning information flows and
separating vehicle classes with/without such information). The route choice on-trip needs
input about the traffic situation in the considered network and the influence such information
has on the driversd® route choice. Therefor e, a f
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Route planning aspects for freight provide input to the route assignment model where it is
combined with the passenger movements. The route planning part of this model includes
amongst others the pick-up and delivery tours of the operators which influence the OD
patterns which also can enter in the route assignment model. The actual planning at this level
provides the load factor of the vehicles used which is direct input for the emission models.

The third group of parameters are about driving behaviour. They cover ITS systems that
influence the direct driving behaviour for all modes, i.e. the operation of a car, train or vessel,
e.g. by addressing speed choice by taking over parts of the driving task like ACC does for cars
or trucks. For road traffic, such systems can optimally be treated by microscopic simulation

that handles individual vehicles. In some cases, effects can be transferred to macroscopic
models, e.g. a changed speed can be incorporated in a macroscopic model by adapting
speed-flow relationships. However, such transfer is not easy in case of lane chang and almost

impossible for driving dynamics, which cannot be modelled by macroscopic models, besides

the effect on capacity which can easily be transferred to a macroscopic model. Detailed output

from a microscopic traffic simulation model, such as acceleation and instant speed, can be

fed to a micro emission model for the emission calculation.

The fourth group of parameters are external parameters that are input for the emission

modelling. The auxiliary systems (e.g. air conditioners, heating systemsuse energy from the
vehicle to operate; therefore they influence the emissions factor of the vehicle (through the

energy consumption). Their energy need is directly linked to the related CO, emission.
Auxiliary systems are not likely © be influenced by ITS. For some ofthem the CO, emissions
can be calculated with an extra emission factor or emission rate. The occupancy of a vehicle
(number of passengers) determines the total weight of a vehicle, which in turn influences the
emissions. The same holds forthe load factor of a vehicle, ship or train. The higher the
occupancy or load factor of the vehicle, the higher the emissions are. Emission factors are
based on average occupation. Emission models such as Versit+ and PHEM (see Sectiod.3)
can take into account occupancy. At lower speeds the effects are larger than at higher, hence
a microscopic model is needed to properly account for such effects. The load factor of a

vehicle (or ship/train) determines the total weight of a vehicle, which in turn influences the

emissions. The higher the load factor of the vehicle, the higher the emissions are. As for
occupancy, emission models can take into account he load of a vehicle.

Framework architecture in more detail

An elaborated picture of the framework architecture is given in Figure 6. The four main parts
of Figure 4 are still visible, but more details are added, especially the information flows
between the model parts. An important addition to the more general picture are the data

boxes 61 TS application model d and 6Driving
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ITS system (compared to the situation without the system) and the driving behaviour form
input to the models. Another addition in this more detailed picture is the information flow
between the traffic simulation model and the emission model. A microscopic traffic simulation
model uses driving behaviour, including speed choice, acceleration choice, etc. to generate
the traffic flows on a network with the indiuvi
models reproduce the traffic streams in a network by generating the movem ents of individual
vehicles, macroscopic models mainly consist of assignment algorithms that distribute the
demand over the network in some optimal way. They create flows of vehicles by using a
macroscopic approach, like a capacity restraint approach. Theoutput of traffic simulation
models consists of either macroscopic link attributes (flows and average speeds per link) or
the vehiclesd trajectories (location,simdafoeed o0V e
models, and this output feeds into the emission model. Depending on the complexity and the
traffic simulation model used, the emission model can vary from an approach using emission
factors over a macroscopic model to a fine grained microscopic model. The data flow consists
of the amount of traff ic (vehicle mileage), information about the weight/occupancy of vehicles,
the characteristics of traffic (e.g. average speed per link), and in case of a detailed microscopic
approach data about individual vehicles (e.g. acceleration profiles). For the emision
calculation, different models can be used, depending on the availability of data, usability (size
of application) and availability of modelling approach. These emission models generate the
amount of emission for the application case (area size and time) under investigation.
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Figure 6: Detailed picture Amitran framework architecture

Second order effect

When an ITSapplication is researched that has an effect on demand, it is possible that there is
a second order effect. This effect can occur on a (relatively) short term or on the long term. For
example, if there is a change in modal split (more people use public transport instead of the
car) or departure time (less traffic in peak hours), this has an influence on throughput: there
will be less congestion and a better flow of road traffic. This might induce extra traffic
demand, such as people changing from train to car when they notice there is less congestion.
This can be taken into account by specific models for such effecs. The information flow comes
from the output of the traffic simulation models and then feeds into the demand boxes (arrow
on the left side in Figure 6). There are two ways to include the second order effect, depending
on the specific type of demand model that is used. For a matrix estimation demand model, the
second order effect can be taken into account by using the simulated traffic to generate the
loop detector counts that are used as inputs for the demand model. For the reference
scenario, one usually uses measured loop detector counts to iteratively calibrate the flow
model, so the outputs of the flow model will be the same as these measurements within the
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error tolerance. Hence, for the reference case there is no feedback loop once the model is
calibrated. But for the equipped case, if the traffic assignment is different (different demand,
routes, speeds, etc.), then this will lead to different loop detector counts and hence a change
in demand can be estimated. Therefore, the same feedback loop is used both for the reference
case and the equipped case, but for different purposes. For a four-step demand model, the
traffic condition can be taken into account by changing the link costs that are used as inputs
for the demand model. For the reference case, the link cost update is usually done iteratively
to calibrate the network, end hence there is no feedback loop for the reference once the
model is calibrated. For the equipped case, the traffic assignment may be different, leading to
different link costs and hence a different demand. Therefore, the same feedback loop is used
both for the refe rence case and the equipped case, but for different purposes.

3.2.1 Demand modelling
Different types of demand are distinguished: traffic demand, travel demand (for people),
transport demand (for freight). Travel demand describes the number of passengers per unt
time from a certain origin to a certain destination; traffic demand describes the number of
vehicles per unit time that travel from a given origin to a destination. Demand is specified for
a certain area under investigation. Due to changes in demand ove time, demand is always
linked to a certain period for which the investigation is performed; demand changes
periodically (e.g. over time of day) and continuously (e.g. year per year). Total demand can be
split for example into traveller categories and modes of travel, and total traffic demand can be
split into vehicle categories, e.g. passenger cars and trucks, or even more fine grained into
emission classes detailed vehicle classes according to weight, fuel type, etc, or vehicles
with/without ITS equipm ent. As a starting point the observed traffic for a reference time is
used as a baseline. This baseline demand can be obtained by calibrating theraffic simulation
model that is used with real traffic data (for example from loop detectors , though usually
these do not contain information on vehicle types) or databases with travel and traffic
information. Some ITS systems may cause a change in demand, through parameters such as
trip generation, destination choice, mode choice and departure time choice.
Transport demand describes the amount of goods per unit time from a certain origin to a
certain destination. In the Amitran context it is assumed that location of production,
distribution centres and consumption (i.e. the location of customers) and the demand for
goods generated is unchanged (as first order effect) by the ITS in consideration and therefore
can be regarded as input. Furthermore costs, times and distances are input.

3.2.2 Network
The capacity of the network (the maximum amount of vehicles & split by type or in passenger
car equivalent 0 that road/waterway/rail can accommodate) is restricted by the capacity of the
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links (road/waterway/rail sections) and nodes (intersections connecting two or more links).
Changes in capacity through ITS can either beexplicit, e.g. by adding lanes, or implicit, e.g. by
changes in headways. While the first case is rather easy to model, the second case needs
either appropriate models which directly handle the changed behaviour or by sound
estimations (for macroscopic models). In a macroscopic model, capacity should be given as
input for links (for example by defining a speed-flow curve), while in microscopic traffic
simulation model capacity is an output which is a result of the network, driver behaviour
(models) describing car following, lane changing etc.

3.2.3 Emission calculation
The calculation of CO, emissions depends mainly on the availability of data and modelling
approaches. While for some cases a detailed microscopic approach is suitable that treats
individual vehicles in a detailed manner, other cases, e.g. looking at larger areas, macroscopic
approaches are better suited. Microscopic emission models such as instantaneous emission
models can be used which treat individual vehicles and calculate emission on secondby-
second basis. They can be based on speed and acceleration and are therefore the
recommended model when the ITS primarily changes driving dynamics. Macroscopic
approaches treat vehicle streams and characterize traffic situations for example by average
speeds. Emission factors give the amount of CGO, emission in mass per unit distance per kWh
energy consumption or per fuel consumption (depending on the modality) ; they assume a
linear relation between distance travelled and the emissions resulting from this activity.
However, there is not a standardized (accepted) terminology for the distinction between
macro emission models and emission factors.The choice of the emission model also depends
on the availability of the model; for example, if a microscopic traffic simulation model was
used and only a macroscopic emission model is available, the results from the microscopic
traffic simulation model can be aggregated before used as input for the macro-emission
model.
While there are various approaches available for road traffic, from very detailed microscopic
ones to well-proven macroscopic ones, for other modes, different approaches exist.

Emission calculation & ships

Changes in kilometres sailed (travelled) by ships can be taken into account by macroscopic
ship emission models. When an ITS application alters the speed of a ship, there are two
possible ways of calculating the CO, emissions impact: either this speed change is fed as input
to a ship emission model (when a detailed emission model is available), or this speed change
is input for emissions factors. Emission factorsfor ships depend on parameters such as level of
service, or vehicle (ship) technology.Emission models use continuous measurements such as
speed. In both these ways CQ emissions can be calculated.
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Emission calculation 9 trains

For trains, two traction modes are considered: electric and diesel traction. First, an energy/fuel
consumption model is used to calculate energy/fuel consumption (in kilowatt -hours or kg fuel

or litres fuel). This depends on the type of trains (e.g. high speed, regional and freight) and the

line profile. Then, emission factors (in mass per kWh or kg fuel) are used to calculate
emissions. Emission factors for electrical trains depend on the electrical generating mix per
country (coal, gas, oil power plant, nuclear). For diesel trairs, the emission factors depend on
the legislative class (based on engine power and year) of locomotives.

Emission calculation & public transport

Changes in the number of public transport (PT) passengers will in the long term lead to
changes in PT schedués (frequencies, vehicles or routes), and hence to changes in C®
emissions. This is difficult to include in an assessment because it is long term and a change in
schedule is a discrete event that depends on the number of passengers, but not in a
straightforward way. Indeed, when the number of passengers changes only a little, then
probably the schedule will not change because the capacity is still suitable. If the change in
passengers is large enough, then a change in schedule is more likely. This is a pdical
decision and not a measure, so it falls outside the scope of Amitran. However,it seems strange
to assume that mode changes do not change PT supply, so thatwhen people change from car
mode to PT there is a decrease in car emissions and no increasen the total PT emissions.
While that may be true if the number of mode changers is low, it is not true in general.
Amitran suggests two alternative approaches:

1. Ignore this effect, in which case changes in demand for PT will not lead to changes in
CQO, emissions. This reflects the reasoning that PT schedules are politically decided.

2. Take into account the effect in a linear way. Create an interface between the flow
models for different modes that provides the number of transfers between modes. The
specified interface provides sufficient data to calculate the number of passenger
kilometres travelled by PT.

3.3 Model requirements by Amitran

With the ITS typology as developed in WP3 (Deliverable 3.1: Methodology for classification of
ITS [16]) and the framework as described in the previous section, the requirements that

Amitran poses on the models can be identifi

are needed by Amitran.
The model requirements are given in terms of a technical description, inputs and outputs.
Since Amitran does not develop new models the requirements are on a functional level, and
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not on a software level. The inputs and outputs presented are the most important ones for the

architecture framework, not exhaustive lists. Additional to the requirements names of example

models are given. When the reader wants to know more details of the models, he or she is
referred to the websites and product folders of these models ; for part of the example models
references are ircluded. An overview of simulation tools and tools for data analysis can be

found for example in [26] and [27]. After the model requirements, some explanation is

provided on calibration and validation.

An overview of model types and example models can be found in Table 2 below.

Table 2: Overview model types and examples of available models.

Model type

Section

Example models

Mode choice model

Section 3.3.1

1
1

Within TRANS TOOLS
Within the

Syst eemd, Dut ch

LMS

(6La

mo d

Route choice model

Section 3.3.2

Macroscopic traffic simulation model

Section 3.3.3

TRANSTOOLS

Within VISUM

World Container Model
Indy

RBV

LMS

Mesoscopic traffic simulation model

Section 3.3.4

= =4 A4 -8 -—a -8 = =4 -4 -8 -—a -

DynaSMART (road only)
DynaMIT

Dynameq

CONTRAM

FASTLANE

VISTA
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Model type Section Example models

SUMO

VISSIM

Paramics

ITS Modeller (road only)

Aimsun

CORSIM

Energy consumption models for trains

Microscopic traffic simulation model Section 3.3.5

= =4 -4 A4 -—a -

(usually part of traffic simulation models):
FBS

OpenTrack

Railsys

Dynamis

STREAM (Dutch)

ARTEMIS

OSCAR drive cycles
F&E Dutch drive cycles
COPERT

Macroscopic emission model* Section 3.3.6

Versit+

VT Model
PHEM

CMEM
AUTONOMIE
MODEM

Microscopic emission model* Section 3.3.7

Emission factors Section 3.3.8 HBEFA

Ship emission model Section 3.3.9 Model from EX-TREMIS project

STEAM2 model (detailed mode)

= =4 =4 -4 -8 -2 -8 _—a -9 = =4 —a -9 = -4 -4 -8 A

* Note that emission models can be classified based on a combination of the following:
1 The scale of the modelling: micro for individual vehicles, or macro for groups/flows of
vehicles
1 The generic model type (e.g. aggregated emission factors, averagespeed, physical
vehicle dynamics model)
9 the nature of emission calculation approach (discrete, continuous)
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3.3.1 Mode choice model

Technical description

A mode choice model must define the (share) of trips for each mode; it must distribute the
volume of freight / number of trips over all available modes. A mode choice model is usually
not a model on its own, but part of a traffic or transport model. There are various forms of
mode choice models (e.g. probit or logit) but by far the most common form is the logit model.

Input

The modeller should decide which variables are relevant to the decision making process. The
most common variables for urban and interurban travel are: in-vehicle time, walking time,
waiting time, costs and how many interchanges are involved. This data can be 'skimmed' from
the highway and public transport networks for each origin -destination pair to form matrices
which are called skims see [28] for more information. Other inputs are parameters on the
generalized costs and travel times per mode, whether a mode is available for a certain OD
combination and constraints like suitability of a transport mode for certain commaodities or
transport.

Output
OD matrix per mode

Example models
1 Modal split model in TRANS-TOOLS[29]
1 Modal split model in the LMS (&andelijk Model Systeemj Dutch model) [31] [32] [33]

3.3.2 Route choice model

Technical description

A route choice model must assign the vehicles to the possible routes between the origin and
destination of the trips. A route choice model is usually not a model on its own, but part of a
traffic or transport model. It is closely linked to the assignment model used in macroscopic
models. While an assignment model assigns the total traffic between each pair of zones (OD
pair) to several routes between each OD pair before the actual simulation, also route choice
models exist on microscopic level in which each individual vehicle makes a routing decision at
each decision point in the network during the simulation. The latter one is required to model
the effect of en-route traffic information or routing advic e.

Generally, it is required that the chosen route choice model can reflect changes in routing
caused by the ITS under consideration. If this concerns a pretrip routing advice, a
macroscopic assignment model will generally be sufficient. For on-trip routing advice,
dependent of the current traffic situation, a microscopic (individual) routing model is required.
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Input
9 OD matrix per mode or means of transport
1 Generalised cost per link of the network (this might depend on the traffic volume they
carry)
1 A network for each mode

Output
1 A set of routes with the traffic load on each route, or split fractions at each
intersection, or a routing decision for an individual vehicle.

Example models
Each trafficsimulation model has some form of a routing model, for example:
1 Route choice models in microscopic traffic simulation models (often based on
generalized link costs)
1 Route choice models in mesoscopic traffic simulation models
1 Route choice models in macroscopic traffic simulation models (often based on
equilibrium or other suitable assignment method)

3.3.3 Macroscopic traffic simulation model

Technical description

A macroscopic traffic simulation model must provide the flows in a network (in contrast to
microscopic traffic simulation models that model the individual vehicles and vehicle
behaviours). They are based on macroscopic variables (average speed, flow and density) and
macroscopic traffic flow equations.

Macroscopic models can be divided into dynamic and static traffic assignment models.
Dynamic traffic assignment (DTA) models differ from static models in the sense that traffic
flows can vary over time in contrast to constant flows in static models. Also, a distinction can
be made into heuristic/simulation based models and analytical models.

The exact requirement for a model type depends on the ITS under consideration. For example,
an ITS that influences route choice (dynamic navigation) for road traffic, a multimodal model is
not needed.

Input
1 A network per mode including describing parameters like link capacities, speed flow
relationships etc.
9 Origin-Destination matrices, time-dependent for dynamic models

Output
1 Average speed, flow and density per link
M Vehicle hours
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9 Travel times per OD and per link

91 Delay per link and in the network
9 Other performance indicators

Example models
Multimodal:
T TRANSTOOLS (European scal€R9], [30]
1 VISUM[34]
1 World Container Model [35]
Road traffic:
1 Indy (dynamic traffic assignment model) [36]
1 RBV[31] [32] [33] (module for the NRMdd Ni euw Regi onaal Model 6, D
T 6Landel i j k Mo deDutchSnpdel) [81E[32P[33] L MS

3.3.4 Mesoscopic traffic simulation model

Technical description

Mesoscopic models must represent individual vehicles, but be much less resource consuming
(computing power) than microscopic models. Mesoscopic models represent road flow at the

level of detail of the single vehicle (or group of vehicles) (micro). However, their behaviour and
interactions are described at different levels of detail (macro). So although representation of

the traffic is by discrete vehicles, the movement of each individual vehicle depends on laws
that describe relations between aggregate flow variables (for example, mean speed as a
function of density), or on probabilistic functions.

Mesoscopic models can take varying forms, for example headway distribution models or cell-

transmission models.

Mesoscopic traffic simulation models are not explicitly included in the Amitran architecture ,

but they can for certain cases be used instead of microscopic or macroscopic traffic simulation

models.

Input
As for macroscopic:
1 A network per mode including describing parameters like link capacities, speed-flow
relationships etc.
9 Origin-Destination matrices, time-dependent for dynamic models

Output
1 Total traffic volume on a road link
9 Total traffic in queue
1 Link operating speed and travel time
9 Link occupancyl/utilization
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9 Possibly data at the individual level like the distributions of individual travel times

Example models

DynaSMART (road only)[37] [38]
DynaMIT [39]

Dynameq [36]

CONTRAM[40]

FASTLANH41]

VISTA[42]

= =4 =4 4 4 =

3.3.5 Microscopic traffic simulation model

Technical description

A microscopic model mustpr oduce individual vehiclesd moveme
Models of driver behaviour are used such as carfollowing models, lane changing models,
routing models and gap acceptance models.

Multimodal microscopic traffic simulation models are able to simulate more than one mode of
traffic: vehicles, cyclists, pedestrians, public transport (bus, tram). Different models for driver
behaviour, such as car following and lane changing models, are used for different modes.
Models for public transport include the scheduling of such vehicles.

For trains energy consumption models are available. These are usually part of traffic
simulation models. Energy consumption models for trains must calculate the driving dynamics
of trains and give data about the resulted energy consumption.

Input

Detailed network geometry and regulations (speed limits on roads; radii of road bends with
associated velocities number of lanes), traffic demand (O/D matrix for different modes or
route demand), public transport time plans, definition of different vehicle types, definition of
speed and acceleration behaviour per mode and/or vehicles type (e.g. passenger car, trucks
etc.), traffic signal plans, distributions of vehicle parameters, such as desired speeds,
accelerations and decelerations.

Inputs for energy consumption models for trains are train performance data (mass, length,
traction force characteristics, driving resistance, braking system), line profile (allowed speed,
gradients, curves, tunnel), timetable (stops, time buffer).

Output

Different outputs can be obtained such as trajectories of individual entities (speed,
acceleration, position) as a function of time, delays, travel times, distances tavelled, queue
lengths, flows. Any aggregate parameter can be calculated from these.

Output of energy consumption models for trains is the e nergy consumption for electric train
or fuel consumption for diesel trains.
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Example models
SUMO (Simulation of Urban Mobility ) [43] [44] [45]
VISSIM[46]
CORSIM[47]
Paramics[48]
Aimsun [49]
ITS Modeller (road only) [50]
Some popular tools for energy consumption of trains in Germany are:
1 FBS (IRFP Dresdernp5]
1 OpenTrack (ETH Zurich]66]
1 Railsys (RMCON Hannover)67]
1 Dynamis (RMCON Hannover)[67]

= =4 =4 =4 4 =

3.3.6 Macroscopic emission model

Technical description

Must calculate emissions basedon average link speeds without considering changes in an

i ndividual vehicl eds S p B endst irclode a aepresentatve dldeti o0 n
composition and must be able to react to changes as produced by the ITS under investigation

(be sensitive erough).

Input
Road type, speed limit and congestion level, the drive cycles based classified by these
properties.

Output
CQO, emissions in g or kg

Example models

ARTEMIS51]

OSCAR drive cycles (TNO and TRL (UK))

F&E Dutch drive cycles

COPERT59]

HBEFA (Handbuch Emission Factors, many traffic situations (road type and service
levels) in Germany, Switzerland, Austria, and Sweder{p4]

An overview of instantaneous emission models and drive cycles can be found in[52], [53] and
[54].

=A =4 =4 4 =
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3.3.7 Microscopic emission model

Technical description

Must calculate indivi du al vehicl esd emi ssi ons i n smal |
instantaneous speed and acceleration of individual vehicle. This can either be an engine
model, with assumptions for the power transmission, like gears, separately added, or a vehicle
model, where the energy consumption of the vehicle as a whole is modelled. All models are
typically categorized in vehicle technology: distinction in fuel, engine technology, emissions
classes or age, and weight classes. A limited dependence on the trip histoy can be included.
Foremost is the inclusion of cold start emissions, which is included either as an offset for the

whole trip, of the first kilometres. Auxiliary systems can be modelled in such approaches by
adding the power demand of such systems to the power demand for driving dynamics.

Input
Speed-time profiles of individual vehicles, some road attributes like gradients

Output
CQ, emission in g or kg, when combined with the input, also g/km and g/hr

Other requirements
Correct assignment of vehicles to the real vehicle fleet (car sizes, EURO classes etc.) and a
correct assignment between simulated vehicle and emission calculation

Example models

Versit+ [55] [56] vehicle-based model (technology, velocity, acceleration)
PHEM[57] [58]

CMEM[60]

AUTONOMIE [61]

VT (Virginia Tech)Model [62]

MODEM [63]

=2 =4 -4 -4 -—a -

3.3.8 Emission factors

Technical description

Emission factors must provide emission data in the case when more detailed macroscopic
emission models and their required data are not available. Emission factorscan either be an
average for the whole operation domain of a vehicle class or depend on few situations (e.g.
traffic situations, LoS).Emisgon factors are given in terms of the mass of pollutant emitted per
vehicle and per unit distance (g/vehicle km). They are calculated from laboratory test on a
number of vehicles using standardized driving cycles. Driving cycles are based on reaworld
measurements describing vehicle speed as a function of time. Proper emission factors
separate vehicle classes, road types, and congestion levels. Road types are in themselves
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classified in terms of urban, rural, or motorway, and speed-limits. Congestion levels are either
linked to average speed, or traffic intensity in terms of the road volume-to-capacity ratio (I/C).
In some cases the number of lanes and other aspects are added. Eventually, each triple:
vehicle-road-service level must be matched with a driving cycle, and emissions are
consequently recovered from a microscopic, or possibly a mesoscopic, model.

Within the European context, for the additional energy consumption and emissions associated
with the chain before the tank, data are available [19].

Input
1 Vehicle sub-segments (composition of different emission concept vehicles)
1 Mileage: Average daily nhumber of vehicles for each categories and respective trip
lengths
9 Traffic situation: e.g. share of stop-and-go-situations and different gradient classes

Output
Emission factor gives a value for CQ emissions in grams per vehicle km. Total emissions can
be obtained if information about total kilometre travelled per vehicle type is available.

3.3.9 Ship emission model

Technical description

Two methods exist; namely: Fleet activitybased method and fuel-based method. The fleet
activity-based method uses detailed information on ship movements and ship classes, as well
as the corresponding fuel consumption figures and emission factors. The fiel-based method
uses fuel sales data in combination with fuel-related emission factors. Fleet activty-based is
more suitable for local, regional and national shipping. Activity based modelling has been
used in various emission inventory studies of port and coastal areas around the world.

Example of a detailed emission model that takes into account the speed of ships is STEM2.
Other models such as SAMSON and TREMOVE have some speed dependency, but speed
entries and emission factors ar e Agdviewof existiagn d
methods and data can be found in [77]. More information about activity -based models can
be found in [74] and [75], and more information about the macroscopic approach (emission
factors) for ships can be found in [76].

Input

Based on the STEAM2 model, the main input fields are: ship database including engine power,
max speed and weight, location and speed of ships which can be obtained from AIS
(Automatic identification System)

Output
CO; emissions in g or kg
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Existing models

1 Model from EX-TREMIS prgect (activity based model) [68]
1 STEAM2 model (detailed model)[69]

3.3.10 Calibration and validation

Traffic simulation models need to be well calibrated and validated so that they deliver reliable

results. Calibration is the process of adjusting model parameters to improve the ability of the

model to reproduce the real conditions. In the end a traffic simulation model needs to

reproduce correctly macroscopic features such as speedvolume relationships and speed
distributions [70]. For microscopic traffic simulation models that is a minimum requir ement,

preferably microscopic indicators are checked as well. Most importantly for emission
evaluati on, is the calibration of the vehicl esbd
cameras or GPS equipped vehicles. More information can be found inthe documentation of

the MULTITUDH71] and ECOSTANDO72] projects.

3.4 Interfaces between the models

Figure 3 describes the factors and parameters on which an ITS can have influence and in
Figure 6 a detailed overview of the Amitran framework is given. In Section 3.3 the models are
described that implement algorithms explaining how to arrive from one factor/parameter to
the next one in a logical order.

Existing implemented models usually include several steps of the piocess depicted in Figure 6.
Macroscopic models, e.g., determine at least link flows from a given OD matrix, at least for one
mode, mostly road traffic. Within these methods usually intermediate variables are produced;
e.g. for traffic assignment the average speed on a link is generated. Such intermediate
variables can also be used directly or further processed for the follow-up stages of the whole
process in Figure 6.

Generally speaking the output of a modpd modeéel coc
requires for processing the next step. For example a microscopic emission model which
expects speed patterns (v(t)) of individual vehicles requires a traffic simulation model that can
supply this; which means a microscopic traffic simulation model. On the other hand, a more
aggregated model like a macroscopic emission model requiring average speeds per network
link can be fed by a microscopic traffic simulation model; the average speeds can be
determined from the individual vehiclesd speed
possible, a disaggregation, like determining individual speeds or even speed distributions
from an average speed per link, requires adlitional (modelling) assumptions that generally
reduce transparency and trust in the overall approach because they involve additional
assumptions (e.g. distribution types). For the interaction between models interfaces will be
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developed by Amitran. The interface describes how the output of one model can be translated
into input for another model. The interfaces that will be developed by the Amitran project are
indicated by the red arrows in Figure 4 and Figure 6: interfaces between network & economic
data and demand models, demand models and traffic simulation models, microscopic and
macroscopic traffic simulation models, from traffic simulation models to emission models and
from traffic simulation model output to demand modelling will certainly be developed.
SeeTable 3 for some examples ofinformation flows between models.

In WP5 the interfaces (information flows between models) will be worked out further.

Table 3: Information flow (interface) between models (examples).

Model step 1 Information flow Model step 2
Microscopic traffic simulation 1 Speed patterns, v(t) Microscopic emission model
model 1 Related vehicle data

(vehicle type etc. for each
pattern)

1 Network information (e.qg.
gradient per link)

9 If supported by emission
model assumptions/model
for cold start

Macroscopic traffic simulation 1 Volume and average Macroscopic emission model

model speed per link, can be
related to time -steps

1 Network information (e.g.
gradient per link)

9 If supported by emission
model assumptions/model
for cold start

Demand model 1 OD matrix, if supported by | Traffic simulation model (micro
traffic simulation model or macro)
time-dependent (e.g. 1h
intervals)

I if supported by traffic
simulation model OD

matrix per mode
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4.Scaling up

This chapter describes the scaling up process, which is part of the Amitran methodology
presented in the previous chapters. In Section 4.1 the scaling up methodology is described. In
Section 4.2 the knowledge base which is used for scaling up is presented. Section4.3 contains
a data list for scaling up. Section 4.4 describes the structure of the knowledge base.

4.1 Scaling up methodology

With scaling up we mean the extrapolation or translation of effects (in this case CQ
emissions) from a small (local) scale to a larger (geographic) scale. The level to which the
scaling up is carried out depends on the user of the methodology and the research question
he or she wants to address, see Sectior3.1.1 This can be for example country levelor EU-27
level.
Two methods for scaling up are distinguished in Amitran:
9 Scaling up using statistics (direct method), with data made available through the
Amitran knowledge base
9 Scaling up using a (macroscopic) multimodal traffic simulation model on large scale
level (e.g. European or country level)
Both methods for scaling up are described in this section, and afterwards the limitations of the
scaling up methods and the scaling up processfor different systems are described.

Scaling up using statistics

Scaling up using statistics is a direct method. This method uses as a starting point the effects
on CO, emissions on a small scale (local level), distinguished for different situations
(surroundings such as traffic state and weather, vehicle type, etc.).The impacts at a local level
can be derived from an experiment, literature, a micro simulation study or a combination of

these. In casethe effects of ITS applicationsat a local level are given in a format that cannot
be extrapolated directly to a larger scale with the use of statistical datasets (i.e. reduced
acceleration and deceleration of vehicles in congestion), then the use of a microscopic model
is necessary to trarspose this impact to a more appropriate format for scaling up (i.e. 10%
reduction of CO, emissions on congested highways).

The definition of situations that are distinguished depends on the system characteristics,the
situational variables that are expected to have the largest impact (e.g. a night vision system
will only be active during driving in the dark), the possibility of measuring the different

situations (for example, if it is not possible to measure when there is fog, there is no use
taking it int o account for scaling up), and the model capabilities. Data for the same situations
are needed on the large scale levelthat is targeted. Then, the impact on CO, emissionson a
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local scale are scaled up using statistial data (for example on kilometres driven for the
relevant modes) under the specific situations. To make it more clear, an example is given
below.

An ITS system for cars and trucks is tested, and it gives the following results on a local scale
for the vehicles driving with the system, see Table 4.

Table 4: Exampleof effects on CO, emissions on a local scale level

Situation Change in CO, emissions
Motorways, congestion 0

Motorways, free flow -5%

Other roads -1%

Assuming that the user of the Amitran methodology aims to scale up to country level and that
the following traffic statistics are available for that country, see Table5.

Table 5: Exampleof vehicle kilometres driven in a country per year for scaling up

Situation Vehicle kilometres driven in a year (2010)
Motorways, congestion 3 Billion

Motorways, free flow 50 Billion

Other roads 80 Billion

Total 133 Billion

Then the results can be scaled up to country level by doing a direct, simple calculation. When
all vehicles are equipped, there is no effect on 2.3% (3/133) of the total kilometres driven, a
reduction of 5% on 37.6% (50/133) of the total kilometres driven, and a reduction of 1% on
60% (80/133) of the total kilometres driven. The weighted average is then a 2.5% reduction of
CO, emissions on the country level (0% x 0.023 + 3% x 0.376 + 1% x 0.6).

Of course this is a very simple example and the scaled up results are in this way a very rough
estimation. However, this is how the method works in principle, and the more situations are
defined and the more situational data are avaiable on European level, he more precise results
of this method can be.

Scaling up using statistics isapplicable when interaction effects and second order effects (i.e.
latent demand induced by the improvement of the service level, caused by an ITS apgication)
can be expected to be insignificant, or when there is a clear effect at certain traffic situations
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for which data on higher level are available, or even at the mere event that no appropriate
macroscopic model is available to perform the model-based methodology . A drawback of this
method is that data sets need to be available for all countries. At present there is very limited
measurement data for some countries in Europe while a (software) tool for calculating scaled

up impacts automatically does not exist yet. In Section 4.3 a list of data needed for this
method can be found.

Scaling up using a macroscopic (multimodal ) traffic simulation model

When scaling up using a macroscopic (multimodal) traffic simulation model, the network
available in the chosen model determines the level on which the results are calculated. Scaling
up using a macroscopic model of the appropriate level (for example country or EU) can be
done in two different ways:

1. The calculation of the impact is done with a model other than the macroscopic traffic
simulation model. The local effects of the ITS application are in this case determined
(e.g. via a microscopic simulation tool). These effects can be used as input for the
macroscopic model with a network on country/EU level. One run is performed for
deriving the direct effect to a larger scale. Optionally, when it is expected to be
substantial, the economic effect can be calculated with an appropriate model and a
second run of the macroscopic model is performed so that the second order effect is
also accounted for.

2. The calculation of the impact is performed directly with a macroscopic traffic
simulation model. In this case, should the model be at the required level (country/EU),
the direct effect of the system is calculated. This can be done performing a run of the
macroscopic model (and comparing it with a baseline run). Optionally, same as for case
1, the economic effect can be calculated with an appropriate model. Thena second run
is performed with the macroscopic model to account for the second order effect. A
limitation to this approach is that microscopic effects of ITS applications cannot be
taken into account, e.g. changes in driver behaviour. Therefore it can only be used to
determine the effects of ITS applications that mainly affect macroscopic mechanisms in
the network, such as mode or route change.

The two alternatives are very much alike In the first case the macroscopic model is used
purely for scaling up, and possibly for calculating the second order effects, while the impacts
on CO, emissions can be calculated by another model. In the second case the macroscopic
model is used for calculating the impacts on CO, emissionsas well as for scaling up.

Scaling up using a macroscopic modelis a good method to apply when second order effects
are expected and/or when the effects of the ITS application can be used directly as an input
parameter for the macroscopic model. Of course this method can be used only if such a large
scale model is available. An example of such a moel is the model TransTools[30]. Being a
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more elaborate method than scaling up using statistics, it allows taking into account specific
circumstantial difference especially if there are interaction effects. A downside of scaling up
with a macroscopic traffic simulation model is that urban roads are usually not part of the
network on such a large scale, and that it requires more effort than scaling up using statistics.

Limitations of scaling up

The methods described above explain how scaling up can be applied theoretically. In practice,
scaling up is a big challenge. It is important to consider the goal one wants to achieve. Scaling
up is not a goal on itself, but is rather a means to answer a certain question or to achieve a
certain result. This section discussesn which casesscaling up makes sense and what are the
limitations to its application.

The general idea behind the scaling up methodology is that the results of the use of a system
in a certain area are also expected to be valid in comparable situations elsewtere. Therefore
applying the scaling up methodology makes sense when the effects of the system on a small
scale are known, are (likely to be) valid in other regions as well, considering the case that the
system is implemented there in the same degree. Therdore, the type of network and system
in consideration are very important to determine for which regions/cities the effect will be
comparable. For example, a driver assistance system that gives a warning for road works, will
normally have a similar impact for road works on similar roads. For motorways and rural roads
the extrapolation of the impacts of a system to a larger scale is usually possible. For systems
that are active in urban environments it can be more difficult to extrapolate results, because
cities have different characteristics and are often not comparable (e.g. the impacts the same
system might have in a compact old city with narrow roads such as Amsterdam and a spacious
city like Rotterdam are usually not comparable). Also the type of existing ITS applications in
cities may be very different and impact the results of introducing new ITS applications. Thus, in
case no further information on city characteristics and/or no results for comparable cities are
available, the extrapolation of results might not (always) be reliable.

Scaling up for different types of systems
The Amitran project takes into account ITS in various fields: systems related to passenger and
freight transport used in road, rail, and inland waterway traffic. As explained in Segion 2.2, to
make sure that all relevant systems are covered, an existing categorisation of ITS systems is
taken as a starting point and the systems belonging to each category are identified. The
categories of systems (including some examples) are the following:
1 Navigation and travel information (navigation systems, traveller information systems,
planning support systems, inland waterway information systems)
9 Traffic management and control (signal control, junction control, enforcement systems,
parking guidance)
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1 Demand and access management (road pricing, electronic toll collection, restricted
traffic zones)

91 Driver behaviour and eco-driving systems (driver assistance systems such as ACC,
CACC, intelligent speed adaptation, lane change assistance, railway systems such as
driverless train operation)

1 Logistics and fleet management (public transport systems such as dynamic schedule
synchronization, freight transport systems such as fleet management system, supply
chain management system)

1 Safety and emergency systems (lane departure warning, eCall, night vision system,

collision warning system)

With regard to the type of functions one wants to scale up for, the following ca n be said:

T

Navigation and travel information: the operation of navigation and traveller
information systems depends very much on the (alternative) options a traveller has. In
a densely populated urban area there are usually more travel options than in more
rural areas, as in densely populated areas there are usually more route alternatives
than in less densely populated areas. If there is knowledge on the level and amount of
travel options (for public transport and/or car), the scaling up process can be made
more reliable.

Traffic management and control: these systems are usually designed for and applicable
in a certain situation. Depending on how specific the implementation of the system is
and the network characteristics (number of controlled intersections etc.), the effects of
the system can be used for scaling up.

Demand and access management: for demand and access management applications
the transferability of impacts to other regions is not so straightforward. The exact
implementation of such a system often depends on the type of problem that has to be
solved and the type of network it has been developed for. Also user behaviour for
these applications may differ significantly between countries. Scaling up to EU level is
likely not to be reliable for these types of systems. However scaling up within a country
could be done since there are more similarities in the implementation of the overall
system.

Driver behaviour and eco-driving systems: these systems are usually applicable in all
kinds of situations and they work continuously. When local results are available on the
effects of a specific system for different road types, traffic situations (amount of traffic),
and possible other situations, scaling up is possible and pretty straightforward.
However, also for these systems one should take into account that driving behaviour
differs for different countries.

Logistics and fleet management: the implementations of such systems are very much
depending on the specific characteristics of a company, such & the number of trucks,
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shipment sizes, number of clients, use of hubs and distribution centres. In order to get
useful results that can be used for scaling up, a reliable sample size for different classes
of companies should be obtained. Then for the larger scale also the number of
companies in a certain class should be known to be able to scale up the impacts of the
systems in a reliable manner.

i Safety and emergency systems: just as for driver behaviour and ecedriving systems,
these types of systems areusually applicable in all kinds of situations, and scaling up is
possible and pretty straightforward, though they might be dependent of the current
traffic safety level of a country (infrastructure types, more dangerous behaviour etc.).

Specifying scaling up for different types of ITS makes clear that it is difficult to say something

gener al about scaling up. There is no 6cookbook
adjusted to each specific situation. Issues that possibly need to be taken into accaunt (besides

the ones already mentioned) are interaction between users and non-users, nonlinearity in
penetration rates and cultural differences (differences in driving styles between countries). In

Amitran not all those issues are handled at once, but contributions are made to take the
methodology evolution to a next step by providing a knowledge base at the end of the

project, as described in the following section.

4.2 Scaling up knowledge base

To guide the user through the scaling up process and to provide him with the relevant data
and examples a knowledge base for scaling up will be developed in the project.

Background

During the development of the Amitran scaling up methodology, it turned out that a lot of
relevant data needed for scaling up is already available in existing databases. For example a
lot of relevant data at European level has already been collected in the ETISplus project, and
can be retrieved from the ETISplus website[14]. In addition to that, a lot of relevant national
data is available on national websites (for examplewww.cbs.nlfor the Statline databank in The
Netherlands), which in most cases are regularly uplated. Therefore, instead of developing yet
another database that stores (and possibly duplicates) data used for scaling up, it has been
decided to develop a knowledge base.

Features knowledge base

The Amitran knowledge base will provide guidance and support on the scaling up process to
different types of Amitran users. It will also provide examples, and accessto the most relevant
data sources by linking to existing databases. An advantage of providing links to data sources
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is data consistency; each piee of data is kept in one place only, so in case of an update, the
risk of using expired/incorrect data is eliminated. However, there might seem to be some
disadvantages of providing links to data sources (instead of copying the data into a database),
namely:
9 data can be given in different formatsso the user might have to carry out complicated

manipulations to use it: Any format suitable for human viewing should be appropriate

for scaling up, since scaling up conform the Amitran methodology requires manual

steps and calculations. A onesolution-fits-all is impossible to design and implement

in advance. There are no aelectronic for mat

referred by the knowledge base. If the real-world use of the knowledge base (after

the project) will show that users constantly need to import/convert/decode the

statistical data sets, automation mechanisms can be investigated.
I data can be changed or gone:The majority of the used data sources are national

statistic offices which provide reliable data. With links to these external databases, the
possibility still exists that data will disapear or change in the original database, but this
would most likely be because of the reason that the original data was not correct. In
the case of a local copy, the user would therefore have a greater risk of using incorrect
data. It is important that there will be performed good maintenance of the knowledge
base. The users can help with this; when a user notices that a certain link becomes
broken, he can alert the knowledge base maintainer, who needs to search for an
updated link or new data sources and update the KB accordingly.

9 data might be incomplete: This disadvantage is not specific to the fact that statistical
data is only linked instead of copied into the knowledge base. Also internally stored
data may be incomplete. It is however a fact that currently in the Amitran
knowledgebase, statistics data are not available for all EU countries, and not all
possible data that might be needed for scaling up is available or can be provided (the
specific data that is required for a specific ITS application cannot be foreseen or is not
yet available in the world for all possible ITS and situations). Therefore, users of
Amitran will need to make assumptions when scaling up the impacts of their ITS
system. Again, if new data is available in the future, the maintainer of the knowledge
base can be informed and should update the knowledge base accordingly. This will
require the same or less effort than adding new data to an internally copied data set.

Concluding: there are no disadvantages of referring data instead of copying it, as long as the
knowledge base is targeted for human (manual) use. The chosen technology allows for easy
inclusion of new data in the knowledge base, while using links to the original databases will
help to have access to the most actual data. However, the actual use of the knowledge base
for real assessments will prove which is the best approach in the long run. Should it become
obvious that some of the data is stable enough and used intensely, the knowledge base
maintainer may choose to insert it into the KB in a file or tabular format , such that it could be
used in a more automated approach.
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The knowledge base will be contained within a publicly available website, providing the user
with all relevant information concerning Amitran, for example how to use the Amitran
assessment methodology, more information about the results of the Amitran project, etc. This
website merges the online guidance tool and checklist to guide the user through the Amitran
methodology (output of WP7) and the scaling up knowledge base.

Some of the Amitran users (the contributors) will have the possibility to login to the website,
so they can make contributions to the contents of the website and the knowledge base.
Quality control and validation of the new content is an important aspect of the knowledge
base, and will be part of the knowledge base lifecycle process. This aspect will be included in
the implementation of the knowledge base next year.

The knowledge base will offer the following to the user:

1 Guidance

o First the user can view general information about scaling up, such aswhat
scaling up is, the two methods for scaling up, the different steps to take in
these methods, the possible levels of scaling up, etc.

o Secondly, the user is directed b more detailed information on scaling up for
specific user cases. The set of use cases shall be updated and extended as the
methodology is being emp loyed in real-life usage cases.This direction is made
based on input that the user provides, such as the type of ITS application, the
type of effect of the ITS application, the level on which the user has data
available, the level to which he wants to scale up and models available to the
user.

1 Examples: &kamples of scaling up will be provided for different transport modes, for
passenger and freight transport, for scaling up to different levels (national and
European), etc. These examples will help the usein applying the scaling up method to
his own situation.

9 Links to relevant data: links will be provided to data needed for scaling up, at national
level in European countries and at European levelDatabases containing statistical data
are being developed and maintained across the entire community. Some of the data
contained in these databases and repositories can be used for scaling up. Direct
inclusion of these data into the knowledge base would ease access for the users of the
assessment framework, but would pose significant challenges in keeping the local data
copy consistent with the original. Therefore it is decided to include links to existing
databases.The user cancopy or download the requir ed data from the websites that he
is referred to and use it for his scaling up calculations.

The technical set-up of the knowledge base is presented in Section 4.4. In 2013 and 2014, the
knowledge base shall be implemented.
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4.3 Data list for scaling up

In this section the data list for scaling up is presented. This list is not final and definitive in the
sense that during the development of the scaling up knowledge base and the collection of
data, additional data needs may arise or additional useful data may be found.

The data list is defined in the following way. For the different parameters as presented in
Annex 1 and Section 3.2 the steps to calculate CO, emissions and scale up to a larger level are
worked out. The first item (steps to calculate CO, emissions) belongs mostly to Chapter 3, but
to make the descriptions more complete and to relate in a straightforward way to the scaling
up steps, they are included. From the scaling up descriptions, the necessary indicators are
derived and included in the data list.

This section presents a detailed description of the scaling up methods for four of the
parameters as an example. In Annex 2 the scaling p methods for the other parameters are
provided. After these four examples the preliminary data list is given.

The four parameters for which the working out for scaling up is presented in this section are
the following:
91 Driving behaviour (speed, lane, headway, driving dynamics) for road traffic
1 Parameters that affect demand (trip generation, destination choice, mode choice pre-
trip and departure time choice)
1 Weight (occupancy and load factor)
1 Route choice pre-trip and on-trip for road traffic

1. Driving beh aviour (speed, lane, headway, driving dynamics) for road traffic
When an ITS application causes a change in driving behaviour (control of the vehicle)on the
road, a microscopic traffic simulation model and a microscopic or macroscopic emission
model can be used to calculate the change in CQ emissions. When the ITS application causes
a change in capacity or amount of congestion, additionally a macroscopic traffic simulation
model could be used to take into account the indirect effect on demand. For the sak e of the
example we assume here that there are only direct effects and that a microscopic traffic
simulation model and a microscopic emission model are used. A microscopic traffic simulation
model delivers results for a small network. It is important here to take into account the traffic
state as asituational variable, since that is a factor that is influenced by and influences the
driving behaviour.
In short, the method for calculating CO, emissions on a small scalefor changes in driving
behaviour is asfollows:
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1 Method: microscopic traffic simulation model that includes driving dynamics,
connected with a microscopic emission model that includes detailed (per second)
accelerations

1 Input to microscopic traffic simulation model: adapted parameters and/or a driver
model that reflects changes in driving behaviour

1 Output of microscopic traffic simulation model / input to microscopic emission model:
speed profiles per road type per traffic state (for a small network) for baseline scenario
(no ITS application) and scenario with ITS application

9 Output of microscopic emission model: change in total CO, emissions for different
road types and traffic states (for a small network)

Scaling up to a larger scale (for this example we assumecountry or EU-27 level):
1 When information on country/ EU-27 level is available on kms driven per road type and
traffic state:

0 Method: scaling up using statistics (straightforward multiplication)

o Input: change in total CO, emissions on local level per road type per traffic
state, and country/ EU-27 data on the kilometres driven per road type per traffic
state

0 Output: change in CO, emissions on country/ EU-27 level

1  When no information is available on kilometres driven per road type and traffic state
on country/ EU-27 level:

0 Method: scaling up using statistics (assumption on distribution of kilometres
driven over road types and traffic states on country/ EU-27 level, followed by
straightforward multiplication)

o Input: change in total CO, emissions on local level per road type per traffic
state and country/ EU-27 data: assumption on kilometres driven per road type
per traffic state

0 Output: change in CO, emissions on EU27 level

For an example of the straightforward multiplication, see Section 4.1. Some variants on this
example are possible. There carfor example be data available for different road types, but not
for different traffic states. Or there might be more data available, for example on slope of the
road. However, the method used can be applied in the same way.

2. Parameters that affect demand (trip generation, destination choice, mode choice
pre-trip and departure time choice)
When the introduction of an ITS application influences parameters that affect demand (such
as trip generation, destination choice, mode choice pre-trip and departure time choice) then
the Origin-Destination trip matrix is affected. Impacts of modifications of these parameters
can be a change inthe number of trips made, changes inthe selected destinations for these
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trips, different modes selected to conduct the planned trips as well as variations on the
scheduled departure time for the trips. This can be translated into a higher or lower demand

for transport services for a certain time period. In order to calculate the impact these

modifications in demand may have on CO, emissions the use of a macroscopic multimodal
traffic simulation model is primarily required. The output of such a model (vehicle kilometres,

speed, etc.) is used as input to a macroscopic emission model that in turn calculates the
overall CO, emissions due to the integration of the examined ITS application. The macroscopic
multimodal model can be on the level that the user wants to scale up to, or it can be on a

smaller scale, so that scaling up has to be done later.

In short, the method for calculating CO, emissions for parameters that affect demand is as
follows:

1 Method: macroscopic multimodal traffic simulation model and macroscopic emission
model

1 Input to macroscopic multimodal traffic simulation model: parameters of demand (trip
generation, destination choice, mode choice pre-trip and departure time choice)

1 Output of macroscopic multimodal traffic simulation model / input to macroscopic
emission model: change in wehicle kilometres driven per mode per road type and
vehicle speeds per mode per road type.

9 Output of macroscopic emission model: change in CO, emissions per mode per road

type

When the macroscopic model is at the level that the user wants to scale up to, no extra steps
are needed to scale up. When the macroscopic model is at asmaller level, scaling up has to be
done using statistics (straightforward multiplication), after the macro emission model is used:

9 Input: on the local level the change in CO, emissions per mode per road type, and on
the large scale level the kilometres driven per mode per road type (if not available: use
assumptions)

9 Output: change in emissions on national/EU level, by multiplying change in CO,
emissions per mode per road type with share of kilometres driven per mode per road

type

Possibly the congestion level/traffic state (congestion vs. free flow or more than two levels)
can be added as well as a situational variable, given that these data are available. This is useful
when there is a change in the amount of congestion as a resut of the ITS application.

An option is also to first do the scaling up (after the macroscopic traffic simulation model) and
then use the macro emission model. Thiswill not make a difference; the result will be the

same.
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3. Occupancy (for passenger transpor t) and load factor (for freight)
ITS applications that cause a variation in occupancy rates for passenger transport and those
that cause variations on the load factors for freight transport, despite being very distinct, their
impact on CO, emissions can becalculated on more or less the same bases.
The occupancy rate for passenger transport changes when people shift modes or when
concepts such as carpooling are promoted. Carpooling or a shift from car to public transport
will result in less vehicle kilometres driven with passenger cars, whik the kilometres driven
with public transport vehicles should remain the same, assuming that the available capacity is
sufficient to cope with the additional travellers. If the shift to public transport modes is large
enough, this might even trigger more frequent routes of public transport modes ulti mately
increasing the vehicle kilometres driven with these modes as well. Overall, however, less
vehicle kilometres driven are expected, whichshould result in a reduction of o verall emissions.
With the occupancy the total weight of the vehicle changes. Per passenger he fuel
consumption goes down, however, slightly less than proportional with the occupancy, due to
the increased fuel consumption of the vehicle. Generally, an a@cupancy of between 1.2 and
1.4 is used in emission models, as this is theaverage occupancy in Europe. With higher
occupancy the total vehicle weight increases and so does the emission. For a heavy vehicle the
effect of occupancy is relatively smaller. The effect is higher at lower speed and higher
dynamics than at constant high speed, as the weight increases the inertial force and the rolling
resistance. So a higher occupancy affects the fuel consumption in two ways, keeping driver
behaviour and other aspects equal:first, more fuel is required to accelerate, and, secondly, the
rolling resistance increases with the weight. Together they amount around half of the emission
in average vehicle use. An appropriate inclusion of the two underlying effects in a physics
based emission model can incorporate the effect of extra weight on fuel consumption, without
losing the generality of the ITS effect.
For heavy-duty vehicles the effect is even more stringent. When properly filled up, the payload
is more than half of the total weight of a heavy -goods vehicle. An increase in payloal will
produce less than weight-proportional higher fuel consumption, while the fuel consumption
per ton payload drops significantly. Furthermore, less trips are needed becauseof the higher
payload per trip. Hence, the fuel consumption per total weight (tonnage) decreases, which
adds on to the reduction of the fuel consumption per payload*kilometre. An increased
payload has therefore, unlike the case with occupancy for passenge cars, a double positive
effect: less vehicle weight per payload and a more efficient use of the engine, with a lower
specific fuel consumption. A heavy-duty emission model must be tuned to take into account
payload and other weight effects on the fuel co nsumption properly.

In short, the method for calculating CO, emissionsfor occupancy/load factor is as follows:
1 Method: first the modal shift can be calculated with a macroscopic multimodal traffic
simulation model. This macroscopic model can be on the level that the user wants to
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scale up to, or it can be on a smaller scale, so that scaling up has to be done later. If
the first is possible, then from the viewpoint of scaling up it is preferred, since it
simplifies the scaling up calculation. After the calculations with the macroscopic model,
a physics-based emission model should be applied to calculate the emissions. In
macroscopic models the type of vehicle is not distinguished within the same mode of
transport. Two scenarios will be calculated, one the baseline scenario (reference
situation, no ITS application) and one the scenario with the ITS application. A
macroscopic emission model or emission factors can be used to calculate the effect of
a change in kilometres driven on CO, emissions.

Input for macroscopic multimodal traffic simulation model: change in occupancy rates
per mode of transport per OD or change in load factors for freight vehicles

Output of macroscopic multimodal traffic simulation model / input for macroscopic
emission model: change in vehicle km driven per transport mode and corresponding
occupancy (either for passengers or freight) per road type per traffic state

Output of macroscopic emission model or emission factors: change in CO, emissions
per road type per traffic state

Output of physics-based emission model: change in CQ emissions, taking into
account the changed weights of the vehicles

Scaling up to a larger scale (countryEU-27 level):

Should the macroscopic traffic simulation model be at the level that the scaling up process

targets, then scaling up is done using the macroscopic traffic simulation model alone, and no

extra steps are needed to scale up. The final C@ emissions are calculated with the use of a

macroscopic emission model as described in the previous examples.

When the macroscopic traffic simulation model is at a level of lower scale than targeted by the

scaling up process and/or the results from the physics-based emission model need to be

taken

into account, then scaling up can be done using statistics (straightforward

multiplication). This can be done after the CO, emissions are calculated, or in between the

traffic simulation model and the emissions model. The example here assumes that it is done

after the emission model.

1

Input: from the model s on local level the change in CO, emissions per road type and
traffic state,, and on the country/EU-27 level: the passenger kilometres or ton
kilometres per road type conducted in the region of interest (if not available:
assumption)

Output: change in CO, emissions for the whole country caused by the change in the
occupancy rate or the load factor caused by the ITS application

The congestion level/traffic state (congestion vs. free flow or more than two levels) can only

be added as a situational variable when these data are available.
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4. Route choice pre -trip and on -trip for road traffic
ITS applications that affect route planning either pre- or on-trip have already been introduced
and even more elaborate ones are expected in the near future. Those applicationsprovide a
routing advice to the user (to achieve either personal or system optimum). This kind of
applications can cause an overallchange in vehicle km travelled as well asin the traffic state
by assisting in congestion avoidance/reduction. Combined, they have a direct impact on CO,
emissions.

The O0ideal d case would be when data are availab
the potential for alternative routes; in some areas there are simply no options for route
alternatives, in other areas there are a lot of alternatives. This categorization can for example
be high (many alternative routes possible) / medium / low (no alternative routes possible). We
do not know now of such an existing categorisation, but in the future it might be available.
Another possibility is that assumptions are made for this, for example assuming that densely
populated areas have many options for alternative routes, and areas with a low population
density have no options for alternative routes. A third alternative is to carry out route
calculations to find out how many route alternatives are available, but to do this for a country
or EU-27 is a lot of work.

In the working out below we assume that a categorisation on route alternatives is available. If
it is not, the method is still the same, but it has to be assumed that the level of availability of
alternative routes is the same for the large scale level as for the local level.

The method for calculating CO, emissions is as follows:

1 Method: application of a route choice model. For pre -trip route choice this is normally
coupled with a traffic simulation model (macro-, meso- or microscopic). For on-trip
route choice this should be done with a traffic simulation model that can incorporate
dynamic route choice. After this calculation of CO, emissions is done using emission
factors (including detail by road type and traffic state)

1 Input for traffic simulation models:

0 Pretrip: assignment of OD matrix to number of trips per route
o On-trip: flows per route alternative at each decision point in the network (split
fractions), updated during the simulation.

9 Output of traffic simulation model/ input for emission calculation: km driven per road
type per traffic state, for different types of areas

1 Output of emission model: (change in) total CO, emissions for different types of areas,
per road type per traffic state

Scaling up to a larger scale:
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1 Method: scaling up using statistics (straightforward multiplication)
1 Input: change in total CO, emissions for different types of areas per road type per
traffic state, and large scale (national/EU) data on the km driven in the different types
of areas, per road type per traffic state
1 Output: change in CO, emissions on large scale (national/EU level) by multiplying the
change in CO, emissions on small scale per area type per road type per traffic state
with the kilometres driven per area type per road type per traffic state on a large scale.
In the most ideal case the areas types also take into account the road types (share of
kilometres driven on the different road types).

As written in the beginning of this chapter, the data list is defined by working out the scaling

up methods for all different parameters and is given in Table 6. To bring changes in CO,

emissions into context, total CO, emissions are added to the list.

Some data are neededmore urgently than others, as was shown in the examples. For example,

the total number of kilometres travelled for different modes is a must have, having these data

(for road traffic) split for road types is very useful for a lot of analyses, but having the data split

for e.g. weather isnot expectedtobeverynecessary (6nice to haveo). T
marked in Table 6 as optional. During the data collection phase the possibilities to find these

data will be researched.

The situational variables (SV)( 6 cont extd to which the data hav
specified in Table 7. The data in Table 6 are needed on EU27 level and where possible on

country level. They will be collected as much as possible in tte remainder of the project.

However, it will not be possible to collect all data for all EU-27 countries. Something to take

into account as well (which we cannot O06solved ir
road types) can be different in different countries.
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Table 6: List of data needs (for EU-27 level and where possible on country level)

Data need

Distinguished by (context & situational variable)

Kilometres driven on road

=A =4 =4 —a =9

- (Total)
Road type
Traffic state
Vehicle type and fuel type
Combinations of the above situational variables (e.g. road type and
traffic state)
Optional (relevant for ITS applications where the effect depends on
this context):
0 Areatype (levels of route options)
Steepness
Curvature
Road surface type
Possibilities for traffic management
Lighting
Weather
Intersections type

O O O 0O O ©

Kilometres sailed

=

- (Total)
Ship type
Optional (relevant for ITS applications where the effect depends on
this context):
0 Water levels
Weather conditions

Kilometres driven on rail

= =4 =4 | =

- (Total)
Train type and fuel type
Optional (relevant for ITS applications where the effect depends on
this context):
0 Areatype (levels of route options)
o Infrastructure type

Passenger kilometres

= =4 =4 -4 A

- (Total)
Mode (road, water, rail)
Road, ship, train and fuel type
Traffic state
Optional (relevant for ITS applications where the effect depends on
this context):
o0 Network type (levels of multimodal options)
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Ton kilometres

Optional: data on auxiliary
systems

Scaling up

Distinguished by (context & situational variable)

= 4 —a —a A

= =4 =4 =4

- (Total)
Mode (road, water, rail)
Road, ship, train and fuel type
Traffic state
Optional (relevant for ITS applications where the effect depends on
this context):
0 Commodity
0 Combination of mode and commaodity
o Network type (levels of multimodal options)

Conditions under which they are activated

Frequency of these conditions

Share of available auxiliary systems

Share of time/kilometres that auxiliary systems are activated

CO, emissions

All situational variables mentioned here above

Table 7: Situational variablesand levels

Situational variable

Levels

Road type

1 Motorway
f Rural road
 Urban road

Traffic state

At least:

1 Congestion

1 Free flow

Where possible more level specifications
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Vehicle type and fuel type & road

Scaling up

Levels

Car
1 Euro classifications 1/2/3/4/5/6
1 Gasoline / diesel / petrol / electric / hybrid / CNG /LNG
Truck
1 FTL (full truckload), LTL (less than truckload), groupage
(transporting of goods in the same truck with other
goods from other companies/clients), distribution /
pickup route
1 LCV (light commercial vehide)/van, light duty trucks,
medium and heavy duty trucks, long heavy vehicles
1 Euro classifications 1/2/3/4/5/6, I/I/MN/NVIVIVI
1 Gasoline / diesel / petrol / electric / CNG / hybrid / LNG
Motorcycle (MTW, motorized two -wheeler)
1 Euro 1/2/3/4
1 Gasoline
Public transport (where possible sub divided by):
1 Bus
o Euro classifications 1/2/3/4/5/6/EEV
o Diesel / electric / CNG / hybrid

T Tram
1 Bicycle

o0 Regular / electrical
1 Moped

0 Gasoline / electrical
1 Walking

Ship type o water

1 Inland water ways freight ship by
o CEMTO/I/MAINVINNVIVI

1 Short sea freight ship
9 Ferry (truck on ferry/ train on ferry)
1 Bunker oil/ diesel/ LNG

Train type and fuel type 6 rall I Stopping train / Fast train/ Intercity
1 Single wagon load / block train / intermodal shuttle
1 Diesel / Electric/ LNG

Area type (levels of route options) d | At least:

optional SV 1 High
1 Low

Steepnesso optional SV At least:
1 Steep, hilly
1 Flat
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Curvature 9 optional SV

Scaling up

Levels

At least:

f
f

Straight
Curved

Road surface typed optional SV

Possibilities for traffic management
0 optional SV

Lighting 0 optional SV

At least:

f
f

Asphalt / concrete
Other

High (high number of controls, possibilities for loop
detectors, etc.)
Low

Night
Day

Weather 6 optional SV

Dry

Rain

Snow

Fog

For ships: wind, waves, storms

Water level

Low water
High water

Intersection type 0 optional SV

=A =4 = = =4 =A =4 =4 -4 =4 = =4 | =4

Non-signalized intersections
Signalized intersections
Adaptive vs. static traffic lights

Waterway classd optional SV

CEMT O//IINVIVIVIIVI

Infrastructure type for rail & 9§ Gauge width
optional SV 9 Curvature
i Steepness
i Electrified (yes/no)
T Signalling system (including ERTMS levels)
Network type (level of multimodal |  High
options) & optional SV 1 Low
Commaodity 0 optional SV At least:
1 Low valued goods
1 High valued goods

Since a knowledge base is being built instead of collecting new data, the main focus is on

collecting the links to relevant data, and investigating the data availability. We expect to

encounter gaps in the data or find data that might not be freely available (we only use publicly

available data). Also, there will be differences between different countries, with regard to
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reliability of the data, definitions, and the level of how up -to-date they are. As initial data

source the ETISplus databasd14] will be used. ETISplus is built on top of Eurostat data, and
the database with 2010 data became publicly available at the end of 2012.

4.4 Knowledge base set-up

In Section 4.2 the scaling up knowledge base that will be provided by Amitran is introduced.
The knowledge base will not contain actual statistical data, but knowledge meant to support
the user in performing the scaling up and links to relevant data.

This section contains a brief description of the technical architecture of the knowledge base,
with the enumeration of the major software entities that will be e mployed in the
implementation, as well as an enumeration of the basic functions that the knowledge base will
provide.

Since there are many types of ITS being deployed at the moment, and new types are being
developed and will be deployed in the (near) future, their application and concrete
implementation details are so diverse, that it is not only difficult, but also not recommended
to have the knowl edge base structure Oset
as there are two major driving forces that dictate the structure and content of the scaling up
knowledge base: a) the users and b) the authors of the Amitran assessment methodology In
order to have them both acting freely on the knowledge and incrementally shape it, a Wiki
framework is used to host the knowledge base. The Wiki can be browsed freely on the
Internet. However, only registered and properly authenticated users are allowed to contribute.
During the Amitran project the structure and content is being continuously reviewed and
amended by the Amitran team. The continuous stream of changes and additions is being
automatically tracked and properly displayed by the technologies used in the concrete
implementation of the knowledge base.

4.4.1 Technical architecture
The Amitran knowledge base architecture is depicted in Figure 7; the knowledge base relies
on the following technologies:
1 MediaWiki: the software program that runs Wik ipedia (and other projects ran by the
Wikimedia Foundation (http://www.wikimedia.org/ )
1 AMP Environment: the runtime environment needed for MediaWiki software to run:
0 Apache Web Server for delivering web pages
0 A relational database management system (PostgreSQL) for storing the content
o Scripting language PHP for the application logic that glues together these
components
The knowledge basewill be accessible from the Internet, through a web-browser.
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Figure 7: Architecture of the knowledge base solution that will be employed in Amitran

4.4.2 Functional details
The core functional unit of the knowledge base is the MediaWiki framework. The MediaWiki
framework has implemented the following fundamental concepts of the knowledge base
solution:

T The knowl edge uni-t is an oarticlebo, which i s
contain other media, e.g. images, graphs, tables, videos, sound files, as well as linki
other articles

1 Via the above mentioned links, articles can be structured in graphs, therefore covering
as much as possible of a certain subject.

MediaWiki offers the following important functions, which will be used in the Amitran
knowledge base implementation:

1 Auto-generation of contents for articles that can be used to convey an image on the
structure of a subject and allow non-sequential browsing of the respective subject.

1 Navigation bars (on the left and/or on the rig ht part of the screen) with shortcuts to
the relevant parts of the content

1 Generation of printable versions of articles

1 Heading auto-numbering, a feature that will automatically update heading numbers,
after article updates and inclusions of new headers

Additional features which will be used for the Amitran scaling up knowledge base:
9 File upload, where the knowledge base contributors can add other media to articles
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1 Editing of mathematical formulae for the description of models and scaling up
processes

One of the core featur e s o f -t ¥ pkeolvlédge blse solution is the ability to keep track
of the edits. The main functions are:
1 Waitch lists: users can subscribe to the watch list of any article, and they will be
informed when the respective article is updated
1 User contributions: the sidebar of each user page lists all articles that the user worked
on, according to the database
1 Extended recent changes: dynamic collapsing of edits of the same article, showing the
article history

4.4.3 Security

Security within the knowledge base is enforced by the web interface provided by MediaWiki.
Only users identified as contributors are allowed to update articles in the knowledge base.
Authentication of users is done by means of account name and password. There is a default
authorization scheme, providing the following roles:

1 Registered users: they can move and rename articles, upload files

1 Sysops: they can protect articles from editing, delete and undelete articles, edit

protected articles and run SQL queries directly on the database.

9 Bureaucrats: they can create sysops

1 Developers: they can lock the database and run maintenance tasks
The Amitran knowledge base will use this authorisation scheme at least initially. Roles may be
updated, in order to accommodate specific (unforeseen) project needs.

4.4.4 Search of information
The central point of the knowledge base interface is the ability to perform searches within the
stored knowledge. The search engine provided by MediaWiki offers:
1 Full text search
f 0Go6 button: di rect viosmentritges meér match & poecgactf i e d a
hit is available)
1T oWhat l inks hereo: articl es-linkd)at l ink to the

Figure 8 shows a screen capture of the homepage for the knowledge base built using
MediaWiki, for the users of MediaWiki. The main components of the interface can be
observed.
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N

MediaWiki Welcome to MediaWiki.org

MediaWiki is a free software open source wiki package written in PHP @, originally for use on Wikipediae?. It is now also used by several other projects of the non-profit Wikimedia Foundation and by many other wikis, including
Main page this website, the home of MedialViki

Browse categories
Community portal
Recent changes

Tech blog About this site | About MediaWiki | Download | Help and support

Use the links below to explore the site contents. Youl find some content translated into other languages, but the primary documentation language is English

For general questions about MediaWiki ses the communication page or ask at the support desk.

~ Support
User help
Technical manual

FAQ
N >,
Support desk -
~ Download

Get MediaWiki

Using MediaWiki System Administration Developing & Extending

]

Get extensions What is a wiki? Install & configure MediaWiki Become a MediaWiki hacker

» Development + Leam how to navigate + Upgrade an existing MediaWiki installation « Leam to use the APl and write extensions
« Leam how to edita page « Add features with third-party extensions « Browse the developer docs and class reference &

> EIITIIIEED « Get more help « Get more sysadmin help o Already a hacker? Visit the developer hub

b Printiexport

» Toolbox Current version © | | News () | Mew opportunities &
o 1.20.0 - 2012-11-06 © 20121107 1.200 released o 2012 Extension Page Review Drive
o 119220120831 / MediaWiki 1.20.0 is now available Compistion goal: Wikimania 2012

* 201208-31:119.2,1.18.5 released « Other ways to contribute.
g Download @ MediaWiki 1.19.2.and 1.18.5 securily releases are now available.
« 20120613 119.4,1.18.4,117.5 released

@ Vecialviki 1.19.1, VediaWiki 1.18.4 and liediaWiki 1.17.5 security relsases now available
* 2012.05.02 1.19.0 released

/ WediaWiki 1.19.01s now available.
© 2012-04-26: 1.19.0 rc1 released

/ WediaWiki 1.19.0rc 1is now available.

© 2012-04-26: 1.18.3 released

() MediaWiki 1.18.3is now available

® 2012-04-26:1.17.4 released
) MediaWiki 117 4is now available -

Figure 8: Screen capture of the MediaWiki homepage

The logo for the theme of the knowledge base in the top left corner

The login control and user account management links in the top right corner
The search control just beneath the login

The version control of the article in front of the login control

The navigation bar on the left side of the screen, underneath the logo.

=A =4 =4 4 4 =4

Main content area, in the middle of the screen. This part contains free-text, a
considerable number of links to other articles in the knowledge base. The content can
further be thematically divided into separate panels. Images, as well as buttons may
appear here.

The content of the knowledge base is structured in articles, covering one topic, or one aspect
of a larger topic. There is a primary tree structure to be defined, hosting all articles. Based on
the methodology needs, cross references between articles will be used, so that at maturity, the
knowledge base will resemble a graph of articles, with links to external data sources. The
knowledge base is meant to evolve, driven by both the ITS body of knowledge as well as
concrete usage scenarios for the Amitran methodology. What the Amitran project aims at is
that users of the methodology can confirm and, if possible, improve the scaling up methods,
based on their concrete experience.

4.4.5 Development approach
The actual development of the Amitran knowledge base is envisioned to have two major
phases:
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1. Technical setup
A runtime environment will be created and all the needed software packages will be
installed and configured (the web-server, the scripting language, the relational
database and the MediaWiki software package) One of the latest steps in this phase
will be the setup of the authentication and authorisation schemes for the knowledge
base. Users that are internal to the Amitran project will receive access to the
knowl edge base web interface. At the end of t
will be available.
2. Development of the knowledge structure
Thisphasei s where the knowledge base wil lwlbe fil
last the entire remaining duration of the project and it may continue after project
conclusion. It is expected that the knowledge contained within the database will grow,
as the framework is increasingly used, updated and validated. During this phase, two
user categories are expected to emerge:
a. Administrative users 8 mainly IT specialists, performing maintenance tasks and
keeping the knowledge base online and in good health
b. Business usersd mainly ITS specialists, using the knowledge base in order to
perform assessments and scaling up operations providing new content and update
the existing content.
During the second phase of the knowledge base lifecycle, both the structure and the content
will evolve. The chosen technologies as presented above are expectedo accommodate such
changes with minimal further development and maintenance efforts.
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Annex 1: Scaling up methods and examples

Scaling up methods

In addition to the four scaling up process presented in Section 4.3 this annex provides the
scaling up methods for six other parameters. These are the following:
1. Speed (water)
Speed (railfreight)
Speed (rail passengers)
Auxiliary systems/vehicleperformance
Choice of transport means
Supply (capacity)
Mode choice on-trip

No ok~ wbd

1. Speed (water)
Calculation 1
1 Method for calculating CO, emissions: $ip emission model or emission factors
(including detail by ship type)
1 Input: speed (change), emission characteristics per ship type,
9 Output: Emissions per km by ship type

Scaling up to national or European level:
1 When information per ship type is available at national and European level
0 Method: straightforward multiplicat ion
o0 Input: emission per km by ship type (from detailed calculation), total km sailed
per ship type
0 Output: CO, emissions inland waterways (per ship type)
1 When no information is available on ship types at national and European level
0 Method: assumption on ship types based on typical data based on a
comparable country or European average and calculate an average emission for
all ship types together, followed by a straightforward multiplication
Input: emission per km by ship type (from detailed calculation), total km sailed
Output: CO, emissions inland waterways

Calculation 2
1 Method for calculating CO, emissions: $ip emission model or emission factors (no
detail by ship type)
1 Input: speed (change), emission characteristics inland waterways,
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9 Output: Emissiors per km

Scaling up to national or European level:
1 Method: straightforward multiplication
1 Input: emission per km (from detailed calculation), total km sailed
1 Output: CO, emissions inland waterways

Speed (rail freight )
Method for calculating CO, emissions Energy consumption model (or factors) followed
by multiplication with emission factors (including detail by locomotive type
(diesel/electric), commodity group and cargo type (bulk/container) )

1 Assumptions model/method:

0 An average energy corsumption is provided assuming the average loading
pattern of the train. For instance, for bulk transportation each loaded trip has
an empty trip return. For container transportation an average 100% loaded one
way and in the other direction x% (<100%) of loaded containers is assumed
and the rest of the train has either empty containers for repositioning or no
containers.

o0 Per commodity an average typical length and weight of the train can be
assumed. Maximum length of the train varies per country. Therefore if possible
the calculation should be performed under different typical length of the train
so the results can be applied for different countries.

o Emission factors differ per country for electric locomotives depending on
energy mix for electricity productio n. For diesel it depends on (average)
age/type of the locomotives which is generally hard to make available so this is
disregarded in the method and an average is assumed.

1 Input: speed (change), energy use characteristics per locomotive type,

9 Output: energy use per ton km by locomotive type, commodity group and average
length (category) of the train; Emissions per ton km by locomotive type, commodity
group and average length (category) of the train

Scaling up to national or European level:
Step 1 enegy use:
1 When information on average locomotive type and average length per commodity
group is available at national level
0 Method: straightforward multiplication
o Input: Energy use per tonkm by locomotive type, commodity group and
average length (from detailed calculation), average mix diesel/electric per
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country, Average length per country, total tonkm (on the national territory) per
commodity transported by rail per country.
o Output: Energy use railways (per locomotive type, per country, per commodity
group)
1 When no information on average locomotive type and average length per commodity
group is available at national level
0 Method: assumption on mix diesel/electric and on length per country
preferably based on typical or comparable country, followed by a
straightforward multiplication
0 Input: energy use per ton km by locomotive type, commodity group and
average length (from detailed calculation), total ton km (on the national
territory) per commodity transported by rail per country.
o Output: energy use railways (per locomotive type, per country, per commodity

group)

Step 2 emissions:
1 When information is available on energy mix for electricity production at national and

European level
0 Method: straightforward multiplication
o Input: Energy use railways (per loconotive type, per country, per commodity
group) (from step 1), energy mix for electricity production per country,
emission per energy source in the energy mix, assumed emission for diesel
locomotives
o Output: CO, emissions railways (per locomotive type, per country, per
commodity group)
1  When no information is available on energy mix for electricity production at national
and European level
0 Method: Assumption on the energy mix for electricity production preferably
based on a comparable or typical country; straightforward multiplication
o Input: Energy use railways (per locomotive type, per country, per commodity
group) (from step 1), emission per energy source in the energy mix, assumed
emission for diesel locomotives
o Output: CO, emissions railways (per locomotve type, per country, per
commodity group)

Speed (rail passengers)

1 Method for calculating CO, emissions: energy consumption model (or factors)
followed by multiplication with emission factors (including detail by locomotive type
(diesel/electric))
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1 Assumptions model/method:

0 An average energy consumption is provided for an average typical length and
weight of the train. Typical length (and weight) of the train varies per country.
Therefore if possible the calculation should be performed under differe nt
typical length of the train so the results can be applied for different countries.

o Emission factors differ per country for electric locomotives depending on
energy mix for electricity production. For diesel it depends on (average)
age/type of the locomo tives which is generally hard to make available so this is
disregarded in the method and an average is assumed.

1 Input: speed (change), energy use characteristics per locomotive type,

9 Output: energy use per (pass)km by locomotive type and average length (category) of
the train; Emissions per (pass)km by locomotive type and average length (category) of
the train

Scaling up to national or European level:

Step 1 energy use:
1 When information on average locomotive type and average length is available at

national level
0 Method: straightforward multiplication
o Input: Energy use per (pass)km by locomotive type and average length (from
detailed calculation), average mix diesel/electric per country, Average length
per country, total (pass)km (on the national territ ory) by rail per country.
o Output: Energy use railways (per locomotive type, per country)
1 When no information on average locomotive type and average length is available at
national level
0 Method: Assumption on mix diesel/electric and on length per country
preferably based on typical or comparable country, followed by a
straightforward multiplication
o Input: Energy use per (pass)km by locomotive type and average length (from
detailed calculation), total (pass)km (on the national territory) by rail per
country.
o Output: Energy use railways (per locomotive type, per country)

Step 2 emissions:
1 When information is available on energy mix for electricity production at national and

European level
0 Method: straightforward multiplication
o Input: Energy use railways (perlocomotive type, per country) (from step 1),
energy mix for electricity production per country, emission per energy source in
the energy mix, assumed emission for diesel locomotives
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o Output: CO, emissions railways (per locomotive type, per country)
1 When no information is available on energy mix for electricity production at national
and European level
0 Method: Assumption on the energy mix for electricity production preferably
based on a comparable or typical country; straightforward multiplication
0 Input: Energy use railways (per locomotive type, per country) (from step 1),
emission per energy source in the energy mix, assumed emission for diesel
locomotives
o Output: CO, emissions railways (per locomotive type, per country)

4. Auxiliary systems/vehicle performance
When auxiliary systems are used (e.g. turning on airconditioning, driving with open windows,
using the heater, radio, lights) or the vehicle conditions are different (e.g. tyre pressure,
aerodynamics) a certain amount of extra power is consumed. This energy need is directly
linked to the related CO, emissions. Auxiliary systems or other vehicle conditions in principle
do not influence driving behaviour (operation of the vehicle) & apart from possible extremes &
and are not taken into account in traffic simulation models. Therefore the CG, emissions are
calculated with an extra emission rate (gram/s).

1 Method for calculating CO, emissions: auxiliary systems consume a certain amount of
extra power. This energy need is directly linked to the related CO, emission. Therefore,
the CO, emissions can be calculated with an extra emission rate (gram/s). In the case of
an electrically powered auxiliary, the additional engine power is transformed through
the generator and, possibly, stored temporarily in the battery.

1 Input: rated power of the auxiliary system (Watt), load (fraction of the rated power in
typical use) and duration of the use, resulting in the extra energy consumption (kWh).

9 Output: energy consumption * emission rate gives the extra CO, emissons, for a given
engine efficiency. Additional fuel consumption is typically at higher efficiency as it is
the marginal change. These emission factors are typically 650 to 750 g per kwh for
diesel and petrol fuelled engines.

Scaling up to national or European level:
1 Method: scaling up using statistics (straightforward multiplication)
1 Input:
0 Local level: share of time/kilometres that the systems are activated and/or
conditions under which the systems are activated (e.g. heating on when the
temperature is below 10 degrees), and extra CQ emissions (output from

calculation).
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o0 Large scale level: frequency of these conditions per country, share of available
systems per country (e.g. x% of the cars have aiconditioning in a certain
country), resulting in the share of the total time/kilometres that the system is
activated. If these data are not available assumptions can be made on the
frequency of conditions per country and the share of available systems per
country. An even rougher method could be to assume the same for Europe (or
the country you want to scale up to) as is experienced on the local level.

9 Output: extra energy consumption of these auxiliary systems on national or European
level. Extra CQ emissions on national/EU level.

5. Choice of transport mean s
The introduction of an ITS application can trigger the use of different means of transport
within the same mode. The impact on CO, emissions can be calculated via two different paths
depending on the data available. This can be done either with (1) the use of emission factors
or (2) using a micro emission model in case speed profiles are available.

1 Method for calculating CO, emissions: (1) emission factors or (2) micro emission model

T Input: (1) vehicle km driven per vehicle type (change) for different road types
(urban/highway/rural) when the vehicle mix is amended due to the introduction of the
ITS application, or (2) speed profiles per vehicle type for different road types.

1 Output: change in emissions per km driven per road type.

Scaling up to national or European level:
1 Method: scaling up using statistics (straightforward multiplication)
1 Input:
0 Local level: change in emissions per km driven per road type (coming from the
previous calculation)
o0 Large scale level: data on km driven per vehicle type on different road types at
a European or national level. If the information per vehicle type is not available,
an assumption has to be made. If the information for km driven on different
road types is not available, then this can be assumed considering typical data
from comparable countries and adjusting them to account for the difference in
population, driven distances, share of highways, level of urbanization, etc.
9 Output: change in CO, emissions on large scale level.

6. Supply (capacity)
ITS applications can cause a change in supply, for example peak hour lanes, where ITS can be
used to open/close them dynamically. When the capacity of the network changes, demand
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can change (indirect effect) and the amount of congestion can change. Demand is already
described in the previous section. The amount of congestion also influences CQ emissions,
and can be taken into account in the same way, through a macroscopic traffic simulation

model. If the change in supply is in such a way that driver behaviour changes, then
additionally a microscopic traffic simulation model can be used.

1 Method for calculating CO, emissions macroscopic multimodal traffic simulation
model and macroscopic emission model, possibly a microscopic traffic simulation
model (and microscopic emission model)

1 Input to macroscopic multimodal traffic simulation model: capacities

1 Output of macroscopic multimodal traffic simulation model / Input to macroscopic
emission model: change in vehicle km driven per mode per road type and vehicle
speeds per mode per road type.

9 Output of macroscopic emission model: change in CO, emissions per mode per road
type per km driven

1 Optionally:

0 Input to microscopic traffic simulation model: network

0 Output of microsc opic traffic simulation model/input to microscopic emission
model: speed profiles per road type

o0 Output of microscopic emission model: change in CO, emissions per road type

When the macroscopic traffic simulation model is at the level that you want to scale up to
(Europe or country), then the scaling up is done using the macroscopic traffic simulation
model, and no extra steps are needed to scale up.
When the macroscopic traffic simulation model is at a local level, and for the microscopic
traffic simulation model, scaling up has to be done using statistics (straightforward
multiplication), after the macro (and possibly micro) emission model is used:
1 Input:
0 Local level: change in CQ emissions per mode per road type per km driven,
change in km driven
0 Large scale level: km driven per mode per road type (if not available:
assumption)
9 Output: change in emissions on national/EU level, by multiplying change in CO,
emissions per mode per road type per km driven with km driven per mode per road
type.

Possibly the congestion level/traffic state (congestion vs. free flow or more than two levels)
can be added as well as a situational variable, given that these data are available.
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An option is also to first do the scaling up (after the macroscopic traffic simulation model) and

then use the macro emission model. This should not make a difference; the result should be
the same.

7. Mode choice on -trip
Mode choice is a parameter which influences demand. For the calculations a mese or
microscopic multimodal traffic simulation model is used (that includes a mode choice model).
After that two methods are possible, depending on the outcomes of the traffic simulation
model: (1) if vehicle kmsand speeds are available, a macroscopic emission model can be used,
and (2) if speed profiles are available, a microscopic emission model can be used. Both
emission models will provide the calculated CO, emissions as output.

1 Method for calculating CO, emissions meso- or microscopic multimodal traffic
simulation model, and (1) macroscopic emission model or (2) microscopic emission
model

1 Input to meso or microscopic multimodal traffic simulation model: OD matrix or
demand profile, per mode

1 Output of meso or microscopic multimodal traffic simulation model: change in vehicle
kms per mode per road type, speeds per mode per road type, in case of a microscopic
traffic simulation model: speed profiles per mode per road type.

1 Input to macroscopic emission model: vehicle kms, speeds

1 Input to microscopic emission model: speed profiles

9 Output of macro- or microscopic emission model: change in CQ, emissions at local
level per mode per road type

In case information is available on the km driven on different modes and road types at a
European or national level scaling up consists of a straightforward multiplication of the
amount of km driven per mode per road type on a national or European level and the
calculated change in emissions per km for each mode and road type. Then the output consists
of the overall CO, emissions change.

In case no information is available over the km driven currently on different modes and road

types at a European or national level, then other data needs to be used for scaling up from
local to national or European level. For example data from comparable countries can be used,
adjusted based on difference in population, driven distances, etc. Assumptions have to be
made.
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Annex 1: Scaling up methods andeples

In this annex a number of examples of scaling up are given. The examples include different

levels, such as different modalities (road, water, rail, and multimodal) and passenger as well as

freight transport.

Road: passenger cars

An example can be given for scaling up for passenger cars, using for example data provided
by ACEA (see ACEA websitevww.acea.beand ACEA Pocket guide 2012) at ELR7 level. For
2010 the total number of passenger cars in BJ-27 was around 239 Million. The average annual

distance driven by car is estimated around 14,000 km. Overall the annual kilometres driven in

EU 27 by passenger cars amount to 3,346 Billion vehicle kilometres (vkm).

For CGO, emission calculations also an overview of kilometres driven per road type and traffic

condition is needed.

Table 8: Distribution of total vehicle kilometres.

Free flow Heavy traffic Congestion Total
Motorways 11.9% 8.5% 2.8% 23.2%
Rural roads 48.0% 2.4% 0.6% 51.0%
Urban roads 0% 25.4% 0.4% 25.8%
Total 59.9% 36.3% 3.8% 100.0%
Source: study Ol mpact of I nformation and
in Road Transport, TNOOG

Commun

Using the above mentioned data the effects of an ITS application on CO, can be estimated. If

for example it is estimated that a certain ITS application has the following effects on CGO,

emissions, following from test results at local scale, or regional scale.

Table 9: Expected localor regional CO, effects.

Free flow Heavy traffic Congestion
Motorways 0% 0% 0%
Rural roads 0% -2% -4%
Urban roads 0% -3% -6%
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Then the expected effect on CO, emissions at EU27 level can be calculated. Rural roads:2% *

2.4% and-4% * 0.6% and urban roads:-3% * 24.4% and-6% * 0.4%,, amounts to a reduction

of around 0.8% of CO, emissions for passenger cars at ELR7 level.

This calculation is based on a 1086 penetration rate of the new ITS application. In practise the
penetration rate will probably not reach 100%, and the penetration will also increase gradually
in a number of years. In that case penetration figures for the next period for example till 2020
are needed, and also kilometres driven needs to be estimated for the period till 2020 in order
to calculate the CO, effects.

Road: logistics
In a similar way as for passenger cars on the road logistics/freight transport scaling up can be

done. The nexttable provides an overview of the annual driven kilometres per type of vehicle.

Table 10: Share of vkm per vehicle type.

Vehicle type Share (%) in vkm

Passenger transport 82%

Freight transport 17%

Busses 1%

Source: Studyo | mpact of I nformation and Communicati on
in Road Transport, TNOO

Using the share for freight transport mentioned in the table above, and the annual kilometres
driven for passenger transport (3,346 Billion), the annual kibmetres driven for freight transport
are around 694 Billion vkm. For freight vehicles it is assumed that most kilometres are driven
on motorways, followed by rural roads and urban roads. The vkm distribution per road type
and traffic type can be seen in the following table.

Table 11: Distribution of freight vehicle kilometres (* Billion).

Free flow Heavy traffic Congestion Total
Motorways 125 89 29 244
Rural roads 363 18 5 385
Urban roads 0 64 1 65
Total 488 171 35 694
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For an ITS application, which for examples improves CQ@ emissions for freight vehicles as
presented in the next table, the reduction of CO, emissions can be calculated.

Table 12: Expected local or regional CQ effects.

Free flow Heavy traffic Congestion
Motorways -5% -3% 0%
Rural roads 0% 0% 0%
Urban roads 0% 0% 0%

For motorways the reduction would be -5% * 125 Billion vkm (free flow) and -3% * 89 Billion
vkm, amounts than has to be divided by the total vkm driven (694 Billion). This is a CQ@
reduction of 1.3% of the total CO, emissions for freight transport.

In the European FP7 project COFRET[9], which has a focus on cabon footprint for freight

transport, also several methodologies and guidance are provided for carrying out CO,

emission calculations for freight transport. The Amitran project has contacts with the CO-FRET

project in the field of CO, emissions calculations for freight transport, as part of the
development of a European standard assessment methodology which is being developed by

Amitran. A representative of CO-FRET is member of the Amitran SAC (Stakeholder Advisory

Council), and in this way involved and linked to the Amitran project. In CO-FRET guidance is

given for calculating CO, emi ssi ons for freight transport: 0
reporting Greenhouse Gas (GHG) emi s[83l.ons from fr

CO, emissions can for example be calculated using emission factors per type of fuel. When for
a new ITS application the effects on fuel consumption are known, this can be used to calculate
CQO, emissions for this type of fuel, and for scaling it up to EU-27 level.

Road: public transport/passenger transport

For public transport the way ITS applications have an impact on CQ emission levels is usually
more complex. The case is usually that ITS aplications, for example Dynamic Schedule
Synchronisation, do not have a direct impact on the vehicle km driven but most usually
produce higher reliability and shorter trip times for passengers. This can cause a longterm
shift in the modal shift, especially in urban areas. In this case, the C® reduction can be
calculated by the vkm reduction for private cars in the area of interest.

In the case of an ITS application that improves the service quality of public transport in urban
areas in a way that in a md-term scope, the amount of private vkm produced in the same area
decrease by i.e. 3%, the calculation of the overall C@reduction is made as follows. From Table
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8 we find out that the overall amount of vkm driven in urban roads accounts for 25.8% of the
total of 3,346 Billion vehicle kilometres (vkm) driven by private cars.

Then for the examined application the overall gain is: 3% * 25.8% = a reduction of 0.77% of
the total CO, emissions produced by private passenger cars at ELR27 level.

Multi modal freight

Similar to the previous example, for new ITS applications related to multi modal freight
transport, it is relevant to look at the effects on the modal split. The total freight transport
activities in EU-27 in 2010 are 3,831 Billion ton kilometres (tkm). The next table provides an
overview of the activities per transport mode.

Table 13: Overview freight transport EU-27.

Transport mode Share (%) tkm
Road 45.8%

Rail 10.2%

Inland waterways 3.8%

Pipeline 3.1%

Intra EU maritime 36.9%

Intra EU air 0.1%

Source: Statistical pocket book, DG MOVE, 2012

CO, emissions for each of the transport modes can be calculated using the next table which
provides emission factors per transport mode for freight transport.

Table 14 Emission factors freight transport

Transport mode Emission factor (g CO,/tkm)
Road 62

Rail 22

Inland waterways 31

Pipeline 5

Intra EU maritime 16

Intra EU air 602

Source: Guidelines for measuring and managing CQ emission from freight transport
operations, ECTA & Cefic, 2011
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For a new ITS application, if the expected effects on modal split are estimated to be for
example a 2% shift of trade from road to inland waterways, then the effect on total CO,
emissions is the following. Road CQ emissions are reduced with 2% of 3,831 Billion tkm
multiplied with 62 g CO ,/tkm= 4.8 million tonnes CO ,, while inland waterway emissions are
increased with 2% of 3,831 Billion tkm multiplied with 31 g CO,/tkm= 2.4 million tonnes CO ,.

In total this leads to a reduction of CO, emissions at EU level of 2.4 million tonnes CQ.

Rail freight

An example of scaling up for freight rail transport is provided utilizing data from the DG
MOVE Statistical pocket book 2012. There the total amount of tkm driven in 2009 is calculated
to be 361.6 billion for EU-27. The market share, from this total, for various types of freight
trains has been calculated in the European FP7 project TOSCA. In the same project, also the
average load for each of those train types has been estimated as can be seen iriTable 15.

Table 15: Overview rail transport EU27

Market share Ttkm (billion) Average load vkm (million) vkm (%)
(tonnes)

Ordinary freight | 65% 235.0 1250 188.0 56.97 %
train: Electric
Ordinary freight @ 15% 54.2 745 72.8 22.06 %
train: Diesel
Intermodal® 19% 68.7 1070 64.2 19.45 %
train:Electric
High-value 1% 3.6 720 5.0 151 %
freight and mail
train: Electric
Total 100% 361.6 330.0 100.0 %

Source: FP7 TOSCA
http://www.toscaproject.org/FinalReports/ TOSCA WP3 _RailFreight.pdf

In Table 15, the overall vkms per train type have been calculated using the tkm and the
average load figures for each train type.

Then, assuming that for an ITS application, i.e. an Energy Efficient Train Driving System, the
impact on energy consumption p er train type is according to Table 16, the total rail produced

® Train carrying containers, swap bodies and road trailers, also carried by other modes during the
transport chain.
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CO, emission reduction can be easily calculated as: 6% * 56.97% + 3% * 19.45% +2% * 1.51%
=4.03%

Table 16: Expected energy consumption effeds.

Energy savings

Ordinary Electric 6%

Ordinary Diesel 0%

Intermodal Electric | 3%

High-value Electric | 2%

Water/inland shipping

To examine how scaling up could be done in the case of inland shipping the example of an ITS
Fleet Management Application has been selected. It is assumed that the overall energy
savings, and thus also CQ emission reductions, of this application are given in Table 17 and
are dependent on the fleet size that the inland shipping firm operates with.

Table 17: Energy savings inland shipping.

Enterprise fleet Energy savings
1 vessel 0%
2-3 vessels 2%
4-5 vessels 3%
6-10 vessels 5%
10+ vessels 7%

According to the information provided by the Dutch Inland Information Agency (BVB) the EU-
27 inland fleet is distributed to these enterprise classes according to Table 18.

Table 18: Overview inland shipping

Enterprise fleet Percentage of EU
fleet

1 vessel 61 %

2-3 vessels 15 %

4-5 vessels 5%

6-10 vessels 6 %
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Enterprise fleet Percentage of EU
fleet
10+ vessels 13 %

Source: http://www.bureauvoorlichtingbinnenvaart.nl/pageflip/UK/pageflip/

Thus, given the assumption that the average annual tkm a vessel delivers are not dependable
on the enterprise vessel fleet size, the calculation of the overall reduction of the CO, emissions
that are produced by inland shipping can be as follows: 2% * 15% + 3% * 5% + 5% * 6% + 7%
*13% = 1.66%
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