FPInnovationsr(\)

www.pit.fpinnovations.ca

Innovation

P I Performance
Transport

Testing and Verification
Protocol foEngine and
Vehicle Aftemarket
Devices

TOUJOURS PLUS LOIN » ALWAYS FURTHER W/

570, boul. Saifgan- PointeClaire (Qc) H9R 3J9 wwwpitfpinnovations.ca



THIS PAGE INTENTIONALLY LEFT BLANK



Performance
P I Innovation

Transport

an FPInnovations croup

Testing and Verification
Protocol foEngine and
Vehicle Aftemarket Devices

March28, 2013

© Copyright Z)FPInnova tions



THIS PAGE INTENTIONALLY LEFT BLANK



Tableof contents

SUMMARY ...ttt ettt ettt ettt ettt et oo e e oo oo oo oo e et et e e e e e e e e e e e s e e e ssasssss s bnssssss s s s s es s s e s s s e e e e e e e e e e s ame e e e e e aaaaaaaaaaeaeeeeeeeeeesieeeaaaas 1
INTRODUGCTION. ..ttt ettt aeee e e eeeeeeeeeeeesemtesseeaeeaasaeaeseeeessssssssamtsssssssssssssssssssssssssses st s s e b e sssssssseesaseeseeeesesoms 3
(0] 1110 AR 3
PROTOCODEVELOPMENPROCESS. ... it iiiiieiieeee ettt ieeee e e e e et et ittt eeeeeeees st b b e ———eeseessas b bbb s s s saa s saassa s ssssseesesaasaasaaeneeeeeeeees 3

(@ ST 1 17 =1 Y 4

[ =0 @ T0Te (D U 1IN 4
TESTING AND VERIATIN PROTOCO . .uittiiiiiiiiiiiiiiieis ittt ettt ettt et amt e s e s s e s s e s s s s s s s bbb s bmrsssssssssssssssssenennes 7
1. SCREENING OF TAEPLICATION .uuuuuiiiittttteeeeeesssassseeessessssassesssssaassaesssssssssssseessssssnseeseeesssssnsitestessssnneessesrsssssns 7
1.1. Sekassessment PBCreening APPHCALION...........oiuiiiiiiiiieeei et bbb se e 8

RS Tod (=10 oo USSP PRSP PR PPN 8

2. TESTING OFECHNOLOGY BBALUATPERFORMANGCE......uuiiiiiiiiitiiieeiieeetettiseesteattieeessestransineessesttnseesersssnsienseens 11
2.1 Canadian ETV Progr&@eneral TeSt ProtOCOL.........c.uiiee i e e e e e e e snnee s 11

2.2. PerfOrManCe ParaMELEIS........ooooii et e et s b e s s s s e e e e eessaaaseaaneseas 11

PG T =TS QY 11 1 o o Ko 16

P = B T VOO PSPPSR 25

R T /=1 = =i (07 [ ) 27
DISCUSSION AND REGABENAIDATIONS......coi et eetimre e e ettt e e e e e et e s st e e eeaabaae e s e e s s sassseeeessamaasaseeeeessassraeeens 29
CONCLUSIONS . ..ttt ere s eeeeeeseeeeeeeeesteeseeeasamtetaaaaaaaaeeaessssssssssssssamtsssssasssssssssssssssssssessmesseessessssssseesessssssseesoms 29
ACKNOWLEDGEMENTS ..ot b bbbt e st e s e s e e e e e e e e e e e e e eaaeaaaaassameeeeeeeeeeeeeasaas 30
L ] N (O . TP 31
APPENDIX A. TECHNIGDVISORY COMMITTEE. ... .ttt smre s e e e e s e s e e e s e e s e e e e e e e e e e s s i e e aeeeaas 33
APPENDIX B. SUMMARY EXISTING TESTAND VERIFICATION PRIZOLS.......oooiiietveeeee et 35
APPENDIX C. SEAFSESSMENT APPLIONTEORM.......ccoitteiiee ettt s ettt e e e e e stbtee e e e e e s imasbaee e e e e e essaneeeeessanssssmees 37
APPENDIX D. PERFORMA CRITERIA FOREBIR.... ..ottt ettt ettt e e e e et e e e e e e e e e e e e e e e e e e e e e e s e s i e s naaa 41
APPENDIX E. TEST OONMONS FOR PEMS EBIONS FIELD TESTING....ooii ittt eemrreeeee et evamee e 43

Perforn'!ance
PI Innovation Testing and Verification Protocol for EAMDs

Transport



List of Figures

L To U T IS Yod (= T=Y g T o [ o] 007 SR 7
Figure 2. Twaycles and Fiveycles fuel consumption test diagrams (from Transport Canada 2011)..21
Figure 3. ETV Canada verification process (from Environment Canada.2012).............cccceeeeeerivnneenns 27
Figure 4. Performance criteria for low rolling resistance tires (from EPA 2011a)............cccvvveceeeernnnnn 41
Figure 5Performance criteria for retread tires (adapted from EPA 2011D)........ccccovvviiieenieniiiienieee 41
List of Tables

Table 1. Proposeglidelines fOr SCrEENING........ciicuiii ettt ree e e s e e s raree e e s e e sraeeeans 9
Table 2. GHG emission factors for heduty diesel VENICIES............ccoociviiiecciee e 12
Table 3. Proposed testing methods according to the tested technalagy.........ccocvevvievncee e e, 16
Table 4. Technical adViSOry COMMUTIEE. ........cooiiiiiierieee et ene e 33
Table 5. Summary of existing testing and verificationgmols................ccoceeiiiierennieeee e 35
Table 6. Test conditions for PEMS emissions field teSting...........ccuoiuviereriie e 43

Performance
PI !Ipnovation ii Testing and Verification Protocol for EAMDs
ransport

an FPInnovations croup



Summary

Environmental quality and energy efficiency are priority areas for Environment CaBadanment
Canada manages Canadidinvironmental Technology Verificatio(ETV) Program, which offers
independent verification of environmental performance claims for innovative technologies, processes, and
products.

The challenges and opportunities presented by engine and vehicle-nafidtet devices is a specific
technology area of interest to a range of stakeholders.

This testing and verification protocol helps guide the demonstration and deployment of effective engine
and vehicle technologies and solutioriBhe protocol meets the requiments of the Canadian ETV
t NEANFY YR (GKS LINPINIYQAE DSYSNIf +£SNAFTAOFGAZ2Y
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Performance Solutions, a Technical Advisory Committee (TAC) was formed to esegageal
stakeholders, experts and municipalities in a round table discussion leading to the development of a
suitable testing and verification protocol for engine and vehicle aftarket devicesThe TAC provided

input and technical expertisiato the development ofthis technology testing and verification protocol

The following generic process is proposed:

U Screening of the application: thebjective is to determine if the technology meets basic
requirements prior to proceeding with performance tegfiand verification;

U Testing of technology to evaluate performance: the focus of testing is to deteymitinea 95%
level of confidence, thetatistical significancef changes irthe fuel consumption and/or
emissions of the engine or of the vehiclewhich the tested technologig used;

U Verificationof the test report: the verification process isthird party expert evaluation of the
technology and of the independent third party testing based on the requirements of the
Canadian ETV Program Generalifiéation Protocol.

This protocol presents the general test methodology and existing test methods that can be usedifer
and vehicle aftemarket deviceswith reference to applicable standards and regulations, and in a manner
that is consistent witlthe framework of the Canadian ETV Program General Test Protocol.

Considering that specific regulations and standas alreadyin place across a number of jurisdictions,

the protocol does not detail test procedures. However, because unique technologiesequire specific

test plans that cannot be found in existing standards, particular testing methods may be accepted,
depending on the equipment covered by the application.

It is recognizedhat the while the process must be accurate, it mwdso be coseffective to facilitate
technology supplier access to verification.
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Introduction

Context
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protocols. The Program offers independent verification of environmental performance claims for
innovative technologies, processes, and prdadudccording to Environment Canada (2012a), for the
purposes of the ETV Program, environmental technologies are products and processes that offer an
environmental benefit or address an environmental problem. This definition includes products and
processesvhose primary purpose is environmental protection or remediation. It also includes products or
processes that contribute to environmentally sound production, including alternative production
processes and materials.

Fuel costs contireito escalate and "gren" transportation technologies are increasingly in demand.
Obstacles to the adoption of innovative technologies include the lack of credible information from
independent qualified sources. Therefore, one of the ways to support the industry is to preliatae
information resulting from the rigorous testing of fuefficient and emissions technologies, and to present
this informationto key stakeholders in the transportation, fleet and freight sectors.

The challenges and opportunities presented by Bagand vehicle aftemarket devices (EAMDs) is a
specific technology area of interest to a range of stakeholders.

Previous wrk has assessl the need and characteridethe scope forthe independent performance
verification of vendor claims related to eneygand emissions improvements. A general EAMD draft
protocol was developed (ETV Canad@CETA 2007), and a study was completed in 2010 for Transport
Canada, Natural Resources Canada and Environment Canada indicating the size of this market and the
range oftechnologiesdeing promoted (OCETA 2010).

Protocol Development Process

az
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Performance Solutions, a Technical Advisory Committee (TAC) was fotmeengage sectorial
stakeholders, experts and municipalities in a round table discussion leading to the development of a
suitable testing and verification protocol for engine and vehicle aftarket devicesThe TAC provided

input and technical expertisinto the development of the testing and verification protocol. Appendix A
presents the composition of the TAC.

The first stage of the protocol development process was to present a background document to TAC
members for analysis. The background docunpmasented:

U An analysis of existing test methods and verification protocols for engine and vehiclenafiest
devices, including a review of the Canadian ETV Program General Test Protocol and the General
Verification Protocol (GVP);

U A tabular summary oh comparative analysis of existing testing and verification protocols for
engine and vehicle aftanarket devices (Appendix B);

U A proposed set of screening and evaluation parameters, and testing and verification protocols.

Performance
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Based on the feedback receiverm the first TAC meeting, screening and evaluation parameters and
testing and verification protocols were reviseshda complete draft protocol was consequently presented
for review. The feedback received during the second TAC meeting allowed to rafinénalize the
protocol.

Objective

U This protocol aims tguide and support the review and approval of performance verification
claims by any manufacturer or vendor of EAMDs in a transparent and credible manner.

U The protocolaims to bemutually acceptable to both technology users and proponents so that
valid and credible data is in placedapport performance claims: acceptable for technology siser
meansaccurate and independent results, while proponent Isfik credibility atthe lowest cost.

Praocol Outline
U ¢KS LINRPG202f YSSia (GKS NBIldZANBYSydGa 2F GKS
Verification Protocol (Environment Canada 2012a), such as:
o Overall guidance through a General Verification Protocol;

0 Qualityassured test mcedures and analytical techniques to measure performance
parameters;

0 Testing and analysis by an independent thpedty test agent;
o Verification and report by an independent verification organization.

Agenericverificationprocessoutlined below is proposed

U Screening of the application

0 Thescope is to determine if technology meets basic requirements prior to proceeding
with performance testing and verification

0 The first stage ismainitial selfassessment pracreening application, common for all the
components of the Canadian ETV Program

0 The second®eeningconsists of dechnical review of the documentation by a qualified
independentexpert, or a committe®f independentexperts.

U Testing of technalgy to evaluatgerformance

0 This protocol presents the general test methodology and existing test methods that can
be used, with reference to applicable standards and regulations, in a manner that is
consistent with the framework othe General Test Protocol. Considering that specific
regulations and standardare alreadyin place across a number of jurisdictions, the
protocol does not detail test procedures.

0 However, because unique technologies may require specific test plans thabtche
found in existing standards, and depending on the equipment covered by the application,
particular testing methods may be accepted by the expert or committee of experts
reviewing the application. For some particulechnologies,the protocol spedies test
procedures, such as testing on duty cycles, testing of refrigeration units, and testing of idle
reduction technologies.

Performance
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0 The focus of testing is to determingvith a confidence level 0B5% the statistical
significance of changes inthe fuel corsumption and/or emissions of the engine,
equipment or vehicle on which the tested technology is used, according to the specific
performance parameter.

o0 The nominal values fothe changes in the fuel consumption and/or emissicre
determined from the anaisis of the measured fuel or emission data and reflect the
changes resulting from the modification being tested on the test vehicle, engine, or
equipment. The confidence intervaiust be less than the nominal result for having a
statistically valid result.

U Verificationof the test report
0 Theverification process based on the @neralVerification Protocol..
0 The \rification organizatiomustbe an independent third party @anization

U Life cycle analysis (LCA) is not the objective of this proteecification can only be applied
against measurable performance criteribCA is an important decisionaking tool, but
environmental performance verification of technologies based on adniyje of comprehensive
systemic parameters would be extremelyfdidilt to implement.

Costanalysisis not an exclusory stage of the process, ibyrovides additional information to the user of
the technologyunder consideration

Performance
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Testing and Verification Protocol

1. Screening of the Application
The proposed screening process is presented in Fig(irased on OCETA 2010 &ahadian ET2012).

1.1. Pre-screening: Applicant prepares the
preliminary screeningform (self-assessment)
and submits it to the delivery agent

Application is rejected

or summary is provided

how the application can
be improved

Delivery agent reviews
the form: is the
technology and claim
eligible for the Canadian
ETV program?

NO

1.2, Applicant presents the Formal Application Form to
the delivery agent and the complete documentation

Applicant is provided a review J/
indicating how the application can '
be improved, or application is
rejected

Technical review of the
documentation by a
qualified expert
(committee) nominated
by the delivery agent

NO

Delivery agent and applicant discuss the testing possibilities (or using
existing test data if acceptable)

Figurel. Screening process.
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1.1.SelfassessmenPrescreening Application

If the applicant considers that his/her technology meets the following requirements, he/she submits an
Online Screening Form (Appendix C), common for all the components of the Canadian ETV: Program

0 It must be an environmental technologgs defined B the General Verification Protocol
(Environment Canada 2012a)

U The performance claim must meet minimum Canadian standards and/or national guidelines for
that technology and where it is being used;

U The performance claimmustbe measurable;

U The applicantustown the intellectual property of the technology to be verified, or can obtain a
written permission from the owners to pursue the verification; and

U The technology must be currently commercially available or commercially ready focdidl
application.

The technology undergoes a preliminary screening to determine if it meets minimum eligibility
requirements for verification

If the technology meetshe minimum eligibility requirements for verification, the applicasubmits a
Formal Applicatiorfaccording to the general procedure of the Canadian ETV Program).
1.2. Screening
With the Formal Application, the applicant must prov{@anadian ETV 2012):
U An original signed letter attesting to the LILJ AoWheystiptpéithe intellectual propertyfahe
technology to be verified or if the applicant is an authorized user, manufacturer or

distributor(rightsholder), an original letter from the owner attesting to the existence of a
licensing or similaagreement in force as of thadate of formal application;

U Information to support the verificatiorincluding more detailed technology data, the claim to be
verified, and the data and information to support the claim.

Thedelivery agent of theCanadian ETV program reviews the Fornglidation for completeness and
determines if the technology can proceed further.

The screening methothvolves a technical review of the documentation by a qualifiedlependent
expert, or a committeef independentexperts from or nominated by thelelivery agent. If the delivery
agent lacks particular expertise, outside expexds be used

Fivekey screening areasere identified(OCETA 2010):
1. Company or vendor status

Technology

Product details

Potential environmental impacts

a k0N

Existing test results

Performance
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Table 1 presentsuidelines to help the experts the evaluation othe applicationsin a uniform manner

(based on OCETA 2010).

Tablel. Proposed guidelines for screening

Company or vendor status

Reputatidn

Relevantusinesgxperienca the sector

Experience with the specific technology or similar designs

Technology

Description

Applicability

Customers

How technology works

Installatiqroperating criteria and constraints

Patents

Technical papers

Product

Performance claamd basis for performance claim

Potential unique testing needs

Health effects and safety data (MSDS regiERkeid available)

Compatibility with OEM equipment

Impact on original warranty

Liability insurance coverage

Environmental impact

Meeingapplicable regulations and standards

Disposal

No hazardous or toxic effects

Does not increase emissions

Existing test results

Preliminary test resultguel savings or Gei@issioneduction

Preliminary testsults for emissimfipollutants reduction

Test data generated by third party

Test data not older tBgears
(Make sure that test data atbdaurrent technology

' The applicant has not been found responsible for or guilty of violations of the law.

Performance
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If the application passes the screenititg delivery agentiscusseshe method of verificatiorwith the
applicant which could be either:

U Using existing test data, if the datae generated by third party, no older thahree years, and
meet the quality requirements outlined in the Application Guide, or

U0 Workingwith a third party test agent to develop an appropriate festplan and generate data
as per the test plan.

Note that technical experts may be consulted as part of this process.

Performance
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2. Testing of €chnobgy to EvaluatBerformance

2.1Canadian ETV Progrdaeneral Test Protocol

TheGeneral Test Protocdb{TH provides guidance to vendors and testing agenfoes

U Developing and executing a test progratn assess the performance of an environmental
technology

U Preparing a report that summarizes thest results in support of an applicatiorto the ETV
Program for performance claim verification.

The protocohas been structured according tda@ur-step process to facilitatthe collection of sound data
for claim verificatioEnvironment Canada 1998)

1. Desgn of estprogram
A Testagency developa draftexperimental plarwith the vendor
A Draft plan submitted tathe delivery agenfor review.
A Deliveryagentrevises andicknowledgeshe plan.
A Testagency proceedwith implementation of the plan

2. Datacollection: rformance parameterand goerating conditions
Dataassessmentbased on the principles oélevanceandquality

4. Reportingthe results
2.2.Performanc®arameters

2.2.1 missions of pollutants and GHG

a) For pollutant emissions, it isecommended to measure the regulated pollutar{eeccording to
Canadian or EPA regulationsjich as carbon monoxide (CO), nitrogen oxides)(N@rmethane
hydrocarbons NMHC) and particulate matters (PM). For comparatitechnology evaluation
purposesthe measurement of PM emissions is not required for vehimesplying with EPA 2007
emission requirements or lateconsidering the very high efficacy of particulate filters, and the
extremely low PM emissions level of these vehiclEsis exclusion doesot apply for the
technologies intended to reduce PM emissidfotal hydrocarbons (THC) can be measured
instead of NMHC, according to EPA requirements and stipulatifmmshéavyduty diesel
vehicles for example,subtract two percent from the measured TH&lue to obtain an NMHC
value).

b) For greenhouse gas (GHG) emissiohss irecommended to measurearbon dioxide (C
methane (Cl), and nitrous oxide (D). However, Table ZEfivironment Canada 20&Pshows
that for diesel and gasoline engin€ and N,O emissions are negligible in comparison t02CO
emissions, thus only the G@mission reduction can be used famrgparative evaluation purposes
for these types of engines. For natural gas vehicles, it is imperative to me&aQuieH, and NO.

Performance
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c)

d)

)

h)

Pl

Table2. GHG emission factors for heawduty diesel vehicles

_ Emission factor (g/L of fuel)
Type of engine control system

cQ CH NeO
Diesel Heaxduty Advanced Control 2663 0.11 0.151
Diesel Ligioluty Advanced Control 2663 0.068 0.22
Diesel Ofbad 2663 0.15 11
Gasoline Ligttty Tier 2 2289 0.14 0.022
Gasoline Gfad 2289 2.7 0.05

The focus of testing is to determineith a confidence level d5% the statisticalsignificanceof
the reduction in emissions of the vehicle or engine, on which the tested technology isTied.
nominal values fothe changes in emissiorse determined from the analysis of the measured
emission data and reflect theeductionsresulting from the moditiation being tested on the test
vehicle or engine.

The performance criteria is theepcentage improvement (decrease of emissions) over the baseline
correlated with the baseline absolute values, which means that the percentage improvement must
be presented in the context of the baseline value. For example a reduction,ifrdM®0.11 to

0.10 g/bhphr is a reduction of 9%, but is practically minor in the context of the baseline value,
which is already very low and the variation in testing conditions and results.

Emission tests are conducted on a vehicle (engewuipmen) representative ofthe typical
vehicle (engineequipmenj for which the technology is intended.

At least three baseline segment tests without the technology followed by three final segment
tests with the technology fitted would be the minimum acceptable in both laboraamy track
(road) tests.

The result is expressed as a nominal value plus and minus the confidence interval. If the
confidence interval value for a test is greater than or equal to the nominal test value, as
determined by the statistical analysis results,ist recommended that additional tests be
conducted to reduce the confidence interval value to less than nominal test value. For example,
if the nominal value of the tests result is 3% &ahe confidence interval is 4%, the results is
expressed as 3% +4% this example additional tests must be conducted lmwer the
confidence interval. If additional tests do not show statistically conclusive results, the conclusion
must be that the test does not show a statistically valid change in emissions (the clwalegs

than the test precision, or the change @missionsis influenced by variatianin the test
conditions).

The device manufacturer is responsible for meeting emissions and diagnostic standards (OBD
compliance).Technologes intended to reduce the emission of pollutants must not increase fuel
consumption or GHG emissions, which incl@dg CH, and NO. Howeverjor diesel and gasoline
engines only the CO emissiors can be measured for comparative evaluation purposes.
Technologesintended to reduce the GHG emissions must not increase regulated emissions, which
include CO, NONMHC and PM.The measurement of PM emissions is not required for vehicles
complying with EPA 2007 emission requirements or latensidering the very high fefacy of
particulate filters, and the extremely low PM emissions level of these vehicles.
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i)

For technologiesntended to reduce the emission of pollutants, which arstalled onan engine

and its auxiliary systems exhaust system, antipollution system, air intake, fuel delivery system
etc. - durability testing is recommendei verify performanceovertime. Once the technology is
verified and 500 units are sold, the applicant is respondini@eporting to thedelivery agentof

the Verification ProgramThe delivery agentwill analyze and decide on the necessity and
opportunity ofdeveloping an appropriate test plan (experts can be consulted in this protess).
the case ofregulated technologies and devicesuch as catalytic convertorgxhaust gas
recirculation system componentsnd selective catalytic reduction systeraemponents the
durability testing stipulated by the applicable regulatsmr standard must be conducted.

2.22 Fuel Efficiency

a)

b)

Pl

The focs of testing is to determinewith a confidence level d35% the statistical significancef

changs in the fuel consumption of thevehicle, engine, or equipmenbn which the tested
technology is usedlhe nominal values fahe changes in fuel consumpti@re determined from
the analysis of the measured fuel data and reflect finel consumption reductiomesulting from
the modification being tested on the test vehicimgine or equipment

Fuel consumption tests are condad on a vehicle (engineequipmen) representative of the
typical vehicle (engineequipmenj for which the technology is intended.

At least three tests without thduel saving technologgbaseline segment)followed by three
tests with thefuel saving échnology installed on the test vehidinal segmentwould be the
minimum acceptable in both laboratory and track (road) tests.

The proposed performanagiterion isthe achievement ofuel saving of 3% (minimunmominal
value) over the baseline.

The result isexpressed as a nominal value plus and minus the confidence interval. If the
confidence interval value for a test is greater than or equal to the nominal test value, as
determined by the statistical analysis results, it is recommended that additional tests
conducted to reduce the confidence interval value to less than nominal test value. For example,
if the nominal value of the tests result is 3% and confidence interval is 4%, the results is
expressed as 3% *4% this example additional tests must be anducted to decrease the
confidence interval. If additional tests do not show statistically conclusive results, the conclusion
must be that thetest does not show a statistically vatilange in fuel consumptiofthe change

is less than the test precisionr the change in fuel consumption is influenced by variation

the test conditions.

Thetechnologymanufacturer is responsible for meeting emissions and diagnostic standards (OBD
compliance)The fuelsaving technology must not increase regulated emiss which include CO,

NQ, NMHC and PM.The measurement of PM emissions is not required for vehaesplying

with EPA 2007 emission requirements or latnsidering the very high efficacy of particulate
filters, and the extremely lowwwMemissiondevel of these vehicles
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2.2.3 Indirect Parameters and Criteria for Evaluating the Impact on Fuel Efficiency or GHG Emissions

For some verification process indirect parameters and criteria for evaluating the impact of a technology
on fuel efficiencyor GHG emissions can be accepted.

a) For technologiesntendedto reduce rolling resistangehe performance parameter is the rolling
resistance coefficient

Each 3% decrease in rolling resistance could improve fuel efficiency by as much as 1%,
according tdire manufactureré According to the GHEmissions Standards and Fuel
Efficiency Standards for Mediurand HeavyDuty Engines and Vehicles (EPA and NHTSA
2011),a10% reduction in tire rolling resistance would reflect fuel savioig2%

The proposed pdormance criterion is a 10% reduction (minimum) of the rolling
resistance coefficient over the baseline average value.

At least three rolling resistance tests with conventional tires (baseline segment),
followed by three tests with the low rolling resistmtires (final segment) would be the
minimum acceptable in laboratory tests.

b) For technologiesntendedto reduce aerodynamic drag, thgerformance parameter is the wind
averaged coefficient

Each 2% decrease &rodynamic dragould improve fuekfficiency by as much as 1%,
according to Kenworth (2008) and based on dynamic equations (Surcel et al. 2008).

The proposed performanagiterion isa reductionof 6% (minimum) ofhe wind averaged
coefficient of dragover the baseline average value.

At least three tests without the aerodynamic technology or modification (baseline
segment), followed by three tests with the aerodynamic technology or modification
applied to the test vehicle or test vehicle model (final segment) would be the minimum
acceptabldn wind tunnel tests

c) For technologiesntended to reduce vehicle tare weight, such as lighter van boxes or body
components, theperformance parameteiis relative mass reduction compared to the original
configuration

Dynamic equations show that for @lass 8 tractesemitrailer combination with gross
vehicle mass of 3000 kg, a mass reduction o600 kg (5% of the gross vehioassand
12% of the taremas$ could reflecta 4% fuel consumption reduction for the loaded
vehicle.

The proposed performare criterbnisa reductionof aminimumof 9%of the tare mass of
the vehiclein its normal operating configuratior-or example, fore mass reduction of
tractor or a semitrailer, the normal operating configuration ithe tractor-semitrailer
combination. Other constructive parameters of the vehicle, such as aerodynamic
performances, or rolling resistanceust notbe negatively affeced.

2 http:/Amww.michelintruck.com/michelintruck/tiresretreads/xone/xOnduel-savings.jsp

Pl
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d)

Pl

For evaluating the impact of a technology on GHG emissions, an ingindotmance parameter

is the redudion of fuel consumptionThe C@equivalent GHG emission factor can be calculated
using the equivalent GHG potential @08 times for nitrous oxide, and of32for methane
compared to that of carbon dioxide on a per unit mass b#Ri8¢ 2007 with equaton (1):

00O G B &)1 "OHOBHT ¢ F'OOODBEQ ¢ wPOM G & £0i (@)

For exampleusing equation (1) anthe values presented in Table ,2the CQ equivalent GHG
emission factors are

i.  For diesel engines witadvanced enige control systemsi.¢., the majaity): 2.71 kg C®
equivalent per litre of diesel fuel;

ii. For gasolindight-duty, Tier llenginesthe CQ: 2.30 kg C@®equivalent per litre of diesel
fuel.
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2.3 Test Methods
2.3.1 Proposed Testing Methods

The goal of technologyerificationis to accelerate technology implementation by providing credible data

to fleet managers. This is whyiel consumption ack testing isa test methodpreferred by many
organizations, such as EPA SmartVaagt MTQ and itis used for evaluating various technologies, like
aerodynamic devices, rolling resistance reduction technologies, and technologies for improving powertrain
efficiency. Track testing directlyneasures the fuel consumptionn real conditions, whicks whatthe user
wants. Track testsare critical to establish the potential of a technology for fleet operators interested in
pursuing the implementation of any technologies, and from the point of view of the impact on fuel
consumption the final validation shoultk a track testExperience with fleets shows that the chances are
very small that a technologgadopted solelyon the basis ofimulation or wind tunnel test resudt

Table 3 presents the proposed tagi methods according to the tested technology.

Table3. Proposed testing methods according to the tested technology

Technology Performance target Test method Psgl‘rc;rr:]nggfe
Fuel efficiency Fuel consumption track test Fuel savings

Wind tunnel teall scale vehicle or g
high fidelity detailed 1/8 scale or la Cdw reduction

Aerodynamitrag reduction| model)

Standardized or regulated procedu
usingCFD simulati®n

Aerodynamic technologies

Cdw reduction

Rolling resistance Fuel efficiency Fuelconsumption track test Fuel savings
technologies Rolling resistanealuction | Rolling resistance tests RR coefficient reductil
Chassis dynamometer test Fuel savings
Technologies for Fuelefficiency Engine dynamometer test Fuel savings
powertrain, and auxiliary - - -
systemg exhaust system, Fuel consumption track tests or fiel Fuel savings
antipollution system, air Chassis dynamometer test Emissions reduction
intake, fuel delivery system
etc) Emissions Engine dynamometer test Emissions reduction
Emissions track tests or field test Emissions reduction
Mass reduction Mass reduction Weighing Mass reduction
technologies Fuel efficiency Fuel consumption track test Fuel savings
Other technologies (idle Fuelefficiency Custom test Fuel saving
reduction, heaters, APUs, — — )
reefer etc.) Emissions Custom test Emissions reduction
Performance
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2.32 Emission Test Methods
2.32.1 Engine Dynamometer Testing

The accepted test methods afas amended from time to time)

a) Highway engine dynamometer tests: according to the Federal Test Procedure (FTP) Transient Test
and Smoke Test Procedures, sucd@<FR Part 86 (for older engines), and Part 1065 for heavy
duty highway engines, including both diesel and @tcle enginegfor 2010 and later model
years)

b) Nonroad engines: according the applicable road FTP test cycle, suchfar Tier 1, 2, and 3
standards, using the procedures in 40 Code of Federal Regulations (CFR) Part 89 Subpart E,
California Regulations for Nev@46 and Later Heavyuty OffRoad Diesel Cycle Engines. For Tier
4 standards, engines are tested for transient and stestdie exhaust emissions using the
procedures in 40 CFR Part 1039 Subpart F; Smoke emissions according to 40 CFR Part 86 Subpart I;
40 CFR Part 1048 for Spark Ignition engines etc.

c) Other recognized standard or regulation test procedures and particular test methods could be
accepted

d) A nobile (portable) emission measurement system can be used for laboratory testing according to
EPA TitlelO Part 106%, Subpart J PEMS testing, §1065,901

e) Test conditiongambient temperature, humiditytest equipment specification, including accuracy
and precision of instruments and equipment, etctording to the applicable test procedutta
particulartest method is developedhe requirements of similar standaswr regulations must be
met, such agl0 CFR Part 1065.

2.32.2 Chassis Dynamometer Testing

The accepted test methods alisted below.

a) Light dutyvehicles

i.  Testing acording to the Federal Test Procedure (FTP), suetd &8FR Part 86, and Part
1065 FTP 72, FTP 7&, SAE J1082 (SAE International 2008)

ii. Testcycles such as:
A Urban Dynamometer Driving Schedule (UDDS)
A US SCO3 (test cycle operating the air conditioninggsys

A US 06 (SFTP, aggressive driving gyaB2 "Unified" Dynamometer Driving
Schedule

A New York City Cycle (low speed citiyidg).
b) Heavy dutyehicles

i.  Testingaccording to the Federal Test Procedure (FTP) Transient Test Procedures, such as
40 CFRPart 86 (for older engines), and Part 1065 for hedwty highway engines,
including both diesel and Ottoycle engines (for 2010 and later model yeaBAE J1094
(SAE International 201,13AE J2718AE International 2010).
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ii. Testcycles such as:

A RegiondCity driving cyclesEPAUrban Dynamometer Driving Schedule (URDS
Heavy Heawputy Diesel TruckHHDDT)Yrom California Air Resource Board
(CARB)Business Arterial Commuter (Transit Coach Operating Duty Cycée)
composite heawduty cycle City Suburban Cycle and Route (CSC), New York
Composite test

A Highwayconstant speeddriving cycles: EPHighway Line Haul[NESCAUM /
SwRIHighway Line Haul, Commuter CydéVU EPeak (a fivespeed cycle for
developed by the West Virginia UniversityWVU);

A Bus driving cycles: New York Bus (NYBuahhittan Bus Cyclérmange County
Bus CycleCentral Business District (transient city test cycle)

A Local pickup anddelivery. Local Delivery Class 4 (Neighborhoodhd Class 6
(Businessjrom the Hybrid Truck Users Forum (HTAHgrcel DeliverWorking
Group;

A Refuse truck cycléNew York Garbage Truck Cycle (NYGTC, for refuse trucks),
Neighborhood Refuse Tru@kom NREL)Orange County Refuse Truck Cycle
(OCRTC, from WVU)

A Utility service truckCombined International Local and Commu@ycle(CILCC)
from NREL, Eaton amdternational Truck and Engine

Testcycles may be adjusted or combined, or cycles can be proposed based on an operational
observation of one or more vehicles in order to meetdfie testing requirements.

Other recognized standard or regulation test procedures and particular test metmatisiriving
cyclescould be acceptedThese include but are not limited to, the European test procedures
(ECEUN Regulation 49, 83, 96, UEddtive 20®/51, 2008/74etc.).

A nobile (portable) emission measurement system can be used for laboratory testing according to
EPA Title 40 Part 1065ubpart J PEMS testing, 81065.901.

Test conditions (ambient temperature, humidity, drive trace accuracy, test equipment
specification, including accuracy and precision of instruments and equipment, etc.) according to
the applicable test procedure. If a particular test method is developeguirements of similar
standard of regulations must be fulfilled, such &&S2711, a0 CFR Part 1065.

For testing hybrid vehicles, specific requirements stipulated by applicable standards and
regulations must be satisfied, such as SAE JESAE Interational 2002) or SAE J 1711 (SAE
International 2010). The rechargeable energy storage system state of charge must be
measured at the beginning and at the end of the test Ayminimum three test runs must be
conducted for each different test cycle to prde sufficient data for a state of charge
correction. It is recommended that at least one test run have a net positive energy change
value and another one a net negative energy change value so that net state of charge
calculations are based on interpolati@and not extrapolation (EPA 2007).
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2.32.3 Field Testing

a) A nobile (portable) emission measurement system (PEMS) can be usielddestingaccording
to EPA Title 40 Part 1065ubpart J PEMS testing.

b) PEMSield-testingwould provide real world quantification of emissions frommad vehicles and
off-road vehicles and equipment.

c) PEMS offer the possibility for testifigy emissiors where traditional equipment is not available or
in conditions that cannot be simulated iaboratories. Testing of different mobile sources and for
various work cycles is possible, such as the evaluation of forestry, earth moving, mining, refuse,
and farming equipment, boats and locomotives, without modifying, removing the engine or
taking theequipmentout of service.

d) Testing using PEMS is c@stective, allowing the performing of more tests in a shorter period, and
with fewer personnelThe cost of testing is a fraction of that of laboratory testing, especially for
heavyduty trucks and offoad equipment. The repeatability and the accuracy of measurements
are enhanced by increasirtge number oftests done in a given period, and by simultaneously
monitoring emission, environmental and activity dafedequate quality control procedures can
limit the uncertainties (EPA 2007).

e) Testing can be tailored to meet the needs of the specific location and vehicle applicétielus.
emission tests with specific equipment (offad vehicles utility vehicles, auxiliary power units,
refrigeration units, haters etc.) can be conductadd accordance withspecific test procedures
which reflect the operational characteristias the technologies under considerationdling
reduction technologies, such as heaters and auxiliary power units, can be tesgedliinatic
chamber (temperature controlled)The committee responsible for assessing applications may
accept a particular method of assessment, depending on the equipment covered by the
application.

f) Track tests can be conducted at constant speed or using wadaty cycles (standardized or
based on an operational observation of one or more vehicles in order to meet specific testing
requirements). For example specific cycles were developed for testing on test track hybrid
vehicles (pickup and delivery vehiclesand utility vehiclefor installing road sign postsbased on
specific operational datdPfoust and Surcel 2012, Surcel et al 2011)

g) The PEMS must be properly calibrated, used and maintained, as required by 40 CFR Part 1065
Subpart J, and as recommerntley the PEMS manufacturer.

h) In order toensuretest repeatability consistency of results and data qualitgst conditions must
respect the stipulations of applicable or similar standards and regulations for field testing, such as
those of SAE J1321 (Skiernational 2012), concerningweather, weather data collection,
variation in weather conditions between tests and between test segments etdditional
requirements concerning air density variatibetween test segments and test rame stipulated
(AppendixD).
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2.33Fuel Efficiency Test Methods
2.3.3.1 General Requirements arftipulationsfor Fuel Efficiency Testing

a) Test conditions (ambient temperature, humidity, test equipment specificatimeluding accuracy
and precision of instruments ar@juipment, etc.) according to the applicable test procedure.

b) The preferred methods for measuring fuel consumption are the gravimetric method (consumed
fuel by mass) or the volumetric method (consumed fuel by volume). Fuel consumption can be
calculated usig the carbon balance method, as described in SAE J1094 (SAE International 2011).
The laboratory equipment measures and records the concentration of cévhsed compounds
emitted in the exhaust as well as the exhaust flow. The concentrations and derditibe
carbonbased compounds, and exhaust flow values, are used to calculate the mass of fuel
consumed(EPA 2007)However, considering that this method is a calculation and does not
directly measure the consumed fuel, it is recommended to theegravimeric or the volumetric
method.

c) Fuel consumption data from any vehicle or engine electronic control module must not be used for
evaluating the fuel consumptiofBAE International 201:2¢xtensive researchas showrthat this
data is not reliable (Surcel aitichaelsen 2009).
2.3.3.2Engine Dynamometer Testing

a) Test methodsand cyclesfor emission testingas presented above can be used for fuel
consumption testing.

b) Other recognized standard or regulation test procedures and particular test methods could be
accepted.

¢) Combinations of test procedures cyclesanbe accepted.

2.3.3.3Chassi®ynamometer Testing

a) For Ight duty vehiclestdS FTP 7Highway Fuel Efficiency Test (HFBET3, FTH2 (cold test cycle)
UrbanDynamometerDrivingSchedule DD$ USSCO3 (test cycle operating the air conditioning
system) US06 (SFTPaggressive driving cycle), BAE J108SAE International 2008)

b) For keavy duty vehicles: CFR 40 Part 8®art 1065 SAE J1094SAE International 20L1$AE
J2711SAE Internation&010).

c) The est cyclepresented above for emission testing can be used for fuel consumption testing.
d) Combinations of test procedures cyclesareaccepted Examples:

i.  For heavyduty and vocational vehicles: the weighting factors for duty cycles according to
CFR 40 Part §1037.510

ii.  Forlght duty vehiclegFigure 2:

A The twocycle testing (combination of HFET and UDDS, simulating highway and
city driving), used to determe fuel consumption according to Canadian
regulations;

A The fivecycle testing, used Iihe United States Environmental Protection Agency
(EPA), which utilizes cycles simulating city driving, highway driving, aggressive
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e)

f)

driving style, city driving in coltemperature (at-7°C), and driving with an

electrical load due to air conditioning. This test method typically results in fuel
consumption values that are 10 to 20% higher than those determined using the

two-cycle method (Transport Canada 2011).

Testcycles may be adjusted, or cycles can be proposed based on an operational observation of
one or more vehicles in order to meet specific testing requirements (Transports Quebec 2012).

Other recognized standard or regulation test procedures and particular test methods can be
accepted These include, but amot limited to, the European test procedures (EHO¥ Regulation
84, ECEIN Regulation 101, UE Directive 80/1268 etc.).

SCo3
“AlC load”

4 3 r r

r h
|Convert to L.-’100l<m‘ |Convert to L/100km | Calculations based on
EPA 40CFR$600.114

Figure2. Twocycles and Fiveycles fuel consumption test diagrams (from Transport Canada 2011).

)

Pl

For testing hybrid vehicles, specific requirements stipulated by applicable standadd
regulationsmust be satisfiedsuch as SAE J27(BAE International 2002y SAE J 171(EAE
International 2010) The rechargeable energy storage system state of charge nhest
measured at thédeginningandat the end of theest run.A minimum of three test runs must
be conducted dr each different testcycle to provide sufficient data for state of charge
correction. It is recommended that at least one test run have a net posinvggy change
value and anotherone anet negativeenergy changevalue so that netstate of charge
calculations are based onterpolation and not extrapolatio(EPA 2007)
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2.33.4 Field Testing

a)

b)

d)

9)

Pl

Field testsrecreate real conditions, and give a direct result, which is closer to the real life
performance ofa product. Therefore, field tests are critical to establish a credibkemtial return

of investment for fleet operators interested in pursuing the implementation of ahnology,

and especiallperodynamic technologies.

Previous standards for track (road) fuel consumption tesitshas the previous version of the SAE
J132 (SAE International 1986lacked statistical analysis of test data, and constraints on test
criteria required to resolve current and anticipated fuel consumption measurement increments.
Theactualsuperseding version of the standard (SAE Internationd2pGstipulates very strict test
conditions and data analysis, which ensure the quality and the repeatability of the test results.

Thesestandards describe a rigmus fuel consumption test procedure utilizing industry accepted
data collection and statistical analysis methods. These test procedures can be conducied on
track or on the road under controlled conditions and supported by extensive data collection and
data analysis results. The SAE Type Il test procedure uses identical test and control vehicles, for
obtaining reference dataThis type of testing determinesvith a confidence level 085% the
statistical significancef changs in the fuel consumption of th vehicle on which the tested
technology is usedThe result is expressed as a nominal value plus and minus the confidence
interval. Extensive testing using the 2012 version of SAE J1321 standard showed that the results
respond to all the mentioned data glity and analysis criteria, and for technologies providing fuel
savings the confidence interval was always less than the nominal (&iloeel 2018 and 2012).

Proposed test procedures for fuel consumption track (road) tests:

i. Light duty vehicles: $91082 Fuel Economy Measurement Road Test Procedure (SAE
International 2008);

i. Heavy duty vehiclesSAE J1321Fuel Consumption Test Procedure Type Il (SAE
International 2012).

Other recognized standard or regulation test procedures and particular test methods can be
accepted. Track tests can be conducted at constant speed or using various duty cycles
(standardized obased on an operational observation of one or more vehiclesder to meet
specific testing requirements}or example specific cycles were developed for testing on test
track hybrid vehicles (pielp and delivery vehicles, and utility vehigl®r installing road sign
poles, based on specific operational daRrqust and Surcel 2012, Surcel et al 2011)

Testing can be tailored to meet the needs of specific loca@oml vehicle applicationgield fuel
consumption tests with specific equipment (such asroffd, utility vehicles, auxiliary power units,
refrigerafon units, heaters etc.) can be conductedaccordance withspecific test procedures,
which reflect the operational characteristidslling reduction technologies, such as heaters and
auxiliary power units, can be tested im climatic chamber (temperaturecontrolled). The
committee responsible for assessing applications may accept a particular method of assessment,
depending on the equipment covered by the application. For exana@pecific test procedure

was developed for fuel consumption testing ofrigération units in climatic chamber, on specific
duty cycle (Surcel 2042

In order toensure test repeatability, consistency of results and data quality, test conditions must
respect the stipulations of applicable or similar standards and regulations for field testing, such as
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those of SAE J1321 (SAE International d)1l@ncerning weather, weatherath collection,
variation in weather conditions between tests and between test segments etc.

2.3.4Test Methods for Indirdearameterfor Evaluahg Impact on Fuel Efficiency or GE@Gissions

2.3.4.1RollingResistance Coefficient Testing

a) Tire manufacturers must demonstrate théw rolling resistancdires meet the rollingresistance
performance criteriausingthe 1SO 285802009) test method when compared to similagsurrent
conventional tires (which are not designated as a low rolling resiate tires). For both baseline
test segment (with conventional tires) and final test segment (with low rolling resistance:tires)

A minimum sampling set of three tires is tested;
The tests areonducted with new tiregminimum 800 km and maximum 1600 kifuse);

It is recommended that @econd set of testbe conducted with worntires with a tire
tread depth of4 mm (/32 in);

For both conventional and low rolling resistance tirds treport presentsthe rolling

resistance coefficients, their averages, and the percentadiing resistancereduction

between the two sets of tiredf the test with worn tires is conductethe report presents
rolling resistance coefficients, their averages, and the pesge rolling resistance
reduction between the two sets of tires for both conditions (new and worn tires)

b) EPA test procedures can be also used:

For low rolling resistancdire manufacturers must demonstrate that a tire model has a
rolling resistance coétient at or below the target, usinghe SAE J126%re rolling
resistance test methodinder the conditionsset forth in Table 3 of SAE J126@$AE
International 2006)pr the 1SO 28580 rolling resistance test metlaod the performance
criteriaset forth inAppendixg Figure ZEPA 2011a)

Forthe determination of low rolling resistance performance or tire retread technolggies
the: performance criterigset forth inAppendixg, Figure JEPA 2011b

c) The usage of ISO 28580 is preferred. AccotditgTRTO (2009):

Pl

A study indicated thatolling resistanceresults may vary up to 20% when measuring
identical tireson different machines

ISO 28580:2009 includes a method for correlating measurement results to allow inter
laboratory comparisons;

The l f AJYyYSyd 6Atf 0S8 R2yS 08306SSy F awsS¥s

[ I 02 NI ingpreBetermizdd alignment tyres;

The alignment process vs. a Reference Laboratory may shift data of the individual
Candidate Labs up or down. This shift depends enalbsolute RR level as measured in
the Reference Laboratory;

The choice of the Reference Laboratory is very important.
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2.3.42. Wind Averaged Coefficient of Drag Testing

a) CFD simulations andind tunnel testing should be a normal stage of the developmenaro
aerodynamic drag reduction product.

b) Wind tunnel tests are conducted in very controlled conditions and the direct ressitabf testds
a reduction of the drag coefficient: the probable fuel consumption reduction is adyimated
based on this drag reductiohlowever,wind tunnel testing could be considered foomparative
testing, such asbtaining approval extensions for minor modifications to technologies that have
been already approvedn the basis otrack testing similar to California Air Resources Board
(CARB) requiremen{€ARB 2012JThese modifications must not affect the position, the size, and
the installation angles of the devicéhe wind tunnel tests must be conducted on-8dhle vehicle,
or onahigh fidelity deailed 1/8 scale or larger model.

c) TheCARB wind tunnel test protocoéfines the wind tunnebased method for obtaining approval
for modifications to SmartWay trailer technologitsat have not been prapproved.The st
procedure is in accordance with BA125ZSAE International 20b2, with some exceptions and
provisions:

i.  The minimum acceptable test Reynolds humber shall be 1 million;
ii. The aerodynamic tests will include yaw angles of 0, 9, 6, 3;1;3)-6,-9, and 0 degrees;

ii.  The coefficient of drg results from the first and last O degree yaw angle runs are used to
check for repeatabilitythe remaining 9 collection points are used to calculate wind
average coefficient of dragcflw) for vehicle operational speeds of 50 mph, 55 mph, 60
mph, 65 nph, 70 mph, and 75 mph;

iv.  Theindependent wind tunnel test facilitghall run three repeats of the baseline tractor
trailer test, taking into account the measurement sensitivity of the wind tunnel.

d) CFD simulationsan be used if theyneet the requiremers of existingapplicable standards or
regulations For example a SAE standard is presently uddeelopment{ ! 9 WH pcc > G DdzA |
for Aerodynamic Assessment of Medium and Heavy Commercial Ground Vehicles Using
[ 2YLWziF GA2y L f) CtdzZAR 58yl YAOac¢

2.3.33. Mass Reduction Testing

The proposed procedure is similar to the process usedhkyMinistére des Transports du Québec
(Transport Quebec 2012utlined below.

a) Specify the type of equipment that represents the basis for comparison (baseline scethagie):
similar and currentmodels must be selected in order to establish a representative basis for
comparison.Specifications must be provided for the models selected. The average mass of these
models is the mass against whitie equipment icomparel.

b) Deermine the masses of the replacement equipment and of the original equipimemteighing
The mass of the equipment to be assessed must be compared against the average mass of the
baseline selectedquipment

c) Mass reduction technology must naotegatively affect other constructive parameters of the
vehicle, such as aerodynamic performance, rolling resistance, or safety. If the Verification
Organization considers that any of these parametarsld beaffected, the necessary additional
testing must beconducted, such as fuel consumption track teststructural tests
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2.4.Test Report

The report mustdhere tothe requirements of the ETV General Test Prot@Ealironment Canada 1998)
and the specific requirements of the applicable standard and re@gria(SAE International 2012,
Transports Quebec 2012Jhe report must be issueith accordance withthe legal requirement®f the
province where it isirawn up(prepared, verified and signed by a professional registered engineer).

The reportmust include aminimum elementdisted below,

a) Introduction
i.  Background of theesting process

ii. Testing facility name, location and testing date and tirtessting personnel andeport
author

b) Technology description
i.  Scope, applicability, functioning mode, installatioperational requirementsconstraints
i. Declared impact on emissions and fuel efficiency, as well as on safety

ii.  Sufficient pictures, drawing or schematics of the technology installed on the test object
(vehicle, engine, equipmeetc.)

c) Objectives
i.  Technologyperformance claims evaluated

i. The potential to reduceemissions or improve fuel efficienaypust be among the
objectives

d) Testing Methodology
i. Type of data collected (emissmifuel consumption);

ii. Method for the evaluation ofemissions offuel consumptionincluding the description
of relevant standards or regulations

ii.  Testduty cycle description
iv.  If applicable: test track (site) description, drawings or photos, and details
v. If applicable: test track (site) weather data collection sites (location)
vi. Detailed daracteristics of the vehicles or equipment udedtesting
e) Data analysis
i.  According to GTP and applicable standard or regulation

il. The focus of testing is to determinavith a confidence level 0B5% the statistical
significanceof changedn the emissionsof the vehicle or engine, on which the tested
technology is usedlhe nominal values fdhe changes in emissio@se determined from
the analysis of the measured emission data and reflect the changes resulting from the
modification being testedn the test vehicle or engine.
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f) Results

i. These are theasults of the evaluation, fuel savings or emission reduction attributable
to the equipment compared to the chosen reference scenario
ii. Resulsmustbeexpressed as a nominal value plus and minus tiéidence interval

ii.  The nominal values fothe changes in the fuel consumption and/or emissiare
determined from the analysis of the measured fuel or emission data and reflect the
changes resulting from the modification being tested on the test vehiolangine

iv.  The confidence intervathustbe less than the nominal result for having a statistically valid
result.

g) Discussion
i. Explamtion ofthe results obtainedn comparison withthe anticipated results
ii. Identification and explanation dhe parameters that could haviefluencedthe results

ii.  Presenation ofthe limitations of the test procedure anthe applicability of the results
For example fiindirect methodsare used and fuel savings are calculated basethen
results of such methodsnention tha fuel savings are the results of calculation and not
of direct measurements.

iv.  Quantification of the environmental impact
h) Conclusiongnd rcommendations
i.  Summary of test results
ii. Descmption of how test results support performance claim(s)
ii.  Relation of result$o relevant regulatory requirementshere appropriate
iv.  Recommendatiogsregarding the tested technology
i) References

i.  All relevant technical literature and appropriate materials referenced during the testing
design and/or planning phase.

i) RawData
i.  Vehicle, engine or equipment data form
ii. Testforms describing test conditions, measured parameters, and data analysis

ii.  Time history plot of altnvironmental or weather conditions during testing
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3. Verification

The verification process igthird party expert evaluation of the technology and of the independent third
party testing based on th&eneral Verification ProtocoG{/B.

The GVPRutlines the principles of verification. If supplemental documents ra@@eessary the applicant
the Canadian ETV Program and therification @ganization (VO) will discuss ethappropriate
requirements,f required Figure3 presents the verification process (Environment Canada 2012).

Several types of applicants are eligible to apply to the ETyfqumofor verification:

U Environmental technology vendors who have new technology;

U Vendors who provide equipmetitased environmental services that can make claims based solely
on measurable performance of the equipment or technology used;

U Technology devepers that have early stage technology.

Company with Independent Third Party
Technology iy testing

¥
v \ Credible datasets to support

- _ - the performance claim at a
Sereening Application statistical level of 35%

| Confidence

Formal Application

Selection of Verification
Organization

I
Verification Contract

I
Verification against GVP

I

Reporting and Award

Figure3. ETV Canada verification process (from Environment Canada 2012).

Following the GVP, a VO evaluates the integrity of supplied data, and the validity of the associated
performance claims based on this data. The following requirements must be met for a claim to be verified:

U The technology must provide a net environmentahbfit;
U The technology is based on sound scientific and engineering principles

0 The claim is fully supported by independently generated, peeiew quality data, which are
supplied by the applicant or generated upon the applicant's request through taptegram
conducted by a qualified testing agency

U The conditions of performance for the claim are clearly defined.
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Discussion and Recommendations

Cost analysiis not a component of the verification, but could provide additional information to the user of
the technologyunder considerationand it is likely to be demanded lfiget managers as a requirement
for purchasing the technologyl'he cost analysshould:

o Indicate the additional cost attributable to the equipment;

o0 Present the hypothesis used for analysilistance travelled, number of vehicles,
baseline fuel consumption or @ssions, cost of fuel, etc.

0 Using the results obtained and the additional cost of the equipment, estimate the return
on investment in months or years

In the verification process, test reports and certifications obtained in other countries should bdareaksi

and could be acceptedependingon the results of the screening and of the verification. Moreover, there

is an 1SO initiative for standardizing ETV process, such that an ETV verification issued in one country could
be accepted in other countries.

Life cycle analysis (LCA) is not the objective of this protoeelification can only be applied against
measurable performance criteriaLCA is an important decisionaking tool, but environmental
performance verification of technologies based on affafige of comprehensive systemic parameters
would be extremely difficult to implement.

It should be mentioned that the while the process must be accurate, it should also be cost effective to
facilitate access to verificatidor technology suppliets

Conclusions

This testing and verification protocol helps guide the demonstration and deployment of effective engine
and vehicle technologies and solutions. The protocol meets the requirements of the Canadian ETV
t NEANF Y |yYyR (KS LINE aNProfddl. The Pretdedlinds beers Nkefoped linl A
consultation witha Technical Advisory Committee, which provided input and technical expertise.

The protocol presents the screening, testing and verification process. It also presents the general test
methoddogy and existing test methods that can be used, with reference to applicable standards and
regulations, in a manner that is consistent with the framework of the Canadian ETV Program General Test
Protocol.

Considering that specific regulations and stamidare alreadyin place across a number of jurisdictions,

the protocol does not detail test procedures. However, because unique technologies may require specific
test plans that cannot be found in existing standards, #dsnowledgedhat particular tesing methods

may be accepted, depending on the equipment covered by the application.
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Appendix A. Technical Advisory Committee

Table4. Technical advisory committee

No. Name Company / Organization Position Category

TAC MEMBERS

Senior Researcher, Transporti

1 A. Siddiq Khan, Ph.D. ACEEE Research
Lead
2 Brian Rennie Bridgestone Firestone DirectoEngineering Industry OEM
3 Geoffrey Wood Canadian Trucking Allianc \é:;:g:;egdent, Operations & Industry Transport
4 Alain Vallée, Eng. City of Levis Manager, Environment Divisio Municipality
5 JeanMarc Lavigne City of Montreal DivisioManager Municipal Fle| Municipality
6 Robert Russell City of Slohn Manager, Fleet Administration Municipality
7 Drew Shintani City of Toronto Business Analyst Fleet Servic| Municipality
Division
8 Sam Waltzer EPA, Offlce of Transporta Manager, SmartWay Technol¢ Government
AirQuality
9 Jim Fearn ERMD, Environment Cani Engineer Research and testing:
Government
10 Jan Michaelsen, F.E. FPInnovations Eﬁ:?;;(:h Leader, Transport & Research and testing
11 John Neate GLOI_BE Performance CEO Techn_ology Verification
Solutions organization
12 Philippe Bellon, B. Eng., M Metrolinx Transit Manager Government

Procurement Initiative

Michelin North America

13 Frangois Beauchamp (Canada) Inc

Special Project Coordinator Industry: OEM

Engineer, Technical
14 Frédéric Coté, Eng. MTQ Standardization Department, | Government
Trucking Division

Manager, Commercial Vehi Research and testing:

15 Cristian Tabra, P.Eng. NRC NRGCSurface Transportation Government

Manager, Test & Evaluation

16 Jeff Patten, P. Eng. NRC Engineering Road Vehicle ang Research and testing:

Military System Division Government
17 Jim Wassermann PAMI Vicepresident Research and testing
18 Claude Sauvageau PMG Technologies Vicepresident, Testing Research and testing
19 Marc Belzile Transport Canada Vehicle Programs Division Government
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Table 4. Technical advisory committee (continuations)

No. Name Company / Organization Position Category

TAC MEMBERS

20 Yves Maurais, Eng. Transport Robert Technical Director Industry Transport

Transportation Research

21 Ken Webster, Center Inc. Manager Operations Research and testing
22 Philippe Desjardins Transtex Composite Engineer Industry OEM
23 Zhongchao Tan, Dr. University of Waterloo Associate Professor Academia
. . . Professor, Clean Diesel Engin .
24 M. Zengh, Dr. University of Windsor Technologies CR Chair Academia
25 Kevin Overshy Westport Innovations Inc.| Emission€ertification Enginee| Industry OEM

OBSERVERS

Section Head, Technology
Environment Canada Programs Government
Science and Technology Bran

Benoit Desforges, Eng.,

26 M.Sc.

Science and Technology
27 Jeffrey Guthrie Environment Canada Programs Government
Environment Canada

Senior ProjeCfficer
28 Kelly Vandeligt Environment Canada Technology Programs Government
Science & Technology Branch

ORGANIZING TEAM

29 Bernard Ouellet FPInnovatiofdT PIT Leader of Operations Research and testing
30 Adime Bonsi FPInnovatiofdT Researcher PIT Research and testing
31 Falama Souley FPInnovatiofdT Researcher PIT Research and testing
32 Marius Surcel FPInnovatiofdT PIT Technical Leader Research and testing
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Appendix B. Summary of existing testing and verification

protocols
Table5. Summary of existing testing and verification protocols
N Performance Performance n Vehicle . L
Organization target parameters Screening Type Testing Verification
Emissions: air - Scopeprovide consister
pollutants CO, Revievof technic{ Heavy Duty and transparency for ve
NG, NMHCPM i claims;
c Percentage documents céllj Errllgln_e ; g
ETV Canada improvement o\ SXISting test dz cnassis__ dyr - Method:hird party exps
Fuel efficiency | paseline regarding (FTP CFR 40| evaluation of the tecbgy
GHGemission performance & | jght puty | &) and of the independent
reduction durability party testing based on
ETV GVP.
- Chassis dyn
SAE J1094
J2711, CFR 4 - Scope: promote the use
Part 86 or 10¢ technologiestended to
Fuel savings / Gl et al. (PEMJimproeenergy efficiency g
Fuel efficiency/ |emissiomeductior| accepted); redueGHG$m|§S|om
MTQ GHGemission | percentage Application form | Heavy Duty Track (road road transportation;
reduction improvement o\ SAE  J132]-Method: report according
baseline: min. 3{ SAE J1526: | specific requirements
. " | approved by a technical
-Particular | committee.
methods cou
be accepted.
- Chassis dyn(
PEMS FTP et
al;
Light Dut
g Yl Track (road
Emissions Percentage PEMS CFR ¢
reductionsair improvement o\ Part 1065 et 4
pollutants (CO, |baseline correlat - _ )
NQ,NMHGand |with the baseli - Chassis dyn| - Scope: provide unbia
GHG (C¢ absolute values PEMS - SAF information to the truc
J2711; industry;
Heavy Duty
VY PUR. Track (road - Method:
gEllﬂlsO%ERtAr - Internal verifibi@an anc
PIT Application form ar €3 approval process;
- Fuel savings / - Chassis dyn| - Verification and appr
CQreduction: HFET, UDDS| by the organizations wi
percentage Light Duty | al; the reports are presente
improvement ove - Track (road
baseline;
Fuel efficiency/ - SAEJ1082.
L. - Minimum ]
GHGemission | herformance for - Chassis dyn
reduction recommending td PEMS - SIAE
members: 3 % in J2711 at a
conjunction with Heavy Duty Track (road
ROL. SAE  J132
SAE J1526
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Table5. Summary of existing testing and verification protocols (continuation)

Organizatior] PETOMIENEE FEMITIETED Screening YEEE Testing Verification
target parameters Type
Emissions - Scope: provide unbia
US EPA reductionsair Percentage Light Dufl Chassis dyn product info to the cocs;
ollutants (CO, |! o ! . . |
Aftermarket EQ NMH()Z( improvement o\ Application form | (less  tha| using FTP af - Method: review of the
Retrofit g baseline 6,000 Ibs.)| HFET test reportpublished in t
Devices . ' Federal Register, and pc
Fuel efficiency on the website.
Chassis dyn
U.S EPA using FTP CH
Diesel Retrof 40 Part 86 af _ g ) )
Technolo . . . ) - SCope: Improve air qu
> Emissions cFi{gc\:ILIJ%WegtfstEChgll frse o9 Jby reducing polution
reductionsair Percentage existing test dg - Chassis dyn Mobile sources;
pollutants (CO Improvement oy regarding Heavy Duty using FTP CH - Method: reviegf the fin:
NG, NMHCPM) | Paseline performance  a 40 Part 86 ai test reportpublished in
CARB ’ durability inuse testing;| Federal Register and pg
- Engine teg©On the website.
(FTP  Heav
Duty Transien
- Trackest
Percentage Aerodynamic
improvement ove Technology
basellnde (1% for Verification |- Scope: provide unbig
gap_an Leoa/rf Protocol product info to the custon
US EPA » evices, 2 7o o7 (interimtest |- Method: review of
SmartWay Fuelefflc_len_cy trailer sklrts,_5/01 o method technology and of the
) GHGemission advanced trailer | Application form | HeavyDuty amendin§AE .
Fuel Saving | reqyction skirts and data, obtained  rofn
Technologies ; J1321); prescribed test protoc
advanced trailer i Includeh hnol h
end faifings: -Rc_>II|ng nc L; e(tj e ter(]: nlo ogy the
various parametd reS|§tance tes| Verified Technologies Lis|
for other for tiresSAE
technologies) J1269) or ISQ
28580;
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Appendix C. Self-assessment Application Form

World Trade Cenfre, Date: I i
G LO B E 578-99% Canada Place, Day [ Yeor

Vancouver, BC V4C 3E]
PERFORMANCE Caonada

Email info@globeperformance.com
5 O I_ U T | D N S Visit www . globeperfomnance.com

Self-Assessment - Technology Developers and Vendors

ch:-m pany / Organization Inform c:’ric-n\
MName Phone A
Address Email
Town/City Can we post your respornses? Yes () Na(D
Country Can we contact you fo follow up?  Yes() Mo
Postal / Zip Code Prefered Method of Contact
Please briefly describe your company or organization:

p. A
' ] ] ! ] I
Please bnefly answer the following questions and submit the completed survey to:
info@globeperformance.com

pN J

1. Technology Ownership (vendor perspective)

1.1 Do you own the technology® Yes() Ne(D) Don'tknow ()
1.2 Do you have proof of ownership? Yes(J Mo Don'tknow ()
1.3 Is your technelogy patented? Yes () Mo Don'tknow ()
1.4 s your technology licensed to other vendors? Yes(O Ne(D Don't know (O
1.5 What iz driving the need for your technology® MNew regulations/ bylaws ()

Public opinion ()

Environmental/sustainability concems()

Caost(D)
Other Comments: Other(C)
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2. Market Acceptance (vendor perspective)

2.1 Have you clearly defined the target market(s) application(s) for your Yes() Mol Don'tknow (O
technology®
Please list them (if any)

2.2 Have you successfully sold your technology to customers in this target Yes() NolJ) Deon't know ()
market?

Please indicate number of sales (if any)

2.3 Are your customers generally satisfied with your technology® Yes() No(J) Don'tknow ()

2.4 Are there things that need o be done to improve market acceptance Yes(J Ne(D Den't knew (O
of your technology®
Please list them (if any)

Other Comments:

3. Technology Performance (vendor perspective)

3.1 Have you defined the performance advantage: of your technology? Yes() NelD) Don'tknow ()
3.2 How many distinct performance advantages can you define for your Mone (O
techrology? 120
460

More than & O

Don't know ()

Please list these advantages (if any)

3.3 Are these performance advantages measursable? Yes() Mel) Don't know ()

If yes, please list the measureable pedormance advantages

2.4 Are there potential environmental or other impaoacts associated with Yes(J Ne(D Don'tknew O

the use of your technology?

Please list these impacts (if any)
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3.5 Does your technology perform better than minimum standards? Ye: () Ne(J) Don'tknow ()

Other Comments:

4. Technology Performance Data (vendor perspective)
4.1 Do you have data on the performance of your technology? Ye: () Ne(J) Don'tknow ()

4.2 Was the perdformance data prepared by an independent testing Yes() Mol Don't know ()
organization®
4.3 Is the performance testing organization accredited? Yes(_) Me(J) Don't know ()

Please list these accreditations [if any]

4 4 Was the perdformance testing done in accordance with existing Yes() Mol) Don't know ()

international standards?

If yes, please list these standards

Cther Comments:

5. Performance Verification and Reporting (vendor perspective)
5.1 Has the performance test data been reviewed by an independent Yes () Mol Don't know ()
verification organization®

5.2 Is the perfformance verfication organization accredited or part of a Yes() Mo() Don'tknow ()

recognized national or intermational program 2

Please list these accreditations and/for programs [if any)

5.3 |5 there a report available on the performance testing and verfication Yes () Nel( ) Don't know ()

of your technology®

If yes, please indicate how this can be obtained

5.4 Is the performance of your technology posted on the internet? Yes () Nel) Don't know ()

If yes, please indicate where the performance of vour technology is posted

Other Comments:
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Appendix D. Performance Criteria for Tires

EQUIVALENT TARGET VALUES
(Rolling Resistance Coefficient in kg force/metric ton)

Steer Drive  Trailer

N269 Application Test Point (1.7 meter drum) 6.6 7.0 5.5
D269 Test Point 2 (1.7 meter drum) 6.7 6.9 5.5
1269 5 point average (1.7 meter drum) 6.9 7.0 5.6
IS0 28580 (2 meter drum) 6.5 6.6 5.1

Figure4. Performance criteria for low rolling resistance tireBgm EPA 2011a).

RETREAD TIRE PRODUCT TARGET VALUES
(Rolling Resistance Coefficient in kg force /metric ton, 150 28580)

Tire position Drive Trailer
Test casing 7.2 6.0
Alternate casing 6.5 5.4

Figure5. Performance criteria for retread tires (adapted from EPA 2011b).
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Appendix E. Test Conditions for PEMS Emissions Field
Testing

Table6. Test conditions for PEMS emissions field testing

Test condition Requirement
Mean wind speed during a test run O 19.(Bmphn/
Maximum wind speed (gusts) O 24 .(15mphn/
Mean wind speed change between segments and runs O 8 (kmph)h
Temperature range 4°C 40°F) 38°C(100 F°)
Meandmperature change between segments and betwe 0O 1 @BAR)
Precipitatisrand fog None
Weather measurement sampling Max 60 s
Air density variation between segments and between rui 01kg/m

Note: Air density can be computed from measurements of ambient temperature, humidity, and barometric
pressure Jones 1978

Pl
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For more information

Marius-Dorin Surcel, Eng., M.A.Sc.

Technical Leader
570, boul. Saint-Jean, Pointe-Claire (QC) H9R 3J9
( 514 782-4519

+ marius.surcel@fpinnovations.ca
www.pit.fpinnovations.ca
www.fpinnovations.ca
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