SAE X9 Future look

In celebration of SAE's Centennial in 2005,
industry executives discuss the future of
mobility technology.

by Gerhard Schmidt, Vice
President, Research and Advanced
Engineering, Ford Motor Co.

Fuel-cell powered Ford Focus
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s we celebrate the 100th anniver-

sary of the Society of Automotive

Engineers, it is fitting that we look
back at the outstanding achievements of
the past century before we look with de-
termination at the challenges that lie
ahead. There is no doubt that what our
children and grandchildren will be driv-
ing will be quite different from what’s in
the garage today. Change is nothing new
in the automotive industry.

At the start of the last century, 40% of
the automotive fleet used electricity, 40%
steam, and less than 15% gasoline for
propulsion. Gasoline won the fight for
supremacy during the century—some-
thing no one would have been able to
predict at its beginning.

We have a lot to be proud of in terms
of how far the car has progressed. Cars
have become more fuel-efficient, using
half the fuel they did 30 years ago to go
the same distance. What comes out of the
tailpipe of a vehicle today—in terms of
NOx, carbon monoxide, and hydrocar-
bons—is 99% cleaner than it was in the
early 1970s.

But there are changes under way that
show our present business model is un-
sustainable for the next 50 years. We
simply can’t go on as we are.

Worldwide population will almost
double over the next decade from where
itwas in the 1970s . With that growth—and
the growth of the middle class in the de-
veloping world—comes growth in the
demand for cars and trucks. And with
more vehicles comes more demand for
fuel. Worldwide energy usage for cars and
trucks has more than doubled in the past

The car at the
crossroads

30 years. With all that growth comes an
increase in the output of carbon dioxide
(CO,) and other greenhouse gases.

There is no indication of this trend
stopping, or even slowing down. We are
already seeing the effect of man and his
machines on the environment.

Emissions from light-duty vehicles
account for approximately 12% of global
fossil fuel emissions of carbon dioxide.
And while output of CO, from cars and
trucks continues to rise in North America,
other parts of the world such as China and
Latin America are catching up quickly.

Demand for crude oil makes the world
dependent on the Middle East, because
that’s where most of the proven oil re-
serves are. Meanwhile, worldwide vehicle
sales are expected to double in 50 years—
putting even more strain on those oil re-
serves. Most of that sales growth will take
place in the developing world.

Our goal must be to eliminate motor
vehicles from the environmental debate.
The way to do that is to design them to
have no impact on the environment. They
must emit no pollution, no greenhouse
gases, and consume little fuel—and what
they do consume must come from renew-
able sources. Production should create no
waste, and at the end of its useful life a
vehicle should be completely recyclable.

The gasoline internal-combustion en-
gine is not going away anytime soon. But
for the first time, there are potential alter-
natives, such as hybrid-electric and fuel-
cell vehicles, hydrogen internal-combus-
tion engines, and advanced clean diesel.
No single global technology solution has
yet emerged.
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Hydrogen internal-combustion en-
gines (H_ICEs) are a good bridge to fuel
cells, which are, by our estimation, still a
decade away in terms of mass retail sales.
H,ICEs produce near zero CO,, near zero
hydrocarbons, and up to a 25% increase
in fuel efficiency vs. gasoline. They also
leverage existing manufacturing assets
and use familiar technology when com-
pared to a fuel cell.

Engineers can modify an engine to
burn hydrogen by increasing the com-
pression ratio, installing hydrogen-com-
patible fuel injectors, modifying the igni-
tion and electrical systems, adding a su-
percharger or turbocharger, and using a
unique control strategy. Hydrogen fuel
storage and safety systems are similar to
those of fuel-cell vehicles, while other
systems are similar to those of conven-
tional gasoline-fueled vehicles.

But fuel cells are the ultimate long-
term solution—the ideal and sustainable
propulsion system of the future. We al-
ready have more than 25 fuel-cell vehicles
on the road—most in Detroit, a couple in
Sacramento—undergoing testing. The
Ford Focus Fuel Cell Vehicle takes a regu-
lar Ford Focus four-door and adds a
Ballard Mark 902 fuel-cell stack, a regen-
erative braking system, and a 5000-psi
(345-bar) hydrogen storage system. It
produces no emissions except for water
and a little heat.

Late last year, we put four more of
these vehicles into service on the streets
of Vancouver, British Columbia. And, as
part of a partnership with BP and the
U.S. Department of Energy, we will put
up to 30 additional Focus Fuel Cell

Vehicles in fleets in Orlando, Detroit, and
a couple more in Sacramento. BP is build-
ing the fueling infrastructure to support
these vehicles.

By testing fuel-cell vehicles in every-
day conditions and applications, Ford is
moving the industry toward commercial-
ization. Projects such as these will provide
the data we need to engineer improved
performance, reliability, and durability of
fuel cell vehicles, and prepare the market
for widespread commercialization.

As we move ahead, powering vehicles
by hydrogen is the ultimate long-term
course, eliminating all tailpipe emissions
except for water. CO, emissions are
eliminated only if hydrogen is obtained
from renewable resources. Production of
hydrogen can be sustainable, and the
production and use of hydrogen—the
most abundant element in the universe—
would reduce our dependence on im-
ported oil.

Where do we get the fuel? If we create
the hydrogen from fossil fuels (which is
today the cheapest method) by steam-
reforming methane and releasing the CO,
into the atmosphere, then we will not
have improved on the current situation.
If we can make hydrogen from coal or
methane and sequester the CO, in the
ground, that is one solution. But solar,
wind, hydroelectric, geothermal biomass,
and nuclear technology create no residu-
al greenhouse gases.

We have some choices to make if zero-
emissions fuel-efficient propulsion tech-
nology is to be the powertrain of the fu-
ture. We are indeed at the crossroads. It is
up to us to go in the right direction. aei
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Focus C-MAX
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Focus C-MAX hydrogen
internal-combustion engine
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