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ABSTRACT
Applications of Information and Communication Teologies (ICT) have been identified to
have a significant contribution to reduce energygstonption and COemissions in the field
of transport. The mechanisms by which ICT havemapaict on CQ emissions can be very
complex, and calculating this impact requires wsianodels (e.g. traffic and emission
models). Today, an integrated and harmonized maglelpproach for the assessment of, CO
emissions is not available, and knowledge on ictemas between the required models is
often missing. The aim of the Amitran project isd®velop a framework for evaluation of the
effects of ICT measures in traffic and transporieoergy efficiency and CQemissions. This
paper describes two of the main outcomes of thgegirothe outline of the methodology to
evaluate CQeffects of ICT measures and the framework architedor this methodology.

Keywords: Intelligent Transport Systems, ICT measures, ev@inamethodology, C®
emissions, environment
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1. INTRODUCTION

ICT measures can have a significant contributiomeiuce energy consumption and £O
emissions in the field of transport. Today, an gnéed and harmonized modeling approach
for the assessment of G@missions is not available. The aim of the Amitpanject is to
develop a framework for evaluation of the effedt$@I measures in traffic and transport on
energy efficiency and CQemissions. This paper describes a methodologthfoevaluation

of the effects of ICT measures on £énissions and explains the framework architediure
this methodology (steps, models, needed interfanes simulation environments). This
methodology is developed within the 7th Framewold Rroject Amitran (Assessment
Methodologies for ICT in multimodal transport fromser behaviour to COreduction) [1].

All modes are included in Amitran with the exceptiof air transport and deep sea transport.
All types of ITS applications are addressed (caiegd into navigation and traveler
information, traffic management and control, demaatl access management, driver
behaviour change and eco-driving, logistics aneétflmanagement, safety and emergency
systems). One of the major goals of Amitran is ieate a methodology not only for ITS
applications available now, but for any ITS apgima that might exist in the future, and
therefore the methodology is designed in such athatyfuture inclusion of new types of ITS
applications is possible. Changes in the infrastinecnetwork, public transport scheduling
and freight transport scheduling as a result of &pplications (usually these changes occur
on the long term) are not included. The focus ofithan is on the assessment of {Ogifects,
and a “well-to-wheel” approach is used; this metrad not only direct C®emissions are
taken into account, but also the additional,@issions needed for energy production. The
geographical scope for Amitran is the EU-27 coestrhowever in principle the methodology
can be applied on all scales. The full descriptibthe Amitran methodology and framework
architecture can be found in Deliverable 4.1 of &am [2].

2. DEFINITION OF THE METHODOLOGY

Figure 1 illustrates the general outline of the &em methodology: the chain from ITS
systems to C®emissions. The figure gives a logical overviewhotv ITS systems can have
an impact on C@emissions. The main elements of this chain ace fieft to right, system
categorization, factors and parameters influencgdI s, transport system, parameters
relevant for CQ emissions and scaling up.
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Figure 1. Thechain from I TS systemsto CO, emissions

Starting from an ITS system, the system can hadieeat and/or indirect influence on driver
or traveler behaviour and on vehicle conditions. &ample, an ITS which bans heavy duty
vehicles (HDV) from a certain area (e.g. city cehtwill reduce the number of HDVs as a
direct effect. However, the number of light dutyhicdes might increase as an indirect effect.
These direct and in direct influences can be desdrby factors and parameters which are
defined in deliverable D3.1 of Amitran [3]. By seating the different types of effects of ITS,
Amitran follows a new approach as compared to assests done in the past. This approach
offers a better understanding of the mechanismsviigh ITS exert their influence. The
mechanisms can be distinguished into four grougslsvs:

1. Parameters describing traffic demand, such as trip generation and departure time
choice (direct effects);

2. Parameters describing driving behaviour and vehicle conditions, such as speed and
headway (direct effects);

3. Indirect factors, when an ITS system influences traffic/transpardirectly (e.qg.
infrastructure capacity can be influenced by AdaptCruise Control and that in turn
influences demand); and

4. Longtermeffects of ITS, such as changes in the public transport schedule.

Together these influences are reflected in theadveansport system; the total of transport
(freight and passengers) including all transporteso road, rail and inland shipping. In turn,
changes on the transport system have an effectacameters that directly influence €O
emissions, such as speed, acceleration, kilomesamslled, etc. The C£emissions on a local
level can be calculated from these parameters igbdel available models and scaled up to a
larger geographic region if needed. For scalingwp methods are distinguished: scaling up
using statistics and scaling up using a macrosaopitimodal traffic model.

Besides output on CGOemissions, also fuel consumption can be acquieedraoutput of
energy efficiency, since there is a clear relatigmsbetween fuel consumption and £0
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emissions. Other emission types like NOx and PMVH® aften be received as output as well,
but that depends on the possibilities of the motelsare used.

3. GENERAL OVERVIEW FRAMEWORK ARCHITECTURE

The framework architecture is a detailed and tezdirdescription of the required (modelling)
steps in the Amitran methodology. The Amitran aestture follows the approach of the
factors and parameters that can be influenced By &6 explained in the previous section.
This is done to keep the framework architecturéatineely) simple and consistent with the
methodology, and because the choice of models wd df calculations depend on the
factors and parameters influenced by the ITS. Aeganoverview of the framework
architecture is given in Figure 2.
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Figure 2. General overview Amitran framework architecture

The framework is divided into four main parts: demhanodeling, traffic modeling, emission
modeling and scaling up. Firstdemand model is used to create the traffic. A distinction is
made between freight and passenger traffic dubeadliffering demand models creating the
respective parts of the total traffic. The inputointhe passenger demand model are
socio-economic data relating to the area usedheririvestigations; for the freight part the
input consists of the locations of production, aomption and intermediate locations in the
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freight flow, as well as general economic data. Both models (as well as for the traffic
model) the network on which the traffic takes plecmput; its most important parameters are
— apart from the graph structure of the networkelits— the capacities,
volume-speed-relationships for the network linked anodes. Within the freight demand
model the modal split model is distinguished (rfadven in the figure). The relative costs and
time of the different modes are influencing theicbdor the (combination of) modes. Output
of the modal split model is the (changed) modait gpl terms of tonnes by mode by
commodity group and OD.

The traffic model creates the traffic flow and provides thus theadat the emission model.
The term ‘traffic model’ is sometimes used for dde&scribing a specific situation, e.g. as
‘traffic model for city X'. In contrast to that weefer here with ‘traffic model’ to algorithms
that can transfer the demand to link attributesajectories. For passengers the traffic model
often incorporates the demand model. The outputheftraffic modeling consists of the
amount of traffic (vehicle mileage), information ¢ime weight/occupancy of vehicles, the
characteristics of traffic (e.g. average speedlip&j, and in case of a detailed microscopic
approach data on the individual vehicles (e.g. lacaton profiles).

These data feed into themisson modeling part. The types of emission models to be
employed depend on the type of traffic data usedafgregate traffic data emission factors
or macroscopic emission models are suitable whiierascopic traffic models feed into
detailed microscopic emission models. These emmssimdels generate the amount of
emission for the application case (area size anéd)tunder investigation.

Scaling up of CO, emissions (to country level or EU-27 level for exae) is done within the
framework, either within the models, or after thedwlling, using statistics. The scaling up
process is described in a detailed way in [4], iartlerefore not described in this paper.

4. CONNECTION BETWEEN PARAMETERS INFLUENCED BY ITS AND THE
FRAMEWORK ARCHITECTURE

As stated in Section 2 of this paper, the Amitrapraach makes use of the mechanisms by
which ITS exert their influence. These mechanispeatly) determine how the assessment
should be carried out and what types of models lshtwe used. Figure 3 shows the
connection between parameters influenced by IT& fitkt and second mechanism as listed
in Section 2) and the framework architecture.
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Figure 3. Connection between parametersinfluenced by I TS (on the left) and framewor k
architecture

First there is a group of parameters describingat@nand when an ITS system influences
these parameters, changes in the demand modelied to be made. For passengers the
parameters trip generation (number of trips madmfa certain location), destination choice
and departure time choice determine the numberips for each origin destination pair per
mode per time unit, and together they describe ddm&or freight transport, demand
describes the amount of goods per unit time froceréain origin to a certain destination. In
the Amitran context it is assumed that location pobduction, distribution centres and
consumption (i.e. the location of customers) and ttemand for goods generated is
unchanged (as first order effect) by the ITS systenconsideration and therefore can be
regarded as input. Choice of transport means @h&he (type) that is chosen within a mode)
is a refinement of the mode choice and plays airofeeight transport more than passenger
transport. Route choice and mode choice are paemsnétat connect to both the demand
model and the traffic model. It depends on the ekaplementation of the ITS system (e.g.
whether route choice and mode choice are influepceerip or on-trip) for which model(s)
they are relevant. The third group of parametegsadout driving behaviour. They cover ITS
systems that influence the direct driving behavifaurall modes, i.e. the operation of a car,
train or vessel, e.g. by addressing speed choicaligg over parts of the driving task like
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ACC does for cars or trucks. For road traffic, syistems can optimally be treated by
microscopic simulation that handles individual \aés. The fourth group of parameters are
external parameters that are input for the emissiodelling. The auxiliary systems (e.g. air

conditioners, heating systems) use energy fronvehécle to operate; therefore they influence
the emissions factor of the vehicle (through thergy consumption). Their energy need is
directly linked to the related GOemission. The occupancy of a vehicle (number of
passengers) determines the total weight of a vehwdhich in turn influences the emissions.

The same holds for the load factor of a vehiclép s train. The higher the occupancy or

load factor of the vehicle, the higher the emissiare.

5.FRAMEWORK ARCHITECTURE IN MORE DETAIL

An elaborated picture of the framework architectisrgiven in Figure 4. The four main parts
of Figure 2 are still visible, but more details added, especially the information flows
between the model parts. An important additiorherhore general picture are the data boxes
‘ITS application model’ and ‘Driving behaviour mddeThis is where the influence of the
ITS system (compared to the situation without th&tesm) and the driving behaviour form
input to the models. Another addition in this maetailed picture is the information flow
between the traffic model and the emission modemiéroscopic traffic flow model uses
driving behaviour, including speed choice, accdienachoice, etc. to generate the traffic
flows on a network with the individual vehicles’ rements. While microscopic models
reproduce the traffic streams in a network by gatireg the movements of individual vehicles,
macroscopic models create flows of vehicles bygiaimacroscopic approach, like a capacity
restraint approach. The output of the traffic mdeelds into the emission model. Depending
on the complexity and the traffic model used, th@ssion model can vary from a simple
approach over a macroscopic model to a fine gramedoscopic model. The data flow
consists of the amount of traffic (vehicle mileagejormation about the weight/occupancy of
vehicles, the characteristics of traffic (e.g. aggr speed per link), and in case of a detailed
microscopic approach data about individual vehidles). acceleration profiles). For the
emission calculation, different models can be uskghending on the availability of data,
usability (size of application) and availability ofodelling approach. These emission models
generate the amount of emission for the applicattase (area size and time) under
investigation.
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Figure 4. Detailed picture Amitran framework architecture
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5.1 Second order effects

When an ITS system is researched that has an effiedemand, it is possible that there is a
second order effect. For example, if there is anghan modal split (more people use public
transport instead of the car) or departure timss(teaffic in peak hours), this has an influence
on throughput: there will be less congestion andetier flow of road traffic. This might
induce extra traffic demand, such as people chgnigom train to car when they notice there
is less congestion. This can be taken into accbyrgpecific models for such effects. The
information flow comes from the output of the flomodels and then feeds into the demand
boxes (arrow on the left side in Figure 4).

5.2 Modéd requirements and interfaces

In the Amitran project model requirements, inteefaequirements and interfaces between the
models are being developed. The model requiremgivs for each model type (e.g.
microscopic emission model) a technical descriptioputs and outputs. Since Amitran does
not develop new models the requirements are ometitinal level, and not on a software
level. Generally speaking the output of a modeltnecostain the information the “follow-up”
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model requires for processing the next step. F@amgie a microscopic emission model
which expects speed patterns of individual vehicézpiires a traffic model that can supply
this; which means a microscopic traffic simulatiorodel. On the other hand, a more
aggregated model like a macroscopic emission miadgliring average speeds per network
link can be fed by a microscopic traffic model; theerage speeds can be determined from the
individual vehicles’ speed patterns. While such aggregation is always possible, a
dis-aggregation, like determining individual speealseven speed distributions from an
average speed per link, requires additional (modgllassumptions that generally reduce
transparency and trust in the overall approach.tii®@iinteraction between models interfaces
will be developed by Amitran. The interface desesithow the output of one model can be
translated into input for another model. The irdees that will be developed by the Amitran
project are indicated by the red arrows in Figureirderfaces between microscopic and
macroscopic traffic models, from traffic modelseamission models and from traffic model
output to demand modelling will certainly be desdd.

6. OUTLOOK

Based on the methodology and framework architecasredescribed in this paper, at the
moment the model requirements are being detail€edtfam interfaces are being defined. The
interfaces will be made publicly available in 20T4.explain the methodology and help users
who want to do an assessment using Amitran, a lerkdand checklist will be developed.
These products will also become publicly availabl2014.
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