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U.S. Stage |l History
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Clean Air Act Mandated Stage Il in U.S. — Transitional
Technology until ORVR reached “widespread use”
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No history of Stage Il for CAA

Stage Il phased out
B rhasing out 2017-2022

B cnhanced Vapor Recovery (EVR)
in force

Stage Il vapor recovery was
implemented in limited counties and
states since the mid-1970s.

In 1990, the CAA required Stage Il in
areas of serious non-attainment as a
transitional control. ORVR was
required for long-term control.
Coverage with Stage Il grew to ~40%
of dispensed fuel by 1995.

In 2012, EPA issued an ORVR
“widespread use” determination,
allowing the pathway for States to
decommission Stage Il systems.
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Percent of US Gasoline Consumption Covered by Stage
Il based on Clean Air Act Provisions
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Control of Refueling Emissions — Stage |l

Uncontrolled Air > Vapor e
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* Quickly provide regional emission control
for entire vehicle fleet.
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-« Recovering efficiency relies on facility Vapor > Air
maintenance (CARB estimated at 71%"). Emissions from
Ci;’;rs;e’ Filler Pipe J

« A/L fixed, but V/L is variable.
« As air ingested by Stage Il nozzle
« Lis the dispensed liquid petrol
« Vs vapor vented from filler pipe
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1. https://ww3.arb.ca.gov/vapor/gdf-emisfactor/gdfumbrella.pdf



https://ww3.arb.ca.gov/vapor/gdf-emisfactor/gdfumbrella.pdf

When refueling, small differences in temperatures between
the UST and vehicle can have a large impact on the volume
of vapor that vents from the tank (V/L)

- Causes under-collection or over-collection with Stage Il ... always a problem
- Makes it challenging to define “the best” A/L, because it changes daily and with every vehicle being

refueled
UST Temp = 70°F

Veh Tank Temp = 67°F
RVP =9 psi

UST Temp = 67°F
Veh Tank Temp = 80°F
RVP =9 psi
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Comparison of Stage Il Certification Requirements

Criterion

Preliminary Application

- 30-day operational test

- 50-vehicle operation observation

200 spillage observations

Boundary conditions for petrol and ambient
temperatures

Component bench testing

180-day hands-off equipment durability
demonstration before performance test
Back pressure standard

Single vehicle tank system performance test
100-vehicle system performance test
Refueling emissions measured at fill neck
Determination of storage tank emissions
Determination of pressure-related fugitives
Nozzle spitting, spillage and liquid retention
requirements

P/V ratio specification

Proportionality specification

A/L ratio specification

Stage Il emission certification efficiency

European
Standard

>

X
X

0.95-1.05
85%

U.S. Stage ll

x| X

X
X

0.95-1.05
95%

CARB EVR
Procedure
X

X XX X X >

>

X
N/A
95%

Comments

Demonstrates system meets basic performance
standards before starting test protocol

Testing if required to verify individual component
performance

Normal station operation. Can perform only
specified maintenance

Limits system pressure

Representative tank or vehicle

Representative fleet vehicles in specified matrix

Vent line emissions

Losses from unintended openings

Limits fugitive refueling emissions and efficiency
degradation




Comparison of Stage Il I/M Requirements and Efficiency

Criterion

Minimum Inspection Frequency
A/L
Backpressure

Leaks
Stage Il In-use efficiency

Europe U.S.
Annual Annual
X X
X
X
71%
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U.S. Clean Air Act Also Required ORVR

ORVR

« > 98% efficiency'. All vapors are
forced through the carbon canister,

independent of Air/Vapor ratio. No
Emissions
. . No
« No maintenance. Recovered Canister  Emissions
gasoline value exceed control cost. 1 —
=
=

« Integrated canister serves dual
purpose. Excess capacity provides
robust control in off-cycle
conditions.

« “Widespread use” in US declared by
EPA on May 9th, 2012.

1. https://www.sae.org/publications/technical-papers/content/2017-01-5008/
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https://www.sae.org/publications/technical-papers/content/2017-01-5008/

FLIR Videos of Refueling Controls

Uncontrolled
Refueling

Onboard Refueling
Vapor Recovery

ORVR)

Uncontrolled

Stage Il Vapor Recovery

ORVR

U.S. Refueling Emission Factor

132 g/L

0.38 g/L

0.03 g/L
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Evaporative Emissions Control
Technology Review
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Roadmap to Control Technology Progression

Air Quality Need and
Response

What pollutants need to be
controlled and on which days?

What conditions are driving
the emissions?

Evaporative Emission
Control Technology
Response and Inventory
Reduction Response

What control technology
response is needed on vehicles
to achieve additional NMVOC
reductions?

Emission Standards

What changes to standards are
required to achieve the
necessary control technology
response?

MECA)




Air Quality Need: Current Challenges in Europe

* Ozone trends are mixed; declining less than expected * Heat waves are amplifying ozone exceedances
*  NMVOC emissions have started to increase mer. 24 juillet 2019

Figure ES.1 EU emission trends for the main air

pollutants
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* Highest-ever recorded temperature in France - 46°C
— WO NMVOCs 50, e NH, Co July 23_26, 2019
* Between 2016 and 2017, emissions of NMVOCs © 426%Cin Par'.S; 40.7 C n I.Belg'um (all time record)

) d for the first time by 1.3%. with * 282 record Highs, mainly in Northern France
!ncrease ) or y .37, *  Ozone concentrations in France reached 251 pg/m3 ( ~126
increases in 15 Member States ppb) over more than 100 km?

https://www.airparif.asso.fr/actualite/detail /id/273

Source: 2019 EEA Emission Inventory Report
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https://www.airparif.asso.fr/actualite/detail/id/273

Tier 3 Zero-Evap Needed in US to Prevent VOC
Emission Back-Sliding

Despite a VMT increase of 50% since 1995, EPA
cut both evaporative and exhaust emissions by
50-75% through the Enhanced-Evap, Tier 1, and
Tier 2 programs.

Continued increase of VMT would again cause
an increase in emissions in 2015 (evap) and
2021 (exhaust) under these programs.

Tier 3 “Zero-Evap” and SULEV exhaust was
needed to continue emissions reductions with
increasing VMT.

Evaporative emissions remain 50-100% higher
than exhaust.

Annual VOC/NMHC Emissions (tons/year)

EPA-PROJECTED ANNUAL EVAPORATIVE EMISSIONS BY
REGULATORY ACTION AND COMPARISON WITH EXHAUST
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California PZEV was first “zero evap” standard

* 1990: CARB first adopted Zero Emission Vehicle (ZEV) requirements
as part of Low Emission Vehicle (LEV |) regulation.

« 2003: Partial Zero Emission Vehicle (PZEV) credits added to ZEV
program.

* Added to allow manufactures to earn credits towards ZEV compliance without using electric vehicle
* 0.2 ZEV credits per PZEV; a maximum of 6% of the 10% could be met using PZEVs

« 2004 LEV Il established optional “zero” evaporative emission
standard — evaporative emission standard below background
of non-fuel emissions.

To quality for PZEV credits:

* Certification to zero evaporative emission standards
* 150,000 mile/15 year useful life and warranty on emissions system
Certification to Super Ultra Low Emission Vehicle (SULEV) exhaust emission standards

https://www.arb.ca.gov/msprog/zevprog/zevregs/zevregs.htm
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PZEV “Zero Evap” Emission Standards

PZEV “Zero Evap” Emission Standards

Class of Vehicle

3-Day Dirunal + Hot Soak and
2-Day Dirunal + Hot Soak

Fuel System Only

Whole Vehicle . "
Rig Test
(grams per test) (grams per test)
LDV 0.35 0.0*
LDT < 6000 |lbs GVWR 0.50 0.0*
LDT 6000-8500 Ibs GVWR 0.75 0.0*
*<54 mg
allowable

/
\
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Many Emission Sources for Hot Soak + Diurnal Test offer
degrees of freedom on how to meet full vehicle limits

The SHED FID does
not differentiate
sources, and the
sum is measured
and reported as
SHED hydrocarbon
Emissions

( Fuel System . . Gasoline fuel system
Tank venting through canisterZero” Canister (BETP) emissions with

Permeation through tank and fuel lines target of “zero”
Leaks (vapor and liquid) (RIG Test)

Engine Air Intake System (AIS)

Injector leaks
Unburned fuel in cylinders
Fuel in crankcase

Background
Tires and other rubber items

Upholstery and other interior materials
Adhesives throughout vehicle

Windshield washer fluid

- Tier 3 sought to achieve “zero” fuel system gasoline emissions and minimize AIS and hot soak emissions as well.
- Required two separate evaporative tests (48 hour bleed test and whole vehicle, in addition to 72 hour whole vehicle)

(MECA)




California LEV Ill extended PZEV standards
to entire fleet

*2012: LEV Il regulation extended PZEV near-zero evaporative
emissions standards to all gasoline-powered highway
vehicles (LDVs/LDTs/HDGVs) by MY 2022
(implementation began MY2015)

* 2018: Phase-in was over 2018-2022 MY; no emission increases
permitted for previous model year PZEVs

CARB closely coordinated program requirements with U.S. EPA




Tier 3 Evaporative Emission Standards
Based on LEV I

— More stringent standards for 2- and 3-day evaporative emissions tests
e Approximately a 50% reduction in numerical stringency
* Two and three days emission standard values are the same

— New canister emission bleed test procedure and emission standard
— New certification test fuel specification (62 kPa E10)

— New fuel/evaporative system leak emission standard

— New refueling emission standard (ORVR) for all complete HDGVs

— Extended certification useful life period.




Air Quality Impacts from VOCs




Poorest air quality in Paris occurred during recurring
heat waves throughout summer

PARIS OZONE AND PM2.5 HOURLY DATA
SUMMER 2019 (data from Air Parif)

PM2.5

33 F B
* Photochemistry highest S 2f .
. . D- I |
* Typically stagnant accumulation of 1t .
pollutants ol ]
* Volatility of gasoline exponential with o ozonel

temperature °
— High diurnal temperatures s mer J

. o
— High road surface temperatures 59 | :
— High fuel delivery temperatures ol ]
— High hot soak temperatures e
e Above average canister loads o ool ]

. ope = L

e Higher boiling components 2 Ll ]
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Member States are Increasingly Adopting Emergency
Measures to Control Air Quality

Member States have various procedures that can go into
effect during actual or forecasted exceedances of air quality
standards. Examples from Paris and Madrid include:
* Vehicle use restrictions in low-emission zones
* Reductions in speed limits
* Reductions in business operations, with focus on solvent
use
Many others cities restrict/limit vehicle traffic in city centers
on a permanent basis.
Air quality exceedances continue even with these efforts
* Only July 24, 2019, with procedures in effect, ozone
concentrations in France still reached 251 pg /m3 (~126
ppb) over more than 100 km?2.
Note that restricting vehicle use does not necessarily reduce
VOCs. Parked cars will still have permeation and higher
diurnal emissions without purge.
Economic impact of avoiding these measures could be
considered in cost-benefit analysis.

ooooo
®

Syria

c Urban Road Tolls

https://urbanaccessregulations.eu/
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Emissions, g/day
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Canister and permeation emissions spike
during heat waves

PARIS CANISTER AND PERMEATION EMISSIONS
SUMMER 2019

f w\ \‘ ” Mu
M | h% /\J UM & | W ! f i

W

[

[ ] Canister Emissions .
[ |Permea tion
Temperat

ML m M W Il LJPMM j p

” “ \HJ

100

= 90

80

70

60

50

Temperature, °F

* Modeled vehicle emissions factors based on 60-

liter fuel tank, recorded hourly temperatures,
local RVP, EO fuel.

Euro 6d (48hr DBL, 2 g/test) standard provides
reasonable control when conditions are average
or better.

* High emissions coincide with high ozone/PM2.5

days because of heat waves.




When cities force vehicles to remain parked, diurnal
emissions will increase because canisters are not

purged

Although exhaust emissions drop very significantly, these reductions are slightly offset by canister emissions that go up 80-100%

% of Parking Events
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Hourly Temperature, °F

Modeling average monthly diurnal temperatures can
underestimate inventory and air quality impacts
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Magnitude of evaporative emissions is not
uniform across Europe

- Peak temperatures, average temperatures, temperature swing, elevation all affect

permeation and canister emissions differently
- Some cities have emission much higher than the average. If the conditions in these

cities are not considered, they will not see improvement.
- Need to have strong control of both permeation and tank venting to accommodate

range of conditions and needs
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Roadmap to Control Technology Progression

Air Quality Need and
Response

What pollutants need to be
controlled and on which days?

What conditions are driving
the emissions?

There is a need to reduce
magnitude and frequency of
Ozone and PM2.5 exceedances
relative to EU and WHO limits,
especially during heat waves

There is a need to continue to

reduce NMVOC inventory

Evaporative Emission
Control Technology
Response

What control technology
response is needed on vehicles
to achieve additional NMVOC
reductions?

Emission Standards

What changes to standards are
required to achieve the
necessary control technology
response?

MECA)




Control Efficiency of Tank Vapor Emissions is Primarily a
Function of Canister Capacity and In-use Purge Amount

CANISTER

e — fuel tank
- /

~ g;'\ \ / charcoal canister
——— / canister vent valve
fuel vapor lines
! ! I 1
d
Low Capacity High Capacity
European Canister U.S. Canister

Filled with activated carbon

Stores gasoline vapors vented from tank until purged to engine
Canister vapor storage capacity a function of carbon type and canister
volume

Capacity is based on the demands of the certification test

Higher canister capacity = lower diurnal emissions and running loss
Higher capacity also requires increased purge amount

PURGE

When driving, the engine pulls air through the canister to remove
adsorbed gasoline vapors and use them as fuel in the engine — this
regenerates the canister

Prevents running loss and evaporative emissions during vehicle
operation

Purge rate calibrated based on demands of the certification test
High purge rates are needed to control emissions during low speed
driving or short trips




Main Factors Affecting Controls and Emissions

Inputs Affecting Vapor
Generation

Control Technology Package Derived from Regulatory Standards

Emissions Factors

Driving Patterns (duration,
distance, speed)

Parking Patterns (duration,
end time)

Refueling Patterns
Ambient Temperatures
Fuel RVP and ethanol%

Vehicle Kilometers
Traveled

Average Fuel Economy

Elevation Above Sea Level

Critical Technology
Response

Relationship to Emission
Standard

Technology Package
Options

Canister Capacity

& Number diurnals or with ORVR

1DD =33g GWC (0.6 L)
2DD = 61g GWC (1.1 L),
3DD=88g GWC (1.6 L)
ORVR = 110g GWC (2.0 L)
Or Sealed Tank

Purge Rate Calibration

1

——— and
Drive Time

& Canister Capacity

1DD, 60mNEDC = 2-3 LPM

2DD, 34mWLTP =5-7 LPM

3DD, 34mWLTP = 8-10 LPM
ORVR, 30mFTP = 11-13 LPM

Low permeation materials and
low leak connections

1
“ —
Diurnal Limit

And increases with EtOH cert fuel

OBD Leak Standard

EVOH, SAE connections,
reduced number of tank
penetrations and seams, OBD
leak detection

Thermal Management

High temperature or running loss
driving

Exhaust rerouting, heat
reflectors, air shields, on-
demand fuel pump, insulation

Air Induction System (AIS)
emission control

1
“ —_—
Diurnal Limit

AlS elements added for PZEV,
US Tier 3

Refueling and Spitback Control

ORVR and/or Spitback Standard

ORVR

Parking (diurnal)
Running Loss
Refueling

Hot Soak

Permeation




U.S. FTTP (Fuel Tank Temperature Profile)
for Running Loss Test

Manufacturers drive the vehicle on the road over a UDDS+2xNYCC+UDDS in sunny, hot (295°F) conditions and
monitor tank temperatures (FTTP). The FTTP is duplicated on the dynamometer during the US Running Loss Test
(incorporated into the 72-hour diurnal test)

The peak temperature of the FTTP is influenced by several factors, including: (1) height of underbody, (2) routing of
exhaust system and proximity to fuel tank, (3) air channeling design underbody, and (4) the addition of reflectors and
insulators

The Running Loss Test influences thermal management design

2016 Certification FTTPs from Two Manufacturers Peak Temperature of FTTP from 2016MY Certification Data
from Two Major US Automakers
Statistical Density of FTTP Data
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Map of Evaporative Emissions Test Conditions

Evaporative Emissions are
controlled by:

1) Increasing canister capacity

2) Availability of high purge
rates and efficiency over all
temperature conditions.

3) Test procedures should be
designed to measure
emissions over a robust set of
conditions, which ensures
both (1) and (2) are satisfied

Increasing Drive Time

Short Drive

Long Drive

Ambient Temperature

Critical Region
Short drives

demand higher
purge rates

Important Region

EVAP system needs
to purge over long
periods

Increasing Test Temperature

Hot Temperature
Important Region

EVAP system needs
to purge more at
elevated
temperatures

Critical Region

High temperatures &
long drives simulate
problematic air
quality days




Reduction in Vehicle Fuel System and Evaporative

Control Leaks - Background

» The basis of the Tier 3 evaporative
program was for vehicles to have
zero fuel vapor emissions in-use.

» Leaks are a problem in hot soak,
diurnal, and running losses.

 Data gathered from US vehicle
inspection/maintenance (I/M)
programs shows that leaks are
Infrequent initially, but the rate
increases as the vehicles age.
— EPA estimates that in the US a fleet
average of about 3% of vehicles have

leaks greater than 1 mm. This value
is much higher in areas without I/M.

Percent of Ready Inspections with Evap DTCs
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The overall
frequency of

leaks
increases at
about 0.15%
per year
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OBD & LEAKS

* Tier 3 reduced the OBD
leak detection limit from
0.040”(1mm) to 0.020”
(0.5 mm)

- Aligns with California LEVII
and LEVIII

— Even at 0.020”,
uncontrolled emissions are

6 g/day
« EPA found that 0.001”
leak on a sealed tank is
equivalent to a 0.02” on a
conventional tank.

* Tier 3 also added a new
leak test standard.

ugh Leak (g/day)

Thro

Daily Emissions

25

20

IMPACT OF LEAKS ON OPEN SYSTEM
WITH CANISTER vs. SEALED SYSTEM

Effect of Tank Leak Diameter on Emissions

Chevrolet “alt Fuel Tank 9.3 gal
+ capacity
EPA Termperature Profile
+
‘ + Sealed System

‘ = Corventional System with Canister

Simulated Leak Orifice Di




MIL On Rate

ercent MIL ON

P
1S

10gCheckDB

Roadside MIL on rates fall dramatically when
tested shortly before Smog Check
MIL On Rate

CARB now finding leak rates are
higher than |/M program suggests

In-use fail rates (Roadside vs OBD data estimate)

20.00%
v 15.00% \_\/ e R oadside In-use fail rate
N Est In-use fail rate with SC
5.00%

“.CARB

OBD data estimate
trends with roadside

Biased about 45%
higher

Possible Reasons

* 2 week mileage/warmup
assumptions may need to
be adjusted

* Roadside refusal rate is
about 50% which might
bias in-use rate lower.

215)
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Control of Diurnal Emissions

Permeation and Diurnal Venting Q °
« Material selection (Nylon, PP, EVOH,..) ., 9 4 g
. . . 9 " J
« Paint, Tires, Plastic, AIS,... -~ 9 h
JJ JJ JJJ . -
Hot Soak JJ;J ° A
« Heat Management Kol o’ w8 ?
FKM  THvs1s NBR 9 Q.°

Leak and Leak Detection
* Double O-rings, internal valves, OBD

HC-VAPOR DIFFUSION —, “— INTAKE AIR DESORPTION
LEAKING FUEL INJECTORS

Uncontrolled
50-300 mg/day
Controlled
10-50 mg/day

(MECA)
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Minimize Vapor Generation

Maximize Engine Purge

Control of Running Loss Emissions

Heat Management

* Underbody air-flow to cool tank

« Heat shields to minimize radiation from engine and
exhaust

« Return-less fuel delivery

Tank baffles to minimize fuel sloshing

Properly sized, low restrictive canister
Tank Isolation (FTIV, VBV, VCV...) for better purge control
High Flow (> 100 SLPM) Purge Valves

M

CA
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Roadmap to Control Technology Progression

Air Quality Need and
Response

What pollutants need to be
controlled and on which days?

What conditions are driving
the emissions?

There is a need to reduce
magnitude and frequency of
Ozone and PM2.5 exceedances
relative to EU and WHO limits,
especially during heat waves

Reduce NMVOC inventory

Evaporative Emission
Control Technology
Response

What control technology
response is needed on vehicles
to achieve additional NMVOC
reductions?

Increasing canister robustness
to control for NMVOC over
wide range of conditions,
including problematic air
quality days

Increase canister capacity,
increase purge, and improve
leak control

Emission Standards

What changes to standards are
required to achieve the
necessary control technology
response?

MECA)




Background on US LDV/LDT Evaporative Emission

Regulations

1-Day 2-Day 3-day 2-day Running ORVR Spitback OBD Leak

Diurnal Diurnal Diurnal BETP Loss
1981 Pre- 2 g/day
Enhanced
1994 OBD Il | 2 g/day 0.040 inch
1996 N/A 2.5g/day |2.0g/day 0.05 0.2 1.0 grams | 0.040 inch
Enhanced g/mile g/gallon
and 1998
ORVR
2004 Tier 2 | N/A 1.2 g/day |0.95g/day 0.05 0.2 1.0 grams | 0.040 inch
(transitional) g/mile g/gallon
2010 Tier2 | N/A 0.65 g/day | 0.50 g/day 0.05 0.2 1.0 grams | 0.040 inch
(LEVII Aligned) g/mile g/gallon
2017 Tier 3 | N/A 0.300 0.300 0.020 0.05 0.2 1.0 grams [ 0.020inch
(LEVIII g/day g/day g/day g/mile g/gallon
Aligned)

(MECA)



Cutting emission limit reduces emissions on “normal”
days, and higher canister capacity via 72-hour or ORVR
provides robustness on days of high vapor generation
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European regulations are followed in many parts of
the world, including countries with very warm
climates

DELHI CANISTER AND PERMEATION EMISSIONS 2018-2019

*In 2019, 75 MM
gasoline vehicles sold
—60% NA, China, Brazil
—14% Europe

—QOther 26% generally
follow European or
Japanese standards
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Ssummary

*U.S. Tier 3 “zero evap” was instituted to continue
driving down VOC inventories and improve air
quality.

* U.S. EPA establishes test procedures and limits to
achieve control in conditions when air quality can
be most negatively affected.

 Canister capacity has the largest impact on reducing
tank vapor venting on problematic days.

e Reduced full vehicle SHED limits will reduce
permeation, AlS, leaks, and canister emissions.

(MECA



