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Executive Summary

The purpose of this study is to assess the likapaict in 2020 of the internalisation of exter-
nal costs for heavy goods vehicles on modal shiftthe environment. The analysis has been
made for inter-regional traffic, both for the whaoletwork and for two corridors. It was based
on studies carried out by INFRAS/IWW (2004; 2008y aarious studies for the Commission
for which the main results are summarised in th®€AZT Study (CE Delft et al., 2008) for
the Commission. Transport modelling was done byhiomg the NESTEAR freight trans-
port model with its detailed logistic features ahd IWW road transport model which pro-

vides a detailed simulation of congestion on raausits environmental impacts.

Different scopes and levels of internalisation afeenal costs have been analysed. These
range from the narrow scope (air pollution, noied aongestion) and capped values in the
Commission’s 2008 proposed revision to the Eurcefgndirective to the wider scope (inclu-
sion of CQ and accidents) and uncapped values from the IMPA@Adbook. In our analy-
sis we first assumed that rail productivity wouldwg — according to the expected productiv-
ity growth in other industrial sectors - at theusttial average of 1.8% per year:

Impact of different scenarios on inter-regional trdfic and CO, emissions 2020

% shift to Reduction in
Modal share rail com- carbon emis-
. o . "
Scenario of rail in % of pared to basd sions (mil
ton km T lions of ton-
nes in 2020)

Base:no internalisation of cost, 1.8% p.a. increase in
rail productivity
Capped: as Base with capped charges for external
cost of air pollution, noise and congestion — Com- 19.9 0.7% 0.6
mission’s July 2008 proposal

Capped +:as Capped plus G@nd accidents

0
charged at median values in Handbook 214 2.2% L7
Upper limits: as Capped + plus all externalities in o
Handbook at upper limits in Handbook 24.1 4.9% 4.9
Upper limits plus 0.9% p.a. higher rail productiv- 305 11.3% 11.7

ity

This table shows that the effect of the Commissiqhily 2008 proposal would be relatively
limited, both in terms of modal shift and g€@missions. However, including all external costs

and setting all values at more realistic levels Moncrease the proportion of inter-regional



traffic carried by rail from 19% to 24% for the @ntregional transport markets (distance >300
km). Additional investment by governments and raipa;, which could be supported by ear-
marked revenue from charging, could easily bririgrther 0.9% p.a. increase in rail produc-
tivity, and this would further increase the propamtof this traffic carried by rail to 31% of

market share for inter-regional transport.

Most of this is longer distance traffic for whichilris most competitive. For example, 59%
of all land-borne traffic over distances exceedntf km and 68% for distances exceeding
900 km would be carried by rail. Much of this is@ained transport for which the feeder part
of the trip would be by road. This demonstratesititeeasingly complementary relationship
between rail and road transport, i.e. rail usisglbvious strengths on long distances and road

freight playing its critical role for regional feex$ and distribution.

These changes would represent a major turnaroutiteitransport sector. They would sub-
stantially improve transport efficiency and makmajor contribution to achieving the objec-
tives of the White Paper on Common Transport Pdliiyropean Commission, 2001). There
would also be significant savings in €@missions amounting to about 7% of the EU’'s,CO
reductions target as set out in the “Bali Roadmajpiese changes would represent a first and
major concrete step to achieving these targetsnaake a serious and important move to-

wards sustainability in the transport sector.

The analysis of two key corridors (Rotterdam-Genod Antwerp-Warsaw) shows that the
modal shift would be even greater on these corsidban for the network as a whole. Rail
traffic would concentrate along these corridorshvéah increasing modal share. The share of
rail transport carried along the Rotterdam-Genagaaar would go up from 11 to 13% and on
the Zeebriigge/Antwerp-Warsaw corridor from 5 to e impact of internalisation would
be particularly marked for the Antwerp-Warsaw adori for which the rail offer is currently

less well developed.

This analysis underlines the importance of inteasasibn of external costs in achieving the
EU’s modal shift and emissions reduction target ianbringing the EU in line with its own

commitments for an efficient and sustainable trarigpolicy.



1 Background and Objectives of the Study

1.1 Background

The external costs of transport are significane TMFRAS/IWW report (2000) estimates the
overall external costs of transport to be 7.8% DPJor EU15. 92% are caused by road traf-
fic, 30% by road freight. External costs of railsagre 2% of their total; the share of rail
freight is less than 1%. Also the average and matgiost figures give a clear indication that
rail transport has considerable advantages witlpeatsto external costs.Studies like
FACORA (2005) demonstrate that full internalisatioh all external costs would remove
market distortion and substantially improve on thmarket position of environmentally
friendly transport modes. Studies launched by the@mmission, as for instance UNITE
(2005) or GRACE (2007), come to lower values intipalar for accidents and climate
change, but these have to be reconsidered aghsstackground of the dedicated targets of

the EU with regard to safety and climate change.

Therefore there is a broad consensus that exteastd matter and have to be considered in
the directives for infrastructure pricing. Dire@i2001/14 includes the possibility to include
external costs into rail track charging in Arti@l€5), subject to the condition that such charg-
ing is applied at a comparable level to competiragles of transport. Directive 2006/38 in-
cludes an obligation for the Commission to preseatlater than 10 June 2008, a general ap-
plicable, transparent and comprehensive modelh@rassessment of all external costs on all
modes to serve as the basis for future calculatanmfrastructure charges. This model
should be accompanied by a strategy for a stepimgéementation of the model for all
modes of transport.

The European Commission publishedHandbook on Internalisation of External Costs of
Transportin February 2008. It summarises the results oéss\EU studies on external costs
of transport and gives plausible intervals for itr@ialuation. On this basis the Commission
has prepared a proposal for the internalisatiothife types of externalities: congestion, air
pollution and noise. The proposal includes capeskhich shall not be exceeded. The mem-

ber states can decide whether to make use of thegidy option and what magnitude of

! The type of external costs and the average figeaase seen in Figure 3.
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mark-ups to make for external costs — providing/ tle not exceed the cap values — is cho-

sen.

1.2  Objectives of the Study

The intention of the internalisation strategy iséduce external costs of transport by better
technology, higher efficiency and traffic diversitmmsafer and more environmentally friendly
transport modes. Therefore thiest objective of the study is to analyse the impact of the in-
ternalisation strategy of the Commission on mogét.sAs the intended change of Directive
2006/38 concerns road freight transport only, &é® study will be limited to the impacts on

the freight transport market.

An internalisation of external costs would incre#tse transport costs of road haulage. This
may induce a diversion from road to rail. Howewehen the “push” effect of higher road
transport, prices is combined with a “pull effetittough better logistics quality of rail trans-
port the total effect can be synergetic and sulbisingreater. Once there is a better integra-
tion of rail transport into the logistics chainssbiippers and forwarders, the railway transport
along the main corridors can become a preferreatraltive to direct transport operations by

road on longer distances.

This leads to thesecond objectiveof the study which is to analyse the combinedotftd
external cost internalisation and improved logsuwiality of the railways. To make the im-
pact analysis concrete and transparent, the stullyosus on two corridors which will be
analysed in detail: A North-South corridor from Rotlam to Genoa and an East-West corri-
dor from Zeebrigge/Antwerp to Warsaw. These detaisults will be enriched by more
aggregate scenario figures for the relevant railnetyvork.

The final results of the study will consist of comparisons for thedal split and the envi-
ronmental impacts — in particular with respect ©©,@missions — in Europe. These results
will be shown for the relevant railway network inding all trans-European links and demon-

strated in a detailed way for the two selectedidors.



2 Scenario Definition

2.1 The Rationale Behind Scenarios

As usual in scenario making the reference situation “today” and “tomorrow* have to be
defined. Based on the data environment of the 2686 and their development under busi-
ness as usual conditions, a Base Scenario 2020desmsderived which includes all develop-
ments which are expected to come in the near fudneept for the changes induced by the
special assumptions on internalisation of extetiealiand increase of rail productivity.

2.1.1 Internalisation Strategies

A key question to be answered is to which exteatGbmmission’s strategy of internalisation
might influence competition in the freight transprarket. This question has a medium and a
long-term dimension, because, following the tasknée for the Commission in Directive
2006/38, a stepwise approach to internalisaticiorsseen. The vision which underlies this
study suggests that finally the internalisatiorerfernalities will become consistent with the
long-term strategies of the Commission for safeliypate change and emissions. This means
that the internalisation charges will correspondhi® target values set for externalities on the

European level to achieve a desired level of safatyenvironmental quality.

Following this general idea@cenario Cappewvill be analysed which includes the internali-
sation concept of the Commission’s proposalS@enario Capped-+will analyse the impacts
of internalising all external costs (the full lstcording to Figure 3) under the assumption that
medium figures of externality values are transpaséal a charging scheme. FinallySke-
nario Upper Limitswill explore the boundary of the range of intersaion. In some cases a
valuation of externalities of this order of magdieuwill be necessary to be consistent with the
long-term EU target values (e.g.: climate chang®; Aihd PMy/» sconcentrations). Therefore
this scenario is not a purely theoretical exeraigther a realistic perspective if the targets set
by the EU and the member countries, particularlclimate change, are seriously followed

by active policy making.
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2.1.2 Productivity Change in Rail Freight Transport

There is a host of possibilities for the industoyréact to higher infrastructure charges on
roads. One of these is to change the transport naadedivert to environmentally more
friendly modes. The point of departure of this gtuglthat such a diversion of freight trans-
port consignments to the railway sector will betéosd if the railways can offer competitive
service quality. This means that the logistics dfyaif railway service has to be increased so
that the railways are able to compete on markets wgh logistics quality requirements (e.qg.:
just-in-sequence transport with guaranteed deliwehedules, mixed cargo, full and partial

load transports).

Several European and national projects have studiddtail which improvements are possi-
ble for the railway sector with respect to capagdyns, better operation control systems, bet-
ter organisation and logistics performance to impron the position in the core business
segments of the railways and open the chance ileraygs to become competitive in service
provision on supply and distribution chains in medproduction and logistics systefm¥Ve

will refer to these projects not because we thivdt every technical or organisational instru-
ment assumed is optimally designed. The reasondimg on this research is that it tries to
exploit the potential of the railways in future rker development. Our analysis is based on
the overall productivity results and not on thegienassumptions for technical and organisa-
tional changes of each study. In the following wdl form a consistent scenario for high
technology and commercial organisation in an emwirent free of political, technological
and organisational barriers in Europe, which idecathe Rail Productivity Scenario. This
indicates that we assume that the railway sectrashieve a competitive edge compared
with the road haulage industry also on markets Wigf logistics requirements.

The Rail ProductivityScenariowill be combined with théJpper Limit Scenarido explore
the potential of the railways in a future enviromtyen which the idea of the Commission to
revitalise the railways, as it has been formulatetthe White Paper 2001, is transposed into a

set of concrete supply side changes.

Following this logic of scenario building the scepa are depicted in section 2.2.

2 For instance: New Opera (EU); Correct (German-EmeéDEUFRACO programme); Logistics Action Plan (EUQGOTAKT (German
Ministry of Economic Affairs)
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2.2

Definition of Scenarios

The scenarios comprise a base case 2020 and feumahisation scenarios 2020.

(1)

(2)

3)

(4)

(5)

Base Scenario 2020'he base scenario will include all expected cleanghich are
not related to the internalisation of external sqstg. increase of energy prices) until
the year 2020. Improved rail productivity beyondaerage productivity growth of
all industrial sectors (1.8 % p.a.) is not includedhis scenario. On the federal road

network we assume an infrastructure charging sys@&sed on full cost recovery.

Scenario CappedThe externalities will be defined and evaluatedtioe basis of the
proposal of the Commission. The externalities wdimprise congestion (discussed
later), noise and air pollution. The values will defined at the caps suggested by the

Commission. Reference year is 2020.

Scenario Capped+This Scenario extends Scenario Capped insofdurttser exter-
nalities defined in the Handbook are internalisechadium values while the external-

ities included in (2) remain capped.

Scenario Upper LimitsThis Scenario sets all externality values of iHendbook at

the upper limits.

Scenario Upper Limits and Rail Productiviycenario Upper Limits is combined with

the railways’ productivity assumptiorts.

® Rail Productivity is a consistent combination oésario assumptions of different studies for aiiamt increase of rail freight productiv-

ity.

12



3 Corridor Definition

The corridors to be examined in detail are:
(1) Rotterdam-Genoa
(2) Zeebrugge/Antwerp-Warsaw
These corridors are illustrated in Figure 1 andufed.

Figure 1: North-South Corridor
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Figure 2: East-West Corridor Zeebriigge/Antwerp-Warsaw
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As can be seen from Figures 1 and 2 it is not &aslearly define a corridor. For the present
study we define the corridors by originating andtoeng regions, major cities and agglom-
erations linked together, the existence of maj@adrand rail infrastructure and the regions
touching a distance band of 50 km alongside thennmdrastructure links. From this the two

corridors are defined as follows:

North-South:

Rotterdam — Arnheim — Emmerich — Duisburg — Cologriainz — Mannheim — Karlsruhe —
Basel — Lotschberg/Gotthard — Turin/Milan — Genoa

West-East

Zeebrugge/Antwerp — Dortmund — Hannover — Berlkrankfurt/Oder — Poznan — Warsaw

14



4 Cost Values in Scenarios

4.1 Preliminaries

Before discussing the input cost values of thislygtit is important to refer to the state of the
art of measurement and valuation of external costtansport. There are two scientific
streams to be mentioned which have generated @iifferlassifications and estimations of
magnitudes of external costs of transport. The fgghe studies of INFRAS/IWW for the

UIC (2000; 2004). The second stream consists afmaber of studies launched by the Com-
mission to calculate the marginal costs of extétieal in transport (e.g. CAPRI (2001),

UNITE (2005), GRACE (2007)).

The first stream gives a full classification of extal costs of transport which can be seen in
Figure 3. It includes air pollution, noise, uncaercosts of accidents, climate change, up-
stream/down-stream effects, nature and landscapéi\brsity) and urban separation effects.
Congestion externalities are not included in tfetupe because they are externalities of a dif-
ferent type. Congestion is caused and congesti@ctefare mainly absorbed by road users
and in this sense “club internal” to the commutyoad users. As they result from involun-
tary interactions among users, who don not take ounsideration the impacts of their
route/modal choice decisions on other users, tmey‘iadividually external” such that the
situation of the road users can be improved byrmatesation of congestion externalities.
Stream 1 gives figures for total and average astsell as of the marginal costs of external-
ities. Internalisation of these externalities candehieved by employing a variety of instru-

ments, such as taxes, charges, emission certifigatmg, insurance or regulation.

The congestion externality is in the heart of teeosid stream, because the latter stresses
short-term optimal pricing strategies based onrtbeclassical Pigou-pricing scheme. This
leads to social marginal cost pricing which inclsi@engestion cost and a subset of the exter-
nalities of stream 1. Typically stream 2 includesdycexternalities which are directly related
to traffic activity while stream 1 in addition tbe traffic effects also considers externalities
linked to the provision of the infrastructure, vdbs and energy. Internalisation in stream 2 is
assumed to be achieved by setting charges equilaé tsum of marginal costs for infrastruc-

ture provision and traffic-dependent marginal exa¢costs.

15



The Handbook on external costs of transport, whiak launched by the Commission in early
2008, seeks to summarise both approaches. The Gmionis proposal, however, is based on
the second stream, only, and is restricted to dl smlaset of the overall externality list. Only

congestion, air pollution and noise are left in th&ernalisation scheme suggested. The
Commission has fixed cap values for these exteresivhich should not be exceeded. The
Member states will be free to add mark-ups foraheve externalities below the cap values.
It follows from this that only a small part of tlwerall externalities is considered; very im-
portant impacts such as climate effects, safetpfoastructure related impacts are neglected.
The Commission argues that the neglected extaesalihay be internalised using different
instruments as for instance fuel taxation or insces. However, the references to potential

actions to be taken (e.g. increase of lower limitdiesel taxes) are very vague.

Furthermore, the Commission intends to preventMieenber states from using costs values
which are in the upper range of the Handbook vallies is done by capping the cost values
which might be charged to moderate magnitudes, lwhe in the middle of the possible
ranges for congestion, air pollution and noise.sThill be the starting point of our impact

analysis.

Figure 3: External Costs of Transport in EU 15, Base 2000
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4.2  Cost Values for Operating and External Costs

The values for operating costs have been derivad Beveral studies from France, Germany,
and Italy. The 2005 values have been projectedernasis of trend developments to the year
2010 in real terms (no rate of inflation considgrdtlis foreseen to allow for mark-ups for
external costs after an appropriate revision ok@live 2006/38. The external cost elements
considered are congestion, air pollution and ndis¢he analysis, external congestion costs
are differentiated according to the level of conigesin the raster cells of the defined corri-

dors. (see the raster cell resolution in Figureara 21)

4.2.1 Cost Values for Climate Change

The cost values for the externalities considerethenCommission’s proposal are taken from
the Handbook (CE et al., 2008). Upper values fonate change (140 Euro/t of carbon) were
derived from INFRAS/ IWW (2005) because this copasls better to the medium and long-
term CQ-reduction target of the EU.

4.2.2 External Congestion Cost

External congestion costs have been calculated igietifying congested parts of the road
network using the VACLAV model of IWW and the TEN-AC/WorldNet data base (see the
traffic assignment figures 22-26). As congestiostamnnot simply be added to total infra-
structure costs because they are of a differentr@athe infrastructure costs have been sub-
tracted from congestion costs according to the Haok proposal. In the Capped and
Capped+ scenarios up to 10% of congestion costsegagded as external and added to the
other external costs. In the Upper Limits scenazamgestion costs have been calculated in
line with the Commission’s proposal (see Tableylapplying a detailed analysis of the time-

dependent traffic flows on the two corridors.

Table 1: Chargeable congestion cost

Euro cent/ vehicle-km Time period A Time period B Time period C
Suburban roads 0 20 65
Other interurban roads 0 2 7

Period A. nearly free-flow traffic
Period B: near capacity limit
Period C: traffic flow collapsed

17



In the calculations it has been assumed, in lirte thie Commission’s proposal, that the users
pay at least a charge for the allocated infrastinectost. In cases with considerable conges-
tion (traffic flow near the capacity limit or alrdyaa collapsed traffic situation), the values of
the Handbook (Table 1) have been applied. Forrdason, the road segments in corridors
have been classified into suburban and rural setgnAssuming typical time distributions of
the traffic flows and driver rest cycles congestamst in function of departure time and de-

parture location have been derived.

Figure 4: Congestion cost under consideration of infrastmectievelopment cost of corridor 1
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Infrastructure Development Cost
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Under certain conditions concerning the drivinglegc the average congestion plus infra-
structure cost reaches 29 ct/km. This is the caken the trucks pass through the high den-

sity agglomerations in the Netherlands, the Ruldrtae Milan areas during rush-hour.

The other external costs from the Handbook have bggregated using typical average driv-
ing cycles. A distinction has been made betweenashmynight and between inter-urban and
suburban. Urban sections have not been considezeaube the unit cost values from the
Handbook seem to refer to typical city roads andtaaenotorways through the suburban ar-

eas of the agglomerations.
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4.2.3 Air Pollution

The values for air pollution from the Eurovignetévision proposal are compiled in the fol-

lowing Table 2.

Table 2: Cost values for air pollution

Air pollution, ct/km Suburban roads Other interurban roads
EURO 0 16 13
EURO | 11 8
EURO Il 9 8
EURO llI 7 6
EURO IV 4 4
EURO V and less polluting 3 2

Starting with the treatment of air pollution we He reference emission category to Euro 5.
This means that in the year 2020 the environmestéeddard will be Euro 5 on the average.
This clearly contrasts the values elaborated inHaedbook, where Euro 2 and Euro 4-based

values have been assumed.

Figure 5 shows that the share of trucks which ategorised Euro 5 and better will increase
rapidly, if the km charges on motorways are diffétieed on the basis of Directive 2006/38.
In Germany it is expected that that share of Euoo Better will be more than 70% in the year
2010. Similar shares are expected in Switzerlardl Aumstria. As soon as further countries
differentiate road user charges according to Eategories the diffusion of low air pollution

technology will be accelerated significantly.

This means: In the year 2020 we reasonably camesthat the shares of Euro 2 and Euro 3
vehicles on the charged road network will be ckoseero. The share of Euro 4 will be low (it
can be followed from Figure 5 that the road haulegmpanies already presently move to
Euro 5 or even better — the regulation of emissiminparticulate matter and NQvhich is
planned for the forthcoming Euro 6 category is useeady in the German TollCollect charg-
ing system starting in 2009). Therefore the avemgaronmental category in the year 2020
will be at least Euro 5. This is reflected in muokver charges for air pollution compared
with the Handbook, as exhibited in the scenariasti® member countries will be allowed to
fix the environmental charges themselves and thevalues of the Commission represent the

upper limits, there is high probability that Eurac@&nforming cost values will be applied in
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the year 2020 in all countries in which Euro 5 etd8 have reached a high share. In other
countries the possibilities to add external costtoadifferentiate charges according to Euro
categories have not been used so far and we aghianéhis policy will not change after
2020. To take into account some residual EURO 3EWRO 4 vehicles, we assume an aver-
age cost of 4 ct/km instead of 3 ct/km (cf. Handgdable 15).

Figure 5: Development of the Truck Fleet Structure with jp&xt to Environmental Categories;
Source: Progtrans/IWW, 2007

Development of the Shares of Truck-km for Euro Catgories and EEV
on German Motorways 1/ 2005 — 12/2010
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4.2.4 Noise
The relevant values for noise are indicated in @ &2 of the Handbook (Table 3).
Table 3: Cost values for noise (ct/km)
Noise Urban Suburban Rural
Day 7.01 1.1 0.13
(7.01 - 17.00) (0.39 - 1.10) (0.06 — 0.13)
Night 12.78 2 0.23
(12.78-30.98) (0.72 — 2.00) (0.11 - 0.23)
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With respect to noise emissions on the motorwawowt (suburban and rural areas only) the
values of the Handbook are relatively low (0.13€et&km). It should be noted that long-
distance trucks generally do not cross city cenbreshe secondary road network. Therefore
the high noise costs mainly affect distributioniattes which are not in competition with
railway transport. Considering the driving cyclélee are much more rural areas passed

through in daytime than suburban sections by nigletdeduce a weighted average of 0.4 ct.

4.2.5 Compilation

The cost values of the scenarios are summarisédbte 4.

Table 4: Cost values in the scenarios

EUR/km
Components of transport cost ) ) L ) Upper

2000 in 2005 in Base Scenario |Capped+ [Limits

2000 valuef2005 valuefSzenario |Capped [Scenario |Scenario
Wages of the drivers 0,27 0,3 0,3p 0,39 0,39 0,B9
Social charges 0,07 0,0 0,0B 0,08 0,10 0,JLO
Fuel 0,23 0,2 0,3B 0,38 0,38 0,B8
Distance dependent depreciation Q.05 ,06 0,06 0,06 0,060,0
Time dependent depreciation 0,05 0,0 0,0p 0,06 O,IG 0,p6
Repair 0,08 0,0 0,0p 0,09 0,09 0,p9
Administration 0,15 0,1 0,1B 0,18 0,18 o,L8
Othel 0,1¢ 0,21 0,21 0,21 0,21 0,21
Sunr 1,0¢€ 1,25 1,44 1,45 1,47 1,47
External + infrastruct.cost 2000 Values | 2005 Value
Infrastructure charges 0,180 0,400 0,p50 0J200 @,200 09,200,20¢
Climate change handbook 0,422 0,p24 0,024
Climate change 140 EUR 0,110 0,122 0,124
Noise 0,004 0,004 0,004 0,0p4 0,004
Congestion 0,025 0,0%8 0,0p8 0,028 0,p90
Accidents 0,05p 0,095 0,024 0,05%
Pollution EURO 5 0,04p 0,044 0,0p2 0,422 0,p44
Othel 0,07( 0,07¢ 0,03¢ 0,07¢
Sunr 1,0¢€ 1,3C 1,64 1,7C 1,82 2,0€
Wages drivers: 1 % p.a. increase due to scarcitdyioéry, 1% pa. Increase due to better law infloveet + regulation
Infrastructure charges: In 2005 only in some caastkm-dependent charges, change of system assuntie020
Climate change: 140 EUR/tonne assumed.
Noise: Only urban/suburban road sections assuniedtige already relates to the upper limit values.
Congestion: External components of congestion cost
Pollution: Dominance of EURO 5 vehicle assumed jtaaftal vehicle cost for EURO 5 is already includewehicle cost calculation
Other: Up- and downstream process/nature/landseafes/and soil pollution
Congestion: Base and Capped as a lump-sum; Uppis-iccording formula of directive

The upper part of Table 4 includes the private afeg costs of trucking. These costs have
considerably increased in the past years to a leiv&l25 Euro (2005). Rising energy prices
and higher wages will lead to a further increasd.@! Euro (2020 in real terms). Further-
more, we assume that the costs of social requirenveiil increase substantially, in the first

instance because of a stricter enforcement of lsoegalations and the penetrating of elec-
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tronic logistics boxes in the truck fleet such tbantrol becomes easier and better harmonised

in the EU member states.

The lower part comprises the charges which aredatigiehe state or by state monitored or-
ganisations. They include infrastructure charges @drarges for externalities. First of all, in-
frastructure charges are assumed to the levieth@mighway and motorway network in the
EU in 2020. The average charge is set to 0.2 Hupikikm for heavy goods vehicles (gross
weight 3.5 tons or more). This average can berdiffgated according to axle load, number of
axles, congestion and Euro emission category (EucoEuro 5 plus EEY).

As can be seen from the lowest line of Table 4irfgkhe differences compared with the Base
Scenario), the externality costs amount to 6 ctiiknthe Scenario Capped, 18 ct/km in the
Scenario Capped+, and 42 ct/km in the Scenario Ulppats, which corresponds to percent-

ages cost increases of 3.7, 11.0 and 25.6%, cochpatie the Base Scenatrio.

In the Scenario Upper Limits it is assumed that #te rail mode is charged its external costs.
Figure 3 shows an overall ratio of 5:1 for the exdé costs of road: rail, without taking into
account congestion. From this it follows that therage charge for rail freight would be

about 8 ct/wagon-km.

4 Environmentally Enhanced Vehicles
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5 Productivity Change

51 Examples for Substantial Productivity Improvemats

US experience has shown that a tremendous incoggseductivity (170% over 20 years)
was possible after the companies were freed froligaibd services and prices, and could act
commercially following Staggers Act in 1980. Thisveélopment cannot be taken as a refer-
ence profile for the European railways becaus@éetatally different conditions in the supply
and demand side of the US freight transport maiketertheless the picture of Figure 6 is a

useful demonstrator for the effects of a fundamesttange of regulatory conditions.

Figure 6: Development of Performance Criteria Following ther&yulation of US-Railways
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For the European case the changes also appeamienti, which result from free network
access, interoperability of network use and comrakermanagement including new types of
alliances or mergers, paired with infrastructureestments to make freight train operations
widely independent from passenger service. Thesefojump of productivity can be ex-

pected, although not be as radical as occurreukits.
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5.2  Assumptions of theRail Productivity Scenario

Already under business as usual conditions theyatodty of the railways is expected to

grow according to the industrial average of aba8®d per year. This productivity increase

assumed in the Base Scenario relates to thosesl@msents which can be influenced by the

railways under business as usual conditions. F@d8years between the reference year and

the Base year this results in an overall produgtivicrease of about 30%. The main drivers

for this productivity change are:

Rehabilitation of the network
Modernisation of rolling stock
Improved organisation, in particular of internagbtransport.

Intensive usage of information and communicati@ht®logies.

In addition to this, the Rail Productivity Scenasiemmarises the concepts of several studies

for future railway activity on the freight marketcintroduces a number of innovations con-

cerning

such that

infrastructure: capacity extensions for bottlensektions, in particular for sea-
port-hinterland transport and freight dedicateddsges of agglomerations.

rolling stock (higher axle loads),

operating system (ERTMS level 2),

new commercial organisation for integrated Europssanices,

installation of equipment on infrastructure andingl stock to reduce environ-

mental impacts (in particular noise),

capacity bottlenecks will be removed,

new types of operations will become feasible (bortessing with the same en-
gines and crews),

new types of services will become economically afscheduled services with
single wagon technology),

interoperability is guaranteed on the European oesy
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- new dimensions of reliability and resilience becqgmossible for just-in-sequence
services in intermodal transport,

- cost reductions per unit of consignment becomeilpleskecause of better capac-
ity use,

- new forms of market organisation according to theperation principle become
possible,

- and acceptability of the exposed population isexdd.

All in all these technical and organisational chesi@re not dramatic. In particular we have
not assumed dedicated freight tracks over longulests, very long trains, double stock wag-
ons, ERTMS level 3 and other advanced railway teldgies which might come in a long-
term future. The overall result of these technaal organisational measures is an increase of
productivity compared with the Base Scenario of ahder of 15% (or 45% compared with
the year 2005). Given the assumed improvementscounlel expect more than 15% of extra
productivity gains from the assumed changes. Biiag to be considered that not all im-
provements induced by the above measures willreslbwer costs. This is due to the fact
that commercially organised railway companies wal/e to make payments to shareholders,
and due to the fact that the states which havendribute massively to the investments for
capacity extensions, might insist on a higher sthcture cost recovery through increasing
rail track charges. We have assumed 100% cost eegdor the busy freight railway corri-
dors. Therefore, the further productivity gain &% is the part of the rail improvements
which can be given to the customers in the formeafuced transport tariffs and improve-

ments of services.

Flexibility and reliability are key service pararaet for non-bulk cargo. Therefore, a produc-
tivity gain of this order of magnitude, eventualilgcompanied by an increase of costs for road
traffic, can help the railways to achieve a contpetiedge in important market segments of
long distance transport. Some examples should dsinad@ the compatibilities of freight

railways in logistics demanding non-bulk transpastpart of the assumptions of the produc-

tivity scenario:

a) Reorganisation of single wagon load systemeday, the average ramp-to-ramp
transport time of railways is heavily influencedwgiting times in marshalling yards.
A wagon from Lyon to Vienna, for instance, is rautea Metz, Mannheim, Nurem-
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b)

d)

f)

berg and possibly Linz. Today, at each marshaljiagl, a waiting time of between 6
and 18 hours is quite typical. At the same timecar observe some positive exam-
ples of direct freight trains on long corridors the one hand and new operational
schemes with higher frequencies and thus, shoémg time on the other hand. All
these measures decrease the unit capital coseafatyo and of the wagons. Espe-
cially in agglomerations freight trains often hdawewait for a long time in order to let
passenger trains pass by. With the implementatiorew high-speed lines and a con-
centration of freight trains on long-distance ftetgedicated corridors there is a fur-

ther potential to decrease capital cost and theulabost of engine drivers.

Reduction of bottleneckddaving removed capacity bottlenecks, the utiisatof
railway lines can be considerably increased andageeinfrastructure cost can be de-

creased.

New forms of business-business collaboratiBailways could outsource transport
services of branch lines to local operators opegagifficiently and with another cost

structure.

Fixed cost degressionnfrastructure cost mainly consists of fixed cdsfiith the ex-
ception of agglomeration areas and some core Séoitth corridors, major parts of
the European long-distance railway network arereathing capacity limits. It is pos-

sible to increase railway traffic without signifitampacts on infrastructure cost.

Long-distance freight traindn the past couple of years, direct trains hawenhstro-
duced passing through several countries (Turkeyr@my, China-Germany). Such

transports are very cost efficient and highly cofitipe.

Micro-logistic researchn the project LOGOTAKT, launched by the Germamigliry

of Economic Affairs, underlines that new logistmganisations in form of open net-
works or broad alliances of shippers and forwardamsl innovative scheduled supply
operations for milk-runs and main runs become ecocally viable. If the railways
meet basic requirements they cparticipate in this scheduled system on long-
distance main runs and attract new type of demarlde form of consignments down
to pallet size. The LOGOTAKT concept takes up fttheai of developing a Europe-
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wide network of railports which predominantly apeated at marshalling yards and

offer a full logistics service for long-distancarsport (see Figure 7).

As a result one can conclude that tail Productivity Scenario will lead to a productivity
increase of the railways of 15% compared with tlaseBScenario in connection with a sig-

nificant improvement of service parameters. Ifeoepare this with the US example it even
appears to be rather conservative.

Figure 7: Example for a Railport Concept
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6 Network and Matrix Definitions

The European network models of NESTEAR and IWWsanglar such that the results can
be easily transferred. NESTEAR uses a NUT$lassification for the regions and addition-
ally about 2000 entry points. IWW uses a NUTS Zsifecation with about 1500 regions.
NUTS 2 matrices from NESTEAR are broken down byiaegl indicators to the NUTS 3

level and can then be processed by the VACLAV partsmodelling system of IWW.

Background data for freight movements are takemftbe ongoing WORLDNET study
(2008) for the Commission. The impedance functiongoad links are non-linear and thus,
congestion can be modelled endogenously. The readonk model of IWW had been cali-
brated on the bais of most recent UN traffic cowsutsh that it gives a realistic picture of the
network loads of the year 2005. As congestion islelled by links it will not be necessary to
cluster links as has been done in the Handbookafurimon-urban). This means that
IWW/NESTEAR are able to model congestion in a moadre differentiated way compared
with the Impact Handbo8k The classifications urban/suburban and non-usaéinonly be
used for the graphical presentations, to make ebelts comparable to others which are de-

rived on a cluster basis.

5 NUTS stands for: Nomenclature of Territorial UrifsStatistics, defined by Eurostat.

¢ The scenario computations for the Impact Handbwole been performed using the Trans-Tools modethwik not yet mature, and
Tremove, which is a cluster-based environmentdueti@n model. It uses constant elasticities anesdmwt consider the manifold reactions
of transport agents in a multi-modal network. Imtjgalar these model tools are not yet adjustetthéospecificities of the market for freight
and logistics which are characterised by nonlirear asymmetric behaviour of agents such that agration of microscopic modelling is
necessary to predict the break-even points fostagchanges (here: change from road to rail).

28



7 Estimations of Transport Impact

In this section, the results of our analysis wél fresented. The aggregate results provide an

overall picture; the disaggregate results relatbeéawo example corridors.

7.1  Aggregate Analysis

This section will estimate the expected aggregaigacts on inter-regional traffic (using re-
gions as described in Chapter 6) of the differeenharios on the European scale. The trans-
port segments which are expected to be sensitiveaal change are non-bulk cargo ship-
ments over a distance of more than 300 km. Non-lutkis context includes unitised cargo,

container transport, single wagon or less tharozat transport.

7.1.1 Base Scenario

Figure 8 and Figure 9 show the ton km by mode astdnte in the Base Scenario. As it can
seen, freight transport is subdivided into bulk aod-bulk. In the non-bulk segment the rail-
ways can achieve significant market shares onriegof 300 km and more. Therefore we
will only analyse distances of more than 300 kmtfa possibility of modal shift from road

to rail. For bulk cargo we assume that no moddt shpossible.
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Figure 8: Ton km by distance for rail in the Base Scenario
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In road transportation (Figure 9) there are nohstlearly defined market clusters. For the
markets which are potentially interesting for tlaways — transports of at least 300 km —
there is an enormous unexplored market potentrathfe railways. This market mainly con-
sists of non-bulk transport. In our analysis wd vafer to this segment as “long-distance non-
bulk transport”.

It can be assumed that under certain conditionisyaygs are able to enter into this segment.
This shift may become possible through new poli@asures (internalisation of externalities,
investment activity) and improved organisation lo¢ railway companies, in particular for

international services. This will be analysed fartin the next subsection.
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Figure 9: Ton km by distance for road in the Base Scenario
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7.1.2 Impacts on Modal Share

To interpret the results it is important to undanst the philosophy of the NESTEAR model
approach. The categories of long-distance freigirsport can roughly be clustered into bulk
cargo, wagon load operations and combined transfiaczan be assumed that there is little
competition between rail and road with respectutk lzargo. Bulk cargo is a low-cost busi-
ness and can only marginally be influenced by thditeonal logistics capability of railways.

Eventually the option of long train formation onl teack dedicated for freight could change
this picture, but this seems to be a highly thecakidea from the present point of view and

has not been considered.

Both single wagon load transport and intermodaltaioer transports are parts of complex
systems and are in direct competition with roadgpart. Therefore NESTEAR has included
wagon load transport in the 2000/2005 statistia$ made the projections for 2020 together
for wagon load and combined transport. This melatthe “combined transport” rail service
of the model forecasts for 2020 includes also wagad. In the following sections we will

refer to this segment as “non-bulk cargo”.
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Figure 10: Ton km by distance class and mode (only non-bulgaa Capped Scenario
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Figure 11: Ton km by distance class and mode (only non-batlga@); Scenario Upper Lim-
its/Rail Productivity
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Figures 10 and 11 show that the modal shift cagy balexpected on the long distance rela-
tions. No market reaction is expected on distahedsw 300 km. Between 300 and 500 km
the reactions are significant but of modest magieiturhere is a significant difference be-
tween the Scenario Capped and the Upper Limits @&memcluding Railway Productivity
assumptions. In the Capped Scenario, railways menease their market share mainly in the
distance class of around 1000 km and above. Imdgsémum scenario, however, the railways
can become the dominant market player on distaooger than 1000 km. While the shorter
distances < 500 km are mainly domestic transpdntchvwill show a modest growth in the
future, the longer distances include originating destining international transport and tran-
sit, which will continue to grow dynamically in tHature. Therefore one can conclude that
the combined “Upper Limits/Rail Productivity” pojiavould give the railways the chance to
fully participate in the growth of the markets aa#le over a major share of the future trans-
port tasks. Furthermore, the market segments drpldiy improved railway service include
high value transport services and are the mostesiieg ones from the commercial point of
view.

The aggregate results are summarised in Table 5.

Table 5: Inter-regional ton km by Scenario

8 X < S

22|32 s s

8 |g | B |58 | & | % |5 GES

8x|zx| 8 5B« 33| 3| &5
Scenario Base 446 413 | 1.496 49| 1.94p 463 2.404 19.2
Scenario Capped 446 413 | 1.477 66| 1.924 479 2.403 19.9
Scenario Capped + 446 413 | 1.441] 100, 1.88¢ 513 2.400 21.4
Scenario upper limits 446 413 | 1.372 164| 1.81B 577 2.385 24.1
Scenario up. lim.+rail prod. 446 413 | 1.223 320, 1.66p 734 2.402 30.5
Only inter-regional transports.

The market positions for road and rail on the lrdkgo market, which are not influenced by
the changes of road charging and rail productiatg exhibited in the left two columns of
Table 5. The following two columns give the tranggmures for the market segments which
are sensitive to the changes, in particular nok-batgo as for instance container and wagon-
load transport. Columns 5 and 6 show the totalsprart performance for road and rail. Col-
umn 7 gives the sum of total road and total rad aolumn 8 the modal share of the railway
mode.
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TheBase Scenari@020 shows a small improvement of the railwaysifpon compared with
the reference year 2005 (45 billion ton km). Tkislue to several factors: First, the presumed
increase of rail productivity (1.8% per year), satly the expected increase of energy prices,
which affects the energy efficient railways lesgesely than road transport and thirdly higher
wages and stricter control of social requiremeatsréad transport. As to the cost effects of

these changes see Table 4.

The Capped Scenarjavhich reflects the proposed internalisation by @ommission includ-
ing congestion, air pollution and noise, generatame modal shift from road to rail, but it is
relatively modest (about 0.7% compared to the bas®the measures constituting this sce-
nario can only be regarded to be first small staps$ far from full internalisation of external
costs the Capped Scenario can contribute to flgn&ther political actions assumed in the

Base Scenario, which are much more effective (eantrol of social requirements).

The Capped+ Scenariancludes further externalities which have beeruised in the Hand-
book, as for instance climate change, accidentstngam/down-stream or infrastructure re-
lated impacts (biodiversity), evaluated at meamesl In this case a significant change of the
market position of the railways can be expectece Mmarket share for the relevant market
increases from 19.2 to 21.4% which makes a diffezeasf 2.2%.

Going to theUpper Limitsof the valuation ranges for external costs wountaease this effect

substantially. The modal share of rail in interioegl freight transportation is in this case
expected to grow significantly by 4.9 from 19.22#.1%. In particular Figure 11 underlines
that the railways can become the dominant marlasteplon the long-distance transport mar-
ket for containerised goods. This underlines th&rge impact can only be expected from
internalisation if all externalities are internalisand they are valued at sufficiently high rates.
The completeness of the internalisation schemmp®itant for achieving substantial results.
This does not mean that all externalities haveeonicluded in the km-based infrastructure
charges. For instance, climate effects could bermatised by trading schemes or by carbon
taxes, or accident externalities could be intesealiby insurance taxation. But it means, in-
deed, that the overall cost increase for road pamsnduced by the mix of instruments sums

up to the cost mark-ups assumed in this study.
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Combining theproductivity assumptions with the full internalisation of exig&rcosts will —
according to the simulation results — bring a dcashange of the transport market structure.
The railways will become leading players for longtance transport of goods which in prin-
ciple can be containerised. The effects from prodig improvements are of the same order
of magnitude as the effect from a internalisativategy alone. This underlines that internali-
sation of externalities and productivity gainstod railways are significantly synergetic. If the
railways can offer high quality logistics servicé®nsolidation of consignments, just-in-
sequence transport) they will become a genericratee to road. Forwarders and shippers
will take this into account, in particular if theliability of road transport does not increase in
the future because of network congestion.

Figures 12-15 show the modal shares of the railaagstheir dependency on distance.

Figure 12: Transport shifted from road to rail in differegesarios (bill. ton km)
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Figure 13: Modal share by distance
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Figure 14: Structure of rail transfer by distance in the Scendpper Limits/Rail Productiv-
ity
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Figure 15: Scenario Upper Limits/Rail Productivity — Modal §Hrom Road to Rail
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7.2 Corridor Results

Two corridors have been selected for a detailedysisaof modal shift and environmental
impacts:

Case Study 1: Rotterdam-Genoa Corridor

Case Study 2: Zeebrugge/Antwerp-Warsaw Corridor.

The definition of a corridor is not a trivial exese, because on long distances between origins
and destinations there may exist a number of raubtesh partly go parallel to each other. In
the present case the corridor definition followséhsteps:

Step 1: Definition of a main route, including a lied set of parallel alternative routes.

The width of a corridor route has been definedOakrs.

Step 2: Definition of transport activities whicleaassigned to a corridor. The mini-
mum distance travelled alongside a corridor is used criterion and set alter-
natively to 1 km, 300 km and 500 km. In this sumynae will only refer to
the 300 km limit.

Step 3: Distinguish traffic which is observed oa tlefined corridor only, and traffic
stemming from origin-destination-pairs which arentined along the corridor
by shortest paths. In the latter case also trahggtivity (tons, ton km) is in-

cluded which is outside the corridor (access ames=).
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7.2.1 Rotterdam-Genoa Corridor

The north-south corridor connects two industriadl &rade centres in Europe — The Benelux
countries and Northern-ltaly. In between a numidesigglomeration areas are passed, as for
instance Rhine-Ruhr, Rhine-Main and Northern-Swiézel. The transport volumes on this
corridor mainly result from the transport relatidretween these agglomeration zones (Figure
13).

Figure 16: Origins and destinations of flows transferred tibmede on the Rotterdam-Genoa
Corridor

Origin and destination of flows transferred on corridor (more 300 Km) Rotterdam - Genova
with the upper limits scenario and rail productivity
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Already today, railway transportation on this cdori is well developed due to a number of
factors: important flows of sea-containers, restrec road transport policy in Switzerland,
increasing logistic performance of the railway umalkings and competition between several

incumbent companies and new entrants.

Table 6: Ton km shifted to Railway mode on the Rotterdam-@e@Gorridor
Reference: Cost situation of year 2005

Rotterdam-Genoa
For all Origin-Destination and 300 km on the coorid

. Share of
Initial Initial Rail R(())satdan g |Sum vAv!\ratlcl)_n corridor
Bill. Ton km : Road trans- P ton Y in total
Rail pre : km -
path ferred : km rail ton km
shipment Europe
(%)
Scenario Base 33.1 14.9 16.1 1.2 49.2 463 11.3
Scenario Capped 33.1 18.6 19.6 15 52.8 479 11.0
Scenario Capped + 33.1 24.7 25.6 2.2 58.7 513 11.4
Scenario Upper Limits 33,1 33.9 34.3 3.4 67.4 577 11.7
Scenario Up. Lim.+Rail Prod. 33.1 46.7 62.5 6.0 95.6 734 13.0

Table 6 exhibits the transport volumes shifted fr@ad to rail on the North-South corridor
from Rotterdam to Genoa. The first column contaims initial rail bulk cargo transport,
which is assumed to be independent of the cosperdlictivity changes in the scenarios. The
second column gives the ton km on road alongsideléfined corridor, which is shifted from
road to rail in the scenarios. Column 3 shows dit@ tadditional rail transport on the corridor,
which results from shifting road transport fromgims and destinations which used other cor-
ridors before the cost/productivity changes. Thertfo column gives the additional ton km
which have to be transported on road for pre- av&t phipment. It underlines that shifting
additional transport to rail will also imply additial shipments between origins/destinations
and transhipment centres. The fifth column sumshepbulk and container/unitised cargo.
From this we can derive the differentials betweba Base Scenario and the External
Cost/Rail Productivity Scenarios. Columns 6 andveé ghe total figures for rail transport in
Europe and the shares of the total which is alemtéab the North-South corridor. The latter

will increase with rising competitiveness of théways on the major corridors.

The Base Scenario shows considerable shifts opicah compared with the reference cost

situation which is given by the 2005 cost values.TAable 1 shows, very substantial changes
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have to be expected between 2005 and 2020 whiamotoelate to the External Cost/Rail

Productivity Scenarios and therefore are includpdai in the Base and all other Scenarios.

The results for corridor Rotterdam-Genoa perfestlpport the general picture sketched
above. The Capped Scenario, based on the propos#ite Commission for internalising
congestion, air pollution and noise externalitgsnerates low impacts, but at least it tends to
the desired direction. The integration of all Haoolb externalities at medium values
(Capped+) more than doubles this effect such thBecomes substantial. Scenario Upper
Limits takes the high values of the Handbook arsdilte in a doubling of the Capped+ modal
shifts.

Increased rail productivity according to the higlguctivity assumptions achieves a similar
modal shift like the Upper Limits Scenario. ComhbmiUpper Limit and Rail Productivity
boosts the modal share of railways insofar as 8tl4ton km are shifted from road to rail
compared with the Base Scenario. This demonsttagtsa significant synergy effect can be

expected from a combined policy of fair pricing ateveloping railway productivity.
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Figure 17: Road Transport Shifted from Road to Rail in the &lppmit/Rail Productivity
Scenario on the Corridor Rotterdam-Genoa

Road Traffic Transferred to Rail with the ScenarioUpper Limits
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7.2.2 Zeebrugge/Antwerp-Warsaw Corridor

The East West corridor mainly connects the indalstrentres in the Benelux countries and
the Ruhr area with the Warsaw area. Berlin and &voame important centres along the corri-

dor.

Figure 18: Origins and destinations of flows transferred t® Zeebrigge/Antwerp-Warsaw
Corridor

Origin and destination of flows transferred on corridor (more 300 Km) Zeebrugge - Warsaw
with the upper limits scenario and rail productivity
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This East-West corridor is developing rapidly, hoes the bases for tonnage and ton km are
much lower compared with the busy North-South domribetween Rotterdam and Gehoa
As there are a number of transport corridors iroparwhich show similar characteristics, i.e.
modest volumes today and rapid increase of trahgpaformance, Antwerp-Warsaw is a

good prototype.

The results of our calculation show indeed thatrtative effect of internalisation strategies

is bigger for this type of corridor than for alrgadeveloped ones — railways increase their

” Note that the transport volumes depicted by tkedigram in Figure 18 look very big for the Warsagion. This is partly caused by the
regional classification (NUTS 2).
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market performance by the factor 2.5 (Table 7). ther North-South corridor this factor is
2.0.

Table 7: Transportation performance shifted to the Zeebrifggaerp-Warsaw Corridor
Reference: Cost situation of year 2005

Zeebrugge/Antwerp-Warsaw
For all Origin-Destination and 300 km on the coorid

nital | Rail Road Allrail- | S

Bill. ton km In|t_|al Road trans- ol a_nd Sl t'on way Bl in total
Rail pre ship- [ km rail km in
path ferred ment Eurone ton km
Pe )

Scenario Base 155 4.2 5.6 0.2 21.1 436 4.8
Scenario Capped 155 6.2 8.0 0.4 23.5 479 4.9
Scenario Capped + 15.5 10.3 12.6 0.8 28.1 513 5.5
Scenario Upper Limits 155 16.9 20.0 15 35.5 577 6.1
Scenario Up. Lim.+Rail Prod. 15.5 29.7 36.1 3.1 51.6 734 7.0

Table 7 shows the transport volumes shifted froadrm rail on the West-East corridor from
Zeebrugge/Antwerp to Warsaw. The first column cmstéhe initial rail bulk cargo transport,
which is assumed to be independent of the cosperdlictivity changes in the scenarios. The
second column gives the ton km on road alongsideléfined corridor, which is shifted from
road to rail in the scenarios. Column 3 shows dit@ tadditional rail transport on the corridor,
which results from shifting road transport fromgims and destinations which used other cor-
ridors before the cost/productivity changes. Thertto column gives the additional ton km
which have to be transported on road for pre- av&t phipment. It underlines that shifting
additional transport to rail will also imply additial shipments between origins/destinations
and transhipment centres. The fifth column sumshepbulk and container/unitised cargo.
From this we can derive the differentials betweba Base Scenario and the External
Cost/Rail Productivity Scenarios. Columns 6 andveé ghe total figures for rail transport in
Europe and the shares for the North-South corridbich will increase with rising competi-

tiveness of the railways.

On this corridor there are less congested areapa@@u with the Rotterdam-Genoa corridor.
Accordingly, the low congestion charges (on therage) on this corridor reduce the rele-
vance of congestion fees. As the remaining tworeatgies, air pollution and noise, are val-
ued low in the Capped Scenario, the impact on p@mgs negligible. The transport shifts
increase by the factor 3 as soon as the full rarigexternalities is internalised (at medium
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values). In this case the reaction of transportatems significant. This effect can be doubled

again, if the upper values of the full range okeenalities are internalised.

Combining the Upper Limits Scenario with increas®ail Productivity results in a drastic

upturn of the railway share through a shift of 30bton km in the year 2020, compared with
the Base Scenario. This result is remarkable imsagathe percent change of impacts of Ex-
ternal Cost/Rail Productivity policies is greater ihe West-East compared with the North-
South corridor although the congestion level onNbeth-South corridor is much bigger. This
underlines the effectiveness of a combined polith whe clear objective to improve on the

market position of the railways by concerted pokcyions.

The results also underline that the potential oflai@hange on the freight transport market
are much bigger than assumed in the Mid-term Rewéwhe Commission White Paper
(2006), based on the ASSESS-Scenario results. AS®SBmates an increase of rail freight
transport until the year 2020 of 13%, which wouldply a decline of market share of the
railways. The corridor results underline the gehmdication that the railways have a much
higher potential and can contribute to the envirental targets of the EU by attracting higher
transport shares. The study results support thenve a re-vitalisation of European railways
as developed in the White Paper on Common Tran§wdicy of 2001 “Time to Decide”. But
the comparison with the railway prospects exhibitedhe Mid-term review gives rise to
guestion whether the measures considered in théeVAaper are strong enough to achieve

the targeted result.
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Figure 19: Road Transport Diverted to Rail on the Antwerp-Vear<orridor, Scenario Up-
per Limits/Rail Productivity

Road Paths Transferred to Rail with the Scenario Uper Limits and High Produc-
tivity of Rail and more than 300 km on the corridor

4

‘hampton

Reaﬁfﬁ

LWroclaw
o CKielce

L \
g o
CCharleroi

“1TSoshowie

-0 —

nes

CBudapest
Ttes /
f Oradea

r
o

IBordeaux

{

Timisoara

ETurin )
TBanja LuKa Belg&de

Qenoa Bologna N

4
iCe [Florence

Dloulouse PKontpellier Number of tons

By year

@3 000 - 15 300
e 5 000 - 12 000 /
— 6000 - 9000 0 100 Km

e 4 000 - 6000 -—

Rome e 2 000 - 4 000
Zaragoza 1000- 2000
{Badalona 100- 1000

= .
: ‘d
. oV
£ . Hlap
J Q/*} -’\res'te @ Nestear - Buguellou - 2008

46



8 Environmental Impact: Impact on the Emission of Geenhous Gases

8.1 Principles of Measurement

The assumptions made on relative cost change®iacénarios Base, Capped, Capped+, Up-
per Limits, and ‘Upper Limits + Rail Productivitytave a significant effect on the emission of
CO, from freight transport. This is due to the factth

— freight transport is partly shifted from road te tless energy-intensive rail mode,

— road congestion is alleviated because of the egdenbdal shift.

The corridor Rotterdam-Genoa, and especially thetave part of the corridor Antwerp-
Warsaw follows densely populated areas, connectiagr urban settlements (see Figures 20
and 21). This implies that road transport actigitedong these corridors cause high levels of

environmental damage, and are increasingly ineffiicoperations due to congestion.

Figure 20: Urban areas along the corridor Rotterdam-Genoa
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Figure 21 Urban areas along the corridor Rotterdam-Genoa
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The measurement of environmental impacts is basetdree modelling instruments:

- NESTEAR model for railway assignment and modaltspli

- IWW-VACLAV model for road traffic assignment inclurdy all user categories,

- IWW-GIS model to identify urban and suburban areas.

The IWW-VACLAV modelling for road traffic assignmestarts from the NESTEAR modal

split values and the associated freight transpaitioes. The freight transport matrices differ

according to the scenarios and are added to ther athffic categories (car, LDV, short-
distance HGV). As VACLAV is calibrated on the baxfeobserved traffic flows (UN traffic
count data base) it produces a realistic picturthefoverall traffic loads or the road system.

This also holds for agglomerated areas such tleatldssification prepared in the Handbook
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for urban, suburban and non-urban areas is notaseary input. The model generates con-
gestion endogenously and produces a much mordetetmttern of capacity loading and the
associated congestion as well as environmentalatrffgaures. It is possible to relate all out-
comes of the calculations to raster cells (GIS gnuts) or network links (infrastructure
units). The higher degree of detail gives moreginsinto the hot spots of the network and the
contribution of HGV charging to reduce the bottlgaeroblems.

Figures 22-26 depict the road network loading fer Base Scenario 2020 and the reduction
of traffic load in the Upper Limits/Rail ProductlyiScenario. The base is the network of the
Base Scenario 2020 loaded by car, LGV and HGV (eid@2). The busiest parts of the net-
work can be identified and will be analysed by theher figures with respect to freight
transport.

Figure 22 Average daily traffic, passenger cars, LGV and\K @ the Base Scenario 2020
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Figure 23 Traffic load with goods vehicles in the Base Stem2020
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Figure 23 shows the load of the road network inBhse Scenario 2020 with freight vehicles,
3.5 tons and more. The busiest parts are South&;nBdnelux, Rhine-Ruhr, Rhine-Main
regions and Northern ltaly. It was assumed thattrmb#North-South transport on long dis-
tances passing through Switzerland is transfercedail shuttle along the Gotthard and
Lotschberg tunnels. The reasons are strong assumspdin (1) low tariff for the rail shuttle
and (2) the use of the shuttle time for driversings This explains among other reasons why
the share of rail transport on the North-South aisicreasing in the Base Scenario 2020

considerably compared with the situation 2005.

All internalisation and productivity scenarios riksa a shift from road to rail and eventually
in route diversions because of congestion pricBgenario Upper Limits/Rail Productivity is
the most effective scenario with this respect amatributes to a significant relief of traffic
congestion along the busiest corridors. Figure&ivs that the reduction of HGV on main
routes is more than 1,000 vehicles per day anceavily congested areas even up to 2,000
vehicles per day or more. Taking into account thataverage equivalence factor of trucks
with respect to the influence on traffic flow isaaib 2.5, the equivalent reduction of traffic
load and assuming an average daily traffic volum&0g000 car equivalents this would result

in a reduction of about 10%. For a road which wdaddoaded to 100% of its capacity in the
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Base Scenario with highly unstable traffic flowstlwould imply a reduction to 90% of capac-
ity and much more stable flow conditions. From thi®llows that also theoad haulage in-
dustry would benefiirom the internalisation/productivity policy insofas the logistic chains
served by trucks — almost all short-distance andtrob medium distance origin-destination
relationships — would enjoy improvements by bettdiability and accountability of services.

Figure 24: Difference traffic load goods vehicles Scenaras8 versus Upper Limits/Rail
Productivity
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Figure 25 identifies the congested network part®at freight transport in more detail such
that the time losses caused by congestion candmitjad for every movement between ori-
gin and destination. Furthermore functional reladitips between speeds, the associated driv-
ing cycles and fuel consumption (as well as emissaf NG, or particles) can be applied to

calculate C@and other emissions.

51



Figure 25 Time losses caused by congestion, Base Scer22id 2
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Figure 26 gives the differences of the time logssseen the Base and the Upper Limits/Rall
Productivity Scenarios for the corridors under cangon. As most of the congested areas on
the North-South corridor (Rotterdam-Genoa) arehi@ Benelux, the Rhine-Ruhr and the
Rhein-Main areas the main reductions of congestrerobserved in these areas. The optimis-
tic assumptions with respect to the acceptancéefrail shuttle through Switzerland effect
that no congestion will occur in this country arnsbano reduction of congestion due to inter-
nalisation of externalities in the EU. Note thatit®erland applies already the most advanced
infrastructure and external cost internalisationesge such that the domestic transport flows

are not influenced by EU policy.

Looking at the West-East axis from Zeebrigge/Anpver Warsaw the map identifies the
major effects in the Benelux and the Rhine-RuhaaEast of Berlin there will be little con-
gestion because it is assumed that the motorwainBaankfurt/Oder — Warsaw will exist in
2020. For all network parts which will experienceredief of congestion the associated
changes of speed, driving cycles and emissionsf & other pollutants have been calcu-

lated.

As a result, all changes of truck movements andlitions on roads could be translated into
savings of CQ (and other) emissions for the total network andie two selected corridors.
These savings have to be compared with the additemissions caused by the increase of

rail movements.

Shifting transport from road to rail implies addital production of externalities by the rail-
way mode, which has to be considered in a totarua of impacts. NESTEAR has produced
link-related figures for additional freight traiasongside the corridors, which could be used
as inputs for the calculation of energy consumpéind CQ emissions. The additional energy
consumption caused by additional transhipment iéietsvat intermodal freight centres and
railports have been considered as well as theaseref road shuttle for intermodal transport

activities.
This model approach would in principle allow fodetailed estimation of air pollution, noise

and accident impacts. As this would presuppose ekiewy further modelling work, based on

raster cell and link information, to analyse th@aantration of pollution and the exposure of
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population to air pollution and noise this an

emissions only.

8.2 Results of CQ Impact Calculation

The technical assumptions for the Cihpact
Table 7.

alysmcentrates on the quantification of £O

estimation are summarised in the following

Table 7: Assumptions made to estimate rail freight &missions

Determinant

Assumption

Average weight of train

1,000 tons gross weight

Average link speed of freight train (witho
intermediate stops)

u80 km/h

Energy efficiency of freight trains Increase by 108ae to decrease in container
weight, improved loading factor, longer trains

Electricity production Decrease of proportion ofssd energy
sources by 4% (from 48% in 2005 to 44% in

2020, country mix)

~

D

Energy efficiency of coal-fired power plant

Impeown energy efficiency by 8% (from
32% in 2005 to 40% in 2020)

Table 8 gives the absolute g@mission values for the relevant network and #levant

transport market.

The relevant market contains all inter-regional-boik transport with a forwarding distance

>300 km. There are some rationales behind

the lskdtdefinition of the relevant market:

A modal shift of bulk transport has not been coad in the present study.

A major proportion of non-bulk transport <300 kne araused by distribution activi-

ties which are mainly captive to road transportatio

of transports <300 km (see. Figure 8)
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Table 8: CO, emissions — absolute volumes

UpLimits +
Mill. t CO, Base Capped Capped+ Upper Limits productivity
Road freight 88.79 87.90 86.14 81.72 71.99
Rail freight 4.84 5.14 5.79 7.00 9.99
Total 93.63 93.04 91.93 88.72 81.98
Reduction 0.58 1.70 4,91 11.65
Reduction % 0.62 1.82 5.25 12.44

The overall impact of each internalisation scenaripositive in terms of a reduction of emis-

sion of greenhouse gases. The emissions can beeckdun the relevant market for inter-

regional freight transport (non-bulk cargo, >300)kKnom about 94 in th8ase Scenarido

about 82 million tons per year in thipper Limits/Rail Productivity Scenarid@here are con-
siderable differences between the scenarios: WhdeCapped Scenario can be expected to
save only about 0.6 million tons per year, the @eggtions of the most ambitious Upper

Limit/rail productivity scenario are expected taluee the C@emissions by about 12 million

tons per year for the total network.

Table 9 gives a summary of the changes in €Qissions for the relevant network. Table 10

and Table 11 indicate the changes for the corridors
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Table 9: Impact on CQ emissions — absolute changes

Upper Upper Limits +
Mill. t CO, Capped Capped+ Limits Productivity
Difference Road freight -0.88 -2.65 -7.07 -16.80
Difference Rail freight 0.30 0.95 2.16 5.15
Total difference -0.58 -1.70 -4.91 -11.65

Table 10: Impacts on C@emissions on the Corridor Rotterdam-Genoa — atisghanges

Upper Upper Limits +
Mill. t CO, Capped Capped+ Limits Productivity
Difference Road freight -0.18 -0.49 -1.12 -2.88
Difference Rail freight 0.06 0.18 0.34 0.88
Total difference -0.12 -0.32 -0.78 -1.99

Table 11:Impacts on C@emissions on the Corridor Zeebriigge/Antwerp-Wassalsolute
changes

Upper Upper Limits +
Mill. t CO, Capped Capped+ Limits Productivity
Difference Road freight -0.13 -0.36 -0.88 -1.89
Difference Rail freight 0.04 0.13 0.27 0.58
Total difference -0.08 -0.23 -0.61 -1.31

The impact assessment for the two selected cosridith regard to C®emissions clearly

indicates that the measures of @pped Scenariare insufficient to reduce the emission of
CQO, to a significant extent. Thepper Limits Scenari@an be expected to provide a more
effective contribution towards the political aimrefducing the amount of emissions of green-
house gases. The most significant result howewer paly be achieved, if a consequent inter-
nalisation strategy for road is accompanied by iciemable efforts of the states and the rail-

way companies to remove bottlenecks and enhanckigtivity.

Some remarks are necessary to interpret the malgnatithe overall results. The overall re-
duction of CQ from long-distance, non-bulk freight transporti®.4 % is remarkable. Nev-
ertheless it is below other estimations in therdiigre as for instance the FACORA study
(2005) or the recent report of the European Enwiremtal Agency (2008), which estimates,
for instance, that the GCefficiency of the railway freight is four timesdher than that of

road haulage.
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The lower results in our study stem from the follogvconsiderations: It has been considered
that the absolute reduction of g@®missions on the road-side is partly compensayednb
increase in C@emissions caused by additional rail freight operst We have also consid-
ered in this study that combined transport andlsingigon operations are the rail products to
compete in the road-competitive market segmenteséail products imply more tranship-
ment processes, handling activities, a share otyesgace in wagons, and less tonnage of a
full train, compared with bulk transport, whichgsll the dominating market segment. Fur-
thermore, additional movements on road are nege$sarpre- and post-shipment and the
number of rail km on the main run may exceed thalmer of road km.

The outcome from the above calculations for roadi rail paths was that the relationship of
specific CQ emissions rail:road is about 1:2.5. This can lgamded as a lower bound. If one
takes into account that also a part of bulk cagolee transferred from road to rail then more
efficient rail technologies could be applied to @oenodate this type of transport. Further-
more, we have not considered extra long train ftiona or double stack container transport

which would lead to further remarkable increasesadfproductivity.

From this it follows that the contribution of theodal shift from road to rail on inter-regional
freight relationships to the reduction of €€an be estimated at about 12 mill. tons per year.
It follows that a modal shift would bring a subgtahcontribution to the “Bali Roadmap” and
the EU target set to cut G@missions of transport. According to EEA (2008) tirojected
emissions of transport in the EU will be 949 mtitins in 2010. If emission are to be reduced
to 1990 level of 767 mill. tons/year in 2020, tw®uld require a reduction of 182 mill.
tons/year. The modal shift from road to rail estiedain this study under the Scenario Upper
Limits/Rail Productivity would contribute about 78 this goal.

In this sense a modal shift policy would reinfothe effects of planned measures for chang-

ing fuels, increasing vehicle efficiency and thelementing the energy package.
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9 Conclusions

(1) The proposal of the Commission for a revisiéoective 2006/38 to internalise the
externalities of congestion, air pollution and ®oigith capped values for road freight trans-
port will lead to only modest benefits for the waly industry.

Congestions in the first instance an argument to differat@icharges according to the time
of the day or the location. But it will not lead @aosubstantial global increase of the total cost
for using road infrastructure.

The advantages of the railways with respeditgpollution will diminish in the future. The
Handbook impact calculations for internalisatioersarios are based on Euro 2 and Euro 4
emission classes. We have assumed that Euro clasless Euro 5 will have only small mar-
ket shares in 2020 and that most trucks operatingighways and motorways will be Euro 5
and better, at least in Western Europe. It hagtexpected that this development will be con-
sidered by the national governments when theyljirddcide on the magnitude of the mark-
ups for externalities.

With respect tanoiseall transportation modes will have long-term pesbé. Railways have
lower noise costs on average but on busy corridh@g have to make big investments in noise
reduction to improve the acceptability to the papioh of increased rail freight traffic. As the
suggested mark-ups in the Commission’s proposatamgparatively low, their impacts will

play little role in intermodal competition.

(2) As a matter of fact all externalities, for wihithe internalisation would bring a strong
and long-term advantage for the railways, are raletin the proposal of the Commission.
Indeed, only the internalisation of climate, acaoidand infrastructure related externalities
would bring a relative advantage for the railwaysuo order of magnitude that would affect
the decisions of shippers and forwarders. If thlative advantage would be combined with a
substantial increase of productivity and level efvece of railways, the railways can become

the leading player on the land-borne containerspart market over long distances.

(3) These arguments have been specified in the analfdiso corridors and based on
micro—logistics arguments. The two corridors carveseas demonstrators for the detailed ef-
fects, which will stem from substantially improvedrvice quality of the railways combined

with a consequent policy towards externalitiesoaidr haulage.
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(4) The main results with respect to impacts on mogdit $or inter-regional freight

transport on long distances (>300 km) are

« The effects of internalisation according to tbapped Scenari¢the Com-
mission’s proposal) are marginal. They are expetadcthprove the modal

share of the railways by 0.7 %.

» The effects of th&€€apped+ Scenarigmedium values for all external cost
elements) are higher and a first significant stepards internalisation of
external costs. The forecasted change of moda¢ sh&:.2%.

* TheScenario Upper Limitanalyses the impacts of a full internalisation on
the base of high values for the external costiealls to high market reac-
tions and a relevant improvement of the markettmosiof the railways.

The change of modal share in this scenario is 4.9%.

* A combinationScenario Upper Limits/Rail Productivitg constructed un-
der the assumption that the railways can massiaghst to remove bottle-
necks and improve their logistics service qualigngicantly. It will ex-
ploit the synergy effects between both policiesndérnalisation and pro-
ductivity improvement. In this case the railwaysdl wecome the dominant
market player on long distances and attract a sbfa88.5% from the road
haulage sector in inter-regional transport (butkl amon-bulk) or about
38% (non-bulk). The change of modal share is 10.3%.

(5) The impacts on COproduction of transport are favourable in all svers, but differ
widely between th&€apped Scenariand theScenario Upper Limits/Rail Productivitype-
tailed calculations using present patterns of pealduction technology on the freight market

give the following lower bounds for the impactstioé Scenarios:
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* The reductions of COemissions on the Rotterdam-Genoa Corridor vary
between 0.1 mill. tons/yealCapped Scenarjoand 1.0 mill. tons/year
(Scenario Upper Limits/Rail Productiv)ty

e The reductions of COon the Antwerp-Warsaw Corridor vary between
0.08 mill. tons Capped Scenarjoand 1.31 mill. tonsScenario Upper
Limits/Rail Productivity.

(6) Assuming more optimistic prospects for the fatwailway technologies, which are
consistent with th&ail Productivity Scenariogives the following result for the relevant net-
work and inter-regional transport without bulk: Tieeluction of CQ production could reach

a level of 12 mill. tons/year. This would corresdan 12 % reduction of COemissions of

the inter-regional freight transport >300 km withdwlk cargo. The contribution to the Bali
Roadmap and the target of the EU to reduce the €@flssions of transport until the year
2020 by at least 182 mill. tons/year could be sufggbat a significant magnitude (7% of the

reduction target).

(7) The Commission has anticipated that the prapesbeme of — voluntary - internalisa-
tion of a limited number of externalities at capues might not achieve desired targets. The
Commission has announced that a re-evaluationeointiernalisation scheme shall be consid-
ered for 2013. This shall concern the treatmerexéérnalities which are excluded now from
the scheme, the magnitude and capping of cost ¥ané the voluntary nature of the imple-
mentation within the member countries. As the psapof the Commission can be regarded
as a first step towards effective internalisatithie, railway companies should be interested in

a more concrete and binding roadmap for the furdieeelopment of internalisation.
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