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“Criteria Air Pollutants”
Visibility/Haze
Airborne Toxins

Climate Instability/Global Warming




Carbon Monoxide (CO)

Sulfur Dioxide (SO,)

Lead (Pb)
Nitrogen Dioxide (NO,)
Particulate Matter (PM)

Ozone (Oy)




PM, - -- Visibility/Haze:




FM, - Chernical Speciation for Thursday June 26, 2003 in Burlington.
PM2_5 FRM Concentration = 37.6 |Ju.-'m3 Sum af Chemical Species = 31.2 |Ju.-'m3

M Sulfate 14.175(38%)
& Nitrate 0.747(2%)
B Ammonium 5.333(14%)

[] Organic Carbon 9.354(25%)
[ Elemental Carbon 0.511(1%)
B Trace Elements 0.96(3%)
[J Unknown 6.44(17%)




F'ME_5 Chemical Speciation for Monday March 1, 2004 in Burlington.

F'ru12_5 FRM Concentration = 38.4 ug.-h|3 Sum of Chemical Species = 34.9 ug.-]113

B Sulfate 6.625(17%)
[ Nitrate 13.777(36%)
B Ammonium 6.49({17%)

[J] Organic Carbon 6.537(17%)
[ Elemental Carbon 0.868(2%)
B Trace Elements  0.478(1%)
O Unknown 3.493(9%)

-




Ozone In Vermont:

Ozone Three-Year Averages of Annual
Fourth Maximum Daily Maximum 8-Hour Averages

National standard of 0.08 parts per million

—&k— Bennington Rounded 3-Year Average of Annual 4th
Maximum; The Official Compliance Determination
(Design Value)
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=¥ Underhill Rounded 3-Year Average of Annual 4th
Maximum; The Official Compliance Determination
(Design Value)




AVERAGE CONCENTRATION OF MOTOR VEHICLE RELATED AIR
TOXICS: 7/43 - 12/33 COMPARED WITH VERMONT STANDARDS

| L_evels of certain
Toxic Alr
Pollutants do
exceed state
s standards and
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Air Toxics:

Benzene Concentrations in Vermont
1993 to 2003

—e— Brattleboro

—&— Burlington

—e— Rutland
Underhill
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| Diesel Smoke Is —

Noxious,

Toxic,

Carcinogenic, and

Very small in size




‘ Improving Air Quality \

Therefore if the Public Policy of Vermont is to:

e Remain in Attainment of National Ambient Air Quality
Standards

* Improve Visibility
e Reduce levels of Airborne Toxins
* Manage Greenhouse Gases

We Need a Four Part Strategy:

Improved Air Quality = “Clean Cars” + “Good Maintenance”
+ “Clean Fuels” + “Efficient Use”




Air Pollution Control In Vermont: “Clean Cars”
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Air Pollution Control In Vermont: “Clean Cars”

OXV/OENI SENSON

02 Sensor Control Operation:
Air Flow Sensor
Engine
02 Sensor
Catalytic Converter
Fuel Injectors

Control Unit

Ug — Sensor Voltage
U, — Valve Actuation Voltage

V. — Injected Fuel Quantity




Air Pollution Control In Vermont: “Clean Cars”

Catalytic Converter

1. Ceramic material coated with catalytically active substances
2. Retaining material

3. Housing




Honda’s Power Plant Roadmap

Hydrogen fueled FCV

Efficiency

1990 2000 2010 2020

Ben Knight Honda R&D
CARB International Velicle Technoloay Symposium March 12, 2003




| Avallable Technologies
CHANGE (Near-Term)
T ————————

« Variable valve timing and lift

« Turbocharging

« Cylinder deactivation

» Improved multi-speed transmissions

» Electric power steering

» Improved alternator

» Gasoline direct injection

» More efficient, low-leak air conditioning

Charles Shulock, CARB



Automated Manual Transmission

" 9% CO, reduction, large car "

Charles Shulock, CARB



Acura RSX Variable valve timing and lift Honda Accord

£ a

AIR RESOURGE. - Toyota Matrix

Charles Shulock, CARB



Gasoline Direct Injection
w/dual cam phasers

2005 Audi Ad BMW Valvetronic

[continucusly variable valve timing and Iift)

BMW 5 Series
10

Turhnc:hﬂrgi;r

Charles Shulock, CARB



Emerging Technologies
GE (Mid-Term)
B
- |Integrated starter/generator
« Camless valve actuation

» (Gasoline homogeneous charge
compression ignition

 More efficient, low-leak R-152a air
conditioning system

11
e e

Charles Shulock, CARB



42v Integrated
Starter/Generator

Provides stop/start capability and
some motor assist

Substantial CO, reductions
at modest cost




Electromechanical Valve Train EMVT
Load Exchange Optimization - Valve Lift Curve Shaping (VLC:

ECU-

Pﬂwer
Supply

Sensor

Actuator

[
:IV Dr. Peter Hofbauer

EMYT- Load and Load Exchange Contr

o L

EMVT- Valve Lift Curve Shaping (VLCE




Hybrid Electric
Vehicles

GAS ENGINE

DRIVETRAIN ELEGTRIC MOTOR BATTERY

for example, Toyota Prius

Fuel Economy: 52 City/45Highway/48Combined

Emissions: 89% fewer smog forming emissions than
most new cars. SULEV - ATPZEV




Major Technologies in the CIVIC
HYBRID

1.3L i-DSI Engine Power Control Unit

(with VTEC Cylinder Idling System)

| * motor assistance

10 kW Perm. Magnet Motor NiMH Battery

Ben Knight Honda R&D




.-.-j::f?'*%EIectric Drive System
» Commercialization Path
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. & Non-Competing - Non-Redundant Vehicle Technologies

Fuel Cells

Plug-In
Hybrids

Electric :!"u:'-i:': "u; r %
Ve:;;les ﬂ E ;3 % ;_5

2000

Electric Drive
System Maturity




Path to advance technology
iIncluding fuel Cell

# PIHEV allows engine development with
efficiency higher than the Prius engine
using gasoline.

# PIHEV allows infrastructure on
alternative fuels to evolve while using
our current well developed gasoline and
electricity infrastructures.

# P|IHEV allows the stationary energy
sector to integrate with the mobile

E nerg y Se Ctﬂ r. Dr. Andy Frank, UC Davis




-l(- The PIHEV can be used to balance the
i s Electric Grid-Integrating electric power
and transportation energy sectors
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‘ Fuel Cell Cars \ —

.' Ty ﬂ
|

Fuel H; (Hydrogen) — = O3 (Dxygen) from Alr

Heal (B4"C)
Water or Air Cooled

Air + ‘Water Vapor

Proton Exchange Membrane

irculates
] -
v Fiel ate J | L Flow Field Plate
] c Gas Diffusion Electrode (Cathode)
bl Catahyst
i £, -
T

ISssues:
o Efficiency

« Water Management/Cold
Weather

\Where will the H2 come from?




Sales of Diesel Cars in the US

B Diesel sales [ % Total

Thousands

—— 7
1288 1990 1892 1994 1896 1998 2000 2002
1959 1981 1993 19485 1897 1988 2001




Air Pollution Control In Vermont: “Clean Cars”

Find and Gasoline Pri
Compare Cors ip Informatio;

DISCLAIMER:

Avy. User ity Huwy Comb Wi Ava. U City Hury Comb
! HROLIEE 4 Cylinder, 1.8 Liter, Auto s EPA MPG

. Number of Yehicles: 3
Number of vehlczle§. 38 Average User MPG: 40.8
Average User MPG: 47.9 Range:

ﬁ?”-l I'-?I?HF?PG Updated On:
ik ]

Emissions Certification (g/mi): Emissions Certification (g/mi):
CA: ATPZEV/SULEV EPA: Tier2 Bin 10

HC CO \[@)% PM HC CO \[@)% PM
0.01 1.0 0.02 0.01 0.156 4.2 0.6 0.08




Air Pollution Control In Vermont: “Clean Cars”

Find
Compa

e Wllage | Skt
2005 Volkswagen Jetta

wur P
heither

. For Model Year 2007/8

Hury Comb

. Number of Yehicles: 3
Mumber of Yehicles: 38 Average User MPG:

Average User MPG: 47.9 Range:

ﬁ?”-l I'-?I?HF?PG Updated On:
ik ]

Emissions Certification (g/mi): Emissions Certification (g/mi):

CA: ATPZEV/SULEV CA: LEV = EPA: Tier 2Bin5
HC CO \[@)% PM HC CO \[@)% PM

0.01 1.0 0.02 0.01 0.09 4.2 0.07 0.01




EGRT System

Bir intake filtoer

«Low pressure EGR-system with CRT

particulate filter
Air-
temperature

«lUsed for OEM and retrofit installations

«For trucks, buses, and off-road
machinery

«Over 1200 installed on various engines

«|Jse Ultra Low Sulfur Diesel

*Reduction of legislated emissions

Co > 00 %
HC > 90 %
Pl > 90 % ‘
NO, > 40 %

S. Chaterjee, Johnson Mathley Corp.

termperature

IS ..__!-.*' .
Diesel engine
i

EGR Throttler™ ____ 1 __ A
cantrol r
signal
Elac-
trasnie
Contral
Unit

_—Controdsignal

Engine Load stabus
speed sen=or  sensor

Exhaust gases

Water out

EGR coaler

WM



Air Pollution Control In Vermont: “Good Maintenance”

'SERVICE I cHECK

Esncﬁéﬁf ENGINE

w DTC Structure Identification

F- POWERTRAIN
BE-BODY
C-CHASSIS
U-MNETWORK

0-GENERIC (SAE)
1-MANUFACTURER
SPECIFIC

SPECIFIC FAULT INDEX

T=FUELANDAIR METERING
2=FUELAND AIR METERING (INJECTOR
CIRCUIT MALFUNCTIONS ONLY)

3= IGNITION SYSTEM OR MISFIRE
4 = AUXILIARY EMISSION CONTROLS
b=%EHICLE SPEED CONTROL AND

IDLE CONTROL SYSTEM
6 = COMPUTER AND ALILIARY OUTPUTS
1 =TRANSMISSION
8 = TRANSMISSION




Air Pollution Control In Vermont: “Clean Fuels”

Clean Fuels

e Unleaded Gasoline

e Oxygenated Gasoline

e Reformulated Gasoline/Low Sulfur

o Reformulated Diesel/Low Sulfur




Air Pollution Control In Vermont: “Clean Fuels”

Alternative Fuels

eNatural Gas

*Propane

e Ethanol
*Bio Diesel
sElectricity
* Hydrogen




Proton Energy Compression and storage Air Products
hydrogen generator

s

fueling station

2005 Toyota Prius

BED Wind Turbine Converted to H,
(next door)




Air Pollution Control In Vermont: “Efficient Use”













In conclusion:

Clean Vehicles

+ Good Maintenance

+ Clean Fuels

+ Efficient Use

= Improved Air Quality




Thank you for this opportunity to talk with about air quality
In Vermont.

Harold Garabedian

Vermont Agency of Natural Resources

103 south Main Street, Bldg. 3 South

Waterbury, VT 05671-0402

Tel: 802-241-3849 http://www.anr.state.vt.us/air/

harold.garabedian@state.vt.us Yermont ®




