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Transit Bus Technologies
Incumbent Technologies:

ÅDiesel Buses

ÅCNG Buses

ÅDiesel-Hybrid Buses

Zero Emission Buses:

ÅFuel Cell Electric

ÅCNG Reformation

ÅRenewable 

Hydrogen Sources

ÅBattery Electric

ÅOpportunity Charging

Å Inductive

ÅConductive

ÅOvernight Charging



Growth of  ZEB Deployments
Å More than Sixty Fleets demonstrating or 

deploying ZEBS

ïWith cumulative orders of 800 there 
are more than 200 Battery electric 
buses deployed

Å Individual fleet sizes  of some properties 
approaching 20-ол .9.Ωǎ ǿƛǘƘ ǎƻƳŜ 
properties committing to  fleet size of 
more than 100 by 2018/19

Adapted from CalStart



The Elements of the System

Network
Routes

Timetables

Intermodality

Vehicles
Vehicle configuration, 

Capacity, Passenger 

Circulation, Design, 

Propulsion system

Operations
Commercial speed

Regulation

Charging Infrastructure
Urban Integration

Safety

Reliability 



5 CHALLENGES TO ADDRESS FOR 

BEB DEPLOYMENT

2. Operational challenges 1. High upfront cost

4. Standardization / Interoperability 5. Procurement:

-Vehicles & Equipment

-Operation services

3. Utility Providers

Adapted from UITP eBusTraining Program, June 2017



Batteries Units of Measure

ÅkW and kWh measure very different things

Unit Describes 
what?

Conventional 
Equivalent

Example

kW Power Horsepower (hp) This batterypackcan provide 
230 kW (308 hp)

kWh Energy Gallonsof diesel Thisbus stores 300 kWh (7.9 
gallons diesel)

Adapted from ZEB 101, CTE Presentation



Charging technology ïCharger type
Å Plug-in

ï Overnight (multi-hour charge)

ï Less expensive than other options

ï (Almost) standardized

Å Overhead

ï Integrated into operation

ï Can be difficult to site

Å Wireless

ï Emerging tech

ï In-pavement charging

ï Multiple demos ongoing



Charging options - Location
ÅDepot
ïTypically multi-hour charge

ïMay impact yard flow

ÅOn-Route
ï Integrated into operation

ïCan be difficult to site

ÅLayover
ïOpportunity charge

ïCan be difficult to site



Bus Charging
ÅCirculator
ïOperates 24 hours a day

ïRuns 45 min loops

ÅLong distance commuter route
ïOperates morning and evening

ïRuns 1 x 4 hour route

ÅSurge route
ïOperates ~4.5 hours morning and evening

ïRuns 3 x 1.5 hour loops

On-route charging is 
the ONLY solution

Ideal for yard 
charging

Either solution could 
fit well



New vs. Similar Bus Systems 
ÅMany onboard systems will be identical to diesel 

counterparts 

ÅNew Systems

ïElectric Heating and Air Conditioning 

ïElectric Accessories: Power Steering, Air Compressor

ïElectric drivetrain: Batteries, Motor, Controls

ÅVehicle Charging Interface

Adapted from ZEB 101, CTE Presentation



Operational/Maintenance Cost 

Savings

ÅFleets that have deployed ZEBôs have seen a 

substantial reduction in operational and maintenance 

costs compared to conventional buses. 

ÅU.S. DOT reports that battery electric buses have 

been observed to log 133,000 miles between 

maintenance, compared to CNG buses



Maintenance of ZEBôs
ÅImpacts of large ZEB deployment on maintenance processes and 

depot organization
- Depots need to be completely re-organized 

ÅMaintenance training guidelines for: 
ÅNew technologies and diagnostics
ÅSafe handling

ÅSafety Planning
ÅBEB: Similar training requirements as diesel electric hybrids for 

high voltage



Bus Standards 

Program
Å Brake & Chassis (8) 

Å Bus Maintenance Facility (1)

Å Bus Operations (4)

Å Bus Rapid Transit (6)

Å Bus Safety (6)

Å In-Plant Inspection (1)

Å Maintenance Training (6)

ωStandard Bus Procurement Guidelines



SunLineôsCenter of Excellence

ÅEstablish a Center of Excellence to house investments in learning
ÅFor every investment in technology, there is investment in training and learning

ÅProject funding
Å$1,519,855 funding received from FTA (Maintenance and Training Facility)

Å$270,000 funding received from FTA (Center of Excellence Staffing)
Å$8,000 funding received from California Fuel Cell Partnership (Outreach)

ÅCenter of Excellence will preserve those investments in learning
ÅAcquisition and in-service management
ÅLeverages prior investments and prevents duplication in future technology projects
ÅLǎ ƴƻǘ ƭƛƳƛǘŜŘ ǘƻ ǘǊŀƴǎƛǘ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ Ŏŀƴ ǘǊŀƴǎŎŜƴŘ ƻǘƘŜǊ άǎǇƛƭƭ ƻǾŜǊέ ŀǇǇƭƛŎŀǘƛƻƴǎ


