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

One size can fit all.
Our advanced integrated
circuit brings new
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simplicity, durability and

performance to engine
management systems,
while at the same time
reducing costs.
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EXHAUST EMISSIONS STANDARDS

EXHAUST Delphi )
Technologies



EXHAUST

ECE ECONOMIC COMMISSION FOR EUROPE

ECE regulations are similar to EU regulations. A base regulation is updated
with a consecutive series of amendments. Dates of implementation differ
from country to country, depending on the approval status of the respective
amendment in that country. The series of ECE-R-83 regulations reflects the
Euro 1-6 regulations. A worldwide harmonized test procedure/cycle (WLTP/
WLTQ) is currently being finalized (see pages 12-13).

EUROPEAN UNION
TYPE APPROVAL

Delphi 4
Technologies

VEHICLE CATEGORIES
Directive 70/156/EC, as amended by Directive 2007/46/EC

Cate- Sub- (Number
Description cate- of Mass limit
gory
gory (persons

1) RDE Real World Driving Emissions to be included in this section starting September 2017.

2) Until Euro 4: Two subgroups: M1 w/ GVW < 2.500 kg and M1 with 2.500 kg < GVW < 3.500
kg.



EUROPEAN UNION

EURO 3-4 REQUIREMENTS

* On-board diagnostics requirements for gasoline, LPG, NG and diesel.

* Enhanced evaporative emissions requirements.

« Low temperature test for gasoline vehicles.

* Quality of market gasoline and diesel fuels (Dir 98/70/EC as amended by
2003/17/EQ).

« Cold CO test.

Low temperature test

. co THC LI
Vehicle Category (g/km) (g/km)

Measurement of HC and CO at -7°C (266K) during the urban part of the
revised NEDC (780 seconds).

Deterioration factors are not applied.

Reference fuel option with higher Reid Vapor Pressure (RVP) and density.
Gaseous fuel (LPG or NG) vehicles are exempt for the low temperature test.
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EUROPEAN UNION
EURO 1-4 passenger cars Class M (s 2.500 kg GVW, = 6 seats)

Euro 1 (EC 93) Euro 2 (EC 96) Euro 3 (EC 2000) Euro 4 (EC 2005)
91/441/EEC or 93/59/EEC 94/12/EC or 96/69/EC 70/220/EC, as amended by 98/69/EC and 2003/76/EC

1) COP values in brackets. 3) Required recording of in-use durability.
2) Limits for IDI Diesel. For DI Diesel up to 10/1999: HC+NOx: 0.9 g/km, CO 1g/km, PM 100 mg/ 4) Upto 12/2002 Diesel cars with GVW > 2T and > 6 seats or off-road vehicles were considered
km. as N1 vehicles.




EUROPEAN UNION
EURO 1-4 Large passenger cars and light commercial vehicles N1 (M > 2,500 kg GVW, 7-9 seats, LCV = 3,500 kg GVW)

Directive Euro 1 (EC 93) Euro 2 (EC 96) Euro 3 (EC 2000) Euro 4 (EC 2005)
93/59/EEC 94/12/Ec or 96/441EC, 93/116/EC 70/220/EC as amended by 98/69/EC and 2003/76/EC

1) COP values in brackets. 4) Vehicle classes: Class 1 < 1,250 kg, Class 2 > 1,250 kg and < 1,700 kg, Class 3 > 1,700 kg.
2) Limits for Diesel. Reference weight in running order + 25 kg. EOBD for Euro 3+4 only. TA/FR dates differ for
3) Includes large passenger cars > 2,500 kg GVW. EOBD vs non-0BD related testing: See EOBD section for more details.
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EUROPEAN UNION
EURO 5-6

PCM®, LCVN1CL1 LCVN1CL?2 LCV N1 CL 3, N2

Euro 6b, 6¢, Euro 6b, 6c,
m Euro SPIB* | d-Tem, 6d m SiroShbe S het
]

1) For compression ignition only: exempted M1 vehicles have to comply w/ N1 CL3 test | limits. 3) Applicable to PI DI engines only.
No more exemption for pass cars for Euro 6. 4) Until 3 years after the dates for TA/FR particle emission limit of 6*E12 may be applied for
2) Test procedure defined in UN Reg 83 Suppl 7. Euro 6b positive ignition DI vehicles upon request of manufacturer.



EUROPEAN UNION

EURO 5-6

Vehicle scope

M1 and M2, N1 and N2 vehicles as defined in Directive 70/156/EC with
reference mass < 2,610 kg.

Extension possible at the manufacturer’s request to M1, M2, N1, N2 with
reference mass < 2,840 kg.

Exempted vehicles at Euro 5 stage

Diesel M1 vehicles designed to fulfill specific social needs:

— Special purpose vehicles with reference mass > 2,000 kg (ambulance,
hearse, motor caravan, etc.)

- Vehicles with reference mass > 2,000 kg and designed to carry at least 7
occupants.

— Vehicles with reference mass > 1,760 kg and built specifically for
commercial purposes to accommodate wheelchair use inside the vehicle.

These vehicles still have to meet the N1 Class 3 limits for Euro 5.

New reference fuels

12.G )

For Type 1 test: gasoline E5 E10 Flex fuel E8S; Diesel B5 B7.
For Type 6 test: gasoline ES E10 Flex Fuel E75.

 Unrestricted and standardized access to vehicle repair and maintenance
information.

There is no information for post Euro 6¢/6d emissions levels available yet.

Delphi
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EXHAUST

EUROPEAN UNION

EURO 5-6 IMPLEMENTATION ROADMAP

Delphi
Technologies 10

Regulation (EU) 2017/1151 amended by (EU) 2018/1832 applicable from 1 Jan 2019

| Euro6c | Euro6d-TEMP |Euro 6d-TEMP-ISC|Euro 6d-TEMP-EVAP-ISC| Euro 6d-ISC-FCM

Euro 6¢ = Euro 6b + final PN standard for Pl vehicles + OBD Euro 6-2 + use of
E10 and B7 reference fuel, assessed on regulatory lab test cycle + RDE PN
(NTE emission limits applied) + RDE NOx testing for monitoring only.

Euro 6d-TEMP = Euro 6b + final PN standard for Pl vehicles + OBD Euro 6-2
+ use of E10 and B7 reference fuel, assessed on regulatory lab test cycle +
RDE testing against temporary Conformity Factors.

Euro 6d-TEMP-ISC = Euro 6d-TEMP + new ISC procedure (incl. RDE, type 4,
type 6 tests).

Euro 6d-TEMP-EVAP-ISC = Euro 6d-TEMP-ISC + 48h evaporative test
procedure.

Euro 6d-ISC-FCM = Euro 6b + final PN standard for PI vehicles + OBD Euro
6-2 + use of E10 and B7 reference fuel, assessed on regulatory lab test cycle

+ RDE testing against final Conformity Factors + new ISC procedure + 48h
evaporative emissions + onboard fuel and/or electric energy consumption
monitoring device.
Lab test cycleis NEDC, it is replaced by WLTC with the introduction of Euro
6d-TEMP for new type, and Euro 6¢ for all vehicles one year later.

The Real Driving Emission (RDE) test procedure is introduced in 3 phases.

« First a monitoring period starting in April 2016 on new type vehicles.

« Followed by a period with application of temporary conformity factors (Euro
6d-TEMP).

« Then with application of final conformity factors (Euro 6d).



EUROPEAN UNION

EURO 5-6

Durability Requirements starting Euro 5 (Type 5 test)

Deterioration factors are used to comply with emissions limits. They can be
determined by one of the following three methods:

* Whole vehicle ageing test of 160,000 km.

* Bench ageing (or rapid ageing) durability test.

* Application of assigned deterioration factors.

New In-Service Conformity

Min 6 months and 15,000 km, max 100,000 km or 5 years whichever is sooner.
ISC is to be applied to Type 1 WLTP and RDE, Type 4 and Type 6 tests. ISC is
opened to Type Approval Authorities and Third Parties testing.

Low Temperature Test for Cl (-7°C) (Type 6 test)

This test shall not be done on Cl vehicles. They only need to demonstrate at TA:

* Performance of NOx aftertreatment device reaching sufficiently high
temperature for efficient operation within 400s after a cold start (-7°C).

* Operation strategy of the EGR system, including its functioning at low
temperature.

Assigned deterioration factors

C_| NMHC | NOx [HC+NOx| PM [ PN |
16 S0 10

12.G )

Low Temperature Test for Pl (-7°C) (Type 6 test)
Emission limit of Pl vehicles for the carbon monoxide and total hydrocarbon
tailpipe emissions after a cold start test:

coLi THC Limit
Vehicle Category (g/km) (glknr:;I

The test consists of four elementary urban driving cycles (part one of the
Type | test), placing the vehicle on a chassis dynamometer.

The low ambient temperature test lasting a total of 780s shall be carried out
without interruption and start at engine cranking.

Before the test is carried out, the test vehicles shall be conditioned in a
uniform manner to ensure that the test results may be reproducible.

At the request of the manufacturer, the number of tests can be increased
to 10 if the arithmetical mean of the first three results is lower than 110%
of the limit. In this case, the requirement after testing is only that the
arithmetical mean of all 10 results shall be less than the limit value.

1) DF for Euro 5 only. There is no Euro 6 DF for Cl engines, manufacturers shall use the whole
vehicle or bench ageing durability tests.

Delphi 11
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EXHAUST

EUROPEAN UNION

DRIVING CYCLES: NEDC
URBAN (ECE) + EXTRA-URBAN (EUDC) CYCLE.

Prior to Euro 3 (MVEG-A: ECE+EUDCQ).
» Bag sampling starts after 40s idle period.

Cycle revision for Euro 3 onwards (MVEG-B: NEDC).
» Modification of the start-up phase: deletion of the 40s idle period prior to
bag sampling.

1) BS: Beginning of Sampling at engine start.
2) ES: End of Sampling.

Delphi
Technologies

DRIVING CYCLES: WLTC

WLTC replace NEDC starting from Sept 2017 for new types and from Sept 2018
for all vehicles.

12



ECE-WLTC

The WLTC cycles are part of the Worldwide harmonized Light vehicles Test

Procedures (WLTP in ECE global technical regulation Nr. 15).

* Scope: World harmonized way to determine Passenger Car emissions.

« Introduction in Europe Sep 2017 for TA and Sep 2018 for FR.

* Test Conditions: more representative of real World driving conditions. AC
on/off, audio system on/off, battery state of charge, ambient temperature
during test, vehicle test mass.

« Additional items within the framework of WLTP:

« Additional pollutant regulations (Ethanol, Aldehydes, NO,, N,O, NH,).
« Definition of worldwide standardized method for particulate

measurements.
« Definition of lab procedure for hybrid and electrical vehicles for energy
consumption.

PMR (W/kg) peed Phases

" prese | oustony | e | Durstonts

D

1) At the option of the Contracting Party, the Extra High3 phase may be excluded.
2) At the option of the Contracting Party, the Extra High2 phase may be excluded.

Delphi
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EXHAUST

EUROPEAN UNION - REAL DRIVING EMISSIONS

RDE is a new and additional vehicle test at type approval and throughout
its normal life which can be conducted with market fuels. Certain types of
pollutants are checked on public road in real life conditions using PEMS.
The trip must include 3 portions: urban; rural and motorway in that order.
Some payload may be added up to 90% of the allowed mass of passengers
plus pay-mass of the vehicle.

The fourth package of the RDE test procedure is described in Annex IIIA
of regulation (EU) 2017/1151 amended by (EU) 2018/1832 and applicable
since 1Jan 2019.

NOT TO EXCEED EMISSIONS VALUES FOR RDE TESTING

The emissions produced during the RDE trip are recorded every second
and computed by a specific evaluation methods (see next pages). The
RDE results must be corrected with the Ki factors or offsets developed
in WLTP when periodically regenerating systems are present. The results
of the RDE emissions for the entire RDE trip and the urban part alone
have to remain below the Not to Exceed emissions limits as defined by the
following equation:
NTE gitant = CFogiueane X EURO-6

Delphi
Technologies

Conformity Factors for Euro 6d RDE
(G | x|

“Margin” is a parameter taking into account additional measurement
uncertainties of PEMS equipment, subject to annual review. On 13 December
2018, the General Court of the European Union delivered judgment in the
Direct Actions T-339/16, T-352/16 and T-391/16, and annulled in part the

RDE regulation on the margin NOx and the temporary CF for NOx of 2.1. The
European Commission has appealed the judgment.

1) COemissions shallbe measured and recorded at RDE tests.



BOUNDARY CONDITIONS OF A VALID RDE TRIP

The ambient conditions become extended when the temperature or
altitude conditions are extended. If during a particular time interval the
ambient conditions are extended, the corrective factor shall be applied to
the emissions during this particular time interval before being evaluated.

COLD ENGINE START

Cold start period is fully included in the urban part of the RDE trip and the
whole trip.

Duration of the cold start period is defined from engine start to first of
Smin or Coolant Temp = 70°C.

Max speed during cold start < 60 km/h.

The average speed (including stops) shall be between 15 and 40 km/h.
Total stop time during cold start <90 s.

Idling afterignition < 15s.

Vehicle conditioning for cold-start testing: driven for at least 30min
followed by soak duration between 6 and 56 hours.

If the last 3 hours of conditioning were done in extended averaged
temperature conditions, then the corrective factor of 1/1.6 is always
applied to emissions during cold start period. The corrective factor
applies to pollutant emissions but not to CO,.

1) Jan 2020 for type approval, Jan 2021 for first registration.

Delphi
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EXHAUST

EUROPEAN UNION - REAL DRIVING EMISSIONS

TRIP VALIDATION

The RDE trip is designed on street maps. The air conditioning or other auxiliary
devices shall be operated in their typical manner. After driving is completed,
the following trip verifications are carried out.

Ambient boundary conditions shall be respected (see previous page).

Trip requirements in term of distance shares, speeds, altitudes as defined in

side table shall be met.

Overall driving dynamics shall be within limits defined in table below, to

check against:

—> excessive driving dynamics using the v.a+ (velocity times positive
acceleration) distribution over each portion of the trip (urban, rural and
motorway as defined by the trip requirements).

—> Insufficient driving dynamics using the RPA (Relative Positive Accelera-
tion) computed over each portion of the trip (urban, rural and motorway).

Trip dynamics req s*)

v < 74.6 km/h v > 74.6 km/h

v < 94.05 km/h v > 94.05 km/h

Delphi
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Trip requirements for a valid RDE test
| _Drivingportion | __Urban |

1) 80 km/h for N2 vehicle with 90 km/h speed limiting device.

2) 90 km/h for M2 vehicle with speed limiting device at 100 km/h.

3) Applies also to cold start period.

4) Urban operation may contain several stop periods of 10s or longer.

5) vin the formulas are in km/h, v.a+ in m?/s* or W/kg, RPA in m/s? or kWs/(kg.km).

6) upon the choice of the manufacturer for N1 and N2 vehicles with a power to mass ratio < 44 W/kg.



EUROPEAN UNION - REAL DRIVING EMISSIONS

MOVING AVERAGING WINDOWS

The MAW method defines windows every 1 sec which equal to 1/2 CO, mass
generated during the entire WLTC. In each window, vehicle speeds and CO,
emissions are averaged, and plotted as a point together with the vehicle CO,
characteristic curve obtained from the WLTP test.

Delphi 17
Technologies

12.G )




EXHAUST Delphi .4
Technologies

EUROPEAN UNION - REAL DRIVING EMISSIONS
VERIFICATION OF TRIP DYNAMICS

For verification of overall trip dynamics, the trip is divided into urban, rural and
motorway parts based on speed as defined in following table.

The number of windows in each driving part is used to compute the percentage
of windows within the tolerances defined for the CO, characteristic curve. The
test is valid if it comprises at least 50% of the number of windows in each part.

| | oy |

Ie nces around CO2 characte c curve

% of dows within the tol

1) 70km/h for N2 vehicle with 90km/h speed limiting device.
2) For NOVC-HEV and OVC-HEV the upper tolerance may be increased by steps of 1% until 50%.



EUROPEAN UNION - REAL DRIVING EMISSIONS

RDE DATA EVALUATION

Both the urban and total trip emissions of the RDE have to pass the NTE
emissions limits after correction with the Ki factors or offsets:
Maiiutant roe.s [Mg/km] and Mooiiutant R0E ¢ [mg/km] < NTE ginutant

The RDE results are calculated by multiplying raw emissions by an RDE
evaluation factor RF, for both the urban and the total portions of the RDE
trip as defined by the trip requirements (k = urban; k = total).

RF, is defined based on the distance specific (g/km) CO, ratio r, between the
RDE and the WLTP (k = urban; k = total) according to side graph.

* ForICE and NOVCG-HEV, r is computed as:
with Mcgawirey defined in side table.

* For OVG-HEV, rkis computed as:

with IC, being defined as:

The RDE evaluation factors are subject to review by the European
Commission and shall be revised as a result of technical progress.

12.G )

Relevant phases of WLTP to be used for Mo, wirex
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EXHAUST

US FEDERAL

TIER 2 STANDARDS

Tier 2 standards were phased in from 2004-2009.

Same standards applicable to cars and trucks up to 8,500 Ibs GVWR (most
sport utility vehicles, pick up trucks and vans).

Emissions limits are fuel neutral, i.e. applicable to gasoline, diesel and all
other fuels.

Vehicles also have to meet Tier 2 limits on Supplemental Federal Test Procedure.
0.07g/mi NOx fleet average at 120,000 mi/ 10 yrs phased in 25/50/75/100%
from 2004-2007 for cars and trucks < 6,000 Ibs GVWR, and 50/100% in
2008/2009 for heavier trucks.

8 standards “bins” are available as long as the manufacturer’s fleet averages
0.07 g/mi NOx.

In lieu of intermediate useful life standards (50,000 mi) or to gain additional
nitrogen oxides credit, manufacturers may optionally certify to the Tier 2
emission standards with a useful life of 150,000 mi.

Test covered: Federal Test Procedures (FTP), cold carbon monoxide, highway
and idle MY > 2004 +.

1) Bins 9-11 expired in 2006 for LD vehicles and LD trucks and in 2008 for HLD trucks and MD
Passenger vehicles.

2) Pollutants with 2 numbers have a separate certification standard (1st number) and in-use
standard (2nd number).

Delphi
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LIGHT DUTY VEHICLES - LIGHT DUTY TRUCKS
—MEDIUM DUTY PASSENGER VEHICLES

Emissions Limits at Full



US FEDERAL

TIER 3 STANDARDS

Tier 3 emissions standards were adopted in Mar 2014 and phase-in 2017-
2025. The regulation also tightens sulfur limits for gasoline.

Both the certification limits (Bins) and the fleet average standards are
expressed using the sum of NMOG+NOx emissions.

The required emission durability has been increased to 150,000 mi or 15 yrs
whichever comes first.

Gasoline vehicles are tested — for exhaust and evaporative emissions — using
gasoline containing 10% of ethanol (E10).

TIER 3 FTP STANDARDS

Tier 3 Ce cation Bin Standards (FTP, 150,000
| Bin [NMOG+NOx (mg/mi) [ PM1) (mg/mi)| €O (g/mi) [HCHO (mg/mi)

Tier 3 Federal and LEV Il California have been harmonized to create one set of
limits for all 50 states.

TIER 3 FLEET AVERAGE NMOG+NOx FTP PHASE-IN (MG/MI)

NMOG+NOx

0 v v
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
—— LDV, LDT1 =~ LDT2, LDT3, LDT4, MDPV

For LDVs and LDTs over 6,000 Ibs GVWR and MDPVs, the fleet average
standards apply beginning in MY 2018.

1) In MY 2017-20 PM standard applies only to that segment of a manufacturer’s vehicles
covered by the percent of sales phase-in for that model year.

Delphi 21
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EXHAUST

US FEDERAL
TIER 3 STANDARDS
COLD CO TEST

Fleet average requirement for NMHC:

Provisions for carry forward and carry-back of credits.

Provision for carry-over programs with respect to in-use testing.

Test is on FTP cycle at 20°F.

Flex fueled vehicles only required to provide assurance that same emission
reduction systems are used on non-gasoline fuel as on gasoline.

LDV < 6,000 GVWR: Fleet average NMHC = 0.3 g/mi CO = 10 g/mi.
Phase-in 25/50/75/100 from MY 2010-2013.

6,000 < LDV < 8,500 GVWR and MDPV < 10,000 Ibs:

Fleet average NMHC = 0.5 g/mi CO = 12.5 g/mi.

Phase-in 25/50/75/100 from MY 2012-2015; 120 k mi durability limits.

50°F/10°C STANDARDS
 California only.

HWFET

Tier 2: 120 k mi durability; NOx Standard: 1.33 x applicable 120,000 vehicle bin.
Tier 3: 150 k mi durability; NMOG + NOx = 1.0 x applicable 150,000 vehicle bin.

Delphi 22
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TIER 3 PARTICULATE PHASE-IN

Phase-in of Tier 3 PM FTP Standards (mg/mi)

« Tier 3 PM standards apply to each vehicle category separately.
« In-use standard is relaxed until phase-in is complete.

TIER 3 SFTP FLEET AVERAGE PHASE-IN

Tier 3 Fleet Average NMOG+NOx SFTP Standards

[ Emission _____[20177/2018]2019]2020]2021[2022[2023]2024] 2025
'NMOG+NOX (mg/mi) 103 97 90 83 77 70 63 57 50
©oem - e2

» Manufacturer self select SFTP standards for each vehicle family.
« Self selected standards not to exceed 180 mg/mi.

1) Manufacturers comply in MY 2017 with 20% of their LDV and LDT fleet under 6,000 Ibs
GVWR, so alternatively with 10% of their total LDV, LDT, and MDPV fleet.

2) For LDVs and LDTs over 6,000 Ibs GVYWR and MDPVs, the fleet average standards apply
beginning in MY 2018.



TIER 3 US06 PM PHASE-IN

 Phase-in______[2017]2018]2019 2020 2021 2022 2023 [2024+]
ofSales 70 100 100 100 100

CertificationStandard 10 10 6 6 6 6 6 6
In-useStandard 10 10 10 10 10 10 10 6
* Tier 3 US06 PM standards apply to each vehicle category separately.

* In-use standard is relaxed until phase-in is complete.

TIER 3 STANDARDS (OTHER)

Useful Life: The Clean Air Act prohibits requiring useful life > 120 k mi. Tier 3
150k standards may be met at 120,000 km by multiplying the respective
standard x 0.85 and routing to nearest mg/mi FTP limit. Other cycles
standards remain the same for either useful life period.

High Altitude: Tier 3 standards allow limited relief at high attitude.
Manufacturers may comply with one bin higher at altitude. Bin 70 is capped
at 105 mg/mi and Bin 160 gets no relief altitude.

Enrichment Limits: Enrichment for otto-cycle engines throughout the US06
cycle is limited to lean best torque + 1.04. See 40CFR 86.1811-17.

Phase-in provisions: These include relaxed in-use standards, transitional Tier
3 Bins and Interim 4,000 SFTP standards.

Delphi 23
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EXHAUST

US FEDERAL AND CALIFORNIA
CITY DRIVING CYCLEY

70
Cold start phase Transient phase Hot start phase
60 0-505s5 505-1369 s 0-505s
= 50
a
E 40
el
@ 30
Q.
w20
10
0
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time (s)
Total duration: 1,874 s (+hot soak: 540 s min, 660 s max)
Length: 11.04 mi(17.77 km)

Average speed: 21.19 mph (34.2 km/h - stop excluded)
Simultaneous engine crank and bag sampling start
Initial idle is 20 sec

Max speed: 56.68 mph (91.2 km/h)

Between Phase Il and Phase Ill, Hot Soak (9-11 min)

Delphi
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HIGHWAY DRIVING CYCLE?

EPA Highway Fuel Economy Test Driving Schedule
60

50
40
30
20
10

Speed (mph)

87
116
145
174
203
232
261
290
319
348
377
406
435
464
493
522
551
580
609
638
667
696
725
754

Time (s)

Total duration: 765 s

Length: 10.26 mi (16.5 km)
Average speed: 48.30 mph (77.7 km/h)
Max speed: 59.91 mph (96.4 km/h)

1) Also known as FTP 75, EPA Ill - Phase | + I, also known as: FTP 72, EPA II, UDDS, LA-4.
2) Also known as Highway Fuel Economy Test — HWFET.

24



US FEDERAL AND CALIFORNIA

SCO03 AIR CONDITIONING DRIVING CYCLE

SC03 - Speed Correction Driving Schedule

60
50
5 40
£
- 30
&
S 20
10
0
OCMOUANMEOAIRNOMODINUN®DT~O MO NN
NSO MO MNRNANTON MDD O N N~
SO RRAUARAMmmaTYIIRAAR
Time (s)
Total duration: 598 s
Length: 3.58 mi (5.76 km)
Average speed:  21.55 mph (34.9 km/h)
Max speed: 54.8 mph (88 km/h)
Initial idle: 18s
EXHAUST

Speed (mph)

US06 HIGH SPEED/HIGH LOAD DRIVING CYCLE

USO06 or Supplemental FTP Driving Schedule

90
80
70
60
50
40
30
20
10
0
ClEBEERcICRARSNEE8aIR3B83IAR
SO RRAARAMmmaTYIIRAAR
Time (s)
Total duration:  596s
Length: 8.01 mi (12.86 km)
Average speed:  48.37 mph (77.2 km/h)
Max speed: 80.03 mph (129 km/h)
Initial idle: 5s

Max. acceleration:8 mph/s

Delphi
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EXHAUST

CALIFORNIA

LEV Il STANDARDS

Passenger Cars or Light Duty Trucks = 8,500 Ibs

LEV Option | applies to GVW > 3,151 Ibs up to 4% of fleet.

LEV 11 50°F/10°C FTP STANDARDS

Take LEV Il emission standards from previous table:

* NMOG = 2 x LEV Il standard.

Same CO & NOx standard as LEV II.

Delphi
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LEV Ill STANDARDS

« LEV Il standards phase-in 2015-25 MY. Beginning 2020 MY all vehicles need
to be certified to LEV IIl.

 Both the certification limits (bins) and fleet average standards are expressed
as NMOG+NOx emissions.

* The required emission durability has been increased to 150,000; up from
120,000 mi.

LEV Il FTP STANDARDS
Passenger Cars and Light Duty Trucks < 8,500 Ibs

Durability [ Emissi MOG+
(m Category ¥ (g/m

« Standards apply at full useful life.
« Alternatives exist for the phase-in of 3 mg/mi and 10 mg/mi PM standards.
1) The numeric portion of the category name is the NMOG+NOx value in mg/mi.

2) These standards shall apply only to the vehicles not included in the phase-in of particulate
standards.



CALIFORNIA

LEV 1l NMOG+NOx FLEET AVERAGE PHASE-IN
0,140

—©- PC&LDT1
—- LDT2 & MDPV

0,120

o o
o =
@ o
o o

o
o
@
=]

NMOG+NOx, g/mi

0,040

0,020

0,000
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Model Year

12.G )

LEV 111 50°F/10°C FTP STANDARDS
Light Duty Trucks and Medium Duty Passenger Vehicles for 2015-2019

Emission NMOG+ NOx (g/m HCHO (g/m
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CALIFORNIA

SFTP NMOG+NOx AND CO COMPOSITE EXHAUST EMISSION STANDARDS

* A manufacturer must certify LEV Il and LEV Ill LEVs, ULEVs, such that
the manufacturer’s sales-weighted fleet average NMOG+NOx composite
emission value, does not exceed the applicable NMOG+NOx composite
emission standard.

The CO composite emission value of any LEV Il test group shall not exceed
the CO composite emission standard (see next page).

SFTP compliance shall be demonstrated using the same gaseous or liquid
fuel used for FTP certification.

In case of fuel-flexible vehicles, SFTP compliance shall be demonstrated
using the LEV Il certification gasoline.

For each test group subject to this subsection, manufacturers shall calculate
a Composite Emission Value for NMOG+NOx and, for LEV Ill test groups, a
separate Composite Emission Value for CO, using the following equation:

Composite Emission Value = 0.28 x US06 + 0.37 x SC03 + 0.35 x FTP [Eq. 1]

where US06 = the test group’s NMOG+NOx for CO emission value, as
applicable, determined through the US06 test

where SCO3 = the test group’s NMOG+NOx or CO emission value, as
applicable, determined through the SCO3 test

where FTP = the test group’s NMOG+NOx or CO emission value, as
applicable, determined through the FTP test

Delphi
Technologies

LEV Il SFTP INDIVIDUAL STANDARDS

SFTP NMOG+NOx and CO Sta
LEV Ill Passenger Cars, Light Duty Trucks and Medium Duty Passenger V.

Vehicle US06 Test (g/mi) | SCO3 Test (g/mi)

Type

1) Emission Category: Manufacturers must certify all vehicles, which are certifying to a Lev Ill
FTP emission category on a 150,000 mi durability basis, to the emission standards of the
equivalent, or a more stringent SFTP emission category. That is, all LEV Il LEVs certified to
150,000 mi FTP emission standards shall comply with the SFTP ULEV emission standards,
and all LEV IIl SULEV's certified to 150,000 mi FTP emission standards shall comply with the
SFTP SULEV emission standards.

Optional SFTP SULEV Standards: Manufacturers may certify light duty truck test groups
from 6,000 t or 8,500 Ibs. GVYWR and MDPV test groups to the SULEV, option A, emission
standards for the 2015 through 2020 model year, only if the vehicles in the test group
are equipped with a particulate filter and the manufacturer extends the particulate filter
emission warranty mileage to 200,000 mi. Passenger cars and light duty trucks 0-6,000 Ibs
GVWR are not eligible for this option.

)
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CALIFORNIA

LEV Il SFTP FLEET AVERAGE PHASE-IN

SFTP NMOG+NOx and CO Composite Emission Standards for MY 2015 onwards Light
Duty Trucks and Medium Duty Passenger Vehicles (g/mi)

[2015 [2016 2017 2018] 2019] 2020 [ 2021 [ 2022 2023 [ 2024 [2025+

All PCs;
LDTs 0-
8,500 Ibs

(q[:H
and MDPVs

1) Mileage for compliance: all test groups certifying LEV Ill FTP emission standards on a
150,000 mi durability basis shall also certify to the SFTP on a 150,000 mi durability basis,
as tested in accordance with these test procedures.

2) Determining NMOG+NOx Composite Emission Values of LEV Il Test Groups: For test groups
certified to LEV Il FTP emission standards, SFTP emission values shall be converted to
NMOG+NOx and projected out to 120,000 mi or 150,000 mi (depending on LEV Il FTP
certification) using deterioration factors or aged components. NMHC emission values for
the USO6 and SCO3 test cycles shall be converted to NMOG emission values by multiplying

12.G )

LEV Ill SFTP PM STANDARDS

SFTP PM Exhaust Emission Standards for MY 2017 onwards LEV Il
Passenger Cars, Light Duty Trucks and Medium Duty Passenger Vehicles®

Vehicle Type Test Weight Durahility Test Cycle PM (mg/mi)

by a factor of 1.03. In lieu of deriving a deterioration factor specific to SFTP test cycles,
carry-over test groups may use the applicable deterioration factor from the FTP cycle
in order to determine the carry-over composite emission values for the purpose of the
NMOG+NOx sales-weighted fleet-average calculation. If an SFTP full-useful life emission
value is used to comply with SFTP 4 K standards, that value may be used in the sales-
weighted fleet-average without applying an additional deterioration factor.

3) All PCs, LDTs and MDPVs certified to LEV Il FTP PM emission standards on a 150,000 mi
durability basis shall comply with the SFTP PM Exhaust Emission Standard.

Delphi
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JAPAN
EMISSIONS STANDARDS - GASOLINE AND LPG VEHICLES
Test Mode

1) PM limit applied for stoichiometric direct injection gasoline engines. It will be effective from Dec, 2020 for new vehicles and Nov, 2022 for existing vehicles. Number in bracket is upper
limited value.




JAPAN

EMISSIONS STANDARDS - DIESEL VEHICLES

-m——-iz-

EXHAUST Delphi 3
Technologies

1) HC used for New Short Term.
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JAPAN

OTHER REQUIREMENTS

Test Mode

In-use Vehicle
Emission Limit

Durability

Evaporative Emissions
- Gasoline and LPG

0BD - Gasoline and LPG

Gasoline
Fuel Quality

Diesel




JAPAN
DRIVING CYCLES
11 MODE COLD CYCLE

Japan 11 mode

Speed (km/h)

0 100 200 300

Time(s)

Max. speed: 60 km/h
Average speed: 30.6 km/h

400 500

Distance: 4.084 km
Duration: 480 s

12.G )

10-15 MODE COLD CYCLE

Japan 10-15 Exhaust Emission
& Fuel Economy Driving Schedule

100 NoEmission Emission Sample
Sample < Collected in Bag >
= 8  Collected
€
= 60
3
2 p0 16Mode  Idief0Mode  10Mode  10Mode 16 Mode
2
&

cwowgwosTwgy
BRESREILEY

145
180
215

Timel9
Distance: 6.34 km

Duration: 892 s Average speed: 25.61 km/h
(Preceded by 15 min warm-up at 60 km/h,

idle test, 5 min warm-up at 60 km/h)

Emissions are measured during the last 4 segments:
Distance: 4.16 km Max. speed: 70 km/h
Duration: 660 s Average speed: 22.7 km/h

Speed (km/h)

Driving cycle JC 08

100
80
60
40

20

0 200

Distance: 8.2 km
Duration: 1205 s

400

600
Time (s)
Max. speed: 80 km/h
Average speed: 24.4 km/h

800 1.000 1.200
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BRAZIL

“PROCONVE” STANDARDS FOR GASOLINE PC, LCV AND DIESEL LCV “PROCONVE” STANDARDS PHASE-IN

PROCONVE L5: CY 2009 onwards.

PROCONVE L6: CY 2014 onwards.

PROCONVE L7: CY 2022 onwards.

PROCONVE L8: CY 2025 onwards.

From CY 2002: Fixed deterioration factors for annual production < 15,000
vehicles: CO and HC 1.2. NOx 1.1.

FTP-75 cycle, durability 80,000 km/5 years.

Evaporative emissions: PROCONVE L5 onwards: 1.5 g/test.

Standard
(g/km)

* Fuels: Certification required with E22 fuel for E22 vehicles.
« TotalHConly for natural gas powered vehicles: 0.3 g/kmfor PC/LCV < 1,700kg, Certification required with E22/E60/E100
0.5 g/km for LCV>1,700 kg. and CNG for a tri-fuel vehicle.

« (O at idle speed for gasoline: 0.2% in volume. Highway cycle test (E22 and E100 fuels — ABNT NBR 7024).

1) Diesel limits in brackets.

2) Particulate matter for diesel only.

3) Proposal stage only.

4) aldehyde limits for Otto cycle vehicles only.



BRAZIL

“PROCONVE L7” STANDARDS FOR GASOLINE PC, LCV AND DIESEL LCV

NMOG+NOx| PM?® Aldeidos®| NH32 ORVR?
(mg/km) [(mg/km) | (mg/km) [ (mg/km)| (ppm) (mg/L)

Evap®
(g/test)

1) Applicable to ignition spark engines, GDI and engines with Diesel cycle.

2) Applicable to engines with Diesel cycle with post treatment with liquid reducing agent.
3) Applicable to ignition spark engines only.

4) Applicable to engines with Diesel cycle only.

5) Not applicable to engines with Diesel and GNV cycle.

12.G )

From CY 2002: Unburned ethanol is not allowed to be deducted from
hydrocarbon emission results.

FTP-75 cycle, durability 160,000km/10 years.

Evaporative emissions: PROCONVE L7 onwards: 0.5 g/test day per 48 hours
continuous 2023 20% of total sales, 2024 60% of total sales, 2025 10% of
total sales.

Fuels for PROCONVE L7 and L8:

Certification required with E22 fuel for E22 vehicles,

Certification required with E22/E60/E100 and CNG for a tri-fuel vehicle.

FTP 75 cycle test Proconve L7 and L8 (E22 and E100 fuels —

ABNT NBR 12.026:2016, ABNT NBR 15598:2016,

ABNT NBR 6.601:2012, ABNT NBR 16.567:2016)

Highway cycle test (E22 and E100 fuels — ABNT NBR 7024).
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Applicable

Applicable

Level

NMOG+NOx
(mg/km)

PM?
(mg/km)

co
(mg/km)

Aldeidos®
(mg/km)

NH32
(ppm)

ologie
Evap® | ORVR?
(g/test) | (mg/L)




PR OF CHINA

Chinese emission standards for passenger cars and light-duty commercial vehicles
up to China 5 are based on European regulations.

VEHICLE CLASSIFICATION

It is based on the EU classification, with some differences.

T “ U Reference

In May 2018 it was reported that the city of Shenzhen will implement the China 6b
standards starting 1 July 2018 for light-duty diesel vehicles and from 1 January

2019 for light-duty gasoline vehicles. There are also reports that the city of
Guangzhou is planning early implementation of China 6b, starting 1 January 2019.

1) Light duty gasoline vehicles and public buses, sanitary and postal vehicles.
2) In 11 Eastern provinces only (Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang,
Fujian, Shandong, Guangdong and Hainan).

EXHAUST

IMPLEMENTATION DATES

Stage /
I

3) All vehicles.
4) Gasoline vehicles.
5) RM reference mass is replaced by TM test mass starting CN6.

Delphi
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PR OF CHINA

CN4-5 EMISSION STANDARDS - POSITIVE IGNITION ENGINES CN 4-5 EMISSION STANDARDS - COMPRESSION IGNITION ENGINES

Durability: Assigned deterioration factors (CN5)

« From CN1 to CNS5, testing is to be carried out over the NEDC cycle.
* Durability requirements are 100,000 km for CN4 and 160,000 km for CN5.

1) Applies only to direct injection positive ignition engines.



PR OF CHINA

CHINA 6 — EMISSION STANDARDS CHINA 6 - REAL DRIVING EMISSIONS

China 6 standards are fuel neutral, same limits apply for gasoline and diesel vehicles. CN6b includes a RDE test based on Euro 6 RDE pack2 with conformity factors
CN6 emissions testing is to be carried out over the WLTP cycle. of CF=2.1 both for NOx and PN.

Unlike Euro 6, an N0 limit is applied. RDE emissions test conformity will be applicable to all vehicles from July 2023.

Until July 2023, RDE tests results are monitored and reported.
- Until July 2022, CF are subject to evaluation and verification.
ﬁ The cold start period is recorded but excluded from RDE data evaluation.
A further extended condition is added for altitude comprised between 1300m

and 2400 m with an emission corrective factor of 1/1.8.
Only MAW data evaluation method is to be used.

1) PNlimit of 6x10% applies to gasoline vehicles until July 2020.

Delphi
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PR OF CHINA

CHINA 6 - DURABILITY REQUIREMENTS

Deterioration factors or values are used to comply with emissions limits during Type

1 test. They can be determined by one of the following three methods:

« Whole vehicle ageing test of 160,000km for CN6a and 200,000 km for CN6b.

» Engine bench ageing durability test.

* Application of the assigned deterioration factors or values from the following
tables.

Assigned deterioration factors (CN6)

G0 THC  NMHC  NOx N0 PM PN

Delphi

Technologies 40

CHINA 5 & 6 - LOW TEMPERATURE TEST (-7°C)

CNS includes a low temperature emissions test at -7°C to be carried out with a
cold start over four urban cycles of the NEDC, applicable to gasoline vehicles.

CN6 includes a low temperature emissions test at -7°C to be carried out with
a cold start over the low and medium speed phases of the WLTC, applicable to
both gasoline and diesel vehicles.

| _co [ THC [ Nox |
| ofkm |

15 180




INDIA

Starting from 1st June 1999 in NCRY and in other cases 1st April 2000, for
both four-wheeled LD and HD vehicles, India adopted European regulations
concerning emissions and fuel consumption (BS-1).

VEHICLE CATEGORIES

The vehicle classification is consistent with the EU one. The regulation applies
to categories M1, N1 Class I, N1 Class I, N1 Class Ill, and N2 with a reference
mass not exceeding 2,610kg.

If required by manufacturers, the LD regulation may be extended to M1, M2,
N1 and N2 type approval vehicles with a reference mass not exceeding 2,840
kg which meet the conditions established by the regulation.

EMISSION TESTING

The test cycle is a modified version of the NEDC, with maximum speed limited to
90 km/h (120 km/h in NEDC).

BS VI gasoline vehicles are certified with E10 and diesel vehicles with B7.

For BS VI-0BD -l and BS VI-0BD - I, real world driving emission measurement
using PEMS is provided by the Automotive Industry Standard (AIS-137). During
type approval and COP applicable from 1st April 2020, real world driving cycle
emission measurement using PEMS shall be carried out for data collection and
from 1st April 2023, real world driving cycle emission conformity shall be applied.

EXHAUST

IMPLEMENTATION DATES
Standard Date

Region

1) National Capital Region (Delhi).

2) Mumbai, Kolkata, Chennai, Bangalore, Hyderabad, Secunderabad, Ahmedabad, Pune, Surat,
Kanpur and Agra.

3) Above cities plus Solapur and Lucknow. The program was later expanded with the aim of
including 50 additional cities by March 2015.

4) Mainly in the states of Haryana, Uttar Pradesh, Rajasthan and Maharastra.

Delphi
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INDIA - BHARAT STAGE IV

EMISSION STANDARDS - POSITIVE IGNITION ENGINES

Stage
Category

Delphi
Technologies 42

EMISSION STANDARDS - COMPRESSION IGNITION ENGINES

Stage Categor lass Reference
9 y Mass (RM) (kg)

Engine ssigned Deterio

otegory [ | _THC | Nox_|
[ B

The durability of anti pollution device is determined either by an actual durability
run over 80,000 km or by application of assigned deterioration factors.



INDIA - BHARAT STAGE VI
EMISSION STANDARDS - POSITIVE IGNITION ENGINES

EMISSION STANDARDS - COMPRESSION IGNITION ENGINES

H

Engine
Category

1) Applies only to direct injection positive ignition engines.
2) Until three years after date of implementation for new type approvals and new vehicles, PN
limit of 6x10%2 Nb/km shall apply to BS VI PI DI vehicles upon choice of the manufacturer.

12.G )

[ [ 10 10
T = = T ST (SO [TO
« In case of Pl engines, PM and PN factors shall apply only to vehicles using
direct injection.

 For the deterioration factor evaluation, manufacturers may alternatively
perform a vehicle ageing test of 160,000 km or bench ageing durability test,
as per AlS-137.

Delphi
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SOUTH KOREA

VEHICLE CATEGORIES GASOLINE FUELED VEHICLES 2016 ONWARDS

From 1/2009:

* Mini-car < 1000 cc.

* Small PC > 1000 cc, GVW < 3.5 t, 8 seats max.

* Medium PC = 1000 cc, GVW 3.5 t, min 9 seats.

* Small commercial car = 1000 cc, GVW < 2 t.

* Medium commercial car 2 1000 cc, 2t < GVW < 3.5 t.

REGULATORY BACKGROUND

Depending on the application, either EU or US-based emissions standards
apply.

Emissions standards for light-duty gasoline vehicles -> US/CARB standards.
In 2009, South Korea adopted CARB's NMOG Fleet Average System (FAS)
for gasoline-fueled vehicles. FAS allows car manufacturers to have a range
of models with different emissions levels, while each OEM's fleet is required
to meet a prescribed level of NMOG average. Standards are functionally
equivalent to CARB's LEV, ULEV, SULEV and ZEV, respectively.

Emissions standards for light-duty diesel vehicles -> EU standards. Since
2014 diesel vehicles are subject to Euro 6 regulations.

K-OBD standards follow EU standards, but with specific OBD thresholds (see

1) for US06 mode.
next page). 2) for SCO3 mode.



SOUTH KOREA

KLEV-IIl PHASE-IN and Fleet Average System

|| [2016]2017]2018[2019] 2020] 2021 | 2022 | 2023 | 2024 [ 2025 |

1) Manufacturer self select SFTP standards for each vehicle family.

Exhaust emissions standards for DIESEL FUELED VEHICLES
ght duty 1]
vehicles 6d-temp?

1) WLTC mode and RDE NOx + PN.
2) Enforced RDE NOx + PN.

EXHAUST
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Intelligent driving

By pairing propulsion
systems with existing
and emerging automated
and connected vehicle
systems, we optimize

vehicle driving
performance to deliver
lower emissions and
improve fuel economy
and range.

Cleaner. Better. Further.




ONBOARD DIAGNOSTICS
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EUROPEAN ON-BOARD DIAGNOSTICS

Euro 3-4

« It identifies malfunctions and deterioration that cause emissions to exceed
thresholds, based on European revised urban + extra-urban cycle. Driver is
notified upon detection.

* Onboard diagnostics was first introduced with Euro 3 emission limits (M1 <
2.5t GVW, N1 CL 1 type approval 1/2000, first registration 1/2001).

+ No OBD Euro 4 step was foreseen.

- [ EEa e e
M1<25tGVW,NICL1 320 320 040 040 060 120 018
N1CL2 580 400 050 050 070 160 023
N1CL3,M1>25tGVW 730 480 060 060 080 190 028

PI = positive ignition engines, Cl = compression ignition engines.

Delphi
Technologies

Catalyst converter (gasoline THC only)

Engine misfire

Oxygen sensor deterioration

Particulate trap

Fuel injection system

Circuit continuity of all emission related powertrain components nn

Any other emissions related components or systems (air flow,
EGR, etc) if malfunction causes increase above thresholds

50



EUROPEAN ON-BOARD DIAGNOSTICS

Euro 5 OBD requirements
UN Reg 83, Annex 11 requirements are applicable, in addition to following points: as outlined in 70/220EC; 715/2007EC and 692/2008EC

EGR system efficiency monitoring

EGR flow and cooler monitoring
TA 9/2009

M,N1CL1 FR9/2011 1,900 1,900 250 320 300 540 Catalyst against NMHC
0 50 Catalyst against NOx (> Euro 5+) 4
N1CL2 TA9/2010 3,400 2,400 330 360 375 705 NOXx aftertreatment device with or without reagent efficiency monitoring
FR9/2012 All 0, Sensors to monitor catalyst (in addition to front sensor)
N1CL3,N2 4300 2,800 400 400 410 840 -
PM monitoring *
IUPR (> Euro 5+) 9
* Access to OBD information.
« Similar to UN Reg 83 requirements.
« Access with generic scan tool, complying with ISO 15031-5 document.
« Functional aspects of OBD systems.
1) For GDI engines only. * Technical requirements are similar to UN Reg 83.
B e 1L o e LS008 o, o STOENG EUD 5, on-board an off-board commurication standrd: 150
catalysts and DPF. 15765-4 (CAN).

4) Euro 5+ 0BD TA: 01 Sep 2011/ FR: 01 Jan 2014.

Delphi
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EUROPEAN ON-BOARD DIAGNOSTICS

Euro 6 OBD requirements

tation

MNLCL1 lﬁgggg 1900 1750 170 290 150 180 25 25
NLCL2 TAGR01S 3400 2200 225 320 190 220 25 25
NLCL3,N2  FR9/2016 4300 2500 270 350 210 280 30 30

lplalpm|[alm[alnr]|al

TA9/2017

mnar AT g0 1750 170 290 W w0 2 12
NLCL2 TAQR018 3400 2200 225 320 110 180 12 12
NLCL3,N2  FRO/2019 4300 2500 270 350 120 220 12 12

Delphi
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Demonstration Cycle

* September 2017 thru September 2019—0EM is flexible to choose NEDC or
WLTP cycle for OBD threshold part creation and demonstration.

 Beyond September 2019 WLTC only.



EUROPEAN ON-BOARD DIAGNOSTICS

Additional requirement starting Euro 5+%: In Use Performance Ratio monitoring (IUPR)

IUPR indicates how often a specific monitor is operating relative to vehicle operation:

JUPR = Numeratory,

Catalyst

EGR system

0, sensors

NOx sensors

NOx aftertreatment system
Secondary air

Cold start diagnostics
VVT system

Boost pressure control
EVAP system

Diesel oxidation catalyst
Particulate filter

1) Euro 5+ OBD TA: 01 Sep 2011/ FR: 01 Jan 2014.

01
01
01
01
01
01
01
0.1 (only C)
01
01
0.1 (only C)

PI
0336
0336
0336
0336
0336

0.26
0.26
0336
052
0336

a
0336
0336
0336
0336

01
na.
0.26
0336
0336
na.
0.3362
0.336?

Pl
0336
0336
0.336
0336
0336

0.26
0.26
0336
052
0.336

a
0336
0336
0.336
0336
0336

na.
0.26
0336
0336
na.
0.336%
0.336%

Numerator,, measures number of times a monitoring function has run and a malfunction could have been detected
Denominator,, Denominator, measures the number of vehicle driving events taking into account special conditions

Denominator

Incremented only after cold start < 35°C coolant

Normal denominator + boost control active > 15 sec

2) Additional monitoring requirement of total failure or removal.

Delphi
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US ON-BOARD DIAGNOSTICS

EPA Tier Ill requirements are harmonized with CARB requirements (see page 50). Minor exceptions are outlined in the EPA section.

EPA OBD II—EPA HARMONIZATION FINAL RULE

Catalysts Engine Misfire,

0z Sensors

EVAP System Leakage equivalent to a 0.040" hole.

— EPA Tier Il requires that vehicle must comply with CARB OBD Il regulations by 2017 MY except for the following exceptions:
— Demonstration of crankshaft/camshaft alignment is only required for VVT equipped vehicles.

OBD Threshold = 1.5 x standard measured on FTP test.

EPA Tier Ill Comments

US CARB OBD Il—ALL 2015+ MY VEHICLES (based on CARB OBD Il rulemaking package—25 JUL 2016)

a) Engine coolant temperature does not reach the following within Executive Officer approved time.
— Within 20°C of normal operating temp (may use higher threshold if < 50% emissions increase).

Engine Cooling System - Highest temp required by the OBD system to enable other monitors.

— Thermostat b) For 30% of MY 2019, 60% of MY 2020, and 100% of MY 2021: Engine coolant temperature reaches the thermostat target, but
then subsequently drops. May disable monitor when IAT < 20°C, ECT at startup is 35°F less than malfunction threshold, or during
conditions cause false results.

— Must submit monitoring plan for systems that make use of more than one sensor to indicate engine temperature.
— Engine Coolant — Circuit continuity and time to reach feedback enable temp exceeds: Gasoline Engines: - 2 min for start-up temp up to 15°F below
Temperature Sensor closed-loop threshold. - 5 min for start-up temp between 15-35°F below closed-loop threshold. NOTE: Feedback enable temp applies
to stoichiometric feedback for (30% - MY*19, 60% - MY ‘20, 100% MY ‘21onw.) Manufacturer may choose non-stoich enable temp prior.



— Engine Coolant
Temperature Sensor
(contd.)

Crankcase Ventilation
- Includes all CV-related
external tubing/hoses

Comprehensive
Components

Diesel Engines — Manufacturer-defined (and Executive Officer approved) time limit.

Note: may suspend/delay timer for conditions that could lead to false diagnosis.

c) Stuck in range below the highest min enable temp required by other monitors.

d) Stuck in range above the lowest max enable temp required by other monitors (exemption allowed: temp gauge is based on same sensor
and indicates overheat).

a) Disconnect of CV system between Crankcase and CV Valve and/or CV Valve and Intake Ducting.

b) Leakin CV system (greater than the smallest internal hose cross-section) between Crankcase and CV Valve and/or CV Valve and Intake Ducting.

Applicable for 20% of MY 2023, 50% of MY 2024, and 100% of MY 2025+ vehicles.

Exemptions to a) and b) above may apply with Executive Officer Approval for Systems where vehicle operator is certain to respond or where

disconnection or leak of an unmonitored portion first requires disconnection or leak of a monitored portion connection between:

- Crankcase and CV Valve, when tubing is used such that it is resistant to deterioration or disconnection, difficult to remove relative to
connection between CV Valve and Intake, and not part of non-CV repair/maintenance.

— CV Valve and Intake, when the disconnection or leak either causes the vehicle to stall, CV Design is integral to the induction system (no
tubing, hoses, etc.).

Engines certified on an engine dynamometer and having open CV system (vent to atmosphere):

Monitoring plan to be provided for Executive Officer review/approval.

- Monitoring required for any input or output component that can impact emissions (by any amount) under any reasonable driving condition.

- Those components/systems that affect only engine mechanical or electrical load (not related to fuel, air, or emissions control) are only to
be monitored if they are used by any other system or component monitor.

- Hybrid monitoring requires Exec Officer approval: Must monitor components that are emissions related and/or are used as inputs to OBD
monitor(s). Exemption provided for the following systems if they do not meet either of the 2 conditions above: Energy Storage, Thermal
Management, Regenerative Braking, Drive Motor, Generator, Plug-In ESS charger.

- Exemption provided for hybrid electronic components use for inverter thermal management that are commanded solely by the driver.

Delphi
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US CARB OBD Il - ALL VEHICLES

— Monitoring not required when both of the following are met for the component:
Comprehensive — Components malfunctions cannot cause emissions to increase by: — PC/LDT SULEV Il vehicles: 25% or more. — All other vehicles:
Components (contd.) 15% or more.

— The component or system is not used as part of another diagnostic strategy.

a) Lack of circuit continuity or loss of communication (for digital inputs).

b) Out of “normal” range.

c) Irrational sensor value (2-sided monitoring).

o TS d) Components used for emission control strategies not specifically addressed by CARB regulations:
P P — Failures that cause the strategy to not operate in its intended manner (delayed enable, erroneous exit, authority limit).

e) Camshaft/Crankshaft Position Monitoring (for engines requiring precise cam/crank alignment and have sensors installed on both shafts):

- Alignment malfunction of 1 (or more if no emissions impact) teeth: MY 2006-18 = VVT with belt/chain; MY 2019+ = VVT with or
without belt/chain.

a) Improper functional response, as feasible.

b) Circuit continuity faults.

) Idle Control System (Gasoline engines with monitoring strategies based on deviation from target idle speed):
— Speed control cannot maintain within 200 rpm above or 100 rpm below the target idle speed.

- Speed control cannot maintain within the smallest engine speed tolerance range for any other monitor’s enable Diesel Engines
— Output Components (d through h).

d) Idle Control System:
— Speed control cannot maintain within +/- 30% of target speed.
— Speed control cannot maintain within the smallest engine speed tolerance range for any other monitor’s enable.
— Idle control cannot achieve the target idle speed with fuel injection quantity within (smallest quantity tolerance range for
enabling other monitors) OR (+/- 50% of properly functioning quantity).
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— Output Components
(contd.)

In-Use Performance
Ratio

e) Glow Plugs/Intake Air Heaters: — Improper functional response. — Circuit continuity faults. — Improper current and voltage drop. —
Single glow plug no longer operates in manufacturer’s limits.

) “Wait to start” Lamp: failures that prevent illumination.

g) Components used for emission control strategies not specifically addressed by CARB regulations:
— Failures that cause the strategy to not operate in its intended manner (delayed enable, erroneous exit, authority limit).

h) Tolerance Compensation: Improper compensation being applied by controller for connected hardware, with no monitoring required
if < 15% emission increase AND < full useful life std. under test cycle (Executive Officer review/approval required).

Minimum performance ratios required:
— 0.100 for high load purge flow (through MY2020).
— 0.260 for secondary air system, cold start monitors, and evaporative 0.020" leak.
— 0.336 for catalyst, oxygen sensors, EGR, VVT, high load purge flow (MY2021+), and remainder.
— 0.520 for low load purge flow, and evaporative 0.040" leak.
Exceptions:
— Plug-In Hybrid Vehicles: through 2019 MY, minimum ratio = 0.100 for those monitors requiring engine run operation.
— Engine Certified MD Vehicles (2016-18 MY) as well as Chassis Certified LD, MD and Passenger Cars (2019-21 MY): min ratio =
0.100 for Diesel PM filter performance and missing substrate (only if denominator 500 mi criteria not utilized).
— 0BD system must track and report Ratio information (Numerators/Denominators) for the following:
— Catalyst, exhaust gas sensors, evaporative 0.020" leak, EGR/VVT, secondary air system, NOx absorber, NMHC Catalyst, NOx
Catalyst, PM Filter, boost pressure control, NMHC Catalyst and fuel system cylinder imbalance.

Delphi
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LEV 1l GASOLINE EMISSIONS THRESHOLDS

Delphi

Technologies 58

Exhaust Standards Monitor Thresholds Catalyst Monitor Thresholds

. . - NMOG ’
Vehicle Type Viehicle Emission Category +NOX MUt CO Mult. PM Mult. PM (mg/mi)
LEV160/ULEV125 1.50
Passenger cars, Light Duty Trucks and 1.50 5
Chassis Certified MDPVs ULEV70/ULEV50 2.00 N/A 17.50¢
SULEV30/SULEV209 2.50 2.50
Chassis Certified MDVs AlIMDV 1.50 1.50 1.500 17.50%

1) Applies to 2019 and subsequent MY vehicles not included in the phase-in of the PM standards set forth in Title 13, CCR section 1961.2 (a)(2)(B)2.
2) Applies to 2019 and subsequent MY vehicles.

3) Applies to 2019 and subsequent MY vehicles included in the phase-in of the PM standards set forth in Title 13, CCE section 1961.2 (a)(2)(B)2.

4) Manufacturer shall use the 2.5 times NMOG+NOx multiplier for vehicles not using the provision of section (e) (17.1.5).

5) Monitor threshold except catalyst.

Mult. = Multiplier to be used with the applicable standard (e.g. 2.0 times the NMOG+NOx standard).

NMOG+NOx Mult.

175
2.00
2.50
175



US ON-BOARD DIAGNOSTICS

CARB allowing relaxed standards for Tier 2 / Tier 3 standards

Upon request from a manufacturer, CARB allows for the possibility to
provide relaxed emission standards for Tier 2 and Tier 3 federal tailpipe
emissions standards (gasoline and diesel).

Federal Tier 2 (Bins 3 or 4)

Manufacturers shall utilize the ULEV Il vehicle NMOG and CO malfunction
criteria (e.g. 1.5 x Bin 3 or Bin 4 NMOG and CO stds) and the PC/LDT SULEVII
vehicle NOx malfunction criteria (e.g. 2.5 x Bin 3 or Bin NOx stds) (as defined
in 40 CFR 86.1811-04, 05 AUG 2015).

Federal Tier 3 (Bins 85 or 110)

Manufacturers shall utilize the following malfunction criteriain accordance
with the following table (with the NMOG+NOx and CO multipliers to be used
with the applicable standard (e.g. 2 x NMOG+NOx std) (as defined in 40 CFR
86.1811-17, 05 AUG 2015)).

0BD

NMOG PM
Tier 3 (Bins 85 or 110) +NOx CO mult. Threshold
mult. (mg/mi)
Monitors (except for catalyst) 1.85 1.50 na. 17.507
Catalyst monitor 2.00 na. na. na.
Monitors® 1.85 1.50 2.00 na.
Aftertreatment monitors? 2.00 1509 2.00% na.
PM filter performance monitor 1.85% 150 na. 17.50
1) Applies to (f) (3.2.5), (F)(4)-(F)(7), (f)(9.2.2), ((12)-(f)(13).
2) Applies to (f) (1)-(f)(2), (f)(8), and (f)(9.2.4)(A).
3) Applies to MY '19 onwards.
Delphi 59
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US ON-BOARD DIAGNOSTICS
US CARB 0BD Il—GASOLINE VEHICLES

EGR
(low + high flow rate)
Sec. Air (low flow rate)

Fuel System

Misfire

— For Non-LEVIII = 1.5 x std; For LEVIII = 2.
— Exception for increased rate monitoring when deterioration not detectable off-idle and results in immediate stall at idle.
— Monitoring required while control strategy is normally activated — Failure detected when control requesting flows below authority limit.

— Fuel delivery system: For non-LEVIII vehicles = 1.5 x std (all constituents); for LEVIIl = 1,
— RO2 Feedback Control: for Non-LEVIII vehicles = 1.5 x std (all constituents); for LEVIII = .
— A/F ratio for one (or more) cylinders different due to cylinder specific issue (e.g. fuel injector, individual cam lift, etc.).
— For Non-LEVIIl vehicles = 1.5 x std.
— For LEVIII vehicles — LEV160, ULEV125, MD Chassis certified = ¥ — ULEV50/70 = For 2014-2018 3x std; For 2019+ =1
—SULEV 20/30 = For 2014-2018 4x std; For 2019+ = 1.
a) Control max. authority reached (if based on secondary oxygen sensor, allowed to also verify if control target achieved prior to failure).
b) Fails to begin control within Exec. Officer approved time interval (based on manufacturer supplied data).

Continuous monitoring for all pos. engine torque speeds/loads from 2nd crankshaft revolution after engine start /150 rpm below
normal, warmed-up idle speed).

— For non-LEVIII = 1.5 x std. (all constituents); For LEVIII = 2.

— Min. misfire rate 2% for plug-in hybrid vehicles, 1% for non plug-in vehicles (per 1,000 revolutions).

— Single misfire rate detection in first 1,000 revolutions and 4 detections much occur in each 1,000 revolution block afterwards.

— Misfire rate that causes catalyst temperature to reach damaging levels must be detected. Min. rate of 5%.

— Engines with automated shut-off/restart strategies must get Exec. Officer approval for re-enabling conditions.

1) Refer to Gasoline Emission Thresholds (see page 58).
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US CARB OBD Il—GASOLINE VEHICLES

Evaporative System

Exhaust Gas Sensors

— (oxygen, A/F, NOx,
PM, ..., incl Primary
and Secondary)

— Exhaust Gas Sensors
Heaters

a) No purge flow. (applies to all flow paths with the following exceptions):

— High load purge lines (with EO approval) prior to phase in completion (20% - 2019, 50% — MY2020, 100% — MY2021).

— High load purge line that contribute < 1% of total mass flow on US06.

b) Cumulative evaporative system leak = 0.020" orifice (may be revised upward for tank size > 25 gallons or < 1.5 x std. with Exec.
Officer approval).

Note: MIL illumination not required for approved alternate indicator for fuel cap missing or improperly secured. Alternate fuel engines

require Exec. Officer approval of a strategy equating to gasoline.

a) Sensor Performance:

— For Non-LEVIIl = 1.5 x std. (all constituents); For LEVIII =2,

— (Primary sensors only): symmetric and asymmetric delay to respond and response rates, lean-to-reach and rich-to-lean
(certification data/analysis required).

b) Lack of circuit continuity.

c) Out of “normal” range.

d) Feedback: failure or deterioration causes fuel system to stop using that sensor as an input (default or open loop):

— (Primary sensors only): delayed entry to closed loop.

e) Monitoring Capability: any characteristic no longer sufficient for use as input to other monitoring strategy.

f) NOx activity (2022+ MY): Sensor not providing NOx data when normally feasible (isolation to root cause input component required,
where applicable).

a) Current or voltage drop no longer within sensor manufacturer’s limit for normal operation.
b) Faults that result in conflict between command and actual state of the heater.

1) Refer to Gasoline Emission Thresholds (see page 58).

Delphi
Technologies



Delphi
Technologies

US CARB OBD Il—GASOLINE VEHICLES

Variable Valve Timing
and/or Control

Catalyst

Cold Start Emission
Reduction Strategy

Heated Catalyst

Air Conditioning
System

For Non-LEVIIl = 1.5x std (all constituents); For LEVIIl =¥ — Target error (outside crank angle and/or lift tolerance). — Slow response.

Affected Vehicles Certification NMOG NOx CO Mult. PM Mult. PM THD NMHC Conversion Efficiency
LEVII, ULEV II, MDV SULEV Il 1.75% 1.75% N/A N/A N/A 50%

SULEV I 2.5% 2.5% N/A N/A N/A 50%

LEV Il v

For threshold purposes, catalyst system is to be aged simultaneously (full catalyst volume). If fuel is shut off for misfiring cylinder,
the monitored volume catalyst(s) must be aged simultaneously to the threshold limit, while unmonitored volume must be aged to the
end of the vehicle's full useful life.

a) Any single commanded element does not respond properly — by a robustly measurable amount; —in the commanded direction;

— by an amount that is greater than otherwise would have been commanded without the cold start strategy activated.

b) Deterioration — Non-LEVIII = 1.5 x std. (all constituents): LEVIII”; — Monitoring may apply to either individual cold start elements or
the desired system effect.

Target heating temperature not reached within time limit. Limit based on 1.75 x std. (for non-LEVIII vehicles) ; for LEVIII =Y.
Alternate strategy requires Exec. Officer approval.

For non-LEVIII vehicles: 1.5 x std; for LEVIII = V.
Monitoring required when off-idle fuel and/or spark modified when A/C system is on, or for A/C components used by other OBD monitors.
Monitoring of all A/C components that may cause the system to invoke incorrect control.

1) Refer to Gasoline Emission Thresholds (see page 58)
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US CARB OBD Il—GASOLINE VEHICLES

— Monitoring for non detectable ozone reduction required.
For Non-LEVIII vehicles = NMOG < 50%; For LEVIII vehicles = NMOG < 5 mg/mi.
Direct Ozone — For Non-LEVIII vehicles with NMOG credit > 50%: monitoring for loss of NMOG performance > 50% NMOG standard.
Reduction (DOR) — For LEVIII vehicles with NMOG credit > 5 mg/mi: monitoring for loss of NMOG performance > 5 mg/mi.
— DOR NMOG credit modifies malf. Criteria for other components (e.g. Malfunction Threshold = (1.5 x std. + DOR NMOG credit).
Note: LEVIII std. combines NMOG+NOX.

Cooling System;
Crankcase Ventilation;
Comprehensive
Components

Refer to OBD Il requirements for ALL VEHICLES (top of CARB OBD Il section).

Must request Exec. Officer approval prior to introduction on a particular vehicle. For air flow modifying devices (swirl, runner length,
etc.), monitoring of the shaft(s) may suffice.
— Non-metal or segmented shafts require segment monitoring (verification that the furthest segment properly functions).

Other Emission Related
Components or

RYStems — If more than one shaft to operate valves in multiple banks, not required to add more than one set of detection hardware.
Exceptions to Disablement allowed (with CARB approval) for: ambiant temperature < 20 F, altitude > 8,000 ft, vehicle speed > 82+ mph,
Monitoring fuel volume < 15% of capacity, battery voltage < 11V, battery voltage > manuf. Limit, during PTO operation, or tire pressure default
Requirements action.
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US CARB OBD II—DIESEL VEHICLES

a) All Diesel Vehicles: one or more continuously misfiring cylinders.
b) For all following vehicles:
— All chassis certified Passenger Cars, LD Trucks and MDPVs with combustion sensor.
— All 2010-2015 MY Medium Duty Vehicles with combustion sensor.
— Phase-in for Chassis certified MDPVs: 20% of 2019 MY, 50% of 2020 MY, 100% of 2021+ MY.
— For ALL OTHER MD VEHICLES: 100% of 2018+ MY vehicles.
The following detection thresholds apply:
— When misfire percentage is > 5% in each 1,000 engine revolution increment.
— Threshold relief is possible for:
— All engine certified MD vehicles: < 2.0 x NMHC, CO, NOx std. or 0.03 g/bhp-hr PM emission impact (with data evaluation).
Misfire — Chassis Certified Passenger Cars, LD Trucks, MDPVs: Non-LEVIII = 1.5 x NMHC/CO/NOx stds. i=or 2.0 x PM std.; for LEVIIIY.
Misfire monitoring conditions — continuous monitoring as follows:

64

— For Passenger Cars, LD Trucks, and Chassis Certified MDPVs — 2010 MY thru 2021 MY, engine certified MDPVs — 2010 MY thru 2018

MY, and all other vehicles not included in phase-in schedules below:

— Positive torque conditions up to 75% of peak torque with engine speed up to 75% rated max. speed, except region bounded
by the following points: Positive torque line and engine speed of 50% of max., and engine torque of 5% of peak torque above

positive torque line and engine speed 75% of max.

— For Passenger Cars, LD Trucks, and Chassis Certified MDPVs — 20% of 2022 MY, 50% of 2023 MY, 100% of 2024+ MY; Engine

certified MDPVs — 20% of 2019 MY, 50% of 2020 MY, 100% of 2021 MY:

- All positive torque engine speed conditions, except region bounded by; The positive torque line and engine speed of 50% of max.

and 10% of peak torque above positive torque line and engine speed 100% of max.

1) Refer to Diesel Emission Thresholds (see page 70).



US CARB OBD II—DIESEL VEHICLES

Particulate Matter System a) Incomplete regenerate. b) Missing substrate. c) Active/intrusive injection.

Exhaust Gas

e Current or voltage outside manufacturer specification (requires CARB thresholds approval).

Reductant injection, Fuel system, Exhaust gas sensors, Boost press., EGR, NOx absorber, PM system.
Monitoring of proper feedback control to diagnose:
Feedback Control a) Delayed entrance to feedback control.
b) Failure or deterioration causes open loop or default operation.
c) Feedback control adjustment at max. authority and unable to achieve target.

Cooling System; Crank-
case Ventilation; Compre- Refer to OBD Il requirements for ALL VEHICLES (top of CARD OBD I section).
hensive Components

Other Emission Related

Components or Systems Must request Executive Officer approval prior to introduction on a particular vehicle.

a) Emissions Thresholds may be modified by Executive Officer, dependent on upon most reliable monitoring method capabilities.
b) PC/LDT SULEV II: Executive Officer shall approve Malf. Criterion of 2.5 x Std. in lieu of 1.5 x Std.
Fed Bin 3 or 4: Use ULEV Il NMOG & Co, with SULEV Il NOx criteria.

c) Engine cert. MDV: Executive Officer shall approve Malf. Criterion of (PM Std. +0.02) in lieu of 0.03. Additionally, (PM Std. +0.04) in
lieu of 0.05.

d) Disablement allowed (with CARB approval) for: ambient temperature <20 F, altitude > 8,000 ft, vehicle speed > 82+ mph, fuel
volume <15% of capacity, battery voltage < 11V, battery voltage > manufacturer limit, during PTO operation, or tire pressure
default action.

Exceptions to
Monitoring
Requirements
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US CARB OBD II—DIESEL VEHICLES

Exceptions to
Monitoring
Requirements (contd.)
NMHC Converting
Catalyst

— Conversion Efficiency

— Other Aftertreatment
Assistance Function

NOx Converting

Catalyst

— Conversion Efficiency

— Selective Catalytic
Reduction (SCR)

— Feedback Control

e) Chassis Cert. 2016+ MY MD Vehicles: as specified in applicable section, except:
— NMHC Catalyst Conversion Efficiency: 1.75 x NMHC & NOx standard.
- Misfire: use MD engine certif. requirements.
(excluding downstream or PM filter for regen.).
— Chassis certification: Non-LEVIII vehicles = 1.75 x NMHC std.; LEVIIIY.
— MVD Certified on Engine Dyno: 2.0 x (NMHC std. or NOx std.) + 0.2 g/bhp-hr.
a) Exotherm Generation (PM filter regen. assistance): Catalyst unable to generate sufficient exotherm for regeneration.
b) Feedgas Constituency (SCR assistance): catalyst unable to generate sufficient feedgas for proper SCR operation
(Exemption if no malfunction results in: a) exceeding full useful life std AND b) increase in emissions of 25% for SULEV, 20% for ULEV,
30% for MDV engine dyno. Cert., or 15% for all others.).
¢) NMHC Conversion Downstream of PM Filter for use during regen.: No detectable amount of NMHC conversion.
d) Converter downstream of SCR system: No detectable amount of NMHC, CO, NOx, or PM conversion capability (Exemption if: Catalyst is
included, monitored, and aged as part of SCR system OR Catalyst is NOT part of SCR system and and exemption conditions in b) met).
Chassis Certification: Non-LEVIII = 1.75 x std (NOx or NMHC); for LEVIII®.
MDV Certified on Engine Dynamometer:
— 2016 + MY: 2.0 x NMHC standard + 0.2 g/bhp-hr.
a) Reductant delivery: (same emission thresholds as , Conversion Efficiency” above).
b) For reductant other than engine’s fuel: — Insufficient reductant for proper operation — Improper reductant in reservoir/tank.
a) Fails to begin control within manufacturer defined time.
b) Failure or deterioration causes open loop or default operation.
) Control max. authority reached and cannot achieve control target.

1) Refer to Diesel Emission Thresholds (see page 65).
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US CARB 0BD II—DIESEL VEHICLES (Applicable to Non-LEV Ill vehicles)

NOx Absorber 2013+
Exhaust Gas Sensor
Performance 2013+

— NOx and PM sensors
— 2022+ MDV Engine
Cert: NOx sensor

activity
EGR Low Flow, High
Flow, Response
- Cooler performance

Boost Pressure Ctrl
(under & over) 2013+
— Variable Geometry
Turbocharger (VGT)
— Resp., Charge Air
Undercool.
Cold start
— Emission Reduction
Strategy 2013+

(If standard is given, unit is g/bhp-hr)

1.75x = 175x = 2013+ 2.0x = +0.2 =

15x 15x 175x 2.0x 2013-2015 2.0x = +0.3 =
= = = = 2016+ 2.0x = +0.2 0.03

15x 15x 15x 2.0x 2013+ 2.0x 2.0x +0.2 0.03

Fault due to control strategy input error(s) and/or output error (2013+ Monitor for desired effect as feasible)

15x 15x 15x 2.0x 2013+ 2.0x 2.0x +0.2 0.03
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US CARB OBD II—DIESEL VEHICLES (Applicable to Non-LEV Il vehicles)
Variable Valve Train Timing
ghdioycontiolAVD) 2013+ 15x 15x 15x 175x 2013+ 20x 20x 402 003
- Target Error
- Slow Response
Particulate Matter Filter 2013-2021 = = = 1.75x 2013+ 2.0x 2.0x = 0.03
2022+ 2.0x 2.0x +0.2 0.03
- Frequent Regeneration 2013+ 15x 15x 15x = 2013+ 2.0x = +0.2 =
2015+ 1.75x = = = 2015-2021 2.0x = = =
— NMHC Catalytic 2022+ 2.0x = +0.2 -
Conversion Exemption for no malfunction able to increase emissions by 30% (engine cert. MDVs) or 15% (all other vehicles) of full useful life
standard AND does not exceed the full useful life standard.
— PrdrsCoEen 2016+ MD Unable to generate feedgas for proper SCR operation. Exemption if no malfunction results in: a) exceeding full useful life
9 vehicles standard AND b) increase in emissions of 25% for SULEV, 20% for ULEV, 30% MDV engine dyno. cert., or 15% for all others.
?lfl;ecl;ti‘r,enatment beslEET 2010 + loss function (LEV Il Proposal: Feedgas required 2015+) 2010 + loss function

(If standard is given, unit is g/bhp-hr)



US CARB 0BD II—DIESEL VEHICLES (Applicable to Non-LEV Ill vehicles)

Fuel System Pressure Control

Fuel System Injection
Quantity/Timing

Fuel Control System using Tolerance
compensation features

Downstream Exhaust Gas Sensor
Performance A/F Sensors

Upstream Exhaust Gas Sensor
Performance A/F Sensors
EGR Catalyst

EGR Low Flow, High Flow,
Response Cooler Performance

Variable Valve Train Target Error
Slow Response

(If standard is given, unit is g/bhp-hr)

2013+

2013+

2015+MY

2013+

2013+

2013+

2013+

2013+

1.5x

1.5x

1.5x

1.5x

1.5x

1.5x

1.5x

1.5x

2.0x

2.0x

1.5x

1.5x

1.5x

0.03

2.0x

2.0x +0.2 0.03

Same Fault Criteria as Fuel System Pressure Control

Detect if compensation does not match (exemption for no malfunction able to increase emissions
by 15% of full useful life standard AND does not exceed the full useful life standard)

1.5x

1.5x

1.75x

1.5x

2.0x

2.0x

2.5x

1.5x

2.5x

1.5x

2.5x

1.5x

0.05

0.03

2.0x

2.0x

No detectable amount of consistuent oxidation
(monitoring not required for no measurable emission impact under any reasonable driving condition)

1.5x

1.5x

1.5x

1.5x

1.5x

1.5x

0.03

0.03

2.0x

2.0x

2.0x +0.2 0.03

2.0x +0.2 0.03

2.0x +0.2 0.03

2.0x +0.2 0.03
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LEV 111 OBD Il DIESEL REQUIREMENTS

Monitor Thresholds DPF g Performance
Exh: A M Thresholds®
xhaust Standards e St)SJ ftertreatment Monitor Thresholds Monitoring Threshold

cle E
Category

1) Applies to 2019 and subsequent MY.

2) Applies to vehicles not included in the phase-in of the PM standards set forth in Title 13, CCR section 1961.2 (a)(2)(B)2 and (a)(2)(D)3.
3) Applies to vehicles included in the phase-in of the PM standards set forth in Title 13, CCR section