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Project Motivation

Medium- and heavy-duty (MD/HD) bucket trucks are used daily by line crews employed 
by utilities, telecommunications companies, and municipalities to repair infrastructure

Bucket Truck Profile
1. Typically diesel
2. Significant idling at the work site to power the hydraulic 

boom, lights, auxiliary equipment, and cabin heating 
and cooling, incurring:

• High fuel costs
• Diesel exhaust for workers and public

3. Work crews need to use emergency generators to 
supplement the idling power

4. Noisy operation prevents workers from communicating 
from ground to boom, resulting in:

• Safety issues
• Lowered asset utilization from time of day  noise 

restrictions

More than 23% of the 
global warming 

pollution is attributed to 
MD/HD vehicles1

1 "Annual Energy Outlook 2014 (AEO2014)." U.S. Energy Information Administration (EIA). 1 Apr. 2014. Web. 
<http://www.eia.gov/forecasts/aeo/pdf/0383(2014).pdf>. 
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Anticipated Benefits

Based on a typical work year of 260 days and an average 3 
hours/day spent idling over a typical Hawaiian Electric utility route2,3

2 "Paper No. 06-2567 Estimation of Fuel Use by Idling Commercial Trucks." Center for Transportation Research Argonne National Laboratory. 22 Jan. 2006. Web. 
<http://www.transportation.anl.gov/pdfs/TA/373.pdf>. 
3 "Heavy-Duty Highway Compression-Ignition Engines And Urban Buses -- Exhaust Emission Standards." EPA. Environmental Protection Agency, 6 Mar. 2013. Web. 
<http://epa.gov/otaq/standards/heavy-duty/hdci-exhaust.htm>. 

• Noise reduction
• Electrified powertrain 

• Reduced operating costs from fuel and maintenance
• Better packaging
• Improved handling
• Electric Power Take-off (ePTO) function with export power 
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Modeling and Simulation

Route, duty cycle, and base vehicle 
specifications from operating partners

Duty Cycle

Inputs
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Simulation Results
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Fuel consumption for gasoline and diesel powertrain systems
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Hydrogen used for fuel cell operated systems

System block diagram for scenarios 1 and 2, Fuel Cell Battery 
(Series Hybrid) Electric for traction and job-site ePTO loads.

ePTO

Proposed Configuration:
System block diagram for scenarios 3 and 5, Gasoline/Diesel stock 
powertrain for traction and Fuel Cell APU for job-site ePTO loads

System block diagram for scenarios 4 and 6, 
Gasoline/Diesel stock powertrain (baseline systems)

ePTO
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CONFIGURATION 1: 
Fuel Cell Powertrain
• FC power plant
• Battery and Drivetrain, Power Electronics

• Energy
• Power, Torque, Speed

• Electro-hydraulic system
• H2 Storage System
• ePTO
• Vehicle and ePTO Control 

CONFIGURATION 2 (Proposed):
Fuel Cell Powered Accessories
• APM FC power plant & Power Electronics
• H2 Storage System
• Battery
• Electro-hydraulic drive system
• ePTO
• APM Controls and optimization

System Configurations with Export Power

  
                

6



This presentation does not contain any proprietary, confidential, or otherwise restricted information.
US Hybrid 2016 DOE AMR Vehicle Technologies Program

ROI and Commercial viability

gallon/hr hours days gallon gallon HC+Nox CO PM Total CO2
0.9 6 260 1404 8,300 11,653,200 207 9,447 5.8 9,661 123,081

 fuel used for 
Hydraulic

daily 
operation

annual 
operation Emission (Ton)

Diesel fuel saved 
per truck

No of 
trucks in 
the fleet

Annuak Diesel fuel 
saved in the fleet

Total daily fuel cost for six simulation scenarios

Annual fuel saving and emission reduction for a fleet of 8,300 bucket trucks

Figure: Daily fuel usage and cost (base vehicle and proposed APM)

Case Propulsion System 
(Traction) 

Boom/Bucket 
Power (ePTO) 

Fuel Cell 
Power (kW) 

Battery 
(kWh) 

 

1 Fuel Cell Powertrain 
Series Hybrid Electric 

Fuel Cell Series 
Hybrid Electric 7.5 60  

2 Fuel Cell Powertrain 
Series Hybrid Electric Battery 25 30  

3 Stock- Gasoline Engine  Fuel Cell 3 5  

4 Stock- Gasoline Engine Main Engine - -  

5 Stock- Diesel Engine Fuel Cell 3 5  

6 Stock- Diesel Engine Main Engine - -  
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Operations Analysis

Operations and Productivity Gains

• ePTO availability
• Productivity Gains

• Noise Reductions
• Energy savings
• Petroleum Reductions
• Emissions Reductions

Option #1
Option #2

Near Term Infrastructure 
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Teaming

(Formerly called                 )

http://mydocs.epri.com/docs/publicmeetingmaterials/1104/4ANZGWRJTYQ/E236208_04._S.Seu_Energy_Storage_Briefing_4-5-2011.pdf
https://www.eversource.com/Content/images/default-source/Content-Images/service-territory-map.png?sfvrsn=0

Technology 
Developer

Commercial
Partner

Demonstration 
Region
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Proposed Future Work (Phase II)

a) US Hybrid to purchase the Truck

b) US Hybrid to integrate Fuel Cell powered ePTO with AC and DC export power and hydraulic drive.

c) The powered rolling chassis to be delivered to HECO

d) US Hybrid and ALTEC engineers to tune the hydraulics and actuator

e) US Hybrid and HECO/ALTEC to tune the operation

f) Truck to be released to HECO for 200 hrs. Demonstration.

g) US Hybrid to collect data during operation and provide performance and energy analysis

TOTAL INTEGRATED SOLUTION

• OEM drive
• Export power
• FC powered ePTO
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Milestones

Months ARO 1 2 3 4 5 6 7 8 9 
Task Description          

1 Project Management and Planning          

2 H2BTTM Conceptual Design          

3 H2BTTM Modeling          

4 Control System Development          

5 Economic Assessment, Including 
Fueling Infrastructure Cost          

6 Reporting          
 

Fuel Cell powered Auxiliary Power Module “APM” 
For Utility or Municipal MD or HD Bucket Trucks. 
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Summary

1. For Phase II of the project, the best ROI, GHG reduction and fuel savings per $ investment, fueling 
infrastructure, user benefits and commercially viable alternative is  buckets truck configuration 3 
(Gasoline engine powertrain with fuel cell ePTO) for Medium Duty and bucket trucks configuration 5 
(Diesel engine powertrain with fuel cell powered ePTO) for Heavy Duty  .  

2. For a fleet of 8,300 bucket trucks, the total diesel fuel saving is over 11 million gallon of diesel and 
this results in approximately 9,700 ton reduction in emission and 123,000 ton reduction in GHG.

3. Based on the initial technical and economic analysis and performance data, the fuel cell-powered, 
ePTO is a viable product with a focused niche markets, where eliminating emissions or the 
operating noise is critical, due to its higher capital cost. Eventually, economies of scale and fueling 
infrastructure growth will reduce the cost, so the fuel cell powered bucket truck will provide a lower 
lifetime operating cost while reducing emissions and allowing full utilization of renewable energy for 
transportation.  

4. The bucket truck with fuel cell ePTO commercial data sheet that outlines the final design selection, 
component sizing, and specifications that resulted from the simulation and design work is attached 
in Appendix B. 

5. It is anticipated that multiple patents for application and technology will be filed during Phase II 
commercialization. No patents have yet been filed. 

12



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /PageByPage

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.5

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages false

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 600

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects true

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (sRGB IEC61966-2.1)

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements true

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice



