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Introduction

The California Energy Commission (Energy Commission) is the State’s primary energy policy and planning agency and
has been involved in testing and demonstrating alternative fuels and alternative fuel vehicles since 1978. As part of the
State’s energy policy, the Energy Commission supports the use of clean, alternative transportation fuels to reduce the
State’s dependence on petroleum and to improve air quality. The Energy Commission has been involved in all areas of
transportation fuel research, development, demonstration and commercialization.

This report was prepared by staff of the Energy Commission with input from industry to serve as an informational source
for a variety of alternative transportation vehicle and fuel types. Topics include the following:

Fuel type

Fuel characteristics

History

Transportation applications
Infrastructure

Supply

Pricing

Environmental, health and safety issues

Future potential for each fuel type

This is the fifth edition of this report. Updates of this report will be made on the internet site at:
< http://www.energy.ca.gov/afvs>.

iX INTRODUCTION
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Chapter 1

An Overview of Alternative Fuel Vehicles

Introduction

This chapter discusses the history of alternative fuels,
alternative fuel vehicles and their importance. Also

included are reasons alternative fuels are cleaner burning oil-based fuels
and alternative fuel vehicle development in California.

History of Alternative Fuels
and Alternative Fuel Vehicles

Alternative Fuel Vehicles (AFVs) that run on fuels other
than petroleum products have been used in one form or
another for more than one hundred years. Only recently,
however, have they become more commonplace.

The Federal Energy Policy Act of 1992 (EPAct) defines
an alternative fuel as any fuel that is substantially
non-petroleum and yields energy security and
environmental benefits. EPAct recognizes the following
as alternative fuels:

Alcohol fuels such as methanol (methyl alcohol),
denatured ethanol (ethyl alcohol) and other alcohols, i
pure form (called “neat” alcohols) or in mixtures that
contain no less than 70 percent alcohol fuel
Compressed Natural Gas (CNG)

Electricity

Hydrogen

Liquefied Natural Gas (LNG)

Liquefied Petroleum Gas (LPG)

Coal-derived Liquid Fuels

n

* Fuels other than alcohols derived from biological
materials: like soybean, rapeseed or other vegetable

Vehicles using these fuels can be either original equipment
manufactured (OEM) vehicles or aftermarket conversions
and are discussed more completely in the chapters that
follow.

Before the introduction of gasoline as a motor fuel in the
late 1800s, vehicles were often powered by what are now
considered alternative fuels. For example, coal gas, which
is a form of methane or natural gas, was used in early
prototype internal combustion engines in the 1860s.
Electricity, stored in lead acid batteries, was a popular
energy source for vehicles from as early as the 1830s until
the 1920s. In the 1880s, Henry Ford fueled one of his first
automobiles on ethanol, often called “farm alcohol”
because it was made from corn. His early Model Ts were
designed with an adjustable carburetor to allow them to
run on alcohol fuel. Liquefied petroleum gas (commonly
called propane) has been used as a transportation fuel
since the 1930s.

In those early years of the automobile, naturally occurring
gasoline was expensive and often sold by the pint in
pharmacies. Gasoline began to be produced inexpensively
with the advent of petroleum refining technologies such

as thermal cracking and eventually catalytic cracking. As

a result, gasoline became the fuel of choice for internal
combustion engines because of its high energy content.

Many alternatives to gasoline are returning to the
transportation fuel market. Alternative fuels are important
for energy security and air quality.

CHAPTER 1



Table I-1
California Vehicle Statistics

1989 1990 1991 1992 1993 1994 1995 1996 1997

Total Registered

Vehicles 22,368 | 22,679 | 22,957 | 22,794 | 22,982 | 22,843 | 23,248 | 23,725 | 22,522
(thousands)
Vehicle Miles
of Travel 134,371 139,209 | 139,680 | 141,686 | 142,343 | 144,141 | 146,164 | 149,572 | 153,146

(millions of miles)

Taxable Gasoline Sales
(millions of gallons, 13,206 13,377 13,161 | 13,064 13,202 13,262 13,406 13,672 13,759
excluding aviation fuel)

Sources: Department of Motor Vehicles, Transportation and Board of Equalization

The Importance of AFVs Alternative Fuels

California’s transportation system is vital to the State’s are Cleaner

economy, but the transportation sector is our greatest
source of air pollution. The increased use of petroleum because they are chemically less complex and burn

progluct_s,,the number of vehl_cles on the road and . cleaner. When used with advanced engine and emission
California’s geography and climate make the perfect reCIP%ontrol technologies, alternative fuels burn more effi-

for air po!lutlon (See Table I-1). _Callfornla’s cities and ciently because they are chemically less complex, and thus
cou_ntryS|de_ are frequently S.Ub]eCted to unhealthy levels release fewer emissions from incomplete combustion. In

of a|r_pol_lut|0n. To attack this _prob_lem and in response toaddition, because alternative fuels evaporate less readily
the oil crses ofthe 1970s, California assumed a natl(_)nal than gasoline, there are fewer evaporative emissions from
leadership role and worked to encourage fuel diversity the vehicle’s tank, limiting smog-forming emissions. lItis

with cleaner, alternative transportation fuels and VEh'CIeS'important, however, to recognize that to meet health-based

Working with automakers, fuel producers, utility compa- air quality star_1da_lrds, clean fuels must_be combined with
nies, and air quality districts, California is making progress2dvanced emission control technologies.

toward achieving a diverse transportation landscape. This
effort will provide the consumer competitive choices in
transportation technology, fuels and fueling options to
meet California’s increasingly stringent clean air goals.
These choices will include cleaner-burning gasoline, clean
diesel, electricity, ethanol, hydrogen, methanol, natural gas
and LPG.

Alternative fuels are inherently cleaner than gasoline

Figure I-1

Alaska 41%

California produces 49 percent of the oil it consumes.
About 41 percent of its oil originates from Alaskan oil
fields; the remaining 10 percent is from foreign sources.
(See Figure I-1). This will change as California’s and
Alaska’s oil production decreases. The Energy
Commission’sl 999 Fuels Reposstimates that Alaska
and California oil production is expected to decline five
percent per year from 2000 to 2015. Foreign sources of
crude oil will be relied upon more heavily in the future Foreign 10%
unless alternatives are found to replace this loss of
domestically produced fuel.

California's Oil Sources
1997

CHAPTER 1 2



Electric vehicles, which have no internal combustion The alternative fuels had fewer emissions than

engine, potentially offer greater emission reductions. regular unleaded gasoline and reformulated gasoline
Their primary source of air pollution comes from the power(See Figure I-2) . For compressed natural gas, carbon
plants that create electricity to charge batteries. monoxide (CO) levels were 68 to 77 percent less than

. ) with regular gasoline. The ozone forming potential
From 1992 to 1994, Battelle Memorial Institute conducted (OFP) for CNG was 90 to 95 percent less than with

one of the most comprehensive studies of alternative  oqjar unleaded gasoline. M85 vehicles had 50 percent
fueled vehicles in Southern California. The Clean Fleet oo cO emissions than gasoline and up to 59 percent
Project, or the South Coast Alternative Fuels Demonstra-| .55 OFP. Propane-powered vehicles had 48 percent less
tion Project, tested six fuels (five alternative fuelsand -~ and 6810 71 percent less OFP. Reformulated Phase 2
regular gasoline) in 111 Federal Express delivery vans OV§fasoline was also cleaner with 1 to 19 percent less CO

more than three million miles during the two-year study. ;4 Reformulated gasoline’s OFP was 17 to 29 percent
The study used Chevrolet, Dodge, and Ford vans that |eqq than regular unleaded gasoline. The study also
were similar in characteristics and in usage. included two electric vehicles.

In nearly all emissions categories, the study demonstrate

that all z)illternative fuels Werg better than theycontrol fuel. %nergy Content

The alternative fuels tested included compressed naturalOf Alternative Fuels

gas, electricity, methanol, LPG, and reformulated (Phase 2)

gasoline. (Ethanol was not used in this test because of ité\lternative fuels have less energy density than petroleum-

limited availability in California). based fuels (See Table I-2). Hence, alternative fueled
vehicles go fewer miles per gallon than gasoline fueled
vehicles.
Figure 1-2
1992 - 1994 Clean Fleet Emissions Study (Percent Cleaner Than Regular Unleaded Gasoline)
90 to 95%
wors I
CNG -63 to 49% I:I
B e E——
68 to 71%
48% .
LPG H -28 to 66%
59%
M85 [s0%
H 2% 17 to 29%
1to 19%
RFG 1to 32%
Percent Different From 20% Better 40% Better 60% Better 80% Better
Gasoline Emissions
Ozone Forming Carbon Nitrogen
Potential Monoxide Oxides
Note: Range of percentage is because of different types of vehicle being used in the test - Chevrolet, Dodge, and Ford.
Source: Battelle Memorial Institute, 1995
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Table I-2
Comparison of Fuel Energy Content

Fuel Pressure Btu per Gallon Volumetric Energy Content Ratio
(Compared to Gasoline)

Diesel 129,000 0.861t01
Gasoline 111,400 1.00

E85 80,460 138t01
Propane 84,000 133t01
Ethanol 75,000 149t01

CNG @3000 psi 29,000 384101

LNG 73,500 152t01

M85 64,735 17201
Methanol 56,500 197101

Liquid Hydrogen 34,000 328101
Hydrogen @3000 psi 9,667 1152t0 1

Note: These ratios do not reflect actual energy based volumetric substitution ratios in a vehicle. For example, some early model FFVs
used 1.64 gallons of M85 to drive the same distance as one gallon of gasoline, thus indicating an efficiency gain when operating on
M85. The above ratios may change when considering engine efficiency .

Alternative Fuel Vehicle Development in California

Since 1978, the Energy Commission has worked with automobile manufacturers, fuel providers, utility companies, univer-
sities, and research and development organizations to advance alternative fuel vehicles. The Energy Commission has
undertaken the following programs:

1978

1980
1981

1983

1986

The Energy Commission began its first alternative fuel vehicle demonstration program. Honda CVCCs used a
gasoline blended with ethanol and methanol in a side-by-side test program. Early national emphasis was on
domestic coal-derived synthetic fuels: shale oil, gasoline, methanol and hydrogen. The goals were for alternative
fuels to displace oil and meet California emissions standards.

Continued testing of ethanol and methanol blends with gasoline on Ford Pintos.

The Energy Commission in cooperation with Ford Motor Company created a methanol demonstration fleet,
placing methanol-powered Ford Escorts in the County of Los Angeles fleetin 1981 and 1982. Volkswagen
Rabbits, factory-built to run on ethanol and methanol, were delivered in late 1981 and added to the program.

The Energy Commission funded the first two methanol-fueled transit buses in the country. The buses operated
in commuter service between Marin County and San Francisco.

Five hundred “dedicated” methanol-fueled Ford Escorts were put into state and local government fleets.
Vehiclestraveled 20 million miles and showed a 50 to 80 percent emission reduction potential.

The Energy Commission’s Energy Technologies Advancement Program (ETAP) funded the retrofit of three diesel
engines to methanol fuel in a $1.8 million project with Riverside Transit Agency.

The Energy Commission began a $700,000 Heavy Duty Truck Demonstration Program. This project was done
jointly with South Coast Air Quality Management District and five engine manufacturers: Caterpillar, Cummins,
Detroit Diesel, Ford and Navistar. Vehicles placed at eight host sites included a water delivery truck, refuse
haulers, dump trucks, a sludge hauler, tractor/trailers and a line truck.
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1987

1988

1989

1990

The Energy Commission conducted an evaluation on the cost and availability of low-emission fuels and
vehicles.

Ford introduced the Flexible Fuel Vehicle (FFV) technology fueled on methanol or gasoline or any combination of
the two fuels from a single tank. Between 1987 and 1989, Ford produced 217 Crown Victoria FFVs for a demon-
stration fleet.

The Gas Research Institute funded the development of first natural gas heavy-duty engine, Cummins L-10.

The Energy Commission’s ETAP project funded the development of a hybrid electric vehicle. This $404,000
project was undertaken by the Electric Auto Association and Stanford University. A Chevrolet Corsica was
converted to a hybrid EV with a gasoline-powered generator.

Safe School Bus Program provided $100 million in four phases to replace buses built prior to 1977 Federal Motor
Vehicle Safety Standards. A minimum of 35 percent of the vehicles must be powered by nonpetroleum-based
fuels.

Phase 1- Fourteen school districts and consortia received 163 buses (103 advanced diesel, 50 methanol,
10 compressed natural gas). The buses were delivered in 1990.

Phase 2- Forty-seven school districts and consortia received 400 buses (200 advanced diesel, 100 methanol,
100 compressed natural gas). The buses were delivered in 1992-93.

Phase 3 Forty-eight school districts and consortia received 214 buses (107 advanced diesel and 107 CNG). The
buses were delivered in early 1997.

Phase 4 Eighteen school districts and consortia received 49 CNG buses. The buses were delivered in 1999.

GM announced the Variable Fuel Vehicle (VFV) technology fueled on methanol or gasoline or any combination
of the two fuels from a single tank. Chevrolet produced 20 Corsica VFVs for use in the State of California and air
district fleets in demonstration programs.

The 1988 Alternative Motor Fuels Act was enacted by the federal government. It established Corporate Average
Fuel Economy credits for AFVs produced by auto companies.

The Energy Commission established the California Fuel Methanol Reserve.

ARCO, Chevron, Exxon, Mobil, Shell, Texaco and Ultramar, as well as independent fleet operators signed agree-
ments with the Energy Commission to establish M85 fueling stations in California for a ten-year demonstration
program. The Energy Commission signs contracts for 83 M85 facilities.

The Energy Commission funded an ETAP project to develop a medium-duty natural gas engine for United Parcel
Service step-van in a $1.5 million project.

ARCO announced Reformulated Gasolines - EC1, EC Premium and eventually ECX.

Chevrolet delivered the first Lumina VFVs to the Energy Commission. In 1990, 265 of the Lumina VFVs were
delivered to fleets.

Ford agrees to deliver 250, 1991 Taurus Flexible Fuel Vehicles for demonstration in government/private fleets
and 183 Econoline Van FFVs for 1992.

The federal Clean Air Act Amendment (CAAA) was enacted which establishes the California Pilot Program
requiring 150,000 clean fuel vehicles a year for California by 1996, increasing to 300,000 a year by 1999.

The California Air Resources Board Low Emission Vehicle and Clean Fuel Regulations were adopted
September 1990. Required zero emission vehicles (ZEV) to be offered for sale in 1998.
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1991

1992

1993

Chrysler announced production of 2,500 1992 Plymouth Acclaim and Dodge Spirit methanol FFVs.

The Energy Commission’s Electric Vehicle Demonstration Program began in partnership with Pacific Gas and
Electric Company. The three-year project demonstrated three Conceptor G-Van EVs used by the cities of
Oaklandand Santa Rosa for mail delivery and in Yosemite National Park. The Energy Commission contributed
$60,000 and PG&E matched that amount.

The Energy Commission announced the Advanced Technology EV Demo Program . The Energy Commission
contributed $692,000 to these projects:

Four Chrysler TEVans with Nickel-Cadmium or Nickel-Iron batteries.
Seven Ford Ecostar vans with Sodium Sulfur batteries.
Four Solectria Force vehicles with Advanced Lead-Acid batteries.

The Energy Commission co-funded CALSTART to establish an advanced transportation technologies industry
in California. The consortium has more than 80 member companies. A total of $2 million was committed by the
Energy Commission to match $4 million in federal support and more than $20 million in private capital.

The Energy Commission began its Light-Duty Natural Gas Vehicle Demonstration Program with 100 GMC and
Chevrolet 1992 3/4-ton dedicated natural gas pickup trucks. They were placed into service in 10 fleets around
the State.

The Energy Commission project with Vons Companies Inc., Ford, National Renewable Energy Laboratory, SoCal
Gas, and SCAQMD demonstrated a heavy-duty natural gas-powered truck equipped with a Ford LTLA-9000
“Aeromax” tractor with Caterpillar G3406 engine. It was the country’s first long-haul CNG-fueled truck with an
OEM engine.

The Energy Commission Natural Gas Vehicle (NGV) Demonstration Program was cost-shared with utility
companies to purchase 40 vehicles. Vehicles were placed with the City of Ontario—five B-350 Dodge RAM Vans
for a rideshare program, County of Sacramento— five GMC Sierra pickup trucks for County Department of Public
Works, and VPSI Commuter Vanpools — 30 Dodge B-350 RAM Vans for use in Orange County.

The Energy Commission created the Transportation Energy Technologies Advancement Program (TETAP)
which funded research by California companies in the following projects:

$66,666 for medium-duty CNG engines in delivery vehicles.

CALSTART Electric School Bus: $1 million project to retrofit two diesel buses to electricity and build
one “ground-up” bus.

GM Impact PreView Program: $500,000 from the Energy Commission for a program that loaned GM
Impacts to 1,000 drivers around U.S. for two to four weeks.

Cummins Engine: $977,000 project to develop an advanced turbocharger for a diesel engine.

The Energy Commission Diesel Emission Reduction Fund Program funded the following projects through fines
collected from polluting heavy-duty vehicles:

Cal State Fresno: $19,672 to use water injection to reduce diesel exhaust.
Cummins Engine: $480,000 to develope a low-cost diesel particulate trap.

University of California, Riverside, College of Engineering -Center for Environmental Research and Technology
(CE-CERT) Advanced Transportation Research & Testing: Energy Commission contributed $1,400,000 toward
the $125 million research center. The Center focuses primarily on atmospheric processes, vehicle emissions,
environmental modeling, transportation systems, advanced vehicle engineering, renewable fuels, manufacturing
processes and stationary source emissions.
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1994

1995
1996

1997

Alternative Fuel Vehicle Demonstration Program in Yosemite National Park. The Energy Commission awarded
$640,000 for the Yosemite Electric Bus Program in cooperation with the National Park Service, Caltrans, local
transit companies, and Pacific Gas and Electric Company. This funding was used to replace two diesel buses
with electric buses in a three-year demonstration program. Total Cost: $1.47 million ($500,000 from The Energy
Commission).

The Energy Commission TETAP funded the following:
Amerigon - Advanced Heating/Cooling System for EVs - $675,000 project.
APS Systems — Advanced EV Shuttle & Paratransit Buses - $440,000 project.
CALSTART - Hybrid EV/Natural Gas, 40-foot Transit Bus - $1.1 million project.
Pinnacle Research Institute - Ultra-Capacitor for EVs and Hybrids - $690,000 project.

U.S. Electricar - Conversion to electricity of Grumman “Long Life” U.S. Postal Service (USPS) Delivery
Trucks - $855,000 project with six Post Office EVs split between Torrance, California, and USPS
Headquarters in Merrifield, Virginia.

The Energy Commission funded a $600,000 Medium-Duty NGV Program for 54 natural gas vehicles in a
diverse range of uses: package delivery trucks, dump trucks, shuttle buses, “trolley” buses, tow truck
and utility crew trucks. Ten public and private fleets participated.

The Energy Commission funded a demonstration project with several parties for a heavy-duty natural gas truck.
These parties included the Los Angeles Times/Times Mirror Company, the South Coast Air Quality Manage-
ment District (SCAQMD), SoCal Gas, National Renewable Energy Laboratory (NREL) and American Trucking
Association Foundation (ATAF). The project used a Ford LTLA-9000 “Aeromax” tractor using Detroit Diesel
Corporation Series 60-G, 370 horsepower engine.

The Energy Commision funded a demonstration project with Los Angeles County Sanitation District,
SCAQMD, SoCal Gas, NREL and ATAF for a heavy-duty natural gas truck. The truck is a Freightliner tractor
using Detroit Diesel Corporation Series 60-G 370 horsepower engine. The vehicle will be powered by Cleaned
Landfill Gas (CLG).

The Energy Commision funded the following Diesel Emission Reduction Fund projects:
CeraMem Corp., $300,000 project - Exhaust Gas Recirculation and particulate filter.
Southwest Research Institute, $1 million project - Direct and indirect injection systems.
During 1995, the Energy Commission projects listed in 1994 were either implemented and/or completed.

The ARB modified its Zero-Emission Vehicle mandate to allow auto companies to voluntarily introduce
ZEVs from 1998 to 2002. However, the ARB maintained the requirement that in model year 2003, 10 percent of all
vehicles offered for sale by the major auto companies must be ZEVs.

The TETAP funded the following projects:

$174,937 to Catalytica Advanced Technologies to develop a gasoline desulfurizer for fuel cell powered
vehicles.

The Medium and Heavy Duty Alternative Fuel Vehicle Demonstration Program
$246,750 for a 400 hp DDC LNG engine in a class 8 truck.

$90,000 to San Francisco to install Cummins 5.9L CNG engines in 6 street sweepers.
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The Electric Vehicle Infrastructure Demonstration Program

$270,00 in funding for electric vehicle charging equipment and related installation. The SCAQMD also
allocated $250,000 to this program.

The Electric Vehicles Incentive Program

$800,000 was provided for electric vehicle acquisition. The following agencies matched the per vehicle
funding:

- San Luis Obispo County Air Pollution Control District

- Sacramento Metropolitan Air Quality Management District
- Santa Barbara County Air Pollution Control District

- Ventura County Air Pollution Control District

- San Diego County Air Pollution Control District

- Bay Area Air Quality Management District

Medium and Heavy Duty Alternative Fuel Vehicle Incentives

$49,500 for Elk Grove Unified School District to install 225 horsepower CNG John Deere Model HFN 6.8
engines in 1992 Bluebird TC2000 school buses.

$157,500 to United Parcel Service of America, Inc. to repower up to 104 package delivery vehicles to
operate on CNG using GM 4.3 L engines operating with the Baytech CNG link system.

$200,000 to United Parcel Service to assist in funding the conversion of 104 vehicles from diesel to
CNG.

$49,425 to Matheson LNG to convert three heavy-duty class 8 trucks to low-emission LNG diesel dual
fuel.

Alternative Fuel Infrastructure Incentives

$100,000 to Ventura County Air Pollution Control District for a CNG fueling facility in Camarrillo.
$100,000 for a CNG fueling facility at Napa Unified School District.
$56,000 to assist Tehachapi Unified School District in the development of a CNG fueling facility.

$50,000 to assist San Joaquin Valley Unified Air Pollution Control District in the development of a CNG
fueling facility in Fresno.

$40,000 to Tahoe Transportation District for ground support equipment to support a portable CNG
fueling site.

$10,700 to Paradise Unified School District to develop a CNG fueling facility.
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1999

The Electric Vehicle Incentive Program provided the following for EV acquisition:

$125,000 to Sacramento Metropolitan Air Quality Management District.

$400,000 to Bay Area Air Quality Management District.

$50,000 to Ventura County Air Pollution Control District.

$25,000 to San Luis Obispo County Air Pollution Control District.

$145,000 to Ovonics for Nickel Metal Hydride School Bus Demonstration.
The Energy Commission supported the 1998-99 Ethanol Vehicle Challenge.
The Energy Commission contributed $89,000 to the Interstate Clean Transportation Corridor project.
Work In Progress
$400,000 to fund development of small-scale natural gas liquefaction facilities in California.
$40,000 to develop a CNG fueling facility at the state Department of General Services garage in Sacramento.
$400,000 to demonstrate Neighborhood Electric Vehicle concepts in planned communities.
$500,000 to support Alternative Fuel Infrastructure Program.

$500,000 to support contract with Gas Research Institute to develop C8.3G CM566 Natural Gas Engine in
association with Cummins Engine Company, Inc.
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Fleet Options

When determining the type(s) of fuels to use, private vehicle owners and fleet managers should weigh all the factors:
economics, available models, rebates, incentives, refueling, fueling facilities, dedicated vehicle or a bi-fuel vehicle,
operating range, trade-in value, and maintenance.

If you need additional information, contact the following:

California Energy Commission
Transportation Technology & Fuels Office
1516 Ninth Street, MS-41

Sacramento, CA 95814

916-654-4634

California NGV Coalition
925 L Street, Suite 1485
Sacramento, CA 95814
916-448-5036

California Electric Transportation Coalition
925 L Street, Suite 1490

Sacramento, CA 95814

916-552-7077

California Renewable Fuels Council
910 E. Birch Street, Suite 380

Brea, CA 92821

714-990-3333

LPG Clean Fuels Coalition

2102 Business Center Drive, Suite 130
Irvine, CA 92714

949-253-5757

National Alternative Fuels Hotline
P.O.Box 12316

Arlington, VA 22209
800-423-1DOE(1363)

American Methanol Institute

800 Connecticut Avenue, N.W., Suite 620
Washington, DC 20006

202-467-5050
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Chapter 2

Laws, Regulations and Incentives
Applicable to Alternate Fueled Vehicles

Introduction

This chapter discusses current federal, State and local aiFFederal legislation such as the Transportation Equity Act

district laws, regulations and incentives. Also included is for the 2Fcentury (TEA 21) makes funding available for

a description of the U.S. Department of Energy (DOE)  alternative fuel vehicles through the Congestion Mitiga-

Clean Cities Program regarding alternative fueled vehiclestion and Air Quality Improvement (CMAQ) Program and
Clean Fuel Formula Grant Program. These programs can

Federal and State Regulations provide funding to help pay for the incremental costs of
alternative fuel vehicles. The DOE's Clean Cities Program

Federal and State regulations exist to encourage industryprovides a mechanism to expand the use of alternative

to develop and deploy alternative fuel vehicles in Califor- fuels at the local level. This is accomplished through the

nia and/or require the purchase of alternative fuel vehiclesoluntary actions of stakeholders with local decision

The most pertinent federal laws became effective in the making under coordinating efforts provided by DOE.

late 1980s and early 1990s. These include the Alternative

Motor Fuels Act (AMFA) of 1988, the Clean Air Act The California Air Resources Board (ARB) adopted

Amendments (CAAA) of 1990 and the National Energy the LOW'EmiSSion VehiC|e and Clean Fuels (LEV/CF)

Policy Act (EPAct) of 1992. In addition, President Clinton regulationsin 1990 (See Table II-1). In 1998 the ARB

issued an Executive Order in 1993 requiring federal adopted LEV Il , which provides partial credit for hybrid-
agencies to enhance alternative fuel vehicle purchases €lectric, fuel cell, and other near zero emission vehicles
beyond the requirements of EPAct. (See Table II-2).
Table 1I-1
ARB Low Emission Vehicle (LEV 1) Standards for Passenger Cars and Light-Duty Trucks
ALLOWABLE CERTIFICATION EMISSION FOR 50,000 MILES AND 100,000 MILES IN GRAMS PER MILE
NMOG (6{0) NOXx
50,000 100,000 50,000 100,000 50,000 100,000

1993 Standards .25 31 34 4.2 0.4 0.6

TLEV 0.125 31 3.4 4.2 0.4 0.6

LEV 0.075 0.90 34 4.2 0.2 0.3

ULEV 0.040 0.055 1.7 2.1 0.2 0.3

ZEV -- -- -- -- -- --

Note: NMOG = Non-Methane Organic Gases, CO = Carbon Monoxide, NOx = Nitrogen Oxides; TLEV = Transitional Low
Emission Vehicle, LEV = Low Emission Vehicle, ULEV = Ultra-Low Emission Vehicle, ZEV = Zero (tailpipe) Emission Vehicle.
Emissions in grams per mile are allowed to increase as the car ages from 50,000-100,000 miles.
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These regulations encourage industry to develop clean recalculate the fuel economy by dividing this number by
alternative fuels and vehicles. By design, these regula- the fraction of gasoline (0.15) to yield a fuel economy of
tions are fuel neutral but do require oil companies to install00 mpg for CAFE purposes. For bi-fuel or flexible fuel
retail facilities and make alternative fuels available under vehicles, the mpg is calculated as an average of the mpg’s
certain circumstances. In addition, automobile manufac- for the alternative and conventional fuel. For this calcula-
turers are required to offer 10 percent of all new cars for tion, we assume that the vehicle operates on both fuels for
sale as zero emission vehicles in the 2003 model year.  an equal time. However, to avoid abuse of this provision
of the law when no alternative fuel may be available, the
The ARB also administers incentive programs such as theyq¢ places a 1.2-mpg cap on the total CAFE credit
Carl Moyer Clean Engine Incentive Program. This available to manufacturers in any given year. The CAFE
program encourages deployment of alternative fuel credit has encouraged automobile manufacturers to
engines/vehicles based on their low emissions potential. develop and sell AFVs such as bi-fuel vehicles that
Substantial funding is available through local air pollution operate on CNG or LPG, FFVs that operate on ethanol and

control districts and air quality management districts to methanol, and dedicated natural gas cars, light trucks and
pay for the incremental cost of low-emission alternative  gjectric vehicles.

fuel engines, trucks or buses. Local air quality district

programs encourage the development and deployment ofC|ean Air Act Amendments
alternative fuel vehicles and fuel infrastructure for air (CAAA) of 1990

quality purposes.

The CAAA of 1990, Public Law 101-549, amended the

Federal Laws original Clean Air Act passed in 1970. The amendments
include provisions requiring the use of clean fuels in

The Alternative Motor Fuels several metropolitan areas nationwide that are in severe or

Act of 1988 (Act) extreme non-attainment of the national ambient air quality

standards for ozone or carbon monoxide. In contrast to

The Alternative Motor Fuels Act of 1988 (Act), Public Law the EPAct definition of clean fuels as non-petroleum fuels

100-494, encourages the development, production and  that can displace petroleum based fuels, the CAAA
demonstration of alternative motor fuels and alternative d€fines clean fuels to include reformulated gasoline and

fuel vehicles. This law allows Corporate Average Fuel diesel fuel, recognizing that these fuels provide air quality
Economy (CAFE) credits for new vehicles designed to usdenefits. Alternative fuels identified as “clean fuels” in
alternative fuels exclusively or those capable of operatingthe CAAA include methanql (MSS)' ethanol (E8S), other
on conventional and alternative fuel. For dedicated alcohols, natural gas and liquefied petroleum gas (LPG).
alternative fuel vehicles, fuel economy is based on the 1 n€ differences in provisions of EPActand CAAA,
amount of gasoline consumed. Thus, a M85 vehicle geographic areas covered, and vehicle purchase require-

achieving fuel economy of 15 miles per gallon (mpg) wouldMents are summarized in Tables I1-3 through 11-6.

Table 1I-2
ARB Low Emission Vehicle (LEV 2) Standards for Passenger Cars and
Light Trucks Less Than 8,500 Ibs. Gross Vehicle Weight.

ALLOWABLE CERTIFICATION EMISSION FOR 50,000 MILES AND 120,000 MILES IN GRAMS PER MILE
2004 and

Subsequent

Years NMOG CcO NOXx Particulates

50,000 120,000 50,000 120,000 50,000 120,000 50,000 120,000

TLEV 0.125 0.156 34 4.2 0.4 0.6 - 0.04
LEV 0.075 0.090 34 4.2 0.05 0.07 - 0.01
ULEV 0.040 0.055 1.7 2.1 0.05 0.07 -- 0.01
SULEV - 0.010 - 1.0 - 0.02 - 0.01

Notes are same as LEV 1 table except add "SULEV = Super Ultra-Low Emission Vehicle." "ZEV standards not shown."
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Table 11-3

Comparison of the Amended Clean Air Act of 1990 and National Energy Policy Act of 1992

PROVISION

CLEAN AIR ACT
AMENDMENTS OF 1990

NATIONAL ENERGY POLICY
ACT OF 1992

Persons Affected

Public or private fleet owners or operators
with 10 or more vehicles capable of being
centrally fueled.

Note: California fleets are exempt.

"Persons" who own, operate, lease or control at
least 50 vehicles in the U.S. (centrally fueled or
capable of being centrally fueled), primarily
operated in a Consolidated Metropolitan
Statiscal Area (CMSA) with a 1980 population
of 250,000 or more.

Areas Affected

22 metropolitan areas with a 1980
population of 250,000 or more and
designated by the U.S. EPA

as in severe,or extreme non-attainment of
either ambient ozone or carbon monoxide
standards (See Table I-4 pagel6).

Other areas may "opt-in" to the program
per state air quality attainment strategy (no
other areas have done so through mid-
1994).

More than 120 cities with a 1980 population of
250,000 or more ( See Table II-5 page 16 for
California Cities).

Fleet Definition

Ten or more light-duty or heavy-duty
vehicles located in the affected area.

Fleets of 20 or more light-duty vehicles, less
than 8,500 pounds gross vehicle weight
capable of being centrally fueled that are
owned, operated, leased, or controlled by a
govenment entity or by any person who controls
50 or more such vehicles.

Effective Dates

Begins in 1998 (See Table I-6 page 17).

1993 (federal fleets).

1997 (State fleets).

1997("fuel providers").

1999 (municipal/private).

2002 (municipal/private by U.S.DOE rule).
(See Table II-6 page 17).

Purchase Requirements

Clean Fuel Vehicle (CFV) Fleet Program
(See Table -6 page 17).

There are requirements for federal, State, fuel
providers, municipal, and private fleets.
(See Table II-6 page 17).

Fuel Definition

Clean Fuels including:

- Methanol (M85).

- Ethanol (E85).

- Other alcohols.

- Reformulated Gasoline.

- Clean Diesel.

- Natural Gas.

- Liquefied Petroleum Gas.

Alternative Fuels including:

- Methanol.

- Ethanol.

- Other alcohols, separately or in mixtures of
85% by volume or more (but not less than 70%
volume by rule) with gasoline or other fuels.
- Compressed Natural Gas (CNG).

- LPG.

- Hydrogen.

- "Coal-derived liquid fuels."

- Fuels derived from "biological materials."
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Table 11-3 (continued)

Comparison of the Amended Clean Air Act of 1990 and National Energy Policy Act of 1992

(continued)

"Any other power source" able to meet
California vehicle emissions standards.

PROVISION CLEAN AIR ACT NATIONAL ENERGY POLICY
AMENDMENTS OF 1990 ACT OF 1992
Fuel Definition Electricity Electricity

Any other fuel "substantially not petroleum"
yielding "substantial energy security benefits
and substantial environmental benefits.”
Reformulated gasoline may not be used to
meet EPAct requirements.

Initially, all buses in cities with populations
of 750,000 or more would be operated on
"clean fuels" (phased-in starting in 1994).

Urban bus retrofit regulations are effective
beginning in 1995. They require buses to
be retrofitted according to a schedule and
meet stricter emissions standards,
including a minimum reduction in
particulates of 25% either on a per-vehicle
or fleet average basis.

Bus Retrofit Requirements:

Effective in 1995, new emissions
requirements for rebuilt, heavy-duty diesel-
engine urban buses will be applicable to
model year 1993 or earlier.

There is a 0.10 gram/bhp-hr (maximum)
particulate matter (PM) emissions limitin
cities with a population of 750,000 or more.

Credits Provides credits for CFV fleets. (California | Credits earned if AFVs are acquired in excess
fleets are not covered.) Emissions of minimum required or in advance of date of
reduction credits available for CFVs that requirement at the rate of one credit per
are exempt from requirements, purchased vehicle.
in advance or requirement, or purchased in
excess of minimum requirement. Credits earned are transferable from one area

to another.
Credits can be transferred, "banked," or
used to offset new sources within the same
non-attainment area.
Buses Bus Requirements: Bus Demonstrations

Urban Buses:The Department of Transportation
(DOT) and DOE shall initiate cooperative
ventures with local governments with
populations of 100,000 or more to demonstrate
the feasibility of commercializing the use of
alternative fuels.

School Buses: The DOT may provide financial
assistance to local units of government (in
urban areas with populations of 100,000 or
more) to cover the incremental costs of
operating and purchasing buses using
alternative fuels, including vehicle conversions.

Off-Road Engines

The EPA is preparing to propose
regulations to control emissions NO, and
PM from heavy-duty (and other) engines
used in off-road applications, including farm
equipment, marine engines and
locomotives.

The DOE is required to conduct a study to
determine the effectiveness of using alternative
fuels in off-road vehicles in "surface
transportation” such as rail, airport vehicles,
marine engines and others.
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Table 11-3 (continued)

Comparison of the Amended Clean Air Act of 1990 and National Energy Policy Act of 1992

PROVISION

CLEAN AIR ACT
AMENDMENTS OF 1990

NATIONAL ENERGY POLICY
ACT OF 1992

Tax Incentives

No provisions.

Maximum tax deductions are provided as
follows for the incremental costs of AFVs
(including retrofits) and refueling facilities
placed in service after June 30, 1993:

AFVs up to 10,000 Ib. GVW:
up to $2,000

AFVs 10,0001 - 26,000 Ib. GVW:
up to $5,000

Trucks/Vans over 26,000 Ib. GVW:
$50,000

Buses with seating capacity of 20 or more
adults:
$50,000

Electric Vehicles:
10% tax credit up to $4,000/vehicle

AFV Refueling Facility:
$100,000

Biodiesel Study

Study on "alcohol esters of rapeseed oil"

concerning its "feasibility, engine

performance, emissions and production

capability.”

No provisions.

Replacement Fuels

No provisions.

The portion of a motor fuel that is methanol,
ethanol, or other alcohol, CNG, LPG,
hydrogen, coal-derived liquid fuel, fuel "other
than alcohol" derived from "biological
materials," electricity, and ethers.

The DOE may determine by rule that any
other fuel that is "substantially not petroleum"
and yielding "substantial energy security
benefits and substantial environmental
benefits" will qualify as a replacement fuel.

National Petroleum Reduction Targets:

By 2000: 10 percent replacement
By 2010: 30 percent replacement
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Table 1l-4
Areas Covered in Clean Air Amendments of 1990

(Clean-Fuel Vehicle Fleet Program)
California Cities/Regions in Bold

Los Angeles-Anaheim-Riverside, CA
Sacramento, CA
San Diego, CA
San Joaquin Valley, CA
Southeast Desert, CA
Ventura County, CA

Atlanta, GA
Baltimore, MD
Baton Rouge, LA
Beaumont-Port Arthur, TX
Chicago-Gary-Lake County, IL-IN-WI
Denver-Boulder, CO
El Paso, TX
Greater Connecticut, CT
Houston-Galveston-Brazoria, TX
Milwaukee-Racine, WI
New York-Long Island-Northern Jersey, Ny-NJ
Philadelphia-Wilmington-Trenton, PA-DE-MD-NJ
Providence-Pawtuckett-Fall River, RI-MA
Springfield, MA
Washington, DC Area, MD-VA-DC

Table 1I-5
EPAct-Affected Areas in California

Bakersfield Fresno

Los Angeles-Anaheim-Riverside Modesto

Sacramento Salinas-Seaside-Monterey

San Diego San Francisco-Oakland-San José
Santa Barbara-Santa Maria-Lompoc Stockton

Metropolitan Areas of California with a 1980 Population of 250,000 or More
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Table 11-6

Comparison of New AFV Purchase Requirements For Affected Vehicle Fleets

Clean Air National Energy Policy Act of 1992 Y
Act
Year (% of CFVs) Federal State Fuel Provider Municipal Municipal
Percentages (% or # of AFVs) (% of AFVs) (% of AFVs) & Private ¥ | & Private Y
Do Not Early Rule | Late Rule
Apply to (% of AFVs) (% of
California AFVs)
Fleets
1993 5,000/7,500?
1994 7,500/11,250?
1995 10,000/15,0002
1996 25%/17,500? 10%/25%>4 30%"
1997 33%/20,0002 15%/33%34 50%"
1998 30% 50%/30,0002 25%/50%34 70%"
1999 50% 75%/40,000? 50%/75%4 904 20%
2000 70% 75% 75%°34 90% 20%
2001 100% 75% 75% 90% 20%
2002 100% 75% 75% 90% 30% 20%
2003 100% 75% 75% 90% 40% 40%
2004 100% 75% 75% 90% 50% 60%
2005 100% 75% 75% 90% 60% 70%
2006 100% 75% 75% 90% 70% 70%
1) Under the National Energy Policy Act, the U.S. Secretary of Energy has two opportunities to rule on AFV

2)

3)

4)

purchases for private fleets. If a rulemaking is issued by December 16, 1996, then the percentages in the
"early rule" column apply. If a rulemaking is not issued until later (January 1, 2000, deadline), then the
percentages in the "late rule" column apply.

Federal fleet purchases were changed by Executive Order 12844 signed by President Clinton in February
1993. This increases federal purchases (if vehicles are available from auto companies) to 7,500 in 1993;
11,250 in 1994; 15,000 in 1995; 17,500 in 1996; 20,000 in 1997; 30,000 in 1998; and 40,000 in 1999.
Purchase percentages are based on about 50,000 vehicle acquisitions per year and vehicle turn-
over/replacement after five years.

The percentage of AFVs required by the State of California were increased by Executive Order No. W-100-
94, signed by Governor Wilson on August 15, 1994. The Executive Order requires: 25 percent of vehicles
purchased in 1996; 33 percent in 1997; 50 percent in 1998; and 75 percent in 1999 be AFVs (if vehicles
are available from manufacturer and at a reasonable cost). The order also requires that 10 percent,
inclusive, must be Ultra-Low Emission Vehicles or Zero-Emission Vehicles in 1996 and beyond.

(Note: Both the Presidential and Governor's Executive Orders are not fully binding in that vehicle
acquisitions may be based on cost and availability of AFVs, availability of funds, etc.)

In March 1996, the U.S. Department of Energy ruled that states and fuel providers will have an additional
year to begin purchasing AFVs, thus delaying implementation for these two groups until 1997.

17 CHAPTER 2



The National Energy Policy also allow the funding of Public/Private Partnerships as
Act of 1992 (EPACct) well as nonprofit entities. Any entity can control the
project or program and the public agency involved is no

longer required to be the lead entity.
The EPAct, Public Law 102-486, was signed into law on g d 4

October 24, 1992. Several titles are directed at alternative California Regulations
transportation fuels to determine the feasibility of achiev-

ing 10 percent replacement fuels by 2000 and 30 percent |, September 1988, the California Clean Air Act was

by 2010. Under the EPAct, alternative fuels are specificall)éigned into law. The act defined a framework for air quality
defined as those, which are “substantially not petroleum” planning and regulations and created a new basis for
and which yield “substantial energy security benefits andattaining National Ambient Air Quality Standards

substantial environmental benefits.” Important provisions(NAAQS) required under the CAAA and California’s own
include the following: more strict air quality goals. Because of the enormity of its
air pollution problems, California was allowed under the
federal Clean Air Act Amendments of 1990 to continue to
set its own standards for vehicle emissions.

A program to promote the development and use of
replacement (alternative) fuels in light duty vehicles;

Purchase requirements for federal, state, and alternative . . . .

fuel provider fleets beginning in 1993; California Low-Emission Vehicle
and Clean Fuels Regulations

Purchase goals of 75 percent for fuel provider fleets and 90

percent of all new vehicle purchases by the year 2000; In September 1990, the ARB adopted its Low Emission
Vehicles (LEV) and Clean Fuels (CF) regulations. These

Incentives in the form of tax deductions for the incremen- regu|ati0ns app|y to clean conventional and alternative

tal costs of AFVs and the full costs of refueling faCllerS, fuels. The ARB took the unprecedented step of requiring

and a phase-in of the strictest ever motor vehicle emissions
. . . ..., Standards, including the first-ever mandate of Zero
A study to determine the economic and technical feaS|b|I-Emission Vehicles (ZEVS).

ity of replacement fuels to achieve petroleum reduction

goals of 10 and 30 percent, respectively, for the years 200§he ARB set four levels of low-emission vehicle standards
and 2010. and designated them as the following:

Transportation Equity Act for the 21 = + Transitional Low Emission Vehicles (TLEV)

Century (TEA-21) * Low Emission \Vehicles (LEV)

TEA 21 was passed into law June 9, 1998. This compre- o .
hensive transportation bill includes funding through its * Ultra-Low Emission Vehicles (ULEV)

Congestion Mitigation and Air Quality Improvement « Zero Emission Vehicles (ZEV)

Program (CMAQ). This funding is specifically designated

for programs which reduce transportation related emis-  In addition, under the regulations, each manufacturer is
sions in nonattainment and maintenance areas. With required to meet a declining emission standard that is
funding for 1999 and 2000 at over $1 billion per year, mandated for non-methane organic gas (NMOG). The
substantial opportunities exist for an array of funded mandate does not specify the number of vehicles in each
projects, including projects involving the purchase of LEV level category but allows manufacturers to choose
alternative fuel vehicles. Privately owned vehicles and the combinations to achieve the fleet average value each
fleets are eligible for these funds, but these incentives argear until 2003 (See Table 11-7).

limited to the incremental costs of alternatively fueled

vehicles compared to the cost of a gasoline or diesel A protocol for determining the ozone forming potential of
vehicle. Public sector vehicles and fleets as well as trans@asoline and alternative fuels was established. “Reactivity

vehicles and educational entities wanting to use alterna- adjustment factors” (RAFs) developed under the protocol
tive fuels can also apply for these funds. apply to NMOG emissions and effectively convert the

mass based hydrocarbon emission standard before 1992 to
The selection of successful projects and programs fall  an ozone forming potential standard based on the
under a cooperative process involving the State Depart- reactivities of individual hydrocarbon class associated
ment of Transportation (CalTrans), local air quality with each vehicle fuel.
districts and APCDs. New provisions through TEA-21

CHAPTER 2 18



Table II-7
One Possible Low Emission Vehicle Implementation Schedule Under the LEV | Regulation

Model Year ~ Conventional TLEV LEV ULEV Original ZEV New ZEV
Standard Mandate - 9/90 Mandate - 3/96

1993 40%
1994 80% 10%
1995 85% 15%
1996 80% 20%
1997 73% 25% 2%
1998 48% 48% 2% 2% voluntary
1999 23% 73% 2% 2% voluntary
2000 96% 2% 2% voluntary
2001 90% 5% 5% voluntary
2002 85% 10% 5% voluntary
2003 75% 15% 10% 10%

Note: Only the ZEV percentages are mandated. The others are potential percentages that the auto companies can use as goals. The
auto companies must attain an across-the-fleet average NMOG emission level each year--see following figure. Table applicable to
passenger cars and light-duty trucks < 3,750 Ibs. GVW.

In 1998, the ARB amended the LEV regulation. LEV Il, as account full fuel cycle emissions; therefore, low upstream
it is known, establishes the super low emission vehicle emission fuel options can generate additional partial
(SULEV) category, extends fleet average emissions credits.

requirements to the year 2010 and tightens particulate .
standards in the LEV categories. It subjects new sport 1 he Clean Fuel Outlet Provisions of the ARB's Clean

utility vehicles and light trucks to stringent passenger carFUels regulation applies to four alternative fuels. These
standards (See Table I1-8). are methanol, ethanol, propane and natural gas. If manu-

facturers produce 20,000 dedicated vehicles that operate
Other important aspects of these amended regulations on any of these fuels, certified to LEV emission standards
include the reduction of the NGtandard for LEV and or better, this would “trigger” the fuel availability provi-
ULEV categories to 0.05 grams per mile, increased durabil-sions of this regulation. Owners/operators of fuel stations
ity requirements, and lower evaporative emissions for all are subject to these provisions and must site dispensing
classes of vehicles. Also, the fleet average NMOG equipment and make the alternative fuel available for sale
emission standard is extended to 2010 while declining to at retail facilities. The regulation makes allowances for
0.035 grams per mile, a level which will require manufacturexisting alternative fuel sites that meet certain “amenity”
ers to produce ULEV, SULEV and lower emission vehicles requirements of the regulation and adjusts the number of
to comply. Partial ZEV credits are established under LEV Irequired retail sites downward based on the number of
as well. These new provisions allow manufacturers to  vehicles using private fueling facilities. FFVs and bi-fuel
substitute low emission and/or alternative fuel technolo- vehicles do not count towards the 20,000 vehicle trigger
gies for electric vehicles up to 60 percent of their ZEV unless they have been emissions certified to a lower LEV
commitment in 2003 (See Table 1I-9). This provisionwill ~ standard on the alternative fuel when compared to the
encourage hybrid vehicles, alternative fuels, and ad- certification level on gasoline. Once any one alternative
vanced technology vehicles such as fuel cells. A metha-fuel becomes available at 10 percent of the retail gasoline
nol fuel cell vehicle could be eligible to earn between 0.8 outlets in California, these provisions of the regulation
and 1.0 EV credit under the rule while a gasoline SULEV have served their purpose and no longer apply.
would earn only 0.2 ZEV credit. The credit takes into
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Table 11-8

One Possible Low Emission Vehicle Implementation Schedule Under the LEV Il Regulation

2004
2005
2006
2007
2008
2009
2010

Model Year Conventional

Standard
0

0
0
0
0
0
0

TLEV

2%
2%
2%
1%
1%
1%
1%

LEV

48%
40%
35%
30%
25%
20%
15%

ULEV

35%
38%
41%
44%
44%
49%
49%

New ZEV
Mandate - 3/96
SULEV ZEV
5% 10%
10% 10%
12% 10%
15% 10%
20% 10%
20% 10%
25% 10%

Table applies to passenger cars and light-duty trucks < 3,750 Ibs. GVW.

Table 11-9

Fleet Average NMOG Exhaust Mass Emission Requirements for Passenger Cars and Light-Duty Trucks

(50,000 mile durability Vehicle Basis)

Fleet Average NMOG (grms per mile)

Model Year LEV I LEV I
1994 0.250 -
1995 0.231 -
1996 0.225 -
1997 0.202 -
1998 0.157 -
1999 0.113 -
2000 0.073 -
2001 0.070 -
2002 0.068 -
2003 0.062 -
2004 - 0.053
2005 - 0.049
2006 - 0.046
2007 - 0.043
2008 - 0.040
2009 - 0.038
2010 -- 0.035

Note: Includes passenger cars and light-duty trucks up to 5750 Ibs. GVW. Each manufacturer must achieve the NMOG values shown for
the mix of models sold each year.
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Zero Emission Vehicle Mandate The BAAQMD administers the Transportation Fund for
Clean Air (TFCA). Grantfunding is available to public
California’s Zero Emission Vehicle mandate was instituted agencies for several types of eligible transportation and
under the Low Emission Vehicle regulation in 1990. It motor vehicle related projects. Public agencies may
requires vehicle manufactures to phase in electric vehiclegeceive grant funding to help fund the purchase of clean
into new cars for sale in California beginning in 1998. In  fuel school and transit buses. These agencies include
1996, the ARB revised the schedule for electric vehicle cities, counties, school and transit districts, regional
phase-in based on delayed availability of advanced agencies and other public entities. Funding may also be
batteries not foreseen in 1990. Under the revised schedud&ailable for other demonstrations of alternative fuel
of 1996, manufacturers are still required to produce for saleehicles such as passenger cars, pick-up trucks, street
10 percent of their new passenger cars and light trucks sweepers, refuse haulers and parking enforcement
(LDT1) as electric vehicles in the 2003 model yearand  vehicles.
beyond. The ARB and manufacturers entered into a
Memorandum of Agreement (MOA) to ensure progress inThe BAAQMD also administers an incentive program co-
developing EVs and to establish a EV demonstration ~ funded with the California Energy Commission that
program for model years 1998 through 2002. provides a $5,000 incentive per qualifying electric vehicle.

Under the MOA, manufacturers agree to produce and  Imperial County

demonstrate a total of 4,107 vehicles for these model Air Pollution Control District

years. Vehicles which demonstrate advanced batteries

with higher specific energy will gain multiple ZEV credits. The Imperial County APCD is in the process of construct-
In addition, should manufacturers choose to introduce ing a fast-fill facility natural gas facility for public use at
ZEVs with 100 miles range or batteries with specific energyrairfield and Commercial Streets in El Centro. The

equal to or exceeding 50 w-hr/kg, then multiple ZEV creditsSouthern California Gas Company will be the billing

will be granted. Those vehicles achieving the highest  agency for this project and may be contacted to request
range (150 miles) or battery specific energy equalto or  fuel access and cards. The facility is expected to be
greater than 90 w-hrs/kg combined with the early introducoperational by late 1999.

tion will earn 3 ZEV credits towards their MOA commit-

ment. The Imperial County APCD has funds available to pay
fleet incremental costs towards the purchase of natural
Local Air District Programs gas vehicles.

Mojave Desert Air Quality
Management District

Currently, 35 local air quality districts can pass and !
enforce local air quality ordinances or regulations that will |3

affect fleets, businesses and individuals. On the next fe (MDAQMD)
pages, there is a summation of regulations and incentives
for a number of districts. The Mojave Desert Air Quality Management District has a
S competitive grant program aimed toward reducing
Bay Area Air Quality emissions for mobile sources. This program, the Mobile
Management District Source Emission Reductions Competitive Bidding
(BAAQMD) Program, awards funds to organizations capable of

effectively reducing mobile source emissions. Public and
The BAAQMD requires large companies to develop a trip-Private entities may submit proposals as sole or joint
reduction program or an Alternative Emission Reduction applicants.
Program (AERP), which is updated every two years. The
AERP can include clean fuel vehicles in employer fleets
(either new or retrofit) or clean fuel buses (transit buses,
school buses or shuttles). The employer must demon-
strate, however, that the clean fuel vehicles are not being
used by the vehicle manufacturer to fulfill the state
LEV/ZEV requirements or by the employer to comply with
any clean fuel vehicle fleet rule (such as under the
National Energy Policy Act).

The Competitive Bidding Program normally operates on a
two-year cycle, with approximately $500,000 available for
projects in each cycle. First, the MDAQMD releases a
request for proposals (RFP). Once proposals are received,
the Mobile Source Emission Reductions Committee
established by the MDAQMD Governing Board reviews
them. The Committee then makes project funding recom-
mendations to the Governing Board, and the Board makes
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final funding decisions. The next regular RFP is schedule8. On-Road Heavy-Duty Vehicle Incentive Program -
for release in early 2000. For more information regarding SMAQMD has incentives up to $200,000 per entity for

the competitive bidding process or to receive a copy of purchase, retrofit or repowering of a vehicle with a

the most recent RFP, please contact the MDAQMD at engine that has reduced emissions, including on-road

(760) 245-1661, extension 5597. certified diesel engines. Eligible on-road heavy-duty
vehicles have a gross vehicle weight of 14,000 pounds

Northern Sonoma County or greater. The incentive is calculated on horsepower

Air Pollution Control District and emission reduction potential. This program is

available to any owner and/or operator of on-road
equipment located in the Sacramento Federal Non-
Attainment Area, which includes all of Sacramento and
Yolo Counties, and parts of El Dorado, Placer, Solano
and Sutter Counties.

The Northern Sonoma County Air Pollution Control

District (District) releases Request for Proposals (RFP)
once a year for projects to reduce motor vehicle emissions
within their district boundaries. The funding for these
projects is from motor vehicle registration fees. To apply
for these funds contact the District at 150 Matheson )
Street, Healdsburg, CA 95448-4908 and request to be T San Diego County

placed on the “VPMP RFP” mailing list. ‘W Air Pollution Control District

. sminsommomes (APCD)
srormenio memorouan Sacramento Metropolitan e

Air Quality Management The San Diego APCD continues to offset new and
Q‘Nﬁﬁgﬁ,ﬂl District (SMAQMD) increased emissions from stationary sources with emission
) ) ) reductions from mobile sources. Because of declining
SMAQMD has several incentive programs available, manysential for offsets from the region’s stationary sources,
of which have a continuous filing policy for unique and/or ine APCD Board recognized that there was a substantial
innovative alternative fuel and reduced emission projects yemand for cost-effective credits from mobile sources.
Projects are reviewed by the District as they are received,otor vehicles contribute more than 60 percent of the

There is no formal application. Contactthe SMAQMD  gqg-forming emissions in the San Diego air basin, while
Mobile Source Division at (916) 874-4800 for information. industry contributes less than 15 percent.

1. Alternative Fuel Incentive Matrix - SMAQMD has Rule 27 allows emission reduction credits from motor
continuous filings for incentives ranging from $200 to  epjcles to be registered as “credits” in a District “Bank.”
$5,000 for light and medium-duty vehicles, including  |hqystry can withdraw or purchase these credits later to

motorcycles that use alternative fuels and are certified o6t State and federal Clean Air Act offset requirements.
as low emission vehicles. The qualifying vehicles must

be registered by the Department of Motor Vehicles for The rule specifies five ways mobile source emission
on-street use and be operated in Sacramento County atedits can be created, including:
least 75 percent of the time.

* Accelerating vehicle retirement (scrapping program)
2. Off-Road Motor Vehicle Incentive Program - SMAQMD

has incentives ranging from $1,000 to $14,000 per piece,
for self-propelled agricultural, construction and mining
equipment that is repowered or retrofit with an engine
that has reduced emissions, including on-road Certified.
diesel engines. The incentive is calculated based upon
horsepower and emission reduction. This program is
available to any owner and/or operator of off-road ¢ Retrofitting cars, and light- and medium-duty trucks to
equipment located in the Sacramento Federal Non- meet low-emission standards

Attainment Area, which includes all of Sacramento and

Yolo Counties, and parts of El Dorado, Placer, Solano * Retrofitting heavy-duty vehicles to meet low-emission
and Sutter Counties. standards

Purchasing low-emission transit buses (primarily
compressed natural gas)

Purchasing zero emission vehicles
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The rule also provides for other innovative technologies Technology Advancement mailing list or to receive
that create valid mobile source emission reductions. proposal guidelines, contact Michelle White at (909) 396-

) ) 3259 or < mwhite@agmd.gov>.
The APCD currently has a program with a private contrac-

tor to purchase and scrap 4,000 pre-1982 vehicles. As of The Air Quality Investment Program (AQIP) allows
December 1998, the program was roughly 75 percent employers subject to Rule 2202 in the South Coast Air
completed and should be completed in late 1999. Rule 27Basin to invest annually in a special restricted fund rather
provides a mechanism to continue the program under  than falling under Rule 2202 requirements. The purpose of

private funding. the AQIP is to reduce emissions equivalent to those which
the employer would have to meet under Rule 2202.
™~ San Joaquin Valley Air Funding amount is based upon the total number of
/\/hx Pollution Control District employers that choose to pay into the program and varies
(SJVAPCD) from year to year. An average over the past three years is

$2,450,000 a year. For more information regarding the
The San Joaquin Valley Air Pollution Control Districtis ~ AQIP, contact Connie Day at (909) 396-3055 or
comprised of the counties of San Joaquin, Stanislaus, <cday@agmd.gov>.
Merced, Fresno, Kings, Tulare and the valley portion of
Kern. The SIVAPCD currently offers two programs for
which AFVs may qualify.

The Mobile Source Air Pollution Reduction Review
Committee (MSRC) develops an annual work program to
fund projects to reduce mobile source emissions. The
The REMOVE Program (Reduced Motor Vehicle Emis- program currently includes a buydown for ZEV/ULEV/LEV
sions) allocates funds for projects that will reduce motor dedicated alternative fuel vehicles, ranging from $1,000 to
vehicle emissions within the SIVAPCD through a competi-$5,000. A program is also in place to provide incentives
tive request for proposal (RFP) process. This program for the purchase of natural gas school buses.

provides funding on an annual basis and has funded over

200 projects since 1992. Applicants can apply to receive N addition, a heavy-duty vehicle incentive programis
part of the incremental cost of converting their vehicles toPrOP0sed for the 1999-2000 fiscal year for full-size transit

an alternative fuel. Only vehicles under 14,000 gross ~ Puses and other heavy-duty vehicles over 14,000 GVW.
vehicle weight (GVW) qualify for funding. The program For more information, contact Ray Gorski at (909) 396-2479

does not currently provide funding for fueling infrastruc- ©F <rgorsaki@agmd.gov>.
ture or bi-fuel conversions. For further information, Fed | & State | ti
contact John Villeneuve at (559) 230-5800. edera ate Incentives

o for Alternative Fuel Vehicles
The SIJVAPCD also provides incentives toward the

differential cost associated with low-emission technology Most alternative fuel vehicles Current'y cost more than
in the Heavy-Duty Motor Vehicle Incentive Program. conventional gasoline fueled vehicles because of the
Funds are available for all eligible new OEM heavy-duty  |imited number of vehicles manufactured and because of
engines, engine replacements and/or retrofits on a first - the additional components that must be added (such as
come, first serve basis. Only vehicles over 14,000 GVW  storage cylinders or extra fuel tanks). The costs for AFVs
qualify for this funding. This program has both on-road  should drop as economies of scale are achieved with
and non-road vehicle components. For more information, higher production levels. To offset the current differential
contact Jeff Findley at (559) 230-5800. or incremental cost of equipping vehicles to run on

. . alternative fuels, various government agencies and some
South Coast A”’_ an“ty utility companies offer taxgcredits or de(?uctions and
Management District incentives to the purchasers.
(SCAQMD)

Federal Tax Credits and Deductions
The South Coast Air Quality Management District has a
number of programs to Support devek)pment, demonstra_The EPAct allows a tax credit of 10 percent of the cost of
tion and commercialization of clean alternative fuel vehicle€lectric vehicles. The credit is based on the purchase
technology. The Clean Fuels Program within the Technol-Price of the vehicle and may not exceed $4,000. The credit

ogy Advancement Office, co-funds development and is available to vehicles placed into service after June 30,
demonstration of low emission, alternative fuel vehicle ~ 1993, and before January 1, 2005. The federal tax creditis

technology. Specific technology RFPs are issued, and ~ reduced by 1/4in 2002, to a maximum of $3,000; 1/2in 2003,
unsolicited proposals are accepted. To be placed on the t0 @ maximum of $2,000; and 3/4 in 2004, to a maximum of
$1,000. It expires after 2004.
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The EPAct also allows for a maximum of up to $2,000 as a fuel vehicles. Call the Transportation Technology and
federal tax deduction for clean-fuel vehicles that use cleariuels Office at (916) 654-4634.
fuels such as ethanol, methanol, natural gas or propane N o _ _ _
(liquefied petroleum gas or LPG). The federal tax deductiohn addition tq the C_omm|SS|on’s incentives for alternat|ve_
is based on the incremental cost of equipping the vehiclefuel and vehicles, investor-owned natural gas and electric
to use the clean fuel, the amount above the price of a utility companies have offered incentives that may be
conventional gasoline-only fueled vehicle. The federal ~ réduced in the future. Recent decisions by the California
deduction is available for vehicles placed into service aftePublic Utilities Commission on how much can be spent by
June 30, 1993, and before January 1, 2005. the utilities and the “down-sizing” and “restructuring” of
utility companies mean that less ratepayer money may be

* A $5,000 tax deduction is available for alternatively- ~ used toward AFV incentives and rebate programs.

fueled trucks/vans weighing between 10,000 and 26,00

pounds %ontact your local air quality district and utility company

for information about incentives. Phone numbers for the
* A $50,000 tax deduction is available for alternatively- major air quality districts are listed on the map on page 27.

fueled trucks/vans weighing more than 26,000 pounds ‘s
or for buses that can seat at least 20 passengers. @ Clean Cities Program
c€an = of the U.S. Department

of Energy

¢ The deduction is available for vehicles placed into Cities
service after June 30, 1993, and before January 1, 2005.

¢ Atax deduction of up to $100,000 can be claimed for The Clean Cities P.rograr.n is_a Iocally—based government/

. . . . - industry partnership, which is coordinated by DOE to
clean fl.m r_efuellr_1g sites (mpludmg eleqtr|C|ty). T_he tax expand the use of alternatives to gasoline and diesel fuel.
deduction is available on sites placed into service afterBy combining local decision-making with the voluntary
June 30, 1993, and before January 1, 2005. action of stakeholders, the grass-roots approach of Clean

Cities departs from traditional top-down federal programs.
At the local level, the goal of the plan is to establish a
sustainable, nationwide alternative fuels market.

For information on the federal tax credits or deductions,
contact your local Internal Revenue Service Office.

Additional Incentives for AFVs Market-Based Solution

The ARB administers the Carl Moyer Clean Engine
Incentive Program, which will reduce oxides of nitrogen
(NO,) emissions from heavy-duty engines. This Program - o -~ ;
provides funds to pay for the incremental cost of cleaner altgrnatlve fuels markets, prOV|d|.ng partlc!pants with .
on-road, off road, marine, locomotive and stationary options tq address problemg unigue to cities and fostering
agricultural pump engines, as well as forklifts and airport partnerships as the meg:_hamsm to overcome these )
ground support equipment. Both natural gas and metha_problems.. The Clean Cities Program quks directly with

nol heavy-duty engines have been certified to low NO local busm.esses and governm.en.ts, guiding ther_n through
emission standards and will be eligible for the funding each step in the process of building the foundation for a

through participating air pollution control and air quality \{lbrant_logal organlzatlc_)n, mcIudlng goal-setting, coali-
management districts. For State fiscal year 1999/2000, tlon-bqlldlng and securing commltments. The current and
there is $25 million in funding available. This program potential members.of the CI(_aan C't'?s network also help
tackles the difficult problem of N@missions from heavy- each other ,by sharing Iogal Innovations mayor-to-mayqr,
duty vehicles, which contribute about 40 percent of all by addressing and relaying obstacles they encounter in

NO_ emissions from mobile sources throughout the state.Pursuing alternative fuels programs, and by exchanging
X

The Carl Moyer Program encourages emissions reductiorfg)s and don'ts among themselves based on experiences

beyond those called for under current laws and regula- In thgse prog.rams. Thus, the Clean C't'?s Program Ca'f‘
tions, and thus the Program accelerates progress to redlﬁ%‘,t'nua”y pioneer innovations and aspire to make strides
air emissions and help the State meet federally mandatednationally as well as locally.

National Ambient Air Quality Standards under the CAAA.

The Clean Cities Program thrives on strong local initiative
and a flexible approach to the challenge of building

Check with the California Energy Commission for any
additional incentives that may be offered for alternative
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* The Clean Cities Guide to Alternative Fuel Vehicle
Incentives and Lawgunding resource guide). Up-to-
date information on how and where stakeholders can
find funding for AFV-related programs, contacts at
AFV companies, in government and in other Clean
Cities coalitions, plus additional useful information.

Department of Energy’s Clean
Cities Program Provides Access To:

New Markets: Alternative fuels and alternative fuel
vehicles (AFVs) can benefit both the local and national
economy by creating new jobs and commercial opportuni-
ties. Such activities as AFV conversions, new technology
development, greater use of domestically produced fuels ®
and feedstock all generate business growth and new profit
opportunities. From Clean Cities springs new demand for
AFV products as program stakeholders pledge to make
AFV acquisitions through the year 2005. The Clean Cities
Program is working to transform these pledges into firm ¢
vehicle purchase or conversion orders while challenging
manufacturers to develop product lines that meet the
varied needs of the market.

The Road to Clean CitieStep-by-step instructions on
how to become a Clean City, including outlines for
developing a program plan and drafting a memorandum
of understanding among participants.

Clean Cities Troubleshooting GuideHelpful
suggestions on solving the challenges Clean Cities
organizations may face after establishment.

* The Clean Cities DriveTrhe program'’s official
guarterly newsletter, providing news on developments
across the growing Clean Cities network.

PartnershipsThe Clean Cities Program unites public

and private sector entities whose common goal is to build
the alternative fuels market. Such cooperation has allowed
localities to choose the alternative fuels that best serve o
their communities based on fuel availability, fuel perfor-
mance, emissions reductions and economic factors. The
partnerships fostered through the Clean Cities Program Additional information on alternative fuels and vehicles,
also have led to the expansion of the refueling infrastruc- refueling infrastructure, legislation, and other DOE

ture, as fuel suppliers commit to providing the facilities, ~Programs can be obtained by accessing DOE's web site at

the fuel and the service crucial to further growth of the ~ <www.ccities.doe.gov> or by calling DOE's National
AFV market. Alternative Fuels Hotline at 800-423-1DOE(1363).

Clean Cities Game PlanStrategic Plan for the Clean
Cities Program.

Support: The Clean Cities Program provides the platform Clean Cities AccomplishmentS
from which stakeholders can address larger goals. The

DOE helps organize and manage the program, but local

As of November 1999, the program had created partner-

Clean Cities coalitions provide the momentum necessary ships in 77 communities throughout the country and is

to sustain productive programs. For example, program
members are encouraged to pursue the clean corridor
concept in which the Clean Cities Program establishes
links to create regional alternative fuels infrastructures.

still gaining momentum. These Clean Cities Program
feature over 30,000 operational AFVs in reducing oil
consumption and tailpipe emissions. The 1,500 plus
stakeholder organizations are committed to significant

The Clean Cities Program also serves as a vehicle for theincreases in AFV acquisitions and infrastructure invest-
DOE to provide local assistance to federal, state and fuel ment over the next five years.

supplier fleets required by law to make AFV acquisitions
or conversions.

Resources: DOE's Clean Cities Hotline at 1-800-CCITIES

How To Join Clean Cities

The following required steps lead +to a Clean Cities

has experts to answer any questions you have about thejesignation:

program. Their e-mail address is <ccities@nrel.gov>.

DOE also has appointed Clean Cities program managers at Appoint Clean Cities Coordinator

each of its six Regional Support Offices to assist local
alternative fuels market development efforts. In addition,

¢ Hold Stakeholder Meetings

the Clean Cities Program offers a wealth of printed material

to help parties build and sustain effective coalitions,
including:

¢ Partnerships for a Strong Econorfiyrochure).

¢ Develop a Program Plan
¢ Execute Memorandum of Understanding

* Receive Clean Cities Designation
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How to Get More Information

To speak with someone about the Clean Cities Program or to receive any of the above publications, access their web site

at <www.ccities.doe.gov>, contact the Clean Cities Hotline at 1-800-CCITIES (800-224-8437) or write:

List of Clean Cities

U.S. Energy Department
Clean Cities Program, EE-34
1000 Independence Ave. S.W.
Washington, DC 20585-0121

As of January 1999 (The dates reflect when the cities were awarded the Clean Cities designation).

Abuquerque, NM — (6/1/94)
Albany, NY — (4/26/99)

Atlanta, GA — (9/8/93)

Ann Arbor, Ml — (4/19/99)

Austin, TX —(4/18/94)

Baltimore, MD — (10/7/94)

Boston, MA — (3/18/94)

Capitol Cities of Connecticut, CT —
(6/21/99)

Central Arkansas, AR — (10/25/95)
Central Indiana, IN — (3/4/99)
Central New York, NY — (6/15/95)
Central Oklahoma, OK — (5/29/96)
Chicago, IL — (5/13/94)

Cincinatti, OH — (1/29/97)
Cleveland, OH —(9/14/99)
Coachella Valley, CA — (4/22/96)
Colorado Springs, CO —(7/13/94)
Corpus Christi, TX — (3/30/98)
Dallas/Ft. Worth, TX — 7/25/95)
State of Delaware, DE — (10/12/93)
Denver, CO —(9/13/93)

Detroit, Ml/Toronto, ON — (12/18/96)
East Bay (Oakland), CA —(10/21/94)

Evansville, IN — (1/20/97)
Florida Gold Coast, FL — (5/3/94)
Florida Space Coast, FL —(10/1/99)

Hampton Roads, VA — (10/4/96)
Honolulu, HI - (8/29/95)

Kansas City Regional, MO/KS —
(11/18/98)

Houston, TX —(9/4/97)

Kansas, SW Area, KS — (3/30/95)
Lancaster, CA—(9/22/94)

Las Vegas, NV —(10/18/93)

Long Beach, CA—(8/31/94)
Long Island, NY —(10/18/96)

Los Angeles, CA —(3/22/96)
Louisville, KY — (10/18/94)
Manhattan Area, KS — (10/4/99)
Maricopa Association of
Governments, AZ — (10/8/97)
Missoula, MT — (9/21/95)

New Haven, CT — (10/5/95)

New London, CT —(11/22/94)
Norwalk, CT — (11/21/94)
Norwich, CT —(11/22/94)

North New Jersey, NJ — (10/31/97)
Omaha, NE —(9/18/98)

Paso Del Norte, TX —(11/17/95)
Peoria, IL - (11/22/94)
Philadelphia, PA —(9/22/93)
Pittsburgh, PA — (12/5/95)
Portland, ME — (9/4/97)

Genesee Region, Rochester, NY —Portland, OR — (11/10/94)

(5/28/98)

Providence, RI —(9/14/98)

Puget Sound, WA — (8/13/98)
Red River Valley, Grand Forks,

ND —(8/10/98)

Riverside, CA —(10/24/97)

Rogue Valley, OR —(11/10/94)
Sacramento, CA —(10/21/94)

Salt Lake City, UT — (10/3/94)

San Antonio, TX —(11/10/99)

San Diego, CA —(12/12/96)

San Francisco, CA —(10/21/94)
San Joaquin Valley, CA — (10/21/94)
San Jose (South Bay), CA —
(10/21/94)

South Shore, IN — (6/15/99)
Southern California Association of
Governments, CA —(3/1/96)

St. Louis, MO —(11/18/94)

State of West Virginia, WV —
(10/18/94)

Tucson, AZ —(8/24/99)

Tulsa, OK —(9/22/97)

Washington, DC —(10/21/93)
Waterbury, CT - (11/21/94)
Weld/Larimer/Rocky Mountain
National Park, CO — (5/21/96)
Western New York, NY — (11/4/94)
Wisconsin, Southeast Area, WI —
(6/30/94)

White Plains, NY — (10/4/94)
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Figure II-1
Multi-County and Major Air Quality Management and Air Pollution Control Districts in California
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Public Information Contacts
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Bay Area AQMD, 415-771-6000 - Terry Lee
(Director of Public Information)

Great Basin APCD, 760-872-8211 -

Ellen Hardebeck (APC Officer)

Monterey Bay Unified APCD, 831-647-9411
Douglas Quentin (APC Officer)

North Coast Unified AQMD, 707-443-3093 -
Wayne Morgan (APC Officer)

Northern Sierra APCD, 530-274-9360 -

Rod Hill (APC Officer)

Sacramento Metropolitan AQMD,
916-874-4800 - Kerry Shearer

(Information Specialist)

San Diego APCD, 858-694-8956 -

Chuck Spagnola (Transportation Specialist)
San Joaquin Valley APCD, 559-230-6000 -
Josette Bello (Public Info & Education Officer)
South Coast AQMD, 909-396-3240 -

Tom Eichorn (Public Info Officer)

10 Yolo-Solano AQMD, 530-757-3650 -
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Chapter 3

Electric Vehicles

Introduction

This chapter discusses electric vehicle history, technologyehicles, or ZEVs, starting with 2 percent in 1998 and
and purchase/leasing options. Also included are electricincreasing to 10 percent in 2003. This ZEV requirement
vehicle charging options, environmental, health and safetfpr 1998 to 2002 was modified in March 1996, but the

aspects, and future potential. 10 percent requirement for 2003 remained. This modifica-
tion also included a requirement that automakers enter into

History of Electric Vehicles a Memorandum of Agreement (MOA) to:

According to theGreen Car Guidgthe first electric car ¢ Offset the emission benefits lost due to eliminating the

was built by Professor Stratingh in the Dutch town of 1998-2002 model year ramp up of ZEVs through

Gréningen in 1835. However, the electric car became a participation in a national low-emission vehicle

viable transportation option when Gaston Plante invented program,

(1865) and Camille Faure improved (1881) the electric

storage battery. In 1899, a unique streamlined racing car ® Continue to invest in ZEV and battery research by
named “La Jamais Contente” brought the potential of the  demonstrating the most advanced battery technologies
electric car to the world’s attention by setting a record and that are available,

going faster than 62 mph (100 kph).
e Offer ZEVs to consumers based on market demand, and

Although electric cars essentially disappeared from use on

roads, electric vehicles have been in continual use since ® Demonstrate the production capability for quantities
the early 1900s in various applications. They have been at necessary to meet greater market demand if necessary.
work in industrial plants where internal combustion engine

exhaust could endanger worker health, on golf courses Because advanced ZEV battery technology was not
where their quiet operation adds to the relaxing environ- Progressing as anticipated, the modification gave

ment, on work sites to ferry employees between buildings@utomakers more time to meet their targets. To show a
and on college campuses. good faith effort to achieving the 2003 requirement, major

automobile manufacturers began to introduce electric cars.
In recent years, electric vehicles have become an impor-
tant element of the State’s clean air strategy, especially Advances in battery technology, system integration,
given the increasing number of vehicles with internal aerodynamics, and materials as well as commitments by
combustion engines. Since control devices themselves major vehicle manufacturers are making electric vehicles
are not enough to control air pollution, the ARB deter- ~ more practical for California roads. In addition, these

mined that California needs zero emission vehicles to helpadvances have expanded the role electric vehicles play in
offset these emissions. off-road vehicles. Electric vehicles can be found at

airports moving luggage, people and planes. Law
In 1990, the ARB adopted the Low-Emission Vehicle and enforcement is using electric bicycles to expand the range
Clean Fuels Program. This program required that a without tiring the rider and to allow quiet approach, and
percentage of vehicles sold in California be Zero-Emissiorcities are bringing back electric transit buses and trolleys.
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In 1995, the Electric Vehicle Association of the Americas voltage system. Electric vehicles can have quicker
estimated a total of 587 highway-operable electric vehiclesacceleration because electric motors produce maximum

in California (excluding limited function vehicles such as torque at lower speeds than internal combustion engines.
neighborhood electric vehicles and trolleys). In 1999, the

estimate rose to more than 2,000 EVs in operation. The Like gasoline vehicles, electric vehicles have a high-
Energy Commission continually updates the information Voltage as well as a low-voltage wiring system. The high-
to reflect the new electric cars being offered by automobil¥oltage system provides energy to the motor and, in some

manufacturers. automobile manufacturer’s vehicles, to power heating and
cooling systems, steering pumps, and some sensors.
Electric Vehicle Technology High-voltage systems range up to 360 volts DC and

higher. These high-voltage wires are colored orange in an
This section describes electric vehicle technology and ~ EV. Major automobile manufacturers use isolated electric
compares it with the internal combustion engine vehicle. busses for both the positive and negative sides of the

high-voltage system. This approach prevents electrical
An EV is propelled by an electric motor and an electronic current from passing through the frame or chassis to
control module. The electronic control module takes its  prevent shock. In addition, the major automobile manufac-
signal from the accelerator pedal and regulates the amounmirers have included automatic high-voltage system
of current and voltage the electric motor receives from thedisconnects as a primary safety feature. These discon-
batteries. The electric energy to the motor causes the  nects include a combination of ground fault monitoring, an
torque to turn the wheels of the car. inertia switch, and/or a pilot circuit. This redundancy
adds safety. Manual disconnects are also included to
‘uncouple the high-voltage wiring system from the battery
pack.

The two major types of electric drive systems are alternat
ing current (AC) and direct current (DC). AC motors
typically are more efficient over a large operational range,
but the complicated electronics make the controllers moreAs far as fuel efficiency, EVs are similar to internal
expensive. DC motors typically require a less complicatedcombustion engine vehicles. To compare efficiency
controller system and are less expensive, but they tend tgetween EVs and internal combustion engine vehicles, the
be larger and heavier than AC motors. Both technologiesentire fuel cycle must be considered. Thus, energy used
are used in today’s electric vehicles. to extract, produce, and transport gasoline to the pump

. _ ) _ and the electricity to the plug is added to the energy used
Most electric vehicles employ regenerative braking, by the vehicle. These calculations estimate that EVs are
slowing the vehicle by capturing kinetic energy and about zero to 25 percent more efficient than gasoline

channeling it to the battery pack. Basically, the process Qfgpicles, and 10 to 30 percent less efficient than diesel
drawing the current from the battery system to the motor | hicles

that turns the wheels is reversed. During braking, the

electronic control module converts the motor to a genera-Just taking the vehicle efficiency into account, an EV uses

tor. The momentum stored in the moving vehicle creates &6 percent of the electricity delivered to the charger for

current that is directed back to the battery system where forward movement. An internal combustion engine

is stored for future use. Because of friction losses and  vehicle uses approximately 22 to 33 percent of the

electrical losses, approximately 60-65 percent of the gasoline’s energy at the pump for forward movement.

regenerated energy is available for use. However, this

energy can still extend an EVs driving range 5-10 percent.Battery management systems monitor the operating

For most stops, the friction brakes are not used until the condition of the battery pack and are crucial to their

very last part of stopping, due to the regenerative brakesOptimum performance. Battery management systems
monitor parameters such as cell voltage, current and

The electric vehicles from the major automotive manufac- temperature to control the battery’s charge/discharge

turers have many of the safety features found in internal cycles, and preserve battery cycle life.

combustion engine vehicles such as air bags, power

steering and antilock braking systems. Many of the With respect to battery technology and management

manufacturing materials used are the same. The primary Systems, the U.S. DOE formed a partnership with Chrysler,

difference between an electric vehicle and an internal ~ Ford, General Motors and the Electric Power Research

combustion engine vehicle is an electric motor instead of Institute to form the U.S. Advanced Battery Consortium.

an engine, a battery pack and management system insted@ie Consortium established battery performance goals to

of a fuel tank, electronic controls instead of an ignition ~ improve the electric vehicles competitiveness with

system, and a high-voltage system in addition to a low- conventional vehicles in performance, price and range.
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Electric vehicle technology will likely use advanced lead-
acid, nickel metal-hydride, lithium-ion and lithium-polymer
batteries in the near term.

Table -1
Leasing vs. Buying

Purchase Price

LEASING

BUYING

of Electric Vehicles

Conflicting estimates abound on the eventual cost to buy
and operate an electric vehicle. Some confusion results
from inappropriate comparisons of prototype and producA

Lower monthly payments
because the consumer is
paying for only a portion of
the entire cost of the car.

Higher monthly payments
since payments are based
on the entire cost of the
car plus interest to the
lending institution.

tion vehicle costs. The first prototype Chevrolet Camarog
cost $350,000 to produce, about the same as the prototy
of the GM EV1. The selling price to the consumer is
based partly on the number of units in production runs,
the cost of technological improvements, mass production|
costs, and the amount the consumer is willing to spend g
the vehicle. Some cost estimates expect electric vehicle

pé&lo risk of resale problems
due to technology
advancements by the end
of the resale period.

-

The relative newness of
the technology and
anticipated advancements
may make resale of first
generation vehicles
difficult.

to follow a pattern recently seen in electronic equipment.
In the electronic industry, dramatic price reductions occur
after introduction. The auto industry has followed a
similar pattern due to mass production techniques. In ter

All maintenance and repair
costs are covered by the
lease agreement.

The purchaser is
responsible for any
maintenance and repairs
required.

years, the wholesale price of a new car fell to $5,500
(1989 dollars), while performance and amenities improved,

Electric Vehicle

Emergency road-side
service is included in the
lease agreement.

The cost of emergency
road-side service is the
responsibility of the
purchaser.

Charging Stations

The method to recharge differs for each
battery type. The electric vehicle charger

The lease period does not
exceed the estimated
warranty period on vehicle
components.

The loan term may exceed
the time required to
replace batteries and other
vehicle components.

communicates with the battery manage-
ment system. An electrical current is
delivered from the battery management
system in the building and passed

ELECTRIC

VEHICLE
CHARGING

The lease period does not
exceed the estimated life
of the current technology.

At the end of the loan
period, the purchaser may
own obsolete technology.

STATION ssed
through the battery to reform its active

materials to their high-energy charge
state by reversing the chemical reaction
the battery goes through while it is
discharging to power the motor.

To recharge, the EV is connected to some type of electric

Mileage restrictions apply.

The purchaser has
unlimited mileage use of
the vehicle. The downside
is that excessive mileage
means more depreciation
and higher insurance
rates.

vehicle supply equipment (EVSE) which is connected to
the building wiring. The National Electrical Code defines
the EVSE as the ungrounded, grounded, and equipment

Physical modifications to
the vehicle are not
allowed.

The purchaser can repaint
the car or do any
modifications desired.

grounding conductors, the electric vehicle connectors,
attachment plugs, and all other fittings, devices, power
outlets, or apparatuses installed specifically to deliver

Vehicle must be kept for
the full term of the lease.

The purchaser has no
restrictions to keep the
vehicle.

energy from the premise wiring to the electric vehicle.
Level 1 charging connects the vehicle to a 120-volt,
15-amp circuit and takes from 10 to 15 hours to recharge
the batteries. Level 2 charging connects the vehicle to a
240-volt, up to 40-amp dedicated circuit and takes from

Penalty costs apply for
early termination.

The purchaser incurs no
additional costs by
choosing not to keep the
vehicle.

3 to 8 hours to fully charge the batteries, depending on  Taple I1I-1 shows the differences between leasing or purchasing
an electric vehicle.
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battery type. Level 3 charging is the electric vehicle
equivalent of a commercial gasoline service station, with
recharging accomplished in minutes.

Electric vehicle recharging equipment uses two primary
coupling methods, conductive and inductive. In conduc-
tive coupling, the connector uses physical metal contact
to pass electrical energy. For safety, these metallic
contacts are completely covered and inaccessible to the
operator. Ininductive coupling, AC power is transferred
magnetically (induced) between a primary winding on the
supply side to a secondary winding on the vehicle side.
With inductive charging, the EVSE converts standard
power line frequency of 60 Hz to 80,000 to 300,000 Hz. .
Inductive charging was developed primarily for electric ~ Percent of EV charging occurs on-peak. Southern
vehicle applications but is being applied to small appli- California Edison estimates it will need to add about 200

ances and even pacemakers to allow recharging without Megawatts of capacity by 2008 to accommodate EVs

surgery. (based on current projections of numbers of vehicles).
This amount of additional capacity can be met by saving
Recharging Electric Vehicles energy elsewhere through demand-side management

rather than building new power plants.

Electric vehicles provide convenience with home recharg- )

ing. Every morning, the electric vehicle can startwitha ENVironmental, Health

full charge and no oil drips on the driveway. In the and Safety Issues

afternoon, the vehicle can leave again with a full charge (if

a charging system is provided at the work site). This  \When comparing electric vehicles with internal combus-
home or workplace based recharging may deliverthe  tion engine vehicles, most people believe that electric
highest value to consumers as a source of cost savings,vehicles have an advantage because electric vehicles do
convenience, comfort and other benefits. not have emissions. However, the power plant that is
used to recharge an electric vehicle has emissions. Yet
even after these emissions are considered, electric
vehicles typically have 90 percent fewer emissions than an
internal combustion engine. According to the ARB, “the
benefits of EVs in the mandated quantities include direct
exhaust, fuel evaporative and fuel marketing emission

Most EVs will recharge during off-peak hours or over-
night. Off-peak recharging makes efficient use of electric
power plant capacity that normally would sit idle.

According to the Energy Commission’s CalFuels Plan,

investor-owned and municipal utilities estimate they can ; i X
meet the electricity demand for EVs with little or no reduction of 14 tons per day of oxides of nitrogen and

additions to their generation or transmission systems for NoN-methane organic gas in the South Coast Air Basin by

the next 15 years. This estimate assumes only about 4.5 2010” (an area of California where the need for emission
reductions is greatest).

Several studies have been conducted to quantify the
economic benefits of EVs to California. In a recent study,
Driving Out Pollution, The Benefits of Electric Vehicles
the Union of Concern Scientists calculated that each EV
would displace $17,000 of air pollution control costs in the
South Coast Air Basin over the life of the vehicle. In
Sacramento, up to $8,000 was estimated.

Since electric vehicles are quieter (and silent when idling),
traffic noise pollution, a leading source of community
noise, is reduced.
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EVs need no oil changes, oil filter replacement, emission nickel-metal hydride (NiMH) batteries for the 1999 model
control adjustments, or tune-ups. EVs produce no oil or year. This battery has extended the range from an average
gasoline-caused water pollution. And an electric vehicle 40-60 miles on a single charge to 80-125 miles. Because
has an environmentally friendly image. However, EV’s doNiMH batteries increase the cost of EVs, lead-acid batteries
have unique battery maintenance requirements. are still available to consumers who do not require the

) extended range.
The U.S. DOE estimated that 20 percent of total U.S. CO

emissions in 1996 were from passenger cars and light  Bringing down the cost of the battery packs in EVs has
duty trucks. CQhas been identified as the primary become a recent focus. Important measures are being
greenhouse gas. An EV emits zero greenhouse gases. implemented to further battery technology. The goal is to
Because emissions associated with EV use are from the increase sales of batteries that would lower the cost of
electricity producer, the potential to reduce greenhouse battery packs being used in EVs. Thus, making EVs more
gases depends on the efficiencies to recharge and use affordable to the average consumer.

the battery pack, and the fuel used to produce the ] )
electricity by the utility. Nationwide, the Argonne Currently, smaller EVs such as Neighborhood Electric

National Laboratory calculated reductions from31to  Vehicles (NEVs) have presented themselves as a transpor-
46 percent. The Union of Concerned Scientists con-  tation option. NEVs are designed for low speed local trips
ducted a study in 1995 that indicated a 71.2 percent in neigborhoods and urban areas, to run errands, commute
reduction in greenhouse gases over the life of the vehicl® and from work or school, and to make local deliveries.

(modeled in the South Coast Air Basin). pollution. Unlike their counterparts, NEVs are limited in

their application so that the potential for commercialization
More efficient electricity generation can result in greater remains to be seen. Most NEVs are not required to meet
reductions. Utilities using renewable energy sources the complete range of safety requirements set forth by the
such as hydroelectric, wind, solar, or geothermal—emit Federal Motor Vehicle Safety Standards and are restricted
almost no greenhouse gases, resulting in EV greenhoust® non-highway travel.
gas emission reductions of almost 100 percent.

More than 25 percent of California’s electricity comes
from renewable resources. Most of California’s electricity
is generated from clean-burning natural gas. Less than 1
percent comes from burning petroleum. Over twenty
years ago, more than 50 percent of California’s electricity
came from burning petroleum. The electric utility

industry converted to cleaner fuels to minimize the risks
due to fluctuations in petroleum supply and price and to
help clean the air. California applies the same policy of
diversification to the transportation sector by moving to
clean, non-petroleum based fuels.

Future Potential
for Electric Vehicles

The consumer’s experience with the EV1 has verified the
viability of EV technology although much depends on
whether enough vehicles will be available to consumers
in a broader variety of styles.

To address the consumer need for extended travel range
in EVs, some automobile manufacturers are offering
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Table 11I-2

California 1999 Model Year Certified Electric Vehicles (March 1999)

Make and Model

Battery Type

Phone Number

Dodge / Caravan Lead Acid 800-999-3533
Dodge / Caravan Nickel Metal Hydride 800-999-3533
Ford / Ranger pick-up Lead Acid 800-258-3835
General Motors / EV-1 Lead Acid 888-462-3848
General Motors / EV-1 Nickel Metal Hydride 888-462-3848
General Motors / S-10 pick-up Lead Acid 888-462-3848

General Motors / S-10 pick-up

Nickel Metal Hydride

888-462-3848

Honda / EV Plus

Nickel Metal Hydride

888-224-6632

Nissan / Altra EV

Lithium-ion

800-647-7261

Plymouth / Voyager Epic EV

Lead Acid

800-999-3533

Plymouth / Voyager EV

Nickel Metal Hydride

800-999-3533

Toyota / RAV 4 EV

Nickel Metal Hydride

800-331-4331

Solectria/Force Lead Acid 916-381-3509
Bombardier / Sporte-e Lead Acid 407-722-4015
Bombardier / Class-e Lead Acid 407-722-4015

For more information regarding electric vehicles contact the following Web Sites:

Bay Area Action
650-625-1994

internet: www.baaction.org/
ev_project

Callifornia Electric
Transportation Coalition
916-552-7077

e-mail: CalETC@ix.netcom.com

CALSTART/WESTART
626-744-5600
internet: www.calstart.org

Electric Power Institute
650-855-2162
internet: www.epri.com

Electric Vehicle
Association of Americas
415-249-2690

internet: www.evaa.org

Electric Auto Association
internet: www.eaaev.org

Los Angeles Department

of Water and Power

800-552-2334

internet: www.ladwp.com/services/
electran

PG&E

800-684-4648

internet; www.pge.com/cleanair/
electric

Sacramento EV Association
800-537-2882

internet: http://saccityweb.com/seva/

Sacramento Municipal Utility District
916-732-5283
internet: www.smud.org/evs

Southern California Edison
800-438-4636

internet: www.scebiz.com/electroscc/

transport/index.htm

San Diego Gas & Electric
619-654-1103
internet: www.sdge.com/index.html

U.S.Department of Energy

The Alternative Fuels Data Center
800-423-1363

internet: www.afdc.nrel.gov/
index.html
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Chapter 4
Ethanol-Fueled Vehicles

/E \

Introduction

This chapter discusses the characteristics of ethanol fuellhe earliest forms of alcohol were simple fermented
vehicle history, light and heavy-duty vehicle technology, beverages. As early as 6,000 to 4,000 B.C., the art of
infrastructure, fuel supply and pricing. Also included are making crude beers and wine was flourishing in the
the environmental, health and safety aspects, and the Middle East. The Chinese were probably the first to

future potential for ethanol vehicles. distill alcohol directly from fermented (rice) liquor
around 800 B.C. By the year 500 A.D., distillation
Fuel Characteristics technology had advanced ttee point where relatively
. . pure forms of alcohol were used in cosmetics, perfumes
and Vehicle HIStOI’y and medicines. From the 18th century to the beginning of

this century, major discoveries about the chemistry and
technology of distillation made it possible to produce
ethanol cheaply from a variety of organic materials. In
recent history, public interest in alcohol as a transporta-
Sion fuel changed with periods of war and with the price
gnd supply of oil.

Ethanol, (CHCH,OH), also called ethyl alcohol or grain
alcohol, is a liquid derived from corn, grains, or from a
variety of other agricultural products, residues and waste
Ethanol has become a popular alternative fuel for vehicle
especially in the American Midwest. Over four million
vehicles have operated on ethanol in Brazil as a result of
government program to produce the fuel from sugar canegthanol's history as a transportation fuel began with
Henry Ford and other transportation pioneers. In the
3330s, Ford built one of his first automobiles, the
t(‘fuadricycle, and fueled it with ethanol. The Ford Model T
had a carburetor adjustment that could allow the vehicle to
run on ethanol fuel that was produced by American
farmers. Ford’s vision was to “build a vehicle affordable

to the working family and powered by a fuel that would
boost the rural farm economy.”

Ethanol is considered a renewable resource because it ¢
be made from grains or biomass—such as municipal was
and other biological waste materials. When ethanol is
produced from waste biomass, the potential benefits can
be significant. Ethanol production plants can be devel-
oped in conjunction with electric power generation
facilities, improving overall efficiency of the plant’s
operation. Conversion of waste materials to ethanol—
such as rice straw, forest residue and municipal solid Rising taxes on ethanol limited its use as a fuel, low
waste, eliminates the need for disposal such as Open-fiel@asoﬁne pricesi and a “propaganda Campaign” by oil
burning or placing the waste in a landfill. Depending on producers were factors that kept ethanol and other
how it is produced, ethanol can reduce,@@issions, an  alternatives from catching on as transportation fuels.

important greenhouse gas. Many scientists believe During World War | and 11 in both the United States and in
greenhouse gas emissions may contribute to global Europe, alcohol fuels were used as a supplement to oil-
climate change. Ethanol produced from biomass also  pased fuels. During WWI, vehicle fuels were mixed with
displaces consumption of carbon-based fossil fuels. 20 percent alcohol and 80 percent gasoline. In the 1930s,
Furthermore, ethanol is attractive because it is domesti- there were efforts in the Midwest to encourage the use of
cally produced and thereby reduces oil imports. ethanol in gasoline. The Nebraska legislature passed a
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two-cent per gallon refund to motorists who would use Heavy-duty Vehicle Technology
alcohol-blended fuels, but the petroleum industry cam-

paigned to cancel the plan. In WWII, ethanol was again Heavy-duty vehicles generally are equipped with diesel
used as a blend with gasoline. The government even  engines, which are compression-ignition. The ability of a
commandeered whiskey distilleries for alcohol fuel fuel to be ignited in compression-ignition engines is
production. characterized by its cetane number. Ethanol has a very
low cetane number and is difficult to obtain a spark in a
compression-ignition engine. Therefore, diesel engines
cannot simply be converted to ethanol operation. Many
approaches have been pursued to convert diesel engines
to operate on ethanol. The most viable option is through
direct-injection of ethanol. Through slight engine
adjustments, direct injected ethanol will auto ignite, in
spite of its low cetane rating. Where cold start is a
problem, glow plugs are used to promote ignition. Detroit
piesel Corporation (DDC) redesigned its 6V-92TA engine,
and it has been commercialized and emission certified to
operate on ethanol. No other U.S. heavy-duty engine
d OEM has developed alcohol engine technology to this
extent.

Following WWII, ethanol was unsuccessful as an
economically competitive transportation fuel due to the
reduction in oil prices. The 1970s oil crises gave birth to
the modern “gasohol” era. Currently, ethanol is being
used in the U.S. as a blending component of gasoline,
commonly referred to as gasohol, usually 10 percent
ethanol.

Like flexible fuel vehicles (FFVs) designed for methanol,
ethanol FFVs are designed to operate on E85, (85 percen
ethanol and 15 percent gasoline). Ethanol FFVs have a
modern microprocessor technology that continually
adjusts the engine operation, fuel to air ratio, as require
by the ratio of ethanol and gasoline in the fuel tank.
Therefore, Ethanol FFVs can operate on any Comb'nat'onScania, a European manufacturer has developed a

of the tW.O fuels. FFV technol_ogy for ethanpl and metha- heavy-duty ethanol engine that is being demonstrated in
nol are similar, but may use Q|ﬁerent materials for the fuel 520t buses in Stockholm. Heavy-duty ethanol
system and are calibrated differently to match the fuels engines are fueled with a variety of high-percentage

energy content. ethanol fuels including neat ethanol, E100, E95, and E90
blended with gasoline and other hydrocarbons. The DDC
6V-92TA is the most used heavy-duty ethanol engine in
the U.S. This engine has been used by the Archer Daniels
Midland Corporation since 1992. The power levels of
heavy-duty ethanol engines are equivalent to diesel-
fueled engines. On an energy equivalent basis, ethanol’s
fuel economy is somewhat less.

Light-duty Vehicle Technology

The first modern, mass-produced ethanol vehicle in the
U.S. was developed by the Chevrolet Division of General
Motors. A total of 50 ethanol-optimized 1992 model year
Chevrolet Lumina Variable Fuel Vehicles (VFVs) were
demonstrated in lowa, Indiana, and other states.
Chevrolet then produced 320 E85 Lumina VFVs in the 1993rhe | os Angeles County Metropolitan Transit Authority
model year. Ford and Chrysler have also produced E85 (| ACMTA) converted a large number of transit buses that

fuel-flexible vehicles. Since 1994, Ford has built E85 were operating on methanol. The buses were converted to
Taurus FFVs for sale in the Midwest, and Chrysler has  ethanol due to engine wear, reliability and a escalating

made their 1999 Minivan available (See Table IV-1, page methanol fuel cost. Because of similar engine durability
38). and reliability problems, and DDC not actively supporting
these engines, the LACMTA elected to convert these
buses to diesel. The DDC ethanol engine, which has been
installed in various transit buses and line-haul trucks, is
also approximately twice the price of a comparable diesel
engine.

Not until the 1999 model year have E85 vehicles been
certified for sale in California. Ford produced 60,000
Ranger Pickups, and Mazda produced 40,000 pickups for
sale in all 50 states.

Because ethanol is corrosive to certain materials, some
modifications have to be made to engines and the fuel Infrastructure

delivery system to protect fuel system components. _ -
While production costs for FFVs are higher than a The U.S. has an ethanol fuel infrastructure consisting of

comparable gasoline vehicle, with the recent increases in2PProximately 40 refueling stations which support tens of

production volumes, the manufactures are now selling théhousands of flexible fueled vehicles. According to the
FFVs with little or no incremental cost.
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National Ethanol Vehicle Coalition, the ethanol fueling Ten percent ethanol blends are also being used in some
infrastructure is expected to increase to 130 locations withareas of the country as a winter time oxygenated blend to
the addition of 30 refueling facilities in the Chicago area, meetthe U.S. Environmental Protection Agency air

30 in Minneapolis, and an another 30 facilities in Coloradopollution regulations.

by the end of 1999.

L _ Today’s Prices of Ethanol
California’s infrastructure on the other hand is very

limited. There is only one E85 fueling facility that is The production of ethanol is more costly on a per gallon
scheduled to be in operation by the year 2000, in Ranchopasis than some other alternative fuels, although govern-
Cucamonga. ment tax incentives of about 54 cents per gallon (blender’s

credit) have kept prices comparatively low. In 1992, the
National Renewable Energy Laboratory estimated the
potential cost of ethanol production from biomass, using
its current advanced technology, at $1.22 a gallon. That
cost is falling and is expected to continue to drop in the
future due to technology improvements.

The ethanol, used by heavy-duty vehicles (primarily
E100), as well as FFVs (E85), is trucked from production or
intermediate storage or distribution facilities to refueling
stations. Ethanol refueling equipmentis similar to
gasoline equipment, but the materials differ due to
ethanol’s unique properties. Gasoline infrastructure

equipment must be replaced with ethanol-compatible  The price of ethanol is constrained because of the corn

materials for ethanol distribution. feedstock, which is closely tied to commodity prices for
agricultural crops. For example, severe flooding of the
Fuel Supply Mississippi River in 1993 directly impacted the corn crop

. ] . in the Mississippi basin. This flooding resulted in a short-
The use and promotion of ethanol in America has been  term increase in the regional ethanol fuel price.

primarily in the Midwest, where excess corn and favorable

tax incentives exist. A high percentage of Midwest Ethanol has a lower energy content than gasoline;
service stations offer fuel blends containing 10 percent consequently, more fuel is consumed per mile. A gallon of
ethanol. E85 contains approximately 80,460 Btu/gallon (ethanol =

) o o ) o 75,000 Btu/gallon, California reformulated gasoline =
Ethanol production within California is relatively limited. 111 400 Btu/gallon). The federal excise and energy tax for
California produces approximately six million gallons of  ethanol (E100) is $0.13 per gallon. This is less than the
ethanol annually. Most of the ethanol feedstock is from  feqeral tax for gasoline, $0.183 per gallon. When the
the State’s beverage industry and other food industry - adjustment for energy content is made, the tax is more
wastes, such as cheese whey. The production in Califor-than gasoline. As a motor vehicle fuel, ethanol receives

nia may increase substantially if any of the proposed  tax incentives designed to make the price comparable to
biomass-derived ethanol plants are completed. Two gasoline.

leading projects supported by the Energy Commission

include the Gridley Rice Straw-to-Ethanol Project (to Environmental, Health,
convert rice straw and other agricultural wastes) and the

Quincy Library Group (to convert forest residue). Other and Safety Issues

projects around the State have also been proposed. Even though ethanol is probably the safest of all the

The use of ethanol in California has been Sporadic over alternative fuels, it is flammable and may contain additives
the years. Ethanol was blended as an octane booster |nthat could be harmful if inhaled or consumed. Ethanol has
the 1980s and early 1990s. However, with the introductiolumerous health and safety advantages. It is less toxic

of reformulated gasoline in 1996 and restrictive fuel and has a more visible flame than methanol; it does not
specifications, ethanol’s use has nearly ceased. The  have to be pressurized to be stored (like gaseous fuels);
exception is a demonstration by Tosco Corp (Tosco).  there is no atmospheric venting problem; it is not cryo-

Tosco began using ethanol in its gasoline in 1998, rather genic; and leaks are not as hazardous. Because ethanol
than MTBE, to meet the oxygenate requirement. More has alow vapor pressure and broad flammability range,
than seventy stations in the San Francisco Bay Area are vehicle fire susceptibility and severity characteristics in
dispensing gasoline with ethanol. The demonstration ha§ase of a crash are different than those of gasoline

been successful, and Tosco announced that it is extendiMghicles.

the demonstration beyond the original six month period.
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vehicles. Ethanol life-cycle emissions in terms of green-
house gases are also attractive compared with most fuels.

Future Potential

for Ethanol Vehicles
In the heavy-duty arena, the economics of ethanol-fueled
The technology for fueling FFVs with ethanol, particu-  vehicles are not attractive at this time. Ethanol generally
larly E85, is well developed. The cost and availability are costs more than diesel fuel on an energy basis. Therefore,
important factors that will determine the ultimate SUCCGSSthe |ife_cyc|e costs of ethanol trucks and buses are h|gher
of ethanol as a viable motor fuel in California. When than diesel trucks and buses. Lowering fuel and vehicle
blended with gasoline, emissions are also an issue due @bsts’ or deve'oping government incentiveS’ may improve

the Volat|l|ty of this blended fuel that can result in hlghel’ the future market prospects for heavy_duty ethanol
evaporative emissions. E85 FFV emissions are competi- yehicles.

tive, and in some cases, lower than those of gasoline

Table IV-1
Ethanol-fueled Vehicles (July 1999)

YEAR MAKE MODEL PRODUCED OR SOLD

1992 Chevrolet Lumina VFV 50

1993 Chevrolet Lumina VFV 320

1995 Ford Taurus FFV 500

1997 Ford Taurus FFV 67

1998 Ford Taurus FFV 144

1998 Chrysler Minivan FFV (Outside of CA) 152,736 / 138,794

1999 Ford Ranger Pick-up FFV To be determined

1999 Ford Taurus FFV To be determined

1999 Mazda B3000 FFV To be determined
Ethanol Contacts
Government
Alcohol Division Sally Neufield Roger Conway
Production Permit Information National Renewable U.S. Department of Agriculture
Bureau of Alcohol, Energy Laboratory Energy Policy and New Uses
Tobacco & Firearms Biofuels Information Center Office of Chief Economist USDA
650 Massachusetts Ave., NW 1617 Cole Blvd. 1800 M. St., NW Room 4061
Washington, DC 20226 Golden, CO 80401 Washington, DC 20036-5831
202-927-7777 303-275-3000 202-694-5020

Charlie Kinoshita

Research Institute

Hawaii Natural Energy Institute
University of Hawaii at Manoa
2540 Dole Street

Honolulu, HI 96822
808-956-2343

Janet Cushman

Oak Ridge National Laboratory
Biomass Feedstock
Development Program

P.O. Box 20008

Oak Ridge, TN 37831
423-574-6352

fax: 202-694-5665
e-mail: rkconway@econ.ag.gov
internet: www.usda.gov

David Rodgers

U.S. Department of Energy
Office of Technology Utilization
1000 Independence Ave., SW
Washington, DC 20585
202-586-7182

internet: www.doe.gov
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John Ferrell

U.S. Department of Energy

Office of Fuels Development

1000 Independence Ave., SW

Washington, DC 20585

202-586-6745

internet: www.ott.doe.gov
www.eren.doe.gov

U.S. Department of Treasury
Wine, Beer & Spirits Regulations
Bureau of Alcohol,

Tobacco & Firearms
Pennsylvania Ave., Room 4402
Washington, DC 20226
202-927-8230

Automobile Manufacturers

Thomas A. Rhoad, Manager
Advance Engineering & Vehicle
Enviromental Engineering

Ford Motor Company

Fairlane Business Park

17225 Federal Drive, Suite 145
Allen Park, M1 48101 USA
313-594-3420

e-mail: trhoad@ford.com

Fuel Providers

Joe McAdam

AE Staley Manufacturing Company
2200 E. Eldorado St.

Decatur, IL 62525

217-421-2761

Ed Harjehausen
Archer Daniels Midland
P.O.Box 1470

Decatur, IL 62525
217-424-2560
800-637-5843

Terry Jaffoni

Cargill, Inc.

15407 McGinty Road West
Mail Stop 62

Wayzata, MN 55391-2399
612-742-5891

Mike Barwig

Chief Ethanol Fuels Inc.
4225 East South Street
Hastings, NE 68901-8338
402-463-6885
800-233-9948

Delta-T Corporation
460 McLaws Circle
Williamsburg, VA 23185
757-220-2955

Gary Smith

High Plains Corporation

200 West Douglas, Suite 820
Wichita, KS 67202
316-269-4310

New Energy Company of Indiana
3201 West Calvert

P.O. Box 2289

South Bend, IN 46680-2289
219-233-3116

Parallel Products

12281 Arrow Route

Rancho Cucamonga, CA 91739
(909) 980-1200

Organizations and
Associations

Trevor Guthmiller

American Coalition for Ethanol
P.O. Box 85102

Sioux Falls, SD 57104
605-334-3381

e-mail: acethanol@aol.com
internet: www.ethanol.org

Gary Goldberg

American Corn Growers Association
P.O.Box 18157

Washington, DC 20036
202-835-0330

Texas: 918-488-1829

e-mail: acga@acga.org

internet: www.acga.org

Joe Beller

Biofuels America

26 Lorin Dee Drive

Westerlo, NY 12193-9801
518-797-3377

e-mail: sailing@global2000.net
internet: www.asustainabletimes.org

Reid Detchon

Bioenergy Association

1001 G Street, NW, Suite 900 East
Washington, DC 20001
202-639-0384

e-mail: info@biomass.org
internet: www.biomass.org

Douglas Vind

California Renewable Fuels Council
910 E. Brich Street, Suite 380

Brea, CA 92821

714-990-3333

e-mail: dbvbrea@aol.com

Douglas Durante

Clean Fuels Development Coalition
1925 N. Lynn Street, Suite 725
Arlington, VA 22209

703-276-2332

Governors’ Ethanol Coalition
Office of the Governor
P.O.Box 720

Jefferson City, MO 65102
573-751-3222
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Phil Lampert

National Ethanol Vehicle Coalition
3702 W. Truman Blvd., Suite 100
Jefferson City, MO 65109
573-635-8445

Eric Bolton

Oxygenated Fuels Association
1300 North 17 Street, Suite 1850
Arlington, VA 22209
704-841-7100

e-mail: ebolt@bellatlantic.net
internet: www.ofa.net

Mary Wertshnig

Renewable Fuels Association
One Massachusetts Ave.
NW, No. 820

Washington, DC 20001
202-289-3835

e-mail: etohrfa@erols.com
internet: www.ethanolrfa.org

Norfsinger

9400 Ward Parkway
Kansas City, MO 64114
816-361-7999

Ron Miller

Vice President - Marketing
Williams Ethanol Services
1300 South 2nd Street
Pekin, IL 61554
309-347-9388

Vogelbusch USA, Inc.

10810 Old Katy Road, Suite 107
Houston, TX 77043
713-461-7374
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Chapter 5

Methanol-Fueled Vehicles

N\

Introduction

This chapter discusses the characteristics of methanol (a greenhouse gas) given off by decomposing vegetable

fuel, vehicle history, light and heavy-duty vehicle matter in landfills may also be tapped as a source for

technology, infrastructure, fuel supply and pricing. Also methanol production. A research and demonstration

included are the environmental, health and safety aspectproject in Southern California, funded by the Energy

and the future potential for methanol vehicles. Commission and the SCAQMD, uses biomass to produce
methanol in what is known as the Hynol process.

Fuel Characteristics Methanol’s power, performance, and safety have also
and Vehicle History made it the fuel of choice for Indianapolis 500 racing cars
since 1965 because of its high flash point. In the event of

Methanol (methyl alcohol), a colorless flammable liquid, ~an accident, a methanol fire can be extinguished with
often referred to as “wood alcohol,” is usually made from Water, while water on gasoline spreads fires. Methanol
natural gas and is another substitute for gasoline as a &S0 provides racing cars with high octane and high
transportation fuel. Its high octane and performance ~ Performance, while burning at cooler temperatures than
characteristics, and the reduction of reactive emissions, 9asoline.

have made it a popular choice as an alternative fuel for

fleet and private vehicle use. Methanol sold for light-duty fuel-flexible vehicles is

actually M85 (a blend of 85 percent methanol and
Methanol has been used for more than 100 years as a 15 percent unleaded gasoline). The gasoline is added to
solvent and a chemical building block to make consumer provide color to a flame, should there be a fire involving
products such as plastics, plywood, and paint. It was firsM85, and to enhance the starting ability in cold weather.
discovered in 1823 by condensing gases from burning M85 is an interim step to the use of M100, or neat metha-
wood into a liquid. Consumers use methanol directly in nol, which offers greater air quality benefits. M85 has an
windshield washer fluid, gas-line antifreeze, and as modeloctane rating of 102, compared to 92 for premium un-

airplane fuel. leaded, and 87 for regular unleaded gasoline. With this
higher octane is an increase in engine horsepower of

Methanol can be produced from just about anything about seven to ten percent, or more, depending on the

containing carbon, including natural gas, coal, and vehicle and its optimization for methanol.

biomass. Because methanol can be produced from these

North American resources, methanol offers energy Because it is a liquid, M85 can be distributed and stored in

security benefits by being a clean, and potentially the liquid distribution system much like gasoline.

renewable alternative to petroleum-based fuels.

Light-duty Vehicle Technology

Typically, methanol is produced using high temperature

steam and pressure, and a catalyst that converts naturalThe Energy Commission has been testing alcohol-

gas, or methane, into the liquid methanol. Methane gas powered vehicles since 1978. But it was only in the mid-
1980s when the fuel-flexible vehicle technology was
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created, first by Ford and followed closely behind by and 1989, Ford produced 200 more Crown Victoria FFVs
General Motors (GM), that the number of vehicles began that were used in various public fleet demonstrations. In
to increase dramatically. It was not until the 1990s, 1991, they produced 178 Taurus FFVs and in 1992, 183
however, that the vehicles were available for sale to fleetsEconoline FFV vans were put into service.

and the general public. _
In 1993, Ford produced 2,500 1993 flexible fuel Tauruses,

Fuel-flexible vehicles are vehicles specially designed by 2,145 of which came to California. The Taurus was the first
the auto manufacturers to use M85 or regular unleaded FFV to be certified by the California Air Resources Board
gasoline in any combination from a single tank. The as a Transitional Low Emission Vehicle (TLEV). For
vehicles have a special sensor on the fuel line that can additional Ford FFV sales, refer to Table V-1, page 46.

detect the ratio of methanol to gasoline that is in the fuel

lines. The sensors communicate to the on-board computktertz Rent-A-Car, a subsidiary of Ford, Budget and Avis
which automatically adjusts the vehicle’s fuel delivery ~ Car rental companies have helped put FFVs in the hands of
ratio and ignition timing to compensate for the different ~ the public more than many other efforts. Following a pilot

fuel mixtures. program by Avis with 20 Chevrolet Luminas, the three

auto rental car companies in Sacramento each purchased
Alcohol is corrosive, especially to rubber and plastic 100 Ford Taurus FFVs, with assistance from a Sacramento
parts. A number of other parts on the fuel-flexible Metropolitan Air Quality Management District program.

vehicle’s fuel-delivery system are made of more robust  The use of FFVs in rental fleets was a success, and the
material to be compatible with methanol. These parts companies purchased additional FFVsin 1994. Hertz
include the fuel tank, fuel lines, fuel injectors, fuel pumps announced in November 1994 that it was purchasing 400
and filters. Parts that are tolerant to alcohol fuels must bel995 Taurus FFVs for use at its airport rental fleets in the
substituted on the auto manufacturers’ assembly line in Los Angeles area. Hertz also installed methanol refueling
place of typical gasoline components that would come in tanks and dispensers at four Los Angeles area airport
contact with the alcohol fuel. locations to fuel the vehicles with M85.

Cars can be retrofitted to operate on M85, but there are ndhe cost of the Ford Taurus FFV for the 1995 and 1996
assurances of air-quality or emissions benefits from doingnodel years were equal to their gasoline-fueled counter-

so. Currently, there are no methanol conversion kits parts. The 1997 and 1998 model year Taurus FFV’s were
certified by the ARB; therefore, it is not practical to retrofit priced slightly less than gasoline models. Ford continues
cars to operate on M85 because they may not meet to produce FFVs, but only those that can run on E85 (85

emission regulations. Fuel-flexible vehicles are specially percent ethanol and 15 percent unleaded gasoline).

suited to burning methanol as efficiently as possible and ]

outfitted to use methanol can also be damaged. Gasoliné=0rsicasin 1988 and 212 Chevrolet Luminas in November
vehicles using even a small amount of methanol may be 1991, General Motors and the Energy Commission
rendered inoperable. announced the availability of Chevrolet Variable Fuel

Vehicle (VFV) Luminas for purchase by public and private
Since 1978, the Energy Commission— in association with fleets, as well as members of the general public. A total of
Chrysler, Ford Motor Company, General Motors, Honda, approximately 1,192 Luminas were sold to California fleets
Mazda, Mercedes-Benz, Mitsubishi, Nissan, Toyota, in early 1992 and 73 in 1993.
Volkswagen, and Volvo— have sponsored demonstration _ _ )
programs to test M85-fueled vehicles in public and privateBecause of a major body redesign of the Lumina, VFVs
fleets. Two American auto companies offered fuel-flexible Were not offered in the 1994 and 1995 model years. GM
vehicles for sale to fleets and the public in the 1995 modelna@s also not discussed any plans for future methanol-
year, but only Ford Motor Company continued to offer ~ Powered vehicles since these early models.

FFVs for sale for the 1996 through 1998 model years. Chrysler: At the 1991 Greater Los Angeles Auto Show,

number of school and transit buses and trucks, operate &rs for modelyear 1992 (Plymouth Acclaims and Dodge
methanol in California. Spirits) to run on methanol. The FFVs were offered for

sale in California to fleets and the general public. The
Ford: Ford Motor Company produced its first flexible fuel flexible fuel/methanol option was offered to the purchaser
vehicle (FFV) in 1987, when they designed a few Crown at no extra cost. With government incentives, this option
Victoria LTD models to operate on methanol, gasoline, or made the Chrysler FFV less expensive than a gasoline
any combination of the two fuels. Between the years 198 Todel. The other auto companies followed suit, with no
extra charge for the FFV option.
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Chrysler later announced that nearly all of the 910, 1993 Gasoline is not used as an additive because it is not
model year Acclaims and Spirits were purchased by the needed for cold start. Fuel is injected into the combustion
U.S. General Services Administration (GSA), out of a total chamber and ignited by the high temperature of the

of 1,119 that came to California. All Chrysler Spirit/ compressed air charge. M85 has been used to fuel the
Acclaims FFVs were certified as Transitional Low Emis-  methanol-fueled school bus Detroit Diesel Corporation
sion Vehicles by the California Air Resources Board. (DDC) 6V-92TA engines because of the availability of M85

) fueling stations as well as safety concerns. DDC 6V-92TA,
In the 1994 model year, nearly all of the 1,751 Acclaims ang transit bus engine which has been demonstrated in truck
Spirits were sold to the GSA. Chrysler's 1994 LH series  appjications, is the only available commercial heavy-duty
(Chrysler Concord, Dodge Intrepid, and Eagle Vision),  methanol engine. Although this engine achieves power
were offered with the methanol option. Because it was NOkyels equivalent to diesel counterparts, fuel efficiencies
certifieo_l by th_e AR_B_, however, the flexible fuel LH Was not gre typically 5 percent below that of diesel engines. The
offered in California in 1994, except for a few experimental pigher fuel cost and a smaller range are considerations for
models. methanol fueled heavy-duty vehicles. The first generation
6V-92TA methanol-fueled engines had technical, reliability,
and durability issues which were resolved. According to
some fleet operators, including the Los Angeles County
Metropolitan Transit Authority, the methanol engine

Chrysler, however, has not offered methanol FFVs since 'eliability is not comparable to diesel standards.
the introduction of the Intrepid/Concorde models in 1995, Methanol reduces NQind particulate emissions in

and ha_s made no announcemgnts of their future mtentlorhseavy-duty applications. The DDC 6V-92TA methanol
regarding methanol-fueled vehicles.

engine was certified to the ARB and U.S. EPA transit bus

Foreign Auto Companies: Foreign auto companies have engine e_mission standards which were to be enforced by
also produced fuel-flexible vehicles. Volkswagenhas ~ 1991. Since these standards could only be met by
produced more than 50 fuel-flexible Jettas in the early ~ Methanol engines or particulate trap-equipped diesel
1990s. Honda, Mazda, Mercedes-Benz, Mitsubishi, engines, they were delayed until 1993. By 1993, new
Nissan, Toyota and Volvo have all produced a limited ~ diesel engine technology was introduced with new _
number of demonstration or experimental vehicles. Itis 4-stroke diesel engines (the Series 50 for buses and Series
unknown what marketing plans, if any, that foreign car 60 for Class 8 trucks) which met the standards without

companies have for their flexible fuel vehicles as these particulate traps. This new line of diesel engines replaced
vehicles are not in production currently. the 2-stroke engines, including the methanol 6V-92TA.

Chrysler sold 920 Dodge Intrepid and Chrysler Concorde
FFVs inthe 1995 model year. The ARB-certified this
vehicleasa TLEV.

Vehicle Maintenance and Repairs: FFVs are completely Approximately 550 commercialized DDC methanol
warranted by the original equipment manufacturers’ §V-92TA engines have b(_aen built and delivered for use
factory warranties. Some auto companies even offered N transit buses. At one time, the Los Angeles County
extended warranties for methanol FFVs. For example, ~ Metropolitan Transit Authority used 330 6V-92TA

Ford’s 1993 Taurus had a six year, or 60,000 mile warranty, M€thanol engines in transit buses. These engines were
which included free oil changes. converted to operate on ethanol and since have been

converted to diesel. About 150 of the DDC methanol
The repair and maintenance costs are similar to gasolirengines were installed in school buses built for the Katz
vehicles, with the exception of oil changes. A special oil iCalifornia Safe School Bus Clean Fuel Efficiency Demon-
needed for FFVs using M85. Because the special oil is prestration Program by Carpenter Corporation and Crown
duced in limited quantities, it is more expensive than regula€oach. These engines were fueled with M85 and M100.
oil. Changes in this special lubricant additive with enhanced ) )
neutralizing capabilities are recommended every 3,000 tgecause the price of the 6V-92TA methanol engine was

6,000 miles depending on the vehicle model. double that of its diesel counterpart, it is not currently
being marketed. In addition to the increased cost of the

Heavy-duty Vehicle Technology engine, a methanol compatible fuel system with a heat
exchanger in the fuel recirculation system was required.

Heavy-duty methanol vehicles are trucks and buses Conservatively, the incremental cost of a methanol-fueled

equipped with compression-ignition diesel engines. The transit bus is approximately $12,000.
diesel engine and the vehicle chassis are produced by

individual manufacturers. Heavy-duty methanol engines

fueled with M100 usually use a lubricant additive.
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Infrastructure owner to carry several separate oil company credit cards
and allows one single monthly payment, regardless of

The Energy Commission entered into10-year agreements company. To obtain an M85 fueling card please contact:
with several motor fuel retailers — ARCO, Chevron, Exxon,
Mobil, Shell, Texaco, Ultramar (Beacon), and a number of
independents — to operate a methanol retail fuel network
throughout California. These agreements called for the Carlsbad, CA 92008
motor fuel retailers to install, operate, and maintain the 1(800) 326-7762

M85 equipment at their retail service stations. The Energyg ot November 1999, the M85 locations at retail service
Commission supplied the methanol fuel storage and stations in California have been reduced to 30, due to the
dispensing equipment. A large percentage of tanks at oy hiration of the ten-year agreements with the motor fuel
service stations in California are methanol compatible.  retajlers. Itis anticipated that with the expiration of the
Some local air quality districts require that newly installed Arco, Exxon, and Shell Agreements — by January 2000 the
double-walled tanks and equipment are methanol- M85 retail fueling sites in California will be reduced to 14.
compatible. In addition to retail facilities, there approximately 50
private methanol fueling sites operated by Caltrans, public
and private fleets, and school and transit districts

Fuelman/Gascard
2720 Loker Ave., West, Suite G

The cost of installing M85 fueling is roughly equivalent to
the cost of a gasoline dispensing system—$80,000. If an
underground tank is already methanol-compatible, the
cost for installing the equipment is substantially less,
ranging from $9,000 to $28,000 depending on whether
existing product lines must be replaced. Many private
fleets have installed methanol fueling facilities, and the
Energy Commission has provided assistance with design
and equipment specifications and has produced an
installation and maintenance manual. To accommodate
fuel storage conversions, the EPAct provides a $100,000
federal tax deduction for alternative fuel storage and
dispensing equipment.

Fuel Supply

Since the program'’s creation, methanol has been produced
for California’s demonstration program from natural gas in
Canada and the U.S. Gulf Coast. Methanol has been
supplied by a number of companies including: Beaumont
Methanol Corporation, Enron Petrochemicals Company,
Hoescht Celanese Chemical Group, Intermountain
Chemical Inc., Methanex Corporation, and Novacor
Chemical USA, through an organization called the
California Fuel Methanol Reserve (CFMR). The CFMR

There have been 61 retail M85 fueling locations installed Was established to insure an adequate supply of fuel
since 1988 supplying the fuel to over 16,000 vehicles. ~ grade methanol be supplied at attractive pricing, thereby
(See Chapter 12 for the remaining locations). Mostof ~ assisting the initiation of a fuel methanol market.

these fueling locations are strategically located near Methanex, the only participating supplier, delivers
participating fleets and along well-traveled thoroughfares Methanol to storage terminals in Northern and Southern
such as interstates and freeways. Under an agreement California. From these terminals, the methanol is blended
with Caltrans, road signs displaying a fuel dispenser with With unleaded regular gasoline and transported to the

a letter “M” on it and the word “Methanol” are located retail network and non-retail program participants.

along freeways and surface streets to direct motorists to , .

methanol stations. In addition, the Energy Commission TOday s Prices of Methanol

published a Methanol Fueling Guide, with maps locating

all retail M85 fueling stations in California. The cost of M85 in California, sold through the California

Methanol Fuel Reserve, is determined by the price of the
To access these facilities, the M85 dispensing systems areethanol fuel, which is set by agreement between the
equipped with credit card, ATM-style electronic readers methanol producers and the Energy Commission, based
maintained and billed by Fuelman/Gascard (Gascard). Then a gasoline equivalent formula.

card is similar to an electronic automated teller banking )
card, but it is good only for dispensing methanol. This Added to the wholesale price of methanol are the current

dedicated card prevents improper fueling of gasoline federal excise tax, state excise, and sales taxes; transporta-

vehicles with methanol. Gascard bills fleets directly for th!O" charges; cost of gasoline added to the methanol to

methanol dispensed, provides written printouts of vehicle™ake M85; and the dealer margins. Dealer ‘margins,”
fuel usage, including mileage to help compute miles-per- the charge service station dealers add to the cost of the

gallon, and pays each oil company directly for fuel fuel, may be as high as 20 to 25 cents per_gallon, or more,
dispensed. This approach alleviates the need for a fleet dU€ 0 the low volume sales at some stations. Add these
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all together and drivers of methanol-powered vehicles arepotential during the emissions certification process should
seeing pump prices of $0.879 to $1.15 per gallon. A gallorthey choose to do so.

of M85 contains approximately 64,735 Btu/gallon (metha- o )

nol = 56,500 Btu/gallon, California unleaded gasoline=  With regard to toxic air contaminants, M100 and M85
111,400 Btu/gallon). Because it takes about 1.6 gallons offuels produce lower overall toxic emissions relative to

M85 to provide the same amount of energy as a gallon 0fg_asoline when these e_missio_ns_are weighted for cancer
gasoline, methanol vehicles have less mileage range tharisk- The cancer causing emissions of concern are

their gasoline counterparts. This equates to a gasoline Penzene, 1-3 butadiene, formaldehyde, and acetaldehyde.
gallon equivalent price of $1.56 to $1.96 per gallon (based Methanol vehicles emit lower levels of all these toxic air

on energy content of 1.6 gallons of methanol equal to a contaminants with the exception of formaldehyde. In
gallon of gasoline). addition, the higher toxicity of benzene and especially

1-3 butadiene overwhelm the toxicity associated with
Larger fuel tanks and the ability to use unleaded gasolinehigher formaldehyde from M100 and M85 fuels, resulting
in these fuel-flexible vehicles—- which run on methanol, in 50 percent and greater reductions in cancer risk. The
gasoline, or any combination of the two from a single tankU.S. EPA has determined that methanol is not a carcino-
provide extended range when necessary. gen, reproductive or mutagenic hazard, and not a threat to

) _ afetus.
The federal excise and energy tax for methanol (M100) is

$0.093 per gallon. This tax is less than the federal tax for With respect to formaldehyde, all internal combustion
gasoline, $0.183 per gallon. The California Fuel Use Tax engine vehicles today emit some amount of formaldehyde.
for methanol is $0.09 per gallon. This tax is exactly half ~ With new catalytic converter technology, the amount of
the $0.18 gasoline tax. When the adjustment for energy formaldehyde emitted by a FFV is reduced dramatically.
content is made, the tax is comparable to gasoline. As in Research by Carnegie Mellon University indicates that
other motor fuels, California sales tax is calculated to the formaldehyde emissions can be kept in check by catalytic

price of M85 after excise taxes are added. converter technology. The ARB has established a

) formaldehyde emissions standard for all motor vehicles.
Environmental, Health, The FFVs sold in California meet ARB's standard for
and Safety Issues formaldehyde.

Recently, there also have been concerns about groundwa-
ter contamination. Methanol is water-soluble and, as
%ch, can be quickly diluted in large bodies of water to

vels that are safe for organisms. M85 spills should not
lead to environmental effects worse than petroleum fuels,
and in many cases, the recovery rates are faster. While the
Yehavior of M85 spills continues to be a valid research
topic, it is more important to determine cleanup procedures
for M85 or M100 methanol spills. Current California

Methanol, like all motor vehicle fuels, is dangerous and
should be treated with due caution and respect. The sa
precautions used with gasoline must be taken when usin
M85. M85, like gasoline, should not be siphoned from a
vehicle fuel tank or ingested as it can be fatal. If M85 is
splashed on the skin, it should be washed off immediatel
Clothing should be changed and laundered as soon as
possible if M85 is spilled on them.

Methanol is a clean-burning liquid fuel. The simple regulations for underground fuel storage tanks require
chemical structure of the methanol molecule (GH) is that the tanks be double-walled. The Ilkellhood_of an
largely responsible for the “clean” combustion aspect of undetected I_eak of M85 or any other fuel occurring from
the fuel when it is used in motor vehicles. Methanol these tanks is, therefore, extremely low.

should be thought of as an environmentally friendly fuel ial
with other alternative fuels in comparison to gasoline. Future Potentia

for Methanol Vehicles
M85 fuel produces about one-half the ozone produced

from gasoline. Thatis, a gram of gasoline emissions from as far as the driver is concerned, light-duty methanol
a vehicle tailpipe into a polluted urban region willyield  FFys are more acceptable than other alternative fuel
twice the ozone resulting from a gram of M85 emissions. yehicles because they operate similar to gasoline vehicles.

Most methanol vehicles on the road today are not  FFvs are technologically advanced, their performance is
designed to take advantage of this unique characterlstlc,acceptame' achieve low emissions, and their cost is

(ARB regulations are fuel neutral, thus allowing manufac- equivalent to that of their gasoline counterparts. One
turers to certify vehicles to gasoline on a gram for gram  geterrent is that methanol costs more than gasoline on an
basis, the same “reactivity” adjusted emission level).  energy-equivalent basis. The major problem that the fuel
However, the automakers could exploit this low 0zone  faces today is that methanol producers commitment to
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build a viable methanol fuel market has diminished. This especially in urban area transit buses, the high incremental
lack of commitment is a stark contrast to the price of CNG costs resulted in the elimination of production of heavy-
and LNG and the natural gas industry’s commitmentto  duty methanol engines.

support CNG and LNG vehicles. ) o
Methanol is also an excellent liquid fuel that can be

Because of these same issues, the future of commercial- reformed in fuel cells into hydrogen. The hydrogen is

ized methanol-fueled heavy-duty vehicles is bleak. then used to produce electricity to power a vehicle. Work
Methanol fuel and methanol heavy-duty engines cost  is underway to demonstrate methanol as a practical source
significantly more than diesel counterparts. Although theof energy for new generation fuel cells. For additional

use of methanol-fueled heavy-duty vehicles would information, refer to Chapter 9, “Fuel Cell Technology.”
significantly reduce NQand particulate emissions,

Table V-1
Summary of Methanol Flexible Fuel Vehicle Sales in California

Year Make Model Sales
1992 Chevrolet Lumina FFV 1,192
1992-93 Dodge/Plymouth Spirit/Acclaim 2,036
1993 Chevrolet Lumina FFV 74
1993 Ford Taurus FFV 2,145
1994 Ford Taurus FFV 2,016
1994 Dodge/Plymouth Spirit/Acclaim 1,751
1995 Ford Taurus FFV 1,152
1995 Dodge/Chrysler Intrepid/Concorde 920
1996 Ford Taurus FFV 1,511
1997 Ford Taurus FFV 629
1998 Ford Taurus FFV 390
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Methanol Contacts

Government Agencies

California Energy Commission
Transportation Technology
and Fuels Office

1516 Ninth Street, MS-41
Sacramento, CA 95814
916-654-4634

Ruth Anne Keister
Clean Cities Hotiline
P.O.Box 12316
Arlington, VA 22209
800-C-CITIES
703-528-1953

Linda Bluestein

Contract Manager

National Alternative Fuels Hotline
P.O.Box 12316

Arlington, VA 22209
800-423-1DOE (1363)
703-528-1953

Automobile
Manufacturers

A. Michel Clement

Alternative Fuels Vehicle Marketing

Chrysler Corporation
12000 Chrysler Drive
CIMS 414-03-44
Highland Park, M|l 48288
248-948-3644

Thomas A. Rhoad, Manager
Advance Engineering & Vehicle
Enviromental Engineering

Ford Motor Company

Fairlane Business Pard

17225 Federal Drive, Suite 145
Allen Park, M1 48101 USA
313-594-3420

e-mail: trhoad@ford.com

Ford Motor Company
Alternative Fuel Vehicle Hotline
800-ALT-FUEL (258-3835)

Fuel Providers

California Fuel Methanol Reserve
Peter Ward

California Energy Commission
1516 Ninth Street, MS-41
Sacramento, CA 95814
916-654-4639

e-mail: pward@energy.state.ca.us

Gregory Dolan

American Methanol Institute

800 Connecticut Ave, NW, Ste 620
Washington, DC 20006
202-467-5050

888-275-0768

e-mail: ammethinst@aol.com
internet: www.methanol.org

Bob Wright

Methanex Methanol Inc.
12377 Merit Drive, Sutie 490
Dallas, TX 75251
972-308-7525
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Chapter 6

Compressed Natural Gas Vehicles

>

This chapter discusses the characteristics of compresseuery low energy density, natural gas must be either
natural gas (CNG), vehicle history, light and heavy-duty compressed or liquefied, increasing its energy density, to
vehicle technology, infrastructure, and fuel supply. Also make it a viable transportation fuel.

included are fuel pricing, environmental, health and safety ] )
aspects, future potential for natural gas vehicles, and Most commercial natural gas has a heating value from 960

Introduction

current certified vehicles and engines. to 1,120 Btus per cubic foot, with a rough average of 1,025
Btu/cubic foot or 102,500 Btus per therm. The heating
Fuel Characteristics value of natural gas depends on the proportion of gases
. . making up the mixture. Natural gas has a very high
and Vehicle HIStOI’y research octane number (RON), approximately 125.

. . Comparatively, the RON for propane is approximately 91,
CNG is a high pressure form of natural gas, the same fue'and for gasoline, it is 82 to 97. The RON is used to

that is used in many households for cooking and heatingdescribe the antiknock quality of a marketed fuel. Natural

Ictoifn?)gﬁrr:ljt;uSutistl)JIgiIs?3323Sinrr:ié(ézrr(\a/cc))ifr;igfr:]eezys;o;c?r?l?gas has a high ignition temperature, about 1,200 degrees
rock 3,000 to 15,000 feet below the earth’s surface. ahrenheit, compared to 600 degrees for gasoline.

Light-duty Vehicle Technology

Natural gas is an independent fossil fuel, it can also be
found with crude oil. Natural gas is not a petroleum
product and is primarily composed of methane JCH

with minor amounts of ethane (), propane (¢H,),

butane (CH, ) and pentane (€l,,). Natural gasis
abundantly available in North America. Because natural
gas is a fossil fuel, there is a finite supply with reserve
estimates of 120 years at current levels of consumption.

There are two types of light-duty CNG vehicles or fuel
systems currently being produced: dedicated vehicles
which operate exclusively on natural gas and bi-fuel
vehicles which have fuel systems for both natural gas and
gasoline.

Vehicle fuel systems for bi-fuel and dedicated natural gas
vehicles are very similar. The main difference is that the
gasoline fuel system is left intact on the bi-fuel vehicle.

Both bi-fuel and dedicated CNG vehicles are equipped

with high pressure storage cylinders capable of storing
natural gas at 3,000 psi to 3,600 psi. This high pressure
gas is reduced to about 100 psi before being discharged or
injected into the engine intake manifold and finally burned

in the engine cylinders.

Natural gas has been used for many years in stationary
internal combustion engines with high efficiency and
reliability. Because of its domestic availability, low cost,
and clean-burning combustion characteristics, it has
become one of the leading alternatives to gasoline and
diesel as a motor vehicle fuel. The major difficulties with
natural gas in transportation applications have been
onboard fuel storage and vehicle range. Because of its
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Natural gas vehicles, like many of the alternative fueled any other vehicle issue. Lower CNG emissions are also
vehicles, typically have a shorter driving range than their important because, recent ARB and U.S. EPA research has
gasoline counterpart. This limitation is a direct result of indicated that diesel engine particulate emissions may be
lower energy density and packaging the high pressure more carcinogenic than previously postulated. This lower
storage cylinders in the vehicle. Driving range of a CNG exhaust emissions factor has generated interest and
dedicated natural gas vehicle is 150 to 250 miles, use of CNG transit buses as the basis of mobile emission
approximately half that of their gasoline counterparts. reduction credit sales.

For bi-fueled natural gas vehicles, the driving range is less _ )

of a problem because they are equipped with two Separaﬂgatural gas trucks, like many of the alternative fueled

fuel systems, gasoline and natural gas, and can have a vehicles, typically have a shorter driving range than their
300-mile driving range. diesel counterpart. This shorter range is a result of natural

gas having a lower energy density and difficulty in
A few light-duty CNG vehicles are being produced by the packaging the high pressure storage cylinders on the
original equipment manufacturers (OEM) and can be truck. The truck driving range can be increased by adding
purchased at new car dealerships. After market CNG additional storage cylinders, but the added weight will
conversion kits for gasoline vehicles are also available angtduce the amount of product the vehicle can carry.
are approved by the ARB for sale in California. Currently, )
CNG vehicle production and sales levels are low becauseCurrently there are more than 250 school buses operating
OEM CNG vehicles cost between $4,000 and $5,000 more s part of California’s Safe School Bus Clean Fuel Effi-
than their gasoline counterparts. Depending on the ciency Demqnstration Prqgram. These buses are powered
equipment, retrofitting a gasoline vehicle can be in this by the following CNG engines:
same cost range. Currently, there are approximately . )
13,000 NGVs in California. The future of light-duty CNG * GMC 427 cubic inch V'S_ engine cpnverted l?y Tecogen
vehicles will depend on increasing vehicle sales, man- to operate on CNG. This seven liter spark ignited
dates, purchase, and fuel incentives, and economic engine develops 194 Bhp at 4,000 rpm, with a compres-
decisions. For alist of ARB-certified NGVs, refer to sion ratio of 10.5:1.
Table VI-1, page 52. e Tecodrive 7000T CNG engine (Tecogen) rated at 222

Heavy-duty Vehicle Technology Bhp at 3,600 rpm.

The heavy-duty sector includes vehicles that have a GVW Johp Dgere Series 450 6081 HFN engine. This 8.1 liter
of 14,000 pounds or higher and are generally powered with €Ngine is rated at 250 Bhp and 800 foot pounds of
diesel engines. In the U.S., most diesel engine manufac-  ©0rque.

turers are involved in heavy-duty natural gas engine
projects. Cummins, Detroit Diesel, and John Deere are
currently offering commercialized, certified heavy-duty
natural gas engines for trucks, as well as school and
transit buses. Two types of engine operating cycles are

](c:_urtr(_ently b(:.(lng l.JtSzd fﬁ.r rr:eavy-duty C’\ILG Iengtm(_es. .tﬂlﬁ $20,000 for a fleet of small buses to $60,000 for a large
IrSt1S spark ignited which USes a spark piug to ignite the unigue CNG demonstration truck. For a list of certified
natural gas fuel mixture in the combustion chamber, similar

to a light-duty automobile engine. The second is com- CNG heavy-duty engines, refer to Table V-2, page 53.
pression pilot ignition. This technology injects a small Infrastructure
amount of diesel along with natural gas into the combus-

tion chamber. The heat generated by compressing this  \a¢ral gas vehicle fueling abilities can range from a very
mixture ignites the diesel fuel that in turn ignites the small slow-fill for refueling of private vehicles or large
natural gas mixture, operating much like a conventional ¢, | for refueling a fleet of heavy-duty vehicles.

diesel engine. Slow-fill systems are simpler in design and cost less than
fast-fill stations. However, slow-fill stations require
geveral hours to refuel compared to the two-five minutes
needed with fast-fill systems. CNG is generally provided
lo refueling stations owned by a local distribution
company (LDC), a private fleet, or a public refueling
company. The LDC obtains the gas from a producer
through a pipeline company.

The prices of these heavy-duty natural gas engines vary.
Because of the substantial premium for development

costs, prices for heavy-duty natural gas engines are nearly
double that of a comparable diesel engine. The incremen-
tal cost for each heavy-duty CNG vehicle can range from

Heavy-duty natural gas engines have significantly lower
emission levels than diesels. They achieve low particulat
matter and low N@emissions. This fact is significant
because in urban bus applications, visible particulates ar
offensive to the public. Air pollution control agencies
receive more complaints regarding smoky emissions than
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Fast-fill CNG refueling stations accomplish gas compres- CNG compressor station costs are considered. Although
sion, drying, and filtration, storage and dispensing. The CNG is exempt from federal excise tax, itis subjectto a
gas compressors are expensive and consume significantfederal energy tax of $0.0485 per 100 standard cubic feet
electric or gas engine power. There are several fast-fill  (scf), which is approximately $0.056 per gasoline gallon
CNG station designs that can include smaller compressorsquivalent. State taxes on CNG vary considerably.

and larger gas storage tanks or larger compressors with o ) _

reduced storage capacity. The selection generally s n California, CNG is taxed at approximately $0.07 per
driven by the fleet refueling schedule requirements. CNG 9asoline gallon equivalent, compared to $0.18 per gallon

refueling dispensers are similar to gasoline or diesel for gasoline. Even though CNG fuel is comparatively less,
dispensers, except the nozzles have positive-connect the cost of the light-and heavy-duty vehicles is substan-
pressure fittings. tially more than their gasoline and diesel counterparts.

Only in a minimal number of high-mileage fleet vehicle
Currently, there are over 100 public and 90 private NGV  applications are the fuel cost savings adequate to amortize
fueling facilities within California. This number is expected the CNG vehicle capital costs.
to exceed 260 by the end of 1999. )

Environmental, Health,

Fuel Supply and Safety Issues

Natural gas supplies are expected to remain plentiful for Natural gas is non-toxic and poses limited health con-

the next several decades. The total resource base, or 93%ms. Because of its high pressure, there are safety

recoverable with today’s technology for the lower 48 issues associated with the use of CNG. CNG is stored on
states, is estimated to be about 975 trillion cubic feet. Thi§ehicles at a maximum pressure of 3,600 psi which

amount is enough to meet current consumption needs fo
more than 50 years. Natural gas costs less than petroleu
and is domestically available. This fuel accounts for

approximately one-fourth of the energy consumed in the

U.S., supplying natural_gas for comm_er_cial and in(_justrial tanks are constructed of high-strength steel, aluminum
processes, home heating, and electricity generatl_on. . wrapped with a composite material, or all-composite
Transportation consumes about three percent, primarily %haterials. The National Fire Protection Association,

power compressors on natural gas pipelines. American National Standards Institute, and other control
agencies have established strict standards for CNG
equipment. A few mishaps with ruptured tanks have
occurred as a result of corrosion that caused the pressure
relief devices to vent gas prematurely. There have been
Extensive CNG vehicle programs have been implemented no major “on-road” CNG vehicle accidents in the United

by Southern California Gas, Pacific Gas and Electric, and States.

other California gas companies. Recently, these programs ) .
were cut back in response to legislation which introducedCNG vehlcles do reqqlre some safety .procedures_ that are
more competition into the utilities’ business. not required for gasoline or diesel vehicle. Gasoline and

diesel fuels are heavier than air and stay near the surface.
CNG as a transportation fuel is not limited by the availabil-On the other hand, natural gas rises up because it is
ity of the feedstock. It is, however, hampered by the lighter than air. Maintenance facilities that have been
number of refueling stations. CNG is currently available atdesigned to maintain gasoline and diesel vehicles must be
approximately 1300 refueling stations throughout the U.S.modified to provide adequate maintenance procedures
These stations allow drivers of CNG-dedicated vehicles téhat accommodate these CNG characteristics.
successfully drive across the country without geographic_ . . ) _
restrictions. Dual fuel CNG vehicles with CNG and During extraction, processing, accidental releases, or

gasoline or diesel fuel systems can drive without restric- VEhicle emissions, natural gas can potentially create
tions by switching from CNG to gasoline (or diesel). adverse environmental impacts. CNG is primarily meth-
ane, a greenhouse gas. The release of any greenhouse

Today’s Prices of CNG gas into the environment is of concern because it can
contribute to global climate change.

Today'’s prices of CNG are generally less than gasoline or
diesel fuel, on an equivalent energy basis, even when the

rovides about one-forth the energy density of gasoline.
tural gas must be compressed prior to transferring it to

vehicles and special high-pressure tanks are used to

safely contain the CNG on the vehicle. These cylindrical

CNG vehicle advocates have the support of pipeline
companies, natural gas local distributing companies and
producers.
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Future Potential The future potential for heavy-duty CNG vehicles will
f Nat | G Vehicl depend on several factors. Compared to diesel fueled
or Natura as venicles engines, CNG has significantly lower emissions. CNG

CNG is a viable alternative fuel for light-duty vehicles. generally is less expensive per Btu than diesel fuel.

The U.S. is one of the world’s |al’gest producers and However, as in ||ght_duty app”cationsy the heavy-duty
consumers of natural gas. Interest in natural gas as a CNG vehicle costs substantially more than diesel vehicles.
transportation fuel has increased in recent years beca%pite this fact, heavy-duty CNG vehicle life-cycle

it burns cleanly and it has an active and well-financed economics are better than light-duty vehicle economics.
constituency of advocates. The disadvantage of CNG [gecause of the increased fuel consumption, the additional
that the high vehicle prices are not offset by the low fue¢apital costs can be amortized. At this time, emissions-
priceS. CNG'’s future pOtential in the I|ght'duty vehicle certified OEM heavy-duty natural gas engines are not
market will depend on public acceptance of reduced  available in horsepower ranges suitable for all applica-
vehicle range, technology advances, increased sales tjons. Heavy-duty engines that are currently available are
volume to reduce equipment prices, and future regulatogyss efficient than the diesel counterparts. The range

action. As sales increase and technology improves, thgmitations as well as the additional tank, fuel, and space
incremental cost of CNG vehicles is expected to decreaggeded with CNG fuel create challenges.

Table VI-1

Natural Gas Vehicles (June 1999)
Year Make Model Certification
1995 Chrysler B2500 Ram (Van) LEV
1995 Dodge/Plymouth Caravan/Voyager Minivan ULEV
1995 Dodge Ram 1500 Pick-up ULEV
1996 Dodge/Plymouth Caravan/VVoyager Minivan ULEV
1996 Dodge 2500 Ram Pick-up ULEV
1996 Dodge B2500 Ram Van/Wagon ULEV
1996 Dodge B3500 Ram Van/Wagon ULEV
1996 Dodge Dakota Pickup ULEV
1996 Ford Crown Victoria LTD ULEV
1996 Ford F-150, F-250 Bi-fuel Pickup Tier-1
1996 Ford Econoline 250, 350 bi-fuel Van Tier-1
1997 Ford Crown Victoria LTD ULEV
1998 Ford Crown Victoria LTD ULEV
1998 Ford Contour bi-fuel T-LEV
1998 Chevrolet Cavalier bi-fuel LEV
1998 Honda Civic GX ULEV
1998 Ford Ford E-250, E-350 (Dedicated) SULEV
1999 Ford Crown Victoria LTD ULEV
1999 Ford Contour bi-fuel T-LEV
1999 GMC Sierra Pick-up bi-fuel LEV
1999 Chevrolet CK Pick-up bi-fuel LEV
1999 Chevrolet Cavalier bi-fuel LEV
1999 Honda Civic EX ULEV
1999 Toyota Camry ULEV
1999 Ford F-150 Pick-up and S-cab bi-fuel ULEV
1999 Chrysler B3500 Van SULEV
1999 Ford F-250, E-250, E-350 SULEV
1999 Ford E-350 Club Wagon SULEV
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Table VI-2

Natural Gas Heavy-Duty Engines (July 1999)

Model Year Manufacturer Liter Displacement
1998 Baytech 4.3
1998 Cummins 11
1998 Cummins 5.9
1998 Cummins 8.3
1998 DDC 8.5
1998 John Deere 6.8
1998 John Deere 8.1
1998 Power Systems 11.9
1998 Power Systems 10.3
1999 Baytech 4.3
1999 Cummins 5.9
1999 Cummins 8.3
1999 Cummins 11
1999 DDC 12.7
1999 DDC 85
1999 John Deere 6.8
1999 John Deere 8.1
1999 Power Systems 7.2

Compressed Natural

Gas Contacts

Government

California Energy Commission National Appropriate Technology Richard Wares

Transportation Technology
and Fuels Office
1516 Ninth Street, MS-41

Assistance Service (NATAS)
P.O. Box 2525
Butte, MT 59702

Program Manager
Office of Alternative Fuels
U.S. Department of Energy

Sacramento, CA 95814 800-428-2525 1000 Independence Avenue, S.W.
916-654-4634 Washington, DC 25085
Paul Norton 202-586-8031
Clean Cities Hotline National Renewable
P.O.Box 12316 Energy Laboratory John Mueller
Arlington, VA 22209 1617 Cole Blvd. National Vehicle
800-C-CITIES Golden, CO 80401 & Fuel Emissions Laboratory
303-275-4424 U.S. Environmental
National Alternative Fuels Hotline Protection Agency
P.O.Box 12316 2565 Plymouth Road
Arlington, VA 22209 Ann Arbor, MI 48105
800-423-1DOE (1363) 313-668-4275
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Tad Wysor

Clean Fuel Fleets Program
U.S. Environmental
Protection Agency

2656 Plymouth Road

Ann Arbor, MI 48105
313-668-4332

David Gushee

Senior Specialist,

Environmental Policy

U.S. Library of Congress
Congressional Research Service
Washington, DC 20540
202-707-7228

Automobile
Manufacturers

A. Michel Clement

Alternative Fuels Vehicle Marketing
Chrysler Corporation

12000 Chrysler Drive

CIMS 414-03-44

Highland Park, MI 48288
248-948-3644

Thomas A. Rhoad, Manager
Advanced Engineering and
Vehicle Environmental Engineering
Ford Motor Company

Fairlane Business Park

17225 Federal Drive, Suite 145
Allenpark, M1 48101

313-594-3420

e-mail: trhoad@ford.com

Ford Alternative
Fuel Vehicle Hotline
800-ALT-FUEL (258-3835)

Nicole Wildern

Advanced Technology Vehicles
General Motors Corporation
1996 Technology Drive

Mail Code 483-619-431

Troy, MI 48007-7083

Stephen Ellis, Manager

Natural Gas Vehicles

American Honda Motor Co. Inc.
1919 Torrance Blvd.

Torrance, CA 90501-2746
310-781-4450

e-mail: sellis@arehonda.com

Charles Miller

Toyota Motor Sales
19001 S. Western Ave.,
Mail Drop A-300
Torrance, CA 90509
310-618-6790

internet: www.toyota.com.

Engine Manufacturers &
Conversion Companies

Rebecca Royer

BayTech Corporation

P.O.Box 1148

Los Altos, CA 94023
650-949-1976

e-mail: sales@baytechcorp.com
internet: www.baytechcorp.com

Vinod Duggal, Director
Advanced Engineering
Alternative Fuels Products
Cummins Engine Company Inc.
P.O. Box 3005

Columbus, IN 47202
812-377-7338

Dean Kariniemi, Manager
Alternative Fuel Technology
Detroit Diesel Corporation

13400 Outer Drive, West

Detroit, MI 48239

313-592-5994

e-mail: j.karinO1@detroitdiesel.com

Joby Javellanna

Product Marketing Manager
Deere Power Systems Group
3801 W. Ridgeway Ave.

Kevin Campbell

Power Systems Associates

3500 Shepherd St.

Whittier, CA 90601

P.O.Box 7044

Los Angeles, CA 90020
562-463-6033

e-mail: kvcampbell@catpower.com
internet: www.cat-dual-fuel.com

Fuel Providers

City of Coalinga Gas Service
160 West Elm Street
Coalinga, CA 93210
559-935-1531

City of Long Beach

Gas and Electric Department
2400 East Spring Street
Long Beach, CA 90806
562-570-2052

Clean Air Transportation
Pacific Gas & Electric Company
123 Mission Street, MC H28L
P.O. Box 770000

San Francisco, CA 94177
800-684-4648

internet: www.pge.com/cleanair

Joe Semerad

Natural Gas Vehicle Marketing

San Diego Gas & Electric

8306 Century Park Court, Suite 4200
San Diego, CA 92123

858-654-1108

Ed Vanherik

Media & Public Relations
Alternative Fuel Vehicles
San Diego Gas & Electric
101 Ash Street

San Diego, CA 92101
877-866-2066

Denise King

248-680-2874 P.O. Box 5100 News Bureau
fax: 248-680-5134 Waterloo, IA 50704-5100 Southern California Gas Company
319-292-5348 555 West 5th Street
Los Angeles, CA 90017
213-244-2548
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Mitch Pratt

Southern California Gas Company
555 West Fifth Street

Los Angeles, CA 90013
213-244-1200

fax: 213-244-5039

e-mail: mpratt@socalgas.com

Jay Taylor

Southwest Gas Corporation
P.O.Box 98510

Las Vegas, NV 89193
702-876-7287

fax: 702-364-3045

CNG Fueling Station
Providers

Ken Kelley

Fleet Star Inc.
P.0.Box 51666
Amarillo, TX 79159
806-353-3353

fax: 806-353-9611

Drew Diggins

Operations Manager
Pinnacle CNG Company

300 N. Marienfeld

Midland, TX 79702
915-686-5989

(CNG fueling station provider)

Andrew Littlefair

Pickens Fuel Corporation

3030 Old Ranch Parkway, Suite 280
Seal Beach, CA 90740
888-732-6487

fax: 562-493-4532

Organizations &
Associations

E. Eugene Ecklund

Executive Director

Alternative Transportation Fuels
Foundation

HCR-72,Box547-B LOW

Locust Grove, VA 22508
703-972-0484

Greg Fine

Director of Market Development
Natural Gas Vehicle Coalition
1100 Wilson Blvd., Suite 850
Arlington, VA 22209
703-537-3022

Wayne Parker

General Manager

Clean Air Vehicle Association
14 Piedmont Center, Suite 1205
Atlanta, GA 30305
404-237-1980

CNG & LNG Research Programs
Gas Research Institute

8600 West Bryn Mawr Avenue
Chicago, IL 60631

773-399-8100

David P. Lefever
Executive Director
National Association
of Fleet Administrators

100 Wood Avenue South, Suite 310

Iselin, NJ 08830
732-494-8100

Ted Lemoss

(NGV & Fire Code Research)
National Fire Prevention Association
One Batterymarch Park

P.O.Box 9101

Quincy, MA 02269

617-984-7407

Gregory Vlasek

Executive Director

Natural Gas Vehicle Coalition
925 L Street, Suite 1485
Sacramento, CA 95814
916-448-5036

David DuBois

Society of Automotive Engineers
400 Commonwealth Drive
Warrendale, PA 15095
724-776-8136
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Chapter 7
Liquefied Natural Gas Vehicles

=

Introduction Light-duty Vehicle Technology

This chapter discusses the characteristics of liquefied No automobile manufacturers currently offer LNG light-
natural gas, vehicle history, light and heavy-duty technol-duty vehicles. Because privately owned light-duty

ogy, infrastructure, fuel supply and pricing. Also includedvehicles may occasionally remain unused for weeks at a
are the environmental, health, and safety aspects, and thiéme, LNG is not an appropriate fuel type. When LNG

future potential for liquefied natural gas vehicles. vehicles are parked indoors for long periods of time,

pressure builds up in the tanks induced by heat transfer.
Fuel Characteristics This leads to combustible gas venting after storage
and Vehicle History periods as short as one week.

Although safe self-service fueling station systems have
recently become available, refueling vehicles with LNG
requires knowledge and expertise. Training large numbers
of light-duty LNG fueled vehicle owners on refueling
procedures would be difficult to achieve.

Liquefied natural gas (LNG) is primarily composed of
methane, CH and is a viable alternative fuel to com-
pressed natural gas (CNG), gasoline, and diesel. Natural
gas becomes a liquid when cooled to cryogenic tempera-
tures about -26@. LNG has a higher storage density than

CNG, is domestically available, has the benefits of low Heavy—duty Vehicle Technology
cost, and is clean burning. When used as a motor fuel,

LNG is stored at its boiling point on the vehicle as a LNG is the fuel choice for most large natural gas fueled
saturated liquid. The tank pressure determines the actuag|zss g (33,000 — 80,000 Ib. GVWR) trucks and all natural
fuel temperature. The typical storage pressure of LNG is gas fueled locomotives. Some large transit bus and

50 pounds per square inch gallon (psig) at which the fuel medium-duty truck fleets also use LNG.
temperature is -22B. In this state, LNG has an energy

density of approximately 230 percent of CNG at 3,000 psigHeavy-duty vehicle chassis and engines are generally

and about 55 percent of diesel fuel. manufactured by separate companies. Diesel engines are
) _ ) ) _generally the engine of choice for these vehicles and

Natural gas may be liquefied at the fuel station site but is ,5¢ral gas engines are typically based on popular diesel

typically delive_red b_y tanker truck from r_emote liquefac- engine configurations. The two types of heavy-duty

tion plants. Highly insulated tanks are installed on board ,5tyral gas engines currently available are spark ignition

the vehicle to store the fuel. Over the years, the technol- 54 pilot injection dual fuel. A third type, compression
ogy for LNG fuel tanks has evolved. Tanks are con- ignition direct injection, is under development.

structed as concentric stainless steel containers, similar to

a thermos bottle. The space between the internal and Most heavy-duty LNG trucks are produced by replacing

external container is evacuated and typically contains a the diesel fuel tanks on an existing or new truck chassis

reflective layered super insulating material. with LNG tanks and fuel system components and either
installing a new OEM natural gas engine or converting the
existing diesel engine. This mechanical work is usually
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carried out by a full-service truck or engine dealer, buta |nfrastructure

few OEM truck chassis manufacturers are showing

interest in installing natural gas engines and LNG fuel  Fuel supply options for LNG vehicle projects have
systems as part of their new truck assembly process. included central liquefaction facilities (typically pipeline
Conversely, the bus manufacturer usually assembles LNGyas processing for peakshaving), on site liquefaction and
buses with a natural gas engine and LNG fuel system.  imported LNG. In the larger centrally located liquefaction
Currently, there are six manufacturers of heavy-duty plants, LNG can be economically trucked to operators. In
natural gas engines; eight manufacturers of LNG fuel  wiillis, Texas, Praxair has a large liquefaction plant that
tanks and vehicle fuel system components; and five OEMprovides fuel to LNG fleets in El Paso and Houston. Some
transit bus manufacturing companies offering LNG buses.centrally located, existing gas-processing plants could
roduce LNG. Unfortunately, these processing plants are
ot conveniently located near any California LNG vehicle
fleets. More than 50 North American gas utilities liquefy
and store gas for reevaporation during peak demand

LNG provides longer vehicle range with smaller and Iightelﬁ
tanks relative to CNG but a shorter range than diesel
vehicles. This point is significant for heavy-duty vehicles
because range and payload capability usually impact eriods. Some of this product could be used to fuel LNG
profit margins. Heavy-duty natural gas vehicles appear t ehicles.

have an energy-based fuel economy of at least 15 percent

lower than equivalent diesel vehicles, although engine  On-site liquefaction reduces the cost of transporting LNG
technologies to improve fuel economy are under developfrom distant processing facilities. This on-site process is
ment. Heavy-duty natural gas engines have been similar to a CNG station, except the liquefier replaces the
developed to produce some of the power output ratings Gfompressor. The economical competitiveness for onsite
popular diesel engines. Heavy-duty natural gas engines iquefaction is still being evaluated.
have also achieved significantly lower Nd particulate
emission levels than the diesel counterparts. Imported LNG has not become economically feasible for
California vehicle projects. The operating U.S. LNG import
Compared to equivalent diesel vehicles, the incremental terminals are located in Everett, Massachusetts and Lake
costs for LNG vehicles depend on the quantity of vehicleCharles, Louisiana. Both terminals are too far away for
purchased, their equipment options, as well as other  imported LNG to be economically trucked to California for
factors. The approximate incremental price of LNG transit NG vehicle fuel. Some imported LNG does not meet the
buses is between $30,000 to $40,000 vs. ($50,000 to $60,0%h methane content (97 percent) typically required by
with CNG) with quantity purchases. The incremental priceheavy-duty natural gas engine manufacturers for perfor-
of a Class 8 tractor equipped with a LNG engine and fuel mance and durability.
system can be $35,000. These incremental costs should
decrease as market development and production increasén LNG refueling station generally consists of a fuel
transfer system, a storage tank, and dispenser equipment.
The Interstate Clean Transportation Corridor (ICTC) Although there are many design variations, generally
coordinates the activities of interested stakeholders to gjther a pump or differential pressure is used in the fuel
establish LNG fueling infrastructure along major highway transfer system. The dispenser has a refueling connector,
corridors in the western states to supply heavy fuel a cryogenic hose, and a metering control system. The
consuming long-haul trucks as well as local users. The design of all LNG transfer and dispensing systems is to
ICTC willlink Las Vegas, San Diego, Los Angeles, the Sanminimize or eliminate vapor venting to the atmosphere.
Joaquin Valley, San Francisco, Sacramento, Reno, and SaliNG refueling is faster than CNG, but the hoses and
Lake City. connectors used for LNG are more cumbersome.

During the 1970s, San Diego Gas and Electric Co. providegthere are currently a few installed LNG-to-CNG refueling
LNG fuel for fleets, including shuttle buses atthe San  stations (LCNG or LICNG). These stations provide fuel
Diego Zoo. San Diego Gas and Electric dismantledits  supply flexibility for both CNG and LNG vehicle refueling.
LNG plants in the late 1970s, which ended these LNG  For CNG refueling, these stations actually store natural
vehicle projects. Currently, LNG is provided to California gas as LNG, increase the pressure to 3,000 psig or higher
truck and bus fleets from liquefaction plants in Wyoming, using much less energy than CNG compression, and then
Kansas, Colorado, and Arizona. vaporize and dispense it into CNG vehicles.
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Fuel Supply ultimately include the amortized cost of the equipment
required to store and dispense it. This makes it especially

Presently, there are very few LNG refueling stations, but important to achieve high usage of highly capital-

LNG production capability exceeds demand. Public accedstensive equipment. Because the equipment to store and

LNG stations are virtually non-existent. Most LNG dispense LNG costs less per unit of energy dispensed

refueling stations are at heavy-duty vehicle fleet locationghan equivalent CNG equipment, LNG fuel stations should

that refuel on-site. be able to compete economically with CNG fueling
stations with lower use levels. However, since LNG is

The delivery of less-than-truckload LNG quantities primarily used in heavy-duty and heavy fuel consuming

increases the cost of transport. One of the limitations for vehicles such as large trucks, transit buses, refuse

small LNG vehicle pilot projects is the cost of LNG collection trucks and railroad locomotives, the large

refueling stations. These costs have been a deterrent unjilantities of fuel dispensed from large centrally-operated

the recent lease options available for LNG storage and  fleet locations can be relatively cost effective compared to

refueling facilities. There are currently two lease facilities, diesel fuel.

available in California. Cryenco manufactured a portable

skid-mount unit that is leased through Jack B. Kelley Inc., In 1997, the federal government revised the excise tax on

a cryogenic gas trucking company based in Texas. This LNG to approximately $0.12 per LNG gallon, the energy

leasing opportunity may resolve the refueling limitations. equivalent of gasoline at about $0.18 per gallon. This

As public access LNG fueling infrastructure becomes ~ revision removed a long-standing inequity. Previously

established for long-haul trucking, the economic availabil-federal excise taxation for LNG was at the same rate per

ity of LNG in small quantities will improve. gallon as gasoline, without recognizing LNG'’s lower
energy density.

Petroleum, chemical, and natural gas companies; LNG

importers and natural gas local distribution companies ~ The State of California taxes LNG at $0.06 per gallon. This

(LDCs) have made investments in advancing LNG asa  is approximately $0.09 per gasoline equivalent gallon,

motor vehicle fuel. Included in the list of promoters are  compared to $0.18 per gallon of gasoline. Heavy fuel

Praxair and Air Products, specialty gas and chemical consuming vehicles over 12,000 Ib. can pay a flat rate of

companies. Praxair has a liquefaction plant in Willis, Texasb168 per year. Without this flat rate incentive, a typical

that supplies LNG as a fuel. Air Products has focused ~LNG truck using 33,333 gallons of LNG to travel 100,000

mainly on the LNG for the railroad locomotive market. miles (at 3 miles per LNG gallon) would pay $2,000 in
California State fuel excise taxes. This is a saving of

Significant natural gas reserves, as well as existing gas $1,832.

processing plants that can produce LNG, are owned by

Chevron, Exxon, and Amoco. Because these plants are As a substantial market for the fuel develops, LNG prices

not near potential California LNG vehicle fleets, significant can be expected to decline. This would secure a more
transportation would be needed. affordable LNG refueling infrastructure and could enable

economic use of large liquefaction plants.
Local distributing companies (LDC) play an important role
in the LNG arena because they can provide significant Environmental, Health,
financial opportunities. Some LDCs with peakshaving
facilities strive to sell LNG or promote LNG vehicle and Safety Issues

developm_ent. Because the LDC fun_dlng Source IS rale  gocase LNG is a non-toxic fuel, there are not many health
bas_ed, using these f_unds for suppo_rt_mg LNG as a motor issues. However, the public does not have general
vehlcle”fuel |sfme:1W|th sorgle oz%osgor;). Ratedp?yers id knowledge about or experience with the use of LNG (and
generatly pre e_rt at rate based funds € USed for resitelyiyqr cryogenic liquids). The freezing temperature of the
tial anq industrial natural gas consumption rather than ¢ can cause cryogenic burns or frostbite if it comes in
supplying fuel to natural gas vehicles. direct contact with the skin. California law (Title 8)

) : requires that “only qualified persons shall be permitted to
TOday s Prices of LNG operate natural gas transfer or fueling equipment.”

On an energy-equivalent basis, the price of LNG can be  Natural Gas is primarily methane, a greenhouse gas. Thus,
h!gher or lower than gasoline or dlesel_fuel. The price is ysing any natural gas fuel has the potential of creating
highly dependent on geographic location, purity, transporagyerse environmental impacts. Without adequate safety

tation, quantity purchased, and competitive forces. The controls, direct releases of methane to the environment
retail price of any fuel in a commercial environment must
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can potentially occur during the extraction and processinfFture Potential for LNG Vehicles
of natural gas and crude oil, from accidental releases of

pipeline gas in distribution systems, at fueling hook-ups, The future potential for LNG is in heavy-duty vehicles
tank venting, as well as tailpipe emissions. The pressurewhere range and payload are critical. CNG is better suited

buildup from heat transfer, if the vehicle is unused for
periods of more than a week, can result in tank venting
This tank venting can cause safety and environmental
concerns for global greenhouse warming.

An unused LNG vehicle parked for long periods will vent
flammable gas. The primary LNG vehicle safety issue is

the concern that a vehicle parked indoors will vent a
flammable mixture in the vicinity of an ignition source.

This problem is essentially eliminated if LNG is restricted
to frequently driven fleet vehicles, which are serviced in

properly designed facilities, by trained personnel. Los

for light-duty vehicles where range and payload are not
major issues. Medium-duty applications may be appropri-
ate for both natural gas fuel types. The specialized
equipment and procedures needed for LNG vehicles and
refueling facilities are currently available.

Although the vehicle and refueling facility costs are high,
the current price of LNG is close to diesel fuel on an
energy-equivalent basis. As a motor fuel, LNG is available
from a number of fuel suppliers, but long-distance
transportation is costly. LNG vehicle engines, fuel
systems, and other equipment, as well as, LNG refueling

Alamos National Laboratories conducted a safety analysistations are available.

on LNG vehicles and calculated that for most accident

scenarios LNG vehicles were rated safer than gasoline
vehicles. However, LNG vehicles were rated less safe thaigfueling facilities, the life-cycle cost of LNG vehicles is
diesel vehicles. The safety reputation of LNG has been higher than diesel counterparts. This life cycle cost issue

plagued by a 1944 accident at a LNG plant located in

Because of the additional cost of LNG vehicles and

should improve as the LNG motor vehicle market develops

Cleveland which caused 128 deaths. Experts agree that and incentives based on emission benefits become
this incident of tank structural failure was due to the low available.

temperature (resulting in weakening of the steel used i

n

that system) and does not apply currently to LNG systems

used in motor fuel applications today.
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LNG Contacts
Fuel Suppliers

Ken Kelley, Chairman
Applied LNG Technologies
8101 W. 34 Avenue
Amarillo, TX 79121
806-353-3553

fax: 806-353-9611

Ken Kelley, Chairman
FleetStar, Inc.

8101 W. 34 Avenue
Amarillo, TX 79121
806-353-3553

fax: 806-353-9611

Mr. John A.Barclay
President and CEO
CryoFuel Systems, Inc.

14815 Chain Lake Road, Suite A

Monroe, WA 98272
360-794-3755
fax: 360-794-4636

e-mail: jparclay@cryofuelsystems.com
internet: www.cryofuelsystems.com

Raymond Tate, Chairman
Liberty Fuels, Inc.

130 Hangar Way
Watsonville, CA 95076
831-763-6111

fax: 831-763-6116

Youbert Alkhato, Director
Sales and Marketing
Liberty Fuels, Inc.

130 Hangar Way
Watsonville, CA 95076
831-763-6111

fax: 831-763-6116

Gary Pope, President
USAPRO
P.O. Box 57

Huntington Beach, CA 92648

714-536-4900
fax: 714-969-3075
e-mail: usapro@flash.net

Fuel Station Providers

Mr. John A.Barclay
President and CEO
CryoFuel Systems, Inc.

14815 Chain Lake Road, Suite A

Monroe, WA 98272
360-794-3755
fax: 360-794-4636

e-mail: jparclay@cryofuelsystems.com
internet: www.cryofuelsystems.com

Raymond Tate, Chairman
Liberty Fuels, Inc.

130 Hangar Way
Watsonville, CA 95076
831-763-6111

fax: 831-763-6116

Youbert Alkhato, Director
Sales and Marketing
Liberty Fuels, Inc.

130 Hangar Way
Watsonville, CA 95076
831-763-6111

fax: 831-763-6116

David Barr

LNG Business Manager
MVE, Inc.

3505 County Road 42 West
Burnsville, MN 55306-3803
612-882-5000

fax: 612-882-5172

James N. Harger
Vice President — Marketing
Pickens Fuel Corp.

3030 Old Ranch Parkway, Suite 280

Seal Beach, CA 90740
562-493-2804 ext. 223
fax: 562-493-4532

e-mail: harger@pickensfuelcorp.com

Rick Gamble
PCI Clean Fuels

2311 Magnolia Ave.

Oakland, CA 94607
510-444-8081
fax: 510-444-8083

Gary Pope
USAPRO
P.O.Box 57

Huntington Beach, CA 92648

714-536-4900
fax: 714-969-3075

e-mail: usapro@flash.net
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Chapter 8
Propane/LPG-Fueled Venhicles

Introduction

This chapter discusses the characteristics of liquefied natural gas processing and the remainder comes from
petroleum gas, vehicle history, light and heavy-duty crude oil refining. LPG combustion produces small
vehicle technology, infrastructure and fuel supply. Also amounts of particulate and sulfur emissions. One gallon
included are pricing, environmental, health, and safety  of LPG contains less energy than a gallon of gasoline

aspects of the fuel and future vehicle potential. (82,485 Btus for LPG compared to 111,400 Btus for
gasoline).

Fuel Characteristics LPG has been used as a fuel since 1912. In the U.S. today,

and Vehicle History LPG is the third most commonly used transportation fuel,

ranked only behind gasoline and diesel. More vehicles

Propane is a gas in its natural state and is derived from Us€ LPG than all other alternative fuels combined.
petroleum refining and natural gas production. It turns to
liquid under moderate pressure and is stored in vehicle
fuel tanks at about 200 pounds per square inch at 100
degrees Fahrenheit. When liquid propane is drawn from
the tank, it changes back to a gas before it is burned in t
engine.

LPG has been used around the world as a transportation
fuel for more than 60 years. More than four million
LPG-fueled vehicles are in service throughout the world in
hIieght, medium and heavy-duty applications. Approxi-
mately 300,000 vehicles in the U.S., mostly in fleets, are
fueled with LPG. These include school buses in Kansas

As a motor vehicle fuel, propane is referred to as liquefiedCity and Portland; taxicabs in Las Vegas; sheriff and police

petroleum gas (LPG), which is actually a combination of ~ Cars; and dozens of fleets throughout California. The_
hydrocarbons like propane, ethane, and butane. LPG is €stimates have placed the number of LPG fueled vehicles

gaseous at ambient conditions but liquefies at moderate in California as high as 32,793, according to the Energy

pressures. In the U.S., about half of the LPG, anon-  Information Agency of the DOE.
renewable fossil fuel, obtained today is a by-product of
Figure VIII-1

LPG Fuel Tank Placement

=

Single Inbed Tank (SuperCab) 3 7
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Light-duty Vehicle Technology Ford discontinued their popular F-700 medium-duty LPG
powered chassis at the end of 1997. However, plans are to

The majority of LPG vehicles are gasoline (spark-ignition) return this chassis to market with the LPG option in the

engines. Converting diesel (compression-ignition) new F-750 for the 2001 model year. The engine selection
engines to LPG is a more Comp|ex process. The two has not been finalized. Meanwhile, November 1999 is the
existing light-duty LPG engines are either dedicated, target date for introduction of Ford’s Super Duty F-350,
operating exclusively on LPG, or bi-fuel, operating on F-450 and F-550 LPG-fueled trucks. All are powered by the
either LPG or gasoline. The majority of LPG-fueled 6.8 liter V-10 bi-fuel engine using the GFI fuel system with

engines are specially manufactured converted gasoline aULEV emission level target.
engines. The LPG-fueled light-duty vehicle also performs
like a gasoline vehicle, especially because of driving
range.

Freightliner offers the Cummins 6B LPG engine (195
horsepower rated) in its medium duty chassis. This same
engine is available in the El Dorado National and other
LPG is stored on-board in liquefied form under moderate brand buses as well as Ottawa yard dog (Dock Fork Lifts).
pressure, approximately 160 pounds per square inch. It Itis certified at LEV emission levels.

has about 86 percent of the energy of gasoline, so it
requires more storage volume to provide the same drivin
range. LPG, however, provides the longest driving range
of any alternative fuel. The low cost of on site refueling
makes LPG-fueled vehicles popular for industrial and fleet
applications.

Converting diesel engines to LPG operation are possible,
ut not economically practical. One diesel-LPG technol-
ogy under development is the Caterpillar 3126 engine. In
this technology, LPG and diesel are used at the same time
and in varying proportions, depending on the engine load
and speed. If successful, this engine may become a
Before 1996, most LPG on-road vehicles generally used candidate for more robust heavy-duty applications.
after-market equipment. Ford, GM, and Chrysler have
produced LPG vehicles in the past, and are continuing
to produce vehicles as OEM fully warranted vehicles.

Canada has been the testing ground for some prototype . LPG's drivi L .
Chrysler LPG vehicles. The cost of converting a :cmplrove_s Sd lrlvmg range. Low mamtenanfc?]cobsts, fi
light-duty vehicle from gasoline to LPG ranges from uel savings, and lower emissions are some of the benefits

$1.500 to $3,000. of LPG trucl_<s. In Qrange Co_unty, California, as part of a

demonstration project, transit buses were equipped with
Emission testing of OEM-produced LPG vehicles indicateghe Cummins L-10 engines converted to use CNG,
reductions in CO, Nannd non-methane hydrocarbons methanol and LPG. After emissions testing, the LPG bus
relative to gasoline vehicles in some applications. How- €engine was found to have the lowest emissions.

ever, the refueling operation can be a significant source ofC . ional line h d K
LPG hydrocarbon emissions when a type of refueling onverting a conventional gasoline heavy-duty truck to

valve, known as an outage valve, is used. U.S. EPA LPGIha_\s besnS gngs;‘andénAgé)éacncke. Howevc_—zr, recent
regulations are expected to prohibit the use of these regulations by U.S. an make Conversions more

valves in the future costly due to more stringent certification procedures.
' These procedures are aimed at ensuring that the positive

Heavy-duty Vehicle Technology emission benefits of LPG are delivered over the useful life
of the vehicle. The cost of converting a conventional

LPG use in medium and heavy-duty fleet vehicles is a heavy—du_ty gaspline fueled truck to LPG can be partially
popular application because they consume larger volumegffSet by incentives offered under the EPAct. Many

of fuel than light duty vehicles. The larger volume of fuel states and_local governments also offer incentives for use
helps offset the incremental cost of either a converted ~ ©f LPG vehicles.

engine or the purchase of a new factory produced vehicl
Currently, GM offers a 7.4 liter LPG engine (dedicated) in
the Topkick and Kodiak medium-duty trucks. This same
chassis will be available in late 1999 with a Bluebird schoo
bus body. GM'’s products use IMPCO fuel systems and
are certified at LEV emission levels. A new 8.1 liter LPG
engine is also planned for the near future.

LPG-fueled heavy-duty vehicles compensate for the less
energy per gallon of LPG than gasoline or diesel fuel by
installing slightly larger on-board fuel tanks. This

S the international arena, various heavy-duty engine

manufacturers supply LPG engines. To date, none have
lected to bring those engines to the North American
arket.
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Infrastructure Fuel Supply

LPG's infrastructure is well established. Inthe U.S., there LPG is produced as part of crude oil refining and natural
are more than 10,000 public LPG refueling stations. For gas processing. In either case, the production of LPG is
motor vehicle refueling, there are about 700 public accessnon-discretionary. Non-discretionary means that when a
LPG refueling stations in California. Fleet users with refinery plans to make gasoline, diesel fuel, heating oil,
independent refueling stations can purchase LPG at and jet fuel in the production process LPG is not only a
wholesale from distribution centers or at discounted pricesatural derivative but is the first product that occurs as a
from public-access refueling stations. It is available to theresult of “refining” crude oil. In the case of natural gas
general public at retail prices from public-access refueling processing, the heavier hydrocarbons that naturally
stations. Although the LPG infrastructure is well estab- accompany natural gas as it leaves the ground are LPG,
lished, many of the retail outlets need dispenser technol- butane, ethane, and pentane. These liquefied petroleum
ogy and appearance upgrades. Modern gasoline-type gases must be removed from the raw natural gas stream,
dispensers with fuel management systems are readily ~ leaving mostly methane before entering the natural gas
available for LPG applications. pipeline distribution system.

LPG refueling stations consists of a storage tank, a Inthe U.S., the production of LPG is approximately 30
transfer pump, metering and dispensing equipment, and &illion gallons per year. Ninety-two percent of all of the
hose with a coupling which connects with the coupling orlLPG supply is domestic, the supply is reliable and

the vehicle fuel tank. LPG vehicle fuel tanks are filled to  relatively free from foreign market disruption. Californiais
about 80 percent of the liquid capacity to allow room for one of the largest LPG producing states. About 60

liquid expansion if the temperature increases. All LPG percent of the total production are from crude oil and 40
vehicle tanks have an automatic stop-fill device, generallypercent from natural gas processing. California imports

a float-actuated valve. New light-duty Ford pickups rely some supply from other states in the winter and exports
solely on an automatic stop-fill device. This device supply to other states and other countries in the summer.
eliminates any discharge of fuel while the vehicle is being ] )

filled. Furthermore, it complies with U.S. EPA regulations, Fom the refinery, propane, plus the other light hydrocar-
which limit any fuel discharge to two cubic centimeters per?Ons contained in LPG, is transported by truck, railcar, or
hose disconnect (the same permitted for gasoline). Soméalp_ellne t(_) LP_G sales and dlstnt_)utlon centers_. In addition
vehicles continue to use a “fixed level outage gauge” to its application as a mot_or vehlcleT fuel, LP_G is used for
(a small tube that extends into the tank to the 80 percent NOMe barbecues, recreational vehicle appliances, as well
level). This gauge will eventually be phased out. Refuel- & heating and cooking in areas where natural gas is not
ing an LPG vehicle takes approximately the same amount available.

of time as refueling with gasoline. , .
gwimng Today’s Prices of LPG

Figure VIII-2
Propane Dispenser Uniquely, LPG satisfies many markets ranging from small
heating torches to huge industrial applications. Each
market has its own needs and competing fuels. Pricing
established by fuel producers and distributors reflect
! e efforts to profitably satisfy customer demand in these
FROPANE o various markets, while remaining competitive with other

i — fuels. When used as a motor vehicle fuel, prices vary
depending on size of delivery, annual volume, time of year,
whether the purchase is at the fleet or retail level, appli-
cable taxes, and where the purchase is made.

Over the years, the pre-tax wholesale price of LPG has
been about 75 percent of the price of gasoline on an
energy-equivalent basis. LPG price fluctuations generally
track changes in gasoline and diesel fuel price fluctua-
tions. Vehicle fleet operators can purchase LPG at
significant discounts from bulk LPG wholesalers, as well
as public access LPG refueling stations. The price of LPG
is posted relatively high at some public access stations
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because of small quantity sales to fill recreational vehicle
appliance tanks and barbecues. Fleet operators typically
use an individual proprietary tank on site, a relatively
inexpensive investment. This tank is frequently provided
by the propane supplier under a modest lease plan. LPG
operators without their own refueling facilities will
generally find (in descending order) the most favorable
prices at LPG dealer owned stores and distribution
centers, gasoline service stations with LPG tanks with

posted motor fuel prices, and retailers such as rental yards

and campgrounds.

Depending on the state, LPG is taxed as a liquid fuel like
gasoline and diesel, at different per gallon rates. The
current federal motor fuel vehicle excise tax is $0.13 per
gallon. California state taxes are collected in one of two
ways, either $0.06 per gallon with each fill or an annual fuel
permit. The cost of the annual permit is based on vehicle
weight. For example, the fee for all passenger cars, other
vehicles with special automobile license plates are the
following:

¢ \ehicles of 4,000 Ibs. or less is $36,

¢ \/ehicles more than 4,000 Ibs., but less than 8,001 lbs.
is$72,

¢ Vehicles more than 8,000 Ibs., but less than 12,001 Ibs. is

$120, and
¢ \ehicles 12,001 Ibs. or more is $168.

As in all other motor fuels, California sales tax is added to
the price of LPG.

Environmental, Health,
and Safety Issues

LPG is arelatively safe fuel because it is non-toxic, it has
good luminosity, and it does not have to be stored at

extremely high pressure or low temperatures. Storage and

transportation of LPG in sealed; pressurized tanks
eliminate evaporation emissions or spillage. Because it
vaporizes when released and is not water soluble, LPG
does not pollute underground water sources. LPG motor
vehicle fuel tanks have relatively thick-wall steel construc-
tion and are much less prone to rupture and fires than
gasoline fuel tanks in the event of a vehicle crash.

Conversely, LPG has some other safety issues. The
weight of LPG vapors at ambient temperatures is
approximately 150 percent the weight of air. If there isa
leak, LPG vapors tend to settle against the ground and
are invisible. There are also safety and emission issues
associated with outage value usage. Incorrect use of
outage valves during refueling could cause excess LPG
vapor discharge. Leaks are also not visible; however,
an odorant is added to make leaks more detectable.

State regulations vary regarding propane vehicle
operation and refueling stations. Boston and New York
do not allow LPG vehicles in tunnels. Some Provinces
in Canada do not allow LPG vehicles in enclosed
parking garages.

Future Potential
for LPG Vehicles

LPG, when used in the transportation sector, has the
potential to improve air quality and reduce our depen-
dence on foreign petroleum. LPG, a relatively economic
and convenient motor vehicle fuel, is currently used to
fuel more light-duty vehicles than all other alternative
fuels combined. In California, the supply is sufficient

for expanded use since summer surpluses are exported
out-of-state and out of the country.

Conversions of conventional gasoline engines have
long been the practice in California. ARB regulations
now require “fully certified” conversion equipment
including onboard diagnostics capability for each
engine family. Manufacturers of conversion equipment
have difficulty making a business case for investing in
the certification procedures without assurances of
growing demand. Consequently, if no aftermarket
certified equipment is brought to market, the LPG
vehicle selection will be limited to that provided by the
vehicle manufacturers.

For the 1999 model year, Ford is offering its F-150 and

F-250 bi-fuel LPG pickups certified to ULEV. In the year
2000, Ford will offer their F-350, F-450, and F-550 trucks
with a 6.8 liter, V-10 engine certified to ULEV.

For a current list of Approved Alternative Fuel Conver-

sion Systems, contact the ARB Certification Branch at
(626) 575-6800 or call the ARB Public Information Office

at (800) 242-4450.
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LPG/Propane
Contacts

Government

California Energy Commission
Transportation Technology
and Fuels Office

1516 Ninth Street, MS-41
Sacramento, CA 95814
916-654-4634

John Mueller
National Vehicle and
Fuel Emissions Laboratory

Conversion Companies

Vinod Duggal, Director
Advanced Engineering
Alternative Fuels Products
Cummins Engine Company Inc.
P.O. Box 3005

Columbus, IN 47202
812-377-7338

Karen Szabo-Hay
IMPCO Technologies

U.S. Environmental Protection Agency17872 Cartwright Road

2565 Plymouth Road
Ann Arbor, MI 48105
734-214-4275

Automobile
Manufacturers

Thomas A. Rhoad, Manager
Advanced Environmental

and Vehicle Engineering

Ford Motor Company
Fairlane Business Park

17225 Federal Drive, Suite 145
Allen Park, M148101
313-594-3420

email: trhoad@ford.com

Ford Alternative
Fuel Vehicle Hotline
800-ALT-FUEL (258-3835)

Nicole Wildern

Advanced Technology Vehicles
General Motors Corporation
1996 Technology Drive

Mail Code 483-619-431

Troy, MI 48007-7083
248-680-2874

fax: 248-680-5134

Irvine, CA 92614
949-399-4589 ext. 289
fax: 949-399-4600

Lisa Bontempo
Government Relations
National Propane Gas Association
1101 17th Street, N.W., Ste. 1004
Washington, DC20036
202-466-7200

Heather Ball

Assistant Marketing Director
Railroad Commission of Texas
1701 North Congress

Austin, TX 78701
512-463-7359

e-mail:kszabo@impcotechnologies.comJohn B. Danks
internet:www.impcotechnologies.com Executive Director

Organizations &
Associations

Bob Myers, Executive Director
Propane Vehicle Council

2102 Business Center Dr., Suite 130

Irvine, CA92612-1012
949-253-5757

Joe Colaneri, Executive Director
Propane Vehicle Council

1130 Connecticut Ave.,

N.W.,, Ste. 700

Washington, DC 20036
202-530-0479

Rita Pecilunas
Director of Marketing

National Propane Gas Association

1600 Eisenhower Lane
Lisle, IL 60532
630-515-0600

Texas Propane Gas Association
P.O. Box 140735

Austin, TX 78714-0735
512-836-8620

800-325-7427

Mary Mulrooney-Reynolds
Executive Vice President
Western Propane Association
2131 Capitol Ave., Ste. 206
Sacramento, CA 95816
916-447-9742
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Chapter 9
Fuel Cell Technology

Introduction

This chapter discusses the characteristics of fuel cells,
light and heavy-duty vehicle technology, infrastructure,
supply and pricing. Also included are environmental,

battery-powered vehicles. The following are the six
principle types of fuel cells identified by the specific
electrolytic conducting materials:

health, and safety aspects, and the future potential for fuel

cell vehicles.

Fuel Cell Characteristics

The fuel cell is a power-generating system for electric
vehicles that converts the chemical energy of hydrogen *
and combines it with oxygen to produce electric energy,
heat, and water. The fuel cell system is restored with
chemical energy rather than electrical recharging. Vehicles
powered by fuel cells have many of the advantages of *
electric vehicles without the disadvantage of limited range
or battery replacement and recharging. Because many
components used in the electric vehicle are also found on
fuel cell vehicles, they can be considered a type of hybrid
electric vehicle. However, fuel cells differ from batteries
because fuel cells do not store energy but rather use

¢ Alkaline Fuel Cell (AFC) - extensively used in the space

program; they are very efficient yet very expensive and,
therefore, considered impractical for transportation
applications.

Phosphoric Acid Fuel Cell (PAFC) - well suited for
stationary power applications and possibly for transit
bus applications.

Proton Exchange Membrane Fuel Cell (PEMFC) -
considered the leading fuel cell type for vehicle
applications, uses hydrogen in a gaseous state or a
liquid hydrogen carrier, and feeds hydrogen directly
into the fuel cell (See Figure IX-1).

Figure 1X-1
Proton Exchange Membrane Fuel Cell

energy stored in a fuel carried on a vehicle.

Some form of hydrogen is required for all fuel cell vehicles
Fuel cell systems can operate on hydrogen produced frof
on-board reformers fueled with hydrogen-rich fuels such
as gasoline or methanol. These on-board reformer
systems are complex. Reformation uses heat and cataly
to strip the hydrogen molecules from the carbon. The
carbon is combined with oxygen (from air or water) to
convert it to carbon dioxide. Trace pollutants can be
formed in that process.

Lower emissions as well as higher energy efficiency favor
fuel cell powered engines over internal combustion
engines. Fuel cells also offer greater traveling range than
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* Molten Carbonate Fuel Cell (MCFC) - operatesata  heat is generated by a catalytic burner for the reformer

high temperature (60C) and is considered to be catalyst. The catalyst temperature is®@60Methanol and
expensive and difficult to operate. steam enter the catalyst, and the mixture is converted to

hydrogen, carbon dioxide, and carbon monoxide. By
* Solid Oxide Fuel Cell (SOFC) - operates at a very high reacting with steam and low levels of oxygen, the level of
temperature (100@) and is considered expensive and carbon monoxide is lowered to below 50 parts per million
difficult to operate. (PPM). This cleaned-up product gas is provided to the
fuel cell, and unrelated hydrogen is burned in the burner
* Zinc Fuel Cell (ZFC) - very similar to the zinc-air battery to provide heat energy for the reformer.
in principle and application; it is still in early develop-

ment for vehicle applications Work is now underway to develop a direct injected

methanol fuel cell that requires no reformer. The develop-

At the present time, the PEMFC is the most viable ment is supported by the cooperative work at NASA's Jet
candidate for vehicle applications as it operates at Propulsion Laboratory in Pasadena, the University of
relatively low temperature (80) and can easily use a Southern California, Caltech, and the Los Alamos National

liquid fuel to provide an acceptable driving range. The Laboratory. This technology is simpler (without fuel

fuel processor/reformer, the device that produces the  processor), can be more compact, and is capable of near-
hydrogen from hydrogen-rich fuels, is now being aggres- zero emissions. However, the progress has been slow in
sively developed. The fuel processor/reformer must be developing the methanol steam reformer PEM.

capable of rapidly converting the vehicle fuel to hydrogen o )
on demand, in a very pure state, as the fuel cell catalyst The key to reformation is breaking the attachment between

can be compromised by contamination, decreasing its the hydrogen a.nd _the carbon in the fuel. This bond is
efficiency over time. In the past several years, the fuel ce|§"°“9’ and a significant amount of energy must be )
stacks, which produce the electric energy from the supplied to release the hydrogen. One method of provid-

processed/reformed fuel, have become significantly ing this energy is to burn or POX of the fuel, increasing

refined to the point where their use in vehicles, both the temperature enOI:Igh to break the bond. A POX sy;tem

light- duty and heavy-duty applications, is a viable option.Can operatg on a_varlety O,f hydrocarbon or hydrogen-rich
feedstocks including gasoline, LPG, natural gas, methanol,

Presently, the second most suitable fuel cell for transport@and ethanol. Operating on a variety of hydrocarbons

tion applications, primarily for heavy-duty vehicle would be one advantage that POX reforming has over low

applications, is the PAFC. Long warm-up times are temperature methanol steam reforming.

required before the PAFC is operational at’ZD0but it

appears to be more tolerant of contamination in the fuel

used to operate the fuel cell.

Epyx Corporation, a Massachusetts based unit of the
international Arthur D. Little consultants, is perhaps the
leading developer of the of the Partial Oxidation fuel
Fuel Cell (FUG|S) processing technology. The Epyx Multi-Fuel Processor
TM is a catalyst-based device, now in development, that

As mentioned previously, elemental hydrogen is the fuel iS expected to produce hydrogen from several different
directly used in the fuel cell to produce electric power for fuels, such as those listed above.

vehicles. The hydrogen can be placed and stored on the, . .

vehicle itself or it can be provided to the fuel cell stack by nght'dUty Vehicle TeChnO|Ogy

a fuel processor/reformer, which effectively pulls the
hydrogen out of the on-board fuel and supplies the fuel
cell stack.

Because of the rapid advancements in fuel cell technology,
many major automobile manufacturers are developing
PEMFC systems for light-duty vehicles. In a cooperative,
For decades, hydrogen has been produced from natural cost-shared development program with the U.S. DOE,

gas and other hydrocarbon fuels in methanol and chemic#iree major U.S. manufacturers are actively pursuing fuel
plants and oil refineries. Steam Reforming (SR) and Partiakell transportation technology. In addition, European and
Oxidation (POX) are the two methods for commercial Japanese auto manufacturers have accelerated their fuel
production of hydrogen. These two commercial produc- cell development activities and now expect to produce

tion approaches are being developed for on-vehicle light-duty fuel cell vehicles in the 2003-2005 time frame. Of
hydrogen production and now hold the most promise for the most notable, DaimlerChrysler, Ford, and Ballard Power
fuel cell vehicle commercialization. Systems have formed a well-publicized cooperative effort

to commercialize fuel cell drive trains for cars, buses, and
With the use of a copper/zinc catalyst, SR of methanol cagycks.

occur at lower temperatures. In a steam reformer system,
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DaimlerChrysler has introduced its prototype fuel cell Toyota has produced a fuel cell powered RAV4 prototype

NECAR vehicles. In NECAR I, the fuel cell and tank operating on methanol. To power the fuel cell, hydrogen
occupies the entire cargo area of a small Mercedes van. is generated by a low temperature SR. Toyota’s prototype
In March 1999, DaimlerChrysler unveiled the first is a hybrid design concept with a range of approximately

zero-emission fuel cell vehicle that has space for a driver 310 miles.

and passengers. The car can reach a top speed of 90 miles )

carry up to five passengers. This latest version carries thBroduction-ready methanol fuel cell by 2004 and presented
fuel cell engine in a typical engine compartment. The fuel & methanol fuel cell-powered Sintra van at the March 1998
cells themselves are several times more powerful than ~ Geéneva Auto Show.

those in the first model. The first NECAR vehicles were
configured for dedicated hydrogen operation. The
NECAR 3 is an A-Class car proof of concept prototype
vehicle, equipped with a methanol steam reformer feeding
hydrogen to the fuel cell. Inthe NECAR 3, the reformer/
fuel cell system is large enough that the vehicle does not
require any battery storage for supplemental power.

The NECAR 4, announced in March 1999, is also a Beginning in 1991, Georgetown University has managed

Mercedes-Benz A-class compact car chassis, but it usesthe longest operating fuc_al cell powered transit bus )
liquid hydrogen stored in cryogenic cylinder to fuel the program. They began with three PAFC fuel cell applica-

fuel cell. The NECAR 4 reaches a top speed of 90 mph arfipns with a methanol SR. This project was originally

can travel nearly 280 miles before refueling. NECAR is theco-funded by the U.S. DOE, U.S. _DOT' gnd the SCAQMD.
latest of five fuel cell concept cars which have each The Georgetown fuel cell bus propct is in the fourth .
presented solutions to the most challenging technical phase. In May 1998, Georgetown introduced a commercial

problems for bringing the fuel cell vehicle to the commer- fuel cell t_ransit bus power_ed by a 100kW PAFC engi”e
cial market. fueled with methanol. This transit bus has a 350 mile

range.

In April 1999, Toyota and General Motors announced an
alliance to cooperate on developing 21st century vehicles
including fuel cell powered light-duty vehicles for the
2004-2005 production years.

Heavy-duty Vehicle Technology

In the year 2000, DaimlerChrysler plans to replace the . . . )

concept car with NECAR X, which will operate on In a_lddltlon, _the_ cities of Vancouve_zr, British Columbia and
methanol. DaimlerChrysler announced that it will offer up CNicago, lllinois are each operating three fuel cell buses as
to 40,000 fuel cell powered vehicles for sale to the public Part of their transit fleets. These buses, fueled on

by the year 2004. Other automobile companies, including ©0MPressed hydrogen at 3,600 psi, are operating in urban

Ford Motor, General Motors, Toyota, and Honda, also t_ranS|_t routes_ and in regulz_ir service. They (_:onstltgte the
plan to market fuel cell vehicles by 2004. first trial of this technology in a real commercial environ-

ment. Ballard Power Systems, the developer of the Proton
Ford Motor Company, as part of the unique fuel cell Exchange Membrane (PEM) fuel cell technology propul-
alliance with DaimlerChrysler, is developing its P2000 sion systems, is targeting the introduction of a competi-
vehicle powered by a hydrogen fuel cell. Ford’s offering tive commercial fuel cell bus by 2002.
takes advantage of the advanced lightweight vehicle )
platform developed to meet the goals of the U.S. DOE's Ballard Power Systems has been a leader in PEMFC for

Partnership for a New Generation of Vehicles (PNGV) heavy-duty Ve_hicle applications. They have built
program, which include a vehicle that can achieve 80 mile@rototype dedicated hydrogen buses that have become

per gallon. The P2000 fuel cell vehicle offers the same commercialized. Direct hydrogen fueling eliminates the

interior space as the Ford Taurus while weighing less thaHeed for a.reformer and allows th‘? fuel ceII_ engine to
3200 pounds and providing 100 horsepower. operate with supplemental batteries. Their current bus has

a range of 250 miles and carries 60 passengers.
The DaimlerChrysler, Ford and Ballard alliance has taken a

large step toward the commercializing of fuel cell vehicles Daimler-Benz unveiled the NEBUS in 1997. Itis a dedi-
with the initiation of the California Fuel Cell Partnership, ~Cated hydrogen fueled passenger bus powered by the 205

announced in April 1999. The Partnership includes kW Ballard PEMFC engine and is being demonstrated at
automakers, Ballard Power Systems, as well as motor fuelVarous transit agencies in Germany.
retailers ARCO, Shell, and Texaco, and the ARB, and the

. The performance of the fuel cell transit buses are similar to
Energy Commission.

their diesel powered counterparts. Because of the
additional weight of the batteries and fuel cell power plant,

71 CHAPTER9



hybrid buses weigh approximately 1000 kg more than easier to envision than the large number of retail hydrogen
conventional buses. In some applications, such as the fueling facilities that would be required for passenger-car

Georgetown bus with the IFC PAFC power plant, the refueling. Retail hydrogen fueling facilities would require
weight is significantly more. Even with the additional high capital station costs and potential difficulty in
weight, the design acceleration performance can be permitting hydrogen fueling in the retail environment.

attained. Because heavier vehicles can experience some
braking difficulties regenerative braking equipment can beFor the challenges expressed above, developers are

installed to alleviate this issue. looking to the more conventional, liquid fuels, or “hydro-
gen-carriers,” to be the source of hydrogen for fuel cell
Infrastructure and Supp|y vehicles. While the infrastructure for liquid fuels is not

without challenges, many of the fuels designated as

Providing fuels for fuel cell vehicles, depending on the  having good potential for fuel cells can use the existing
fuel to be used, represents a hurdle that can be Cha||eng]iquid-fue| distribution and infrastructure system now in
ing, equivalent to that faced by those developing the fuelplace for conventional fuels. Liquid fuels with good
cell and reformer technologies. Many of the auto manu- potential are the following:

facturers now developing fuel cell vehicle prototypes are )
storing hydrogen on the vehicle, either in compressed or ® Methanol- Produced from natural gas, methanol is
liquefied form. On-Board hydrogen storage optimizes the ~ touted as being one of the best, if not the best,

fuel cell operational efficiency and refines vehicle “hydrogen carrier” for fuel cell vehicles. Production
driveability through the normal driving cycle. However, facilities have recently been built to accommodate the
the auto manufacturers are also diligent in their efforts to ~ demand for MTBE production. As MTBE is phased
perfect the fuel processor/reformer as a necessary out in California, and possibly other states, the supply
component for commercialization and consumer accep- potential remains substantial for FCV introduction in
tance of fuel cell vehicles. the 2004-2005 time frame. Methanol can use the

existing petroleum distribution infrastructure with minor
The direct use of hydrogen in the fuel cell vehicle presents modification. Fuel dispensing facilities can be easily
several major obstacles that will not be easily surmounted. modified to accept methanol in the retail-fueling
These obstacles include: environment.

* Energy density - Hydrogen as an element has less ¢ Gasoline- Gasoline in fuel cell vehicles will be quite

energy density than many other potential fuels (one- different from that commonly used today. There will
third the density of natural gas when each is com- likely be a new fuel specification, excluding sulfur for
pressed at 3,000 psi). example. Even though this fuel will need to be segre-
gated from existing gasoline used in internal combus-
* Supply - the supply of sufficient quantities of hydro- tion engines, the same distribution and infrastructure

gen to fuel tens of thousands of FCVs in the 2004-2005 system can be used. Large capital investment for new,
time frame is not certain and would require substantial  additional production facilities will be required.
capital investment and lead time to establish central

hydrogen production facilities. Today’s Prices of Fuel Cells

Distribution infrastructure -The establishment of adequaterpe U.S. DOE has focused its attention on fuel cell and
distribution pipelines as well as a sufficient number of  reformer costs. It is important that fuel cell systems are in

retail fueling outlets for dedicated hydrogen FCVs is the same cost range as their conventional counterparts.

both logistically improbable and prohibitively capital At the current time, the cost of hydrogen derived from

intensive— even if permitting of these facilities was natural gas is approximately $1.00/100scf. Hydrogen costs

achievable. about fifty percent more than diesel fuel, on a cost per mile
basis.

An alternative distribution scenario involves the trucking

of liquid hydrogen from central production facilities to fuel \when examining the cost of fuel cells, it is necessary to
dispensing facilities, where cryogenic liquid pumps are  address the vehicle fuel economy. Compared with

used to achieve the high pressure needed to load the  ¢onyentional vehicles, fuel cell powered vehicles will have
gaseous hydrogen fuel onto buses or other heavy-duty g petter fuel economy, achieving as much as 80 miles per
vehicles. The case for providing hydrogen fuel to gallon. These improvements in fuel economy are attrib-
non-retail, large transit or commercial fueling facilities is far 1 to the fuel cell power system as well as the vehicle
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weight reductions. In vehicles equipped with POX Future Potential
systems, fuel consumption could be 30 percent below for Fuel Cell Vehicl
conventional vehicles. Vehicles equipped with methanol or Fue € enicles

SRs will be more efficient. . . . . .
While fuel cell vehicles will not be commercially available

Environmental. Health for several years, they can play a pivotal role in displacing
! ! conventionally fueled internal combustion engines with
and Safety Issues more efficient zero emission or near zero emission vehicles.
o . . To accomplish this benefit, however, significant cost
Emissions from fuel cell vehicles have virtually no reductions must be realized. Space restrictions and weight

negative environmental impact. However, the manufacturyarriers must also be addressed. Over the long term, fuel
ing process must be evaluated when determining the gl yehicles can have an important and beneficial impact

overall impact of this technology. Although fuel cell on California. Automakers may well use the fuel cell
vehicles emit only water vapors from the fuel cell stack,  technology to meet ZEV requirements. Significant
minor emissions will result while operating on-board efficiency gains can be achieved, depending on the

reformgrs and auxiliary equipment. The fu_e! cell vehicles  gpecific technology and fuel used. In addition to air
operating on hydrogen or methanol are eligible for a full orgyality and energy efficiency improvements, fuel cell

partial Zero Emission Vehicle (ZEV) credit and, therefore, yehicles offer the potential to move away from petroleum-
are considered a very promising alternative for the future.yzsed and other fossil fuels.

This is especially true as fuel reformers, which provide the
hydrogen to the fuel cell stack, are being optimized for
emissions as they are being perfected and reduced in size.
It is expected that the fuel cell systems will easily achieve
the near-Zero, if not outright Zero, emissions level existing
now with battery-powered electric vehicles.

Limited information is available on fuel cell vehicle health
and safety issues. Safety issues will depend on the
specific fuel supply option being used. All transportation
fuels require rigorous health and safety regulations for
dispensing, distributing and storing. All feedstock fuels
have fire codes that provide fuel producers and retailers
clear guidelines on the hardware and operation of the
facility. However, safety regulations for hydrogen gas
may need to be developed or reviewed.

Unique safety issues must be addressed for on-board
reformers. The internal temperature of a POX reactor can
reach 1008C and on-board reformer systems generate
steam or steam fuel mixtures at pressures as high as four
atmospheres. A thorough evaluation of the health and
safety issues are still needed. Limited battery use and
disposal issues can also apply to fuel cell powered
vehicles.
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Fuel Cell Contacts

Government

Analisa Bevan

Air Resources Board

Mobil Source Control Division
P.O. Box 2815

Sacramento, CA 95812
916-323-8966

e-mail: abevan@arb.ca.gov

Peter F. Ward
California Energy Commission
Transportation Technology

and Fuels Office
1516 Ninth Street, MS-41
Sacramento, CA 95814
916-654-4689
e-mail: pward@energy.state.ca.us

Development and Support Group
NationalVehicle
& Fuel Emissions Laboratory

U.S. Enviromental Protection Agency

2565 Plymouth Road
Ann Arbar, Ml 48105

Jim Ohi

National Renewable
Energy Laboratory

1617 Cole Blvd., M.S.1633
Golden, CO 80401-3393
303-275-4681

e-mail: johi@nrel.nrel.gov

Companies

Kathy Anaya

ARCO Products Company
1990 W. Cresent Avenue
Anaheim, CA 92801
714-491-4413

e-mail: kanaya@mail.arco.com

Neil Otto

Vice President — Marketing
Ballard Power Systems
9000 Glenlyon Parkway
Burnaby, B.C. V5J5J9
604-454-0900

Wieland Bruch

Product Information Specialist
BMW of North America Inc.
P.O.Box 1227

Westwood, NJ 07675-1227
201-307-3789

Rhett Ross

Break Through Institute
1625 K St., NW #790
Washington D.C., 20006
202-785-9620

e-mail: rross@ureach.com

David Bruderly, President
Bruderly Engineering Associates
1826 NW 57th Terrace

Gainesville, FL 32605-3357
352-377-0932

e-mail: bruderly@aol.com

Internet:
http://hometown.aol.com/gruderly/
myhomepage/index..html

Chris Borroni-Bird

DaimlerChrysler

30900 Stephenson Hwy

Madison Heights, M1 48071
248-583-5261

e-mail: cebll@daimlerchrysler.com

Robert Wichert

DRI

5625 Fox Avenue

Reno, NV 89506
702-677-3250

e-mail: rwichert@crl.com

Morna Mcann

Energy Partners

1501 North Point Pkwy, Suite 102
Technology Center

West Palm Beach, FL 33407
561-688-0500 ext. 223

John Robbins

Exxon Research & Energy
Route 22 East

Annadale, NJ 08544
609-258-3661

e-mail: jlkrobbi@ereng.com

Richard W. Bell

Callifornia Liaison

Vehicle Environmental Engineering
Ford Motor Company

Fairlane Business Park

17225 Federal Drive, Suite 145
Allen Park, MI 48101

313-390-3073

fax: 313-594-4271

e-mail: rbell@ford.com

Larry Brandenburg

Project Leader

Fuel Cell Vehicle Development
Alternative Power Source Dept.
Ford Motor Company

P.O. Box 2053

Dearborn, MI 48121-2053
313-322-5029

fax: 313-390-2267

e-mail: Ibranden@ford.com

Frank Lynch, Engineer
Hydrogen Components
12420 North Dumont Way
Littleton, CO 80125
303-791-7972

e-mail: h2comp@rmi.net

Rene Dubois, Marketing
H-Power Corporation

60 Montgomery Street
Bellville, NJ 07109
973-450-4400

Mike McCabe, Marketing Manager
Ford Motor Company

Suite 230, Village Plaza, 23400
Michigan Avenue

Dearborn, Ml 48124

313-337-6817
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Robert J. Bienenfeld, Manager
Alternative Fuel Vehicles

Sales and Marketing

American Honda Motor Co., Inc.
1919 Torrance Blvd.

M.S. 100-3C-3A

Torrance, CA 90501-2746
310-781-4455

fax: 310-781-4459

e-mail: rbienenfeld@amerhonda.com

Larry Krom, Project Manager
LNS Associates

P.O. Box 687

Spring Green, WI 53588
608-588-7231

e-mail: lassoc@execpc.com

Bernd Herrbrich, Manager

CA Govt Liason

Mercedes Benz Service Corp.
4035 Via Oro Ave.

Long Beach, CA 90810
310-549-7600

e-mail: herrbrichb@mbusa.com

Fred Heiler

Manager, Public Relations
Mercedes-Benz USA

1 Mercedes Drive
Montvale, NJ 07645
201-573-2245

e-mail: heiler@mbusa.com

Thomas Lang Heird
Research & Development
REVEO Inc.

8 Skyline Drive

Hawthorn, NY 10532
914-345-9556

John Kelly

Managing Director

Institute of Gas Technology
Energy Systems and Applications
1700 So. Mount Prospect Rd.

Des Plaines, IL 60182-1804
847-768-0552

Susan Volek

Assistant Vice President

SAIC - Sciences Applications
International Corporation

10260 Campus Point Drivet, M/S A-3
San Diego, CA 92121

858-826-7286

Steve A. Reeves, Manager
Health, Safety and Environment
Corporate Affairs

Shell Oil Company

713-241-7891

e-mail: sareeves@shellus.com

Organizations &
Associations

Martin Gutstein

Fuel Cell Institute

P.O. Box 65481

Washington, DC 20035-5481
301-681-3532

fax: 301-681-4896

Universities

Dan Sperling, Director

UC Davis

Intstitute of Transportation Studies
2027 Academic Surge Bldg.

Davis, CA 95616

530-752-7434

e-mail: dsperling@ucdavis.edu
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Chapter 10

Other Clean Alternative Fuels

Introduction

This chapter discusses other alternative fuels and how based diesel fuel. The fuel is typically blended with 20
they may hold promise for future use. These fuels includepercent low-sulfur diesel fuel.

biodiesel, synthetic diesel, dimethyl ether, hydrogen (in
both fuel cells and internal combustion engines), and
hybrid vehicles.

The fuel is essentially sulfur free, emits significantly less
smoke, hydrocarbons, and carbon monoxide. Nitrogen
oxides (NQ) emissions are similar to or slightly higher
Biodiesel when compared to diesel. Biodiesel has a high flash
point and has very low toxicity if digested. Itis also

Biodiesel is the generic name for a variety of diesel fuel ~biodegradable.
alternatives based on methyl esters of vegetable oil or
fats. Biodiesel fits under the category of a renewable fuel
because it is made from agricultural feedstocks such as
soybean or rapeseed. Research on soy-based diesel is

taking place in the U.S., while European countries have . :

beengf(l)acusing on rapeseed deriveg) biodiesel. Other DOE and Agrl_cultur(—?‘ (USDA) ,have estimated that large-

possible feedstocks for biodiesel include bio-oils from S?ale production using today’s technology COUl.d rgduce

corn, cottonseed, peanut, sunflower, canola, and rendere?lc’dles.eI costs to $1.50 to $1.60 a gallon, and biodiesel

tallow (animal fat). The NREL is testing aquatic plants, rom mlcroalgae.may costas low as $1200 agallon. A

such as microalgae, for possible lipid (oil) production. recent example is the.1998 contract price to the Ma;sachu—
setts Bay Transportation Authority. The contract price of

The fuel is made by a catalytic chemical process called @ twenty percent blend of biodiesel was quoted to be $1.31
trans-esterfication, using an alcohol (such as methanol) Per gallon (notincluding federal tax).
and a catalyst. Methanol is mixed with sodium hydroxide
and then with soybean oil, letting the glycerine that is
formed to settle. This process forms fatty esters, which
are then separated into two phases, which allows easy
removal of glycerol in the first phase. The remaining
alcohol/ester mixture called methyl soyate is then sepa-
rated, and the excess alcohol is recycled. The esters are
sent to the clean-up or purification processes which
consists of water washing, vacuum drying, and filtration. Rresearch activities are underway in the U.S. to use
biodiesel, especially for urban transit. Research is

eing sponsored by the U.S. EPA, the U.S. DA and

.S. DOE, as well as other private organizations, state,
and local governments. Research has been conducted
for both light-duty and heavy-duty applications
(See Table X-1).

The biggest drawback of biodiesel is cost. The cost of
the fuel is determined by the feedstock being used, and
the fuel is estimated at $2.50 to $6.00 a gallon due to
small-scale production and feed stock costs. The U.S.

Other drawbacks are that vehicle fuel lines and other
components that would come in contact with the fuel

would have to be changed because biodiesel can dissolve
some rubber. The fuel also clouds and stops flowing at
higher temperatures than diesel, so fuel-heating systems
or blends with diesel fuel would be needed in lower
temperature climates.

The final fuel closely resembles conventional diesel fuel,
with higher cetane number (a number that rates its startin
ability and antiknock properties). Energy content,
viscosity and phase changes are similar to petroleum-

77 CHAPTER 10



Table X-1
Some Early Biodiesel Demonstration Programs in the United States

Location Research Done By Vehicle Purpose
Columbia, MO Univ of Missouri 3/4-ton truck Emissions, power
Columbia, MO Phil Blom Heavy-duty tractor General

Jefferson City, MO Missouri Soy Assn. 3/4-ton truck General

Kansas City, MO Interchem Toyota Camry General

St. Louis, MO City of St. Louis 100 vehicles Emissions, general
St. Louis, MO Mass Transit 47 transit buses Emissions

Sioux Falls, SD Mass Transit 2 transit buses Emission

State of llinois Dept. of Trans. 2 Light-duty + 6 snowplows General

City of Gardena, CA Municipal Bus Lines 2 transit buses Emissions

Biodiesel has been well demonstrated with transit manag-offset up to 50 percent each year of vehicle acquisition
ers compared to other alternative fuels, accordingtoa requirements. For each 450 gallons of biodiesel used per
story inUrban Transport NewsA survey showed that year, fleets would get one credit for one vehicle purchase.
biodiesel ranks second behind CNG gas in popularity. ) .

_ _ ~ Synthetic Diesel
One-fifth of transit managers surveyed by the St. Louis-
based Fleishman-Hillard Research, in a survey forthe  From November 1997 and most of 1998, perhaps the most
National Biodiesel Board, rank biodiesel as the top ChOiCeexciting news on new alternative fuels came from a host of
alternative fuel for transit buses. The survey found that companies, from majors to new public entrepreneurs. They
one in six transit managers expects to use biodiesel over are joining what may become the worldwide effort to
the next two years. The National Biodiesel Board (NBB), develop synthetic crude oil and liquid petroleum products

which promotes and researches soy-based biodiesel, is from previously unused natural gas reserves economically.

funded by the United Soybean Board. The survey also

noted that awareness of biodiesel has nearly tripled in théf these efforts are successful, gas reserves located far

last two years. from end-user markets could be converted into high-grade,
extremely clean liquid petroleum products, potentially

According toUrban Transport Newssurvey respondents opening up new energy supply options for the future.

most frequently mention that the primary advantages of

biodiesel fuel are smoke reduction and that biodiesel doeghe Gas-To-Liquids (GTL) process requires low-cost

not require engine alterations. natural gas, less than $1 per million Btus, to be competitive
with traditional diesel fuel. Typical residential natural gas

Before biodiesel can be a major fuel for vehicle use in the costs $4 per million Btus. Some remote natural gas

United States, the price needs to become much more  sources, called “stranded gas,” that are not otherwise

competitive with diesel. economically available may be ideally suited to this

rocess.
Biodiesel Blends (B-20) P
The new and improved process dates back from a process
The latest congressional amendment to EPAct declares invented in 1923 by German scientist Franz Fischer and
that a “B-20" blend of 20 percent biodiesel and 80 percentHans Tropsch. Today this process is referred to as the
ordinary petroleum diesel is an “alternative fuel,” even  “Fischer-Tropsch” process or GTL for converting gases

though B-20 is eighty percent petroleum. into liquids yielding synthetic fuels.

The Agricultural Appropriations Bill Title 13, enacted as A growing number of oil refineries are exploring GTL

part of the 1999 Omnibus Appropriations Act, allows processes to convert remote natural gas resources into
federal and state fleet managers to meet EPACT’s alternasynthetic fuels such as diesel, gasoline, and methanol.
tive fuel vehicle acquisition requirements by using Synthetic diesel fuel appears to be the most economical

biodiesel at blends of 20 percent and higher. According téuel product from the GTL process, compared to produc-
the NBB, the use of biodiesel would produce credits to  ing other fuels such as gasoline or methanol. The
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Figure X-1
Southwest Research Institute, AIChe, Emissions Performance of
Fischer-Tropsch Diesel Fuels, March 1997
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preliminary testing of a diesel engine, fueled with 100 carbon based feedstock can be used, including crude oil,

percent synthetic diesel fuel, shows significant emissionscoal, crop residues, oil sands, wood, or straw. Throughout
reduction potential, compared to typical California diesel the world, about 100,000 to 150,000 tons of DME are

(See Figure X-1)When blended with conventional diesel produced annually.

fuel, the resulting mix is an improved “premium diesel” ] ] .

fuel regarding emissions and cetane number. Blending Currently, the main use for Dimethyl Ether (DME) is as a
diesel fuels too high in aromatics or sulfur with GTL fuel ~ Propellantin aerosol spray cans. However, its environ-
can easily meet California’s stringent diesel fuel standardgnental characteristics and its high cetane number, greater
Because GTL fuels typically have extremely low levels of than 55, make DME a viable alternative to diesel fuel in
aromatics and sulfur, GTL process improvements are ~ Compression-ignition engines. As a motor fuel, when
moving quickly, improving the produced GTL fuel to a compared to diesel, DME is a clean fuel due to its low

competitive level of $15 to $20 dollars per barrel. particulate matter (PM) emissions. DME contains no
sulfur and when used in a diesel engine, its BiDis-

While no facilities for producing the fuel exists, or are sions, which are similar to ordinary diesel, can be signifi-
expected, in California, synthetic diesel was usedtoa  cantly reduced by modified fuel injection systems and
limited extent in 1993-98 as a feedstock in some California using exhaust gas recirculation. Dimethyl ether has
refineries. A handful of GTL plants are operating today approximately one half the energy content of diesel fuel.
with several more being considered for construction ) )

worldwide. A preliminary estimate is for 60,000 — 120,000- Under standard atmospheric pressure, DME is a gas.

b/d new GTL fuel capacity may be available by 2005. I—!owever, under moderate_ pressure, it becomes a liquid
California refiners may show greater interest in obtaining Similarto LPG. DME fuelis stored at approximately 100
synthetic diesel fuel as an option for clean diesel fuel ~ PSi- Because its vapor pressure is similar to LPG, DME is
production without costly refinery modifications. Cost  Suitable for automotive applications. Like LPG, DME
reductions in the GTL technology may also result in many"@quires a pressurized vehicle fuel system and a pressur-
unutilized gas fields being developed in the future. While iZ&d fuel distribution system. LPG storage tanks are

itis difficult to quantify the volume of worldwide produc- adequate for DME. Compared with diesel fuel, DME has
tion that may make an inroad to California, the premium ~ POOr lubricity and poor viscosity. Research is being
qualities of the fuel, strict diesel fuel standards and its conducted on the use of commercial lubricant additives.
initial use in the State suggest that a market may be foun

here %\t the present time, large-scale transportation fuel

production and infrastructure do not exist for DME.
Dim ethyI Ether fStorage and trgnsportatio_q costs are exqessive; therefore,
uel costs remain high. Initial demonstrations are under-
way by Volvo Trucks and Volvo Buses. A new Volvo
engine has been developed that is fueled by DME. Other
proponents of DME in automotive applications include

DME, CH,0CH,, is an oxygenated hydrocarbon which is
the simplest compound in the class of ethers. Itis
generally produced from natural gas but almost any
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Amoco, AVL Powertrain Engineering, Navistar, and Halder « PhotoelectrolysisSunlight is absorbed in a semicon-
Topsoe. NKK, a Japanese company, has also conducted ductor and splits water molecules into hydrogen and
road tests of a DME-fueled diesel truck and tout DME as a oxygen.

potentially viable alternative to diesel fuel, as well as a

replacement fuel for LPG. » Photobiological Process: Plants and certain microbes
produce hydrogen gas during photosynthetic activi-
Hydrogen ties. This process will require catalysts and engineered

systems to reach adequate production efficiencies.

Hydrogen is being researched as both a fuel for internal

combustion engines and as an energy carrier for fuel cellé\./lajo_r issues with the use of hydrogen as a f.UE| are produc-
The work continues on the use of hydrogen fuel in the tion, infrastructure costs, and on-board vehicle storage.

Wankel engine, but the primary focus of current programsrp. most direct method of supplying hydrogen would

is for hydrogen use in fuel cells. be in its gaseous form. However, no established
infrastructure exists for gaseous hydrogen fueling.
Estimates of gaseous hydrogen infrastructure costs are
in the hundreds of billions of dollars, but this cost may
Hp misleading due to the construction of a nationwide
hydrogen pipeline system. The construction of this
system is comparable to the natural gas pipeline network.
Dr. C.E. Thomas of Directed Technologies, Inc., in work

Hydrogen is the most abundant element in the universe, conducted for Ford Motor Company and the U.S.DOE,
comprising about 75 percent of the mass of the universe. showed hydrogen may be delivered to the fuel cell vehicle

When combusted it creates only water vapor as a by- ~ at a lower cost by producing and installing steam methane
product. reformers or electroyzers at the fueling station or fleet

garage.

In a fuel cell, a catalyst promotes the separation of
hydrogen into free electrons and protons. A proton
exchange membrane keeps the electron from passing
through. The electrons are conducted as electrical curre
to power a motor. The electrons are then routed to join
with the protons in the presence of oxygen to form water.

Although hydrogen is abundant as an element in many
compounds, it must be in its uncombined form to use.  Off-board, or stationary, reformers can operate more
Generating hydrogen typically requires significant efficiently than on-board, or vehicle mounted, reformers.
amounts of energy or has energy conversion losses thatThrough various filtering techniques, the off-board
increase its cost. Hydrogen can be produced through reformer overcomes the problems of dilution of the
several methods. hydrogen with carbon dioxide and possibly nitrogen
during the reforming process. Off-board reformers would
+ Natural Gas Steam Reforming: Natural gas is exposed use liquid fuels or natural gas through existing distribution
to high temperature steam to produce hydrogen, systems as the feedstock for hydrogen production.
carbon monoxide, and carbon dioxide. The carbon
monoxide is converted with steam to produce more ~ One problem with off-board reforming is that hydrogen
hydrogen and carbon dioxide. Conversion efficiency ishas such a low energy density that even when com-
about 70 to 75 percent. Natural gas steam reforming isPressed, its storage on the vehicle requires at least four

the most common method of producing hydrogen. times the space of a conventional gas tank. Liquid
hydrogen also requires a double-walled tank to keep the

* Electrolysis: Electric energy is used to split water into  fuel at —423, and cooling the hydrogen is energy
hydrogen and oxygen gas (&+ electricity ® 2H + intensive, using one-third of the energy of hydrogen to
O,). Electricity produced from renewable sources suchchange form. However, these two options may still
as solar, wind, and hydropower can be used. This  provide adequate onboard storage for fuel cell vehicle use.

process conversion efficiency appears to be less than
sixty five percent at best. On-board reformers could supply hydrogen to the fuel cell

using a liquid fuel that can be stored on vehicles with
+ Biomass Gasification and Pyrolysis: Pyrolysis,the  conventional tanks and supplied through the existing fuel
process of thermal decomposition in the absence of infrastructure. However, on-board reformers are still in the
oxygen and its high temperature counterpart, gasifica- development phase.
tion, can be used on fossil fuels or biomass to produce
hydrogen.
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Hybrid Vehicles * If an internal combustion engine is used, the engine can
be smaller because it shares the workload with the electri-

Hybrid electric vehicles (HEVs or “hybrids” for short) are cal motor. This provides weight reductions that can re-

vehicles that use two sources of motive energy, electrical  sult in greater fuel economy.

and mechanical, to propel the vehicle. As their name

implies, the vehicles combine the efficiency of electrical ® The engine can be optimized to operate within a specific

drive systems with the longer driving range gained from speed range where fuel economy is greatest and emis-

liquid or gaseous fuels. An HEV typically has an electrical sions are least.

storage device such as a battery, flywheel, or

ultracapacitor in combination with a mechanical device ~* The addition of liquid or gaseous fuels provides greater

such as an internal combustion engine, gas turbine, or fuel driving range than what could be obtained from just bat-

cell. teries alone. Coupled with higher fuel efficiency, a hybrid

_ _ _ _ with an ICE can drive even farther than today'’s internal
The two different HEV configurations are series or parallel  combustion engine vehicles before refueling.

hybrids. In a series configuration, the internal combustion
engine, turbine, or fuel cell is used to generate electricity ¢ Regenerative braking can help minimize the energy lost

to charge the batteries, flywheel, or ultracapacitor. The when slowing down the vehicle.
drivetrain is powered solely from the motor connected to
the electrical storage device (See Figure X-2). The These advantages are offset by the added complexity of

benefits of a series configuration are reduced engine  the hybrid vehicle and higher additional costs due to the
power cycling because the engine never idles, a transmisdual fuel systems. A hybrid vehicle also still produces
sion may not be needed, and more options are available emissions from the non-electric portion of the fuel.

for mounting the engine and vehicle components. o .
As HEV emissions can be nearly as clean as electric

vehicles and can use alternative fuels to drive the me-
chanical system, HEVs have the ability to help clean the
air and reduce the use of fossil fuels.

In a parallel configuration, the drive system can be
powered simultaneously by the motor or by the mechani-
cal device. In this configuration, during acceleration, hill

climbing, or passing both the electric motor and mechani- In 1998, Toyota Motor Company began marketing the first
cal device, can provide power to the drivetrain. Once the comme;cial production HEV in Japan. In late 1999, Honda
vehicle reaqhes cru.ising spged, _the vehicle just relies on will introduce the INSIGHT, hybrid electric vehicle. ,This
the mechanical device to maintain speed. A parallel gasoline-electric hybrid will go on sale for less than
cpnflguratm_)n_ could be set up to use an engine for $20,000. The two-seater has a 1.0-liter, three-cylinder
highway driving and the power from the electric motor for VTEC-E engine that gets a boost from an electric motor on
accelerating (See Figure X-3). Some benefits of the parall"?jilcceleration. The INSIGHT will achieve fuel economy in
configuration are the vehicle has more power since both excess of 70 mpg, while achieving ultra low emission

the engine and the mpto,r can supply power simulta- vehicle status. The Honda Insight will be the first hybrid
ne.Ol.JSW’ a}generator .'Sn.t needed, and it can be more .. sold in the United States. General Motors, Ford and
efficient since power is directly coupled to the road, Wh'ChChrysIer Corporation are working with the U.S. DOE on
reduces energy conversion losses. independent hybrid electric vehicle programs.

HEVs have several advantages over traditional internal com-
bustion engine vehicles.

Figure X-2 Figure X-3
Series Hybrid Vehicle Parallel Hybrid Vehicle
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Biodiesel Contacts

Government

Shaine Tyson

National Renewable
Energy Laboratory
1617 Cole Blvd.

Golden, CO 80401-3393
303-275-4616

Mike Voorhies

Program Manager

U.S. Department of Energy
1000 Independence Ave., SW
Washington, DC 20585
202-586-1480

James Duffield

U.S. Department of Energy
Office of Energy Policy

and New Fuels

1400 Independence Ave., SW
M.S. 3815

Washington, DC 20250
202-401-0523

e-mail; jduffield@oce.usda.gov

Organizations &
Associations

Joseph Jobe

Executive Director

National Biodiesel Board
P.O. Box 104898

1907 Williams Street
Jefferson City, MO 65110
800-841-5849

internet: www.biodiesel.org

Jeff Beller and Julia Delain
Biofuels America

26 Lorin Dee Drive
Westerlo, NY 12193-9801
518-797-3377

Hybrid Contacts

Automobile
Manufacturers

Mark Amstock

National Prius Brand Manager
Toyota Motor Sales, U.S.A,, Inc.
19001 South Western Avenue
P.O. Box 2991

Torrance, CA 90509-2991
310-618-4484

e-mail: mark_amstock@toyota.com

Robert J. Bienenfeld, Manager
Alternative Fuel Vehicles

Sales and Marketing

American Honda Motor Co., Inc.
1919 Torrance Blvd.

M.S. 100-3C-3A

Torrance, CA 90501-2746
310-781-4455

fax: 310-781-4459

e-mail: rbienenfeld@amerhonda.com

Hydrogen Contacts

Phillip Baxley

Business Development Manager
Shell Exploration and

Production Company

200 N. Dairy Ashford

Houston, TX 77079

281-544-5088

e-mail: baxley@shellus.com

Synthetic Diesel
Contacts

Organizations &
Associations

Dick Peterson

Alaskan Natural Gas to Liquids
310K Street, Suite 200
Anchorage, Alaska 99501
907-264-6709

Jeffrey M. Bigger

Manager, Gas to Liquids Technology
ARCO Exploration and

Production Technology

2300 West Plano Parkway

Plano, TX 75075-8499

972-509-6356

fax: 972-509-3263

e-malil: jbigger@mail.arco.com

Peter V. Snyder, Jr.

Vice President, Product Marketing
Syntroleum Corporation

1350 South Boulder, Suite 1100
Tulsa, OK 74119-3295
918-592-7900

e-mail: psnyder@syntroleum.com
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Chapter 11

California Safe School Bus Clean Fuel
Efficiency Demonstration Program
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Introduction

This chapter discusses the four phases of the Katz Safe To help achieve the objectives of the program, at least
School Bus Clean Fuel Efficiency Demonstration Program 35 percent of the replacement school buses have to be
and the school bus safety features that were introduced.powered by low-emission, clean-burning fuels such as
methanol, CNG, or electricity.
Program Overview
Program Phases
The California Legislature determined that many school
buses operating in California were not fuel efficient and Phase 1 of this program began in 1990 with the purchase
did not meet the federal safety standards enacted in 197 0f one hundred sixty-three buses (103 advanced diesel,
To assist in alleviating this problem, the Katz Safe Schoob0 methanol, and 10 CNG). The total expenditures for this
Bus Clean Fuel Efficiency Demonstration Program phase were approximately $25 million that included buses
(School Bus Demonstration Program) was established byand infrastructure support provided to 14 school districts
Part 10.2, Section 17911 et. sequentia of the California  and consortia.
Education Code (AB 35). The program provides local
educational agencies with new, more efficient, less
polluting, and safer buses through the use of alternative
fuels and advanced diesel technology.

Crown Coach, Inc. of Chino, California, built the 103
advanced technology, high-efficiency diesel and

50 methanol-powered buses. Both bus types were
78-passenger, rear engine transit style buses.

AB 35 provided $60 million in Petroleum Violation Escrow ] ]

Account funds (PVEA) to fund the initial program. These '€ engines for the advanced diesel and methanol buses
PVEA funds, collected and dispersed by the federal were manu_factured by Detroit Diesel Corpqratlon (DD_Q).
government, are fines paid by oil companies that aIIegedI);rhese engines were 6V-92_ (two-stroke engines that utilize
overcharged consumers in the 1970s. Additional funding € Detroit Diesel Electronic Control system rated at

was included in Chapter 957, Statutes of 1991 (AB 85) and?>3hP @ 2100 rpm and 775 foot pounds of torque @

by the Budget Acts of 1989, 1990, and 1991. Chapter 66, 1200 rpm). The two engines are similar in design, but the

Statutes of 1992 (AB 1049) increased this funding level formethanol application incorporates several unique features.
this four-phase program to $100 million. Some of these are a consequence of the higher

auto-ignition temperature of methanol as compared to
This program allows school districts to upgrade their diesel fuel. For example, methanol engines incorporate a
fleets in a cost-effective manner and replace buses that glow plug system to heat the cylinders for cold start and
were built before the 1977 Federal Motor Vehicle Safety  to assist in partial-load operation. The compression ratio
Standards (FMVSS). The older buses being replaced will of the engine has been increased from 17:1 to 23:1 to
not be allowed to transport school children or workers  increase the heat of compression and improve ignition
within California. Most of these buses will either be characteristics.
“parted out” or scrapped.
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In addition, a bypass blower system regulates the These buses utilize General Motors chassis and are
supercharger input and determines the amount of powered by GMC 427 cubic inch V-8 engines converted
scavenged air supplied to the cylinders over the engine by Tecogen of Waltham, Massachusetts and use
operating range. The bypass blower system allows somecompressed natural gas (CNG).

of the exhaust gases to be retained in the cylinders to

provide additional heat and improve ignition under partial Técogen, a division of Thermo Power Corporation,
load conditions. purchased the rights from General Motors to develop and

market the CNG version of their seven liter spark ignited
DDC recommended the use of a proprietary fuel additive, engine, the Tecogen 7000L. This engine is dedicated to
lubrizol, manufactured by Lubrizol Corporation for use operate only on CNG and develops 214 Bhp at 4,000 rpm
with methanol fuel. Lubrizol acts as a lubricant and has and 318 foot pounds of torque @ 2400 rpm. The compres-
the added benefit of increasing fuel injector life. This sion ratio has been increased from the standard 8:1 to
additive is mixed by the school districts at a rate of 0.06 10.5:1 to accommodate the anti-knock properties of the

percent by volume. CNG. The standard exhaust gas recirculation system has
] o . been removed, and emissions standards are met by using
To allow for equivalent driving range with the lower a 3-way catalyst. The fuel metering system is a positive-

energy content of methanol fuel, the methanol buses are fio\y progressive throttle body.

equipped with a 757 liter (200-gallon) fuel tank, as com-

pared to the 378 liter (100-gallon) fuel tank on the diesel The fuel storage system is composed of six fiberglass-

buses. This increases the Gross Vehicle Weight Rating reinforced steel cylinders that hold a combined total of

(GVWR) by about 544 kg (1200 pounds). The total GVWR35.7 cubic meters (1,260 cubic feet) of CNG at 3,000 psi.

is 16,420 kg (36,200 pounds) for the diesel and 16,964 kg These cylinders provide enough fuel for an approxiate

(37,400 pounds) for the methanol. 300 mile operating range. There are several safety features
which ensure protection of the fuel lines, valves, and vent

addition of a methanol compatible remote fuel pump and a

return fuel cooler to reduce the risk of vapor lock inthe  The Tecogen natural gas engine and Detroit Diesel's
fuel system. methanol engine were both certified by the U.S. EPA and
the ARB as meeting the 1994 heavy-duty vehicle emission

Bluebird Body Company of Fort Valley, Georgia builtten  standards. The monitoring of this phase continued until
66-passenger conventional buses that were distributed byggg

Golden State Bus Sales of West Sacramento, California.

Figure XI-1
School Bus Phase Introduction
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Phase 2 began in 1992 with the purchase of four hundredBhp and 800 foot pounds of torque. This natural gas
buses (200 advanced diesel, 100 methanol, and 100 CNG)ngine has been undergoing in-service testing in Califor-
with the last buses being put into service in 1993. The nia school districts since February of 1995.

total expenditures for this phase were approximately $45

million, which included both buses and infrastructure The 107 advanced technology diesel buses, use Caterpillar
support provided to 47 school districts and consortia. ~ CAT 3126TA engines. This engine is an improved version

The delivery of these buses began in 1992 and was with a displacement of 7.2 liters (439 cubic inches) and
completed in the fall of 1993. Monitoring this phase begar?90 Bhp @ 1300 rpm and 860 foot pounds of torque @
in 1992 and concluded in 1998. 1300 rpm.

Thomas Built Buses Inc., supplied 200 advanced diesel The computerized electronic control module on the 3126

78-passenger, rear engine transit style Westcoaster busé¥fers better fuel economy and emissions control than its
with the Caterpillar 3116TA 6.6 liter, 403%&ngine and  Predecessor in Phase 2. Much of the improved efficiency

developing 249 Bhp @ 705 foot pounds of torque @ for the engine comes from the hydraulic electronic unit

1890 rpm. The mechanically controlled enginehasa ~ injection fuel system, which has a nine percent fuel
catalytic converter to satisfy the 1994 ARB emission economy increase over the mechanical system on the
standards. Phase 2 Caterpillar 3116.

The 100 Phase 2 methanol fueled buses built by Carpentdtuses for this third phase were delivered by February
Manufacturing Inc. were originally a spin-off design of
the Phase 1 Crown Coach 78-passenger buses. After
many modifications, the bus became a new product line
for Carpenter using the DDC 6V-92TA and developing
253 Bhp. Improvements were made to the air-fuel mixture
and the fuel injectors. The Carpenter bus used two 378
liter (100-gallon) tanks for the fuel supply in place of one

large tank, as in Phase 1. These 49 natural gas buses are powered by John Deere

Series 450 6081HFN engines. This 8.1 liter engine is rated
at 250 horsepower and 800 foot pounds of torque and is

Phase 4, the final phase of this program, in 1998, commit-
ted approximately $5 million to purchase 49 CNG transit
type, Blue Bird buses. These buses will be distributed to
18 local educational agencies, several which participated
in earlier phases, during the summer and fall of 1999.

For Phase 2, Bluebird supplied 100 CNG transit style, rear

engine, 78-passenge_r All American buses_, using a identical to the Phase 3 engine. These buses were
turbocharged Tecodrive 7000T CNG engine rated at . . : .
elivered to the educational agencies between April and

developing 245 Bhp @ 3,600 rpm and 423 foot pounds 0ﬁlovember of 1999. With the addition of the Phase 4

torque. As @ 2200 rpm in Phase 1’. the six CNG fue_l tanksbuses, the total number of buses operating in the School
are located under the chassis outside the frame rails. Th . )
us Demonstration Program is 826.

rear-mounted engine, however, required additional cooling

for heat dissipation. Safety Features

Phase 3 began in 1994 by expanding the program based _. . _
on findings from Phases 1 and 2, with the purchase of  Fir€ suppression system - The engine compartments of

two hundred and fourteen buses (107 advanced diesel &ll Program buses are equipped with dry-chemical auto-
and 107 CNG). The total expenditures for this phase  Matic fire suppression systems activated by temperature

were $21 million, which provided buses for forty-eight ~ SENSOrs. The system turns off the fuel supply to the -
educational agencies. engine and floods the engine compartment with sufficient

material to extinguish a fire.
Bluebird Body Company supplied the 214 transit style,
rear engine, 78-passenger All American buses for this
phase.

Emergency exits - The number of emergency exits has
been increased from two to six and includes a left side,
floor level emergency door located midway between the
The 107 natural gas-powered buses are powered by Johfont and rear, a right side floor level emergency door
Deere Series 450 6081 HFN engines. John Deere devel- located in the right rear of the bus behind the rear axle, a
oped this engine to operate on CNG and installed an rear emergency window, and the main entrance door. Two
advanced electronic control system. This bus has four roof exit hatches provide passive ventilation. All doors
CNG cylinders located between the frame rails for added are equipped with warning lights, markings and buzzers
safety. This 8.1 liter (496 cubic inch) engine is rated at 250and are free of passenger seats. To provide for a more
rapid evacuation, window size has been increased and
the entrance door is equipped with an emergency release.
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Traffic warning systems - A stop arm and an eight-light

warning system have been added to the Phase 2 buses

to help alert other drivers that the bus have come to a
complete stop and that children may be crossing the
roadway.

Transit design - All but 10 of the Phase 1 buses utilize a
transit-style design, which places the driver at the very
front of the bus. This provides the driver with greater
visibility and awareness of the surrounding road condi-
tions.

Braking systems - The Phase 2, 3, and 4 buses are

Program Conclusions

The Katz Safe School Bus Clean Fuel Efficiency
Demonstration Program has successfully accomplished
its primary objective of replacing pre-1977 school buses
with vehicles that meet or exceed the current FMVSS.
These vehicles also operate with greater efficiency and
produce fewer adverse air emissions.

This program has also set the standards for all future
school buses to be provided with a variety of fuel options,
a wide range of safety features and fuel efficiency.

equipped with an anti-lock braking system to compensateror additional information, please refer to the Safe School

for wheel slip or lockup and provide for better controlled
vehicle response during emergency situations.

Automatic parking brakeEach of the Phase 2, 3, and 4
buses are equipped with a parking brake shifter that
automatically applies the brake when the bus is shifted
into park.

Seats - The seats are constructed of flame retardant

Bus Clean Fuel Efficiency Demonstration Program
Second Interim Status Report or contact:

California Energy Commission
Transportation Technology & Fuels Office
1516 Ninth Street, MS-41

Sacramento, CA 95814

(916) 654-4685

material, and the seat backs have been raised and are fu“)(ternet' http://www.energy.ca.gov/

padded with polyurethane foam to prevent head injuries

in the event of impact.

Natural gas leak detectors - Methane sensors have been
placed in the engine and passenger compartments of some

of the CNG buses to provide an early warning system in
the event of a natural gas leak.

Methanol and CNG buses were crash tested to address

fuel tank safety concerns. The safest placement of fuel
tanks has been between the frame rails. However, for
many alternative fuel designs, this placement requires a
major re-design of an existing bus. The first placement
of fuel tanks for CNG buses was outside the frame rails.
The CNG bus design for Phases 1 and 2 are retrofitted

with crash cages on either side of the frame to protect the
CNG tanks. For added safety, Phase 3 and 4 had the CNG

fuel cylinders located between the frame rails. Advanced

diesel and methanol buses have had the fuel tanks located

between the frame rails since the beginning of the School

Bus Program.
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Chapter 12

Locations of Alternative Fuel Facilities
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L)

Methanol Fueling Locations in California
(As of August 15, 2000)

Northern California

Cordelia
O Chevron
4490 Central Way

Fresno
0 Texaco
3808 N. Blackstone Ave.

Modesto
0 ENVIROSAFE
1217 S. 7th Street

North Highlands
0 ULTRAMAR
4250 Madison Ave.

San Fransico
0 OLYMPIAN
2690 Third St.

Woodland
0 RAMOS OIL
597 N. East St.

'ma
Southern California

Diamond Bar
O Chevron
150 S. Diamond Bar Blvd.

Norwalk
O TEXACO
10710 Alondra Blvd.

Thousand Oaks
0 GTE CALIFORNIA
112 Lakeview Canyon Rd.
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Northern California

Arvin
City of Arvin (Pvt.)
205 Langford Avenue

Auburn
PG&E #14 (Pub.)
333 Sacramento Street

Belmont
PG&E #21 (Pub.)
1970 Industrial Way

Chico
PG&E #30 (Pub.)
11239 Midway

Clovis
Clovis Unified School
District (Pub.)
1450 Herndon Avenue

Concord
PG&E #1
1030 Detroit Avenue

Cupertino
PG&E #35 (Pub.)
10900 N. Blaney Avenue

Davis
PG&E #20
316 L Street

Delano
City of Delano (Pub.)
725 South Lexington
Street

Fresno
Fresno City Yard (Pub.)
E and El Dorado Street

CSU, Fresno (Pub.)
On Chestnut, North of
Barstow

Visa Petroleum (Pub.)

Grass Valley
PG&E #27 (Pub.)
West McKnight Way

Hanford
Kings Country Yard (Pub.)
11827 South 11" Avenue

Hayward
PG&E #9 (Pub.)
24300 Clawiter Road

Lemoore
NAS Lemoore, (Pvt.)
BLDG 765

Lodi
E.F. Kludt & Sons (Pub.)
1126 East Pine Street

Merced
PG&E: Merced Service
Center (Lmt.)
3185 ‘M’ Street

Modesto
W.H. Breshear’s (Pub.)
428 7" Street

Natural Gas Fueling Locations in California

Monterey
City of Monterey (Pub.)
25 Ryan Ranch Road

Oakland
PG&E #2 (Lmt.)
4801 Oakport Road

City of Oakland (Lmt.)
7101 Edgewater

Reedley
Kings Canyon USD (Pvt.)
675 West Manning

Sacramento
PG&E #4 (Lmt.)
5555 Florin-Perkins Road

Sacramento International
Airport (Pub.)
7001 Airport Blvd

Interstate Oil Company
(Pub.)
8221 Alpine Avenue

PG&E #5 (Pub.)
2001 Front Street

Olympian Oil (Pub.)
4420 Northgate Blvd

Salinas
PG&E #17 (Pub.)
390 Griffin Street

San Francisco
PG&E #33 (Lmt.)
536 Treat Avenue

San Jose
PG&E #11 (Lmt.)
308 Stockton Avenue
San Jose Unified School
District (Pub.)
Highway 87 & Curtner on
Northbound On-ramp

San Rafael
PG&E #12 (Lmt.)
1220 Anderson Drive

San Ramon
UPS/Pinnacle (Pub.)
4500 Norris Canyon Road

Sanger
Gibbs Automated Fuel
(Pub.)
3555 S. Academy Avenue

Santa Cruz
PG&E #28 (Lmt.)
615 7™ Avenue

Santa Rosa
PG&E #19 (Pub.)
3965 Occidental Road

South San Francisco
Olympian Oil (Pub.)
190 East Grand Avenue

Stockton
PG&E #16 ((Pub.)
4040 West Lane

Temecula
City of Temecula (Pub.)
41981 Avenida Alvarado

Vacaville
PG&E #34 (Pub.)
158 Peabody Road

Visalia
SoCal Gas: (Pub.)
320 N. Tipton Avenue

Woodland
BC Stocking Station (Pub.)
341 Industrial Way

Southern California

Alhambra
City of Alhambra (Lmt.)
900 South New Avenue

Anaheim
City of Anaheim (Lmt.)
517 Claudina Street

Disneyland: #1, 2, & 3
(Pvt.)
1313 South Harbor Blvd

MESA: Anaheim Super
Shuttle (Pvt.)
1430 South Anaheim

Shell Oil: Anaheim (Pub.)
3125 Orangethorpe
Avenue

SoCal Gas #13: Anaheim
Headquarters (Pub.)
1919 South State College
Blvd

Bakersfield
PG&E #10 (Pub.)
4101 Wible Road

Fleet Card Fuels, Inc.
(Pub.)
3305 Gulf Street

Banning
City of Banning (Lmt.)
176 East Lincoln

Carlsbad
San Diego Gas & Electric:
North Coast (Pub.)
5016 Carlsbad Avenue

Chatsworth
Los Angeles County
Metropolitan Transit
Authority (Pvt.)
9201 Canoga Avenue

Chula Vista
Southbay Transit (Pvt.)
3650 Main Street

US Post Office (Pvt.)
750 3rd Avenue

City of Industry
UNOCAL: Industry 1
(Pub.)

948 South Azusa Avenue

(As of June 30, 1999, compiled by California Natural Gas Vehicle Coalition)

Colton
Colton School District
(Pvt.)
777 West Valley Blvd & G
Streets

Compton
SoCal Gas #1(Pub.)
701 North Bullis Road

Corona
US Post Office (Pub.)
414 West Grand
Boulevard

Coronado
Naval Air Station
Exchange (Lmt.)
Alameda Blvd & 2nd
Street

Covina
City of Covina (Lmt.)
534 Barranca Avenue

Diamond Bar
South Coast Air Quality
Management District
(Lmt.)
21865 East Copley Drive

Downey
SoCal Gas #11 (Pub.)

Center
9420 East Firestone Blvd

Edwards AFB
Edwards Air Force Base
(Pvt.)
Main Entrance Gate

El Cajon
UNOCAL (Pub.)
1090 W. Main Street &
Marshall Avenue

El Centro
City of El Centro (Pub.)
Corner of Commercial &
Fairfield

El Monte
City of ElI Monte (Pvt.)
3525 Cleminson Street

Encinitas
Shell Oil (Pub.)
160 Encinitas Blvd

Escondido
San Diego Gas & Electric:
Northeast (Pvt.)
1623 Mission Road

Shell Oil (Pub.)
780 W. El Norte Parkway
& Nutmeg Street

Fountain Valley
County Sanitation
Districts of Orange
County (Pub.)
10844 Ellis Avenue

Garden Grove
SoCal Gas #2 (Pub.)
12631 Monarch Street

0]

Gardena
Metropolitan Transit
Authority: Div. 18 (Pvt.)
450 West Griffith

Los Angeles Unified
School (Pvt.)
18421 Hoover Street

Glendale
SoCal Gas #8 (Pub.)
5610 San Fernando Road

Goleta
Santa Barbara APCD
(Lmt.)
4433 Calle Real

Hawthorne
City of Hawthorne (Pvt.)
4422 1/2 126th Street

Huntington Beach
US Post Office,
Huntington (Pub.)
6771 Warner Avenue

Indio
Desert Sands Unified
School District (Pvt.)
82-879 Highway 111

Sunline Indio (Pvt.)
83255 Highway 111

Industry
Los Angeles County
Sanitation (Pvt.)
2800 Workman Mill Road

Irvine
US Post Office, Irvine
(Pvt.)
15642 Sand Canyon
Avenue

City of Irvine (Pub.)
15029 Sand Canyon Road

Lancaster
Antelope Valley School
District (Pub.)
670 West Avenue, L8

LAX
United Airlines
6020 Avion Drive

Lompoc
Lompoc Unified School
District (Lmt.)
1301 North A Street

Long Beach
Long Beach Gas
Company #3: Port/SERRF
Plant (Lmt.)
120 Henry Ford Avenue

Long Beach Gas
Company #4: El Dorado
Park (Lmt.)

2750 Studebaker Road

Long Beach Gas
Company #2: LB Police
Dept. (Pub.)

400 West Broadway
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Long Beach Gas Company #1:
Spring Street (Pub.)
2400 East Spring Street

Los Angeles
SoCal Gas: Olympic (Lmt.)
2424 East Olympic

SoCal Gas #12: Crenshaw Base
(Lmt.)
3124 West 36th Street

United Parcel Service (Pvt.)
3000 East Washington

MTA: Mission (Pvt.)
742 North Mission Road

LA County: County Internal
Services Division (Pub.)
1100 North Eastern Avenue
LAX (Pub.)

104th Street & Aviation Blvd

Shell Oil: Olympic (Pub.)
1520 South Santa Fe Avenue

Montebello
Chevron (Pub.)
1500 N Paramount

Moreno Valley
Shell Oil: Moreno Valley (Pub.)
12441 Heacock Avenue

Norwalk
Unocal (Pub.)
14960 S. Carmenita St

Oceanside - Camp Pendleton
US Marine Corp Base: #1 (Pvt.)
US Marine Corp Base: #2 (Pvt.)
US Marine Corp Base: #3 (Pvt.)

Ontario
ERX Logistics (Pvt.)
2151 Vintage

City of Ontario (Pub.)
14235 South Bon View Avenue

UPS (LNG & CNG) (Pub.)
1735 South Turner Avenue

Oxnard
South Coast Area Transit (Pvt.)
301 East 3rd Street

MacValley Qil (Pub.)
100 Del Norte Blvd

SoCal Gas: Oxnard #2 (Pub.)
1650 Mountain View Court

SoCal Gas #6: Oxnard (Pub.)
1600 Patton Court

Palm Desert
Waste Management of the
Desert (Pub.)
41575 Eclectic Street

Palm Springs
Palm Springs Airport (Pub.)
3400 E. Tahquitz Canyon Way
(Airport)

Paramount
Braun Linen (Pvt.)
16514 South Garfield

Pasadena
Calstart (Pvt.)
3360 East Foothill Boulevard

Dydee Diaper Service (Pvt.)
40 East California

Morrow & Holman (Pvt.)
266 Monterey Road

Perris
Eastern Municipal Water (Pvt.)
2270 Trumble Road

March Air Force Base (Pvt.)
15055 Highway 395

Pico Rivera
SoCal Gas #9: Pico Rivera
(Pub.)
8101 S. Rosemead Blvd

Point Magu
Navy-Point Magu (Pvt.)
NAWS Pt. Magu: Gas Station
Bldg. #631

Pomona
Cal Poly Pomona (Pvt.)
2740 South Campus Drive

Port Hueneme
Navy-Port Hueneme (Pvt.)
621 Pleasant Valley

Poway
POWAY School District (Lmt.)
13626 Twin Packs Road &
Midland Drive

Rancho Cucamonga
Rancho Cucamonga: SBWVV
(Pub.)
12672 4th Street

Riverdale
South West Public Schools
Transportation Agency (Lmt.)
20900 Hazel Avenue

Riverside
Riverside Transit Authority
(Pvt.)
1825 3rd Street

UC, Riverside (Pvt.)
3401 Watkins Drive

Merit Oil (Pub.)
1751 E. 3rd St

SoCal Gas #5 (Pub.)
4495 Howard Ave

San Bernardino
Omnitrans (Pvt.)
1700 W. Fifth Street

County of San Bernadino (Pub.)

210 North Lena Road

San Diego
Chula Vista City School (Lmt.)

84 East 'J' Street & Hilltop Drive

Naval Station: 32nd Street
(Pvt.)
Cummings & 4th Avenue

San Diego Gas & Electric (Pvt.)

120 Imperial Avenue

North County Transit (Pvt.)
303 Via Del Norte and Via Del
Monte

San Diego Gas & Electric:
Centre City (Pvt.)
3365 ‘F’ Street & 33 Street

San Diego Transit: Kearney
(Pvt.)
4630 Ruffner & Opportunity

San Diego Gas & Electric:
Miramar

Yard (Pub.)

6875 Consolidated Way &
Commerce Avenue

San Diego Gas & Electric:
Service Center (Pub.)
5488 Overland Avenue &
Clairmont Mesa Blvd

Shell Oil: Airport (Pub.)
2521 Pacific Highway

Mobil Oil: Rancho Penasaquitos
(Pub.)

12849 Rancho Penasaquitos
Blvd

Texaco (Pub.)
2445 Otay Center Drive &
Siempre Viva Rd

San Luis Osbispo
J.B.Dewar #1 (Pub.)
75 Prado Road

San Marcos
San Marcos Unified School
(Pvt.)
215 Mata Way

San Pedro
SoCal Gas #7 (Pub.)
755 West Capital Drive

Santa Ana
L&N Uniform: #1 (Pvt.)
1602 East Edinger

Santa Barbara
City of Santa Barbara (Lmt.)
630 Garden Street

SoCal Gas #14 (Pub.)
630 Montecito Street

Santa Barbara County Facility
(Pub.)
4430 Calle Real

Santa Maria
J.B.Dewar #2 (Pub.)
2310 Meredith Lane

Santa Monica
City of Santa Monica (Lmt.)
2500 Michigan Avenue

GTE (Pvt.)
2943 Exposition Blvd

SoCal Gas #3: Santa Monica
(Pub.)
1701 Stewart Street

Simi Valley
Simi Valley Transit (Pvt.)
490 West Los Angeles Street

Sun Valley
Los Angeles County
Metropolitan Transit Authority:
#1 (Pvt.)
11900 Brandford Street

Los Angeles Unified School
District (Pub.)
11247 Sherman Way

Thousand Palms
Sunline Transit (Pub.)
32-505 Harry Oliver Trail

Torrance
City of Torrance (Pub.)
20500 Madrona Avenue

Tulare
City of Tulare (Pub.)
3989 South K Street

Twentynine Palms
US Marine Corp (Pub.)
Entry Gate, Condor Road

Van Nuys
SoCal Gas #4 (Pub.)
16645 Saticoy Street

Vandenberg

Vandenberg Air Force Base
(Pvt.)

Vernon
Los Angeles Dept. of
Transportation 3 (Pvt.)
2921 Leonis Blvd

Vista
Vista School District (Pvt.)
1234 Arcadia Avenue & Laguna
Lane

Unocal: Vista (Pub.)
636 Sycamore Ave

Walnut
Walnut School District (Pvt.)
880 South Lemon Avenue

Westwood
UCLA (Pub.)
741 Circle Drive

Whittier
Whittier School District (Pub.)
13200 Mulberry Drive

Note: Not all sites have full
public access. Some are private;
some have limited public access
by arrangement with the local
natural gas utility company.
Please contact the local utility
company in advance regarding
specific locations.

For more information and
updated lists, contact the Natural
Gas Vehicle Coalition at (916)
448-5036.

Key
(Pub.) = public access

(Lmt.) = limited access
(Pvt.) = private, no access
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Glossary

AROMATICS — A group of hydrocarbon fractions forming the basis of most organic chemicals.

AFTER-MARKET - broad term that applies to any change after the original purchase, such as adding equipment not a
part of the original purchase. As applied to alternative fuel vehicles, it refers to conversion devices or kits for conven-
tional fuel vehicles.

ALTERNATIVE FUELS - as defined by the EPAct the fuels are methanol, denatured ethanol, and other alcohols, sepa-
rately or in mixtures of 85 percent by volume or more (or other percentage not less than 70 percent as determined by U.S.
DOE rule) with gasoline or other fuels; CNG; LNG; LPG; hydrogen; “coal-derived liquid fuels;” fuels “Other than

alcohols” derived from “biological materials;” electricity, or any other fuel determined to be “substantially not petroleum”
and yielding “substantial energy security benefits and substantial environmental benefits.”

ALTERNATIVE FUEL VEHICLE (AFV) - motor vehicles that run on fuels other than petroleum-based fuels. As defined
by the EPAct, this excludes reformulated gasoline as an alternative fuel.

BI-FUEL VEHICLE - avehicle with two separate fuel systems designed to run on either fuel, using only one fuel at a time.
These systems are advantageous for drivers who do not always have access to an alternative fuel refueling station.
Bi-fuel systems are usually used in light-duty vehicles.

BIODIESEL - a biodegradable transportation fuel for use in diesel engines that is produced through the transesterfication
of organically-derived oils or fats. It may be used either as a replacement for or as a component of diesel fuel.

BIOMASS - Energy resources derived from organic matter. These include wood, agricultural waste, and other living-cell
material that produce heat energy through direct combustion. They also include algae, sewage, and other organic
substances that may be used to make energy through chemical processes.

BRITISH THERMAL UNIT (Btu) - a standard unit for measuring heat energy. One Btu represents the amount of heat
required to raise one pound of water one degree Fahrenheit (at sea level).

CERTIFICATION - process by which a motor vehicle, motor vehicle engine, or motor vehicle pollution control device
satisfies the criteria adopted by the ARB for the control of specified air contaminants from vehicular sources (Health &
Safety Code, Section 39018). Certification constitutes a guarantee by the manufacturer that the engine will meet certain
standards at 50,000 miles; if not, it must be replaced or repaired without change.

CLEAN FUEL VEHICLE -is frequently incorrectly used interchangeably with “alternative fuel vehicle.” Generally, refers

to vehicles that use low-emission, clean-burning fuels. Public Resources Code 25326 defines clean fuels, for purposes of
the section only, as fuels designated by ARB for use in LEVs, ULEVs or ZEVs and include, but are not limited to, electric-
ity, ethanol, hydrogen, liquefied petroleum gas, methanol, natural gas, and reformulated gasoline.

CLUNKERS - also known as gross-polluting or super-emitting vehicles, i.e., vehicles that emit far in excess of the
emission standards by which the vehicle was certified when it was new.

91 GLOSSARY



COMPRESSED NATURAL GAS (CNG) - natural gas that has been compressed under high pressure, typically between
2,000 and 3,600 pounds per square inch, held in a container. The gas expands when released for use as a fuel.

CONVERSION - device or kit by which a conventional fuel vehicle is changed to an alternative fuel vehicle.

CONVERTED VEHICLE - avehicle originally designed to operate on gasoline that has been modified or altered to run on
an alternative fuel.

CORPORATE AVERAGE FUEL ECONOMY (CAFE) - a sales-weighted average fuel mileage calculation, in terms of miles

per gallon, based on city and highway fuel economy measurements performed as part of the federal emissions test
procedures. CAFE requirements were instituted by the Energy Policy and Conservation Act of 1975 (89 Statute. 902) and
modified by the Automobile Fuel Efficiency Act of 1980 (94 Statute. 1821). For major manufacturers, CAFE levels are
currently 27.5 miles per gallon for light-duty automobiles. CAFE standards also apply to some light trucks. The Alterna-
tive Motor Fuels Act of 1988 allows for an adjusted calculation of the fuel economy of vehicles that can use alternative
fuels, including fuel-flexible and dual-fuel vehicles.

DIMETHYL ETHER - an oxygenated hydrocarbon which is the simplest compound in the class of ethers. Itis generally
produced from natural gas but almost any carbon-based feedstock can be used including crude oil, coal, crop residues, oil
sands, wood, or straw.

DUAL-FUEL - refers to a vehicle with two separate fuel systems and operate on two different fuels at the same time. An
example of a dual-fuel vehicle is a diesel/CNG truck that burns both fuels at the same time during certain conditions to
reduce the overall emissions.

E10 (GASOHOL) - a mixture or 10 percent ethanol, 90 percent unleaded gasoline.
E85- a mixture or 85 percent ethanol, 15 percent unleaded gasolines.

ENERGY/FUEL DIVERSITY - policy that encourages the development of energy technologies to diversify energy supply
sources, thus reducing reliance on conventional (petroleum) fuels; applies to all energy sectors.

ENERGY/FUEL SECURITY - policy that considers the risk of dependence on fuel sources located in remote and unstable
regions of the world and the benefits of domestic and diverse fuel sources.

ETHANOL (also know as Ethyl Alcohol or Grain Alcohol, gBH,0OH) - a liquid that is produced chemically from ethylene

or biologically from the fermentation of various sugars from carbohydrates found in agricultural crops and cellulosic

residues from crops or wood. Used in the U.S. as a gasoline octane enhancer and oxygenate, it increases octane 2.5 to 3.0
numbers at 10 percent concentration. Ethanol can also be used in higher concentration (E85) in vehicles optimized for its
use.

ETHYL TERTIARY BUTYL ETHER (ETBE) - an aliphatic ether similar to MTBE. This fuel oxygenate is manufactured by
reacting isobutylene with ethanol. Having high octane and low volatility characteristics, ETBE can be added to gasoline
up to a level of approximately 17 percent by volume. ETBE is used as an oxygenate in some reformulated gasolines.

EV (ELECTRIC VEHICLE) - avehicle powered by electricity, usually provided by batteries but may also be provided by
photovoltaic (solar) cells or a fuel cell.

FLEXIBLE FUEL VEHICLE (FFV) -avehicle that can operate on either alcohol fuels (methanol or ethanol) or regular
unleaded gasoline or any combination of the two from the same tank.

FUEL CELL - an electrochemical engine with no moving parts that converts the chemical energy of a fuel, such as
hydrogen, and an oxidant, such as oxygen, directly into electricity. The principal components of a fuel cell are catalyti-
cally activated electrodes for the fuel (anode) and the oxidant (cathode) and an electrolyte to conduct ions between the
two electrodes, thus producing electricity.

GASOHOL -inthe U.S., gasohol (E10) refers to gasoline that contains 10 percent ethanol by volume. This term was
used in the late 1970s and early 1980s but has been replaced in some areas of the country by terms such as E-10, Super
Unleaded Plus Ethanol, or Unleaded Plus.
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HYBRID VEHICLE - usually hybrid EVs, a vehicle that employs a combustion engine system together with an electric
propulsion system. Hybrid technologies expand the usable range of EVs beyond what an all-electric-vehicle can achieve
at this time with batteries only.

HYDROGEN - (H,) A colorless, highly flammable gaseous fuel.

ILEV (Inherently Low Emission Vehicle) - term used by federal government for any vehicle that is certified to meet the
ARB'’s Low Emission Vehicle standards for non-methane organic gases and carbon monoxide and ULEV standards for
nitrogen oxides and does not emit any evaporative emissions.

INFRASTRUCTURE - generally refers to the recharging and refueling network necessary to successful development,
production, commercialization, and operation of alternative fuel vehicles, including fuel supply, public and private
recharging and refueling facilities, standard specifications for refueling outlets, customer service, education and training,
and building code regulations.

LEV (LOW EMISSION VEHICLE) - avehicle certified by the ARB to have emissions from zero to 50,000 miles no higher
than 0.075 grams/mile (g/mi) of non-methane organic gases, 3.4 g/mi of carbon monoxide, and 0.2 g/mi of nitrogen oxides.
Emissions from 50,000 to 100,000 miles may be slightly higher (See Table in Chapter 2.)

LNG (LIQUEFIED NATURAL GAS) - natural gas that has been condensed to a liquid, typically by cryogenically cooling
the gas to minus 327.2 degrees Fahrenheit (below zero).

LPG (LIQUEFIED PETROLEUM GAS) - a mixture of gaseous hydrocarbons, mainly propane and butane that change into
liquid form under moderate pressure. LPG or propane is commonly used as a fuel for rural homes for space and water
heating, as a fuel for barbecues and recreational vehicle, and as a transportation fuel. Itis normally created as a by-
product of petroleum refining and from natural gas production.

M85 - a blend of 85 percent methanol and 15 percent unleaded regular gasoline, used as a motor fuel.

M100 - 100 percent (neat) methanol used as a motor fuel in dedicated methanol vehicles such as some heavy-duty truck
engines.

METHANE (CH ) - the simplest of hydrocarbons and the principal constituent of natural gas. Pure methane has a heating
value of 1,1012 Btu per standard cubic foot.

METHANOL (also known as Methyl Alcohol, Wood Alcohol, @BH) - a liquid formed by catalytically combining carbon
monoxide (CO) with hydrogen (}rin a 1:2 ratio, under high temperature and pressure. Commercially, it is typically made
by steam reforming natural gas. Also formed in the destructive distillation of wood.

METHYL TERTIARY BUTYL ETHER (MTBE) - an ether manufactured by reacting methanol and isobutylene. The
resulting ether has a high octane and low volatility. MTBE is a fuel oxygenate and is permitted in unleaded gasoline up to
a level of 15 percent. It is one of the primary ingredients in reformulated gasolines.

NGV (NATURAL GAS VEHICLE) - vehicles that are powered by compressed or liquefied natural gas.

OFF-ROAD - any non-stationary device, powered by an internal combustion engine or motor, used primarily off the
highways to propel, move, or draw persons or property, and used in any of the following applications: marine vessels,
construction/farm equipment, locomotives, utility and lawn and garden equipment, off-road motorcycles, and off-
highway vehicles.

ORIGINAL-EQUIPMENT MANUFACTURER (OEM) - refers to the manufacturer of complete vehicles or heavy-duty
engines, as a contrast to remanufacturers, converters, retrofitters, up-fitters, and repowering or rebuilding contractors
who are overhauling engines, adapting or converting vehicles or engines obtained from the OEMs, or exchanging or
rebuilding engines in existing vehicles.
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OXYGENATE -aterm used in the petroleum industry to denote octane components containing hydrogen, carbon, and
oxygen in their molecular structure. Includes ethers such as MTBE and ETBE and alcohols such as ethanol or methanol.
The oxygenate is a prime ingredient in reformulated gasoline. The increased oxygen content given by oxygenates
promotes more complete combustion, thereby reducing tailpipe emissions.

PARTICULATE MATTER (PM) - Unburned fuel particles that form smoke or soot and stick to lung tissue when inhaled.
A chief component of exhaust emissions from heavy-duty diesel engines.

PROPANE - See LPG (Liquefied Petroleum Gas).

RATE-BASING - refers to practice by utilities of allotting funds invested in utility Research Development Demonstration
and Commercialization and other programs from ratepayers, as opposed to allocating these costs to shareholders.

REFORMULATED GASOLINE (RFG) - acleaner-burning gasoline that has had its compositions and/or characteristics
altered to reduce vehicular emissions of pollutants.

REID VAPOR PRESSURE (RVP) - a standard measurement of a liquid’s vapor pressure in pounds per square inch at 100
degrees Fahrenheit. It is an indication of the propensity of the liquid to evaporate.

RETROFIT - broad term that applies to any change after the original purchase such as adding equipment not a part of the
original purchase. As applied to alternative fuel vehicles, it refers to conversion devices or kits for conventional fuel
vehicles. (Same as “aftermarket”.)

TAME (TERTIARY AMYL METHYL ETHER) - another oxygenate that can be used in reformulated gasoline. Itis an
ether based on reactive C5 olefins and methanol.

TLEV (TRANSITIONAL LOW EMISSION VEHICLE) - avehicle certified by the ARB to have emissions from zero to
50,000 miles no higher than 0.125 grams/mile (g/mi) of non-methane organic gases, 3.4 g/mi of carbon monoxide, and 0.4 g/
mi of nitrogen oxides. Emissions from 50,000 to 100,000 miles may be slightly higher (See Table in Chapter 2.)

ULEV (ULTRA-LOW EMISSION VEHICLE) - avehicle certified by the ARB to have emissions from zero to 50,000 miles
no higher than 0.040 grams/mile (g/mi) of non-methane organic gases, 1.7 g/mi of carbon monoxide, and 0.2 g/mi of
nitrogen oxides. Emissions from 50,000 to 100,000 miles may be slightly higher (SeeTable in Chapter 2.)

WARRANTY - seller’s guarantee to purchaser that product is what it is represented to be and, if it is not, that it will be
repaired or replaced. Within the context of vehicles, refers to an engine manufacturers guarantee that the engine will
meet “certified” engine standards at 50,000 miles or the engine will be replaced. Retrofits will generally void an engine
warranty.

ZEV (ZERO EMISSION VEHICLE) - any vehicle that is certified by the ARB to have zero tailpipe emissions. The only
vehicles that currently qualify as ZEVs are electric vehicles (EVS).
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