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Executive Summary
To speed the commercialization of heavy duty hybrids and assist assessment and
adoption hybrid driveline capabilities, CALSTART organized 14 qualifying fleets for a
deployment effort of pre-production hybrid utility trucks. Twenty four (24) hybridelectric trucks were deployed in geographically diverse locations throughout North
America from in the period from May 2006 through May March 2008. The trucks are
medium heavy-duty commercial Class6/7 International 4300 work trucks built on a
standard commercial chassis with 225 horsepower engines with an Eaton hybrid-drive
system. The hybrid system is a parallel “mild” hybrid inserted in the space of the
existing transmission and has a power take-off (PTO) device which can be powered by
the engine or the hybrid-electric system.
The first major element of the project was to test the vehicles under laboratory conditions
on chassis dynamometers and evaluate the benefits in emissions and fuel economy with
the inclusion of the hybrid driveline. In the controlled laboratory setting, three utility
boom trucks and two portable generators were tested over various cycles using a chassis
dynamometer, hydraulic load circuit, and an electric load bank. A driving duty cycle and
“four missions,” specific scenarios the vehicles would undergo in a typical work day,
were used in the tests to determine the incremental improvements of the hybrid system.
The results from the chassis dynamometer tests were very favorable as the hybrid electric
vehicles produced lower emissions levels of all pollutants and had better fuel economy
for the driving duty cycle applied. In addition, testing under the specific scenarios
showed improvements even more dramatic compared to the baseline trucks. The
improvements can be attributed to mission cycles containing less drive time and more
stationary hydraulic operations. Improvements in fuel consumed ranged from 38% to
60%.
The second part of the project was deployment and field testing of the vehicles for a
statistically significant and geographically diverse set. The deployment was longer than
initially planned due to delays in the build and integration process. Field testing was
conducted over 18 months with focus on overall performance of the hybrid technology in
terms of the following measures: 1) fuel economy, 2) reliability and availability, and 3)
user acceptance.
The field deployment of the hybrid trucks was a success. The hybrid trucks have shown
significant fuel consumption improvements over standard trucks. We found the best
measure for comparing the fuel economy of standard and hybrid trucks to be total gallons
per total hours of operation which includes the engine hours and the hybrid-system
hours. The measured range of fuel consumption improvements in the field was 14 -54%
where the actual value is dependent on the specific duty cycle. The trucks were designed
to reduce engine idling at worksite operations by the hybrid system providing power
rather than the engine. However, the trucks were in many cases placed in applications
that had shorter than expected worksite operations which can lead to smaller
improvement than expected from the laboratory testing. In driving only, the fuel
economy of the hybrids was between 2 - 27% better than the standard units. The strong
dependence of fuel consumption upon duty cycle suggests that a deeper analysis of the
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different duty cycles is needed in order to identify the best applications for hybrid trucks
where maximum benefits could be realized.
Availability of the hybrid units was very high – greater than 99%. While there were
issues with different components, the reliability of the units improved greatly during the
field deployment and the lessons learned during the field deployment were incorporated
in the design of component reliability for next phase production units.
The user acceptance of the hybrids was good. The users found that operating the hybrid
trucks is similar to operating the standard trucks, which was an important requirement.
Most highly rated were the noise reduction and the smooth transition of the system from
hybrid to engine-on operations. Some concerns exist with lack of power on steeper grades
and at initial launch. These are due to the current system optimization for fuel efficiency
rather than performance. We recommend that better information needs to be provided to
the user on the trade-off and options between performance and fuel efficiency.
The third part of the project was a follow-up evaluation, at year one and at year two after
completion of the field evaluation. We evaluated the integration and performance of the
hybrid trucks in regular utility fleet operations. The vehicles are performing well and
fleets have integrated them fully in their operations. The best testament to the satisfaction
of the fleets is that that the fleets involved in the field testing, as well as other fleets,
ordered additional hybrid trucks. Specifically, the original 14 fleets involved in the field
testing expanded their number of hybrid trucks from 24 to 183 units.
For future generations of hybrid trucks, the users expressed interest in seeing fuel
economy improvements greater than 30%, longer ePTO operations at work sites, and a
visible indicator of battery state-of-charge inside the cab. They also suggested
coordinated software upgrades and improved launch at steep grades. We also recommend
that the suppliers need to communicate better to the users the design of the system with
respect to the duration of engine-off operations. Variability in the length of time of
engine-off operations is related to the specific use and the electrical demand on the hybrid
system.
This project was the first of its kind in deploying this class of hybrid trucks and is the
largest to-date in terms of scope and number of vehicles. Challenges were encountered in
deploying a large number of vehicles in a geographically large region, North America,
such as coordinating the deployment, setting up and defining the data collection and the
data analysis. Further future analysis of the data in more detail is recommended to better
characterize the duty cycles and provide a correlation between duty cycle and optimum
performance of the hybrid-electric trucks.
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1. Background
Medium and heavy-duty hybrids are rapidly moving into the market and are being
adopted by fleets in regular operations. In order to promote, prepare for and understand
the requirements of near-term deployments of medium- and heavy-duty hybrid vehicles,
the Hybrid Truck Users Forum (HTUF) was developed by CALSTART in partnership
with the U.S. Army Tank-Automotive Research, Development and Engineering Center
(TARDEC) and its National Automotive Center (NAC). HTUF was devised as a fasttrack process to speed hybrids to market by focusing attention on, and aggregating the
needs of, the users themselves. It was designed to fill the market-technology gap and
speed commercialization of medium- and heavy-duty hybrids.
One of the first working groups, Utility Truck Working Group, was organized for an
aggregated order, deployment and testing of first generation utility hybrid bucket trucks.
The objective of the program was to demonstrate that hybrid technology offers significant
improvements in emissions and fuel economy compared to their conventional
counterparts.
2. Introduction
This report contains the results of evaluation and testing of pre-production hybrid utility
bucket trucks. Twenty four (24) pre-production hybrid trucks were deployed in
geographically diverse locations followed by an in-use testing period of one year during
which the overall performance of the hybrid trucks was evaluated.
This project is the first of its kind in deploying this class of hybrid trucks and is the
largest to date in terms of scope and number of vehicles. It provides an early assessment
of the readiness for and challenges associated with pre-production hybrid truck
deployment efforts.
The evaluation consisted of several phases. First, performance laboratory testing for
emissions and fuel economy was conducted utilizing specific duty cycles typically
employed on utility vehicles. The second phase involved the field deployment and testing
of the twenty four vehicles in fourteen different fleets across the country and evaluating
their performance in comparison to the conventional diesel utility trucks. The third phase
was a follow-up of the original 24 vehicles to gather information on their permanent
integration and continued use in the fleets.
The laboratory testing was performed on the hybrid and conventional trucks. The
performance of the units was evaluated in terms of fuel economy and emissions on a
chassis dynamometer.
The main objective of the field deployment was to evaluate the overall performance of
the hybrid trucks. To achieve this, it was necessary to collect reliable and uniform data
across the fourteen participating fleets. Twenty-four (24) pre-production hybrid-electric
trucks were deployed among fourteen utility fleets in geographically diverse locations
throughout North America for a testing period of up-to one-year. The locations cover
different terrain and climate conditions to ensure that the truck is tested under different
operating environments (see Figure 1).
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Figure 1: Locations of the field deployment – 14 utility fleets involved in field
deployment
The two major elements of the project are a) deployment of the vehicles for a statistically
significant, geographically diverse test, and b) one year data collection, analysis and
assessment. The focus of the data collection process was to obtain data on main
measures related to the overall performance of the hybrid truck technology such as:
•
•
•

Fuel economy
Reliability and availability
User acceptance

3. Vehicle Overview
The truck is a medium heavy-duty commercial Class 6/7 (24,000 – 33,000 GVW)
International 4300 work truck built on a standard commercial chassis and utilizing a
DT466 diesel engine with 225 horsepower. The hybrid truck (hybrid), shown in Figure 2,
is a coupled with Eaton Corporation’s hybrid electric powertrain which includes an
automated manual transmission, a motor/generator, and a lithium-ion (Li-ion) battery
storage system.

2

Figure 2: Hybrid-electric utility truck in the HTUF deployment
The trucks are equipped with a 42-ft aerial device and a hydraulic system (supplied by
Altec Industries in most of the units and in one case by Posi-Plus) connected to the
power-take off device (PTO). This type of truck is the most common medium-sized truck
used by electric utilities and is built on the same chassis as the bulk of work trucks used
in cities and towns across North America.
The characteristics of the hybrid truck are:
•
•
•

Parallel, “mild” hybrid system (Eaton Corporation) inserted in the space of the
existing transmission.
Automated manual transmission (AutoShift AMT- Eaton Corporation)
Battery-electric - 1.8kWh Li-ion battery pack and 44 kW electric motor

The battery pack is used to capture and store regenerative braking energy, power the
electric motor for acceleration and the hydraulic pump when the engine is off. Figure 3
shows a schematic of Eaton’s hybrid drivetrain system and Figure 4 the overall schematic
of the hybrid vehicles system.
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Figure 3: Architectural schematic of Eaton’s direct hybrid drivetrain system (Source;
Eaton)

Figure 4: Overall schematic of hybrid vehicle system (Source: Eaton)
The power take-off (PTO) is attached to the transmission and can be driven either by the
engine or the electric motor, with seamless transition from one to the other. The system
was specifically designed to reduce engine idling by running the PTO, and in turn the
hydraulic pump, from the hybrid drive unit (i.e. e-PTO mode).
The trucks were also equipped with an Auxiliary Power Generator, or APG, which can
provide up to 25 kilowatts (kW) of exportable power. The schematic diagram of the APG
unit is shown in Figure 5. However, due to space constraints, eight of the twenty four
trucks were equipped with 5kW APGs during the field testing. Both the 25kW and 5kW
APGs were installed in the field after deployment of the trucks. The APG did not remain
on the trucks after the field testing in all cases.
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Figure 5: Schematic of 25 kW Auxiliary Power Generation unit (Source: Eaton)
4. Laboratory Testing
This was the first phase of the evaluation process and involved laboratory testing of the
hybrid truck and a baseline diesel truck for fuel economy and emissions on a chassis
dynamometer. Testing was performed at Southwest Research Institute. Full details of the
testing are available in Appendix A.
4.1 Vehicles and Equipment
The hybrid truck was compared against two conventional baseline trucks, Baseline Truck
A and B, each equipped with identical engines as the hybrid (215 hp International DT466
engine) but had a different transmission (Allison 5-speed automatic transmission). The
difference between Baseline Trucks A and B is in their hydraulic systems—Truck A had
an open hydraulic system while Truck B had a closed hydraulic system. Baseline Truck
A was tested over the chassis dynamometer driving cycle and accelerations runs while
Baseline Truck B was used for the hydraulic cycle tests.
The hybrid is also equipped with on-board electric power generation unit capable of
outputs of 5 and 25 kW. For comparison of this new feature, two portable generators
were used as baseline equipment. Generator A is a Multiquip diesel generator rated at 36
kW and generator B is a 2 kW Honda gasoline generator. All the vehicles and generators
are listed in Table 1 below.
Table 1: Vehicles and equipment used in testing
Test Vehicle ID
hybrid
Baseline A
Baseline B
Generator A
Generator B

Make

Model

Date of
Manufacture

International
International
International
Multiquip
Honda

4300SBA4X2
4300SBA4X2
4300SBA4X2
DCA-45SSIU
EB500XK1A

04/2004
01/2003
02/2005
09/2003
06/2002
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4.2 Laboratory Test Plan
The hybrid truck was tested for emissions and fuel economy over a chassis driving cycle,
two hydraulic load cycles, and two electric power generation modes. In addition, 0 to 60
mph full throttle accelerations were conducted for performance documentation. The
objective was to generate fuel economy and tailpipe emissions data from hybrid that can
be directly compared to a baseline under identical duty cycles. While duty cycles can
vary depending on the specific use of the truck, each utility truck duty cycle in general
consists of driving and hydraulic cycle (or work cycle at a job site) and for the hybrid, a
power generation cycle. The hybrid and the baseline were tested in these three modes:
1. driving,
2. hydraulic, and
3. power generation cycle.
The fuel economy (in mpg) or fuel flow (in gal/h) as well as emissions (in g/mi) were
measured. Details on the test plan and the procedures for each of the three modes of
testing are available in Appendix. A.
For the driving mode, a transient cycle - Combined International Local & Commuter
Cycle or CILCC - was used on the chassis dynamometer. The CILCC was developed by
Eaton Corporation, International Truck & Engine, and National Renewable Energy Lab
(NREL) for Class 4 through 6 trucks. The hydraulic cycle was tested by applying a
hydraulic load simulating the operation of the aerial device and its tool circuit during
work at a job site. Two transient hydraulic load cycles, Utility Load Cycle 1 and Utility
Load Cycle 2, both developed by Eaton, were used to test emissions and fuel flow while
loading the vehicle’s on-board hydraulic tool circuit. Figures 6-8 illustrate the CILCC
cycle and the two hydraulic load cycles.
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Speed (mph)

Distance (miles)

Figure 6: CILCC Transient Driving Cycle

Figure 7: Hydraulic Load Cycle 1

Figure 8: Hydraulic Load Cycle 2
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In the laboratory, fuel and emissions
were evaluated in four different
“missions” representing how these
trucks are used in the utility industry.
Each “mission” consisted of a
combination of driving time (or miles
driven) and hydraulic cycle time (or
service call length), and in one case
power generation. The “missions” A,
B, C, and D (see Figure 9), were
developed by International and Eaton
from field observations of utility truck
applications. The fuel economy and
emissions in each mission cycle were
then calculated combining the
measured values for the individual
modes (driving, hydraulic, and power
generation).

Mission A:
• 70 miles driving;
• 3 service/site calls
• 1 h /service call
• 3 hours hydraulic operation (cycle1)
Mission B:
• 70 miles driving
• 3 service/site calls
• 1 h/service call
• 3 hours hydraulic operation (cycle1)
• 2 kW power generation
Mission C:
• 48 miles driving
• 3 service/site calls
• 2 h/service call
• 6 hours hydraulic operation (cycle 1)
Mission D:
• 38 miles driving
• 2 service/site calls
• 3 h/service call
• 6 hours hydraulic operation (cycle 2)

Figure 9: Four Mission Cycles Used to
Simulate Use of Utility Trucks
4.3 Chassis Dynamometer Results
As mentioned above, testing consisted of comparing the emissions and fuel economy of
the hybrid truck against a baseline conventional truck or a generator on a chassis
dynamometer in three different modes: 1) driving cycle, 2) hydraulic cycle (work cycle at
a site) and 3) power generation. The data are shown in Appendix A (Table A4-A8). The
charts in Figure 10 based on these data show the comparison in emissions and fuel
consumption from the baseline truck, the hybrid truck and the generator.
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Figure 10: Comparison of Emissions and Fuel Consumption from Baseline and Hybrid
in Different Test Modes
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The improvement of the hybrid truck in the driving mode were 26% in fuel economy, 422% decrease in gaseous emissions (hydrocarbons-HC, carbon monoxide-CO, oxides of
nitrogen-NOx), and 23% decrease in particulate matter. In the hydraulic cycles the
improvements were greater; 90% fuel economy gains over the conventional truck,
between 90 – 100% decrease in gaseous emissions and 60% decrease in particulate
matter. In power generation mode the hybrid performed better at the 2 kW power
generation mode compared to the small generator (5 kW) or the baseline truck in idle
mode. Only in the high power generation mode (25 kW) did the hybrid truck show higher
emissions and higher fuel consumption compared to the baseline portable generator,
26%, and produced more NOx and PM. It should be noted that at the time of testing the
auxiliary power generator was experiencing overheating issues and its design was being
modified.
4.4 Calculated Fuel Economy Over Four Mission Cycles
To simulate the expected fuel economy in a real-life application of a utility bucket truck,
Eaton Corporation assembled the four mission cycles described earlier (Figure 11). Each
mission was derived from a combination of mileage accumulation, hydraulic operation,
and power generation. The hours of operation from each cycle may include separate
service operations. For example, mission A includes 3 service stops with 1 hour of
hydraulic operation each totaling 3 hours of operation. Only mission B includes
exportable power generation. Mission B includes 3 hours of hydraulic operation (3
service stops) and 3 hours of power generation. Linear extrapolation from the laboratory
results (Appendix A, Table A4-A8) were used to estimate the amount of fuel each
mission cycle would consume. Table 2 below shows the fuel consumption and
improvements in fuel use between the hybrid and the baseline units in the four mission
cycles.
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Table 2: Calculation of mission cycle fuel consumed
Mission ID

A

B

C

Distance Driven (Estimated by
70
70
48
CILCC), mi
Hydraulic Cycles 1 Operation,
3
3
6
hrs
Hydraulic Cycles 2 Operation,
hrs
2 kW Power Generation, hrs
3
Test Vehicle
Baseline hybrid Baseline hybrid Baseline hybrid
Fuel Consumed While Driving,
9.0
7.2
9.0
7.2
6.2
4.9
gal
Fuel Consumed By Hyd Cycle
3.5
0.3
3.5
0.3
7.0
0.6
1, gal
Fuel Consumed By Hyd Cycle
2, gal
Fuel Consumed by 2 kW Power
1.3
1.0
Generation, gal
Total Fuel Consumed, gal
12.5
7.5
13.8
8.5
13.2
5.5
Fuel Economy (Total
5.6
9.4
5.1
8.2
3.6
8.7
Miles/Total Fuel), MPG
Fuel Economy % Improvement
67%
62%
140%
Fuel Consumed % Improvement
40%
38%
58%

D
38

6
Baseline hybrid
4.9

3.9

-

-

7.1

0.9

-

-

12.0

4.8

3.2

7.9
150%
60%

Based on the results from the four missions provided above, it can be determined that the
fuel economy and emissions improvements of the hybrid over the baseline trucks are
positive. The hybrid truck showed improvements over the baseline truck in the four
missions ranging from 60% to around 150% indicating that the fuel economy target of
50% improvement was exceeded. However fuel economy expressed in mpg values is not
a correct measure for this application of trucks as it includes fuel that was consumed in
driving and work site operations and the latter is not related to mileage. A better measure
is to compare the fuel consumption in total gallons used in each mission for the hybrid
and the baseline case (Figure 11). This comparison shows that that in each mission, the
hybrid used 38 to 60% less fuel compared to the baseline case.
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Figure 11: Fuel Consumption Reduction per Mission Cycle
The differences in the fuel economy can be attributed to the variations in the mission
cycles based on whether the vehicle was driving more (higher miles) or longer time at a
work site utilizing the boom. We found that missions C and D showed the greatest
improvements as more time was spent on the hydraulic cycle compared to the other two
missions. This result was expected since the hybrid trucks were designed to provide
greatest savings at work site operations.
In addition to fuel consumption, criteria emissions were calculated for each mission
based on the individual contributions of each operation mode. Table 3 contains the
percent improvement in emissions based on the g/mi and g/hr values measured previously
for each individual mode. The improvements in emissions are considerable in four
mission cycles.
Table 3: Percent Decrease in Emissions in the Different Mission Cycles
Mission Cycle

HC
%

CO
%

NOx
%

PM
%

A

58

50

34

25

B

69

94

24

18

C

78

71

55

30

D

80

74

58

32
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5. Field Evaluation
5.1 Integration and Deployment for Field Testing
The deployment process happened in several stages; the first units were deployed in May
2006 and the last units were deployed in August 2007. The deployment of the trucks
followed a staggered schedule (see Figure 12).
May 06 June 06 July 06 Aug 06 Sept 06 Oct 06 Nov 06 – Aug 07

6
1
(7)

7
(14)

3
(17)

Cumulative
totals in
parentheses

2
(19)

5

(24)

Figure 12: Staggered schedule of deployment of trucks
The originally planned rollout of all the vehicles was set for September 2006 but could
not be met due to delays in the build process caused by:
•
•
•
•

Supply chain components delay,
Integration process delays - chassis, body, and aerial device
Training and agreement schedule, and
Time gap between delivery and in-field service

Table 4 lists the HTUF-assigned truck numbers, the deployment locations, and dates the
trucks were released for service. It should be noted that the dates “released for service”
reflect the date that the unit was released to the participating fleet and do not represent the
date that the unit started regular operations within the fleet. Regular operations of the
units depended on the fleet’s internal quality control process which can take from a week
to several weeks time before the trucks are released to the final end user at the fleet. The
start of data collection depended on the installation of the on-board data acquisition
system (Aware™ Vehicle Intelligence System).
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Table 4: Hybrid truck deployment locations, delivery and start of data collection dates
Utility Fleet

Location 1

Location 2

Location 3

Released for
service

Start-Data
Collection

Florida Power and
Light
Duke Energy

Dade County, FL
(Metro Miami)
Durham, NC

Palm Beach County,
FL
Matthews, NC

Sarasota, FL

4 - 06

6 - 06

Greer/Duncan, SC

5 - 06

6 - 06

Birmingham, AL

Mobile, AL

7 - 06

8 - 06

Atlanta, GA

Macon, GA

—

7 - 06

11 - 06

Baltimore, MD

—

—

7-20-06

9 - 06

Columbus, OH

Longview, TX

—

7 - 06

10 - 06

Chicago, IL

Philadelphia, PA

7-12-06

9 - 06

17

Alabama Power
(Southern Co)
Georgia Power
(Southern Co)
Baltimore Gas &
Electric
American Electric
Power
Exelon (ComEd &
Peco)
Pacific Gas & Electric

Sacramento, CA

—

1 - 07

2-07

18

Pepco Holdings, Inc.

San Francisco Bay Area,
CA
Washington DC Metro
Area (DC and MD)

Wilmington, DE

1 - 07

1 - 07

19,20,21

Missouri Dept. of
Transportation
Oncor (formerly TXU)

St. Louis, MO

Kansas City, MO

Mays Landing, NJ
(and Salisbury,
MD)
Joplin, MO

8 - 06

9-06

Dallas-Fort Worth, TX

—

—

6 - 06

7 - 06

Los Angeles Basin, CA

—

—

8 - 07

9 - 07

24

Southern California
Edison
Entergy

Little Rock, AR

—

—

11 - 06

12 - 06

25

Hydro Québec

Montreal, Canada

—

—

8 - 07

10 - 07

HTUF Truck
No.
*2,3,4
5,6,7
8,9
10,11
12
13,14
15,16

22
23

* Truck No. 1 is assigned to the Eaton Pilot #1
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The units were initially delivered to customers without Auxiliary Power Generation
(APG) units, which could not be completed and integrated with the rest of the truck on
the same schedule. The delay was caused by a number of challenges encountered in
designing and testing the vehicle-mounted APG. The challenges experienced were:
•
•
•
•
•
•

Thermal issues
Vibration issues and shock compensation
Component availability for high voltage DC
Electromagnetic interference issues
Packaging and weight
Size and placement on different body configurations

One of the main concerns is the battery thermal issues; the power output of the APG is
limited not only by the storage capacity of the battery but the thermal concerns. Export
power of 5kW can be achieved from the battery alone with the engine turning on to
recharge the battery. Export power at 25kW, with the current battery size, is possible only
with the engine on.
The APGs were installed in the field with the 25kW units deployed in Fall 2006 and
Winter 2007 for 16 of the 24 trucks. The remaining eight trucks were equipped with
smaller 5kW APGs during Spring 2008 or later.
5.2 Field Data Collection Approach
To assist in the data collection process, the supplier team included an on-board data
acquisition system on all the hybrid units and selected baseline (comparison) units. The
system is Aware™ Vehicle Intelligence, a product of International Truck Co. The
schematic diagram of the telematics communication system is shown in Figure 13.
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Figure 13: Schematic diagram of the AwareTM telematics communication system
The on-board data acquisition system collected data from J1939 control area network
(CAN) and then sent the data to the AwareTM system. The system was designed to track
and record performance data such as fuel consumption in different modes, mileage,
speed, as well as to log all the system faults. The data types and the sources of the data
are shown in Figure 13 above. This system provides a good method of tracking data
from all the fleets and provides a wealth of information on the performance of the
vehicles.
A set of configuration states was developed to track time and fuel consumed in each
different state. Table 5 contains the list of the configuration states.
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Table 5: Configuration states for measurement of fuel consumed and operating time
No.
State 0
State 1
State 2
State 3
State 4
State 5
State 6
State 7
State 8
State 9
State 10
State 11
State 12
State 13
State 14
State 15
State 16
State 17
State 18
State 19
State 20

Configuration states
Driving
Idle
PTO with engine
PTO no engine only
5kW Auxiliary Power Generator with engine
25kW Auxiliary Power Generator
PTO and 5kW APG with engine
PTO and 25kW APG
Electric drive only
Hours of operation
Custom 1
Custom 2
Electric Drive Assist
Regeneration
Engine Regeneration
Brake Regeneration
5kW Auxiliary Power Generator (APG) without engine
PTO and 5kW APG without engine
PTO, engine and electric drive assist
PTO, engine and electric drive regeneration
Service Brake Applied

The goal was to be able to directly measure the fuel used in each of these states. We did
experience difficulties during calibration of the measurement which made interpretation
of data difficult in some of the states. One of the most useful definitions was the total
operation (State 9) which included operations with engine and with hybrid system in
motion and in stationary conditions. This allowed for a direct comparison of the hybrid
and the baseline trucks in terms of fuel consumption. We did not depend on the other
configuration states but we believe this list to be comprehensive that can assist in future
testing of hybrid trucks.
However, this system was fairly new and we experienced several problems during the
deployment. Two major problems affected the Aware™ data collection system starting
in October 2006 resulting in the data not reaching the central computer as well as
incorrect data reports. This required first an identification of the problem followed by a
complete rebuilding and re-installing of the modules in all the trucks which took about
six months to complete. The problems were resolved by the Aware™ team and a
complete new software fix was installed in all the units by the end of May 2007.
The data collection via Aware™ is the back-bone of the data collection and was designed
to track data in real-time via monthly summary reports. The real-time data were
available via a Web-based portal and the monthly summary reports were sent to
CALSTART and the supplier team.
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In addition to the on-board data collection system, we collected fuel consumption data
from the fleets directly by obtaining reports of their fuel records and mileage. The
experience with the data from the fleets was mixed due to:
•
•
•
•

Different tracking systems used by the fleets,
Some fleets having better tracking systems than others,
Inconsistencies in the data, and
Difficulty getting timely data from all fleets.

In conclusion, we relied heavily on the on-board data collection system (Aware™) for
fuel consumption and fuel economy since it provided a uniform method for all the trucks
and was more consistent. We planned to collect maintenance data from the fleets but
because these were pre-production units, repairs and maintenance was taken care by the
supplier team, thus the fleet maintenance records were not complete and were not tracked
during the field testing.
5.3 Fuel Economy Results
Fuel performance was measured on the hybrid and the baseline units. In order to compare
the performance of the baseline and hybrid units correctly it is important to capture the
fuel consumption (in gallons) and the total hours of operation, which includes the engineon as well as the engine-off operation hours. We thus compare the data in terms of total
gallons per hour of total operation (gallons/hour). Note that the total hours of operation
is defined as the time the key is in the ignition and thus includes all modes (driving,
idling, work site operations, etc.). Figures 14 and 15 show the comparison of average
values for fuel consumption in total gallons/hour for the baseline and the hybrid trucks
for selected a number of fleets. Figure 14 shows the data over a four-month period for
seven fleets and Figure 15 for ten-month period for six fleets. While 14 fleets participated
in the field deployment, not all data were available for these periods due to trucks being
out of service and/or errors in data reporting.
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Improvements Total Gal/h
3

Tot Gal/h

2.5
2

54%

26%
19%
34%
37%

14%

15%

1.5
1
0.5
Baseline

0

Hybrid

Fleet Cases

Figure 14: Comparison of fuel consumption (gal/h) for baseline and hybrid trucks for
seven different fleets (May 2007 - August 2007)

Figure 15: Comparison of fuel consumption (gal/h) for baseline and hybrid trucks for six
different fleets (May 2007 – February 2008)
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A lower value in gal/h indicates better fuel economy of the unit. The percent
improvement is calculated as the difference in gal/h of the hybrid and the baseline over
the baseline. The main conclusions are:
•
•
•
•

The hybrids show a decrease in fuel consumption over the baseline vehicles
consistently
The lowest fuel economy percent improvement of a hybrid truck is 14%
The highest fuel economy percent improvement of a hybrid truck is 54%
Differences are due to different duty cycles among the fleets

Some differences between the different fleets are due to different baseline vehicles but
mostly due to different duty cycle characteristics for each fleet. Utilizing the gal/hr data
from Figure 15 we derive the number of gallons used daily, which is a number that fleets
can more readily compare to their own fuel use. We consider that the hybrid and the
baseline trucks operate 7 hours per day and 22 days in a month. The case of 28% fuel
consumption improvement of a hybrid translates into the following gallons of fuel used:
•
•
•

Baseline truck 14 gallons and hybrid 10 gallons consumed daily
Baseline truck 308 gallons and hybrid 231 gallons consumed monthly
Baseline truck 3,696 gallons and hybrid 2,772 gallons consumed annually

The hybrid truck with 28% savings in fuel consumption would result is daily fuel savings
of 4 gallons, monthly savings of 77 gallons, or annual savings of 924 gallons of fuel per
truck.
We also evaluated the fuel performance for driving mode only. This was calculated by
comparing the gallons measured in the driving mode (State 0 from Table 5) and the miles
that the trucks drove in the same period. The comparison of the baseline and the hybrids
shown in Figure 16 is for the same vehicles as in Figure 14.
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Driving MPG Improvements
9
8

3%

27%
9%

1.6%

25%
17%

2%

7

MPG

6
5
4
3
2
1

Baseline
HEV

0

Fleet Cases

Figure 16: Comparison of baseline and hybrid vehicles in terms of mpg during driving
Note that the units here are miles per gallon (mpg) and the higher value indicates better
fuel economy during driving. In the driving mode the hybrids showed improvements over
the comparison baseline vehicles ranging from 2 - 27% depending on the specific fleet.
In comparison, in the lab testing the hybrid showed 26% improvement in mpg values for
the CILCC driving cycle which is similar to the very high end of the range measured in
the field.
The improvements once again underline the importance of the specific duty cycle of the
truck. The mpg can be affected by speed, terrain, and acceleration which should be
examined in more detail for better interpretation of the range measured here.
While not fully conclusive we have indications that majority of the fuel was used for
driving, about 80%, and that most of the trucks drove on average 70 mi/day. For future
work, we suggest a deeper analysis that would correlate the fuel economy improvements
to duty cycle characteristics such as, speed, daily mileage, length of time at worksite, and
number of work site operations. The range of values reported above clearly indicates that
fuel the economy benefits of hybrids will greatly depend on the duty cycle and the
application. Therefore, identifying the best duty cycle characteristics to achieve these
benefits is important and will help the users to place the trucks in the most suitable
applications.
5.4 Reliability and Availability
The reliability and availability of the trucks was tracked by the supplier team (Eaton,
Altec, and International) and reported each month. The data was tracked according to
service calls that the team received as well as by tracking the fault codes available via
AwareTM.
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Reliability tracks all issues with parts and components that were reported during the field
deployment.
Availability is an industry measure of vehicle being available for revenue service - for the
hybrid electric trucks it is defined as the time that the hybrid system was not preventing
the truck from being used in regular service.
5.4.1 Reliability Results
Reliability of the units was being tracked during the entire field deployment by the
supplier team. Reliability issues were separated into the following categories:
•
•
•
•

Component & System Reliability
Failures result in reduced reliability
Loss of functionality results in reduced reliability
Tracked for production

A total of 130 issues were recorded from May 2006 through August 2007. The issues are
grouped according to type in hybrid issues, body issues, and chassis issues (see Figure
17).

Figure 17: Service issues by type (Source: Eaton and International)
As the chart shows, of the total number of issues the number of chassis issues was 56,
hybrid issues was 47, and body issues 27. An important point here is that the issues
encountered were not dominated by hybrid-related issues.
We also divide the tracked issues into systemic problems and sporadic problems. Table 6
lists the systemic issues encountered since June 2006.
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Table 6: List of systemic issues
Qty

Issue

Corrective Action

Supplier

24

Inverter/motor controller capacitor
failures

Replaced all inverters

Eaton

24

Scrambled dash displays

Replaced all dash displays

International

4

Low 12V battery charge

Upgraded alternators from 100A to
145A

International

24

DCDC converters – amperage output
not meeting specifications

Installed reworked converters, then
installed production converters

Eaton

24

Hybrid control software issue to limit
motor speed

Upgraded all units to version 4.0.12

Eaton

24

Fiber optic tool switch circuit issues –
upper bucket controls

Replaced as required

Altec

Shield installed on all cam speed
sensors

International

Upgraded Battery controller software

Eaton

Upgraded hardware and Software

International

24
6
24

Intermittent shifts, low power, and
engine speed sensor #2 faults
Battery / PEC fan not functioning
properly
AWARE hardware and software issues

It is worth noting two key issues. First, power electronics needed to be upgraded in all
trucks during the course of deployment, specifically the inverters and DC-DC converters.
They were pre-production components, did not perform as expected and were upgraded.
Second, the replacement of some key components, and the regular improvement in
software, was one of the key benefits of the deployment to the supplier team. The pilot
project allowed rapid learning and improvement which led to an accelerated ability to
begin production of these trucks.
Table 7 lists the sporadic issues encountered during the deployment. For example, a
problem listed as sporadic was the PTO engagement signal fault. The fault indicator
would come on indicating that the PTO was engaged even when it was not. The issues
were caused by a single wire that was connected to three different controllers which
would cause it to often send a bad fault signal. The resolution was to simplify the wiring
and connect it only to the body controller.
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Table 7: List of sporadic issues
Qty

Issue

Corrective Action

Supplier

1

Battery hardware failure

Replaced Power Electronic
Carrier (PEC)

Eaton

2

Unable to engage a gear

Replaced electric clutch
actuator (ECA)

Eaton

2

PTO engagement signal fault

1

High voltage relay failure

3

Low power

Replaced hybrid control
module
Operator training, excessive
use of the stop button
Replaced turbo actuator

Eaton
Eaton
International

The main lessons learned for each supplier from the field deployment in terms of
reliability of their components are captured below.
Hybrid - Lessons learned
• DC to DC Converters (all 24 field test units replaced)
• Higher output voltage required (> 12 Volts)
• Production level DV testing required for reliability
• Inverters (all 24 field test units replaced)
• Larger capacitor required for back EMF
• Hybrid Controller Software (all 24 field test units updated)
• Fault improvements for service
• Cooling system improvements (pump & fan operation, thresholds)
• Power management strategy improvements
• Automatic 1st gear start with low state of charge
• Emergency Stop Button Strategy (for Production)
• Emergency stop buttons used for non-emergency situations
• Inertial switch added to production PEC design in case of accident
• Stop button added to the PEC assembly for emergencies or service
• PTO Engagement Circuit
• Switched to International solenoid switch pack to improve reliability (for
Production)
• Standardized communications between the body and hybrid controllers (SAE
J1939)
Body - lesson learned
• Pressure switches
• Settings
• Training associates to check settings to ensure accuracy
• Temperature
• Testing of pressure transducers to compensate for temperature changes
• Fiber Optics Switches
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•
•
•
•
•
•
•
•
•
•

Moisture
Changed orientation
Improved moisture resistance at interfaces
Interference
Modified assembled product
Non-Hybrid Related Issues
Hydraulic
Electrical
No Issue Found
Miscellaneous

Chassis - lesson learned
• Three 12 volt batteries required
• Three 650 CCA batteries provide more reserve power for e-PTO applications
• Minimum 150 Amp Alternator
• Higher amp needed for utility applications
• New Horton Fan Drive has built in electromagnetic shielding to prevent diesel
engine sensor fault codes
• Instrument Cluster Display Software prevents the Instrument Panel crystal display
from showing erratic characters.
• Standardized e-PTO Software has been developed or the ability for custom
Diamond Logic Software (DLB) depending on the application
• Simplified software has been developed for factory installation
• Custom DLB can still be written for more complex needs
• Improved diagnostic capabilities for the International dealer network
• 2007 MaxxForce Diesel engine to address diesel engine issues
• 2007 MaxxForce DT has been redesigned to meet the new emission standards
• 620 lb/ft of torque MaxxForce DT engine on the application
• For high GVW application
• Sustained high gradeability applications
It is very important to note that number of issues during the deployment steadily
decreased over time. This is a result of the continuous improvements in the various truck
components and learnings from the deployment experiences themselves. This can be
seen on the chart in Figure 18 where the number of issues dropped significantly over time
from sixteen issues in a month at the beginning of deployment to only one issue per
month towards the end.
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Figure 18: Number of service issues per month during field deployment
Because the number of issues is directly associated with the number of trucks, when we
normalize to a value that represents the number of issues per truck, we observed a
dramatic drop in the number of issues (Figure 19). Namely, at the start of field testing this
value was 1.7 and at the end of the field deployment it was close to zero. This is a very
good trend and a testament that the field deployment served an excellent role in
discovering and understanding the operation problems and providing solutions to them.

Figure 19: Number of service issues per truck over the deployment period
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5.4.2 Availability Results
Availability was tracked by the supplier team. The definition of “availability” from the
suppliers’ point of view is the time the trucks are available for ordinary service or
revenue service. Specifically in terms of the hybrid truck, availability means that the
hybrid system is not preventing the truck from being used. It does not include cases with
the hybrid system “offline.” Parallel architecture of the system helps improve availability
by allowing engine-only operation in case any hybrid issues arise. The only time the
availability number is negatively affected is when the truck cannot be used for service
due to a “mission ending failure” (MEF).
What is Availability?
• Industry measure of vehicle being available for revenue service
• “Hybrid Availability” is time vehicle is available for service and the
hybrid system not preventing truck from being used. This does not
include cases with hybrid system “offline”
• Parallel architecture helps improve availability by allowing engineonly operation (driving and jobsite) in the event of a hybrid system
issue
• “Off-hour” vehicle repairs help maintain high availability
• Tracked for production and HTUF fleet
• MEF – mission ending failure; the truck is not available for service
The cumulative total for hybrid truck availability is very good:
• 99.26% over 391 truck months
Figure 20 shows the cumulative total availability of all the trucks over the reporting
period. Each truck will have a somewhat different shape and history of availability
depending on the occurrence of mission failures.

27

HTUF Field Trial: 391 Truck Months (as of 8/31/2007)
100%
90%

Cumulative Availability (%)

Current HEV Availability is 99.26%
23 trucks reporting
No MEF for August

First three units placed
in service 04-30-06

80%
70%
60%

Mission Ending Failures (MEFs): 4

50%

Hybrid MEFs:
08/11/06 Unit 8 - Motor assembly issue (prototype process)
09/04/06 Unit 15 - Failed HCM analog input
10/02/06 Unit 13 - PEC, failed solder joint (prototype process)
10/16/06 Unit 2 - Poor 12V ground in hybrid system (prototype
process)

40%
30%
20%
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31-Aug-07
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Figure 20: Cumulative availability of the hybrid trucks during the field deployment

5.5 User Acceptance
To properly collect and analyze the user acceptance of the hybrid trucks in fleets,
CALSTART monitored and, at set intervals, evaluated fleet user responses through
surveys. The surveys were specifically designed to collect input from and evaluation by
the users on the operation and performance of the hybrid trucks during the deployment.
We asked the users to compare the hybrid trucks to the standard diesel trucks as well as
evaluate and rate the new features of the hybrids. The planned field deployment was 12
months but due to the staggered deployment of individual units, some units were in the
field for 18 months. The surveys were distributed twice to each fleet; at the beginning
and at the end of the testing period.
Input was solicited across management, maintenance and field user levels. The principal
personnel surveyed were:
1)
2)
3)
4)

Operators /drivers,
Operations Managers,
Maintenance Personnel, and
Fleet Managers.

Operators provided input on the following questions:
•
•
•
•

Starting-initial launch
Braking
Low speed maneuverability
Acceleration
28

•
•
•
•
•
•
•
•
•
•
•

Deceleration
Grade pulling
Transmission –shift quality
Boom operations electric mode (engine off)
Boom operation mechanical mode (engine on)
Boom operations - smoothness of switch from electric to engine on
Hydraulic power for tools
Power generation
Noise level
In-cab ergonomics (controls, switches, etc.)
Overall rating

Operations managers provided input on:
• Reliability of trucks
• Availability for job assignments
• Input/comments from personnel
• Power generation
• Overall rating
Maintenance personnel provided input on:
• Design for serviceability
• Design for repair
• Ease of repair non-hybrid related problems
• Overall frequency of non-hybrid related problems
• Ease of repair of hybrid-related problems
• Overall frequency of hybrid-related problems
• Response of suppliers to problems
• Overall rating
Fleet managers provided input on:
• Reliability
• Maintenance issues
• Maintenance costs
• Fuel consumption
• Overall rating
Details of the survey questions with sample surveys for each category are provided in
Appendix B. Each question was graded from 1-5 where:
1 is “much worse than the standard truck”
2 is “somewhat worse than the standard truck”
3 is “same as the standard truck”
4 is “better than the standard truck”
5 is “much better than the standard truck.”
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The survey results were analyzed by deriving the mean, mode, and standard deviation for
the responses to each question. “Mean” is the average of the values, “mode” is the most
common value of the responses, and “standard deviation” is a measure of how spread out
the distribution of answers was around the mean (i.e. lower number for standard
deviation indicates less spread out distribution around the mean).
We present here the results of the operators; Figure 21 shows the mean value of
responses from the first round of surveys and Figure 22 shows the mean value of
responses from the second round of surveys. The scale 1-5 was defined in earlier; a 5
represents much better performance than the standard truck; 3 is the same performance; 1
is much worse.

Ranking of Truck Performance

5.0

4.0

3.0

2.0

1.0

0.0
Survey Questions
Figure 21: Ranking performance features of the hybrid trucks compared to the baseline
trucks – first survey at beginning of field testing (based on 19 responses).
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Rnaking of Truck Performance
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Figure 22: Ranking performance features of the hybrid trucks compared to the baseline
trucks – second survey toward the end of field deployment (based on 9 responses)
The data shows that most of the features received a rating “better than the standard unit”
or “same as the standard unit,” which was one of the requirements for the trucks.
The highest ratings were given overall to:
• Noise level inside
• Noise level outside
• Braking
• Maneuvering
The lowest ratings were given for:
• Grade-pulling
• Acceleration
• Initial launch
• Shift quality
The main concern behind the low ratings mentioned above is lack of power of the unit.
We believe there are several reasons for this:
• Horsepower of the standard and hybrids were different in some cases (225 vs 250
hp).
• The power of the engine and power of the electric motor are not simply additive
(depend on the torque and state of charge of battery at the given point of time).
• Control system of transmission and hybrid-drive were optimized for fuel economy
rather than power and performance.
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On the latter point, it should be recognized that the control system can be adjusted and
optimized differently. However, there are trade-offs between optimal performance and
optimal fuel economy. We believe that this should be communicated more clearly and
effectively to the fleets. Therefore, our main recommendation would be that suppliers
investigate this and offer different strategies to the users that would address the concerns
regarding the performance at grades and during acceleration events.
When the truck was rated on the specific performance characteristics of the hybrid, such
as
• engine-off boom operations
• switch from engine-off to engine-on
• boom operation
• cab ergonomics

Ranking Hybrid-specific features

the ratings were relatively high and all close to 4 or “very good” as is seen in charts in
Figures 23 and 24.
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Figure 23: Ranking of hybrid-specific features of the trucks – initial survey (based on 19
responses)
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Ranking Hybrid-specific features
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Figure 24: Ranking of hybrid-specific features of the trucks – second survey (based on 9
responses)
6. Follow-up Evaluation
The third phase of the evaluation was a follow-up to the original field deployment and
evaluation of the permanent integration and continued use of the original 24 hybridelectric utility trucks. We held two meetings - at year one and at year two - after the
completion of the field testing with the fourteen participating fleets and the supplier team.
The purpose of these meetings was to gather feedback on continued performance of the
units within the fleets. We should note that the vehicles had undergone a “re-greening”
process which included replacing the components and parts from pre-production units to
production-type and updating of the software. During this time, the majority of the APG
units were removed from the trucks and in a few cases, replaced with 5 kW production
type APGs.
Majority of the 14 fleets had purchased additional hybrid trucks so that the initial number
of 24 had now grown to183 units just among these fleets. The feedback we obtained from
the fleets was the units in general were operating well and were fully integrated in the
base fleet operations. Some specific points and recommendations are listed below.
Fuel economy savings around 30% reported by fleets - These were numbers
provided by the fleets themselves that they were seeing fuel economy of the
hybrid trucks 30% better compared to the standard diesel trucks.
Duration of ePTO, or work site operations with “engine-off” is 7-15 minutes –
This was the length of time of ePTO, or work site operations powered by the
electric-motor. This range was provided by the fleets and will depend on the type
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of operation of the boom - how frequently it moves- and the state-of-charge of the
battery.
Mileage per truck ranges from 20,000 – 115,000 – This is the cumulative mileage
per truck since 2006. The range indicated the different use among the fleets.
Battery performance is very good – The original batteries are still in all of the
units indicating that durability and lifetime of the batteries is very good. The
original batteries were placed in the units in 2006.
Currently a total of 183 hybrid units just between these 14 fleets - Additional
purchases of identical hybrid trucks just within the fourteen original fleets have
increased the number of hybrid trucks from the original 24 to 183 hybrid units of
this sort. This is a testament to the success of this particular field deployment and
evaluation.
Poor initial launch on grade and poor launch off-road – Few fleets reported that
they continue to experience poor initial launch on grade or in off-road conditions
(e.g. sidewalk).
Moving shift point on transmission – Adjustment of shift point from 2100 rpm to
2400 rpm was necessary in order to allow for proper grade pulling.
Better response of dealerships required – The dealership should be better
prepared to address the hybrid-related issues and to find timely solutions. In many
cases the fleets still communicate directly with the supplier teams to solve a
performance question.
Software updates should be coordinated – The software is provided by different
suppliers and should be coordinated to assure that the corresponding versions are
uploaded at the same time. In a few cases different version of software affected
the performance and fuel economy of the units after the “re-greening” process.
We also addressed recommendations and expectations that the users have for next
generation hybrid developments, based on their extended experience with the first
generation of hybrids. The recommendations were mostly for improved
performance of the existing system and included:
•
•
•

Fuel economy improvements greater than 30%
Longer ePTO operations, 20 – 30 minutes of ePTO capability
Visible indicator for battery state-of-charge inside the cab.

7. Conclusions and Key Findings
The 24 hybrids and 20 baseline vehicles are located across North America with fourteen
participating fleets. This was the largest field deployment of hybrid vehicles in this class
size to date. The first trucks were deployed in May/June 2006 and were field tested for 18
months.
The laboratory testing showed positive performance of the hybrid truck compared to
baseline trucks. It was lab tested in different operating modes such as driving, work site
operations (hydraulic cycles), and power generation cycles. The hybrid showed lower
emissions levels of all pollutants and had better fuel economy and lower fuel
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consumption of the CILCC driving cycle and the two hydraulic load cycles. The actual
performance of the units was simulated in four different “missions” combining driving
and hydraulic operations and an addition of power generation for one mission cycle. The
total fuel consumed in each cycle was used to compare the hybrid and the baseline in the
different missions. The result was a decrease in fuel consumption for each mission
ranging from 38 – 60% for the hybrid trucks. This was accompanied by a decrease in
emission for all missions as follows:
- Hydrocarbons, 56-80%
- Carbon-monoxide, 50-94%
- Oxides of nitrogen, 24-58%
- Particulate matter, 18-32%
In the field testing, data were collected from hybrid and baseline units. The fuel
consumption was evaluated by measuring the total gallons per total hours of operation.
This is an important parameter to follow as it captures the operation of the engine and the
hybrid system. The field data showed overall improvements in fuel consumption of the
hybrids between the different fleets ranging from 14 – 54%. The differences are due to
the different duty cycles among the fleets. The range of decrease in fuel consumption
obtained in the field is in the range of the fuel savings measured in the laboratory mission
cycles but, somewhat wider in range. This is caused by the difference in the duty cycles
in the field, which likely included less work site operations compared to those modeled in
the laboratory setting.
The percentage fuel savings can be expressed in gallons consumed per day or month – a
value more easily compared to fleets own use. For example a hybrid truck with an
average 28% decrease in fuel consumption would save five gallons daily or 77 gallons in
a month and 925 gallons in a year. Fuel economy improvement for driving only of the
hybrids compared to the standard trucks was measured as 2 – 27%, depending on the
specific fleet. Laboratory results were 26% fuel economy for driving using the CILCC
drive cycle. The mpg values can be affected by speed, terrain, and acceleration which
should be examined in more detail.
Reliability and availability of the units was measured during the course of the field
testing. The reliability improved considerably during the testing period with number of
issues per truck dropping to one issue per truck per month. This was a result of the
continuous improvements during the deployment. The availability of the units was high,
99.26% availability measured over 391 months. This was a measure of the reliability of
the hybrid system specifically.
We evaluated the acceptance of the hybrids using surveys. The collected survey data
indicated that the hybrids were ranked as better than the baseline units in terms of their
features. The hybrid-specific performance was ranked as well and received an average
ranking between 3- 4 (1 being the worst and 5 the best). The users particularly liked the
low noise level of the hybrids. They asked for better performance in grade-pulling and
acceleration events in terms of available power.
A follow-up evaluation was conducted regarding the current performance of the units and
integration in fleet operations. We learned that overall the fleets are satisfied with the
operation and performance of the units and that many had purchased additional identical
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units expanding the number of these hybrid trucks from 24 original to 183 units in just
these fourteen fleets. Fuel economy of 30% was reported by the fleets on average. Some
expectations that fleets have in terms of improvements for next generation hybrids are:
•
•
•

Fuel economy improvements greater than 30%
Longer ePTO operations, 20 – 30 minutes
Visible indicator for battery state-of-charge inside the cab

The field deployment was successful in proving out the performance of the new hybrids
and providing valuable learning for the supplier team as well as the users. It was also a
good learning experience in terms of large deployments and field tests. A large
deployment of trucks spread out in different regions of the country required a significant
amount of coordination with the fleets and supplier team. Collecting data from a large
number of individual fleets requires a considerable effort in time and resources. In
collecting data from a large distributed set of vehicles, it is best to rely on automated data
collection which provides more uniform data. Throughout the testing period, a large
quantity of data was collected but further analysis is needed to understand in more detail
the effect of different duty cycle characteristics on overall fuel economy. This would
require more detailed analysis of the collected data and would provide better information
for applications that are the best match for hybrid trucks.
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Appendix A: Laboratory Testing Description
The vehicles were testing at the Southwest Research Institute’s heavy-duty chassis
dynamometer. For all tests measurement of total particulate matter (PM), total hydrocarbon
(HC), oxides of nitrogen (NOx), carbon monoxide (CO), and carbon dioxide (CO2) were
measured using a constant velocity dilution sampling system (CVS). Total hydrocarbon levels
were determined using a heated flame ionization detector (HFID), NOx levels were determined
using a chemiluminescent analyzer, and CO and CO2 levels were determined using nondispersive infrared (NDIR) instruments. The total particulate matter level for each test was
determined using dilute sampling techniques that collected particulate matter on a pair of 90 mm
diameter Pallflex T60A20 filter media. Fuel economy for each test was calculated from the
emission results using a carbon balance technique.
Driving Mode Testing
The chassis dynamometer simulated inertias of the hybrid truck and Baseline truck A were set to
26,000 and 26,460 lbs respectively for the driving portion of this work. Eaton performed onroad coastdowns on the hybrid truck and SwRI performed coastdowns on the baseline truck to
determine the dynamometer load settings. The load settings for each truck were not the same.
After installation of each truck on the chassis dynamometer, the on-board fuel system was
isolated and the engine was connected. Then, dynamometer coastdowns were performed to
confirm the road load simulation. The resulting dynamometer coastdown curve for each truck is
shown in Figure A-1.
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Figure A-1: Dynamometer coastdown curves
Before testing, at least one practice run of the CILCC cycle was performed to condition the truck
and emission sampling system. The baseline truck was tested over three hot-start tests and the
hybrid truck was tested over five hot-start tests using the CILCC cycle. The engine was turned
off for a 20 minutes soak period between each test. During each test, pollutants of total
particulate matter (PM), total hydrocarbon (HC), oxides of nitrogen (NOx), carbon monoxide
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(CO), and carbon dioxide (CO2) were measured.
emission results using a carbon balance technique.

Fuel economy was calculated from the

Hydraulic Tool Circuit Testing
After completing the driving portion of this project, emissions and fuel consumption were
measured while loading each truck’s onboard hydraulic system. An auxiliary circuit was
connected to the truck’s hydraulic tool connection port to load the system in a transient manner.
The auxiliary circuit simulated the load produced by the truck’s aerial boom while allowing for
more accurate and consistent operation. SwRI provided the auxiliary hydraulic circuit and
controls shown in Figure A-2.

Figure A-2: Auxiliary Hydraulic Load Circuit
The hybrid and Baseline truck B were tested using 3 hot-start tests over both hydraulic load
cycles for a total of 6 tests per vehicle. At the end of each hybrid test, an Eaton representative
manually triggered the hybrid system to recharge its batteries to the pre-test level. The emission
measurement system continued to sample during this recharge period. Also, approximately 3
seconds after the end of each hydraulic load spike, in the transient cycle, the hybrid truck’s
hydraulic pump would automatically shut off. Future Eaton hybrid utility trucks will have a
hydraulic load sensor that restarts the electric pump when flow is needed. Unfortunately, the
hybrid truck tested in this program was not equipped with such a device, so the hydraulic system
was manually triggered to begin pumping just before each load spike was encountered in the
cycle. This differed from the baseline truck, which continued to circulate fluid throughout the
entire cycle.
Electric Power Generation Testing
The hybrid truck was equipped with an onboard 25-kilowatt AC power panel. Emissions were
measure from the truck while loading the panel with a 2 kW low-power and 25 kW high-power
electric load. Neither baseline truck, however, was equipped with an onboard electric power unit
so two portable generators were tested for baseline comparison. A 5 kW-rated Honda gasoline
generator was used for the 2 kW low-power baseline and a 36 kW-rated Multiquip diesel
generator was used for the 25 kW high-power baseline. Each test was conducted in a steadystate manner with the applicable load applied by SwRI’s Avtron load bank shown in Figure A-3.
All tests were run for 30 minutes except for the high-power hybrid tests, which were run for 10
minutes due to an overheating problem.
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Figure A-3: 36 kW Multiquip generator and Avtron load bank used for power generation tests
Each baseline generator was tested using 3 hot-start tests, and the hybrid truck was tested over
both power levels using 5 hot-start tests. At the end of each hybrid electric power generation
test, an Eaton representative manually triggered the hybrid system to recharge its batteries to the
pre-test level. The emission measurement system continued to sample during the recharge
period. The engine was turned off for a 20 minutes soak period between each run. Baseline
truck A was also tested over a 30 minute idle-mode test. The results from this idle test are used
for mission fuel economy calculations. The following table summarized the complete testing
procedures.
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Table A-1: Full test plan
Step

Description
Preparation

1

Install Baseline truck A on SwRI’s chassis dynamometer.

2

Isolate the onboard fuel system and connect to a drum of LSD fuel using a fuel conditioning cart.

3

Insure all calibrations are current (NOx analyzer, torque meter, etc.). Check signal-conditioning systems.
Validate CVS gaseous and particulate sampling systems using propane recovery techniques.

4

Conduct coastdowns to verify correct test weight and road load simulation.

5

Conduct three 0-60 mph full throttle accelerations.

6

Run three hot-start idle-mode tests with a 20-minute soak between each test. Measure pollutants of HC,
NOx, CO, CO2, and total PM.
Driving Cycle

7

Run at least one CILCC prep cycle to condition the truck and sampling system.

8

Soak 20 minutes.

9

Run three hot-start CILCC tests with a 20-minute soak between each test. Measure pollutants of HC,
NOx, CO, CO2, and total PM.
Hydraulic Cycle

10

Remove Baseline truck A from dynamometer bay and install Baseline truck B.

11

Isolate the onboard fuel system and connect to a drum of LSD fuel using a fuel conditioning cart.

12

Connect auxiliary hydraulic load circuit to the truck’s hydraulic tool port. Run system and adjust circuit
to the desired pressure settings. Ensure that circuit computer controls are operating correctly.

13

Run at least one prep “Load Cycle 1” to condition the truck and sampling system. Soak 20 minutes.

14

Run three hot-start “Load Cycle 1” tests with a 20-minute soak between each test. Measure pollutants of
HC, NOx, CO, CO2, and total PM.

15

Run at least one prep “Load Cycle 2” to condition the truck and sampling system. Soak 20 minutes.

16

Run three hot-start “Load Cycle 2” tests with a 20-minute soak between each test. Measure pollutants of
HC, NOx, CO, CO2, and total PM.

17

Remove the Baseline truck B from the chassis dynamometer bay and install the 36 kW-rated portable
diesel generator unit.
Power Generation Cycle

18

Isolate the generator’s onboard fuel system and connect to a drum of LSD fuel using a fuel conditioning
cart.

19

Connect the generator to a 25 kW load using the SwRI Avtron load bank.

20

Run at least one prep test to condition the generator and sampling system. Soak 20 minutes.

21

Run three hot-start 25 kW load tests with a 20-minute soak between each test. Measure pollutants of HC,
NOx, CO, CO2, and total PM.

22

Remove the portable generator and install the hybrid truck on the chassis dynamometer.

23
24
25

Repeat steps 2-5, 7-9, 12-16 and 19-21, however, run five repeats for each driving or power generation
test cycle, rather than three, and ensure that the NEC is < +/- 1%.
Repeat step 18-20 using a 2 kW load and five repeat tests ensuring that the NEC is < +/- 1%.
Install the 5 kW-rated portable gasoline generator and repeat steps 19-21 using a 2 kW load.
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Results
Tables A-2 through A-6 contain the actual data for emission and fuel economy or fuel
consumption results from test runs in the three different modes; a) driving, b) hydraulic load, and
c) power generation. Table A-7 provides a summary of the emissions and fuel consumption in
the different modes.
Table A-2: Emissions and fuel economy results over the CILCC chassis driving cycle
Test Cycle
Configuration

Fuel Economy

Test
Code

HC
g/mi

CO
g/mi

NOx
g/mi

PM
g/mi

CO2
g/mi

MPG

L/100km

Gal/hr

H1

1.07

2.78

12.1

1.64

1300

7.71

30.5

3.25

H2

1.04

2.73

12.1

1.63

1290

7.79

30.2

3.21

H3

1.09

2.75

12.6

1.62

1290

7.77

30.3

3.22

Average

1.07

2.75

12.3

1.63

1300

7.76

30.3

3.22

Coef. of Variation, %

3

1

2

0

H1

0.82

2.27

11.2

1.32

1030

9.71

24.2

2.56

H2

0.82

2.44

11.9

1.21

1030

9.77

24.1

2.52

H3

0.84

2.39

12.1

1.23

1020

9.85

23.9

2.49

H4

0.85

2.35

11.9

1.25

1030

9.78

24.0

2.52

Average

0.83

2.36

11.8

1.25

1030

9.78

24.0

2.52

Coef. of Variation, %

2

3

4

4

Baseline
CILCC

hybrid CILCC

1

1

Table A-3: Emissions and fuel consumption results over hydraulic load cycle 1
Fuel Consumption

Test Cycle
Configuration

Test
Code

HC
g/mi

CO
g/mi

NOx
g/mi

PM
g/mi

CO2
g/mi

kg/hr

Lb/hr

Gal/hr

Baseline B
Hydraulic
Load Cycle

H1

20.4

49.2

136

2.84

11800

3.74

8.25

1.18

H2

22.7

49.1

135

3.15

11700

3.71

8.18

1.17

H3

21.4

46.0

133

3.20

11400

3.62

7.99

1.14

Average

21.5

48.1

135

3.06

11600

3.69

8.14

1.16

Coef. of Variation, %

5

4

1

6

2

H1

0.00

0.9

11.9

1.28

1100

0.35

0.76

0.11

H2

0.16

1.8

11.5

1.27

1010

0.32

0.70

0.10

H3

0.14

0.9

12.4

1.26

970

0.31

0.67

0.10

Average

0.10

1.2

11.9

1.27

1030

0.32

0.71

0.10

Coef. of Variation, %

87
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4

1

hybrid
Hydraulic
Load Cycle 1

6
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Table A-4: Emissions and fuel consumption results over hydraulic load cycle 2
Fuel Consumption

Test Cycle
Configuration

Test
Code

HC
g/mi

CO
g/mi

NOx
g/mi

PM
g/mi

CO2
g/mi

kg/hr

Lb/hr

Gal/hr

Baseline B
Hydraulic
Load Cycle 2

H1

21.4

47.2

134

3.12

11700

3.72

8.20

1.17

H2

21.2

47.3

138

3.17

12000

3.81

8.39

1.20

H3

21.4

45.8

133

3.14

11700

3.71

8.18

1.17

Average

21.5

48.1

135

3.14

11800

3.75

8.26

1.18

Coef. of Variation, %

2

2

2

1

H1

0.04

1.5

11.9

1.28

1100

0.35

0.76

0.11

H2

0.00

1.8

11.5

1.27

1010

0.32

0.70

0.10

H3

0.53

1.6

12.4

1.26

970

0.31

0.67

0.10

Average

0.19

1.6

11.9

1.27

1030

0.32

0.71

0.10

Coef. of Variation, %

154

7

2

36

hybrid
Hydraulic
Load Cycle 2

1

8

Table A-5: Emissions and fuel consumption results over a 25 kW power generation mode
Fuel Consumption

Test Cycle
Configuration

Test
Code

HC
g/mi

CO
g/mi

NOx
g/mi

PM
g/mi

CO2
g/mi

kg/hr

Lb/hr

Gal/hr

Baseline 25
kW Power
Generation
(30 min)

H1

27.2

31.5

246

6.48

20480

6.48

14.3

2.04

H2

27.6

30.2

240

6.49

20460

6.47

14.3

2.04

H3

25.6

30.1

250

5.80

20300

6.42

14.2

2.02

Average

26.8

30.6

245

6.26

20420

6.42

14.2

2.03

Coef. of Variation, %

2

2

2

1

H1

10.1

16.7

394

18.1

26300

8.28

18.3

2.61

H2

11.5

18.9

343

20.9

25900

8.15

18.0

2.57

H3

11.6

20.2

324

21.5

25600

8.06

17.8

2.54

H4

11.3

19.5

339

20.9

25600

8.08

17.8

2.54

H5

11.2

20.4

338

21.6

25600

8.06

17.8

2.54

Average

11.2

19.2

347

20.6

25800

8.13

17.9

2.56

Coef. of Variation, %

5

8

8

7

hybrid 25 kW
Power
Generation
(10 min)

1

1
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Table A-6: Emissions and fuel economy results over a 2kW power generation mode and
baseline idle mode
Test Cycle
Configuratio
n
Baseline 2
kW Power
Generation

Fuel Consumption

HC
g/mi

CO
g/mi

NOx
g/mi

PM
g/mi

CO2
g/mi

kg/hr

lb/hr

Gal/hr

H1

20.8

919

4.4

0.02

2720

1.34

2.95

0.42

H2

21.0

924

4.2

0.01

2720

1.34

2.96

0.42

H3

21.3

899

4.9

0.02

2720

1.33

2.92

0.42

21.0

914

4.5

0.02

2720

1.33

2.94

0.42

3720

1.17

2.59

0.37

Test Code

Average
Coef. of Variation, %

1

1

8

35

H1

1.21

5.01

52.1

3.56

H2

1.66

4.14

44.7

3.22

3430

1.08

2.38

0.34

H3

1.50

4.84

42.9

2.91

33000

1.04

2.29

0.33

H4

1.28

3.95

42.5

3.09

3340

1.05

2.32

0.33

H5

1.57

4.37

40.3

2.94

3240

1.02

2.25

0.32

Average

1.45

4.46

44.5

3.15

3410

1.07

2.37

0.34

Coef. of Variation, %

13

10

10

8

H1

9.23

33.7

64.0

8.58

4920

1.57

3.47

0.50

H2

1017

33.4

62.6

10.50

5020

1.60

3.53

0.50

H3

9.60

32.7

63.2

10.93

4990

1.59

3.52

0.50

9.67

11.2

33.3

63.3

10.00

4980

1.59

3.51

0.50

Coef. of Variation, %

5

2

1

13

hybrid 2 kW
Power
Generation

Baseline
Truck A Idle
Mode

0

6

1
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Table A-7: Summary of emission and fuel economy results in different operation modes
Test Cycle
Configuration

CILCC Chassis
Driving Cycle

Test Cycle
Configuration

Hydraulic Load
Cycle 1

Hydraulic Load
Cycle 2

25 kW Power
Generation

2 kW Power
Generation

Test Vehicle

HC
g/mi

CO
g/mi

NOx
g/mi

PM
g/mi

Fuel Consumption
MPG

Baseline

1.07

2.75

12.3

1.63

7.76

hybrid
Reduction from
Baseline, %

0.83

2.36

11.8

1.25

9.78

22

14

4

23

-26

HC
g/hr

CO
g/hr

NOx
g/hr

PM
g/hr

Fuel Consumption
Gal/h

Baseline

21.5

48.1

135

3.06

1.16

hybrid
Reduction from
Baseline, %

0.10

1.2

11.9

1.27

0.10

100

98

91

59

91

Baseline

21.0

46.8

135

3.14

1.18

hybrid
Reduction from
Baseline, %

0.19

1.6

17.0

1.18

0.15

99

96

87

62

87

Baseline

26.8

30.6

245

6.26

2.03

hybrid
Reduction from
Baseline, %

11.2

19.2

347

20.6

2.56

58

37

-42

-229

-26

Test Vehicle

Baseline

21.0

914

4.5

0.02

0.42

hybrid
Reduction from
Baseline, %

1.45

4.46

44.5

3.15

0.34

93

100

-889

-18775

20
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Appendix B: User Acceptance Survey Samples
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CALSTART
48 S Chester
Pasadena, CA 91106
626 744 5695 Ph

626 744 5610 Fax
HTUF User Acceptance Survey – Operators (SAMPLE)
As part of the HTUF hybrid truck deployment and testing period we would like to hear you input and
evaluation of the hybrid truck. Your input will help us evaluate the performance of the hybrid truck and
identify areas that need improvement. Please take 10 minutes to provide your evaluation of the hybrid
truck by answering the following questions. For each question check the box that best fits your rating.
We appreciate your time and assistance with this evaluation. If you have any questions about the
content of this survey, please contact Jasna Tomic at 626-744-5695 or JTomic@calstart.org.
Please return the completed survey to________ at fax number _________ within 5 days of receiving it.
Fleet Name:
Survey Name and No:
Operators No. 1/3
Date Prepared: _ ___________________
First Name: ____
_______ Last Name: ___
Occupation/Position: ____
___________
Location: _____
_________________
Telephone: _____
________________
Today’s Date: ____
______________

___________

For each question (Questions 1-12), please check the box that best fits your judgment of the
performance of the hybrid truck compared to that of a standard truck. Space is provided in each
question for any additional comments you might like to provide on the characteristics of the hybrid truck.
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CALSTART
48 S Chester
Pasadena, CA 91106
626 744 5695 Ph

626 744 5610 Fax
1a) The standard truck in your fleet used as comparison unit is:
Make
Model
Year
Engine
Transmission

Auto/Manual

1b) Please confirm that you normally use the above truck
Yes
No
If NO, which truck do you use normally?

Property of the
hybrid truck

2) Initial launch
from stand-still

Much
worse than
the
standard
truck


Somewhat
worse than
the standard
truck

Same as
the
standard
truck





Much
Better than
better than
the
the
Comments
standard
standard
truck
truck



3) Overall braking
behavior
4) Slow speed
maneuverability
5) Acceleration
6) Deceleration
7) “Grade pulling”
ability
8) Shift quality of
the transmission
9) Operation of the
boom
10) Operation of
the tool circuit
11) Noise level
inside the hybrid
truck
12) The noise level
outside the hybrid
truck
For Questions 13-18, please rate the features of the hybrid truck. For each question, please check the
box that best fits your rating of the hybrid truck feature.
Very

Poor

Good

Very

Excellent

Comments
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CALSTART
48 S Chester
Pasadena, CA 91106
626 744 5695 Ph

626 744 5610 Fax
poor






Good




13) Operation of
boom in “engineoff” mode
(electric)
14) Operation of
boom in “engineon” mode
(mechanical)
15) Smoothness
of switching from
“engine-off” to
“engine-on”
16) Power
generation at 5
kW (low power)
17) Power
generation at 10
kW (high power)
18) In-cab
ergonomics
(control, switches,
etc.)
19) Please provide an overall rating of the hybrid truck.
Very poor
Poor
Good
Very good
Excellent

Comment

Suggestions and Comments
20) Please provide suggestions or recommendations of performance areas that need
improvement in the hybrid truck.

21) Please share any additional comments you have concerning the hybrid truck.
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CALSTART
48 S Chester
Pasadena, CA 91106
626 744 5695 Ph

626 744 5610 Fax
HTUF User Acceptance Survey – Operations Manager
As part of the HTUF hybrid truck deployment and testing period we would like to hear you input and
evaluation of the hybrid truck. Your input will help us evaluate the performance of the hybrid truck and
identify areas that need improvement. Please take 10 minutes to provide your evaluation of the hybrid
truck by answering the following questions. For each question check the box that best fits your rating.
We appreciate your time and assistance with this evaluation. If you have any questions about the
content of this survey, please contact Jasna Tomic at 626-744-5695 or JTomic@calstart.org.
Please return the completed survey to __________ at fax number xxx-xxx-xxxx or email
_________________ within 5 days of receiving it.
Fleet Name:
Survey Name and No:
Date Prepared: _ ___

Operations Managers No. 1/3
______________

First Name: ____
_____________ Last Name: _
Occupation/Position: ___
_________________
Location: ____
__________________
Telephone: ___
__________________
Today’s Date: __
_________________

__________________
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CALSTART
48 S Chester
Pasadena, CA 91106
626 744 5695 Ph

626 744 5610 Fax
1) The standard truck in your fleet used as a
comparison unit is:
Make
Model
Year
Engine

Transmission

Auto/Manual

For Questions 2-4, please check the box that best fits your evaluation of the hybrid truck in comparison
to the standard truck. Space is provided in each question for any additional comments you might like to
provide.

Property of the
hybrid truck

2) Reliability of
hybrid truck

Much
worse
than
standard
truck


Somewhat
worse
than
standard
truck


Same as
standard
truck

Better
than
standard
truck





Much
better
than
standard
truck


Comments

3) Availability for
job assignments
4) Safety of
hybrid truck
5) In general, the comments from operators were
Very poor
Poor
Good
Very good
Excellent

Comment

6) Please provide an overall rating of the hybrid truck
Very poor
Poor
Good
Very good
Excellent

Comment

Suggestions and Comments
7) Please provide suggestions or recommendations of performance areas that need
improvement in the hybrid truck.

8) Please share any additional comments you have concerning the hybrid truck.

(Thank you for your participation!)
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CALSTART
48 S Chester
Pasadena, CA 91106
626 744 5695 Ph

626 744 5610 Fax
HTUF User Acceptance Survey – Maintenance
(SAMPLE)
As part of the HTUF hybrid truck deployment and testing period we would like to hear you input and
evaluation of the hybrid truck. Your input will help us evaluate the performance of the hybrid truck and
identify areas that need improvement. Please take 10 minutes to provide your evaluation of the hybrid
truck by answering the following questions. For each question check the box that best fits your rating.
We appreciate your time and assistance with this evaluation. If you have any questions about the
content of this survey, please contact Jasna Tomic at 626-744-5695 or JTomic@calstart.org.
Please return the completed survey to <<Name of Project Manager at Fleet >> at fax number <<fax

number>> within 5 days of receiving it.

Fleet Name:
Survey Name and No:
Maintenance No. 1/3
Date Prepared: _ _________________
First Name: ____________________ Last Name: ____________________
Occupation/Position: ____________________
Location: ______________________
Telephone: _____________________
Today’s Date: ___________________
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CALSTART
48 S Chester
Pasadena, CA 91106
626 744 5695 Ph
1) The standard truck in your fleet used as a
comparison unit is:
Make
Model
Year
Engine

626 744 5610 Fax
Transmission

Auto/Manual

For Questions 2-5, please check the box that best fits your evaluation of the hybrid truck in
comparison to the standard truck. Space is provided in each question for any additional
comments you might like to provide.

Property of the hybrid
truck


2) Design for
serviceability

Much
worse
than
standard
truck


Somewhat
worse
than
standard
truck




Same as
standard
truck

Better
than
standard
truck



Much better
than standard
truck

Comments



3) Design for repair
4) Ease of repair
non-hybrid related
problems
5) Overall frequency
of non-hybrid
related problems
6) Ease of repair of
hybrid-related
problems
7) Overall frequency
of hybrid-related
problems
8) Response of
suppliers to
problems
9) Please provide an overall rating of the hybrid truck.
Very poor
Poor
Good
Very good
Excellent

Comment

Suggestions and Comments
10) Please provide suggestions or recommendations regarding maintenance and
serviceability that need improvement in the hybrid truck.

11) Please share any additional comments you have concerning the hybrid truck.
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CALSTART
48 S Chester
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HTUF User Acceptance Survey – Fleet Manager
As part of the HTUF hybrid truck deployment and testing period we would like to hear you input and
evaluation of the hybrid truck. Your input will help us evaluate the performance of the hybrid truck and
identify areas that need improvement. Please take 10 minutes to provide your evaluation of the hybrid
truck by answering the following questions. For each question check the box that best fits your rating.
We appreciate your time and assistance with this evaluation. If you have any questions about the
content of this survey, please contact Jasna Tomic at 626-744-5695 or JTomic@weststart.org.
Please return the completed survey to <<Name of Project Manager at Fleet >> at fax number <<fax

number>> within 5 days of receiving it.

Fleet Name:
Survey Name and No:
Fleet Manager No. 1/3
Date Prepared: _ _________________
First Name: ____________________ Last Name: ____________________
Occupation/Position: ____________________
Location: ______________________
Telephone: _____________________
Today’s Date: ___________________
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1a) The standard truck in your fleet used as a
comparison unit is:
Make
Model
Year
Engine

Transmission

Auto/Manual

For each question (Questions 2-5), please check the box that best fits your judgment of the performance
of the hybrid truck

Property of the
hybrid truck


2) Reliability of
the hybrid truck

Much
worse
than
the
standar
d truck

Somewh
at worse
than the
standard
truck

Same as
the
standar
d truck

Better
than
the
standar
d truck

Much
better
than
the
standar
d truck











Comments

3) Maintenance
issues
4) Maintenance
costs
5) Fuel
consumption
6) Please provide an overall rating of the hybrid truck.
Very poor
Poor
Good
Very good
Excellent

Comment

Suggestions and Comments
7) Please provide suggestions or recommendations of performance areas that need
improvement in the hybrid truck.

8) Please share any additional comments you have concerning the hybrid truck.
(Thank you for your participation!)
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