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The mission of the AEROFLEX project is to support vehicle manufacturers and the logistics industry to become
prepared for future challenges in road transport. The main objective of the AEROFLEX project is to develop and
demongrate new technologies, concepts and architectures for complete vehicles that are eeiéiggnt, safe,
comfortable, configurable and cosffective.

The reduction of the carbon dioxid€Q) emissiondgn road freight transport in the next decades i&ey issue.
Focussing on this challenggEROFLEX Wealysethe impact ofhigh-capacityroad transport with longer and
heaviertrucks (European Modular System: EMS exampled-gpeel-1) on mode choice an@Q emissions at

the EU level. For assessing the impacts of these new vehicle types, aimed to increase efficiency up to 33 % in long
distance road transport and logisti¢hjs deliverabledescribes the several approaches that are used to determine

the impact e.gon transport logistics, on modal split @3 emissions in road freight transpodnd an combined
transport.
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Figurel-1: European Modular System; EMS1 (above) and EMS 2 (below)

WP1 has the task to map and quantify load in EU and potential for configurable Tlaekobjectives of this
deliverable are:
1 to describe thebenefits of AEROFLEX innovationsdelected use cases that were based on expert
interviews
9 to calculate the impact of EMS on £&Dnissions on the EU freight transpontarket
1 to describethe potential for AEROFLEX innovations on the physical internet (PI) as one of the identified
trends infuture logistics
9 to derive recommendationas input for a book of recommendatians

In addition, standard average loads by reference vehicles are compared to the maximum |dagddpean
Modular Systento calculate average mean values and standard deviations of each KPIl. These mean savings
potentials in percentage values for different KPIs for the overall sample are displayabl@3-2.

EMS will have a positive impact on company logistics. There will be more optimisation opportunities in trip and
route planning ér long road haulage, as well as for paed posthaulage in combined transport, due to both the
increase of load capacity and the flexibility of EMS. The use of EMS in hub and spoke concepts of logistics service
providers, especially for good classeshwitigh tonnekilometres and growing market segments (e.g. food
products, courier/parcel/express cargo and general cargo) in combination with long daily transport distances per
truck, EMS will significantheduce mileage, transport costand CQemission.
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Table1-1: Mean saving potential for overall sample in % for different KPI. Standard deviation in parenthesis. Negative values
indicate advantages for the Prime Candidates.

KPI CQTTW | COWTW

Standard average load

(exemplary visualization

Maximum load for Primg
Candidate

(exemplary visualization 2 _OYC_ s, (@%m@ —@% wwfl

Further, lased on an impact assessment by a macroscopic freight medetan conclude that the modal shift
changes in scenarios by using EMS 1 and EMS 2 without compensatiorhimfhiieefficiency in road transport

and derivedcostreductionon road fraght transport, lead to a slight increase of freight transport on road on the
one hand, and a decrease of rail and IWW in the range up to 3 % on the other hand. If this shift to road transport
shouldbe avoidedtransport policy regulation or the accessligg for EMS 1 and EMS 2 should provide a level
playing field for altransport modes and should be accompanied by measures to improve efficiency of rail and
inland waterway transport.

Further, WP1 project partners could conclude that tleployment of EMS is expected to have a major impact on
the CQ emissions of whole EU road freight transport, due to a decrease of mileage in road freight transport in a
scenario which external transport costs are considered. An adjusted EU regulaiioiedpation of EMS in freight

GNF YyALR2NI akKz2dzZ R 6S FAYSR (2 | @2AR WNBo2dzyR STFSOGa:

transport to road transport.

Finally, we address that AEROFLEX road transport innovations can take a mlghipsibal internet that is similar
to that of broadband wireless connections in the digital intern#tra-flexible, capable of moving high volumes at
high speeds, with the best possible coverage at much greater efficiency than past technologies.

1 For TTW and WWT calculations emission factors from DSLV Guide on Calculating &HiGsions for freight
forwarding and logistics services (2012) have been used.
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This document is thAEROFLE}¢liverableD1.3containingthe final results of WP 1 in the AEROFLEX project. It
covers the impact assessmentkigh-Capacityehicles (European Modular System EMS 1 and 2) on the following
topics:

1 the freight transport logistics, based on selected use cédwspter 31)

91 thefreight transport e EU27 level including projections of modal split a@@ emissions of road transport
in year 204(chapter3.2)

1 the chance to reduce posand prehaulage costs in intermodal transpartains(chapter3.3)

9 the application of AEROFLEBEKXdvations in Physical Internet (PI) operati¢asapter3.4).

The achieved resul@re based on theaealizedexpertinterviews to get information about real use casestsing
the prime candidatesas well as a macroscopic freight modeljingta evaluatn and literature review The
document describes the relevanbnclusionghat have to be consideredo evaluate the impact othe freight
market inthe EU27. The derived recommendationghapter 4)are based on our guantitativand qualitative
impact asessment and the results that were published in WP1 deliverables D1.1 and ABRODFLEX 2018a,
2018b) It givesaninput to WP7 of AEROFLEX.

These outputs give a first appraisal of the market potential and impact ere@{8sion in EU freight transport
market by new vehicle concepts (EMS 1 and 2).

7134 GA- 769658
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2 LYGNRRdAzOUAZ2Y
2.1 Overall objective of projecAEROFLEX and of WP1

The mission of the AEROFLEX project is to support vehicle manufacturers and the logistics industry to prepare for
future challenges in road transport. The main objective of the AEROFLEX project is to develop and demonstrate
new technol@ies, concepts and architectures for complete vehicles that are eredfigjent, safe, comfortable,
configurable and costffective. Work package (WP1) contributes to the overall project objective by describing
the needs of the European logistics marke order to enable a vehicle development in line with the market
requirements. The present report represents deliverabl& The objectives of this deliverable are:

91 to describe thebenefits of AEROFLEX innovations for selected use cases that wereopasggert
interviews
to calculate the impact of EMS @0 emissions on the EU freight transpontrket
to describethe potential for AEROFLEX innovations on the physical internet (Pl) as one of the identified
trends in future logistics
i to derive recommadationsas input for a book of recommendations

il
il

The results of the deliverable3lare used in work packagéto give an input to thdaransport policy regulation

andto showthe potential of AEROFLEX innovatiofgirst stakeholder workshop has showntitas difficult to
translate the requirements of the logistics service providers directly into technical details of new vehicle concepts.
Therefore the results of WAL were discussed in two online webinars (in September 20#Din March 2021)
organisedwith the help of European Technology Platform ALICE. These two online weténargiven us the
chance to disseminate our results and to get a feedback from the participants. Fudrera special AEROFLEX
session at the IPIC 2021 conferemasheld to disseminate the AEROFLEX resnltkine 2021

2.2 Preliminary notes

wSASEFNOK OF NNASR 2dzi LINA2N) G2 GKS ! YQa 6A0GKRNI gl f 7T
subsequently, may include data relating to the 28 EU Member State2§EWBolbwing this dateour research
resultstake into account the 27 EU Member States-@B.Uminus the UK), unless specified otherwise.

This report presents the results of research conducted prior to the outbreak of CXOMIDEuUrope in February
2020. For thiseason, the results do not take account of the outbreak.

The projections of freight transport until 2040 agalculated with the assumption that only diesel fuel is used by
trucks.Alternative fuels such aSNG/LNG, biofuels;fuels,pure electricdrive-train trucks, and hydrogen trucks

that will be available in year 2040e not taken into accountTherefore, ishould be considered that due to a mix

of efficient internal combustion engine driven trucks using a fuel mix (fossil, bio, and synthetic)sbeeide
technologies like electric drives (fuel cell and/or battery) in truthks CQ emissions will be significagtower in

the EU freight transport markeOur approach wadesignedto highlight the impact of AEROFLiEXovationsto

EU freight transpdr but all conclusions are equally valid when considering energy consumption instead of fuel
consumption and CQ@ emissions Therefore, we do not consideany other technicaland technological
transformations that could be expecteaut it is not the scope tAEROFLEX to quantify the impact of this
transformation process in EU road freight transport

2.3 Overview ofresults of the previous deliverables of WP1
2.3.1 Market potential by new vehicleconcepts
The deliverable D1.describes the relevant trends tansport related to new vehicle concepts

Logistics and the supply chain development cause the demand for long road hatitage2-1 shows some
future trends and drivers of logistics that will influence the loogd haulage in the future.

9/34 GA- 769658
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/o_bjective: achieve better costumers services / fulfil customer demands even better \

digitalization of interfaces
e.g. procurement and
costumer services

improved skills for market
observation, exact tracing
of customer demands

new life
tyles, ... /

deployment
physical Internet

green logistics:

e.g. reduced energy
consumption, use of
alternative fuels and
drivetrains

improvement of resource
planning, inventory optimization,
investigation of order cycles and
transparency on process status

digitalization and
risks, ... /

automatization of
The conclusions for the development of new vehicle concepts are as follows:

ijective: carry out processes more efficiently ogistics processes

Figure2-1: Future divers of logistics (own figure based ddchwemmer 2017)

Increase of efficiency for freight transport

First of all, the improvement of efficiency is one importamiver of European freight transport market. -Co
modality and synchromodality are key elements to improve the efficiency. Freight transport should be organized
by the consideration of the strengstand weaknesses of the transport modes that are relevantulfil fthe
requirements of the shipper(i) lead and transport time(i) weight and volume of the order /the shipmen(iii)

and further specific costumeir good related characteristics. The transport by only one transport mode could be
the most efficientway in case the strengtiof this mode fulfisthe given constraints, e.§i) to carry goods due to

time constraints,(ii) to realize adirect transport between shipper and receivewithout detours, (iii) and the
availability of infrastructure and spedséd transport equipment. Furthermore, it is necessary to fulfil the
customer related expectations regarding transport cosaisd related to theincreasednfluence of green logistics
solutions

The available European data shows that in terms of tekil@netres, aboub7 % of all freight transport is realised

on long haul(300 km and overFigure2-2). Freighttransport services up to 150 km are also relevant for new
vehicle concepts in combination with smart loading units in order to support more efficient transport services at
the interface between long and short distance transpaws, in terminals(for conbined transport)andlogistics

hubs. From the perspective of ton#&ometres, new vehicle concepts could address all goods classes and not
only selected ones due to the objective to develop a configurable andeéfisient vehicle concept that is not
dedicated for only some commaodities.

unknown Pre-slung goodscargo
shipped already in a cargo
sling or net, such as coffee
in bags or coconut shells. It
is usually prepared and
loaded at the pier, ready
for the vessel's arrival and

Pre-slung goods subsequent loading

) I From 50 to 149 km
Palletised goods _*

M From 150 to 299 km

Other cargo not elsewhere specified
Road mobile non-self-propelled units

Road mobile self-propelled units
M Less than 50 km

Other containers From 300 to 499 km

Large containers M 500 km or over

Dry bulk goods

Liquid bulk goods

0 1.000 2.000 3.000 4.000 5.000 6.000 7.000 8.000

billion tonne-kilometres

Figure2-2: Characterisation of transported cargo in E28 in 2016 (EUROSTAT 2018)
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Vehicle concepts should be developed for low density goods, long transport distances and high revenue logistics
segments

New vehicleeoncepts should address good classes with high transport performance measured irkilonmnetres

(e.g. food products, beverages and tobacco, agricultural products) in combination with long transport distances.
Furthermore, the potential revenues in lotics segments (e.gontractlogistics, full and less than truck load with
palletized goods ancburier/expressparcel) should be considered. These segments should be addressed, because
the balance between market size, expected revenues and small orésresipect a high demand for advanced
vehicle concepts using modular loading units. Finally, it is recommended to realize an optimu+oftriaeksveen
payloads and transport volumes in order to maximize the use of the loading capacitietine differenttypes

of goods so that the maximum fil rate both in terms of weight and volun@uld beachievedi.e. cargo thais
stackable or use of double deck trailers

Fast and frequent road transport between hubs and industrial sites become important

Due to te increasing amount of courier/parcel/express cargo and gerarahixed cargo, hub and spoke
transportconcepts are increasingly used to consolidate the shipments and thus, to increase transport efficiency.
Therefore, a alreadypromising andfurther growing segment for new truck concepts can be identifiad
transports between hubs (e.g. terminals, portarge warehouses) as well as between industrial sites and
hubdlarge warehouseerminals. Here, it is essential that loading units can be optimalyled and unloaded,
manoeuvredand placed at the gateways in credscking stations or in warehouses, even if thexéstsa limited
spaceon yards and terminals for manoeuvring of trucksirther, the organisation of a fast exchange of loading
units between different vehicles or between transport modes is important.

New vehicle concepts have to be compatible with the existing infrastructure

Infrastructure conditions and constraints ofelexisting road infrastructure road, bridges, yards, driveways,
roundabouts, parking areas and dockare key issues for new vehicle concepts. Currently, most parking areas
and docks are not suitable for long commercial vehiales/e 18.65 metresThenew vehicle concepif European
Modular System (EMS3% compatible with the existing road infrastructure to avoid an extensieed for
enhancement of the European road infrastructure or sophisticated technical solutions supporting manoeuvring in
confinedspacesn motorways and inteurban roads.

2.3.2 CQ emission changeby new vehicle concepts

The deliverable D2.describesthe findings that high-capacityvehicles are a promising concept on the way to
optimizing logistics operations is supported by the fhettt62> 2 F (1 KS & dzNBBSe& Q& LJ NI A OA LI
engaged with high capacity vehicles. #6expect to benefit from the use of longer vehicles an@@8xpect to

benefit from heavier vehiclethan arecurrently permitted byEU regulation (EDirective 2015/719.

In order to quantify possible savings for ttdferent Key Performance IndicatorkKRI3, use caseare analysed
that are collected during expert interviews. The calculati@me based on real world tours thatre specified by
logistics companies, including descriptions of currently used vehicles. This informst@mmbined with
characteristics oprime candidates the experts select to be potentially useful in the accordingases and fuel
consumption simulationsas well as total cost of ownership (TCO) and transport cost calculations.

11/ 34 GA- 769658
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3.1 Impact the freight transport logistics, based on selected use cases

This first chaptepresentsthe results of using EMS for selected use cases that were collected by interviews with
logistic operatorsn transport companies and logistics service providBesults are based on tlgantification
of benefits of EMS if they will be in operation anil veplace other standard vehicles in road freight transport.

3.1.1 Methods

Following the Global Logistics Emissions Council (GLEC) Framework, two sound tools for delivery tour simulation
and total cost of ownership (TCO) calculateoe used to calculate th&Plvalues of selected prime candidates

and related futureincrease in transporefficieng/ by European Modular System (EMS) vehicles in the use cases
(see below). As input values for the logistics tour simulation we ars¢éhe one hand the vehicle condigations

such aswveight, engine and gearbox type and rear axle ra@osl on the other handhe cycle characteristics i.e.

slope and speed. In a second step, we process the simulation results of fuel consumption and average speed to
calculate the TCO umgjfurther costfactorslike driveQ éosts, purchase and maintenance.

Furthermore, theCQ emissions of the reference tour (based on theertinterviews) as well as for the potential

tour with an EMS are based on the simulated t@isumptionsof a MAN tool

3.1.2 Resultsof use case implementation

Interviewees were asked to seleptime candidates per logistics segment and route type combination, which

could be used in daily business providthg largest potential for economical and lgical benefits from their
perspectives. The approach to use European Modular System (EMS) vehicles to improve efficiency is based on load
consolidation as a crucial factor to realize the expected benefits. Thus, the impact of the use minthe
candidaesisk Y I ft @aSR gA 0K NBII NR GCodkg]emisSiontankiciwheek(TTW)yakdek- k ( 2 dzN.
to-wheel (WTW). About 5%6 of theA y (i S NIOvotSsawer& ghvén for the following six most relevaptime

candidates (in descending order of vote b 6.1, 2.1, 3.1, 1.4, 2.2 and 4.7 (§eble3-1). The shares ranged

from 11.7% to 6.2%. An additional 10.% was achieved by Prime Candidate 1.3, which is aatdmk?2 tractor

unit with a 13,62m longsemtitrailer.

Table3-1: Share of votes by interviewees of preferred Prime Candidates

6.1 11.7 %
2.1 9.7 %
3.1 9.7 %
1.4 9.3%
2.2 6.6 %
47 6.2 %
13 | ( 10.1%

In addition, standard average loads by reference vehicles are compared to the maximum |jpauémandidates
to calculate average mean values and standard deviations of each KPI (see above). These mean savings potentials
in percentage values for different KPIs for the overall sample are displajedbie3-2.
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Table 3-2: Mean saving potential foroverall sample in % for different KPI. Standard deviation in parenthesis. Negative values
indicate advantages for the Prime Candidates.

KPI CQTTW | CQWTW

Standard average load

(exemplary visualization

Maximum load for Primg
Candidate

(exemplary visualization

3.1.3 Results of two selected uses cases

To show the overall benefitye selecttwo use casessaan exampleEach use case shows the potential efficiency
gain by shifting reference vehicles to EMS 1 or EMS 2 for a spetiént transport and maximizing the cargo
volume to maximum GCWhe first use case reflects an intermottansport chain on road and waterways and
involves multiple countries (Netherlands, Germany and Finland). Using Prime Candidate 6.1 (i.emakSiR)
possible to carry74 tons instead of 40 ton§&ross Combination WeighGCW and results in &Q emission
reduction potential 0f129.6 kg or25.81% per tour. The second use casistinguishedrom the firstone and
givesthe potential to increase transport efficienof EMS 1. In this case a single mode logistics chain (only road)

is reflected by a tour between Germany and Austria using Prime Candidate 3.2 (i.e. EMS 1) with a maxinum of 6
tons instead of 40 tons GCW permissible. Due to the ldm@sportdistance betwen origin and destinatiothe
emission reduction potentias limited to-72.0 kgCQ. Nevertheless, this is equivalent t&C& potential of-32.44

% on one tour.

In relation to these two use caseRable3-2 shows the theoretical benegiof EMS 2 and EMS 1. Only one instead

of two vehicles (EMS 2) and only 3 instead of 4 vehicles (EMS 1) would be needed to transport (nearly) the same
load as the reference vehicles.

Table 3-3: Primecandidates and reallocations in selected use cases

Reference vehicke . Re-allocation w.r.t. EMS 2
(similar to F'use case) (e.g. PC 6.1):

Reference vehicke
(similar to 29 use case)

1.1
2.3 (
@
2.3
(9 g"‘ (saved) _%‘ (saved)

2 For TTW and WWT calculations emission factors from DSLV Guide on Calculating GHG emissions for freight
forwarding and logistics services (2012) have been used.
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But beside this very positive theoretical effecf EMS land 2, there are much more complex decisions to be
taken on fleet leveinanagementwhich is factored in by the results from the overall sampleTéatile 3-3). Thus,
on fleet level up to 3046 of tractors and driveris suitable use case®uld be saved by using EMS 1 and 2.

3.2 Impact on freight transport on E28 level including projections of modal split anGQ
emissions of road transport in year 2040

Inthe followingsections we describe the two steps of calculating the impact of EMS 1 and 2 on European transport
in 2040. The steps are: @pplication of a macroscopic freight modH#EMQOGV for German transport, (1) upscaling
the results for EL28 (induding the UK)Our approach is aimed to show the impgeased on assumptiaTfor:

1 average payload per cargo group,

9 average fuel consumption, and

9 transport costs (distinguishing between time and distance related transport.costs
These are developed fa baseline and four other scenarios. Our main interest is to calculate and assess the
differences between these different scenarios compared with the baseline scenario. This should show the impact
of using EMS 1 and EMS 2 on European road freight transpgear 2040.

3.2.1 Methods

C2NJ 2dzNJ LINP2SOiGA2Y ¢S dzaS DD YVl QMNEZOXKLEASG IBNS ASTIK 0 Y
transported goods between c. 400 German an c. 200 other European traffic cells. The goods will be transported
viathreeY2 RSayY WNI Af QX WNRIRQ | yR WATkefgbogsRrangpbriio tedidican QY ¢ |
realized by seven roagehicle typesFive are current vehicles:

() ¢ NdzO1 o ®dp X 1() ¢ NHzOl T ®p X (D¢ NHzO] ™MH X M)

(V)  TNHzO1 MGCWXK | (V) ¢ NHzO1 Hc X n

andtwo are newEuropean Modular Syste(EMS)ehicles
(V) ¢ NHzO1l nn X cn G D/ {(VIENHzO]l c¢cn X tn G D/ 2

The share between all truck types is the mean $plihe freight transport modellingviodal split and mean split
are calculated separately for every N&J07 commaodity clas@NST 2007and the combined transport (CT). The
model DEMGGV imports the data of average load factors and average transport (@stsguishing between
time and distance related cost&)r every vehicleype. Given the higher capacity &MS1 and EMS vehicles
there are reduced costs per transported ton and a higher average load factor.
DEMQGYV is aixstep model, including théllowing steps:

() freight generation,

(1 distribution,

(1 transportcosts,

(IvV)  utility,
(V) modal split related to transport modegexcept air transport, pipelinemaritime and short sea
shipping, and

(VI meansplit on road.

3.2.1.1 Freight Modell description 0DEMOGV

(I) Freight Generation

In the first step of DEM@YV, there is the production afupply and demanth every traffic cell: the produced
goods in the sources and the needed goods in the sinks. The goods are calbakddonto the gross value
added(GVA) in each traffic cell. The relation between GVA and transported goods has been deschitigiérby
(Miller et. al 201%.

(1) Distribution
The distribution step calculates the goo(@s tons) which are transported from a traffic cell (source) to amet
traffic cell (sink). This souregnkrelation corresponds to the following gravitatiapproach

Aopitob il fii 1)
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o0 1TA A A )
d d fading rate of commodity ¢ between source and sink

i d total mass of a commodity ¢ which is transported fragource i

i q total mass of a commaodity ¢ which is transported to a sink j

0 q Utility between source @nd sink j for a commodity ¢ and a mode m
00" aSa0GAYlI (SR Y belwveeristyfce dandisiniji & ¢

¢CKS ANF @GAGEFOGAZ2Y | LIINRIFOK FyR GKS G204Ff YlFIaa Ay (GKS
This leads to the transptad mass for every souresnkrelation (distribution).

(11N Transport Cost

The third step calculates the transport cost for every sosiorelation. Hereby, we calculate the costs for every
mode separately. Each cost value represents the costdtaradard delivery ordethat contains average time and
distance related costs of each madehe implementation of EMS 1 and EMS 2 leads to a reduction af/érage
transport costin mode road.

(IV) Utility
¢KS dziAfAGe RSAONAROSaA (KS aLRaAGAGS O tdzSé¢ 2F | aKAL
and sink) by him. The calculation of the utilities correspon®B\Mb et al(2012)
Opirn  d " #Awpr 0 d " #Owpn i d By 5 d " #Ay i fd 3

- i iom AT] =
O iinnp utility of sourcei, sink j and commodity ¢ or (maritime/continental) combined transport
" H# box-cox-transformation
Adriin - cost for a standard delivery order between i and j focommodity ¢ or (maritime/continental)

combined transport OEA i T AA i h EIT OEA UAAO U froOY¥Y

Ok ¢ transport time from i to j for commodity ¢ or (maritime/continental) combined transport via mode m [min]
Dy Ay g punctuality [%] anddelaymin]OEA 11T AA A ET UAAO URforhdGT) OEA OOAZEELEA
r it f f d  weighting parameters each segment

d I i d  parameterfor box-cox-transformation (each segment)

Y{S3aySyiaQ INB OflFaaArAFTAOlIGAz2y 2F O2YY2RAGe Ofl aasSa
All utilities have to be calibrated by a variable summand his summand guarantees the modal split which has
been observed in 2010. The calculation afses the distribution matrix of 201@TV Group, TCI Réhling, Mann,

H. 2016. The calibration is neessary for a reliable projection.

(V) Modal Split
The modal split for the three modé&’ N> A f QX NBF RQ I YR WisiyidrdlatioRis calcufaeddy | & & Q
the probabilitybg;r; for a specific modéMcFadden 1978

Fih R A
B B R AR ©
Brarg - probability for a delivery order of a commodity ¢ or (maritime/continental) combined transport
from source i to sink j via mode m [1]
Owin 4 calibrated utility for a standard delivery order of acommodity ¢ or (maritime/continental)

combined transport from i to j via mode m [1]
B A@O®q; d 000 1 0AO Al 1 AAG O6i1ARS rp¥y

The modal split for a souregnkrelation with mas®t yyp is calculated b gqfr -

8 frif Prrer T RRR (6)

I rrp : tons of acommodity ¢ or (maritime/continental) combined transport which are transported from source i to sink j
via mode m (modal split) [t]
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I wrp:  tons of a commodity ¢ or (maritime/continental) combined transport which are transported from source i to sink j
(source-sink-relation from distribution) [t]

(VI) Mean split on road

After calculating the modal split for all three modes, we calculate the mean split on road. Hereby, the tons which
are transported on road ar split on several roadehicle typestm, including EMS 1 and EMS 2. We use the

LJ- NJ Y S i S Nkich fare ¢aljpiated by a maximum likelihood estimation. This estimation uses a sufficiently
large sample for a reliable projection. The sample is Eurosts ttom the year 2011 [Eurostat 2011]. The

LI N} YSOSRR AN ANYARA AK 0S06SSy NiStahde2rsfiict>15K¥n)mpn 1 Y0 | YR

Oiri &
1 At Amen Aro D 1 D TAgpr Reo €
Prari  F 3 ﬁ:ﬁﬁ:ﬁ - — 1 Wi 2T R & W (7
Okrir 7 : utility for road -vehicle on road from ito j for commodity ¢ and segment s
Arinn 4 costs each ton of payload of a standard delivery order for tm between i and j, commodity ¢ and

OAci AT O O roOV¥Y

1 4 generic parameter for@ommodity clusterdcl in regional traffic

k. generic parameterforn, AT i I T AEOU#1 OGiseh@@affidi ET 111 C
r nr d  alternative-specific constant fotmal A n AT i i I AE GUsgion@ @did OO Al E
r ki . alternative-specific constant fotm al AATni 1 T A E OU #d I©h@dshadtrafid E
1 : 1 if regional traffic betweenij; 0 if long-distance traffic betweenij
1 d 1 if long-distance traffic betweenij; O if regional traffic betweenij
Brinn i d, probability of transporting a mass via roaevehicle type tm from i to j for commodityc E0 und segment sE

1; 2 (no combined transpor); NOAT EAZEAA POI AAAEI EOU AEOAO i1 AA OOI AAS

[T k ¢ Mmass which is transported from ito j via road-vehicle type tm ]
[T : mass which is transported from i to j on road: commoditg EO und segment sE1; 2 (no combined transporf)

The upper variables are valid for commodities Ttand segments  phc (no CT).

In generalthe mean split for every roattuck type, including EMSdnd 2, is defined by its individual costs per
G2y wekiB8d ¢KS OFf A0NF GSR LI NI YSi®&N&Eetype. YR + S|
3.2.1.2 Upscaling the results for ER8

¢KS Y2RIf aLXAG YR (KS DSROYX|I &8f tie2 Py (KA ONBPBSR 27
calculate the freight transpoiit tonne-kilometreso gt German level, multiplying the transport volurbelby the
distanceQbetween the cdk at German level. The unit is torkidometre [tkm]:

of 660 ®)

pul
c

The next step is an extension on the freight transport performamagvhich exists at European level. For this
reason, we assume:

hh hh (9)
on AR Freight transport performance at German level for commoditgowith mode “Citkm]
0 £ 00O Total freight transport performance at German level [tkm]
01 rr Freight transport performance at European level for commodityowith mode “Citkm]
0 € 00K Total freight transport performance at European level [tkm]

We assume the Europaderritory as the territory of the EA28. The assumptior8) is the result of the same mode
ratios in Germany and the E28 EUREF 2016 projectigBUREF 201@®ased on equation8] and the total
projected freight transport performance in E28 of EUREF 2016, a disaggregated freight transport performance
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in EU28 in 2040 is derived. The freight transport performance is disaggregated b309%¢lassification and the
three modes.

The calculation of impact is realised by projectionslierfive scenaris.

The projection of EMS1 and EMS?2 is separated into 5 scenarios [short name in brackets]:

a. 0laStAyS aOSYINA2 wWwnnn O0gAGK2dzi 9a{ ™M |IYyR 9a{ H
b. AYLX SYSyildlGdA2y 2F 9a{ wm ¢ A liknfodelinglstgf@)+MB & G NRA Ol A 2
c. AYLX SYSyiGl A2y 2F 9a{ wm YR 9a{ ninmdddlikgsgil){vy & NB
d y2 9a{ ™M YR 9a{ H FT2N WKSI@ge O2YY2RAGASaQY | @2

N2l R wW9a{ wmMbH b :SHWOGVdi&iSguishes Yateenhicardo §rauisall modelling

step, including cost calculation (l11) and modal split (V)
e. consideration ofaverageexternal costs of transport e.g. study (Biehler, C., Sutter,D. 2019) from

{ SLIWSYOSNI HaMdoWI a {by inchdinghem & Ean$ordcostin modelingsie @)

The externals costs are allocated unbalanced to the several vehicles classes

“

u
u

> Q¢ Q¢ C

The focus of tls assessment of the modelling exercisg a calibrated freight modas on relative variations
between scenarig, dl absolute figurearebased on modedssumptiosandconstructionfor validatedprojections

in 2040. These projectiordo not show the real EU freight transporvolumesin the sense of validated forecasts
in 204Q This result showthe impact assessed by the modelling of different scenarios.

The share of travelled kilometres by EM&nd 2 in all scenarios is not limited (e.g. by a parameter that indicates
a penetration grade, the availability of semitrailers eddlies), in comparisorotall travelled kilometres on road.
The individual truckype costs define the travelled kilometcosts for each truckype (i.e. mean split) in every
scenario. Therefore, our modelling algorithm seledtuck configuration, depending on the cost per {oelated

to distances and commoditief)r the generated freight transport in the modéf.the pricew € ks Gh@aperthe
percentage of the truck configuratiaa higher

3.2.2 Freight nodellingresults

OnFigure3-1we observe the same increase of total transporine-kilometresfrom 2010 to 2040 in all scenarios

and all modes will profit by increase of torkgometres, that grows up from,256 billiontkm in 2010 to 301

billion tkm ¢49 %) in 2040 for all modeés mentioned in the introduction this researalascarried out prior to

GKS 1'YQAd 6AGKRNI gt FTNRY (KS 9 diheRelrdSuits/preseyitatofies@agth o m Wi
conducted prior to the outbreak of COVAI® in Europe in February 2020. For this reason, the results do not take
account of the outbreak.

Thecombinedtransport (CT) is growirgpove averagén the baseline scenario between 2010 and 2040 b%®b6

for inland waterway (WW) transport and for rail freight transport by 65.

Related to the adjusted cost parameters, we see that tloelah dift (in tkm) changes slightly:

f inthe scenariosn OSY I NRA 2  W9imah inave@sé of @.Re$NAEBd and reductiors of 2 %in rail
(including CT), and 1.7 % in IWW (including CT)

 INOSY Il NR2 W9 aidan imcteas® of 1.%iK ®adnd reductiors of 32 %in rail (includingCT)
and2.6 %in IWW (including C).

T inODSYyFNA2 W9a{ wmbHA St OSrEaBkCIBRGESof B.2 M WoadRiAd ileductios of 15 %
in rail (includingCT)and 17 %in IWW (including CY

Ly a0SylINa2 WwWo9a! wmbu BbSEGSNYyIf 02ai0Q (GKS LAThEragNS A &
a reduction of 7.4 % on roadnne-kilometers whilerail (including CT) is growing by Z2andWW (including CY
by 18 %. This scenario shows the significant impact of transpogafasiode split on our freight modelling results.

In general, we cananclude that the modal shift changes in scenarios by using EMS 1 and EMS 2 without
compensation of the cost savings on road freight transport, lead to a slight increase of freight transport on road

on the one hand, and a decrease of rail and IWW in thgeam to 3 % on the other hand. If this shift to road
transport is to be avoided, it is necessary to increase costs of road transport to compensate the advantage of an
increased efficiency due to use of EMS 1 and 2. Therefore, the external costs of Mdnspd y & OSy I NA 2 @
SEGSNYIt 02a0GaQ8 6SNB AyOftdzZRSR Ay GNIyaLRNI Oz2ada o-
shifting transports on rail and IWW.
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Projection: Billion tkm on EB8 in 2040

M 142 + exteral costs NN N
'EMS 1+2 + exclude commoditie_ I
evs 1+2 I
evs 1 N
saseine: [

o0 [ |

0 500 1000 1500 2000 2500 3000 3500 4000

wrail mrail- CT mroad mroad-CT miww miww-CT

Figure3-1: Projected tansport performancetonne-kilometres)for all scenarios

Figure3-2 distinguistesthe travelledroadkilometres of the three heaviest vehicle types insaknarios. The total
travelled road kilometres gow from 29326 Af £ A2y Y O6Wol A4St Ay SQin204a Tha gy ®p
scenario with the internalisationf external costshows a oad volume oR70.4 billion km, 7.8 % lesghanin the
baselinescenario The scenario with thexclusion of several commoditiseows themaximumvalue 3018 billion
kilometres.Thestrong increase of mileage in this scenariodssedby the shift of heavy commodities from EMS

1 and EMS 2 back to the standard trudgkh up to 40 tonnes GCW.

Travelled billion road kilometres on 23

'EMS 1+2 + external costs' 204
‘EMS 1+2 + exclude commodities' 2045 NG
s 1+2 2040 I
s 1 2040 I
Baseine
2010

0 50 100 150 200 250 300 350

m standard truck 40t GCW ®mEMS1 60t GCW mEMS2 74t GCW

Figure3-2: Travelledroad kilometresof heavy trucks (40 GCW EMSL, EMS2) for all scenarios

TheFigure3-2 also shows the market share of EMS 1 and EMS 2 vehicles in the scenarios in 2040. In the scenario
with EMS 1 thdreight transportmodel calculates a market share of #4in road freight trasport based on road
mileage. In the other scenarios EMS 1 vehicles could reach a market share in road mileage bet@eeamnd!.3

7.5% and EMS 2 vehicles between 2a@nd 3.P6in 204Q
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The final step iour approach is to show the impagh CQ emissionsfrom road freight transport in EA28. We

calculated an averag€Q emissions factor per vehickilometre based on JEC 2020 and assumptions of the
AEROFLEX projeetated to average fuel consumptionEhese parameters were discussed in a separate with
project partners and are based on the realized tests (e.g. in WP 6) and shared experiences of AEROFLEX project
partners.

Table3-4: Main assumptions for calculation of averagéQ emissions of thevehicle with GV 40 tons and above E28

vehicle type average fuel consumptiomn litre
per vehiclekilometresin 2040

standard rigid4x2+trailer (vehiclegroup 4) 0.28
standard tractor 4x2 3 axle standard semitrailer
vehicle group 5), GCW 40 tons

EMS 1rigid 6x2+ e-dolly (incl. battery package) 3 axle 0.376
AEROFLEX semitrailer with aaxde (vehicle group 9) GCV|

60 tons

EMS2: tractor 4x2 + edolly (incl. battery package)3 axle 0.443

AEROFLEX semitrailer with aax¢e+ 3 axle AEROFLEX
semitrailer(vehicle grougb) GCWr4tons

The following values for G@missions are calculated with the general assumption that only diesel fuel is used by
trucks. CNG/LNG, biofuels, pure electric trucks, and hydrogen trucks that will be available in year 2040 from the
current perspective are not considered. Thereforeshivuld be considered that due to a mix of efficient internal
combustion engine driven trucks using a fuel mix (fossil, bio, and synthetic) besides new technologies like electric
drives (fuel cell and/or battery) in trucks the £€&nissions of road transpowtill be significant lowerThe CQ
emissionsof total road freight transportould be reduced by.9 Mio. tonnes per year oB.7% compared with

the baseline in EQ28 (seeFigure3-3) in the best case scenar®9 a{ mMbH b .SHSISMEF tofa O2 &1
combination of improved fuel efficiency in road transport (from EMS 1 and 2) and the internalisation of external
costs leading to modal shift.

In contrast, thefreight modelling results of all other scenarios show tia® emissions will increasketween
3.4%to 6.5%,due tomodalshift from rail and inland waterway to roa@ur approach wadesignedo highlight
the impact of AEROFLEX project resultgltifreight transport Therefore we do not consider other technical
transformations that could be expected.

CQ Emissions on road ttw iNlio. t (Diesel fuel)

'EMS 1+2 + external costs' 2040
'EMS 1+2 + exclude commodities' 20400
'EMS 1+2' 2040 | —
'EMS 1' 2040 | —
Baseline’ 2040 | —
2010

0 50 100 150 200 250

Figure3-3: Impact onCO2emissions on road transport (ttw: tanto-wheel)

19/ 34 GA- 769658



)

<]

N
7

D1.3; Market potential and GHG emission changes by new vebisieepts(EMS 1 and 2) PU AEROFLEX

Based on these results, the policy regulation of transport and the access policy for EMS 1 and EMS 2 should address
on the one hand the realization of the possible improvements in road freight transport. On the other hand, the
future policy should be aimei realize a level playing field in EU freight transport, so that the cost advantages of

the use of EMS 1 and 2 would be compensated by measures to improve rail or inland waterway or to compensating
these cost advantages by addressing measures for mataisable transport (e.g. by use of hybrid or full electric

drives or by including increased £&¥mission costs in the whole transport sector).

3.3 (hance to reduce postand prehaulage costs itombinedtransport

Year 2021 is the European year of.fdilhe objectives of the European Green Daet met rail will have to take
up a bigger share of passenger and freight transpaddressinghis part of the EU transport policthis chapter
will discusshow EMS could help to improve combined transport byhaigefficiency of preand posthaulage to
intermodal hubs and terminals.

3.3.1 Methods

Based on the modelling resuliscan be concluded th&MS could help to improve the combined transport chain
by more efficient pre and posthaulage transport between istmodal terminals and shippers. We use a
gualitative approach to show the potential benefits that will be able to reduce the transport time and the transport
costsfor first and last mile transport

3.3.2 Resultsrelated to combined transport

The objective of tls chapter is to identify potentiahore efficient toursfor pre- and posthaulage on road by
standard equipment and by using EMS 1 and EMS 2 vehicle configurétibmsinga general approach that is

also implemented into the freight modellingseechapter 3.2.2) Different studie{TML et al, 2008Fraunhofer

et.al. 2009;Christidis, P., Leduc,, @009 K+P Transport Consultants, 200@ve investigated to the impacts of
longer and heavier vehicles in long road haulage related to the volunmsmfinedtransport and single wagon
load on rail transport These studies have not given emphasis tophssiblecost saving imombinedtransport

and benefits in logisticthat could be realised by using longer and heavier vehicles. The freight modelling in
AEROFLEX addresses both aspetdased to assumptions of average cqgsts

® the cost savings in loagad haulage as well as
(i) the cost savings in prand posthaulage on road in combined transport by using EM®&d EMS.

Due to that approach, we wanbtdescribepossiblecost savings in the following description.

The following intermodal use case describes the current standard situaitbrintermodal standard units (ILU)
It has to be acknowledged that the termisa@nda K A LJini&didicture to maage EMS vehicle configurations
is necessary to realize the benefits.
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loaging II
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trancter trancter
e CJ:LE
unloading
shipper X
ILU tosaing

@ -

e ) T T CL._.,LQ e
I = B i s o
oy e H d

Figure3-4: Intermodal transport chaing current standard for national and international transports

Figure3-4 shows the use of tractesemitrailer or rigid with container chassis and container trailer transport
between shippers in an intermodal transport road/rail and between shipperraartime or ferryterminals.

shipper Y

trancter trancter (
o R o
gieamyas Mool A——

unloading

shipper X

A=

(port) terminal/ M—_&UUJ
empty depot

shipper X
Figure3-5: Intermodal transport chaing use of EM3. for national and international transports

The use of EMS 1 is shown in the next figure 3 5. The efficiencyahprpos-haulage on road could be increased

and the cost will be reduce@®ased o the cost component data and the general assumption that the number of
round tripsfrom intermodal terminal to shippers and vice versa has the same frequency, we have calculated
aveage cost savings of about ¥8 per TEU (twenty food equivalent urgtaverage transport volume 6 TEU per
day instead of 4 TEU for a standard vehicle combination.
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loaging

trancter

trancter

shipper Y

unloading

(port) terminal/
empty depot

Figure3-6: Intermodal transport chaing use of EM2 for national and international transports

Finally,Figure3-6 shows the use of EMS 2 in intermodal transport. feend trip, the number transported 1LU

could be doubled. The calculated cost saving per TEU is on average about 21 % compared withchvahiotar
configurationg average transport volume of 8 TEU per day instead of 4 TEU with the same number of drivers and
hauling tractorsFor both EMS and EM&, the number ofround tripsper day to transport the same numbef o

ILU or transport more ILby one EM& vehicle between shippers and intermodal terminzds be reducedThe

shown round tripconfiguratiors in the figures & to 3-6 are not possible by usingnly standard HDVhat have a

limited capacity of only two TE&hd need more round trip® carry the same numbers of ILEMSL and EM2

will therefore support to realised newound trip configurationthat are more cost efficient. Figure3-7 should
descibe one option to flexible use of EMS 2 for pa@d posthaulage in combined transport.

Figure3-7: Intermodal transport chaing use of EM2 and the opportunity to extend the trip planning andeduce of daily circles
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