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Outlook

▪ The European context and activities on electric buses

▪ The electric bus market

▪ Charging system options and their market

▪ Considerations for the system and infrastructure

▪ Total cost of ownership
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ZeEUS (Zero Emission Urban Bus System)

Pictures: http://zeeus.eu/

▪ An EU/stakeholder funded EU project

▪ EU: 13.5M €, Total: 22.5M €

▪ Over 40 consortium participants

▪ Coordinated by UITP

▪ Aim: extend and evaluate fully electric

urban bus networks in Europe

▪ Facilitates live tests across European cities

▪ 8 core demonstrations

▪ 45 observed demonstrations

▪ HSL a monitored demonstration now

▪ Zeeus.eu 
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The European electric bus scene (ZeEUS / UITP)

”Bringing electrification to the heart

of the urban bus network”
- More than 40 cities alreay on the move

FP7 ZeEUS & observatory
- Core demonstrations

- Observed demonstrations

- User group

Paris: 20 fully electric buses

- Total fleet 4500 buses

- Major electrification by

2025

Amsterdam

- Major electrification by

2025

Oslo

- Fossil free 2020

Warsaw: 10 fully electric

buses  strategy to form

HSL: emissions down by 90% 

by 2025
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▪ Electric buses (eBuses) in the

ZeEUS project

1) Different topologies

▪ Plug-in hybrid buses (PHEV)

▪ Full battery electric buses (BEV)

▪ Battery trolleybuses

2) Different charging strategies

▪ Overnight charging

▪ Opportunity charging

3) ”High-capacity” buses that can

carry at least 55 passengers

4) In full revenue operation or

ready for exploitation by

December 2017

5) Site-specific evaluation of 

results, global cross-evaluation

Different 
bus 

topologies

Different 
charging 
strategies

All ready for 
exploitation until 
December 2017

Electric city buses in ZeEUS

Pictures: http://zeeus.eu/
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Electric bus market

▪ The worldwide eBus fleet has reached 173 000 in 2015

▪ Vast majority in China: 170 000 eBuses

▪ 1 300 eBuses in Europe

▪ European eBus expected to grow

▪ 2 500 eBuses in 20201

▪ 6 100 eBuses in 20252

▪ Series production of European eBuses should reach full maturity

in 2018 – 2020

▪ Currently available: VDL, Solaris, Linkker, BYD, Volvo

▪ European eBus market will be presented in 3 categories

▪ Midibuses, standard buses and articulated buses

▪ Trolleybuses are excluded

Pictures: http://zeeus.eu/

1 strategy of 19 European public transport operators and authorities

2 strategy of 13 European public transport operators and authorities
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Energy consumption (lab) on Espoo and 

Braunschweig cycles per km and passenger

Very big differences in the energy efficiency between electric buses on the market
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Infrastructure 

considerations
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Options for charging of electric buses

▪Manual charging interfaces (depot charging)

▪ AC plugs and on-board chargers

▪ Stationary fast chargers of 50 – 300 kW with standardised

interface (CCS)

▪ Automatic charging interfaces (opportunity charging)

▪ Pantograph

▪ Mounted on the vehicle (rooftop pantograph)

▪ Installed on the infrastructure side (inverted pantograph), 

communication PLC or WIFI

▪ Connection from underneath the vehicle

▪ Connection from the side of the vehicle

▪ Inductive charging

▪Other concepts: trolleybuses, supercapacitor buses, hydrogen

buses, different types of hybrids
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Charging system requirements

▪ In Helsinki region, VTT is gathering charging system

requirements in collaboration with the HSL region stakeholders

for procurement of the next charger(s)

▪ The future bus fleet will include buses and charging systems

from multiple manufacturers and operators

▪ Vehicle sourcing by the PTO’s

▪ Requires interoperability between vehicles and charging

infrastructure

▪ Common features need to be decided early, like charging

connection

▪ These requirements function also as the base for evaluating the

tenders for the chargers
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General requirements for bus charging 

infrastructure

▪ Interoperability

▪ Vehicles and chargers

▪ Between different PTO’s / PTA’s

▪ Scalability

▪ Bus fleet size (number of charging stations/points)

▪ Charging station capacities 

(charging point capacity vehicles/h)

▪ Integration into the city infrastructure

▪ Appearance, civil engineering

▪ System-level compatibility with the power grid

▪ Sufficient power and energy available

▪ Stability of the power grid is not to be sacrificed 
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Market situation on charging equipment

manufacturers (automatic contacting)

▪ Pantographs

▪ Roof-mounted: Heliox (NL), Ekoenergetyka (PL), Schunk (DE)

▪ Inverted: ABB (CH), Siemens (DE), Heliox (NL), Schunk (DE), 

Stemmann Technik (DE)

▪ Solutions both with the Volvo-led Oppcharge concept and outside it

▪ Inductive charging: Bombardier (DE), Conductix-Wampfler (DE)

▪ Sideways contact: Multi-Contact (FR)

▪ Underneath the vehicle: Alstom (FR)

▪Other: Proterra (US)
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Bus terminals, depots and energy, risks

▪ As the fleet increases, the terminal charging capacity

becomes more critical

▪ Sets also requirements for the charging system

reliability

▪ Risks

▪ Bus delays due to crowded chargers

▪ Bus delays due to broken chargers or interface

▪ Power grid stability

▪ Can the power grid sustain increasing number of electric

buses?

▪ Need for stationary energy storages to support fast

charging and integrate in the smart grid (with renewable

energy production)
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Charging infrastructure and management, ways

to mitigate risks

▪ Multi-output chargers (single charger w/ multiple charging points)

▪ Redundancy of the charging points for charging point failure

▪ Dynamic power allocation

▪ Priorisation of the power allocation

▪ Charger redundancy

▪ Hot swap for service, automatic fault isolation

▪ Multiple chargers

▪ Modular chargers

▪ Priorisation of the charging queue

▪ Bus departure times, battery state of charge (SoC)

▪ Charging system scalability

▪ Possibility to easily increase capacity as the fleet grows

▪ Enforcing the power system: grid investments, stationary storages
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System considerations
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Comprehensive steps into electrifying the bus 

system (Helsinki region approach)

”Vehicles”

(ECV -

eBus)

”System”

(ECV)

Pre-commercial 

pilot (ePELI)

Commercial electric 

bus operation

• Components

• Vehicular 

technology

• Single vehicles

• Systemic view

• Charging technology

• Operation concepts

• A few vehicles

• Market dialogue: building 

the business ecosystem

• Pre-commercial pilot 

with operators

• Innovation platform

• Small fleet & charging 

infrastructure

• Normal commercial 

procurement

• Value chains and service 

providers established

• Several bus operators active

• Charging infrastructure 

available

HSL timeline: 2012 2014 2016 – 2017 2017? 
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Electric bus system KPI’s and requirements

from PTA & PTO point of view

▪ Sustainability: positive environmental and societal impacts on 

emissions and noise

▪ Productivity: the size of the fleet or the number of drivers is not to 

be increased upon electrification (TCO – challenging!)

▪Operability: the electric buses must be equally operable compared 

to conventional buses

▪ Reliability: high system-level reliability of both vehicles and 

charging

▪ Attractiveness and comfort: the level of service and passenger 

comfort need to be the same or better compared with conventional 

buses
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Liikennöitsijät
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GIS-based tool for the design of electric bus

systems

▪ Combining open-source input 

with specific expertise 

▪ Utilises existing data from 

environment, road network and 

public transportation system 

registers, schedules etc.

▪ Any city, line or duty

▪ Electric bus database

▪ Efficiency maps of components 

▪ Environmental conditions 

and energy use

▪ Power curves in charging

▪ Validation by comparing to data 

collected from real operation
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Sensitivity analysis – one day on Tromsø route

26 in extreme conditions

Charging power 300 kW

Charging power 400 kW
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Average depot charged bus in group 26-37-40
NOTE: results case-specific, not generally applicable
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Average opportunity charged bus in group 26-37-40
NOTE: results case-specific, not generally applicable
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Summary – system and economy 

▪ Electric bus systems are fast entering from pilot to open tenders

▪Opportunity charging concept appears as the most competitive 

solution

▪ Daily mileage is the most sensitive parameter for TCO

High utilisation rate is beneficial for electric buses!

▪With careful systems engineering and optimised parameter 

combinations, electric buses can become highly competitive

▪ A key factor in the final vehicle and charging design is to analyse 

the PTA requirements for bus schedules, rotation and available 

charging times 

If the buses are to run continuously in service, opportunity 

charging is more potential

▪ Further issues: scalability in roll-out, interoperability, grid impacts
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Conclusions

▪ Electric buses show remarkable promise in public transport

▪ The technology is not yet mature and proven at systemic level

▪ Productivity and reliability of electric bus system to be proven

▪ Level of interoperability and standardisation is low but progressing

▪ Electric buses and commercial vehicles have different design 

bases than passenger EV’s

▪ System-level requirements for vehicle, battery and charging

design need to be properly understood

▪ The optimal battery, powertrain and vehicle solution in terms of 

efficiency and TCO is designed from the system-level

requirements and frame

▪ Extensive experimental verification and modelling support is 

necessary, especially lifetime management and safety



TECHNOLOGY FOR BUSINESS


