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A Cagliaris the regionalcapitalof the Italian
Island of Sardiniaocatedin the centre of
the MediterraneanSea

A Thecity hasabout 150,000inhabitantsand
Is the main centre of the Cagliari
Metropolitan City that includes23 smaller
neighbouringmunicipalities

A Thepopulationof the Metropolitan areais
about480,000inhabitants
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‘ 17 INTRODUCTION: CTM in numbers

CTM is a fully public owned company that operates the
LJdzo6 t AO UGN YALRZNIIFGAZ2Y AY

A Population served 385.000 inhabitants

A Lines 32, out of whicl8 trolleybus lines

A Length of the network 434 km

A Vehicles km/year 12.400.000

A Average Commercial Speedlé km/h

A Mean frequency (peak hoursp min

A Bus fleet 271 (239 buses, 32 trolleybuses)

A Fleet average age10,0 years
(10,2 buses 8,8 trolleybuses)

(Data at December 312022)
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! 17 INTRODUCTION: CTM trolleybus system

OVERHEAD LINE VEHICLES

TROLLEYBUS OVERHEAD LINE ; Model NI
SUPPLY VOLTAGE: 750 Vdc AT

(2012) 16
Solaris Trollino T12

(201¢6)
Solaris Trollino T12 2
Lithium Titanate Battery (37 kWh)

THE ENERGY TRANSITION OF CTM CAGLIARI

(2016)
Kiepe Van Hool A330T 10
LENGHT: 45,9 km (2016)
(36,9 km of Kiepe Van Hool A330T 4
WORKING LINE Lithium Titanate Battery (23 kWh)
@ Power stations + 9 km of SERVICE)
Total 32
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STARTING POINT: ZeEUS Project €2018)

Main Task To experimentthe use, in the ordinary scheduledservice,of a ZEVtrolleybus fleet,
powered with innovativetechnologiesto usein the sectionswithout overheadline, in order to
evaluateperformance efficiency reliability, economicand environmentalsustainability

2 o)

SOLARISZEV W types of trolleybuses B L
(Trollino T12) (Solaris T12 and Van Hool A330T) (Trollino T12) ,

{5!"} o
s g '

2 types of auxiliary

system (zev Batteries and

VAN HOOL ZEV APU-ICE Euro V)

(A330T)

VAN HOOL
(A330T)

2 Diesel buses
(Euro V EEV)
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97 KPIs Evaluation

DEMO LINE CONTROL LINE

Evaluationprocess during the test CTMis collectingdifferent data that allow to calculate97 Key
Performancdndicators(KP), usedto comparethe performanceof different vehicles



WHERE WERE WE
STARTING POINT: ZeEUS Project €2018)

Summer Configuration

Winter Configuration

Length 16.8 km(round trip) 25.4 km(round trip)
Days of demo operation 296 days 193 days
Number of bus stops 57 83
Average dailytravelled distance 180 km (9%off-wire) 213 @¢6%off-wire)
Frequency 8-10 minutes 8-10 minutes
Commercial speed 12.9 km/h 13.6 km/h
TERMINUS TERMINUS TERMINUS
Via CINQUINI Via VERGINE DI LLUC Via CINQUINI
_100
E. &0 1.3km 1.4km
v 60
E 40
Summer £ 2
0

Configuration of
Line5ZeEUS still in
service today

(Technical Visit Nr.p

Altitude [m]

8

80

N B O
O O O O

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

emms Catenary essss Battery Distance [km)]

TERMINUS TERMINUS TERMINUS
Via CINQUINI Lungomare POETTO Via CINQUINI
1.3km 4.9km 4.0km 1.4km
0 2 - 6 8 10 12 14 16 18 20 22 24 26

{ emme Catenary essss Battery Distance [km)]
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Nr. Of Demo test day$01
(from March 2016 to
September 2017)
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Phase 1 (December 202QJune 2021)
Phase 2 (February December 2022)

Deployment of3 electric busesRampini
E60) with plugn charging

Deployment o electric busesRampini
E60) W|th pantograph charging

THE ENERGY TRANSITION OF CTM CAGLIARI
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Electric buses deployment (2022022)

Short ebuses (6 m) used to bring electric public service within the historic centre of th
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Integration between trolleybus infrastructures electric buses (2022)

Line 40 is operated by ebuseswith pantograph(fast chargingat terminus - slow chargingat
depot). Chargingat the terminuswith pantograph,connectingthe electricbusto the existing
trolleybusoverheadline. (TechnicaMisit Nr.1)

DATI DI SINTESI - LINEA 40
Lunghezza di esercizio 9 Km
Meazzi impiegati 3 fino ore 15:30, 2 fino a fine servizio
Operativita servizio Lun.-Sab. inizio h 5:56 fine h 22:54
Frequenza 13 minin hdp
Media pax trasportati [19 pax/corsa] periodo invernale
Max coeffi. Occup. a bordo 52%
Produzione chilometrica
autorizzata RAS anno 2022 146.857 Km/anno

THE ENERGY TRANSITION OF CTM CAGLIARI
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y Expansion of electric lines with trolleybus infrastructures (262622)

CATENARY

TROLLEYBUS
Power supply + battery
charging systenin motion
40-80 kW

ELECTRIC BUS
Stationarycharging system
20-70 kW

- tebe i Whwiay 7S
.‘/ / < , i iu ?
)
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Connecting device ~~

Extension of trolleybus service, Extension of the trolleybus
without new wires Infrastructure capabilities
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Expansion of electric lines with trolleybus infrastructures (202622)
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1 infrastructure, 3 ways to use it (traditional trolleybuses, IMC trolleys, Electric buses with pantograp

OverheadLine(37 km)
A 3 Trolleybuslines: 5-30-31/QEX

Trolleybusserviceextension(9 km)

(ZeEU®Project)

A Line 5ZeEUS (operated from
mid Juneto mid Septemberby
trolley-hybrids with In Motion
Chargingechnology)- 2016

THE ENERGY TRANSITION OF CTM CAGLlA@
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T ~®7Poetto Charging Station
®) (ZeEUS Project) Integration between ebus-catenary
(pantographchargingat terminus)
A Line40 (electricbuses)c 2022

i et Google Earth
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Expansion of electric lines with trolleybus infrastructures (by the end of 2023)

Opportunitycharging from:atenarleth pantographto Line 10

DATI DI SINTESI - LINEA 10

Is Guadazzonis - Sant'lgnazio [Km] 6,716
Sant'lgnazio - Is Guadazzonis [Km] 6,142
Lunghezza di esercizio [Km] 12,858
Mezzi impiegati 4 fino ore 16:30, 3 fino a fine servizio
Operativita servizio Feriali 6:00 - 22:00 Festivi . inizio h 6:05 fine h 21:25
Frequenza 13 min in hdp '
Media pax trasportati [25 pax/corsa] periodo invernale
Max coeffi. Occup. a bordo 69%
Produzione chilometrica autorizzata RAS
anno 2022 268.777 Km/anno

THE ENERGY TRANSITION OF CTM CAGLIARI
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Expansion of electric lines with trolleybus infrastructures (2023)
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Opportunitycharging froncatenarywith pantographto Line 10

OverheadLine (37 km)
A 3 Trolleybuslines: 5-30-31/QEX

Trolleybus service extension (9 km)

(ZeEU®roject)

A Line5ZeEUSoperated from mid Juneto
mid Septemberby trolley-hybrids with
In Motion Chargingechnology)- 2016

THE ENERGY TRANSITION OF CTM CAGLIARI

Integration between ebuscatenary
(pantographchargingat terminus)

A Line40(ebuses)9 km ¢ 2022

A Linel0(ebuses)13¢ 2023

TOTAL: 31 km of more electric lines
+84%
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- CTM fleet at the beginning of 2023

CTM fleet: composition for emission class CTM fleet: average age B
o
<

2% CTM Average age fleet (at December 315t2022) g:'r)
12 O
=
m EURO IV 11 5
2% 6
B EURO V (+EEV) 10 %
9 =
m EURO VI 2
8 <
x
17% B EURO VI - Mild Hybrid 7 c%
6 i
M Electric . 5
T
® Trolleybus 4 =

2018 2019 2020 2021 2022

e=m AVg. Fleet  em@== -Buses === -Trolleybuses

CTM fleet:
A 239 buses: 223 diesel + 5 Mildybrid/diesel EURO VI + 11 fdlectric(3 plugin + 8 pantograph)
A 32 Trolleybuses: 6 IMC + 16 with diesel APU
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~ CTM energy consumption in 2022

A 2022 Primary Energy consumption:
5.195 toe (tons of oil equivalent)

CTM Primary Energy Consumption

A The fleet needs abou5%of the
total energy consumption of CTM

A CTM purchase only renewable
electrical energy (certified)

Energy Primary Sources

THE ENERGY TRANSITION OF CTM CAGLIARI

B Fossil M Bus fleet M Trolleybus fleet W ebus fleet
Fuel M Depot M Offices W Bus Stops

M Electrical
Energy
(green)

A Clean Fleet Is the Key to enerqy transition
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CTM fleet atmospheric emissions in 2022

Atmospheric emissions
calculated using COPERT
(version 5.4) software.
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TOTAL EMISSIONS:
A CQ 31,3 tonne
A NOQ: 96,4 tonne
A PM,y 2,48 tonne
A NMVOC 0,87 tonne
A CQ: 14.273 tonne

SPECIFIC EMISSIONS
A CQ 2,35 g/km
A NQ¢ 7,24 g/km
A PM,q 0,186 g/km
A NMVOC 0,065 g/km
A CQ: 1.072 g/km

THE ENERGY TRANSITION OF CTM CAGLIARI
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" CTM fleet atmospheric emissions in 2022

Normalized changes compared to 2016 - Specific Emissions %

110 e

105 K ©

SPECIFIC EMISSIONS: | 10 | — N\ 2
Percentage change 2018022 95 — e
A ca -11,4% %0 5
A NQ( _14,0% 85 =02 \ \ (%
A PMy 9,7% 80 o AN 2
A NMVOC  -36,4% ” ) _ .
A CQ _3 9% 70 === PM10 8
) ! 65 =@-=NMVOC < %

60 . . ; ; ; ; Ej

2016 2017 2018 2019 2020 2021 2022 -~

Improvements in the last two years due to:
A Fleet renewal (new EURO VI diesel busdssmission of EURO Il and EURO IV diesel buses)

A Purchase of renewable electrical energy (trolleybuebus from December 2020
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Presiclent John F. Kareedy's comsiimant 1o kndieg
Q0 ostTonOW “on Me Moos ond retumisg Nm bock
xcbéy o e Farh™ was porticuory cudocious

conpdaing whon he firrt valced e challenge, oy
m-Aw cen odbu i apoce for o grand okl
of 1
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Shifting from a fossil fuel economy to a clean and sustainable one is
no less challenging than going to the Moon.

. by the way, we already reached the Moon, not the first target.
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We choose to become a
sustainable company for
sustainable mobllity

CLEAN FLEET
+

CLEAN BUILDINGS
+

GREEN PROCEDURES

THE ENERGY TRANSITION OF CTM CAGLIARI

GREEN CTM




‘47 WHERE ARE WE GOING?
CTM challenge to become a "green" company

A EnvironmentalManagementSystem UNIENISO14001
(alreadyin placesince2022

A Clean Fleet powered by renewable sources
(electricalenergy,greenH2, X) bythe endof 2030

A Retrofitting of the current depot, building a new depot
andnew headquarterswith ZEBzeroemissionbuildings)
technologieshy 2030 2035

A Energy production for selfconsumption (PV power
plant), by 2025 2035

CLEAN
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Bulldings

Clean
=leet

Environmental
management system

¥, 2
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CTM challenge to become a "green" company

_ INTERNAZ K+ NBK2f RENES Y| yI
WILL 9 exTERNAER G { 8K2t RENES O G A

NECESSARY CONDITIQNEONEY » FUNDING
TEAM

PLANNING TIME
= STRATEGY
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The pillars of CTM Strategy

III

o N Al e

TECHNOLOGICAL ECONOMIC SHORT

INNOVATION SUSTAINABILITY IMPLEMENTATION
TIME

THE ENERGY TRANSITION OF CTM CAGLIARI
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The lines of action for a Clean Fleet

Fleet renewal

wPurchase of clean vehicles to reaching an average fleet age of
less than 7 years

Irolleybus system

wEXxtension and integration of existing trolley network with
trolley-hybrids and ebuses

THE ENERGY TRANSITION OF CTM CAGLIARI

BRT

wlmplementation of electrical BRT systems with fast charging
solutions
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FLEET RENEWAL PLAN: BOUNDARY CONDITIONS IS @ LLLLLL . M
FUNDINGS AVAILABLE

‘ PNRR ;
Flafses . |n progress =
20232026 .
PON Metro %
Coh C LY :
~ :
T ®H | g
RHASE . Planning Z

202457240810 stage

H-p ®e

-’

Funding for purchase of vehicles and infrastructure (depot adaptation, charging
Infrastructures)
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ré; FLEET RENEWAL PLAN: BOUNDARY CONDITIONS it
FUNDING ‘

72% of the fundingsalreadyavailableto CTMcome
from the PNRR(Piano Nazionale di Ripresae
Resilienza National Recovernand Resiliencd’lan),
financedby the Next GenerationEU(NGEU)

| TALYOS Mi ssi ons
|.  Digitalization, Innovation, Competitiveness,

THE ENERGY TRANSITION OF CTM CAGLIARI

and Culture Mission Targe(M2C32:.
Il. Green revolution and Ecological transition s 3000 electric buses by
Ill.  Infrastructure for sustainable mobility the end ofJune 2026

V. Education and Research
V. Inclusion and Cohesion
VI. Health
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TECHNOLOGIES AVAILABLE R

OLD FLEET RENEWAL PLAN

,,,,,

THE ENERGY TRANSITION OF CTM CAGLIARI
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1 old diesebus OUT 1 new diesebus IN
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TECHNOLOGIES AVAILABLE -
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1 dieselbus OUT

leferent technologles to
choose from
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TECHNOLOGIES AVAILABLE

Natural Gas/Biomethan® / b DX [ b

Biofuels6 . A2SUGKFy2f 3 . A
" ICE

eFuels?)

X

Mild/Full Hybrids
HYBRIDS Plugin Hybrids
X

THE ENERGY TRANSITION OF CTM CAGNARI O

~ Fuel cells (Hydrogen)

1 dieselbus OUT Battery (plug in, direct pantograph,
FLECTRK: AYOSNI SR LI yiaos O2
-

Trolleybus (IMC)
L X




(6) FLEET RENEWAL PLAN: BOUNDARY CONDITIONS 1S @ LLLLLLLLLL F
TECHNOLOGIES AVAILABLE

Natutal Gas/Biomethan® / b DX |

b
els6 . A2SUKIy2fz . A
?)

CUTOFE CRITERIA: e

A NATURAL GAS AVAILABILITY

A NO FOSSIL FUELS
A ZERO EMISSION VEHICLES

eFu
X

ild/Full Hybrids

A SIMPLE CHARGING SYSTEm=< HYB lugiin Hybrids

A MARKET AVAILABILITY

THE ENERGY TRANSITION OF CTM CAGNARI )

A IMPACT ON THE CITY " Fuel cells (Hydrogen)
A TIMING Battery (plug in, direct pantograph,
A FUNDING ELECTRK A YEENI SR yioz O2
A X N Trolleybus (IMC)
- X
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(7) FLEET RENEWAL PLAN: TECHNOLOGIES SELECTED BlS = LS

System-Selected Chsudly Vehicle length | Timeline deployment Future plans
Infrastructure

Irolleybuses Catenary + fixed Already in service

z
o
S
=
_ (@)
(battery IMC) charging stations 1218 m (12 m) Increase (2022030) 6
: 6m Already in service (6 m =
Plugin fromB1to12 m 20232026 Increase (2022030) %
o
Direct pantograph + : 5
Battery buses Sl i 10-12-18 m 20242026 I @
To be decided U“Ij
PRI bottor_n P e m Already in service (based on 2022/24 )
(catenary) + plug in feedback)

Fuel Cell buses SHtéfigonge” BRI 750 20252027 Increase (2022030)
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VEHICLES DEPLOYMENT HYPOTHESED2022

The biggest step in fleet electrification will occur between 202826

More vehicles will be needed to compensate for the shorter distances run by {fulgattery buses

271 271 271 271 275 280 e 290
DIESEL BUSES
ELECTRIC BUSES
(including TROLLEYBUSES)

2023 2024 2026 2027 2028

THE ENERGY TRANSITION OF CTM CAGLIARI




FLEET RENEWAL PLARCHNOLOGIES SELECTED
VEHICLES DEPLOYMENT HYPOTHESED2022
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2025

W Diesel

® Mild Hybrids (Diesel)

M Trolleybuses

Battery buses pantograph - slow
2027 2030 charging

B Battery buses plug in - slow charging

THE ENERGY TRANSITION OF CTM CAGLIARI

M Battery buses pantograph - fast
charging

M Fuel cell buses - Hydrogen




FLEE RRENEWAIARLAN
FOCUY® ON202D26

CLEAN =X {m
THE ENERGY TRANSITION OF CTM CAGLIARI B'JS UITP TROLLEYBUS

UUUUUUUUUUUUUUU



