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Alternative Fuels

————

ALTERNATIVE FUELS: CHALLENGES AND
OPPORTUNITIES FOR THE U.S. AUTOMOTIVE
INDUSTRY

Since the 1960s, concerns about pollution caused by
vehicle emissions and increasing U.S. dependence on
imported oil have presented challenges and
opportunities to the U.S. automobile industry, and to a
number of upstream/downstream industries, such as the
automotive parts and services industries, the petroleum
and petrochemical industries, and certain sectors of
U.S. agriculture.  U.S. Environmental Protection
Agency (EPA) sources estimate that motor vehicles
contribute more than 50 percent of all air toxins in the
United States annually,! and that the current
implementation costs of U.S. pollution control
measures are equivalent to 2 percent of the U.S. gross
national product? In addition, one major foreign
automaker estimated that U.S. vehicular traffic
accounts for a relatively significant portion, about 3
percent, of total carbon dioxide emissions of the earth
annually.3 These and related environmental concemns
have prompted a series of Federal and State
Government initiatives to develop and market
alternative fuels in lieu of conventional gasoline. This
article examines U.S. initiatives to develop
alternative-fueled  vehicles  (AFVs), available
technologies, issues of competitiveness, and the
economic implications associated with converting
conventional (gasoline-powered) vehicles to AFVs.

The U.S. Initiative

U.S. Government initiatives such as the Alternative
Motor Fuels Act of 1988 mandated a certain number of
AFVs to be used by the U.S. Government, and it
provided incentives* to U.S. vehicle manufacturers to
build AFVs. Subsequently, The Clean Air Act
Amendments of 1990 required that, beginning in 1998,
clean alternative fuels® be introduced in certain

1 EPA, Congressional Quarterly, Special Report, Jan. 20,

990.

2'EPA official, interview by USITC staff, Mar. 1993.

3 Estimates of Swedish automaker Volvo, “Vehicles and the
Environment,” Financial Times, July 27, 1990, p. 6.

4 For example, gasoline blended at least 10 percent with
ethanol is eligible for a 5.4-cent-per-gallon exemption from
Federal motor fuel excise taxes.

S According to the Clean Air Act, as amended in 1990,
clean alternative fuels include ethanol, methanol, compressed
natural gas (CNG), liquified petroleum gas (LPG), commonly
known as propane, hydrogen, electricity, and reformulated gas-
oline, used in clean-fuel vehicles that comply with the emission
standards that were established by the act.

geographic regions in the United States that have
severe air-quality problems. In addition, the Bush
administration’s National Energy Strategy (issued on
February 20, 1991), which since has been largely
endorsed by the Clinton administration, and various
bills introduced by the U.S. Congress, encourage the
use of alternative fuels through a variety of similar
initiatives. These include—(1) additional mandated
increases in the number of AFVs used by the U.S.
Government, especially in certain urban areas with
air-quality problems; (2) tax incentives and credits for
producers of alternative fuels, including an efficient
distribution  system; (3) financial incentives to
encourage State and local governments to purchase
AFVs: and (4) training and certification for technicians
that participate in the conversion of motor vehicles to
run on alternative fuels.

California, with the Nation’s largest number of
registered motor vehicles, has been the U.S. leader in
legislating emissions control.  For example, the
California Air Resources Board (CARB) will require
that, by 1998, 2 percent of all vehicles sold in
California must produce no emissions, a requirement
that currently can be met only by electric vehicles
(table 1-1).

This ratio will be increased to 10 percent by the year
2003.7 Also, pending ongoing cost-effectiveness and
feasibility studies by the EPA, additional amendments
to the Clean Air Act of 1990 could require that all
light-duty vehicles in the U.S. market meet the 1997
California limits by 2003.8 California standards are
designed to measure the nonmethane organic gas
(NMOG) content in emissions, which comprises
hydrocarbons and oxygenated hydrocarbons (alcohols,
aldehydes, ketones, and ethers). It is important to
monitor these chemicals because they are frequently
added to gasoline by fuel producers to raise octane
levels and/or otherwise improve fuel properties. The
California pilot program has created four vehicle
categories based on NMOG content to help monitor a
10-year phase-in (1994-2003) of the new
emissions requirements (table 1-1). U.S. and foreign

6 U.S. General Accounting Office (GAO), “Alternative
Fuels,” May 1992, p. 16.

74“Filling Up on Alternative Fuels,” Machine Design, Jan.
8, 1993, p. 64.

8 EPA official, interview by USITC staff, June 1, 1993.
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Table 1-1
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- California implementation rates according to NMOG standards, model years 1994-2003

Vehicle type and NMOG level

NMOG fleet
Conventional average

Model TLEV LEV ULEV ZEV standard
Year 0.39 0.25 0.125 0.075 0.04 0.0 (g/mile)
1994 10% 80% 10% 0.250
1995 85% 15% 0.231
1996 80% 20% 0.225
1997 73% 25% 2% 0.202
1998 48% 48% 2% 2% 0.157
1999 23% 73% 2% 2% 0.113
2000 96% 2% 2% 0.073
2001 90% 5% 5% 0.070
2002 85% 10% 5% 0.068
2003 75% 15% 10% 0.062

Note.—Vehicle categories established to monitor emissions include Conventional; Transitional Low-Emission Vehicles
(TLEV); Low-Emission Vehicles (LEV); Ultra-Low Emission Vehicles (ULEV); and Zero-Emission Vehicles (ZEV).
Source: “Filling Up on Alternative Fuels,” Machine Design, Jan. 8, 1993, p. 67. and CARB.

automakers may produce any combination of vehicles
from the four categories, as long as the manufacturer’s
fleet average® meets the NMOG standard for any given
year in California.

Despite the technological scramble and the potentially
significant costs associated with developing alternative
ways to power vehicles, during 1991-93, the
legislatures of Massachusetts, New York, and Maine
voted to adopt California standards, and additional
Northeastern States are expected to follow in the
coming years. In recent years, Texas, Louisiana,
Oklahoma, and Colorado also adopted legislation that
mandates the use of a certain number of AFVs in
State-owned government fleets by the mid-1990s. In
response to these new State-induced requirements, U.S.
automakers have begun to research advanced
emission-control technologies, cleaner burning fuels,
and the economic feasibility of electric-vehicle models.

Alternative-fuel Technologies

Although research on alterative fuel technologies is
ongoing, options can be grouped into two categories:
(1) renewable sources such as ethanol derived from
com or sugar cane, hydrogen, geothermal, solar and
wind energy, and vegetable oil derivatives (e.g.,
soybean oil mixed with diesel fuel); and (2)
nonrenewable sources such as certain other alcohol
fuels (e.g., methanol) and gaseous fuels (e.g., propane
and natural gas). Although renewable sources are a
means to achieve ultimate energy efficiency,
nonrenewable sources currently remain the alternative
fuels of choice by major automakers worldwide
because of their economic feasibility.

9 Based on vehicle sales.

Renewable Sources

During recent years, ethanol has emerged as the most
widely accepted alternative fuel for automobiles
among renewable supply sources. Although it also can
be acquired from nonrenewable sources such as
petroleum, ethanol generally is considered a renewable
energy source because it is derived principally from
renewable sources such as com and sugar cane.
Ethanol production is especially suitable in areas with
rich vegetation and a long growing season, such as
Brazil. For example, since 1975, Volkswagen has sold
over 2 million ethanol-powered vehicles in the
Brazilian market, where the feedstock is sugar cane.
Ethanol production in the United States relies on corn,
which entails a more expensive production process
than does sugar cane, partly because of comparatively
higher U.S. labor and land costs. Although the
required biomass cannot be produced as economically
in the United States as in Brazil (production in Brazil is
heavily subsidized), General Motors is currently testing
50 ethanol-fueled Chevrolet Luminas in Wisconsin and
Ewmmois, in conjunction with the U.S. Department of
gy.

Hydrogen-powered vehicles are virtually
pollution-free, operating on water and emitting mostly
water vapor. However, the technical difficulties
associated- with the production, storage, and
distribution of liquid hydrogen make this alternative
fuel commercially less viable. To keep hydrogen in a
liquid state, it must be stored in an i X
refrigerated tank at minus 423 degrees Fahrenheit.
Liquid hydrogen is also highly explosive when
exposed to higher temperatures.  Despite these
difficulties, the German Government and a
Japanese-owned automaker (Mazda3 have developed
liquid-hydrogen-propelled vehicles.!® U.S. research on

10 American Petroleum Institute (API), “New Transporta-
tion Fuels,” Jan. 7, 1993, p. 6.
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the use of liquid hydrogen as an alternative fuel has
been limited.

Small-scale hydroelectric, solar, or geothermal energy
have emerged as other feasible alternative fuel sources
for automobiles. These sources of electricity are
widely available natural resources such as water, the
sun, and the heat of the inner core of the earth. For
example, water is an abundant source of hydroelectric

power, and the process of generating electricity from -

water is a significantly less polluting activity than the
process of generating electricity from coal or natural
gas. Despite the environmentally friendly properties of
these experimental sources, the electric-vehicle
technology currently utilized by automakers relies
overwhelmingly on traditional, nonrenewable fossil
sources such as coal.

Other alternatives such as vegetable oil derivatives also
have been considered and tested, mainly in Africa and
the Philippines. These have performance
characteristics similar to those of diesel fuel. However,
vegetable oil derivatives also exhibit negative
properties such as high viscosity and flash point, which
make starting an engine in low temperatures difficult.
Used as a motor-vehicle fuel, vegetable oil causes
pollutants and burns with a pungent exhaust odor.!! In
addition, it is considered uneconomical to produce
because of the high price of vegetable oil.12

Nonrenewable Sources

Alcohol fuels such as methyl alcohol, commonly
referred to as methanol, can be made from coal, natural
gas, heavy oil, wood, and from methane derived from
municipal waste. Methanol has been advanced by
certain U.S. automotive industry representatives to be
the most feasible alternative fuel, primarily because
therearesufﬁcientreservesofnatmalgasandcoalin
the United States. Methanol is also preferred because
of its cleaner combustibility compared with that of
ethanol-enhanced gasoline.  In addition, it is
reasonably priced and suitable for today’s liquid-fuel
distribution and storage systems. Critics of methanol
as an alternative fuel argue that it is toxic; delivers half
the driving range of conventional gasoline; produces
ozone-creating formaldehyde emissions; corrodes
rubber and steel; and causes starting problems in cold
weather.!3

Gaseous fuels such as liquified petroleum gas (LPG),
commonly called propane, and compressed natural gas
(CNG) have also been considered as alternative fuels
by automakers worldwide. LPG is a mixwre of
gaseous hydrocarbons that are converted to a liquid

11 “Filling Up,” p. 69-

12 For example, in 1992, the price of crude, bulk vegetable
oil exceeded $400 per metric ton, or about $2 per gallon, ac-
cording to U.S. Department of Agriculture data.

13APL p.3

Alternative Fuels

state by pressure and/or reduced temperatures during
either the processing of natural gas or the refining of
crude oil. LPG provides a high-octane fuel, but
vehicles using this fuel generally have a reduced
driving range, and cargo space is compromised because
relatively large on-board canisters are required to store
the necessary amounts of fast-burning LPG.

Although the data available concemning the pollution
effects of LPG-fueled vehicles are not conclusive, U.S.
industry sources state that LPG tends to produce lower
levels of hydrocarbons than gasoline, and CARB has
reported that LPG has a lower
ground-level-ozone-forming potential.14 CNG also has
a lower NMOG content than gasoline and is reported to
be a high-performance, high-octane, and relatively
clean-burning fuel. Further, natural gas is widely
available in the United States and costs somewhat less
than the petroleum required to produce conventional
gasoline. However, CNG produces higher levels of
nitrous oxide, a lower atmosphere ozone-forming
pollutant.!> In addition, CNG consists mainly of
methane, a potent green-house gas. Because of these
adverse properties of CNG, it is essential to minimize
its leakage and ensure its complete combustion. 16

The cleanest form of alternative fuel, electricity, is
generated from nonrenewable fossil sources such as
coal, although fossil-fuel electric power plants continue
to produce a variety of emissions such_ as
hydrocarbons, nitrous oxides, and sulfur dioxide.? In
addition, developmental and marketing restraints such
as higher production and usage cCOSts and limited
driving range, have proven to be significant obstacles
to electric-powered vehicles (EPVSs). First-generation
EPVs are compelled to use lead-acid, nickel-cadmium,
and nickel-iron batteries, all of which are currently
available.  Sodium-sulphur batteries, which offer
greater driving range, will likely be developed and
marketed in a few years. After the year 2000, EPVs
may utilize lithium batteries that provide a driving
range comparable to that of gasoline-powered vehicles
(in excess of 300 miles). To augment their own
research, the U.S. Big Three automakers (General
Motors, Ford, and Chrysler), along with the Electric
Power Research Institute and the U.S. Department of
Energy, formed the U.S. Advanced Battery Consortium
in 1991 to improve battery technology. Funds for this
initiative are expected to total $260 million over a
4-year period.18

14 Ozone, which is a common chemical in the upper atmo-
sphere of the earth, protects the biosphere from ultraviolet radi-
ation. However, in the lower atmosphere, itis a principal con-
stituent of smog and can irritate the lungs.

15GAOQ, p. 9.

16 “Filling Up,” p. 68.

17GAO, p. 5.

18 “Derroit Charged Up About EVs,” Machine Design,
Jan 8, 1993, p. 80.
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Marketing and Distribution Issues

Distribution networks are yet to be developed and/or
approved nationwide for the marketing of alternative
fuels. However, in 1991, the California Public Utilities
Commission approved a pilot program to create a
comprehensive distribution system for CNG, including
the installaton of refueling stations at
oil-company-owned service stations for public access;
conversion incentives to consumers of up to $1,250 per
vehicle; marketing programs to demonstrate the
benefits of CNG-powered vehicles; and the
development of maintenance and technical support
systems.!®  In addition, the California Energy
Commission developed an “Infrastructure Master Plan”
in 1992 to bring EPVs to the market. This
development program calls for the standardization of
re-charging connectors and equipment; the installation
of charge stations at public parking lots, airports, and
shopping malls; and an EPV readiness plan by the City
of Los Angeles that includes wiring in new residential
homes that is suitable for the re-charging of EPVs.20

o 19 California Energy Commission, “Fuels,” Dec. 1991, p.
1

" 20 “What If Electric Vehicles Dont Sell,” Automotive In-
dustries, Apr.1993, p. 35.

Figure 1-1
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Competitiveness Issues

During 1988-91, Brazil led all countries worldwide in
the number of operational AFVs with 4.2 million units
(almost exclusively ethanol-powered); followed by
Japan with 1.5 million (all were LPG-powered); Italy
with 1.3 million (1.1 million units LPG-powered and
the rest CNG-propelled); and the Netherlands with
about 1.1 million (mostly LPG-powered). During this
period, the United States recorded the fifth-highest
number of operational AFVs (330,000 LPG-powered
and 30,000 ethanol-propelled). However, AFVs
combine for only 0.2 percent of the total U.S. vehicle
fleet, ranking the United States as 11th worldwide with
respect to the overall incorporation of these vehicles

(figure 1-1).

National governments (e.g., especially the
Governments of Brazil, Canada, and New Zealand)
have intervened in the marketplace to stimulate the
development of AFVs through legislation, subsidies,
tax exemptions, and other means.*! For example, in
the mid-1970s, the Government of Brazil used fuel

21GAO, p. 3.

Alternative-fueled vehicles as a percentage of total number of vehicles, by country and fuel type,

1988-91
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subsidies, price controls, and loans to persuade Brazil’s
automotive industry to exploit alternative fuel
technologies such as ethanol. It also provided
incentives in the form of reduced vehicle taxes to
consumers that purchased ethanol-powered vehicles.
In addition, heavy dependence on imporied oil and a
depressed sugar market spurred the Brazilian
Government to begin a centralized program involving
the conversion of domestic sugar cane into ethanol for
use as a motor-vehicle fuel. Brazil’s annual production
of ethanol was projected to be about 5 billion gallons
in 1990, or about six times U.S. production.22
However, in recent years, Brazilian production of
ethanol has declined because of structural
inefficiencies in the Brazilian economy. Partly because
of its continued high consumption of ethanol, Brazil
currently imports some of its nceds.

European firms have long been supported by
government incentives in laly, the Netherlands,
Belgium, and Spain to develop and test mostly
LPG-fueled vehicles, and to a lesser degree,
CNG-propelled vehicles. In addition, German luxury
automakers Mercedes and BMW have developed
electric vehicles. Mercedes built an electric rendition
of its 190E model that uses sodium-nickel chloride
batteries. Industry sources indicalc that batery packs
can be recharged in 12 hours and are largely
maintenance free. The BMW electric prototype
models (E1 and E2) use sodium-sulphur batteries that
provide a longer driving range (161 miles) compared
with that of the electric version of the Mercedes 190E
(93 miles)®  Other large-scale European EPV
development programs have been initiated by the PSA
G and Renault of France, Volkswagen of
Germany, and Fiat of Italy.

In Japan, Nissan has emerged as one of the leaders in
electric-vehicle testing. Its prototype, the Future
Electric Vehicle (FEV) is slightly smaller than the
Nissan Sentra. The FEV uses nickel-cadmium
batteries that can be re-charged in 8 hours through an
onboard unit that accepts standard household power.
Nissan is currently working on other prototypes such
as the EV-2 and a so-called Cedric/Gloria conversion.
The EV-2 uses nickel-iron batieries and the Cedric is
powered by lead-acid batteries. In addition to Nissan’s
efforts, most Japanese automakers have various EPV
development programs under way.5

As discussed, the United States has not been a global
leader in the development of operational AFVs during
1988-91. However, since the mid-1980s, U.sS.

22EPA, “Analysis of the Economic and Environmental Ef-
fects of Ethanol as an Alternative Fuel,” Apr. 1990, p. 27.

23 “Paving the Way for Electric Cars,” Machine Design,
Jan. 8, 1993, p. 78.

24'The PSA Group includes French automakers Peugeot
and Citroen.

25«Update on Automaker Electric Vehicle Projects,” Auto-
motive News, June 7, 1993, p. 9i.
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automakers have been in the forefront of global
research and development efforts with respect o EPVs.
The GM prototype, known as Impact, represents one of
the U.S. industry’s best attempts at an EPV that can be
mass marketed. Mainly because of its aluminum body
construction, the Impact weighs only 2,200 pounds
(including an 870-pound battery system), which is
about 600 pounds less than the weight of a comparably
sized conventional automobile. Its top speed is 100
miles per hour (mph), and it is capable of accelerating
from 0 to 60 mph in 8 seconds. Remaining obstacles
to bringing this model to the market include the limited
driving range of the vehicle (currently 120 miles with
one charge under ideal driving conditions), and the
relatively short life-cycle (20,000 miles) and high price
tag of its battery ($1,500).26

Other U.S. automakers also developed EPV prototypes
during the early 1990s. Ford’s leading experimental
model is a two-seat minivan, called the Ecostar, that
uses sodium-sulfur batteries. The automaker has plans
to distribute 80 units of the Ecostar for testing purposes
to clients such as Detroit Edison. These customers will
work with Ford to develop comprehensive vehicle
service and maintenance programs. Chrysler’s TEVan
is powered by more expensive nickel-iron batteries
($6,000 each), which provide 50 percent more power
than lead-acid cells and last the longest of any batteries
tested in EPVs. The TEVan will be sold primarily to
fleet buyers at a price in excess of $100,000 per unit. 2’
Despite these advances, and because none of the U.S.
automakershasappwredreadytomilatemllycmssthe
threshold that separates development from volume
production, discussions among the U.S. Big Three
automakers have recently shifted towards the &o&sible
joint development and production of an EPV:

Economic Implications

State Govemnment officials in California have
determined that the impact on the global automotive
industry of converting to AFVs is significant both in
terms of costs and benefits (table 1-2). U.S. industry
sources are concermned primarily with costs and
estimate that the Clean Air Act of 1990, when fully
implemented, will add from $500 to $1,000 to the
production cost of an automobile in the United States
incurred either as a result of more advanced
emission-control technologies or from the conversion
to aliernative fuels. For example, EPA officials
estimate that the conversion cost of a CNG-fueled
vehicle is about $900 higher than that of a
gasoline-propelled vehicle.?> Some of these costs will

26“[s America Ready for the Gasless Carriage?” Business
Weeé Apr. 8, 1992, p. 58. :
*This is Not Your Grandfather’s Electric,” Machine De-
sign, Jan. 8, 1993, p. 76.
28 «Big Three Accelerate EV Development Programs”,
Ward's Engine and Vehicle Technology Update, May 1, 1993,

P-S.
29 “Filling up,” p. 69.
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Table 1-2
Projected costs and benefits3? of converting gasoline-powered vehicles to AFVs
Conversion Cost to Net annual
Estimated price cost per car equip a cost/benefit:
per/galion in to meet fuel LEV vs.
Fuel the year 2000 standards station conventional
Dollars Dollars {x$1,000) (@$%$1.45/gal.)
Gasoline .......... 1.35-1.45 70-170 50-70 130
NG.............. . 1,000-1,200 250 -55
LPG .............. .98 600-700 40-75 -88
Methanol .......... 1.44-1.49 200-440 50-70 - 50
Ethanol ........... 233 200-440 50-70 405
Electricity .......... .59 1,350 ® -135

1 Reformulated vs. conventional gasoline.
2 Charged at garage.
Source: CARB.

likely be passed on to the consumer in the form of
higher manufacturer’s retail prices, and some will be
absorbed by the auto producers. However, consumers
might benefit (depending on the type of AFV used) in
the form of lower operation and maintenance costs
because the unit cost of LPG and CNG compares
favorably with that of conventional gasoline. In
addition, EPVs are likely to require less maintenance
than gasoline-powered vehicles. U.S. automobile
manufacturers likely will absorb part of the higher
production costs in the form of lower profit margins
and may experience sluggish sales owing to higher
retail prices. In addition, U.S. automakers may face
reduced export competitiveness in foreign markets
because of higher priced U.S. automobiles, especially
in countries where pollution-abatement technologies

are not required.

~ In contrast to cost concems raised by automakers, U.S.
automotive parts suppliers are likely to benefit from
the increasing use of AFVs. Although certain small
engine parts, exhaust system, and emission control
manufacturers may find it difficult to make the
transition to produce the parts required by AFVs, the
demand for new technologies is likely to spur
additional opportunities for well-established U.S. parts
makers.

The petroleum and petrochemical industries are not
likely to be major beneficiaries in the movement
toward AFVs. However, opportunities for these
industries do exist in the areas of reformulated
gasoline, oxygenated gasoline, and shale and tar sands
exploration. Yet petroleum industry sources caution
that, California standards notwithstanding, alternative
fuels will constitute only about 3 percent of the U.S.
market by the year 2010.3! Despite concerted efforts
by the U.S. Government and the U.S. Big Three
automakers to develop alternative fuels, the U.S.

30 EPA, “Analysis,” table 4, p. 10.

31 Estimates provided by the Argonne National Laboratory
as cited by the API in an update on “New Transportation
Fuels,” Jan. 7, 1993, p. 6.

petroleum industry likely will retain the auto industry
as its most important customer in the foreseeable
future. Petroleum industry sources point out that, to
date, no alternative fuel has seriously challenged the
viability of oil as a source of transportation fuel. They
argue that conventional gasoline is easy to transport,
powerful in small quantities, inexpensive, and
abundant 32

Outlook

As discussed, coordinated efforts between national
governments and major industries have been typically
the catalysts for action in the development of AFVs
worldwide. In response to such efforts undertaken by
global competitors and in an attempt to be responsive
to environmental interest groups, the Clinton
administration and the U.S. Big Three automakers have
established a task force in February 1993 to facilitate
private-sector development of “clean cars” that create
little or no pollution. This task force was organized
under the Federal Coordinating Council for Science,
Engineering, and Technology, which estlabished six
interagency groups to address high-priority technology
issues. One of these six groups will focus on advanced
manufacturing technology and is responsible for the
“clean car” initiative. The “clean car” subgroup is
composed of representatives from the U.S.
Departments of Commerce, Energy, Defense, and
Transportation, as well as the EPA, the National
Aecronautics and Space Administration, and the
National Science Foundation33  Participants are
currently considering ways to fund and develop a
“hyperclean” vehicle that can attain a gas mileage of
60 to 90 miles per gallon.3? A final agreement between
the parties, which is expected to include a $1 billion
research package, will likely be crafted by yearend
1993. A key part of this agreement will be a
cooperative effort between the US. Big Three

321bid., p. 7.

33 U.S. Department of Commerce, *The Clean Car Initia-
tive,"Apr. 2, 1993.

34 «J.S. Makes 'Decent Proposal,’” Automotive News,
May 10, 1993, p. 1.
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automakers and Federal rescarch laboratories,
especially those that are managed by the U.S.
Department of Energy.

The global quest for AFVs is likely to intensify by the
turn of the cenmry. The U.S. automotive industry
remains competitive with its Japanese and European
counterparts in the research and development of AFVs.
U.S. emissions-control legislation and technology set
the international standards in the reduction of vehicle
pollutants during the 1980s, and the United States is
likely to retain this advantage during the 1990s.
However, the debate among representatives of UsS.
industry and the U.S. Government continues regarding
the development of a uniformly accepted AFV. In the
United States, methanol and CNG are beginning to
emerge as preferred energy sources —among
nonrenewable alternative fuels, primarily because of
abundant U.S. supplies of coal and natural gas. In

Alternative Fuels

addition, U.S. automakers, such as GM, and U.S. parts
manufacturers, such as Allied Signal, participate in,
and sometimes lead, the global pursuit for an
operational AFV that uses renewable energy sources
such as solar electricity.

The complexities and challenges associated with the
task of developing an AFV that can be mass marketed
are significant. The future AFVs will need to cater to
the business interests of the automotive, petroleum,
petrochemical, and related upstream/downstream
industries. It will need to address concerns about the
environment; and it will have to be the type of vehicle
that can be efficiently produced and distributed. At the
same time, it must remain price-competitive, be
successful in the marketplace, and not compromise
vehicle performance.ll

Adam Topolansky
(202) 205-3394
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Flat Glass Globalization
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PACE OF FLAT GLASS INDUSTRY GLOBALIZATION
AND PROSPECTS FOR MORE INTENSE
COMPETITION

The trend toward industry qlobalization has continued
in recent years in flat glass,' a material primarily used
in windows, doors, and mirrors in the construction and
automotive markets. French, Japanese, British, and
U.S. firms have continued their expansion of
worldwide networks of production facilities through
investment in existing or new facilities (table 2-1).
Joint-venture arrangements have afforded such
producers an excellent means of market entry at
reduced risk, combining their capital and technical
expertise with the established distribution channels and
market knowledge of local partners.

Globalization Factors

Globalization of the flat glass industry is promoted
primarily by five factors:

e Heightened global perspective of producers;
e ' High transportation costs;
e Difficult adoption of float technology;

e Access to countries formerly closed to
foreign investment; and

e Globalization of the automotive industry.

Heightened global perspective of producers and high
transportation costs have been common factors behind
the recent growth of foreign investment in global
flat-glass facilities. The influence of the other factors
has varied by region (figure 2-1).

Heightened Global Perspective of Producers

Producers increasingly see that national markets for
flat glass can no longer be viewed in isolation but must
be seen as part of a global market? This heightened
global awareness has encouraged firms to seek
foreign-market opportunities. The resultant expansion
in international competition for markets has reinforced
firms’ global focus. At least one U.S. producer
believes that globalization is a necessary defensive

1The flat glass industry encompasses flat glass and the fol-
lowing products fabricated from flat glass: tempered glass,
laminated glass, mirrors, insulating units, and miscellaneous
products such as desk tops, curved display windows, and parti-
tion glass.
“In Business Think Globally,” American Glass Review,
Dec. 1991, p. 12.

measure to remain competitive in the flat-glass
industry. Firms that fail to compete globally will be
dominated by foreign competitors that have increased
in size and strength by expanding into foreign
markets.3

High Transportation Costs

When flat glass producers look beyond their national
boundaries, they often find that high transportation
costs? encourage the servicing of foreign markets
through the establishment of foreign production
facilities rather than through trade. In those cases
where a firm’s shipped goods are too expensive to be
competitive in a foreign market, an investment in local
production facilities may be the only practical means
for market entry. Flat glass is expensive tO ship
because it is relatively heavy, low in value, and fragile.
Land transportation costs can add roughly 10 ent
to total shipment costs per 500 miles shipped;> water
and air transportation added 7.4 percent to the value of
U.S. imports of flat glass in 1992.

Difficult Adoption of Float Technology®

The patent-restricted availability,” high cost, and
complexity of state-of-the-art production technology in
the flat glass industry continue to allow a limited
number of companies to expand their worldwide

3.S. industry representative, interview by U.S. Intema-
tional Trade Commission (USITC) staff, July 1992.

4 Posthearing brief of Guardian Industries Corp. to the
USITC in Potential Impact on the U.S. Economy and Selected
Industries of the North American F, ree-Trade Agreement, (in-
vestigation No. 332-337), Nov. 24, 1992, p. 5.

U.S. industry representative, interview by USITC staff,
July 1992, and prehearing brief on behalf of Vidrio Plano de
Mexico, S.A., Vitro Flotado, S.A., and Sentinel Holdings, Inc.,
to the USITC in President's List of Articles Which May be Des-
ignated or Modified as Eligible Articles for Purposes of the
US. Generalized System of Preferences, (investigation Nos.
TA-503(a)-18 and 332-279), Sept. 22, 1989, p. 12.

6 In the float process of flat glass production, molten glass
is fed as a continuous ribbon from the melting furnace onto a
bath of molten tin where the glass is fire polished by controlled

. It offers quality and cost advantages over the
production methods it replaced.

7 The float process was developed and patented in the
1950s by Pilkington Brothers, Ltd. (Pilkington), of the United
Kingdom. Pilkington has licensed the use of its process
throughout the world.
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Table 2-1 :

Flat glass and certain flat glass products: Foreign investment in selected glassmaking facilities,
by region and country, 1990-1993

Region and country Year Nature of investment
North America:
United States ................ 1992 Asahi Glass (Asahi) of Japan acquired AFG Industries, Inc. (AFG),
one of the top five U.S. producers of flat glass.
1992 Vitro, S.A. (Vitro), a Mexican producer of flat glass, purchased

ACI America, a U.S. firm with fabrication, distribution, retail, and
installation operations in the southern part of the United States.

1991 Central Glass of Japan opened a joint venture with Ford Motor Co.
to produce automotive-glass in Tennessee.
Canada ...........coevvinnnnn. 1992 Asahi gained control of AFG’s Canadian facilities through the
acquisition of AFG.
1990 Asahi subsidiary opened a float-glass plant in Quebec.
MeXiCO ..ot 1992 Vitro! opened its third float-glass plant.
South America:

Venezuela ................... 1991 Guardian Industries Corp. (Guardian) of the United States opened
afloat-glass plant in Venezuela, a joint venture with local
companies.

Europe:

Eastern Europe:

Czech Republic ............ 1991 Asahi subsidiary purchased a minority share and then control of
Czech flat-glass operations.

Hungary................... 1991 Gualrdian opened a joint venture with a local firm to produce float

ass.

Poland ...............o.t. 1992 Pilaington Brothers, Ltd. (Pilkington), of the United Kingdom

purchased distribution facilities.
1991 Pilkington was selected over Asahi for a float-glass joint venture

with a Polish firm.

Wastern Europe: .

Belgium ................... 1992 Asahi subsidiary began construction of a laminated-windshield
plant in Fleurus scheduled for completion in 1994.
1991 Asahi subsidiarra:scquired controlling interest in an
automotive operation from its ltalian partner and built a
laminated-glass plant in Athus.
Germany ..........cuennnnn 1991 Asahi subsidiary purchased glass fabrication facilities in former
East German territory.
1991 Pilkington acquired an automotive-glass producer in former East
German territory. .
Luxembourg ............... 1991 Guardian announced plans to construct an automotive-glass plant
expected to be operational by the end of 1993.
Spain .........ciciiiinnnnn 1992 Guardian began construction of a float-glass plant expected to be
oggrational by the end of 1993. . .
Portugal ..........ccvnnnn 1991 La Compagnie de Saint Gobain (Saint Gobain) of France acquired
Pogsl.g uese Government’s glass plant through its Spanish
su .
United Kingdom ............ 1990 Saint Gogn acquired fabrication facilities from South African firm.
Asia:
China ....oooevvenveennnennes 1993 Asahi, PPG Industries, Inc. (PPG), two Chinese partners,

and a Japanese trading company entered into a joint venture

to build a float-glass plant in Dalian that should be
operational in early 1995. . )

1992 Asahi acquired half of the PPG holdings in China, joining
PPG and Pilkington as the only foreign firms with investments in
Chinese flat-glass facilities.

India ......coovvviiiiiiaan., 1993 Asahi announced a joint venture with the Tata Group, a local

conglomerate, to build a float-glass piant that is expected to
open by late 1994.

1992 Guardian opened India’s first float-glass plant, following a
relaxation of India’s restrictions on foreign investment in 1991.

See footnote at end of tabie.
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Table 2-1

Flat Glass Globalization

Flat glass and certain flat glass products: Foreign investment in selected glassmaking facilities,

by region and country, 1990-1993

Region and country Year Nature of investment
Asia:—Continued
Thailand ".........cciiiientn 1992 Guardian opened a float-glass plant in 1992, a joint venture

with a local firm, Siam Cement Co.

1 Pilkington Brothers, Ltd. (Pilkington), of the United Kingdom holds a minority interest in the Mexican flat-

glass operations of Vitro, S.A.

Source: Compiled by the staff of the U.S. International Trade Commission from telephone interviews with U.S.

industry representatives and various articles appearing

gest, Glass Industry, and Glass Magazine; and industry su

~ vestigations.

Figure 2-1

Flat glass and certain flat glass products: Globalization factors, by region

in American Glass Review, Ceramic Industry, Glass Di-
bmissions to the Commission in various statutory in-

.. +‘Region.. :

Source: Compiled by the staff of the U.S. International Trade Commission based on interviews with U.S. industry

representatives; various articles appearing in American Glass Review, Ceramic Industry, Glass Digest, Glass
Industry, and Glass Magazine; and industry submissions to the Commission in various statutory investigations.

holdings and influence. Flat glass typically is
produced by the float process, which affords quality
and cost advantages over other production methods.
However, firms in many countries lack the necessary
capital (in excess of $100 million for a float plant)® and
technical expertise to shift to the float process. This
inability has created opportunities for foreign
(including U.S.) firms with adequate i

resources and float-process experience to enter markets
by establishing their own plants or entering joint
ventures with local . The technological
experience of Pilkington Brothers, Ltd. (Pilkington), of
the United Kingdom, coupled with aggressive defense
of its patent rights, made it the early leader in this
global expansion. Asahi Glass (Asahi) of Japan,
Guardian Industries Corp. (Guardian) of the United
States, La Compagnie de Saint Gobain (Saint Gobain)
of France, and PPG Industries, Inc. (PPG) of the
United States have also parlayed experience with float
technology to their advantage in foreign investments.

8 Posthearing brief of Guardian Industries Corp. to the
USITC in investigation No. 332-337, Nov. 24,1992, p. 10.

Access to Countries Formerly Closed to
Foreign Investment

The transfer of float technology has been a significant
factor in investment in several markets recently opened
to foreign investment, such as India and Eastern
Europe. The lack of float glass facilities and the fact of
a large market potential in these countries have made
them attractive markets for investments by major
global producers. [Eastern Europe offers investors

short-term potential, with per capita income
and glass consumption levels closer to those of
Western countries.  Although income and glass
consumption levels are relatively low in India, even
modest improvement in per capita income could
generate considerable glass demand because of the size
059 its population (16 percent of the world total in
1991).

In other countries recently opened to investment, such
as China and Thailand, however, float-technology
transfer was not a significant investment issue. Both
China and Thailand already had float facilities. U.S.
and Japanese investment in these Asian-Pacific

11
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countries was encouraged by regional demand, which
is the fastest growing in the world at 5 percent a year.?

In South America, on the other hand, additional
investment in the region is unlikely despite recent
efforts to liberalize business and trade conditions. The
South American countries that have sufficient
population and per capita income to sustain float
facilities—Argentina, Brazil, and Venezuela—have
already acquired such operations. Smaller and less
developed countries cannot sustain such industries on
the basis of their internal markets, and transportation
costs prevent them from becoming export platforms to
other markets.

Globalization of the Automotive Industry

Globalization of the automotive and flat glass
industries are increasingly intertwined; automotive
applications are the second-largest market for the
industry, representing about one-quarter of all sales.
Automotive and automotive-glass  producers—
particularly Japanese firms—are drawn to North
America and Western Europe because they are major
centers for automotive production and consumption.
In both the United States and the European Community
(EC), limits on automotive imports encouraged the
Japanese automotive industry to build- local automotive
assembly operations, which were then followed by
Japanese investment in automotive-glass fabrication
faciliies. The last of three Japanese flat-glass
producers to invest in U.S. automotive-glass facilities,
Central Glass (Central), opened a joint venture with
Ford Motor Co. in 1991 to produce automotive glass in
Tennessee. Asahi has wholly owned U.S. facilities,
and Nippon Sheet Glass (Nippon) has equity
investments in such facilities. Moreover, the latter two
Japanese firms subsequently secured U.S. sources of
raw flat glass for their fabrication operations b{
purchasing shares of major U.S. flat glass producers.!

Japanese, British, and U.S. flat-glass producers have
also have invested in Canadian and Mexican
automotive-glass fabrication facilities. Guardian and
Pilkington also made recent investments in EC
fabrication facilities.

Outlook

Globalization of the flat glass industry is expected to
continue throughout the 1990s, but the pace will fall,
and reasons for investment may change. Although
heightened global perspective and high transportation

9“PPG Asahi to Build Chinese Glass Plant,” Glass Digest,
Jan. 15, 1993, p. 26.

10 Asahi Glass acquired AFG Industries, Inc., in 1992.
Nippon Sheet Glass purchased a 20-percent share of Libby-
Owens-Ford Co. from Pilkington Brothers, Lid., of the United
Kingdom in 1989.
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costs are expected to remain significant factors, the
other elements will likely diminish in importance.
Adoption of the float process has limited future
potential to promote globalization, since roughly 75
percent of all countries known to produce flat glass
already have float facilities, and many of the remaining
countries may be too small to support such facilities.
Globalization of the automotive industry is expected to
continue to be a factor in the short term, but the
number of countries that can sustain an automotive
industry is also limited. Countries formerly
inaccessible to investment, such as China, those in
Eastern Europe, and India, will remain attractive as
expanding markets. But their potentially uncertain
business climates will likely force potential investors to
evaluate the success of recently established local
operations before proceeding with additional new flat
glass investments. In addition, future investment may
not always remain expansive in nature, as corporate
strategies are re-evaluated. For example, Ford’s recent
announcement that it will close its last plant in Canada
early in 1994 suggests such a re-evaluation,!! as the
company shifts its non-U.S. automotive-glass
fabrication operations from Canada to Mexico.

Based on assessments of the dominant float-glass
segment of the U.S. flat glass market by domestic
producers, the continued globalization of the flat glass
industry could have important competitive implications
for U.S. producers, including excess capacity,
downward pressure on prices, increased competition
within markets, reduced revenues, and reduced profits.
There is currently overcapacity in the global flat glass
market.!2 The continuing addition of float-glass
facilities is especially serious inasmuch as float-glass
plants have limited ability to slow production rates and
generally must operate continuously for the 10-year
life of the glass-melting fumace in order to be
economically viable. These conditions may add to
excess supply, which is accompanied by downward

on prices in float glass.!3 Since price
differentials as low as 2 percent are enough to
influence sales of float glass,!4 price pressure likely
would increase competition in markets and could
generate significant market-share changes. Moreover,
downward pressure on prices may result in reduced
revenues and profits for U.S. producers of float
glass.15H

James J. Lukes
(202) 205-3426

11 Glass Industry, Mar. 1993, p. 6.

12«Belt Tightening Pays Off at PPG, but More To Be Done
Says Sami,” American Glass Review, June 1992, p. 12.

13 Prehearing brief of PPG Industries, Inc., to the USITC in
investigation No. 332-337, Nov. 9, 1992, p. 9.

14 Hearing transcript, USITC investigation No. 332-337,
Nov. 18, 1992, p. 522.

15 Posthearing brief of Guardian Industries Corp. to the
USITC in investigation No. 332-337, Nov. 24, 1992, p. 16.
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Textile-Sector Technology
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HISTORIC TECHNOLOGY-TRANSFER PACT WITH
FEDERAL LABS AND TEXTILE-SECTOR
COMPETITIVENESS

A cooperative research and development (R&D)
agreement recently reached between the US.
Department of Energy (DOE) and the domestic textile
sector is designed to revitalize the industry through the
transfer of govemnment-developed technology. The
accord links the textile sector with well-known DOE
R&D laboratories in a joint effort to apply the strengths
of the laboratories to the industry’s technological
needs.] The joint effort between DOE and the textile
sector marks the first major initiative under legislation
passed in 19802 to facilitate the transfer of government
technology to an entire industrial complex. Proposed
research in the initial 6-month period is expected to
total $30 million, with DOE and the industry each
providing roughly half the cost of the program. The
agreement not only advances the Clinton
administration’s initiative of focusing government
R&D on technologies that help enhance U.S. industrial
performance, but also helps sustain operations of DOE
labs as Federal budget cutbacks decrease demand for
their traditional defense and space-related projects.

The American Textile Parmership (AMTEX)? an

ization formed to represent the industry in this
endeavor, includes the vertically integrated
manufacturing chain of fibers, textiles, and apparel.

1 The participating DOE labs are: Argonne National Labo-
ratory, Argonne, IL; Brookhaven National Laboratory, Upton,
NY: Lawrence Berkeley National Laboratory, Berkeley, CA;
Lawrence Livermore National Laboratory, Livermore, CA;
Los Alamos National Laboratory, Los Alamos, NM; Oak
Ridge National Laboratory, Oak Ridge, TN; Pacific Northwest
National Laboratory, Richland, WA; Sandia National Labora-
tory, Albuquerque, NM.

2 The Stevenson-Wylder Technology Innovation Act of
1980 (15 U.S.C. 3701-3714) authorizes DOE to work withU.S.
industry to ensure that DOE capabilities are accessible to meet

needs.

3 AMTEX encompasses all stages of textile production and
distribution, from raw materials to retail sales, and also ma-
chinery manufacturers. AMTEX also includes the four leading
textile research universities—North Carolina State, Raleigh,
NC; Aubumn, Auburn, AL; Clemson, Clemson, SC; and the
Georgia Institute of Technology, Atlanta, GA; and four non-
profit, industry- research organizations—the Insti-
tute of Textile Technology, Charlottesville, VA; the Textile/
Clothing Technology Center (TC?), Raleigh NC; Cotton Inc.,
New York, NY: and The Textile Research Institute, Princeton,
NJ. The universities are also united in aresearch and education
consortium called the National Textile Center, which is partly
funded by the U.S. Department of Commerce.

These industries collectively are the largest employer
in U.S. manufact<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>