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Dates show earliest type approval introduction only. More detail can be found in the booklet.

TIMELINE - TOXIC EMISSIONS STANDARDS PASSENGER CARS Delphi .
Technologies



Power electronics

Our proprietary power
electronics solutions,
supported by our 25
years' experience, allow
vehicle manufacturers

to improve efficiency,
performance and reduce
weight and cost.

Cleaner. Better. Further.
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CONVENTIONAL US / EU TEST PROCEDURES

Sequence for evaporative emissions testing Regulation 715/2007/EC, Regulation 692/2008/EC Annex VI, UN/ECE

Regulation No. 88 Annex 7
Test sequence US (EPA) EU (Euro 1, Euro 2)

Test sequence: Euro 3-4-5, TA 1/2000

New Euro 6c/d emissions regulations are a part of Worldwide harmonized Light vehicles Test Procedure — Global Test Regulation (see next page).




NEW WLTP GLOBAL TEST REGULATION (GTR 19)

Sequence for evaporative emissions testing amended by Europe
Commission on 22 June 2017
GTR Test sequence for non sealed fuel tank: Euro 6c/d
Fuel drain and refill Fill to 40% with test fuel

A . Two times Low-Medium-Low phase for Class 1,
Preconditioning drive

23+3°C ambient
Soak 12-36 hours 23+3°C ambient
. 2 g breakthrough
et Agyee) emsir Canister after Bench ageing connecting to car
. Two times Low-Medium-Low phase for Class 1,
Test drive

23+°C ambient
60min 0.5 min at 23-31°C ambient
6-36 hours (min 6h at 20+2°C ambient)
24hin VT SHED, cycle from 20-35-20°C, AT=15K
24hin VT SHED, cycle from 20-35-20°C, AT=15K
Mus + M o1 + M oz + 2xPF < 2g/test

Hot soak test: M us
Soak

1st day diurnal: M b1

1st day diurnal: M pz

Emission calculation

Alternative option of calculation by Contracting Party: M HS + M Dmax + PF < limit value determined by CP.

Emission test is executed on canister after bench ageing
Canister Bench ageing and Tank Permeation Factor

Temperature conditioning 50 cycles, Canister
vibration conditioning 12h, Fuel Ageing 300 cycles
Tank Permeability Factor Ageing by 20 weeks, 40% fill at 40°C, PF = HC 20w = HC 3w

Canister bench ageing

Sequence for evaporative
development

1s testing proposed by Task Force in

GTR Test sequence for sealed fuel tank: Euro 6c/d

Load aged canister to 2 g breakthrough then purge

Additional up to 85% fuel consumption equivalent.
requirements under Tank pressure relief opening and puff loss
discussion

determination by connecting of 2nd canister.
Battery charge before Test drive in case of OVC-HEV

Emission calculation M s + M o1 + M oz + 2xPF < 2g/test

New Euro 6c/d emissions regulations is a part of Worldwide harmonized Light vehicles Test Procedure (GTR). Introduction of Euro 6 in 1 September 2019 for all new vehicles.

1) New Pre-conditioning drive and Driving cycle by class of vehicles defined: Class 1: 2x Low-Medium-Low. Class 2 & 3: Low-Medium-High-Medium.
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ENHANCED EVAPORATIVE EMISSIONS
US FEDERAL / CALIFORNIA REQUIREMENTS

Test sequence

S 3-day diurnal Supplemental 2-day diurnal

Note: Vehicle certification requires the 3-day diurnal, in-use vehicles the supplemental 2-day
diurnal test.
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Test sequence

e 3-day diurnal Supplemental 2-day diurnal

For 2012 and subsequent model year off-vehicle charge capable hybrid

equipped with a non-integrated refueling canister only system.

« The canister should be loaded using fuel-tank-refill method described under
“refueling event” section of ORVR procedure (see page 102).

« For hybrid vehicles, battery state-of-charge setting prior to the exhaust test
shall be at the level minimum operation of engine.



ENHANCED EVAPORATIVE EMISSIONS

EPA and California accept certification data generated using the other agency’s
test procedure.

EPA Evaporative emissions requirements

« Harmonizes federal limits with CARB LEV Il requirements:
« 3-day diurnal = 0.5 g/test for LDV.
« Supplemental 2-day = 0.85 g/test for LDV.
¢ LLDT /HLDT / MDPV have less stringent requirements.

* CARB LEV Il certification data to be used for EPA certification without prior
approval.

¢ Implemented in MY 2009 for LDV/LLDT and MY 2010 for HLDT/MDPV. Alternate
phase-in for FFV (flex fuel vehicles) when operating on non-gasoline.

Further CARB LEV Il requirements

« Useful life for standards extended to 150,000 mi or 15 years.

* 1.75x higher in-use standard for 3 model years for LEV Il families introduced
prior to 2007.

» Optional “Zero-Evap” standard is available to earn NMOG credits or partial
ZEV credits, 0.35 g/test for hot soak + highest diurnal (2 or 3 days) and 0.0
g (< 0.054 g) from fuel system.

Further EPA Tier Il requirements
« Useful life for standards extended to 120,000 mi.
 Ethanol and HEV/ZEV vehicles regaled for the first time.

| | EPAEnhanced & Tier Il CARB Enhanced & LEV I

sk 95 + 5°F 105 + 5
temperature
9 psi RVP, .
e 7.8 psi for altitude testing 7 REIRYP
Enhanced: '96-'99: Enhanced: '95-'98:
Phase-in 20/40/90/100% 10/30/50/100%

Tier Il: '04-'07: 25/50/75/100%  Tier Il: '04-'06: 40/80/100%

Further EPA Il requirements

Tier Ill begins in 2018, same phase-in percentages as CARB LEV Il
Harmonization of requirements with CARB LEV IIl.

OBD detection of leak greater than 0.02 inch required.

Phase-in vehicles will be tested with E15. E10 as option available in 2017.
After 2020, all test fuel should be EPA (E15) certification fuel.
Requirements do not include rig test in the regulation, but certification will
be accepted for PZEV in 2017 and beyond until 2019.

Useful life extended to 150,000 mi.

OBD detection of leak greater than approx. 0.01 inch for pressurized fuel
systems.
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ENHANCED EVAPORATIVE EMISSIONS

CARB LEV Ill REQUIREMENTS
* Expand the use of existing zero-evap technology to remaining vehicle classes.
« Two options for complying with total hydrocarbon evaporative emissions from MY2015 onwards.

A 3-day diurnal + hot soak A A A q
Vehicle type LA and 2-day diurnal + hot soak Vehicle type neang nghest e cle [lCanictey
Loss : Loss diurnal + hot soak bleed
(Ibs GVWR) (g/mile) Whole vehicle Fuel only (Ibs GVWR) (a/mile) (a/test) (g/test)
9 (g/test) (g/test) 9 9 9

 Passengercars 0
1| LDtrucks<6,0001bs o s ;
Option Option

* Implementation schedule: '15-"17: min average of previous 3 models per year PZEVs. '18-'19 60%, '20-'21 80%, '22 100%.

 Eliminate testing with MTBE fuel, require testing with E10 for LEV Il and all evaporative certifications from 2020.

» Extend applicability of ORVR requirement to complete vehicles up through 14,000 Ibs GVWR inclusive (option to use E10 fuel for testing in lieu of federal
certification fuel).

« Qutstanding issues: implementation of leak test (permissible orifice 0.01-0.02 inch to complete the current 2-day or 3-day diurnal test procedure sequence.

* Useful life shall be 15 years or 150,000 mi, whichever occurs first.



EVAPORATIVE EMISSIONS CHINA
PR OF CHINA

» New gasoline vehicles up to and including China 5 must meet an evaporative
emission limit of 2 g/test (SHED).

e China V CoP for canister: measured BWC & volume no less than 0.9 of
declared value: Conformity of in-use < 2 g/day required for useful life.

CHINA VI REQUIREMENTS (proposal)

Timeline for nationwide implementation of light-duty emission standards
scheduled on 1 July 2020 (China 6a)

Type IV diurnal emission test procedure based on CARB test procedure.

WLTC preconditioning drive and driving cycles, Type I: Low-Medium-High-High.
Preconditioning test requirements for NOVC and OVC.

Temperature soak and driving at 38+2°C with connected canister.

Hot Soak test at initial Temperature =38+2°C; (Temperature range 33-41°C).
SHED Temperature profile 68-95 °F (20-35°C).

China Fuel EO 56-60 kPa.

Conformity of Production (CoP) for Canister and Vehicle: Canister measured BWC
& volume > 0.9 of declared value; Vehicle emission < 1.1 times of limit value.
Test procedure for NIRCO (tank drain and refill with disconnected canister).
Emission calculation M D1 (larger of M HC_24 and M HC_48) + M HS.
Deterioration Factor (DF) defined for diurnal emission 0.06 g/day.

CHINA VI Type IV Diurnal emission incl. Hot soak and DF

m Evaporative (proposal)

g/test (SHED)
Type 1 0.70
Type 2 Cl. | 0.70
Lie Type 2 Cl. Il 0.90
Type 2 Cl. Il 1.20
INDIA

Gasoline vehicles have to meet an evaporative (SHED) limit of 2 g/test
(effective 2000).

BRAZIL

Evaporative requirement Proconve-L6 (Current)

Evaporative requirement (E22/E61/E100) = 1.5 g/test during 2 hours SHED;
Evaporative requirement Proconve-L7 (Jan 1, 2022)

1.Evaporative requirement (E22/E61/E100) <= 0,5 g/test during 48 hours SHED;
2.0nboard Refueling Vapor Recovery requirement (ORVR) <= 50 mg/I refueling;
More stringent legislation based on CFR86 (US Federal Regulations, volume
40, part 86).
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ON-BOARD REFUELLING VAPOR RECOVERY

* Applicable in all US Federal States. CARB adopted EPA regulation phase-in
with 40/80/100% over 3 years.

Passenger cars MY ‘98-00.

LDT < 6,000 Ibs GYW MY ‘01-03.

LDT > 6,000 Ibs GVW MY ‘04-06.

Small volume manufacturers for passenger cars have to comply for 100% in
MY ‘00.

No changes to ORVR procedures for CARB LEV Il and EPA Tier II.
Measurement of emissions that escape from the vehicle during a refueling
event. Stand-alone test in addition to enhanced EVAP tests.

* Fuel used: US Certification fuel 8.7-9.2 RVP.

CARB LEV Ill amendment

« California certification fuel E10 (7 psi RVP) may be alternatively used for MY
‘15 onwards.

« If using California certification fuel, the fuel shall be dispensed at a
temperature of 79+1.5°F (26.1+0.8°C) and at a dispensing rate of 9.8+0.3
gal/min (37£1.1 I/min).




ON-BOARD REFUELLING VAPOR RECOVERY

EPA FUEL DISPENSING SPITBACK TEST

Applicable in all US Federal States for vehicles < 14,000 Ibs GVW. Spitback
phase-in same as enhanced EVAP (100% by ‘99).

Measurement of liquid fuel spitback from the fuel filler inlet during a
refueling event. Stand-alone test in addition to enhanced EVAP tests. If
ORVR compliant, manufacturer can request spitback test waiver.

Fuel used: US Federal certification fuel: 8.7-9.2 RVP.

Spitback standard: 1.0 g/test.

For 2012 and subsequent model year off-vehicle charge capable hybrid

equipped with a non-integrated refueling canister-only system.

« Canister should be loaded using fuel-tank-refill method described under
“Refueling event” section and purged while performing vehicle driving,
using either chassis dynamometer procedure or the test track procedure, as
described in subparagraphs (d) (1) and (d) (2) of 40CFR 86.153-98.

« Vehicle drivedown shall consume 85% or less of the nominal fuel tank
capacity.

EVAP

China V/VI Type VII ORVR (Proposal)

* Type VIl test ORVR emissions requirement < 0.05 g/ based on CARB test
procedure.

« Deterioration Factor (DF) defined for ORVR emission 0.01 g/day.

 Test procedure for NIRCO (tank 95% fill and tank drain and refill 10% refill
with disconnected canister).
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