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eering

The information contained in this
document and its attachments
constitutes confidential content owned
by EERING. By reading the document, the
Reader agrees to maintain the
confidentiality of its content, in particular
by, but not restricted to not copying or
otherwise reproducing, forwarding and
publishing information from the document
to any legal or natural person outside the
group directly responsible for the
Implementation of activities offered,
promoted or presented in the document,
unless otherwise authorized in writing by
EERING. This also applies to all subsequent
negotiation or realisation phases and the
associated results of corresponding
business cooperation. In the event of the
given business cooperation described in
this document failed to be contracted,
the document will be refurned to EERING

upon request.

Confidentiality
Clause.
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\@ eering

...eering means engineering as it focuses on

technology as a key driver to make a difference

...eering means pioneering as it employs innovation to

reach its business goals

...eering means mountaineering as it aims to the
summits and values those who share the same

climbing afttitude
...eering means steering as it steers its clients through

the challenges of implementing new mobility

concepts safely and within a given timeframe

eering
we take you there!l

2023



#01 TRENDS

Challen ges of future mo bility



By 2050 more than 70% of World population will be living in urban areas. @

AS much as 25-3 bIn inhabitants more then in 2019!

In case of ,,bUSineSS as usual” scenario, 140% @

Increase in passenger miles driven is to be expected in comparison to
the present situation.

As a result, challenges such as poor qair CIUC”ITY decline in | m p O rTO n-l- TO
prOd UCﬂViTy as a result of tfraffic congestion and higher un d e rSTO N d -l-h e
healthcare costs due to lower safety standards are to C O n Tex-l-

addressed.

If these challenges are not began to be tackled today, no

technical solution wi solve the pertinent problems, @

.50 it won't even the ,,smartest” Smart Mobility.

\@ eering
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The problem is not with the Exxon Mobiles of this world.
The problem is in our habits, ways of life and daily
practice. To change them, we need new incentives,
new technological paradigms, new ways of
implementation.

Whye Cause if we continue as we've been doing so
far...

...12% of China's GDP is spent on solving the negative

consequences of intensive traffic such as smog

How we live Is the
key

2023



Number of vehicles on EU roads CO, emisslons In the EU

Passenger cars Passenger cars
2015 2015
2030

ks ey e ey N W N N N N N N N N N N N N
258 million 2998000000000 8068

'. ‘ - -' '. ‘ '- 559 million tons /year

Al
G

Tre n d S Light-commerclal vehlcles

Light-commerclal vehlcles

2015 23 I
Z015 A million '
2030 ﬁ m g 24 millior E{JEEI‘ ‘ ‘ - -. -. d 53 million tons/ year
Heavy-duty vehicles
Heavy-duty vehicles 2015
2015 13 million
2050 [l T s miior 00 0 0000000000000
L N N N N N ¥ N N N N N N N N N _
| symbal represents 10 million vehicles 9 00000 8 ® § @ niion tons/year

Izvor: The International Council of Clean Transportation, 2015
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Realisation

\@ ‘eering

Passenger vehicles

Light commercial vehicles

New electric
passenger car sales

- New electric
passenger car sales share (%)
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Izvor: The International Council of Clean Transportation, 2021
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The ,,Cities for Climate Neutrality” Conference - Ljubljana, Slovenia

...and as a result, key tech paradigms to facilitate future mobility

\@ eering

Digital Vehicle
Connectivity

Enabling transport and logistics loT and

digital support for shared mobility systemes.

The vehicle ceases to be just a means of
transport for trips from A->B, but becomes
a portable source of energy, a mobile
intferface for passengers, tfravel

companion...

ZE Mobility

Compared to vehicles with IC engines, EVs
are more powerful and easier to use and
maintain. In layman's terms, EV power units
"oroduce" motion, without direct contact
between the engine and the drive shaft,
while |C power units "produce” heat with

large heat losses.

Simple operating principle of EV with low
losses and advanced forms of management
- greater utilisation of available power +
greater energy efficiency. The property of
the electric motor, which can simultaneously
serve as a generator, turns every braking
into recharging the batteries. This in turn
means lower operating costs, and due to
the stated simplicity of performance, lower
maintenance costs. Finally, the electric
vehicle is easier to be infegrated in an |oT

ecosystem!

Autonomous Vehicles

Autonomous vehicles are a key
element/concept/technology for the
transition from ownership-motivated
transport of the future (Car Ownership) to
service-based transport (Maas - Mobility

as a Service).

Autonomous vehicles become part of the
loT eco-system that provides physical
transport, i.e. 'materializes’ the digital

transfer of information.

The synergy of loT, autonomous vehicles
and electric drives is revolutionizing
transport demand and, in general,
human action, since the vehicle ceases
to be just a ‘'means of fransportation’ and

becomes a mobile office.

10 | March 2023



But wait a second! They said on TV that

when you add up all the emissions, electri
vehicles are a complete nonsense!

/




See for yourselves

W2W emissions by the segment in which
the CO2 footprint has occurred during
the life time of the (150.000 km or more)

Production of Llon batteries

Ofther production

Production of fuel/electricity

Exhaust in the atmosphere

\@ eering

2017

2030
47
39
46
31
165
111
Average grade car with IC powertrain High-efficiency car with IC powertrain
258 g/kg 281 g/kg
2017
2030
21
38
29
Battery electric vehicle, Battery electric vehicle,
EU energy mix EU energy mix (forecasted)
129 g/kg 88 g/kg Izvor: The International Council of Clean Transportation, 2018
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& e-mobilnost u hrvatskoj - Google X +

< C' @ google.com/search?q=e-mobilnost+u+hrvatskoj8irlz=1C1CHBD_enHR885HR885&0q=e-mobilnost+u+hrvatskoj8lags=chrome..69i57.869j0j7 8:sourceid=chrome&ie=UTF-8 Q9 % ?n B » o :

Go gle e-mobilnost u hrvatskoj X $ Q s o
Bl REGEA  REFERENCE NAGRADE NOVOSTI ~ DOKUMENTACJA  KONTAKT

Q Al B images Q Maps @ News [ Videos i More Settings  Tools

Prvi su preduvjeti prema maksimalnoj elektrifikaciji transporta: osiguravanje dostatne infrastrukture

ukljucujuci dovoljan broj punionica diljem Hrvatske, pristupacne cijene punjenja te nezanemarivo

About 495,000 results (0.44 seconds)

malen utjecaj na elektroenergetski sustav RH-a. S obzirom na trenutacno zanemariv broj elektricnih

Scholarly articles for e-mobilnost u hrvatskoj
Cooperative environment for E-mability infrastructure - Mandzuka - Cited by 4

F -|- re M O bi | i-|- godigital.hrvatskitelekom.hr » e-mob... ~ Translate this page
U U y E-mobilnost u Hrvatskoj nadomak 2020. — GoDigital . , S o i
konvencionalne automobile. Uz to, podizanje svijesti je kontinuirani proces koji nikada ne smije

Aug 2?1 2019 — E-mobilnost u Hr‘\fﬂtﬁkﬂj e tema kDJGJ S€ Jos UVIJER ne daJe dGVGUﬁD prestati. Kao sjajan primjer donosimo predstavljanje Tesla 3 modela na ovogodisnjoj SDEWES

itekako pokazuju manje indikatore nego konvencionalna vozila. Potrebno je stvoriti sto povoljnije

uvjete za kupnju elektricnih automobila - kao sto su smanjenje poreza i subvencije - ali je nuzno i

podici svijest o elektromobilnosti raznim promocijama, radionicam i ostalim promidzbenim

[ J [ J
I ﬂ ‘ rO O '|- I G — pozornosti, no uz inicijative poput punionica HT-a, to bi se moglo ... Konferenciji 2019 u Dubrovniku gdje su sudionici imali priliku testirati taj elektri¢ni automobil te
cuti sve prednosti i nedostatke ovakvog vozila buducnosti. Kao glavne prednosti istice se dostatan

doseg automobila od 500 km, ali i jednostavnost i interaktivnost tijekom voznje. S druge strane,

gen-i.hr » novosti-i-obavijesti » gen-i... « Translate this page

H OW Th e C ro O TS GEN-I prosiruje uslugu e-mobilnost na Hrvatsku - GEN-| ;
Autor: Marko Cavar, REGEA

Nov 13, 2019 — Hrvatski Telekom, najveci operator mreze javnih i privatnih punionica za
elektricna vozila u Hrvatskoj, i GEN-I, slovenska energetska kompanija ... -

g e -|- -|- O PROJEKT eMOBILNOST je razvojni projekt kojim HEP grupa Zeli biti u korak s energetskom strategijom Europske unije, a osnovu projekta Cini

elen.hep.hr» HEP-eMOBILNOST-cil... ~ Translate this page ideja da se elekiriéna energija iz obnovijivih izvora koristi kao pogonsko gorivo za elektriéna vozila.
o
exp e rI e r \ C e razvojni projekt eMOBILNOST - ELEN: Izvor elektricne energije iz projekta
PRDJEKT EMDEILNOSTJE I'E!Z"u"DJI"II prOJEKt kOJlm HEP grupa ze“ bltl u kﬂrak S POdréku o U korak s EI'IBFQETSKOI"H strategi]om EU {20."20."20) HEP Zeli biti vodedi u regiji na deI’UE.jIJ elektromobilnosti u izgradnji infrastrukture za
projektu u Hrvatskoj dali su neki od najvecih globalnih proizvodaca ... punjenje el. vozila temeljene na konceptu naprednih elektroenergetskin mreza

eMobillit
I I y www.petrol.hr » na-putu » e-mobilnost « Translate this page

E-mobilnost | Petrol
ZASTO E-MOBILNOST? e-mobilnost. Transport stvara ¢etvrtinu staklenickih plinova u Europi,
zato o planiranju mobilnosti jako ovisi kvaliteta naseg zZivota.
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Making Everything Easier!™

...In Croatia

Walit for the
subsidies

01 Absence of award criteria. 02 Effects of P —

. . Golfa...na struju
the incentives are not analysed. 03 There

are no long-term incentive goals, or they

are not communicated/evaluated

publicly. o aner
. Tom Badgett
Politically moftivated
campaign Buy a fancy car Whine about
Step #one Step #two Step #three Step #four
O ® O
01 Politically motivated incentives. 02 01 Most important is the range. Can | get 01 Make sure you whine at any opportunity
Incentive programs without clear to Split with my Tesla or note. 02 ...and on how few charging stations there are. 02
strategic goals. 03 Focus on private users. how fast does it accelerate. Rimac cars Preach there must be a charging station at
are the coolest. 03 OK, Tesla is not that least at every 100 m so that a Duch tourist
bad too. may comfortably get from Amsterdam to

Bibinje. Remember we're all about tourism!
03 In case you can'’t be bothered any more
to hassle yourself with charging, cables,

@\\\ ' and ,,under speeding”, there's always the
\\ - )/ weerlng .
=/ good old Diesel. 2023



6.000

5.000 ////

4.000

...and as a result

/
- //

2011. 2012. 2013. 2014. 2015. 2016. 2017. 2018. 2019.

Registered BEV in CRO

—Elektricna —Hibridna

Izvor: Drzavni zavod za statistiku RH, CVH, 2020
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lzvor: Drzavni zavod za statistiku RH, CVH, 2020

2.000.000
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Sounds good,
but...
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L

2011. 2012. 2013. 2014. 2015. 2016. 2017. 2018. 2019.

= Elektricna = Hibridna = Ukupni broj reg. vozila ‘

2.059 (1%o)
—  5.549 (3%o)

1.724.900

— .
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EV/PHEV share in total number of cars registered in the EU, 2019

[%]

14,00%

12,00%

10,00%

8,00%

...meanwhile, In

6,00%

EU

4,00%

2,00%

Izvor: European Alternative Fuel Observatory, 2020
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#02 PLANNING

Typical roadmap in planning and implementation of advanced mobility solutions



How to implement

ZE mOb”lty SOIUtlonond why it is so damn complicated?

Process Analysis Implementation
f 01 Analysis of business processes in which 01 Irreversibility of the implementation
the targeted solution is intended to be process — there is no going back to IC
applied. 02 Expected results and powered logistics. 02 Performance
deliverables. 03 Teaming. monitoring. 03 Expansion to other
corporate processes.
® ®
Best practice analysis S.l.rO.l.egiC Con.l.ex.l. SOlUTiOﬂiﬂg
Step #one Step #two Step #three Step #four
® ®
01 Defining and communicating to the 01 Designing a technological solution in
public the strategic determinants of the accordance with the needs of the target
green economy. 02 Focus on business business process. 02 Optimal relation
sector/logistics rather than private users. between technical capacity and price.
03 Defining corporate strategic plans. 03 Focus on generating savings(CO,

emission, energy consumption,

productivity...).

\@ eering
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IN practice

ArcGIS v+ GPP Os-2018 ~Z
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Legend
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eMobility implementation

Typical myths and urban legends

\@ ‘eering

RANGE

If | make 200 km a day with a conventionally
driven vehicle, | need a battery that will have

enough stored energy for this mileage.

GREEN IS ALWAYS GOOD

| rely exclusively on the production of
electricity from RES, | am saving the planet.

This type of production is completely "clean”.

L

CHARGING

| can't expect anyone to buy EVs until the
charging infrastructure is sorted out. | need
super turbo fast chargers and my battery

must always be 100% fully charged.

IF OTHERS DO IT LIKE THAT...

...This must be right.

21
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#03 Readlisation

Case Study — Example of energy needs calculation in a typical public transport system in
Croatia



B
__
GENERATING PLANS

The goal is to provide a documentation
basis for the realisation of implementation

projects. The documentation includes

feasibility studies, energy needs

ana Iysis for targeted mobility systems,

SUMPs, etc. The implementation of ZE
vehicles must be preceded by an
elementary assessment of (1) number of
vehicle units, (2) an assessment of the
basic technical characteristics of the
vehicles in terms of the required transport
capacity and expected energy
consumption, and (3) an assessment of

the total cost of the investment.

\@ eering

| Typical implementation elements

o

PURCHASING VEHICLES

In addition to the procurement and
contracting process itself, at this stage
it is necessary to ensure that the
procedures for (1) defining, validating
and/or preparing the project

application for financing and (2) the

technical evaluation of the

received offers meet all the

technical and technological conditions
defined by previously conducted

studies and design procedures.

BUILDING INFRASTRUCTURE

This phase refers to the proposal and
technical description and structuring
of infrastructure elements such as
charging stations for electric

vehicles/buses, and own energy

plants such as, for example, solar

energy plants. The goal in this

context would be to provide an
estimate of (1) the number of
infrastructure units, (2) a proposal of
their basic technical features, (3) a
proposal of the optimal way of
management, and (4) an estimate of

the total cost of the investment.

N

.}.

|

DIGITALISING SYSTEM

Considering the usual situation of
earlier smart mobility implementation
projects (e.g. e-ticketing, PIS, etc.), in

this phase, in addition to suggesting

and designing new digital twins,

the integration of existing subsystems
into the unified city mobility system is
carried out. In doing so, it is crucial to
define (1) the technical scope and
level of integration of the future
system, and (2) to estimate the total

cost of the investment.

2023



kapacitet baterija

1““:’.-

(R 1

porcioing nodopunjiovonie 1 '[_

porciicino nedopunjovonie 2 '[_

Key Challenge

porcicing nodopunjicvenia n '[_

Battery Capacity — Price — Veh Mass o b ueda NpackeR

20% D D D D S D DS E B SoE SB SO B aBoee:
E : overnight : E
charging

>

Vrijeme

Dan 1. Dan 2.

poc. smjene 2gv. smjene poC. smjene 2oV, smjsne
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Advanced mobility implementation in a public tfransport system

Methodology

Data collection

Collection of field data on the geometries of transport lines.
Collection and/or generation of attribute data of transport lines.
Passenger counting.

Network resistance algorithms

Calculation of network resistance using algorithms that use individual
vehicle movement resistances such as rolling resistance, air
resistance and others. Modelling of non-exact resistances.

Calculating energy needs

Simulating data on the network of bus lines for both directions of
movement on the network, i.e. in the direction of vectorization
(FT) and against the direction of vectorization (TF). Simulation for
different traffic scenarios such as the number of passengers in
the vehicle, the use of A/C, heating, efc.

\@ eering

Data analysis

Processing of collected data and their
aggregation so that they correspond to the
scope of use of the used GIS solver.

Simulation modelling

Creation of models based on vectorized bus line
geometries in 2D/3D environment and entry of associated
attributes. Creating a network data model. Entry of
network movement speed attributes, data on elevation
matching, and data on the directionality of network
segments. Input of nominal attributes for identification.

Define implementation organisation

The values of energy consumption on the network of bus
lines, calculated by the conducted simulations, are
brought info a meaningful organizational structure related
to the processes of complete and partial replenishment of
batteries.

26 | March 2023



B Map-GPp X

_RSECIIN00000 00 0 00 0002 A

Pl 2. oX
.= 0 :
o O

Example of
data
collection

Point-shape location and
attribute data after initial
processing and
projection in the
appropriate map-centric
environment

\\@) eering
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GPP-eBusFeasibility - ArcGIS Pro O X

_. Map-GPP X v

Collected
and edited
INnfrastructure
data

Collected spatial and
attribute data on
possible locations of
electric charging stations
and locations of bus
stops

=
onc)
\

18,7375391°E 45,5744788°N v

\@ eering
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Passenger Counting

In-vehicle passenger count data

@ eering
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Linija 1

NoOfPass
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Elevation [m]

Elevation
eliliigle |
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#04 MODELLING

Development and testing of a model of the targeted PT system



GPP-eBusFeasibility - ArcGIS Pro O X
:
Current Layer i |eMobSim_Network2D ‘
A @ Visible E] Read Only  Field Name Alias Data Type Allow NULL D Highlight Number Format
[11] [] TotalVehMass_kg TotalVehMass_kg Long [] Numeric —
D D F_roll_FT F_roll_FT Double [j Numeric
D [:] F_roll_TF F_roll_TF Double D Numeric
] ] F_aero_FT F_aero_FT Double [] Numeric
[1] [] F aero_TF F aero_TF Double [] Numeric
il [] F_g_FT F g FT Double [] Numeric
[iic] [] F g TF F g TF Double [] Numeric
D D F_acc FT F acc FT Double D Numeric
" o " D D F acc_TF F_acc_TF Double D Numeric
D D Acc_FT_mS2 Acc_FT_mS2 Double D Numeric
D e f I n I n g t h e a tt r I b u t e [:] [:] Acc_TF_mS2 Acc_TF_mS2 Double D Numeric
D D Acc FT g Acc FT g Double [:] Numeric
D [:] Acc_TF_ g Acc TF g Double D Numeric
d a t a m O d e I L] [] Slope_FT_deg Slope_FT_deg Double [] Numeric
[iii] [] Slope_TF_deg Slope_TF_deg Double [] Numeric
Shape_Length Shape_Length Double [] Numeric
D [:] Slope_FT_rad Slope_FT_rad Double D Numeric
’:] D Slope_TF_rad Slope_TF_rad Double [j Numeric
[] [] ZFm ZFm Double [] Numeric
D D ZTm ZTm Double D Numeric
|:] D TotalDrag_FT TotalDrag_FT Double D Numeric
D D TotalDrag_TF TotalDrag_TF Double D Numeric
D D Aux_kWhKm Aux_kWhKm Double D Numeric
D D Transm_kWhKm Transm_kWhKm Double D Numeric
[11] [] Total_ kWhKmFT  Total kWhKmFT  Double [] Numeric
p [] ] Total KWhKmTF  Total kWhKmTF | Double [] Numeric 4.
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Building the network
model
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#05 RESULT

IzraCunati podaci o utrosku energije na svakom pojedinacnom segmentu mreze



Simulation of the

required energy
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Battery
Capacity

The minimum battery
capacity needed to serve
one drive on Line Xin a
period of 7 years

\@ eering

Calculated capacity 23,71 kWh

Internal efficiency (n = 0,98) 24,19 kWh

Degradation in 7yrs use kWh

Effective usable capacity (80%) 43,2 kWh
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Energy consumption on
route — Linija X

Average energy consumption for the 140kWh
baterry installation

1,65 kWh/km

0 N
[%] 100
100
80
60
40
20 | |
0 |
d o \ . N\ \ \ N\ . X c
,\6‘% 60(0 %a@ Aé%\z\qg}? \\,bo;l/ . \,/\0 (3@ AQQ o{;@ Q}é{_fb Arbco‘b . \?;’o @f\,’\«'@’b\@b"o ’b,\/gb \)Q(,’b ’b,\ibb‘ ,5‘3& ; ,\3;\ \‘»de ’b,\/r(,\ \@o;\ . 2 ‘\’b\’}: \:;,0) ’b<,,°> \\@r& Q}(;@ o“;@ AQQ) (\a,@ ’bq% @%'\/Q\QNQ,Q 4’“& ’;&'b@& @Q\gv «@@ ,{),b Qo\\ef @@ ®\0 of’b\ ’bo,\;» (;@\ @ ~o’b@ JS\E 0@)@ ‘&@ é(@ﬂ \/\y “C\‘;& \:{) é{@« .‘&@ o"%@ JS\% &@'g@ %@\ ’b&i& o,}'z’b\ ®o o‘\& Qo\\e ng’b R e ((\Q"? g\@ bo@
& &L N X @ ® 3 2 SR L i e N N M O Tl O T Y > N ¢ & & A & NGy e SN S R P St N R A & A R R U PN NSO K R & O
S @ FE L $ FE @ F @ @ XX E @ F@ TP & PSS VFLE FIRPALS T NE T f PP PO S P L TS
< AP PR O ™) @ AN O N O~ N O > N O N R o N ¥ AP NCEA N o VP & VPP T e &8 O O N
= & ~ F O © o ° ° T PP & & S & & & s U A & EE T w v
N N q A > > (0
© O & O O R S & 0P S & @ NS L & & & &
& e S R v I SR B B AR SN
Q'\(o '4‘9(\ S 3 Q) ©
A\

\@ eering 39 | March 2023




Option 1

BOTTeW O o pOI’TU n”-y Charging designed to serve highest number of lines

ChOrg'“g — |—|n|JO X Required energy: 60 kWh Required energy: 40 kWh
Pantograph nominal power: 450 kW Pantograph nominal power: 450 kW

Suggested locations for partfial battery charging Charging time: 8 min Charging time: é min
(engl. Opportunity Charging) on the route
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Option 2

Charging designed to use chepest infrastructure

Required energy: 50 kWh Required energy: 79 kWh
Pantograph nominal power: 450 kW Pantograph nominal power: 450 kW
Charging time: 7 min Charging time : 11 min
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Option 3

Charging designed to run opportunity charging sessions on end stops

Required energy: 51 kWh Required energy : 51 kWh
Pantograph nominal power: 450 kW Pantograph nominal power: 450 kW
Charging time: 7 min Charging fime: 7 min
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#06 INVESTMENT

Technical solution proposal and estimated cost of investment



Preliminary technical solution and estimated cost of investment

Tehnicko riesenje 1 za primjenu na gradskim linijama B — 55 kWh TehniCko riesenje 2 za primjenu na izvan-gradskim B = 140 kWh
cap cap
sa SORTI1 specificnostima prometovanja . linjama sa SORT3 specificnostima prometovanja .
unie1.2.8.10.  loc = 450 kM tnie s 4,56,  loc =450 kWA

Specifikacija Kol Jed.cij. Ukupno

Tehnicko riesenje 1 Vozilo 4 € 430.000 1.720.000,00 €
Baterijski seft 4 € 22.000 88.000,00 €

OP Charger (pantograph) ] € 450.000 450.000,00 €

ON Charger (depot) 4 € 30.000 120.000,00 €

Subtotal: 2.378.000,00 €

TehnicCko rjesenje 2 Vozilo 6 € 430.000 2.580.000,00 €
Baterijski set 6 € 56.000 336.000,00 €

OP Charger (pantograph) 2 € 450.000 900.000,00 €

ON Charger (depot) 6 € 30.000 180.000,00 €

Subtotal: 3.996.000,00 €

Popratni trosak implementacije (15%) 956.100,00 €
SVEUKUPNO: 7.339.100,00 €

\@ eering
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| Comparison with hydrogen technology

o

KEY TECHNICAL CHARACTERISTICS

Compared to vehicles with IC engines, EVs are more powerful and easier to use and
maintain. In layman's terms, BEV power units "produce" motion, without direct contact
between the engine and the drive shaft, while SUI power units "produce" heat with large

heat losses.

The simple principle of operation of BEV with low losses and advanced forms of
management mean greater utilization of available power and greater energy efficiency. The
property of the electric motor that it can simultaneously serve as a generator turns every
braking into battery charging. This in turn means lower operating costs, and due to the
stated simplicity of performance, lower maintenance costs. Finally, the electric vehicle is
connectable, and in the context of the generally accepted development paradigm of the
"Internet of Things" (loT), the BEV as such represents a far more favourable infrastructure

element.

Furthermore, the organization of the PT system is much simpler compared to H2 vehicles
and from the aspect of battery recharging, since it can be carried out anywhere where
there is a power connection and with very low transmission losses. Finally, after-sales

support for BEV vehicles is significantly more developed.

\@ eering

o

KEY TECHNICAL CHARACTERISTICS

Vehicles that use hydrogen technology are also electric vehicles that, instead of batteries, get

electricity from hydrogen fuel cells.

Compared to the batteries of BEV vehicles, hydrogen as a fuel has almost 240x higher energy
density (40,000 Wh/kg vs. 167 Wh/kg) and enables significantly faster filling of the tank in the
vehicle (10 min vs. 3h). This enables vehicles with H2 drive to transport larger loads or a

significantly greater range for the same vehicle mass.

But despite these advantages, key disadvantages related to the consumption of energy
required for the production and storage/distribution of hydrogen limit more significant
applications. Namely, hydrogen is not available in free form in nature, and it needs to be
produced (most often) by electrolysis and then stored at high pressures or liquefied. All these
procedures require extremely large amounts of energy, which makes the overall energy
balance less favorable compared to BEV. In this context, it can be said that, just as BEV vehicles
"produce" motion, and SUI vehicles heat, H2 vehicles need electricity to "produce" electricity
from it again. A higher total energy consumption means a higher cost of use, so the cost per

transported km for H2 vehicles is approx. 7x higher than the cost of a BEV vehicle.

Finally, the implementation of H2 vehicles is in the early stages of implementation, and in this
context, there is currently no clearly defined standardization of application elements or related

legislation.
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Advanced mobility implementation in a public transport system

...hence, as a result

Fleet size
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@\ . lzvor: IEA, Global EV Outlook 2021, BloombergNEF, Hydrogen Economy Outlook 2020
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BEV

H2

Market/Fleet
Share

Current and expected
market share by bus
propulsion systems
category
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Efficiency

Comparison of the overall
energy efficiency W2W for
H2 and BEV vehicles
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| Total cost of ownership comparison — TCO BEV vs. TCO H2

TehniCko riesenje 2 za primjenu na izvan-gradskim
linjama sa SORT3 specifichostima prometovanja

Beap = 140 kWh

TehniCko riesenje 1 za primjenu na gradskim linijama Bcap — 55 kWh
sa SORTI1 specificnostima prometovanja
(Linije 1,2, 8, 10). loc = 450 kW
ProsjeCcna godisnja kilometraza po vozilu: 94600 km
s

Specifikacija Kol lJed.cij. Ukupno
Tehnicko riesenje 1 Vozilo 4 430.000 € 1.720.000 €
Baterijski set 4 22.000 € 88.000 €
OP Charger (pantograph) ] 450.000 € 450.000 €
ON Charger (depot) 4 30.000 € 120.000 €

Operativni frosak po km 0,13 €
TroSak zamjene baterija 4 22.000 € 88.000 €
Ukupni op. trosak (flota, 7g) / 49,192 € 344.345 €
Subtotal: 2.810.345 €
TehniCko riesenje 2 Vozilo 6 430.000 € 2.580.000 €
Baterijski set 6 56.000 € 336.000 €
OP Charger (pantograph) 2 450.000 € 900.000 €
ON Charger (depot) 6 30.000 € 180.000 €

Operativni trosak po km 0,13 €
Trosak zamjene baterija 6 56.000 € 336.000 €
Ukupni op. trosak (flota, 7g) / /3.788 € 516.518 €
Subtotal: 4.848.517 €

Ukupni trosak posjedovanja za cijelu flotu (10 voz):

7.658.863 €

\@ eering

(Linije 3, 4, 5, 6). loc = 450 kW
-y
Specifikacija Kol lJed.cij. Ukupno
Tehnicko riesenje 112 Vozilo 10 640.000 € 6.400.000 €
Baterijski set 0 n/a 0€
OP Charger (pantograph) 0 n/a 0€
ON Charger (depot) 0 n/a 120.000 €
Operativni frosak po kg H2 /.5 €
TroSak zamjene baterija 0) n/a 0€
Potrosnja H2 po km (Urbino12) 0,11
Ukupni op. trosak (flota, 7g) / /60.181 € 5.321.267 €
Ukupni frosak posjedovanja za cijelu flotu (10 voz): 11.721.267 €
Ukupan trosak posjedovanja za cijelu po trenutnim cijenama H2 (cca. 14€/kQ): 16.333.032 €
+Break Even” cijena H2: €2/kg
2023



Advanced mobility implementation in a public transport system

Projections of electrical energy prices

Electricity prices by type of user

Time [ Geopolitical entity (reporting) Time frequency-Annual Products:Electrical energy Currency:Euroa Unit of measure:Kilowatt-hour Energy indicator:Medium size
households
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lzvor: eurostat 2022
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Advanced mobility implementation in a public transport system

H2 — price forecasts

J cca. 66%

Ciljena proizvodnje H2
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...but it is important to remember:

E—

Specifikacija Kol Jed.cii. Ukupno
Tehnicko rietenie 112 Vozilo 10 640.000 € 6.400.000 €
Bateriiski set 0 n/a o€
OP Charger (pantograph) 0 nfa D€
ON Charger (depot) 0 n/a 120.000 €

Operativni frofak po kg H2 75€
Trosak zamjene baterja 0] nfa 0€

Potroinja H2 po km (Urbine12) 0,11
Ukupni op. trolak (flota, 7g) 7 760181 € 5.321.267 €
Ukupni trosak posjedovanja za cijelu flotu (10 voz): 11.721.267 €
Ukupan trofak posjedovanja za cijelu po trenutnim ciienama H2 [cca. 14€/kg): 16.333.032 €

0,34 x11.721.267 = cca. €4 mio H2 vs. cca. €7.8 mio BEV*

*with calculated 30% increase in el. energy price

— the expected drop is in production prices, not necessarily
consumer prices

— CRO currently does not have a facility for procucing
,green” H2

— there is a Hydrogen Strategy in the CRO, but its realistic
scope can be questioned

— navedeni ocekivani pad proizvodackih cijena moguc je
jedino uz snaznu potfporu odgovarajucih politika

— the expected drastic reduction in the cost of batteries is
not taken info account in the BEV cost of ownership
calculation
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The future of ecologically sustainable transport in the Republic of Croatia

Success strategy

Accepting new
paradigms

Re-thinking transport!
Transport is no longer a separate
activity infended for the physical

transport of people and goods,
but an integral part of the
ecosystem of the digital economy
of the future. Only synergistic
solutions and approaches make
sense.

\@ eering

Defining strategic
development determinants

Development strategies must be
based on the selection of
appropriate energy and

environmental policies, and not on

mere desire or emotion. The focus

must be on business sector logistics

and on changing attitudes towards
car ownership.

Taillor-made
Implementation

The design and implementation of
the solution must be based
according to the specifics of the
process in which the solution is
about to be implemented. In this
way, the solution is designed to
meet all the requirements of the
process and guaranty long-term
sustainable effects.

Promotion

Transition from a society in which
transport is a social category to
a society that perceives
transport as an infrastructural
element of social development.

52

2023



\@ | eering

eering@eering.hr




	Slide 1 
	Slide 3 
	Slide 4 
	Slide 5 
	Slide 6 
	Slide 7 
	Slide 8 
	Slide 9 
	Slide 10 
	Slide 11 
	Slide 12 
	Slide 13 
	Slide 14 
	Slide 15 
	Slide 16 
	Slide 17 
	Slide 18 
	Slide 19 
	Slide 20 
	Slide 21 
	Slide 22 
	Slide 23 
	Slide 25 
	Slide 26 
	Slide 27 
	Slide 28 
	Slide 29 
	Slide 30 
	Slide 31 
	Slide 32 
	Slide 33 
	Slide 34 
	Slide 36 
	Slide 37 
	Slide 38 
	Slide 39 
	Slide 40 
	Slide 41 
	Slide 42 
	Slide 43 
	Slide 44 
	Slide 45 
	Slide 46 
	Slide 47 
	Slide 48 
	Slide 49 
	Slide 50 

