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Executive Summary

The present study aims at discussiatgvantaspectgor a potential rodout of
Electric Road SystenBR$ontransnationalcorridors, as well agenerallyfor ERS
introduction in Europe.

Feasibility criteriahavethus been developedn order toassess the following topics
for specific potential ERS corridor projects:

1 Technical aspects: Which technical prereqasixist for ERS corridmaand
to which extent can they expected to be met?

1 Environmental aspects: Which effects can be expected on key environmental
indicators?

1 Economic aspects: Can an ERS corridor pose a businesSoate#t
contribute tothe improvement of ERS economy in general?

1 Political aspects: Would an ERS corridor implementation make sense from a
political point of view?

The developed criteria may serve as a
toolbox for scrutinizing future transnational
ERS corridor projectdn order toillustrate
their application, we used them to analyae
potential rollout of an Electric Road System
on a selected highway corrid¢t24km)
connectingSwedenand Germany but
mainlylocatedon Danish territoryBased on
traffic flows andpatterns alonghe corridor
route, it was found

¥ 424 km

1 A considerablepart of the total truck
mileage on the corridor isdone by
vehicleswith a rather limited driving
distance for pre and posthaul
assuming the corridor is realized as
standalone project, and

1 the CQemissionswWell-to-wheel) oftruck traffic alongthe corridor route can be
significantlyreducedif electric trucks ar@owered by thenationalelectricity
mixesexpectedfor the year 2030, an@éven more if it would be powerepurely
renewable.

Although acontinuous ERS on the complete corridor route waudd be

economically feasible under current conditions, the analysis pinpoints sectiong

the routewhere the traffic volumes witla sufficient share of operation on a

potential ER&re significantlyhigher. These sections are located in the metropolitan
areas of Malmdé, Copenhagen and Hambgyimplementation peculiarities of the

local markets and regulation should bensidered as well as countrgpecific

priorities on decarbonizing roddeight transport.Additionally, the identified ERS
potential for medium distances will depend on the technical and cost development of
battery trucks.
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Our analysis also sheds some light onribie of first transnational corridors wthin
a European rolout strategy for ERSSuchcorridor projecs couldhelp to

T

T
1
1

proofthe principal strengths of ERS

trigger strategic coordination between the participating countyies
foster national ERS redut due to synergy effectwith the corridorand
pave the way forritegration ofERSnto EUlegislation(e.g.AFID, TEN
planning)
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1 Sope

Inrecent years, the urgent need for action in climate policy has become increasingly
apparent. The focus has shifted in particular to freight transport, wigrgesenhouse

gas (GHG&missions continue to rise due to rising transport volupfesm 1990 until
2018, transportrelated GHGemissions in B-28" have increased b0 % from B4

million tonnes to %0 million tonnes CQ equivalentsper year[1]. Electric Road

Systems (ER8)etherefore attracting growing attention asa@dimate protection
technology, epecially folong-haulheavyfreight transportwhich faces severe

hurdles for electrification via battery vehicles

In Sweden and Germaytyere have been various research and development
activities relating to ERS in redemears. Since 2017, there iglaclaration of intent
between the two countriesegardingjoint ERS researadmdinnovation[2].

Previous research has mainly focused on a better understanding of the individual
aspects of ER®chnical system, standardisation, cost estimates, etc.). Now the first
field trials are in operation and at least in Sweden a roadmap for implementation has
been developed3]. At the same time, the importance of a transnat@mapproach to
ERS is often stressed, as mémayisportsare international and generally, there is a
strong integration in the European market.

Thisstudy has developedeasibility criteriamainly based ortransport flows and
vehicle usaggatterns alongan international freight corridor, and thereby getting
an understandingfor the potential of electrification of heavy-duty road freight.

Technical, economic, environmental, but also politiestkategicaspectswill play a
role in an assessment ahe usefulness of establishing an ER&nsport corridor.

Theaim isto highlightthe challenges of a transnational ERS and to discuss
implementation strategies by the involvement of relevant stakeholders of the
countries that are concerned.

In order to illustrate the developecriteria, we apply certain aspects to a Swedish
German corridor routeHowever, this study is not meant as angarehensive
feasibility analysis, but rather as a methodological contribution to research on a
possible international ERS Follit.

This reporffirst explains the developed feasibility criteria (Sect®)nSubsequently,

the results of their exemplary application to corridor route between Scandinavia and
Germany are summarized (Secti®n Based on these results, we finally draw some
conclusions and give recommendations for future assessment of transnational ERS
projects (Sectiod). This dso includes the question of what role such a corridor could
play in the introduction of ERS in Europer details of the exemplary corridor
assessment, the reader may refer to an extensive annex.

Readers in need of a statd-the-art description of ERShould refer to the CollERS

NEL2NI dh@SNWBASs 2F ow{ O2yO#Iia yR O2YLX SYSyidl N

1 The 27 present EU Member States and the United Kingdom.
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2 Feasibilitycriteria for a case study

The present study aims at discussing all aspects that could be relevamtaigsing
the feasibility of a transnational ERS corrigas well as for a study of ERS
introductionin Europe Relevant aspects can be classified into four groups:

T

Technical aspas: Which technical prerequisites exist for the ERS corridor
and to which extent can they expected to be met?
Environmental aspects: Which effects can be expected on key environmental

indicators?

Economic aspects: Can an ERS corridor pose a busine3€oate it
contribute tothe improvement of ERS economy in general?
Political aspects: Would an ERS corridor implementation make sense from a

political point of view?

In the followingscheme we explain the individual parameters in each category which
are the basis for the assessment.

# | Parameter What goes into it?| Why is it important?

1 Technical

1.1 | Electric mileage Traffic flow analysis, An ERS only makes sense if it enables vehicles to
technically possible operate on electricity, thus saving fossil fuel. This
electric pre and post parameter is also an input for other criteria such as
haul distances for the | GHGemissiorreduction and improvement of air
chosen ERS vehicles | quality.

1.2 | Availability of Hectricity demand and | In order to reach massiv@HGemissiornreductions, a

electricity supply production in the high share of renewables in the electricity mix for E

affected regions, is crucial. Moreover, expansion electricity grids for
capacity of distribution | ERS can yield high costs.
grid, renewable energy
targets

1.3 | Interoperability Definitions of common | Differing technical (and possibly administrative)

interfaces, maturity and
availability of standards

standards between the participating countries can
significantlyincrease necessary efforts for a cross
border ERS.
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and industrial
stakeholders (carriers
shippersyehicle
manufadurers)

# | Parameter What goes into it? | Why is it important?

2 Environmental

2.1 | Reduction of climate | Suitable traffic volumes,| The need for decarbonisation of road freight traffic
gas emissions energy consumption, | constitutes the primary political driver fahe

emission factors introduction of ERS.

2.2 | Improvement of air | Suitable traffic volumes,| NOx limit values are currently exceeded in many
quality emission classes of densely populated areas in the EU. If ERS can alle

affected traffic, air this situation, this could be a major driver for systen
quality figures along thg introduction.
corridor

2.3 | Reduction of noise Acoustic measurementg Noise from road traffic has several negative effects

emissions from other projects, (i.e. health issues, depreciation of real estate)
expected vehicle speed| especially in urban areas. Introduction of electric dr
population density systems can in principle reduce seiemissions.
along the corridor

3 Economic

3.1 | TCO advantage of Vehicle prices and An ERS corridor will only be widely used if operatio
operators expected development,| of ERS vehicles leads to a cost reductiorhéulage

share of operation on | companies or at least does not imply a financial
ERS corridor, energy | disadvantage.
prices

3.2 | Expected investment | Cost estimations from | Building an ERS corridor will require significant
and infrastructure ongoing studies and investments for which the payback time is difficult tq
operating costs field tests, extrapolation| foresee. Most stakeholders seek to reach climate
(compared to other | due to scaleup goals with minimum input of financial resources. Lo
public investments in GHGabatementcosts thus increase the likelihood of
the same or ERS realization.
neighbouring sectors)

3.3 | Contribution to Tipping points of vehiclg Economies of scale can help to drive down the pric
creating a substantial| numbers as for ERS technology, wdfi can in turn increase its
vehicle market communicated by market penetrationThus, gowing the ERS vehicle

manufacturers marketmay be an argument for an ERS corridor
implementation in an early market phase.

3.4 | Committing logistical | Sakeholder interviews | Successful ERS introduction neadsmultaneous

commitment of different stakeholder groups. If an E
corridor canfoster such commitment, that could be
an argument for its realization.
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#

Parameter

What goes into it?

Why is it important?

4

Political

4.1

Contribution to
(technical and
political) crossborder
strategy for large
scale implementation

Sakeholder interviews

4.2

Bridging the gap
between
demonstration and
infrastructure scale

up

Sakeholder interviews

4.3

Ensuring credibility of
decarbonization
efforts

Sakeholder interviews

4.4

Lighthouse effect for
ERS: raise stakeholdg
awareness, increase
confidence in the ERS
technology and its

feasibility

Sakeholder interviews

Implementation of a transnational ERS corridor in a
early phase of ERS introduction is not likely to take
place solely driven by marketaohanismslt requires

significant political effort. Consequently, there need
be considerable advantages of such a project also
political level. These are investigated here.

10
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3 Summary ohssessment

The criteria presented in the previous section may serve as a toolbox for scrutinizing
future transnational ERS corridor projects. In order to illustrate their application, we
used them to analse a potential rofbut of an Electric Road System on a selected
highway corridor (424 km) connecting Sweden and Germany, but mainly located on
Danish territory. The following scheme summarizes key results from each assessment
criterion that was applied ithe analysis.

# Parameter

Main findings

Conclusions for feasibility

1 Technical

1.1 | Electric mileage

1 45 % of total HGV mileage on the
corridorhave a preand posthaul
less than 250 km

9 The aboveHGV haveouteswith
22 % mileage on the corridor

+ considerable share of routes on the
corridor, and part of these coullde
suitable for ERS.

- rather lowrelative mileageon the
corridor

1.2 | Availability of
electricity supply

1 The high voltage grid has already
been reinfored due to high RE
generation along the corridor
route

9 Power demand from the corridor
could in some casexlleviate peak
RE feedn situations

+ It seems unlikely that the high voltage
grid needs to be reinforced considerabl
for ERS.

Dedicatedmedium voltage grids need ta
be installed to connect the ERS to the H
grid

1.3 | Interoperability

1 Multiple dimensions of
interoperability may play a role fo
the corridor(international, inter
and intrasystem)

1 Standardization regarding certain
ERS compamts is on the way at
European level (CENELEC)

- There are yet no standardized solutior]
ready for application.

11
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# Parameter Main findings Conclusions for feasibility
2 Environmental
2.1 | Reduction of climate |  CO2 reduction for total HDV traffi + ERS corridor enables deep.CO
gas emissions on the corridor is estimated at reductions per vehicle due to favourable
33% if allsuitable trips would be | electricity production in the Scandinavig
done by hybrid ERS vehicles. countries.

9 Presence of national ERS networ
could increase CO2 savings to
about 50%

2.2 | Improvement of air 1 In Hamburg, Copenhagen and | - Air quality impact of electric drive on
quality Malmo, there are considerable | the corridoris expected to be rather low
challenges regarding NOx in the | in the affected urban regions
air.

9 Only a small fraction of NOx + If ERS vehicles would operate purely
originates from vehicles on the | electric also in preand posthaul,
corridor route positive effects on air quality could be

considerably higher.
2.3 | Reduction of noise 1 Reduction in noise ens®ns due | - Noise reduction by ERS in frewing

emissions

to electric drive are only relevant
for low speeds of up to 3km/h.

9 There are most likely differences
in noise emissions betwedbRS
technologies.

motorway situations cannot be expecte

+ ERSehicles can lower noise emission
in congested areas and in urban pand
posthaul if this is done in electric mode

12
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stakeholdersaand
industrial
stakeholders

# | Parameter Main findings Conclusions for feasibility

3 Economic

3.1 | TCO advantage of 1 With current ERS vehicle prices, | - Inthe beginning, ERS vehicles are like
operators significant TCO advantage cannd to need fiscal support measures.

be expected for any dhe
considered countries. + With market scaleip, an economic
1 If a market for ERS vehicles is operation is likely, particularly in Swede
establishedand scale effects can | with its comparably low electricity price,
be taken advantage of, a TCO
advantage will probably emerge.
9 The German HDV road toll is an
effective means for supporting
market entry of ERS vehicles.

3.2 | Expectednvestment |  Electrification of the whole ERS | Electrification of the whole corridor is
andinfrastructure corridor will yieldannual overall | not likely topayoff under the current
operating cost system costs of about 10@e regulatory framework.

1 By selecting most suitable sectiof
of the corridor, the cost balance | However, éectrifying onlysuitableparts
can be significantly improved, of the corridorcan pose a competitive
yielding C@abatements costs of | CQ mitigation option.
well below200€e tonneCQ.

3.3 | Contribution to 1 The ERSuitable traffic flows on | + OEMs would likely scale their
creatinga substantial the corridor correspond to around production processes to massarket in
vehicle market 12000ERS vehicles this case

3.4 | Committing logistical | { Decisions of haulage companies | Intermodal transport will continue to

depend mostly on economic
aspects ERS vehicles have to pay
off

1 Intermodal transport often has
advantages in terms of operation
aspects (repose period for drivers

play a role even with thEehmarnBelt
Fixed Link

Future autonomous trucks would make
SwedishGerman ERS corriduch
more attractive

13
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# | Parameter Main findings Conclusions for feasibility

4 Political

4.1 | Contribution tocross | A corridor requires transational | A corridor project could
border strategy for standardization
large scale 1 Considerable dependencies with| + trigger strategic coordination betwee
implementation national ERS rediut can be the participating countries

expected
+ foster national ERS ralut due to
synergy effects
+ raise awareness for ERS at EU level
(regulation like AFID, TEN LJt | V)V

4.2 | Bridging the gap 9 Corridor project could be an + There are several potential public fun
between intermediate step between for a transnational corridor project
demonstration and introduction phase and largscale
infrastructure scale implementation - Implementation would be significantly
up easierwhen national ERS networks are

already (partly) present.

4.3 | Ensuring credibility of| { International coordination is often + Successful implementation of a trans
decarbonization mentioned as vital for successful| national ERS corridor would probably b
efforts ERS roibut perceived as a strong political statemer

1 A transnationalERS corridor bear regarding importance of ERS technolog
notable political challenges

4.4 | Lighthouse effect for | § ERS corridor wdd expose a large| + considerable impact as a showcase

ERS

number of people to ERS
technology
1 Attraction of considerable media

attention is likely

project is likely

14
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4 Conclusions and recommendations

Electrifying the 424 km long traffic corridor between Hamburg and Helsingborg with
ERS technology will require an exceptional effort from a variety of stakeholders and
industrial sectors. At the same time there is potential to decarbonize hdaty
transportation across national borders for the Germ&oandinavian region. Traffic
data shows that a high number (45 %) of current hedwty traffic on the corridor

have trips with preand posthaul distances of less than 250 Kpased on the start

and stop dstinations of transportation routes in this region. Simultaneously, the
data also shows that there are some adjoining routes to the corridor with substantial
traffic flows, for example north of Helsingborg, road E47 westward in Denmark, and
south of Hambuy that could act as national ER&works which would amplify the
desired effects and outcomes of ERS implementation in the EU.

In the course of the project, it has been determined that the optimal way to provide
the ERSorridor with electricity should bthrough a connection to the high voltage
level of the electric grid, with a medium voltage wayside grid that runs parallel to the
road. Initial assessments indicate that such connections can be made without further
investment in the capacity of thieigh \oltagegrid, nor additional electricity

generation facilities for the entirextensionof the corridor through all three

countries.

Assuming this design, preliminary estimates put the total investment cost of ERS
infrastructure (including technologgpecfic- and auxiliary road infrastructure) to
about 1billion €xp10for the entire ERS corriddfurthermore, aditional costs to
manufacture trucks capable of connecting to the ERS will planportant role
particularly in the first phase of system intraction and will need to be at least
partly covered by appropriatpublic grants.tlis estimated that the construction of
anERS corridan the considered scais likely toalsospur a largescale production

of ERSrucks, which wilbring down vehicle csts and willikely facilitatethe general
implementation and scalingp of ERS technology, both within and outside this
current case study. Current economic models predict apuesiitive economic effect
of ERS once a substantial ERR8vork is presenfabout 2000 kilometres). As the
corridor is only 424 kilometres long, it should be viewed as a steppingstone toward a
longterm international ERBetwork roll-out that is likely to be morgrofitable than
an isolatedcorridor. An important factor will also b® coordinate the construction
of international ERS deployments with national ERS activities, i.e. sync the
construction ofinternationalcorridors with the national ERS roadmaps and
construction plans fothe bordering countries

Whetherthe ERS corridawill become a viable economic business or, matl
eventuallydepend on the adoption of the technology within the logistics seatut

the future development ofcompetingtechnologies offering fossitee operation such
aspure battery trucks for longhaul applicationsr fuel celltrucks In turn, ERS
technology adoption and achievable economic advantages for operators will largely
dependon a stringent public climate policy (e.g. in terms of CO2 priceparal
predictable infrastructee rollout which equires a corresponding commitment on

the part of responsible public authoritiel general, hauliers are currently positive
aboutalternative drive technologieand mindful of their carbon footprint. However,
this would not be reasonr®ugh to electrify their vehicle fleet since the logistics

15
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sector is characterized by intense competition. Thus, a crucial aspect in catalysing the
logistics sector to adopt ERS technology would be to set up a system where, through
ERS, they reach a low@r at leastnot highe)) total cost for vehicle ownership and
operation compared to what the current systeor other fossifree systems such as
battery electric or fuel cell power systemsan offerfor a particular application

The utilization ofan ER®orridor will depend orthe future development of HDV

traffic patterns, particularlyhe relevancyof intermodal transportation flowslf

railway infrastructure can be successfully expanded, leading to a$aaje shift of
long-haul roadfreight transpat to railways, ERS could be a feasible option
particularly for feeder traffic in intermodal transports. This should be considered for
infrastructure planning. On the other hand, autonomous driving for trucks could
potentially raise attractiveness of lofitaul road transports compared to intermodal
transports using ferry links which currently act as resting opportunities for truck
drivers

If all the trafficwith pre- and posthaul trips of less than 250 km weeéectrified
through ER8sing hybrid vehiclethat will run on electricity while on the ERS, around
a third of all C@emitted from heavy transportation on thanalysedcorridor could

be mitigated. The amount of mitigated €@n the corridor is dependent on the
source of electricity in the countryhichthe corridor passesmakingelectric drive
favourable in this region based on a high current share of renewables in the
electricity mix in the Scandinavian countries, whichl$® projected to increase in all
three countries in coming years.

Even thougtthere areissueswith air quality in all three major cities along the

corridor (Malmo, Copenhagen and Hamburg), HigVtraffic on the corridor is only
contributing to this in anarginal way. Thus, installing an ERS wouldantimatically

imply a substantiamprovement ofurban air quality along the corridor. However, if

the vehicles are designed to also use their electric drive outside the ERS corridor (e.g.
if they are equippd with a larger battery)ya considerablgositive effect on air

guality would bepossible

Although substituting an internal combustion engine with an electric motor comes
with an expected lowering of noise generated by the vehicle, this effect is only
significantwhen the vehicle is driving 30 km/h or less. Thus, introducing an ERS
would only positively affect noise levels in urban {speed environments or

congested areas, which does not align with the characteristics of the proposed ERS
corridor as itis meant to be built on highways. As for air quality, a significant
decrease in noise emissions might be due to electric drive of ERS vehiclesaindore
post-haul in urban areas.

Realizingan ERS of this magnitude would require transnational politiggben,
standardization efforts and strategic coordination between not only the governing
bodies of the countries involved but also a number of stakeholders from key
industries (vehicle manufacturing, electrical utility, hauliers etc.). Such efforts have
started to take form toa certain degree on aBU level, for example standardisation
efforts of ERS technology through CENELEC. It will probably prove a considerable
challenge to successfully scalp ERS technology out of the current testing phase in
many dfferent regards (technical, legal, economical etc.). On the other hand, it

16
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would signal a serious effort to electrify the transportation sector from both the
public and private sector and may serve as an important example for others to follow
in regard toever more stringent climate goals and urgency for sustainable societies.

An international cooperation of this scale would also probably spur the construction
of national and more localized ER&works, not only in the three countries affected
in the curent corridor case study but also other countries within the EU as well as
globally. There is also merit to the notion that construction of éimalysedERS

corridor would require (or at least greatly benefit from) a parallel construction of
national ER®etworks in the affected countries. A project of this size would most
probably also expose a lot of people to ERS technology in particular, but also
electrification/decarbonization efforts in general and may thus act as both a public
and professional catady in future sustainability efforts.

The findings in this case study so far point toward implementing a rollout strategy for
the ERS corridor in a series of stages as opposed to electrifying the entire corridor in
one go. The proposed rollout strategy viilitially focus on the ends of the corridor
(HamburgLubeck and Helsingbofgalmd), which are characterized by shorter
stretches that are heavily trafficked and could simultaneously serve as the
foundation for the construction of national EfR&tworks inboth Sweden and
GermanyNext, the sectionthrough Denmark(particularly the northern part

between Copenhagen and Kgghould be considered for electrificatiomhis section
iscomparably longcharacterized by high traffic flows and will thus play a iedyzart

in mitigating large amounts of GOhe remaining section between Liibeck and

R&dby is currently characterized by the lowest traffic flows on the corridor; however,
this might change with the introduction of new road infrastructure (Fehmarn Belt
FxedLink).

The roltout strategy described above assumes that aégional transportsvith total
distances of less than 2@®n wouldpotentially benefit from an ERS. However, for
such trips we can expedhat pure battery electric trucksill become more suitable
also for medium distances if battery costs would continue to decre@saerally
speaking, there will be a tradaff between costs for the vehicleide ERS
components costs for additional battery capacijtgnd the cost of usingRS
compared with the cost of using stationary chargiRgture research needs to
further investigate under which conditions regioraid longdistancefreight traffic
could benefit from lower operating costs by using an existing BRScould
significarly influence roHout strategies for ERS.

This study about a potenti&8candinaviaiGerman ERS corridor yielded a number of
results which can based asnput for general studies ahternational ERS corridors

in Europe. This is true especially for thengral requirements for implementation as
well as for the role an international ERS corridor may play within a larger
implementation of ERS in Europe. The criteria set developed in this study may be
used to assess further potential international ERS cornidotes but need futher
development to accurately estimate the potentifflcould serve as a basis for the
development of a toolkit designed to explore European implementation pathways for
ERS.

17
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6 Annex

6.1 Freight transport between Scandinavia and Germany

6.1.1 Status quo of transports

Afeasibility analysis of potential SwedishkGerman ERS corridwiill be focusedn
landside road freight transport. Neverthelesail transports are included in the
followingdescription of transport flows in the study area between Sweden and
Germany because there igpassiblecompetitionsituationbetween railwayand road
traffic. Freight traffic withtrucksvia the different ferry lines across the Baliza, the
Kattegat and the Skagerrak plays an important role for goods transports between
Germany and the Scandinavian countrigbesetraffics are counted to road freight
transport, becaus¢he main modefor transporting the goods from origin to
destination is thdruck transportation the ferriesareonly used to a shorter or longer
distance in between. Pummaritime freight transportsare not listed because they are
not relevant for ERS, but feeder traffic to and from the ports with landside transport
modes is included in the description. One important data source for transport and
traffic flows in the CollERS study area isFebmarrBelt Forecast 201f5], more

and detailed information about data sources, data collection and data processing can
be found there.

6.1.1.1 Transport flows

Tablel shows the transport flows between the Scandinavian countries and Germany
per mode for 2011. Transport flows to and from Denmark are separated into
Denmark West and Denmark East. The first ones are of minor importanae #€RS
corridor because they follow the road and motorway network from Hamburg
northwards to the Danish border ifutlandand might strike the possible ERS

corridor® only on short stretches between Hamburg and Liibeck.

Within the study area, road transport hasrearket share of nearly 8% in total,
including Denmark West it is 82, even higher for transports with Denmark, Norway
and Finland, but lower for transports to and from Sweden (abous)3Neglecting

the transport flows to Western Denmark, Sweden is thost important country in
Scandinavia concerning transport flows with Germany.

Country Rail 2011 Road 2011 Modal Share Modal Share
(1000 tomelyear) | (1000 tome/year) of Rail of Road
Denmark 2 555 20 035 11% 89%
- DenmarkWest 2 257 16 445 12% 88%
- DenmarkEast 298 3590 8% 92%
Norway 125 2617 5% 95%
Sweden 5730 15500 27% 73%
Finland 10 904 1% 99%
Total (without Denmark\West) 6 163 22 611 21% 79%

2SeeSec6.2.1
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As shown immable2, most of the transported goods between Scandinavia and

DSNXIye NS NBfFTGSR G2 avyArAaoOStftlyS2dza | NIAOf Saéx
F NI AOf S&d¢ YR aYSiOl t aé¢ dspditedinad@inetsitoaS 2 dza | NI A Of Sa¢
large extent, therefore the high share of combined rail/road transports. On rail only

selected commaodity groups are transported, but all commodity groups are

transported by road as wetlthe modal share of road transport is ave0% for all

commodity groups.

Road Rail conventional Rail combined Total
2011 2011 2011 2011
Commodity group Volume Volume Volume Volume
(1000 '\gﬁgf‘é (1000 '\gﬁ‘a’f‘e' (1000 '\gﬁgf‘é (1000
tonnelyear) tonnelyear) tonnelyear) tonnelyear)
Qgg'iggter;/h“”“”g 2499 100% 8| ow ol 0% 2 507
Food products, 2531 98% 53| 2% ol ow 2584
beverages and tobacct
\é\;‘;‘;‘: and cork, pulp, 3026| 75% 1034 25% ol ow 4060
Coal, petroleum, 118| 99% 1 1% ol ow 119
natural gas, coke
Ores, mining and 1204| 90% 135 10% ol 0% 1339
mineral products
Metals 2264 59% 1581 41% ol 0% 3 845
g::)%’:g:"s' chemical 1525 85% 264| 15% ol o% 1789
;;z”;gocr;iig‘r‘;pme”t 2471 97% 89| 3% ol 0% 2560
grtt?celég‘a”“facwred 3047 96% 150 4% ol 0% 4106
Miscellaneous articles 3025| 52% 608 10% 2233 38% 5 866
Sum 22611 79% 3031 14% 2233 8% 28 775

Transport flows between Scandinavia and Continental Europe are almost symmetric:
in 2011 goods transported from Scandinavia to Continetebpe amounted to
14127tonnes, whereas from Continental Europe to Scandinavi@4Atonneswere
transported.

6.1.1.2 Road freight traffic flows

Development of road freight traffic flows between Continental Europe and
Scandinavian countries since 1995 is dem@ted in the following figures using
averagerucks per year as a unit. They all show that total road traffic flows in the
study area have more than doubled on the displayed sections between 1995 and
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2018, which means averag@&nualgrowth rates of moretian 3% per yed;

interrupted by declines due to the worldwide economic crisis beginning in 2008.
Meanwhile the level of traffic flows has reached the levels before the crisis, between
Denmark and Sweden the level is now even higher than ever befobernmark and
Swedenferry links lost market shares after opening of Great Belt Bridge in 1998 and
@resundBridge in 2000both bridgesdid not only gain traffic flows from ferries but
also led to further economic integration of the linked regions andefae to

increasing traffic flows.

Traffic volume on ferries between Germany and Denmark/Sweden -
1000 lorries/year

e 3| ferries D - DK/SE thereof Puttgarden — Redb
1800 / ttg y
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Figurel: Development of traffic volumes on ferries between Germany and Denmark/Sweden from
1995 to 2018 in 1.000 lorries per year. Data sources: Danmarks Statistik (statbank.dk), Trafikanaly
(trafa.se)

3 Average annual growth rate forucks from 1995 to 2018 is at 3% in sum of all ferries
between Germany and Denmark/Sweden, at %3n sum of ferries in Denmark and Great
Belt Bridge anat 3.8% in sum of ferries between Denmark and Sweden an@dresund
Bridge.
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Traffic volume in Denmark on ferries/via Great Belt Bridge -

1000 lorries/year
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Figure2: Development of traffic volumes in Denmark from 1995 to 20481 1 000trucks per year.
Data sourcesDanmarks Statistik (statbank.dk), Storebaelt.dk

Traffic volume between Denmark and Sweden on ferries/via @resunds Bridge
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Figure3: Development of traffic volumes between Denmark and Sweden from 1995 to 29it81 000
trucks per year. Data sources: Danmarks Statistik (statbank.dk), Oresundsbron.com

6.1.2 Expected developments

Future development of freight transport flows in the study aaepends to a large
extent onthe development of trade volumesof domestic trade volumes in the
countries of Germany, Denmark and Sweden on the one hand and of foreign trade
volumes between the Scandinavian countries and the European continent on the
other hand. Development of foreign trade volumes until 2030 under consideration of
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expansion of road and rail infrastructdri@ the study area could be adopted from
the Fehmarn Belt Forecast of 20[B}, see the following thre¢ables describinghe
development of freight transport volumes in thousand t@sper yearand per
country (Table3), per mode Table4) and per commodity groupr@bleb).

2011 2030 (Case B)
Country Volume Volume vearlyGrowth
(1000tonnelyear) SIEG (1000 tomelyear) Share | 20112030
Denmark East 3888 14% 5834 13% 2.2%
Norway 2742 10% 4111 9% 2.2%
Sweden 21230 74% 34435 75% 2.6%
Finland 913 3% 1 386 3% 22%
Sum 28 774| 100% 45 766| 100% 2.5%
Mode 2011 2030 (Case B Y;grllﬁrg,o‘f‘gh
road 1000 tomelyear 22 611 35651 2.4%
tonne share 78.6% 77.9% 0.0%
cai 1000 tomelyear 6 164 10 116 2.6%
tonne share 21.4% 22.1% 0.2%
— 1000 tome/year 28 774 45 766 2.5%
tonne share 100.0% 100.0% 0.0%

4 Fehmarn BelFixed ink with road and raitinfrastructure replaces ferry link Puttgarden

Radby completed motorway network in Germany with38 Lineburg; Wolfsburg, AL4

Schwering Magdeburg and 20 northern bypass of Hamburg with Elbessing amongst

others.
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Commodity group 2011 2030 (Case B) YearlyGrowth
(1000 tomelyear) | (1000 tome/year) 2011¢2030

Agriculture, hunting and forestry 2 507 3861 2.3%
Food products, beverages and tobac 2 585 399 2.3%
Wood andcork, pulp, paper 406 6 348 2.4%
Coal, petroleum, natural gas, coke 119 118 0.0%
Ores, mining and mineral products 1338 1576 0.9%
Metals 3844 5737 2.1%
Chemicals, chemical products 1789 3239 3.2%
Transport equipment and machinery 256 4393 2.9%
Other manufactured articles 4106 6 658 2.6%
Miscellaneous articles 5 866 9 848 2.8%
Sum 28 774 45 766 2.5%

In total transport flows between the Scandinavian countries and Continental Europe
are expected to grow by 2% per yeabetween 2011 and 2030, for road freight
transport a little bit lower with 2.46 per year and for rail traffic a little bit more with
2.6% per year. Modal share of rail transports will increase slightly from%1ir

2011 to 22.1% in 2030.

Although fery line Puttgardert Radby is assumed to be replaced by the Fehmarn
BeltFixedLink, transport routes between Sweden and Germany via alternative ferry
links still will play an important role then.

Not all relevant transport flows for thpresert CollERS stly are covered by the
Fehmarn Belt Forecast of 2014, ttneffic forecast for 203(6], and the forecast

2050 for the German StratOploject[7], so development of the remaining flows had
to be forecasted on basis of other sources and informafi@ble6 contains an
overview perorigin-destination(OD)pair onlevel of countries about the used data
sources for the forecasts of the freight traffic flows for 2030 and 2050 and on the
expected growth of traffic volumes from 2011 to 2030 and 2050. Se6tba

contains further details on the traffic flows particularly on the chosen corridor route.

OD-pair 2011 | 2030 | 2050 | Base/DataSource

Fehmarn Belt Forecast 2014 / Traffic

DEC Scandinavia| 100 | 157 | 197 | o0 2ct 2030 / StratON 2050

DK¢ DK 100 | 135 | 171

DK¢ NO, FI 100 | 143 | 196

No official forecasts for Denmark available,
growth rates derived from development unt
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2018 and comparison with development in
neighbouring countries

Swedish Transport Administration forecast
for freight transport 204(8]

Derived from Swedish Transport

SE¢ NO, FI 100 | 143 | 196 | Administration forecast for freight transport
2040

DK¢ SE 100 | 155 | 239

SE; SE 100 | 136 | 179

In generalthere are two trends visible:

1 growth rates in the future are expected to be lower than the observed ones
in the past which have been over % per year, between 2011 and 2030
freight traffic between Germany and the Scandinavian countries has the
highestforecasted annual growth rate with 2%, from 2011 to 2050 its
between Denmark and Sweden with 2Band

9 internationalfreight traffic flows are expected to increase stronger than
domestic flows due to stronger growth of foreign trade.

Femern A/S, resptsible for construction and operation of the Fehmarn Béted

[Ay1Z SELISOGa 2LSyAy3a 2F (KSEIwikiyehof @ NRY (2RI &8Q&
purely landbound and direct connections on road and rail between Hamburg and

CopenhagefMalmo. Espedllly rail freight traffic between Germany and Scandinavia

is expected to shift to a large extent to this new link which will be considerably

shorter than the alternative route via the Great Belt. For road freight traffic the new

link will also offer improgd connections, but not in that extent as in rail traffic and

therefore share of transports via the route over PuttgaradeRadby will increase

only slightly.

Limitation of traffic flows due to missing capacities in infrastructure, rail and road,
play a minor role on most parts of the corridor today and in the future, but of course
traffic flows (in freight and in passenger traffic) are more dense in the melitapo
regions of HamburgZopenhagemnd Malmo, congestions are delays are more
frequent there.

5> This is due to more conservative assumptions regarding growth of GDP.
8 https://femern.com/en/Tunnel/Projectstatus/Milestonesfor-the-project
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6.2 Description of Exemplary Corridor Route

6.2.1 Selection of corridor route
Looking at traffic flows between Continental Europe resp. Germany and Scandinavia,
three main transport corridors for lanound traffic can be identified:

a) from Hamburg via Flensburg and the Great Belt crossing the Orgsund

b) from Hamburg via Libeck, crossing trehmarn Belbetween Puttgarden
and Radby and over the Oresyraohd

c) from Hamburg/Bein to Rostock, via the Baltic sea to Gedser and crossing
the Oresund

in combination with several ferry lines which offer alternative transport routes
crossing the Baltic sea like Lubedlalmo/Trelleborg, Rostock Trelleborg, Kie,
Gothenburg Helsingg Helsingborg and more.

Route b) via thé&ehmarn Beltising the fery link is already very important today and

it will become even more important in the future after realisation of the Fehmarn
BeltFixedLink. Then it will offer a purely landbound and direct motorway and railway
connection between the metropolitan areas ldhmburg,CopenhagenMalmao,
Gothenburgand Stockholm and thus it will be the most meaningful corridor for a
possible ER8onnection between Sweden and Germany

Thepotential ERSorridor examined in detail in this study is showrFigure4. It
startsat Helsingborg in Sweden following theute E6south to Malmd, crossing the
Oresund via the fixed link tBopenhagerand following theroute E47 via Kgge,
Radby, the Hemarn BeltFixedLink, Puttgarden to Libeck and via tloeite E22 to
Hamburg Helsingborg and Hamburg were chosen as starting and ending points
because there are important motorway junctions where traffic flows spread to
different directions.The total lemyth of the corridor is 424 km and it was divided into
six sections under the following aspects:

i important motorway interchanges or junctions as starting or ending points of
the sections

1 separationof sections with importance for mainly natiornal international
traffic;

1 homogenoudraffic flows, junctions to alternative routes (via ferry lines) at
starting or ending points of the sections.

Section 1 with a length of 69 km starts in Helsingborg at the junction of Trafikplats
Kropp to Malmd West, Trafikplaiedriksbergsection 2 has a length of 45 km and
ends inCopenhagerfat the junction of Motorvejskryds Avedgreection 3 is the

longest one with 133 km and ends on the Island of Lolland at junction Maribo,
section 4 with a length of 58 km crosses the Fehmarn Belt to junction Heiligenhafen
Ost, junction Dreieck Bad Schwartau separates section 5 with 62 km from section 6
which ends after 57 km at junction Kreuz Hamburg Ost.

7 See Sec6.2.2with the results of the traffic flow analysis and the share of road freight
transports between Sweden and Germany via ¢heidor.
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6.2.2 Traffic flows on the corridor route

An overview othe methodology and steps of traffic flows analysis is showFiguare
5, the individual steps are described below.

Analysis 2011 2030 2050

| Datacollection | Forecast E— Extrapolation
| Dataconsolidation

l v v

Assigment of HGV-traffic
(Road network model)

v v

Calibrationwith Selected link
empiric data analysis

A 4
Classification
of results

Data collection

Traffic flows analysis started with data collection and data comparsehich data
concerning transport flows and traffic flows area#lable in the study area of the
potential ER®orridor? Since the threeountries Sweden, Denmark and Germany are
concerned by the corridor it was not only necessary to analyse the official statistics of
these three countries but furthermore to look forare data concerning traffic flows,

e.g. over bridges and via ferry lines to get a picture as full as possible of the transport
and traffic flows in the corridor region.

Data consolidation

These data had to be harmonised with regard to base year, zorads$ exehicle types
and commodity groups. Gaps in the collected data were identified and filled up to
provide a consistent database of traffic flows feravygoodsvehicles (HGV) per
origin-destinationpairs ODon level of NUTS3ones inrSveden Denmark Norway;
more detailed in Germany) in the wider study area for the base year 2011.

Table7 shows the most important data sotes used for modelling the traffic flows in
the study.
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Main source Traffic flows Units Remarks
Fehmarre014 DE, EW DK East, SE, N&, per tonr_les, analysis 2011 and
commodity group vehicles forecast 2030
DEc DE,
DEg international, tonnes analysis 2010 and
BVWP 2030 transit traffic, vehicles forecast 2030
per commodity group and NUTS 3
BEC :rDﬂEérnational tonnes forecast 2030 and
StratON®  International, . 2050, based on BVWH
transit traffic, vehicles 2030
per commodity group and NUTS 3
Domestic traffic flows in DK
Danmarks Statistik between_provmces per rough tonnes Year_ly, :
(statbank.dk) commodity group, vehicles detailed and reliable,
' international traffic between no forecast available
countries
tonnes
Domestic traffic flows in SE vehicles per | Yearly,
Trafikanalys (trafa.se) | between lan, international traffic | county, detailed and reliable,
between countries but no OD processing necesiry
matrix
tonnes
Prognos dér Domestic traffic in SE, internation \ésﬂlr?tlis per analysis and forecast
godstransporter 2048 | traffic but no OD 2040 and 2060
matrix

The database for the study covers the following OD trdiifws:

I Internationaltraffic
o between Germany and the rest of the countries on the Continent on the
one side and the Eastern part of Denmark, Sweden, Norway and Finland
on the other sidé&;
o also between Denmark and Sweden/Norwagd
0 between southern Sweden and Norway.
1 Domestic traffic, in Germany with the region north and east of Hamburg, in
Denmark east athe Great Belt and isweden with the Skane lan (regional
traffic that stays within county Skane is not included).

Table8 demonstrates the used data sources in the study per codnaised Origin
Destinationpairs.

8 Intraplan& BVU (2016). Verkehrsprognose fiir eine Feste FehmarnbeltqueRdig g
Aktualisierung deFTCStudie vor2002

9BVU Intraplan, IVY & Planco Consulting2014. Verkehrsverflechtungsprognose 2030

10 Okornstitut, Heilbronn University of Applied Sciences, Frafer IAO, & Intraplan(2020).
StratON Bewertung und Einfiihrungsstrategien fir oberleitungsgebundene schwere
Nutzfahrzeuge

11 Trafikverket (2018. Prognos for godstransporter 2040Trafikverkets Basprognoser 2018
2 This includes transit traffic through Germany, for example from Italy to Sweden.
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SE DE DK NO
SE Trafikanalys (SE) g%grg?g?é?(l)ﬁBVWP Danmarks Statistik | Trafikanalys (SE)
e I s
DK Danmarks Statistik g%grg?g?é?(l)ﬁBVWP Danmarks Statistik ggrg?é?é?g:\/?va
NO Trafikanalys (SE) g%grg?é?é?éﬁlg’va Danmarks Statistik | not necessary

Road network model and Assignment of H@&¥ffic

For assigning the traffic flows to rogdsroad network model was set up. It contains

not only the important road network in the wider study area of the Scandinavian
countries and Germany and its neighbouring countries orctimdinent, but also the

ferry links in the corridor area crossing tBalticSeaas well as the Kattegat and the
Skagerrak. The road network model maps the situation in the base year 2011, as well
as it considers future developments in road infrastructure until 2030 and 2050 as
assumed in the German Federal Master Plan BY@&9[6] or the study for the
Fehmarn Belt Fixed Lifi]. For examplgthe ferry link over the Fehmarn Belt is
assumed to be replaced by tfveehmarn Belt Fixed Litlefore 2030, the motorway
network in Germany is assumed to be expanded further (amongst othgés A
Lineburg; Wolfsburg, Al4 Schwerirg Magdeburg, 20 northem bypass of
Hamburg with Elb&rossing).

The HGVraffic flows for the base year 2011 were assigned to the road network for
the corresponding base year with a route choice model, taking into account the

different characteristics and qualities of alternaivoutes like length, time and
prices. Traffic volumes and chosen routes were calibrated with additional empirical
data of ferry links and bridges.

Forecast 203@nd extrapolation 2050

After completion of the forecast traffic flow results for 2030 for emditional OD

pairs not covered by BVWP 2030 d@ehmarn Belt Forecag014, the traffic flows
were assigned tthe road network for 2030 in an intermediate step. In a second

step, the traffic flow data for 2030 were extrapolated to 2050 under consideratib
traffic growth rates per country OPairs derived from the abovmentioned data
sources (sedable7 and Table8) and as well assigned to the future road network

assumed for 2050 which of course also includes the alternative route options like
ferry links.

Selected link analysis

The relevant traffic flows via the corridor werentified with a selected link analysis

based on the suisections between every junction on the corridor. The selected link
analysis is a special assignment method that allows not only to quantify the traffic
loads on the sulsections of the road networkut also to identify origins and
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destinations of all traffic flows using the sgbctions. HGMemand (HGV with more
than 12tonnesand more than 3 axle¥)per ODpairs was that way analysed for the
whole corridor in total and for its six sections:

9 forlongdistance HGV (OBip-distance more than 100 km),

1 thereoflongdistance HGV with a trip distance on the corridafrastructure
of more than 100 km and

1 for regional HGXraffic flows (OBtrip-distance less than 100 km) just as an
additional potential for using possibleERSnfrastructurealongthe corridor.

Classification of results

For each Ofpair via the ER&orridor identified in the selected lirdnalysis the
following criteria and distances were identified and calculated:

9 Distanceon the road network from the origin of the Gidp to the first
interchange entering the corridoP¢e-haul-distance.

9 Distanceon the road network from the last intereimge leaving the corridor
to the final destination of the Ofrip (Posthaul-distanceé.

9 Distancedor the Maincoursec the maincourse is the part of the GDip
between the first interchange entering the corridor and the last interchange
leaving the colidor. As the analysis of the traffic flow assignment results and
the selected link analysis showed there is a significant number afi@D
where the corridor is left and rentered again later by using alternative
transportroutes like other roads or fey links in betweetf. Fora calculation
of ERSotentials it was therefore necessary to distinguish betwesain-
coursedistance on the corridoeand main-coursedistance outside the
corridor.

The resulting Ofpairs of the selectedink-analysis were agggated and classified
per distance classes in phawul and distance classes in ptstul. On this basis, the
suitability of the respective OPairs for Battery Electric ERS Vehicles #R%H or
Hybrid Electric ERS Vehicles (HES) is estimated (see sext6.3.1.]).

Results traffic flow analysis for 2050

In the following, the results of the traffic flow analysis are explained for the selected
link aralysis of the wholeorridor.

Table9 shows the results of the traffic flow analysis for the whole corridor in detail
per distance classes in phawul and poshaul as described above.

13 The following descriptions of the results always refer to HGV witight ofmore than 12
tonnesand more than 3 axles if not mentioned different.

¥ For example, a®D+rip from Hamburg toaGothenburgcan use the corridor from Hamburg
to interchange ABLUbeckBad Schwartau, using the feripk between LibeclHravemiinde
and Trelleborg outside the corridaand reenter the corridor at the interchange Malmd
Petersborg till Helsingborg.
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Main course Pre-haul Post-haul
HGV _HGV share of _ _
number of . distance HGV distance HGV distance HGV
HGVttrips tdhlztggfr?;:r outside distance class distance class distance
per day (km/day) corridor on Fhe (km) (km/day) (km) (km/day)
(km/day) corridor

5578 276 343 356 99.9%| up to 100 168 947| up to 100 176 608
3812 113 386 3904 96.7%| up to 100 50 882| 101¢ 250 685 237
2474 138 273 7 566 94.8% up to 100 47 290| 251¢ 500 945 047
2524 120 440 18 168 86.9%)| up to 100 38 160| from 501 1938 860
3924 122 514 3123 97.5%| 101¢ 250 699 730| up to 100 51 270
403 28 909 3951 88.0%]| 101¢ 250 66 494| 101¢ 250 67 104

332 26 923 31263 46.3%| 101¢ 250 60 123| 251¢ 500 128 833

351 25959 33453 43.7%| 101¢ 250 64 490| from 501 359 087
2606 152 523 29 850 83.6%| 251¢ 500 983 593 up to 100 46 703
336 28 822 31735 47.6%| 251¢ 500 132 161| 101¢ 250 60 064

315 27 025 37 165 42.1%| 251 ¢ 500 115 736| 251¢ 500 134 298

783 66 978 87 388 43.4%| 251¢ 500 294 776| from 501 784 633
2513 130 259 62 406 67.6%| from 501 2 095 950 up to 100 41 875
487 33071 30710 51.9%| from 501 449 913 101¢ 250 91 287

503 48 219 71 545 40.3%]| from 501 460 990| 251¢ 500 211 104
1461 123 561 104 538 54.2%| from 501 1418 110 from 501 1433 187

28 402 1463 205 557 121 72.4%| Sum 7 147 345 Sum 7 155 197

In 205Q HGMraffic will use the corridor on any part for more than @80 trips per

day (seahe bottom line ofTable9), no matter for which distance, with a traffic
performance of nearly 1.5illion kilometresper dayalongthe corridor and about

0.6 million kilometresper day on the main course but outside the corridor (on ferries
or other roads). Traffic performance in phaul and poshaul isesachmore than 7.1
million kilometresper day. This yields to (in the table not shown) average trip
distanceon the electrifed corridor of more than 50 km, plus 20 km faaffic in the

main course but outside the corridor and of more than 250 km for each ihaué

and posthaul. Average trip distance in total fBiG\$ using the corridor on any part

is more than 570 km.

An ewaluation of the results per Opairs on level of countries shows that 95of the
road freight traffic with HGV between Sweden and Germany will use parts of the
corridor ¢ on any section, with different trip lengths on the corriddable9 shows
the traffic flows via the corridor in the study area resulting from the selected link

analysis.

The highest loads of HGV traffic along the corridor can be foargkctions where
traffics of different routes and where national and international traffics overlap, in
Sweden from Helsingborg to Malmo, in Denmark sout@abenhagenand in
Germany between Libeck and Hamburg.
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The significance of alternative transpooutes along the corridor is also visible, for
example on the ferry lines from Lube¢kavemunde to Trelleborg and from Rosteck
Warnemiunde to Trelleborg. The traffic flows via these ferry lines use parts of the
corridor, e.g. from Hamburg to Libeck or frdvialmo to Helsingborg.

Compared to the results of the traffic flows analysis in the German StratGjiict

[7], it can be concluded that the traffic potentials along the corridor referring to HGV
trips are mostly lower than exained for the possible ERfotorways in Germany.
Neverthelessthe share of long distances in international traffic is much higher than
in national traffic, therefore international traffic is an interesting potential for ERS
and reduction ofGHG emissionis road transport, especially for traffic between
Sweden, Denmark and Germany with its large concentration to the corridor.
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Figure6: Assignment of road traffic 205 HGV(weight >12t, > 3 axlesQD+rip-distance > 100 km)
on any part of the CollER&rridor (source: own work Intraplan)

Additionally, the usage of the corridor by regional H@¥ffic flows with OBtrip-
distances of less than 100 km was analysed for the whole corridor and per section
The additional potential for using possibleERSnfrastructure by regional traffic

flows amounts for the whole corridor to 40 HGMrips per day and to over 20100
HGVkilometresper day in the main course on the corridor.
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