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Hybrid Overview
Two Certification Options

1. Using Certified Engines 

2. Chassis Certification 
(engine + hybrid system + vehicle)
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Hybrid Overview

Option 1:  Using Certified Engines

Can be used in HEVs of the same service class

- no need for recertification,
- no emission credit from hybrid use.
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Presenter Notes
Presentation Notes
If using a certified on-road HD (truck) engine of the same intended service class, no additional paper work= no certification needed.  That is, whatever class the engine was certified to, that’s the class of the hybrid vehicle it is allowed to go into.  That includes buses, too.  So, in Option 1 approach, that is, no recertification required, a hybrid bus manufacturer must use an engine certified for urban bus in a hybrid configuration.  
If using (truck engine) LHDDE, or MHDDE in Urban bus is not OK because of useful-life difference between the Urban bus and those of the LHDDE and MHDDE; hence certification is required.  (useful-life  LHDDE=110K-miles, MHDDE=185K-miles, HHDDE/bus=435K-miles)……  Now, one issue regarding using HHDDE (truck engine) in an urban bus; for California, the engine manufacturer needs to certify the engine family (or the specific engine rating/engine model) as urban bus.  The details has to do with a) ABT issues of NO-Cross class ABT of credits, b) engine label requirements. 

If using on-road certified HD Otto-cycle engines:  in addition to the above, need to comply with evaporative emission standards.
Very limited amount of paperwork.  
1) Provide warranty and owner manual (with maintenance schedule), and
2) Vehicle emission label per Interim HEB test procedure.
3) A separate vehicle label to identify the evaporative vacuum-hose diagram, etc.
4) Warranty life and useful-life must remain within the intended vehicle service class.  This means that if the certified gasoline engine is used in an Urban bus than the warranty and emission compliance must meet the 435,000-miles, or 22,000hours, or 12 years emission compliance useful life.  Same as current requirement – no difference
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Hybrid Overview
Option 2:  Chassis Certification

Interim HEV Test Procedure Applies
• One party certification.
• For hybrids using an engine not previously 

certified or seeking emission credits beyond 
the emission levels of the certified engine.

• Emission factors for determining certification 
compliance.
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Presenter Notes
Presentation Notes
PLAIN LANGUAGE:    (no hybrid has been certified as of today…several manufacturer asked but none committed)
In one-party certification, the vehicle with its hybrid system is certified together.  The hybrid vehicle’s g/bhp-hr certification emission level is determined from its engine’s emission after being adjusted by the ratio of the hybrid vehicle’s emission factor to the conventional vehicle’s emission factor.
	Procedurally, the hybrid vehicle’s g/mi emission (A) is determined by chassis testing (Orange County Bus cycle + Urban Dynamometer Driving Schedule or UDDS cycle) while the engine’s g/bhp-hr emission (B) is determined by FTP engine dynamometer testing, from which the hybrid vehicle’s emission factor of (A/B) is determined.  An equivalent, conventional bus equipped with the same engine (or the next bigger engine available from the manufacturer if required to keep up with the driving schedule) is chassis dynamometer tested for its g/mi emission (C) and the engine of the conventional bus is engine dynamometer tested for its g/bhp-hr FTP emission (D), from which the conventional bus’ emission factor of (C/D) is determined.  The hybrid vehicle’s g/bhp-hr certification emission level (L) is determined by adjusting its engine’s emission B by the ratio of the emission factor (A/B) of the hybrid vehicle to the emission factor (C/D) of the conventional vehicle [L=B x (A/B) / (C/D)].
TECHNICAL DETAILS:
ARB HEB chassis runs the following cycles1 = OCTA + UDDS
	(1) Driving cycles.  Chassis testing shall include two separate test cycles as follows:  one cold start and three hot start tests using the Orange County bus cycle; and one cold start and three hot start tests using the Urban Dynamometer Driving Schedule (UDDS) (40 CFR §86 Appendix I(d)) (April 29, 1998).
Certified engines seeking credits or un-certified engines:  The manufacturer/applicant shall provide both engine and vehicle test results.  Engine test results shall be obtained from an engine manufacturer who has complied with the HD diesel or otto cycles TPs, or alternative procedures approved by the Executive Officer.  Vehicle test results shall be obtained from the party certifying the hybrid-electric drive system per the Interim HEB TP.   An emission factor shall be calculated from the two results to determine the emissions reduction achieved by the hybrid-electric drive system.
1.	Emission Factor.  An emissions factor shall be calculated by following equation:
EF =   Vehicle NOx (g/mi)  /  Engine NOx (g/bhp-hr)  ,  where
EF = emission factor of the vehicle in bhp-hr/mi
Vehicle NOx = weighted mass emissions level of NOx determined from chassis dynamometer testing in g/mi
Engine NOx = weighted mass emissions level of NOx determined from engine dynamometer testing in g/bhp-hr
Emission factors shall be calculated for HEBs and for baseline urban transit buses.  The baseline urban transit bus shall be selected by the Executive Officer and tested by the Air Resources Board.  The resulting data will be available for use by manufacturers applying for certification.
2.	Emission Factor Ratio.  An emission factor ratio shall be calculated by the following equation:
	EFR = EFhybrid / EFbaseline  ,  where
EFR = emission factor ratio
EFhybrid = emission factor calculated for a hybrid-electric urban transit bus
EFbaseline =emission factor calculated for a baseline urban transit bus
3.	Application of Emission Factor Ratio for Hybrid-Electric Bus Certification.  The NOx certification value for a hybrid-electric bus shall be calculated by applying the following equation:
	HEBcert = EFR * Engine NOx  , where
HEBcert =hybrid-electric bus NOx certification value in g/bhp-hr
EFR = emission factor ratio
Engine NOx = weighted mass emissions level of NOx determined from engine dynamometer testing in g/bhp-hr
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Hybrid Overview
Contact ARB for hybrid certification plans

- Durability and DF plans

- Warranty and Maintenance

- Other related discussions:
- Special test conditions/procedures. 

- Test vehicle configuration.

- Emission Factor determination.
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Presenter Notes
Presentation Notes
Test Vehicle Configuration: 
Using certified vs. non-certified engines 
Carryover of different chassis using the same engine… example of carryover 35000 to 40000 GVWR emission reduction factor and ratios using the same engine and hybrid controller
Component swapping of certified chassis configuration (worst case chassis configuration) to be used with different engines.
Different hybrid battery management calibrations for different transmission and chassis that cause the engine to emit differently than the certified configuration (i.e., for load following engines and battery management system – the emissions behavior are very chassis specific and if the weight or transmission or any chassis platform related items are changed then there are concerns for the representativeness of the original certification. 
	BOTTOMLINE: Try to help manufacturer to pick the worst-case EDE/chassis combination to allow the most flexible carryover of data. 



6

Idling Emission Reduction
MY2008+ HDDEs

1. Requirements:
• Five-minute engine shutdown, or
• 30 g/hr  NOx, or 
• Approved alternatives (APS or Heaters).

2. Part of AECD review process

3. http://www.arb.ca.gov/regact/idling/idling.htm
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Suggestions for Speedy Review
On-Road Heavy-Duty

• Annual certification preview meeting with ARB 
staff (~6 months before first certification).

• Seek approval for certain major requirements 
before submitting engine family applications.
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Presenter Notes
Presentation Notes
Typically almost all of the LDV manufacturers do present their CCP to help to communicate with both EPA and ARB on their upcoming cert activities.  
Several engine manufacturer are conducting annual CCPs and this helps with their review process.  (International, Cummins, Hino are very good on doing CCPs.  Other are ???)
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Certification Preview Meeting
On-Road Heavy-Duty

Discussion of the followings will help expedite 
the certification process:

– Durability testing and DF determination method 
– Emissions averaging plan
– New technology
– Alternative idling emission reduction compliance
– Test waivers and special test procedures
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Certification Preview Meeting
On-Road Heavy-Duty

• Engine family certification timing indicating 
completion of each major requirement
(e.g., Gantt chart of engine families)
- Identify exact carry-over EFs for fast track review 
- Identify non-carryover EFs
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Pre-certification Approvals
On-Road Heavy-Duty

Approval of the following before 
submitting the application will 
expedite the review process

– Durability test plan and DF determination
– Request for carryover or carry-across
– EMD/OBD
– AECD, NTE deficiencies
– Regeneration emissions
– Warranty, engine label and maintenance schedule 
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Speedy Review
On-Road Heavy-Duty

Missing items that delay issuance of E O:
– Durability and DF data and summary information
– NTE deficiencies declaration and justifications
– Facsimile of engine label 
– Warranty statement 
– Maintenance schedule
– EPA Certificate of Conformity
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Submittal Requirements
On-Road Heavy-Duty

• DMS = Filemaker application + Documents
• DMS submittal – follow HD users guide @

http://www.arb.ca.gov/msprog/dms/mfrug032007.pdf

• AB&T reporting same as EPA = submit same 
reports into ARB DMS
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Contact Information
On-Road Heavy-Duty

Tom Chang, ychang@arb.ca.gov
Zach Evans, zevans@arb.ca.gov
Duc Nguyen, Manager, dnguyen@arb.ca.gov
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