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Vehicle Demonstration - Near Zero NOx

AQMD Contract #15626
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Why Near Zero NOx?

= California’s poor air quality is pushing government to take significant steps for improvement
— Fund technology development and demonstration
— Offer end-user incentives to offset incremental vehicle costs, customers will request product!

Additional Reductions Needed

» Health impacts still

« |f the entire on-road fleet

complies with 2010 NO,

significant standards

» Localized impacts still « NAAQS for PM and Ozone

remain will still be exceeded

i i * NOx contributes to
reductions still needed X Ibu

_ _ secondary formation of PM
for alr quallty and SlP Federal Non-attainment Areas Ozone

(nitrates)
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Not Just SoCal ....

Attainment and Nonattainment Areas in the U.5.
8-hour Ozone Standard

I"'i

O Attainment {or Unclassifiable) Areas (2668 counties)
[ Nonattainment Areas (432 entire counties)

J Nonattainment Areas (42 partial counties)
e Westport
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Funding Utilization

* PPT (Product Proceeding Technology)
— Advanced Concepts Demonstrations
— Analysis, Instrumentation
— Bench Testing, Prototype Hardware, “Buck” engine testing

*VPI (Value Package Introduction)

— Product Development and Validation Process starting with Voice of Customer (VOC)
— Charter, Contract, Stable Architecture, Design, Performance, Limited Production
— All functions close coupled with Manufacturing, OEMs, and Customers

= Production

e Westport
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ISL G NZ Program Schedule (VPI)

Legend
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ISL G Near Zero Natural Gas Engine

8.9 Litre (540 cu. In.)
In line 6 cylinder
Charge Air Cooled (CAC)
Spark ignition
Peak Rating:
— HP-320 hp Torgue -1000 Ib-ft

Certified to CARB Optional Low NOx 0.02 Standard (Near Zero)
— NOx: 0.02 g/bhp-hr
— PM: 0.01 g/bhp-hr

Certified to 2016 EPA / NHTSA GHG standards

Three Way Catalyst Aftertreatment

Manufactured by Cummins in Cummins Engine Plant- Rocky Mount, North Carolina

i Uice
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ISL G Near Zero - Introduction

= Target Markets

— Transit

— Refuse

— Medium Duty Truck — Class 6-8
— Vocational
— Shuttle Bus

— School Bus
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Certifications — ISL G NZ
— :
Cafifornis Environmental Prolection Ag [T ' EXECUTIVE ORDER A-021-062 |
[ ;lo:lr H::::r;; I; i CUNImE NG Nev On-Rend Heswroay Snains | «_n su,& UNITED STATES ENVIRONMENTAL PROTECTION AGENCY “‘D Sr"e
- * . OFFICE OF TRANSPORTATION AND AIR QUALITY
Pursuant to the auxhomK vested in the Air Resources Board by Health and Safety Code Division 26, Part 5, Chapter 2; WASHINGTON, DC 20460 %
and pursuant to the authority vested in the undersigned by Health and Safety Code Sections 39515 and 39516 and :
Executive Order G-14-012;
CERTIFICATE OF CONFORMITY
IT IS ORDERED AND RESOLVED: The engine and emission control systems produced by the manufacturer are certified 2016 MODEL YEAR A «L-
as described below for use in on-road motor vehicles with a manufacturer's GVWR over 14,000 pounds. Production PRy
engines shall be in all material respects the same as those for which certification is granted
e ENGINE FuEL TYPE | STNNDANDS Is‘“"'°§ ECS & SPECIAL FEATURES® | DiAGNOSTIC® | Manufacarer CTADMING INC
YEAR SIZES (L) PROCEDURE | ciass T8I, TC, CAC, ECM, EGR, TWC, Greenhouse Gas Info.
o EM!GSIEIE);’::L? S S et 5 —— ) Primary Intended Service Class:  VOCATIONAL
e oS CANTHDE ADDITIONAL IDLE EMISSIONS CONTROL Engine Family: ‘GCEXHOS4ILET Primary Test Configuration FTP (if spplicable]):
EXEMPT | NA Cenificate Number.  CEX-ONHWY-16-01 O, FCL valus (ghe-hr} 576
A ENGINE MODELS | CODES (rated power, in hp) Intended Service Class: URBAN BUS CO.FELvalus (ghphr) 890
- : T T COR TR TS G o o e S R e TIR T T Fusl Type: NATURAL GAS N:O FEL value (ghp-r)  0.10
| iac hp-horsepower; .;1’3‘;2;.‘?7”" = ":G 5 B ot :" o ”j Y R Eeieey FELs: GBHP MMEC -NOx:  NA CH, FEL value (ghp-he) 0,65
] E’L“v;“:nn..m'li‘;f;iﬂf eyt tnat B . HDOShomy &t Z’ LA e xox Na Primary Test Coufizuration Ramupec- modalif applicable)
s P Na ©0, FCL value (gihp-hr)
CO, FEL value (ghhp-hr)
S ;;m;:zzi H} P o g P
=SV T P — N / '2{, . -
Followina are: 1) the FTP exhaust emission standards. or familv emission limit(s) as anolicable. under 13 CCR 1956 & Effective Datz orsir0Ls £
. Bj 1 Bunker, Diractor
in NMHC NOX NMHC+NOx co PM HCHO plosais
Office of and Air Quality
g/bhp-hr FTP SET FTP SET FTP SET FTP SET FTP SET FTP SET T pae———
with raspect to the tect angines which raprasent the
STD 0.14 0.14 0.02 0.02 . * 15.5 15.5 0.01 0.01 - * S cnditions g n e revitons
hich conform in all material respects fo the design
CERT 0.01 0.000 0.01 0.004 il * 1.5 0.3 0.001 0.000 * ¥ quired by 40 CFR Part 86 and which are produced during
040 CFR Part 86.
NTE 0.21 0.03 ® 19.4 0.02 * sons described in 40 CER §6.096.7. 86.606, ud 36.1006
sments of such a wamant or court order may lead to
it i P, a1t 86. Itis also a term of this cartificate that this
g/bhp-hr=grams per brake horsepower-hour; FTP=Federal Test Procedure; SET= Supplemental emissions testing; NTE=Not-to-Exceed; STD=standard or emission test cap; easons specified in 40 CFR. Part 86
FEL=family emission limit, CERT=certification level, NMHC/HC=non-methane/hydrocarbon; NOx=oxides of nitrogen; CO=carbon monoxide; PM=particulate matter; HCHO=formaldehyde |, i for imroduction, nto commeree inthe U5
SIEEIIIUUST WS THISSIVI L@l IUZIUS @5 SPEUIIEU I 1108 19 LLI 1¥90.0 ana par 1usn DY Ne INcorporate: L,amorma ‘ ‘ prior to the effective date of the cerhficate
’ Evhaiet Fmiceinn Standarde and Tect Praradiirac far 2004 and Quiheaniiant Madal Hasu Mt M an and \ahislas®
! EPA CERTIFICATE OF CONFORMITY PRIMARY INTENDED SERVICE CLASS
i VOCATIONAL
[
In CO,
Cc
| glbhp-hr FTP SET e i
|STD 555 i 0.10 0.10
[FeL 476 # - S
FEL 490 3 0.65 4
CERT 465 * 0.56 0.02
g/bhp-hr=grams per brake horsepower-hour, FTP=Federal Test Procedure; SET=Supplemental emissions testing;  STD = standard or emission test cap;
FCL=family certification level;

CERT=certification level;

CO,=carbon dioxide; CH,=methane;  N,O=nitrous oxide;

VOCATIONAL=vocational engine;

FEL=family emission limit;

TRACTOR=tractor engine
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Emissions Reduction Impact - NOx

- %%?ﬂfi%%

1985 | 1990 | 1991 | 2000 | 2010 @\%\&ﬁ.ﬁ

NOXx (g/hp-hr)| 10.8 6 5 4 0.2 %ﬁ_ﬁ%&i
PM (g/hp-hr) | 059 | 059 | 0.25 | 0.05 o %ﬁ. %ﬂiﬁ%%
‘%évéék‘ji‘%%
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Changes from ISL G EPA 2013

Certification

— new Agency Approval (AP) option
ECM Calibration

— 0.02g NOx calibration

— Delegated Assembly protected via catalyst / ECM connection
Three Way Catalyst (TWC)

— Same as ISX12 G and ISL G Euro VI
— Has extra mid bed temperature sensor that must be added to OEM harness

New Closed Crankcase Ventilation (CCV) System
— Remote mount CCV filter — to be installed by OEMs
— Similar to ISL G Euro VI, but with coolant heating (same as ISB6.7 G)
— Requires OEM installed air/oil and coolant plumbing to and from the engine

Crankcase Pressure Sensor
— New for diagnostic and OBD purposes

Cummins Westport Confidential
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Closed Crankcase Ventilation (CCV) System

Inlet (from valve cover)

Coolant
supply/return

Outlet (to compressor
inlet elbow)

Oil drain (to supplied
connection on block)

—

eWestport
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ISL G Near Zero Ratings (same as My2015 ISL G)

PEAK TORQUE
ENGINE MODEL Hﬁ?&/VE)RT@;SIEF?M BT @ R?)M GOVERNED SPEED
ISL G NZ 320 320 (239) @ 2000 1000 (1356) @ 1300 2200 RPM
ISL G NZ 300 300 (224) @ 2100 860 (1166) @ 1300 2200 RPM
ISL G NZ 280 280 (209) @ 2000 900 (1220) @ 1300 2200 RPM
ISL G NZ 260 260 (194) @ 2200 660 (895) @ 1300 2200 RPM
ISL G NZ 250 250 (186) @ 2200 730 (990) @ 1300 2200 RPM

e Westport
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ISL G Near Zero — End Customer Impact

= Fuel Economy

— Similar fuel economy as current ISL G through continued use of advanced Stoichiometric
cooled Exhaust Gas Recirculation (SEGR) combustion, with Three-Way Catalyst
aftertreatement

— Exceeds EPA / DOT 2016 GHG standards
— Clear path to exceed EPA / DOT proposed Phase || GHG standards

= Drivability

— Offering same ratings as current ISL G, ideal for shuttle & school bus, urban transit, vocational
and medium duty truck and tractor applications

— Same power and torque curves to meet customer demands
— Field tests underway with positive driver feedback

e Westport
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ISL G Near Zero — End Customer Impact

= Durability
— Continued high durability with minimal engine changes and use of existing larger TWC

— Fully compliant with ARB and EPA Heavy Duty engine certification requirements including
emissions through engine useful life

— Same Base Warranty and Extended Coverage as current ISL G

= Maintenance

— New Closed Crankcase Ventilation system has 2000 hour change interval for CCV filter (see
QSOL)

— No other maintenance schedule changes from current ISL G
— Technician certification requirement is same as current ISL G

e Westport
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ISL G Near Zero Launch Info

Launch Timing
= ARB & EPA emissions certification received
= Full production from Rocky Mount Engine Plant (RMEP) Q2 2016

Product Pricing
= Pricing to be conveyed through Cummins account teams in November
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Thank You !

South Coast

AQMD

B CALIFORNIA
(B) ENERGY COMMISSION Ms"c:'rﬁf
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