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T;?91VS/T Report No: 
Meeting Date: 

Alameda-Contra Costa Transit District 

STAFF REPORT 
TO: AC Transit Board of Directors 

FROM: David J. Armijo, General Manager 

14-091a 
September 24, 2014 

SUBJECT: Series Versus Parallel Hybrid Technology Evaluation and Recommendation 

ACTION ITEM 

RECOMMENDED ACTION(S}: 

Consider approving the selection of the British Aerospace Engineering (BAE) series hybrid drive 
system for installation on twenty-five of the urban transit buses currently under contract with 
Gillig for production in early 2016. 

EXECUTIVE SUMMARY: 

The Board approved the procurement of up to ninety-six (96) 40-foot Gillig buses, including 
twenty-five (25) hybrid electric buses, and requested staff to report back to the Board on the 
hybrid platform planned for installation on the new hybrid electric buses. 

Currently, there are two principal types of hybrid electric systems installed in heavy duty transit 
buses. The two systems are considered either a series or parallel-type powertrain. Although 
both hybrid systems will provide better fuel economy and lower engine emissions, staff was 
directed to provide a recommendation on which hybrid system would be best suited for 
operation at AC Transit. 

Based on the analysis of both series and series-parallel hybrid systems, the series hybrid system 
can provide better performance, fuel economy and lower emissions when utilized in low speed, 
stop-and-go operation compared to the parallel system. 

Staff is recommending a series hybrid system when an urban transit bus application is required. 

BUDGETARY/FISCAL IMPACT: 

The Metropolitan Transportation Commission (MTC) allows the purchase of hybrid buses using 
FTA formula funds. The funds cover the cost difference of the basic hybrid bus option, which 
does not include auxiliary systems such as electrifying air conditioning, air compressors, and 
power steering pumps for the hybrid system. The incremental capital cost for the basic parallel 
and series hybrid systems is as follows: 

• Allison Series-Parallel Hybrid System 
• BAE Series Hybrid System 

$216,000 

$195,000 
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BACKGROUND/RATIONALE: 

On July 9, 2014, the Board approved the procurement of up to ninety-six {96) 40-foot Gillig 
buses, including twenty-five {25) hybrid electric buses. At that time, the Board requested staff 
to report on the hybrid platform planned for installation on the new hybrid electric buses. The 
following analysis identifies the advantages and disadvantages of the parallel and series hybrid 
platforms currently available for transit buses. 

Parallel Hybrid Drive System 

In a parallel hybrid system, both the engine and the electric motor have direct, independent 
connections to the transmission. Either power source, utilized together or separately, can be 
used to propel the vehicle. These vehicles are designed so that the combustion engine provides 
power at higher vehicle speeds, the electric motor provides power from vehicle stops and at 
low speeds, and both power sources work together during acceleration. Parallel hybrid systems 
are well suited to improve fuel economy of transit vehicles and trucks with higher average road 
speeds. 

Allison Transmission provides a series-parallel hybrid transmission that incorporates a hydraulic 
transmission with clutches and electric motors (a power split device), allowing for power paths 
from the engine to the wheels that can be either mechanical or electrical. With this hybrid 
system, the engine must be running at all times for the vehicle to operate, and there are no 
start/stop engine options provided to help further reduce fuel consumption. 

Series Hybrid Drive System 

In a series hybrid system, the engine is not directly linked to the transmission for mechanical 
driving power. Rather, all the energy produced from the engine is converted to electric power 
by a generator that recharges an energy storage device to provide power to the electric motor 
that propels the vehicle. Because the combustion engine is not directly connected to the 
wheels, it can operate at a more optimum rate and can be automatically or manually switched 
off for temporary all-electric, zero-emission operation. 

BAE Systems provides a series hybrid system for use in heavy duty bus applications where the 
vehicle is driven only by the electric motor, with a generator providing the electrical power. 
Series hybrid systems lend themselves to future plug-in and zero emission technology, and 
achieve better performance for transit vehicles with low speed, stop-and-go operation. 

Bus Manufacturer Surveys 

Bus manufacturers were contacted to determine the current orders for the two hybrid systems. 
The composition of hybrid systems on order varies based on the bus manufacturer. Total Gillig 
hybrid sales equal approximately 25% of total bus production. Gillig has installed more Allison 
hybrid systems, since they only began the installation of the BAE systems in the past two years. 
Total New Flyer hybrid sales equal approximately 19% of total bus production with installation 
of an equal amount of Allison and BAE hybrid systems. New Flyer has installed hybrid drive 
systems on their 35-foot, 40-foot, and artie configurations. 
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Current Series and Parallel Hybrid Bus Sales Percentage of Total Production by Manufacturer 

Manufacturer Allison BAE 

Gillig 75% 25% 

New Flyer 50% 50% 

Altoona Test Results 

To provide hybrid fuel economy and performance comparison data, staff reviewed hybrid 
performance data from the Altoona Bus Research and Testing Center, operated by the Larson 
Institute at Penn State. The performance data provided was from two New Flyer hybrid buses, 
one with the Allison system and one with a BAE hybrid system. Fuel economy and performance 
tests were performed using the same test track and distance for a comparison. The fuel 
economy numbers show that the BAE hybrid had a 15% better fuel economy on central 
business district routes, and slightly better fuel economy on the higher speed commuter routes. 

Hybrid Average Fuel Economy Test Results (MPG} 

Hybrid System Central Business District Route Commuter Route 
Allison 4.75 7.57 

BAE 5.46 7.79 

Hybrid Bus Performance Summary in Seconds 

Hybrid System 0-10 MPH 0-20 MPH 0-30 MPH 0-40 MPH 0-50 MPH 
Allison 4.92 9.55 16.23 25.53 37.96 
BAE 3.66 7.04 12.36 20.45 33.35 

Hybrid Battery Technology 

Currently, BAE and Allison provide different battery technologies in their hybrid systems. BAE 
systems utilize lithium ion batteries and Allison Transmission utilizes nickel metal hydride 
batteries for energy storage. As in comparing hybrid technologies, hybrid batteries also have 
advantages and disadvantages. 

Battery Characteristics 

Lithium-Jon Nickel Metal Hydride 
Highest density of two chemistries High energy storage capacity 

No memory effect Limited memory effect 
Light weight 

The primary difference between nickel-metal hydride and lithium-ion batteries is with energy 
storage. Nickel has a lower energy density than lithium, resulting in a larger and heavier nickel 
battery as compared to a lithium-ion battery, with the same power and energy storage 
capacities. From the standpoint of efficiency, lithium-ion batteries have an advantage in 
applications where extremely high energy storage is necessary for use in long range electric 
vehicles. Nickel metal hydride batteries have been prohibitively large and heavy, hence the 
recent trend towards lithium-ion. 
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Transit Cooperative Research Program (TCRP} Report 132 Assessment of Hybrid-Electric 
Transit Bus Technology Findings 

Advantages and Disadvantages of a Series Hybrid System 

Advantages Disadvantages 

Engine configuration is relatively easy and Most suited to city-type driving. 

simple to control. 

Engine is able to operate in the area of peak Energy loss by generator and motor 

efficiency more often 

Engine is more efficient at lower speed and Has a relatively large battery energy loss. 

at high load, which result in superior fuel 

economy. 

Allows the optimization of engine Engine, generator and motor in addition to the 

technology. energy storage device contribute to vehicle 

mass. 

Can reduce transient load demands on the 

engine, which leads to lower emissions. 

Excellent dynamic performance at low-

speed acceleration. 

Advantages and Disadvantages of a Series-Parallel Hybrid System 

Advantages Disadvantages 

Offers flexibility in engine operation. Design is complex 

Provides freedom in managing engine speed Control is complex 

and torque verses vehicle speed and lower 

demand. 

Can provide high fuel economy and reduced 

emissions. 

Based on the information gathered on hybrid systems and battery technologies, staff is 
recommending a series hybrid system when an urban transit bus application is required. 

ADVANTAGES/DISADVANTAGES: 

Based on the current funding available to cover the diesel hybrid option in this purchase, there 
are no disadvantages to purchasing diesel hybrid buses. 

ALTERNATIVES ANALYSIS: 

The alternative to this recommendation is to continue purchasing standard diesel buses. These 
buses would provide lower fuel economy and higher engine emissions compared to their hybrid 
counterparts. 
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PRIOR RELEVANT BOARD ACTIONS/POLICIES: 

Staff Report 14-091 Procurement of up to ninety-six (96) 40-foot buses. 

ATTACHMENT(S): 

None 

Department Head Approval: James Pachan, Chief Operating Officer I Interim Chief Financial 
Officer 

Reviewed by: Denise C. Standridge, Interim General Counsel 

Prepared by: Stuart Hoffman, Manager of Technical Services 
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