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DANIEL SPERLING

Rethink

ng the

Car of the Future

The government-
industry
partnership to
develop a

On September 29, 1993, President
Clinton and the chief executive of-
ficers of Ford, Chrysler, and Gen-
eral Motors (the “Big Three”) an-
nounced the creation of what was
to become known as the Partner-
ship for a New Generation of Ve-

revolutionary fuel-

efficient vehicle is
in need of a
midcourse
correction.

funding has been devoted to the
project More important, the orga-
nizational structure that seemed
appropriate tn 1993—its design
goals. deadlines, and funding
strategies—may prove to be coun-
terproductive The program de-

hicles (PNGV). The primary goal
of the partnership was to develop a
vehicle that achieves up to three
umes the fuel economy of today’s
cars—about 80 mules per gallon (mpg)—with no sac-
nfice in performance, size, cost, ermissions, or safety
The project would cost a billion dollars or more, split
fifty-fifty between government and industry over a
10-vear pertod. Engineers were to select the most
promising technologies by 1997, create a concept
prototype by 2000, and build a production prototype
by 2004

As the first deadline approaches, PNGV shows
sigrs of falling short of its ambitious goals Little new

Daniel Sperling 15 director ot the Insutute of Transportauon
Studies at the Umversity of Cahifornia. Davis, where he 1s pro-
fessor ot civil engineenng and environmental studies
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signed to accelerate the commer-
cialization of revolutionary new
technologies has focused instead
onincremental refinement of tech
nologies that are relatively familiar and not particu-
larly beneficial for the environment

Major adjustments are needed 1n order to realize
the full potential of this partnership. A reformed
PNGV would be capable of efficiently directing
funds toward the most promising technologies, the
most aggressive companies. and the most innovative
research centers. Now 1s the time to update the pro-
gram by incorporating the lessons iearned during 1ts
first few years

The politics of partnership

A confluence of circumstances drew government
and industry together into this historic partnership
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In addition to the political benefits of forging a
closer relationship with the automotive industry, the
Clinton administration saw an opportunity to pro-
vide a new mission for the nation’s energy and
weapons laboratones and sagging defense industry
And, at Vice President Gore’s instigation, it saw a
means to strengthen 1ts public commitment to envi-
ronmentalism.

The auto industry was motivated in part by the
promise of financial support for long-term and basic
research In addition, according to press reports, the
three major automakers hoped that by embracing the
ambitious fuel economy goal. they might avoid more
stringent and (in their view) overly intrusive govern-
ment mandates: 1n particular. the national Corporate
Average Fuel Economy (CAFE) standards and the
Zero Emussion Vehicle (ZEV) mandate that had re-
cently been adopted in Califorma, New York. and
Massachusetts. They looked to PNGV to spur the
development of so-called leapfrog technologies that
would make mcremental fuel economy standards and
battery-powered electric vehicles superfluous

An overarching objective for both parties was to
forge a more positive relationship. Inspired by the
Japanese model, they sought the opportumty to trans-
form & contentious regulatory relationship into a pro-
ductive partnership In the words of a semor govern-
ment official, “We're trying to replace lawyers with
engineers ”

Both parties were also aware that the U S auto-
mobtle industry risks ceding global leadership 1f 1t
fails to meet the anucipated demand for efficient.
environmentally benmign vehicles Automobile own-
ership has escalated worldwide from 50 million ve-
hicles in 1950 to 500 milhon vehicles 1n 1990 and 1s
expected to continue increasing at this rate into the
foreseeable future At the same time. growing con-
cern about air quality and greenhouse gas emissions
has led a number of cities to take measures such as
restricting automobile use In response. a number of
automakers have begun to develop cieaner, more effi-
cient vehicles Hybrid vehicles combining 1nternal
combustion engines with electric dnve lines have
been developed by a handful of foreign automakers
and Toyota and Daimler-Benz have unveiled proto-
types of fuel cell cars in the past year.

The automotive industry appears to be on the
threskold of a technological revolution that promuses
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rapid improvements in energy efficiency as well as
reducuons 1n greenhouse gas emussions and pollu-
tton U S companies will have to make major
changes 1f they expect to gain a piece of the poten-
tially huge international market for environmentally
bemign vehicles This transformation can be accom-
piished only with government involvement, 1n part
because individual consumers are perceived as un-
willing to pay higher prices for cleaner, more efficient
cars Inajointstatement to Congress inJuly 1996, the
Big Three said, “Although the market does not pres-
ently demand high fuel-efficiency vehicles, we be-
lieve that PNGV research goals are clearly in the
public’s broad interest and should be developed as
part of a mutual industry-government commitment to
environmental stewardship ”

Despite such lofty proclamations, the govern-
ment’s anticipated financial commitment to PNGV
never materialized—a casualty of the growing fed-
eral budget deficit and the election of 2 Republican
Congress 1n 1994 In the partnership’s first year, the
federal government awarded only about $30 mullion
in new PNGV-related funds Indeed, only aggressive
behind-the-scenes lobbying by the Big Three auto-
makers managed to save PNGV funding Instead.
PNGYV has become an umbrella for a variety of exist-
ing programs, including about $250 milhion in hy-
brid-vehicle research already in place at Ford and
General Motors (GM) Most of the government sup-
port s in the form of basic research grants only indi-
rectly related to vehicies that was awarded before the
advent of PNGV and administered by the Natonal
Science Foundation, the National Aeronautics and
Space Admurnustration, and other agencies

With modest funding have come modest accom-
plishments PNGV has eased somewhat the adver-
sarial relationship between automakers and regula-
tors it may have helped the Big Three close a gap
with European companies in advanced diesel tech-
nology, and 1t stmulated some advances in fuel cell
technologies. For the most part. however, the accom-
plishments attributed to PNGV, such as those fea-
tured 1n a glossy brochure 1t published 1n July of
1996 appear to be the results of prior efforts by the
Big Three and their suppliers For instance, the bro-
chure features GM’s EV | electric car. unveiled as the
Impact prototype 1n 1990, and hybnid vehicle designs
that were also funded before PNGV

ISSUES IN SCIENCE AND TECHNOLOGY



RETHINKING THE CAR OF THE FUTURE

Problematic goals

PNGYV has three fundamental problems First are the
project’s design goals to build an affordable, famuly-
style car with performance equivalent to that of
today’s vehicles and emussions levels that meet the
standards planned for 2004 Each of taese goals—
affordability, performance, and reduced emissions—
1s defined and pursued 1n a way that effectively pushes
the most environmentally promising and energy-effi-
ciernt technologies aside

Take affordability New technologies are almost
never introduced 1n mainstream products such as
farmnily cars; they nearly always enter in products at
the upper end of the market such as luxury cars By
pegging affordability to the middle of the market.
PNGV managers are, intentionally or unintention-
ally, discouraging investment 1n technologies that
are not already approaching commercial viability.

Similarly, PNGV defines equivalent perfor-
mance 1n terms of driving range per tank of fuel
This requirement 1s intended to ensure that the ve-
hicle 1s suitable for the mass market Recent evi-
dence indicates, however, that for a substantial seg-
ment of the U.S. car-buying public, hmited driving
range mught be a munor factor in the decision to pur-
chase a vehicle. More than 70 percent of new light-
duty vehicles 1n the United States are purchased by
households owning two or more vehicles A himited-
range vehicle can be readily incorporated into many
of these household fleets Market research at the
Umniversity of Cahifornia—Davis estimates that m-
ited-range (less than 180 kilometers per tank) ve-
hicles could make up perhaps a third of all light-
duty vehicles sold in the United States, even if they
cost somewhat more than comparable gasoline cars

PNGV'’s range requirement directs R&D away
from some innovative technologies and designs that
are highly promising from an energy and environ-
mental perspectuive These inciude pure electric cars
that use ultracapacitors and batteries. certain hybrid-
1ized combinations of internal combustion engines
and electric dnvelines. and environmentally friendly
versigns of small safe vehicles such as the Smart
“Swatchmobile” of Mercedes-Benz.

The emussions goal 1s equally problematic. but
the problem 1s a different one The standard 1s too lax
The national vehicle emissions standards planned for
2004 (known as “ner 27) are less stringent than those
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already being implemented in California and far less
stringent than Califorma’s proposed “Equivalent
zero-emussion vehicle” standards  If history provides
any lesson, 1t 1s that the California standards will soon
be adopted nationwide. the Environmental Protection
Agency has consistently followed Califorma’s lead

Taking advantage of PNGV’s unambztious emis
sions requirement, automotive managers and engi-
neers have indicated that they almost certainly wil
select the most-polluting technology in the PNGV
tool box as the platform for the concept prototype
This 1s a diesel-electric hybnd. a direct-injected die-
sel engine, combined with an electric driveline and &
small battery pack

Diesel-electric hybnd technology represents
only a modest technological step. The automotive
industry s already well along in developing ad
vanced diesel engines, similar to what PNGV envi
stons, for the European market. Production proto
types using hybnidized diesel and gasoline engines
have already been unveiled by several foreign auto
makers, including Audi, Dathatsu, Isuzu, Mitsubishi
and Toyota. In fact, Toyota reportedly intends to start
selling tens of thousands of hybrid vehicles to the
U S. market 1n late 1997

Because this hybrid-vehicle technology 1s rela
tively well developed, 1t would be easy to build a con
cept prototype within the PNGV time frame In ad
dition, these engines achieve relatively high fue
economy (though probably far short of a tnipling,
However, diesel engines inherently produce high lev
els of nitrogen oxide and particulate emussions. the
most troublesome air pollutants plaguing our ciues
Because lax emissions goals permit this choice. other
more environmentally promising technolegies such
as fuel cells, compact hydrogen storage, ultracapaci
tors, and electric dnvelines hybridized with innova
uve low-emutting engines, run the risk of being
pushed aside

Big Three automotive engineers argue that the
advanced direct-injection diesel engines they are
contemplating are far different from today's diese
engines and that significant emission improvements
are possible, but 1t 1s uncertain whether such engines
could ever meet today’s national emussion standards
much less the uer 2 standards or Califorma’s tughter
“ultra-low” emission standards. They will never
match the emussions of fuel cells and advanced hy



brid vehicles that use nondiesel engines Given the
ground rules established 1n 1993, PNGV managers
are behaving rationally But are the rules rational,
given that this program 1s the centerpiece of advanced
U.S. automotive R&D?

Deadline pressures

The second major problem with PNGV 1s the proce-
dural requirement that the technology to be used 1n
the 2004 production prototypes must be selected by
the end of 1997 At first glance this requirement
seems reasonable It ensures thatindustry will stay on
track to meet subsequent deadlines But the actual
effect may be to thwart the development of more ad-
vanced technology Because the deadline 1s ap-
proaching rapidly, PNGV managers are put in the
awkward position of having to favor incrementalism
over leapfrogging. They find it safer to choose a pro-
totype they know can be butlt but that falls short of the
80 mpg goal (that 1s, the diesel-electric hybnd) than
to pursue technologies such as fuel cells that are less
developed but environmentally superior.

PNGYV managers insist that the Big Three will
select more than one technology in 1997 and that they
will not abandon fuel cells and other potentially revo-
lutionary technologies. The reality, though, 1s that the
himited funds and the looming requirement for a con-
cept prototype 1n 2000 will most likely cause auto-
makers and government agencies to concentrate their
efforts on a single powertrain design, diesel-electric

The third fundamental problem with PNGV 1s1ts
funding strategy. Rob Chapman, the government’s
techmcal chairman of PNGYV, testified to Congress on
July 30, 1996, that of the approximately $293 mullion
per year that the government 1s spending on PNGV-
related research, about a third goes to the federal labs,
a third directly to automotive suppliers, and a third to
the Big Three.

This breakdown greatly understates the real role
of the Big Three Most of that $293 million 1s admin-
istered through a vanety of programs that have only
indirect relevance to automotive applications Only
about 370 million 1s targeted directly at PNGV’s pri-
mary goal of achieving a highly fuel-efficient vehicle.
The vast majority of thus $70 mullion has gone to the
Big Three. The Big Three also control, directly and
indirectly, a substantial share of lab funding. For in-
stance. untl mid-1996, government funding of fuel
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cell research at Los Alamos National Laboratory was
administered through a subcontract from GM

At first glance. it seems logical to let the Big
Three play a leading role in designing the R&D
agenda. After all, they are likely to be the ultimate
users of PNGV-type technologies Butfor a variety of
reasons, 1t 1s in the public interest to downplay their
role 1n government R&D programs.

First of all, most mnnovation 1n advanced tech-
nologies 1s now being conducted outside the Big
Three, who ncreasingly rely on suppliers to develop
and manufacture components The leading designer
of vehicular fuel cells, for instance, 1s Ballard Power
Systems, a tiny S20-mullion company located 1n
Vancouver The shift toward new technolog:es (bat-
teries, fuel cells. electnc drivelines, flywheels, and
ultracapacitors) with which today’s automakers have
little expertise, will accelerate the trend toward out-
sourcing technology development and supply Itisnot
surprising that three-fourths of ali PNGV funding sent
to the Big Three 1s being subcontracted to suppliers.

Not only do the Big Three lack expertise 1n ad-
vanced PNGV-type technologies. they also have little
incentive to bring significantly cleaner and more effi-
cient technology to market Fuel prices are low and
CAFE standards frozen. there are no carrots and only
a politically uncertain ZEV mandate as a suck. In-
deed, companies routinely delay commercialization
of significant emissions and energy umprovements
for fear that regulators will codify those improve-
ments 1n more aggressive technology-forcing rules
(This attitude 15 exemplified by GM’s former CEQ,
Roger Smuth, who rhetorically asked at the end of his
1990 press conference announcing the Impact elec-
tric car prototype. ‘You guys aren’t going to make us
build that car, are you?”)

Understandably. the leading companies 1n this
mature industry are reluctant to aggressively pursue
the very technologies that will render much of their
physical and human capital obsolete The automobile
manufacturers of the future will need to work with an
entirely new set of high-technology supplier compa-
nies, as they shift to composite matenals, the absence
of economues of scale will cause them to forgo mass
production 1n favor of smaller-scale, decentralized
manufacturing, and as vehicles become both more
reliable and more speciahized. they will need to over-
haul their marketng and distribution systems Be-
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cause the S70 million or so in an-
nual PNGV funding amounts to
only O 5 percent of the Big Three’s
$15 billion annual R&D budget, it
1s unlikely to provide sufficient
motivation for them to embrace
these changes

A more effective strategy
would be to provide government
R&D funds for advanced technol-
ogy directly to technology-sup-
phier companies, with smaller
amounts awarded to universities

The fundamental
flaw in PNGV is
that it was designed
to pursue long-term
technologies in a
near-term time

frame.

term technology focus 1s espe-
cially problematic for partnerships
involving huge 1ndustrial corpora-
trons, whose aggressive political
agenda s driven by the interests of
their shareholders In cases where
there are large market externali-
ties, such as the costs and benefits
of cleaner, more efficient tech-
nologies, shareholder interests
probably do not match the public
interest.

If PNGV conunues along 1ts

and independent research centers
In fact. this 1s the approach PNGV
1s beginning to pursue with 1ts fuel cell program Al-
though the Department of Energy (DOE) imually
awarded contracts multiyear contracts for fuel cell
research to each of the Big Three companies. it soon
became apparent that this was an nefficient use of
funas. Nearly all of the research 1n each of the three
separate programs was carried out by subcontractors,
meanwhile,<the extra layer of management consumed
alargeshareof the funds. As aresult, DOE and the Big
Three jointly agreed that when the current contracts
expire in 1997, 1t will open the bidding to fuel cell
developers The Big Three will monitor the actuvities
of the fuel cell developers but will not be the prime
contractors nor receive any government funas The
fuel cell companies will then be able to sell to any or
all of the Big Three or any other automaker By fund-
ing the fuel cell compames directly, DOE hopes to
spur compention. speed nnovation, and improve ef-
ficiency as those companies achieve greater econo-
mies of scale. The fuel cell program demonstrates the
kind of partnership that provides a framework for ef-
ficiently accelerating technology development and
should serve as a model for PNGV as a whole

More productive partnerships

The fundamental flaw In PNGV 1s that it was designed
to pursue long-term technologies in a near-term time
frame: This has forced 1t to focus on technoiogies that
are already close to commercialization But the tech-
nologies that are closest to commercialization are
leas: suited to government-industry partnerships. be-
cause companies do not want to share innovations that
migat be central to their future prospects This near-
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current path, 1t will likely direct
funds toward neither the right
technologies nor the right organizations Major
changes are needed if it 1s to foster the rapid commer-
cializauon of clean and efficient vehicle technolo-
gies. More government funding would certainly help
Buteqgually important are fundamental changes in the
design and organization of PNGV and how govern-
ment uses and awards its funds. Here are four reconi-
mendations for making PNGV more effective.

Impose more stringent emiss1Ons requIrements
and less stringent performance requirements. Renew
the program’s emphasis on cleaner and more promis-
ing long-term technologies by aiming for emissions
levels more stringent than California’s current “ultra-
low” standard and by encouraging engineers to de-
sign very efficient, clean, limuted-range vehicles.

Remove the 1997 deadline but preserve the 2004
deadline. Engineers need more time to explore, test,
and design the most promising technologies. If
forced to choose in 1997, they will likely discard the
riskier but more promising options Relaxing the
1997 deadline should not preclude meeting the 2004
deadline

Direct all PNGV funding to independent tech-
nology companies and research centers. Eliminating
management and contracting oversight from the Big
Three will leave suppliers with more funds and allow
them to determine the best way to dissermunate and
commercialize new technologies. whether through
joint ventures, licensing, or go-it-alone manufactur-
ing Government funds are not needed to elicit Big
Three participation, they will surely be willing to
monitor the research and provide vehicle-integration
advice 1n order to benefit from early access to new
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technology Foreign automakers
with a significant domestic pres-
ence could also be involved in this
process If they make the commut-
ment to manufacture the technol-
ogy in the Umited States

Funding of independent re-
search centers and universities
would provide a benchmark that
reguiators and funders can use o
evaluate the major automotive
companies  progress in adopting
new technologies Inaddition, uni-
versity research can help to tramn
tomorrow’'s autormotive industry
workforce

An industry-
government
partnership will
function most
effectively only if
the technologies
being developed
are far from
commercialization.

It 15 with some reluctance that
I criticize PNGV, for I am firmly
convinced that advanced vehicle
technologies can and will play a
leading role in preserving the envi-
ronment Moreover. [ believe that
the country would benefit from
considerably greater public sup-
portof advanced automotive R&D
But1fPNGV cannotbereformed:n
accord with the kinds of changes
suggested here. perhaps 1t should
be allowed to die a peaceful death
On the other hand, 1if changes are
made, then the argument for sub-
stantial increases in PNGV fund-

Eliminate all but the most ad-
vanced technologies from PNGV.
An 1industry-government partnership will function
most effectively only if the technologies being devel-
oped are far from commercialization. The federal
government should create an independent expert
panel to determine which technologies should be 1n-
cluded in PNGV Fuel cells, for example, should be
included, incremental improvemerts in gasoline and
diesel engines, or even 1n electric hybnd vehicles.
shouid not The panel can decide whether to include
technologies such as lightweight matenals, fly-
wheels. ultracapacitors, and hybrid vehicles with
nonconvenuonal engines (such as gas turbines and
Stuirling engines)

1ng becomes more compelling
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