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Sustainable Mobility
s Sustainable mobility is a big challenge of the modern life

s A general growth in the transport sector is expected worldwide
OECD States will see a moderate growth

Other States will move faster
Demand for passenger transport by mode 1
Billion passenger-kilometres, baseline scenario
B Nor-urkan rail [0 Nos-ursar road O Urban private
B Urbar publc [ DomesSic aviaion  EJ intemnational aviafion
140,000

120,000 | -3acn+:.?*
100,000 | s
0000 GACR + 3.1% f,ﬁ’-‘r
60,000 |- - e

40,000 |
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World OECD

1 Sowurce: ITF Transport Outlook 2017
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Table 3
° Comparison of LCOE and LFSCOE.
The energy/environment nhexus Tebmicey — =
Germany Texas
Energy transition and smart mobility have no ‘easy solutions’ _ (sp A (Ush AT (osh AN
Blomass a5 103 117
Coal (USC) 76 78 a0
I The renewable sources are intermittent thus, requiring an integration with — Naee o cs o % i
. .. MNuclear 82 105 122
energy storages. The concept of Levelized Full System Cost Of Electricity —smw % 1380 s
. Wind 40 483 291
(LFSCOE) was recently proposed as an evolution of the LCOE. Table diplays the LOOR T omshors wind, The L0OE alos imchade mamemiion coms Gamgins
. . . . between 1.1 USD/MWh for nuclear to 3.6 USD/MWh for solar), which are not part of the
 Industry and mobility are among the highest sources of GHG emissions LESCOEs (but can be added as & mark-up to the fied coss)
. . . . Energy 259 (2022) 124905
I The decarbonized fuels can provide a feasible alternatives but a throughout Average lifecycle carbon intensities
. . . of typical hydrogen production methods
perspective must be employed to assess their real impact Eloctroy,
e e
l As an example, the inappropriate use of biomass can lead to the problem Ko, o,
of Indirect Land Use Change — ILUC T M R

) o . o
; % P
s 40 2 S
N 20 ‘ LR
i ! - Vo
2 i ’ Rw
H i i H . © o=

5% Useful approaches £ ‘ :
{ Low-carbon fuels (hydrogen, ammonia, methanol, e-fuel and e
syniuel) N
¥ Increased efficiency o o e
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Transport sector emissions

52 The GHG emissions due to anthropic activities is dominated by the transport sector

1 1 Our World
Global greenhouse gas emissions by sector Global GO emissions from transport

This is shown [or the year 2016 - global greenhouse gas emissions were 49.4 billion lonnes CO,eq.

This is based on global transport emissions in 2018, which totalled 8 billion tonnes CO,.
Transport accounts for 24% of CO, emissions from energy.

74.5% of transport emissions
come from road vehicles

Road (freight)

(includes trucks and lorries)

29.4%
o
O%f@\yf
Forestry & O Oty S e R
Landﬁ//”"% Land Use : ! 3 5¢ ; based ) v Agency tional Coul an Transy . 3 |
Wastewafemi:j“ ~__18.4% Total (2016) 49.4 Bil ton COZ
Cherm‘ca[S . -
22%
Cemeg} / Sector 7.87 Bil ton CO,
Energ\f&%ﬁ%‘}%fi 73.2%
A Road 5.88 Bil ton C02
R»o\(\a . . .
‘ Aviation 0.95 Bil ton CO,
P
Maritime 0.84 Bil ton CO,
Residentia
g;urrvcvec:,%\jiiggtaeti‘:gt%r;5?;33’;?:%25:?12Twasﬁﬁtrg%gszi‘ii.gamﬁthsworld‘s‘argﬂtpmtﬁ‘ifrenrfs.ecumderCC—BYbytheautharHamna?‘.R\'tchie (2020). Rall 0.20 BII ton COZ
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Transport sector emissions
52 The aim to reduce GHG emissions requires a shift towards the most sustainable alternatives

Carbon footprint of travel per kilometer, 2022
The carbon footprint of travel is measured in grams of carbon dioxide-equivalents® per passenger kilometer. This
includes the impact of increased warming from aviation emissions at altitude. . .. . . .
Figure 3.16 Global CO, emissions in transport by mode in the Sustainable Development
Domestic flight 246 ¢g Scenario, 2000-70
Diesel .
iesel car s 10
Petrol car o 9 D Aviation
Q Light- -
Short-haul flight o 8 commercial O Shipping
Long-haul flight 7 vehilcles B Medium- and heavy trucks
Motorbike 6 2&3-wheelers @Buses and minibuses
Bus (average) 5 Passenger OLight-commercial vehicles
Plug-in hybrid : Cars,  mpassenger cars
4 buses and 9
Electric car 47 g 3 minibuses mTwo/three-wheelers
J .
National rail 35¢g 2 B Rail
I
Tram 29¢g 1
Coach (bus) 27g 0
Ferry (foot passenger) 19g 2000 2010 2020 2030 2040 2050 2060 2070
Data source: UK Government, Department for Energy Security and Net Zero OurWorldInData.org/transport | CC BY IEA 2020. All rights reserved.
Note: Official conversion factors used in UK reporting. These factors will vary across countries depending on energy mix, transport Notes: Dotted lines indicate the year in which various transport modes have Iargely stopped consuming fossil fuels
technologies, and occupancy of public transport. Data for aviation is based on economy class. . . L. . . . Lo .
and hence no longer contribute to direct emissions of CO2 from fossil fuel combustion. Residual emissions in
transport are compensated by negative emissions technologies, such as BECCS and DAC, in the power and other
1. Carbon dioxide equivalents (CO,eq): Carbon dioxide is the most important greenhouse gas, but not the only one. To capture all greenhouse energy transformation sectors

gas emissions, researchers express them in “carbon dioxide equivalents” (CO,eq). This takes all greenhouse gases into account, not just CO,. To
express all greenhouse gases in carbon dioxide equivalents (CQO,eq), each one is weighted by its global warming potential (GWP) value. GWP
measures the amount of warming a gas creates compared to CO,. CO, is given a GWP value of one. If a gas had a GWP of 10 then one kilogram of
that gas would generate ten times the warming effect as one kilogram of CO,. Carbon dioxide equivalents are calculated for each gas by multiplying
the mass of emissions of a specific greenhouse gas by its GWP factor. This warming can be stated over different timescales. To calculate CO,eq
over 100 years, we'd multiply each gas by its GWP over a 100-year timescale (GWP100). Total greenhouse gas emissions - measured in CO,eq -
are then calculated by summing each gas’ CO,eq value,

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02 February 16 -17, 2026, Sapienza, University of Rome

Grant agreement: N2 101079696
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Sustainable Fuels
The shift towards bio- and e-fuels (not only road)
52 This class of fuels have the clear advantage to be drop-in
Ammonia, Methanol, Biodiesel, SAF, ...
5 For example Ammonia can represent a viable solution for several reasons
Can be burnt in ICEs with small differences
s produced with the well known Haber Bosch process
With the actual production level, 45 millions cars could be fed

-®  Essential Material Flow

Battery Storage - - Hydrogen Fuel Cell

-------- » Essential Power Flow
A

Water Oxygen

steam reformation of methane (SMR) CHs + H,O — CO + 3H; (1 % | et Eaoeigs

Hydrogen

Curtailment <+

\ I
R S—

water - gas shuft reaction CO + H,O — CO; + H; (3 min)

Haber - Bosch synthesis N; + 3H; —+ 3NH; (16 mun).

Grid Connection

HB Process
Decarbonised HB

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02 February 16 -17, 2026, Sapienza, University of Rome

Grant agreement: N2 101079696
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Decarbonisation of the road transportation

Different vectors are operating
5% The decarbonisation is focused on the reduction of the vehicles ...
5% ... And towards a diversification of the mobility solutions

Car and van sabes shares by technologyTuel in the Net Zero Scenaria, 2000-2030

100 1
A

B0

weco,
®
Eald

40 V|

0

=] T T T La] T
T 1 1 I 1 1 1 1 I
HOTE sk ul D 20 o 2z 003 204 2015 IS 207 g ] renii aura ) pron i} 022 073 2024 25 2036 mIT 2028 20 2030

Cans I Favy o vahides W Vars B Cuber madd warspe

Hate! Tha BV Beference Scenorks 2000 includes Mernlsar SLace and EU policies »3opted up o he end of 2019
Ssurea:  BC2020a)

® Fossilfusl @ ElectricVehicles & Hydrogen Analysis
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Decarbonisation of the road transportation
A slow shift towards the electric vehicles
s Electric vehicles should substitute 1.4 Bln of ICE

s Today there are about 30 Min BEVs, they could be 100 Min in 2030 (in Italy about 500k with 55.000 public
recharging stations)

52 FCEVs constitute a very small market, only 50k vehicles and 800 HRS

Share of cars currently in use that are electric, 2010 to 2023

Electric cars include fully battery-electric* and plug-in hybrids®.

Electric car stocks, 2010 to 2023

Our World
inData

Car stocks represent the number of cars that are in use. It is the balance of cumulative sales over time and the

World Norway number of cars that have been retired or taken off the road. Electric cars include fully battery-electric vehicles and
3 plug-in hybrids.
29 20% . X
European Union (27) World China
1% 10%
8M 40M 20M
0% ¢ 0% . : ; . ) 6M 30M
2010 2012 2014 2016 2018 2020 2023 2010 2012 2014 2016 2018 2020 2023
aMm 20M 10M
i 2M 10M
Sweden China o
T J r T T T T ) 7 T T
10% 2010 2014 2016 2018 2020 2023 2010 2014 2016 2018 2020 2023 2010 2014 2016 2018 2020 2023
6%
5% e United States Italy United Kingdom
2%
1.5M
0% ¢ ; 0% - - ; . \ am 400k
2010 2012 2014 2016 2018 2020 2023 2010 2012 2014 2016 2018 2020 2023 1M
2M 200k
United States Italy 500k
2% 0 - r ‘ 0 : ‘ — 0 = :
Lo 1% 2010 2014 2016 2018 2020 2023 2010 2014 2016 2018 2020 2023 2010 2014 2016 2018 2020 2023
5
B 0.5%
- : Norway
0% ¢ . . . r 0% T T T T y J
2010 2012 2014 2016 2018 2020 2023 2010 2012 2014 2016 2018 2020 2023 800k
600k
Data source: International Energy Agency. Global EV Outlook 2024. OurWorldinData.org/energy | CC BY 400k
200k
1. Fully battery-electric: Cars or other vehicles that are powered entirely by an electric motor and battery, instead of an internal combustion engine. T T T T 1
2010 2014 2016 2018 2020 2023

2. Plug-in hybrid: Cars or other vehicles that have a rechargeable battery and electric motor, and an internal combustion engine. The battery in
plug-in hybrids is smaller and has a shorter range than battery-electric cars, so over longer distances, the car starts running on gasoline once the

battery has run out.

Data source: International Energy Agency. Global EV Outlook 2024.

OurWorldinData.org/energy | CC BY

: February 16 -17, 2026, Sapienza, University of Rome
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Decarbonisation of the road transportation

A slow shift towards the electric vehicles

;?FCE\/S constitute a very small market, only 72k vehicles and 800 HRS — too complex, but
HYDROGEN AND ELECTRIC DRIVE

Efficiency rates in comparison using eco-friendly energy

WELL-TO-TANK TANK-TO-WHEEL

Encigy Transportation Electric battery E-engine
and storage {high capacity)

A (i > B¢

Compression and Transportion Fuel cell and Electric battery E-engine
liquefaction and filling power generation (low capacity)
Hydrogen car

e P> W 9B 8 > Bk

B ox

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
Grant agreement: N2 101079696

February 16 -17, 2026, Sapienza, University of Rome 9
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Decarbonisation of the road transportation

A slow shift towards the electric vehicles
55 FCEVs but for many aspects FCEV are closer to ICE strong points wrt BEV

Diesel Compressed Li-lon battery o :
Hydrogen Electricity Compressed hydrogen Gasoline
... 8 kg H2 @700 bar = 200 KA .. Supercharger (145 kW) HRS (2.000 kW) RS (27.000 kW)
T (at approx Pkg/min) (at approx 50 I/min)

system system
fuel fuel

HER 1K
o v

I Temnser 1 s

1h 24 - 500 km 3min - 600 km 4 min 2 750 km
(Tesla Model S P85D) (Audi h-tron quattro) (BMW M3)

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02 February 16 -17, 2026, Sapienza, University of Rome
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Decarbonisation of the road transportation

The shift towards bio- and e-fuels (not only road)
5% Biofuels are a valuable solution during the transition
s ... the feedstocks are not sufficient

5 ... emissions are locally present

Liquid biofuel production by feedstock and technology in the Net Zero Scenario, 2021 and 2030 Gilobal bisfuel demand in transpart in the Net Zero Scenario, 2016-2030

gl
sl

m
o ARRAAR

Beouthanol @ Bio-badod dissol Bt ko g

204 2035 2026 2027 028 0z ' 2030 !

Coventional sthancd @ d wthanol .

and biajat
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Hydrogen for heavy road transportation

The market is not very large
}? ngh pOtential to be evaluated and ]CU”y eXPlOited Hydrogen refuelling stations by region and ratio of hydrogen

Current and future total cost of ownership of fuel/powertrain refuelling stations to fuel cell electric vehicles, 2017-2020

Fuel cell electric vehicle stock by segment and region, aiternatives for heavy-duty trucks.

600 240
Fow
2017-June 2021 8 Korca g =
1.6 OSynthetic fuels - 11 200 Y mEuope
- 50 g 14 (FV+DAC) uUs %
w O Synthetic fuels 400 160 O.Japan
40 =12 {lowest cost) E Chi
= an 1.0 Low utilisation - 300 120 mnina
b 0.8 infrastructure aus
g 20 mn O Refuelling f charging 200 B0
0.6 infrastructure O - - O Korea
. 100 40
10 10 H E 0.4 B Electricity / fuel Y » Global average
0.2 : |
17 2018 18 2020 June 2007 2018 2018 2020 June o0 B Operations and 2017 2018 2019 2020 © Maximum
2029 2021 E E E E E ‘-rE-. g a E maintenance
i 2 = = = i A Al I
OTotal mCare OBuses EEC (sl vehicles OKorea aus @ China O G327 © To|EZ O @o| | ICE engine/battery ! IEA. All rights reserved.
O.Japan B Eurcpe O RoW 'g o= T m 2T @ R| fuelcell . ) ] - .
2 =& =& g . . Motes: HRS = hydrogen refuelling station. FCEV = fuel cell electric vehicle. RoW = rest
IEA. All rights reserved. Base ver:::e + minor of world.
Motes: FCEV = fuel cell electric vehicle. RoW = rest of world. Current 2030 (APS) 2050 (APS) Fampans Source: AFC TCP Deployment Status of Fuel Cells in Road Transport: 2021
Sources: AFC TCP provided data on stocks from 2017-2020; 2021 new registrations EA All rights reserved. Update.
are based on |P_HE Country Surveys, _Korea Ministry of Trade, Industry and Energy, Motes: APS = Announced Pledges Scenario. ICE = internal combustion engine. FCEV
and the California Fuel Cell Partnership. = fuel cell electric vehicle. BEV = battery electric vehicle. HEV = hybrid electric vehicle.

P = photoveltaic (sclar electricity for synthetic fuel production). DAC = direct air
capture. Techno-economic assumptions available in the Annex.

Sowrce: Based on input from McKinsey & Company and the Hydrogen Council.

Cars — 74% - 3 models— Mirai, Nexo, Clarity _
Bus — 16% - 12 models — mainly Cina HRSs operating at 350 and 700 bar

Truck — very few models — but many were announced Max size - 4800 kg/day in China
Some are fed with liquid H2
Also ICE fed with H2

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02 February 16 -17, 2026, Sapienza, University of Rome

Grant agreement: N2 101079696
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. CUTE Busses with Xcellsis™ HY-205 Fuel Cell engine
Hydrogen for heavy road transportation =

Storage

Radiator Module
Air Condition

The market is growing
5% In China (about 4000), South Korea (2000) and Japana (1200)
5% Buses are present also in USA, Canada, New Zealand, Europe

5 In Italy, several cities are investing in H2 buses (Bozen, Bologna) — —
Rome are opening a call for the realisation of an HRS for ATAC Modules

Bus Engine Characteristics:
Transmission

TOta/' :"y_fd'?qe” Vehicles o Net Shaft Power: approx. 200 kW @ 2100 RPM LR
Eyt\f mf ype e Torque: approx. 1.000 Nm @ 800 RPM Motor
as ransition
¢ Maximum efficiency: 45 %

Year —— ‘

Vehicle Type e
300 o

Sus >

Semi-Truc

Hydrogen Vehicles

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02 February 16 -17, 2026, Sapienza, University of Rome
Grant agreement: N2 101079696
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Hydrogen for heavy road transportation

The market is growing
5 1 Rome are opening a call for the realisation of an HRS for ATAC

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02

Ferrovia Roma-Lido
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Hydrogen for heavy road transportation

52 FC buses are also equipped with a battery/supercapacitor that cover
power peaks.

5 The hydrogen is stored on board the vehicle at 350 bar (at 700 bar
soon)

Charging times are approximately 10 minutes.

s Standard bus (12-13 meters):
5 Bus with a small battery and a large fuel cell (120 kW)
52 Bus with supercapacitors and a fuel cell (75 kW)

5 Bus with a large battery and fuel cell to extend range

o Air (oxygen) taken in
0% »
0 > Felicels Oxygen and hydrogen supplied to fuel stack

o ] Electricity and water generated through

chemical reaction

o Electricity supplied to motor/auxiliar systems
o e Motor is activated and vehicle moves

R - e 46‘—' —.‘:}0 G Water emitted

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
Grant agreement: N2 101079696

Bus body
Length
Width
Height
Doors

Passenger
capacity

Engine

Fuel Cell System

Batteries
Charging
Range

Comsumption

CAETANO

10.740 mm
2.500 mm
3.458 mm
2 or3doors

Up to 64 passengers

Siemens permanent-magnet synchronous (180
kW)

H2 Tanks - type 4 composite tanks; 5x 312l (max.
37.5kg: 350 bars) H2 Refuel time - <9 min
(estimated) FC Stack Nominal Power - 60kW
(Toyota FC Stack)

LTO 29-44 kWh
CCSType 2-AC/DC
Up to 400 km

From 6 kg/100 km

February 16 -17, 2026, Sapienza, University of Rome
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Railways sector

;}The use of H2 trains is linked to the decarbonisation of the railway sector, especially with reference to
non-electrified lines

Percentuale di elettrificazione delle reti ferroviarie mondiali
L J

231
218
150 o Lunghezza totale della rete ferroviaria mondiale nel 2020:
130
110 +1,000,000 km di cui 32%
elettrificati
90 86
70 68
50 44
. 20 31 31 28
30 21 25 3 21 21 g9
10 United China  Russia India  Australia Canada Germany Brazil France Argentina Mexico Japan Italy Poland  South  Ukraine Others
States Airica

Lunghezza reti non elettrificate('000 km) [l Lunghezza reti elettrificate(*000 km)

Source: UNIFE 2020 data, including High Speed, Mainline, freight routes (Urban railway excluded).
;?Currently, most of the traffic is carried out by Diesel trains
;?One possible alternative was to consider batteries

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
Grant agreement: N2 101079696
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Railways sector

;}The use of H2 or batteries trains is linked to the decarbonisation of the railway sector, especially with
reference to non-electrified lines

30.000
38%

41%

km of non-electrified tracks
(% of non-electrified track vs total of tracks)

25.000
20000 -
62%
A0%
15.000 - 63%
33%
10,000 - 665
55%
5.000 - 27% AB% 31% 35% 71% gr9n 218¢ 3% F1n
AERE RN e
o | | . . | | . . . . . . . . . ..--—
ST T I S e - T . - SN S P
& s Y - R A S R . - e
& & @ % F R e & & -G & s A
o‘é&* & & e R e
o of ;Té‘

Source: UNIFE 2018

Source: UNIFE 2020 data, including High Speed, Mainline, 1

;?Currently, most of the traffic is carried out by Diesel trains
;?One possible alternative was to consider hybrid electric systems

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02

Grant agreement: N2 101079696

Regione Tratte non Percentuale
elettrificate o
(km) su totale (%)
Sardegna 430 100%
Val d'Aosta 81 100%
Molise 205 77,3%
Calabria 363 42,6%
Sicilia 578 42 2%
Abruzzo 206 39,3%
Basilicata 136 39,1%
Veneto 406 34,1%
Trentino-Alto Adige 67 34%
Marche 118 30,5%
Piemonte 552 29%
Puglia 235 27,9%
Campania 240 21,9%
Toscana 503 18,8%
Friuli-Venezia Giulia 84 18,1%
Lombardia 283 16,3%
Lazio 103 8,4%
Emilia-Romagna 85 6,5%
Umbria 21 100%
Liguria 17 100%

February 16 -17, 2026, Sapienza, University of Rome
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Eis{ ™ oo recnorge s
10| = i : three tested routes.
E 12 {mm FC re-I. B o ]
Fu) = E 2 -
E 3 =z — PmaxFc
e 2 £ m = S
" E demand,max
2 10 12 14 16 10 12 14 16 o
201 mem CAPEX FC 5 n e Ebatt
_ 1" CAPEXBat LRL E
£ o] = S - : rotbatt
§ 14 | ™ Hz r’efuel % SRL MRL LRL
E . : ;4:\:;:'- ;o- Battery WFC mH2storage
Elo m Bat. repl g P H2
£ 8 m n nomFC C (KkWh) storage PR
S 2 &
a SRL 0.000 1.000 0 1136.5 0 0.000
y 6 w & w1 % 2 4 6 5 1 & 1 MRL 0.022 0.895 39.4 3144.0 148 0.013
PR PR
. LRL 0.333 0.825 607.4 2585.4 3157 0.235
TCO (€/km) for the SRL, MRL and LRL, as a function of the : : :
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SRL 140

200

elevation (m)

velocity (km/h)

w
&

R
ISR SR < S

distance (km)

Mlevalion () —elmity (/) = = = spued limils

= Electric energy
== Hydrogen
-- Data/commands

elsvation [m)
velocity (km/h)

Schematic representation of a hybrid (FC-battery) powertrain.

distarce {ken)
Parameters SRL MRL LRL - o o
Number of stops (one-way) 6 7 14 el velacily feifty g
Length (one-way, km) 16.50 93.56 177.55 0 =

(90-120-140-105-140-100-140
-100-140-100-130-80-85)
(0-13,010-22,459-24,762-30,549-42,601—
Segment at speed limit [km] (0-7.8-16.5)  45,601-48,601-54,601-58,601-68,418—  (0-177.55)

81,601-93,559)

Speed limits (one-way, km/h) (90-60) (130)

elevation (m)
T
—
«
velocity (km/h)

Dwell Time (at the terminal sta-

_ 120 120 120 R o | [H[d B = [
tions, S) A distance {(km) ’
Stopover time (s) 300 300 300 7 — i
Average Gradient +9.0%o +2.6%o 0.0%o I L = e sl i o
Maximum Gradient +23.8%o +12.4%0 0.0%o Three Italian railway lines taken as case studies (SRL: short-range line;
Specific characteristics of the three case studies. MRL: medium-range line; LRL: long-range line).
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Railways sector
52 The Brescia Edolo H2 railway

_ALST@" |

mabure

COME FUNZIONA IL CORADIA STREAM

CELLE A COMBUSTIBILE SISTEMA DI TRAZIONE TRAZIONE INVERTER/CHOPPER
Cuore del sistema, rappresentano A l'energia prodatta dalle celle Trasmette I'energia tra celle a combustibila,
batterie ¢ motore e trasferisce 'energia
gia viene fornita Farnisce I'energia neci il trei prodotta dalla frenata al corvertitore
o la combinazione dell'idrog pud aumentare |'accelerazione guando ne in. ausiliario e alle batterie.

SERBATOI A IDROGENO MOTORE ELETTRICO
Immagazzinana lidrogeno satto forma Aziana le ruote per acceberazi
di gas utilizzato dalle celle a combuustsble, e la frenata,

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02
Grant agreement: N2 101079696

Borgo S. G.

@&—————  Infrastrutture ferroviarie incluso distribuzione

Stazione di rifornimento (HRS) H

EdOlo = Srecessssccesssrsssessessssssssssssssessssssans ;.

* Colonnine ricarica batterie dei treni

Breno * Colonnine ricarica batterie dei treni

* Colonnine ricarica batterie dei treni

! * Nuova officina di manutenzione treni (ATEX)

Rovato T T T T T T T T LTI T

= Stazione mobile di rifornimento (HRS)

Brescia = Colennine ricarica batterie dei treni

Composizione

——8 @&— Produzione —@

* Elettrolisi

* Steam reforming da
biometano con
cattura della CO2

Le infrastrutture di produzione e
distribuzione sono collocate lungo
I'intera linea Brescia - Iseo - Edolo

4 casse + 1 power car

Lunghezza 96,7 mt.
Peso per asse (280 ka/m?) =18 T/asse
Segnalamento SCMT + SSC
|lluminazione LED
Bicycle/ski rack 4-8
Toilet 1 PRM

1 standard
Max trazione in modalita H2 1170 kW alle ruote
Nr. Porte per lato 4
Velocita massima 140 km/h

Tipo di alimentazione

Propulsione a ldrogeno con celle a combustibile e batterie di trazione

Dimensioni porte

1300 x 1900 mm

Carrelli motore 2
Carrelli portanti 4
Autonomia 600 km
Passeggeri seduti 240-260
Posti in piedi (4 pers/m2) 256
Passeggeri totali 496-516
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Railways sector

5 Sizing of an hybrid H2 train

Indipendent variables:

: P)Hﬂ.!',FC
* power ratio (m) = —————
Pma x,load
) Epatt
* energyratio(n) = ———
Etotbatt

Optimization (Surrogate Optimizer)

Input

* Route characteristics
* Train characteristics

m: FC power ratio optimal configuration

n: battery enerqy ratio

Design parameters:{

. - - CAPEX +0PEX: +REPLE X"
Obyjective function: €, = 197 TOT ToT

nt‘rave!s,yea:rs’kmraute,travel v

sizes

Constraints

+ 2+ Ve
tiata for Output
component infeasible objective
luati . .

ova uamor Optimal variables

+ FCsize
Feasibility | Degradation * H, storage size

check feasible models * Battery size

+ Objective value (€/km)

* Propulsion system weight
* Battery SOC always = 0.3
* Recharge after a round journey

Project: 101079696 — ET-PP — HORIZON-INFRA-2021-DEV-02

Route Dynamic  WEliliutlles
Simulation and aging data

power
sharing
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Some hints on the maritime sector

52 The maritime sector is responsible of 10% of emissions of the transport sector
5.2 However there is a relevant push towards the decarbonisation

52 The alternatives deal with

The shift towards bio-fuels (as in the other sectors) mainly ammonia and methanol (in co-

combustion)
The electrification

5% Presently an hybridisation of the power generation seems the most viable solutions

Ausiliari

Inverter
DC-AC

.| Motore

7] elettrico

oy
[~—1
» Genset “| Rettificatore “
| Diesel AC-DC >
'
; i
: . D
' |
i
: > pCc-DC —> >
+ ,-# FuelCell Jd e o b -
: : = onverter —> B —
P T Ll u
___________ S
< >l  bpc-bc <
Batteria < s| Converter N
% b
! ! —
|
[l I I ]
[l 1 1 [}
¥ ¥ ¥ ¥
[ 1 mmmeesssesscesssssmm e
| l==m=emscessscessescscscseccesaa- { Energy Management System
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Some hints on the aviation sector

Comparison vs.

S,
@ Biofuels

Y
@ Synfuels

@_? Hydrogen

kerosene Battery-electric
5% The maritime sector is responsible of 12% of emissions
52 The alternatives deal with g DETIRT | ot
The shift towards bio-fuels (SAF) ot
831'13%-5[?;&9 No limitation of range No limitation of range

The electrification/fuel cells

Commuter aircraft powered by fuel cells

Medium-range

Revolutionary aircraft 5;‘:.9&, A -10% 166-250 PAX Revolutionary aircraft
Design mission: 19 PAX, 500 km range, crise speed 500 kn/h w o Not appiicable desltgnsfas efficient
Highly efficient wing Tadustion £ 100% option for ranges
- - - 2LH, tanks behind PAX cabin - added weight: 0.5 tons o Long-range above 10,000 km
Hydrogen potential, by share of flights and fuel use in & Bttt e rons et 5 0000 250 PAX
commercial passenger aviation o
Additional 0-5% Drop-in fuel - no change to  Drop-in fuel - no change to  No climate impact in flight High reduction potential of
100% cost CASK . . . 5 . . R
Main advantage v aircraft or infrastructure aircraft or infrastructure climate impact

Flight and fuel shares

——— Flights

—— Aviation fuel

Entry into
service

) <105

Limited reduction of non-

Limited reduction

Change to infrastructure Change to infrastructure

Fuel cells (fuel) Proputsion o5 Ful cal system Main disadvantage X CO, effects of non-CO, effects due to fast charging or
50% battery exchange systems
40% Fuel cells (flights) RO T TE ke ok cocin)ond 585 ok i Lo, meors nd wTows o8 «15%
PMAD with 97% efficiency, battery with 0.6 kWhkg
30% 2. Cost per avallable seat kiometer
Combustion (fuel) 3. Maximum take off weight
20% . .
: : Regional aircraft powered by fuel cells Medium-range aircraft powered by H, turbines Long-range aircraft powered by H, turbines
1x Combustion (flights) Revolutionary aircraft Enery | & 8% Evolutionary aircraft Enery & A +22% Bk et el A +42%
0 2000 4000 6000 8000 40000 12 00O Design mission: 80 PAX, 1,000 km range, cruise speed Mach 0.44 Design mission: 250 PAX, 7,000 km range, cruise speed Mach 082 S Design misslon: 325 PAX. 10,000 km range. cruise speed Mach 0.85 o S .
C 2
Flight distance (km) iy shoing i 2D 100% S R Yo% 24y tanks ok nd bk of PAX cain - cded weight 52tons maotn 2= 100%
21LH, tanks behind PAX cabin - added weight: 2 tons @ Hy turbines generating propusion power @  H, urbines generating propulsion power
EA. All rights reserved. e Disbd propuson ushg i motes st . ;ﬁm‘eirp‘n é 80-90% i bt Q 50-60% ( y 4 gm:"w Q 40-50%
o - ; : B : A
Note: Shading indicates shares of aviation fuel use (solid) and flights (fransparent) that & o
could theorefically be offset by hydrogen aircraft, given successful technology Additonal 55 5-15% “ pdatonat g5 30-40% En e 40-50%
development to meet industry targets. = & cusie B\ ‘ SE e - = o
- i i - o Entry into
Source: IEA analysis based on OAG flight database. Eniry nto @ 10-15 yours [ 2 L e @ 20 years el @ 20-25 years
0t Sl ————
b o — - =
mﬁiﬂn BP fuelcel system ‘ N;Q”ﬁ""" OB H, turbine :?::,"""‘ OB H turbine
N ?"éé”mii“?".?‘é"ﬁi/fﬂ"m’.m}"éfLZ‘Z’E&%‘Q’S‘J;E"E?@T?%,,m mTOW? m +10% . ‘Txea::lmingﬁgmﬁﬁc\:gmm,mnk 92% useable LH, fuel, 47% H, LA~ g +12% 1. Meforsssumpions: ;syﬁg;:vm;;mmm,mk, 92% useable LH; fuel, 50% H, RO ﬂ +23%

PMAD with 979%
. Cost per avaiabl seat kiometer

Maximum take off weil
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Conclusions

The decarbonisation of the transport sector involves a generalised shift towards:

5% Shared mobility and car-sharing
5% Shift to public transport
522 Reduction of vehicle sizes

5 The use of biofuel is interesting, but the percentages are very small and do not seem sufficient
to guarantee a sustainable path in terms of biomass production and fuel availability

52 Ammonia and methanol could be a solution in the short to medium term

5 The electrification of transport is currently the main way, but there are limitations in the use of
batteries and hydrogen that make the implementation of this solution not yet fully mature
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