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THE ENERGY TRANSITION OF CTM CAGLIARI
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INTRODUCTION: The City of Cagliari1

ÅCagliariis the regionalcapitalof the Italian
islandof Sardinia,located in the centre of
the MediterraneanSea.

Å Thecity hasabout150,000inhabitantsand
is the main centre of the Cagliari
Metropolitan City that includes23 smaller
neighbouringmunicipalities

Å Thepopulationof the Metropolitan areais
about480,000inhabitants.
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CTM is a fully public owned company that operates the  
ǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ƛƴ /ŀƎƭƛŀǊƛΩǎ ǳǊōŀƴ ŀǊŜŀΦ

ÅPopulation served:  385.000 inhabitants

ÅLines: 32, out of which 3 trolleybus lines

ÅLength of the network: 434 km

ÅVehicles km/year: 12.400.000

ÅAverage Commercial Speed: 16 km/h

ÅMean frequency (peak hours): 9 min

ÅBus fleet: 271 (239 buses, 32 trolleybuses)

ÅFleet average age:  10,0 years 

(10,2 buses - 8,8 trolleybuses)

1

(Data at December 31st 2022)

INTRODUCTION: CTM in numbers
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1 INTRODUCTION: CTM trolleybus system

TROLLEYBUS OVERHEAD LINE

SUPPLY VOLTAGE: 750 Vdc

LENGHT: 45,9 km

(36,9 km of 

WORKING LINE

+ 9 km of SERVICE)

VEHICLESOVERHEAD LINE
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WHERE WERE WE
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WHERE WERE WE

STARTING POINT: ZeEUS Project (2016-2017)
2

Evaluationprocess: during the test CTMis collectingdifferent data that allow to calculate97 Key
PerformanceIndicators(KPI), usedto comparethe performanceof different vehicles.

Main Task: To experiment the use, in the ordinary scheduledservice,of a ZEVtrolleybus fleet,
powered with innovative technologiesto use in the sectionswithout overheadline, in order to
evaluateperformance, efficiency, reliability, economicandenvironmentalsustainability.
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2

Winter Configuration Summer 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 (19% off-wire) 213 (46% off-wire)
Frequency 8-10 minutes 8-10 minutes
Commercial speed 12.9 km/h 13.6 km/h

Summer 
Configuration of 

Line5ZeEUS still in 
service today

(Technical Visit Nr.2)

Nr. Of Demo test days: 501
(from March 2016 to 

September 2017)

WHERE WERE WE

STARTING POINT: ZeEUS Project (2016-2017)
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WHERE WERE WE

Electric buses deployment (2020-2022)
2

Phase 1 (December 2020 ςJune 2021)

Deployment of 3 electric buses (Rampini
E60) with plug-in charging

Phase 2 (February ςDecember 2022)

Deployment of 8 electric buses (Rampini
E60) with pantograph charging
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WHERE WERE WE

Electric buses deployment (2020-2022)
2
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Short ebuses (6 m) used to bring electric public service within the historic centre of the city 



2

Line40 is operatedby ebuseswith pantograph(fast chargingat terminus - slow chargingat
depot). Chargingat the terminuswith pantograph,connectingthe electricbusto the existing
trolleybusoverheadline. (TechnicalVisit Nr.1)

WHERE WERE WE

Integration between trolleybus infrastructures - electric buses (2022)
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TROLLEYBUS
Power supply + battery 

charging system in motion
40-80 kW

Connecting device

¢wh[[9¸ th[9{ ґ t!b¢hDw!tI

CATENARY

ELECTRIC BUS
Stationarycharging system

20-70 kW

Extension of trolleybus service, 
without new wires

Extension of the trolleybus 
infrastructure capabilities

2
WHERE WERE WE

Expansion of electric lines with trolleybus infrastructures (2016-2022)



2

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

Trolleybusserviceextension(9 km)
(ZeEUSProject)
Å Line 5ZeEUS (operated from

mid Juneto mid Septemberby
trolley-hybrids with In Motion
Chargingtechnology)- 2016

Integration between ebus-catenary
(pantographchargingat terminus)
Å Line40(electricbuses)ς2022

DEPOT

PoettoCharging Station
(ZeEUS Project)

Charging 
Terminus

1 infrastructure, 3 ways to use it (traditional trolleybuses, IMC trolleys, Electric buses with pantograph)

WHERE WERE WE

Expansion of electric lines with trolleybus infrastructures (2016-2022)
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Opportunitycharging from catenarywith pantographto Line 10

Charging 
point

2
WHERE WERE WE

Expansion of electric lines with trolleybus infrastructures (by the end of 2023)
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Opportunitycharging from catenarywith pantographto Line 10

2
WHERE WERE WE

Expansion of electric lines with trolleybus infrastructures (2023)

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

Trolleybus service extension (9 km)
(ZeEUSProject)
Å Line5ZeEUS(operatedfrom mid Juneto

mid Septemberby trolley-hybrids with
In Motion Chargingtechnology)- 2016

Integration between ebus-catenary
(pantographchargingat terminus)
Å Line40(ebuses),9 kmς2022
Å Line10(ebuses),13ς2023

TOTAL: 31 km of more electric lines
+84%

DEPOT

Line 5 
ZeEUS

Line 40

Line 10



WHERE WE ARE

THE ENERGY TRANSITION OF CTM CAGLIARI



3 WHERE WE ARE

CTM fleet at the beginning of 2023

CTM fleet: composition for emission class CTM fleet: average age

CTM fleet: 
Å 239 buses: 223 diesel + 5 Mild-Hybrid/diesel EURO VI + 11 full-electric (3 plug-in + 8 pantograph)

Å 32 Trolleybuses: 6 IMC + 16 with diesel APU
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3 WHERE WE ARE

CTM energy consumption in 2022

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

Å The fleet needs about 95% of the 
total energy consumption of CTM

ÅCTM purchase only renewable 
electrical energy (certified)

A Clean Fleet is the Key to energy transition 
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3 WHERE WE ARE

CTM fleet atmospheric emissions in 2022

TOTAL EMISSIONS:
Å CO: 31,3 tonne
Å NOX: 96,4 tonne
Å PM10: 2,48 tonne
Å NMVOC: 0,87 tonne
Å CO2: 14.273 tonne

SPECIFIC EMISSIONS:
Å CO: 2,35 g/km
Å NOX: 7,24 g/km
Å PM10: 0,186 g/km
Å NMVOC: 0,065 g/km
Å CO2: 1.072 g/km

Å Atmospheric emissions 
calculated using COPERT 
(version 5.4) software.

Å ά¢ŀƴƪ ǘƻ ²ƘŜŜƭέ  approach.

Å PM10 (particulate) emissions 
include also tyre and brake 
wear, road abrasion.
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3 WHERE WE ARE

CTM fleet atmospheric emissions in 2022

SPECIFIC EMISSIONS:
Percentage change 2016-2022
Å CO: -11,4%
Å NOX: -14,0%
Å PM10: -9,7%
Å NMVOC: -36,4%
Å CO2: -3,9%

Improvements in the last two years due to: 

Å Fleet renewal (new EURO VI diesel buses - dismission of EURO III and EURO IV diesel buses)

Å Purchase of renewable electrical energy (trolleybus -ebus) from December 2020
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WHERE ARE WE GOING?

THE ENERGY TRANSITION OF CTM CAGLIARI



4 WHERE ARE WE GOING?

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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4 WHERE ARE WE GOING?

We choose to become a 
sustainable company for 

sustainable mobility

CLEAN FLEET
+

CLEAN BUILDINGS
+

GREEN PROCEDURES
=

GREEN CTM



4 WHERE ARE WE GOING?

CTM challenge to become a "green" company

Energy 
Production

Clean

Buildings

Clean

Fleet

Environmental 
management system

ÅEnvironmentalManagementSystem: UNI ENISO14001
(alreadyin placesince2022)

ÅClean Fleet, powered by renewable sources
(electricalenergy,greenH2, Χ) by the endof 2030

ÅRetrofitting of the current depot, building a new depot
andnewheadquarterswith ZEB(zeroemissionbuildings)
technologies,by 2030/ 2035

ÅEnergy production for self-consumption (PV power
plant), by 2025/ 2035
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4 WHERE ARE WE GOING?

CTM challenge to become a "green" company

NECESSARY CONDITIONS

WILL

MONEY

PLANNING

TEAM

TIME

STRATEGY

INTERNAL: ǎƘŀǊŜƘƻƭŘŜǊǎΣ ƳŀƴŀƎŜƳŜƴǘΣ Χ

EXTERNAL: ǎǘŀƪŜƘƻƭŘŜǊǎΣ ŎƛǘƛȊŜƴǎΣ ǇƻƭƛǘƛŎǎΣ Χ  

FUNDING
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CTM ENERGY TRANSITION STRATEGY5

The pillars of CTM Strategy
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CTM ENERGY TRANSITION STRATEGY5

The lines of action for a Clean Fleet

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

Fleet renewal

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

Trolleybus system

ωImplementation of electrical BRT systems with fast charging 
solutions

BRT
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FLEET RENEWAL PLAN
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FLEET RENEWAL PLAN: BOUNDARY CONDITIONS

FUNDINGS AVAILABLE
6

¢h¢![Υ мрмΦп aϵ 

PHASE 1

2023-2026

PNRR млуΦр aϵ

PON Metro млΦм aϵ

PHASE 2

2025-2030
PSNMS

тΦн aϵ

нрΦс aϵ

Planning 
stage

In progress

Funding for purchase of vehicles and infrastructure (depot adaptation, charging 
infrastructures) 
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FLEET RENEWAL PLAN: BOUNDARY CONDITIONS

FUNDING

ITALYôs Missions

I. Digitalization, Innovation, Competitiveness, 

and Culture

II. Green revolution and Ecological transition

III. Infrastructure for sustainable mobility

IV. Education and Research

V. Inclusion and Cohesion

VI. Health

Mission Target (M2C2): 
3000electric buses by 
the end of June 2026

72%of the fundingsalreadyavailableto CTMcome
from the PNRR (Piano Nazionale di Ripresa e
Resilienza- NationalRecoveryand ResiliencePlan),
financedby the Next GenerationEU(NGEU).
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FLEET RENEWAL PLAN: BOUNDARY CONDITIONS

TECHNOLOGIES AVAILABLE

1 old diesel bus OUT 1 new diesel bus IN

OLD FLEET RENEWAL PLAN
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FLEET RENEWAL PLAN: BOUNDARY CONDITIONS

TECHNOLOGIES AVAILABLE

1 diesel bus OUT

¢h5!¸Ω{ C[99¢ w9b9²![ t[!b

Different technologies to 
choose from
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FLEET RENEWAL PLAN: BOUNDARY CONDITIONS

TECHNOLOGIES AVAILABLE

1 diesel bus OUT

ICE

HYBRIDS

ELECTRIC

Natural Gas/Biomethane ό/bDΣ [bDΣ Χύ 

Biofuelsό.ƛƻŜǘƘŀƴƻƭΣ .ƛƻŘƛŜǎŜƭΣ Χύ

eFuels(?)

Χ

Fuel cells (Hydrogen)

Battery (plug in, direct pantograph, 
ƛƴǾŜǊǘŜŘ ǇŀƴǘΦΣ ŎƻƴŘǳŎǘƛǾŜ ǇƭŀǘŜΣ Χύ

Trolleybus (IMC)

Χ

Mild/Full Hybrids

Plug-in Hybrids

Χ
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FLEET RENEWAL PLAN: BOUNDARY CONDITIONS

TECHNOLOGIES AVAILABLE

CUT-OFF CRITERIA:

Å NATURAL GAS AVAILABILITY 

Å NO FOSSIL FUELS
Å ZERO EMISSION VEHICLES

Å SIMPLE CHARGING SYSTEM
ÅMARKET AVAILABILITY

Å IMPACT ON THE CITY
Å TIMING
Å FUNDING
ÅΧ

ICE

HYBRIDS

ELECTRIC

Natural Gas/Biomethane ό/bDΣ [bDΣ Χύ 

Biofuelsό.ƛƻŜǘƘŀƴƻƭΣ .ƛƻŘƛŜǎŜƭΣ Χύ

eFuels(?)

Χ

Mild/Full Hybrids

Plug-in Hybrids

Χ

Fuel cells (Hydrogen)

Battery (plug in, direct pantograph, 
ƛƴǾŜǊǘŜŘ ǇŀƴǘΦΣ ŎƻƴŘǳŎǘƛǾŜ ǇƭŀǘŜΣ Χύ

Trolleybus (IMC)

Χ
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FLEET RENEWAL PLAN: TECHNOLOGIES SELECTED

System Selected
Charging

Infrastructure
Vehicle length Timeline deployment Future plans

Trolleybuses
(battery IMC)

Catenary + fixed 
charging stations

12-18 m
Already in service
(12 m)

Increase (2025-2030)

Battery buses

Plug-in
6 m
from 6 to 12 m

Already in service (6 m)
2023-2026

Increase (2026-2030)

Direct pantograph + 
plug in

10-12-18 m 2024-2026 ///

Pantograph bottom up 
(catenary) + plug in

6 m Already in service
To be decided
(based on 2022/24 
feedback)

Fuel Cell buses
Hydrogen refuelling 
station

12-18 m 2025-2027 Increase (2028-2030)
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FLEET RENEWAL PLAN: TECHNOLOGIES SELECTED

VEHICLES DEPLOYMENT HYPOTHESIS 2022-2030
7

The biggest step in fleet electrification will occur between 2023 -2026

More vehicles will be needed to compensate for the shorter distances run by plug-in battery buses

DIESEL BUSES

ELECTRIC BUSES
(including TROLLEYBUSES)



FLEET RENEWAL PLAN: TECHNOLOGIES SELECTED

VEHICLES DEPLOYMENT HYPOTHESIS 2022-2030
7
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FLEET RENEWAL PLAN

FOCUS ON 2023-2026

THE ENERGY TRANSITION OF CTM CAGLIARI


