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SUMMARY

Part | of this paper reviews the competition in the emerging automobile market around
the turn of the last century. What advantages and disadvantages of steam, electric and
gasoline engines led to the ultimate winner and losers of the first CAR WAR.

Part Il explores the future of the re-emerging electric cars. Will improved battery
technology and expanded recharging infrastructure lead to sufficient market support to
enable the electric car to successfully replace the gasoline-powered car?

Part lll discusses the possibility that electric cars will lose out again to a new competitor:
the hydrogen fuel cell or hydrogen internal combustion engine for reasons that go beyond
battery and range issues.



CAR WARS: THEN AND NOW

Part I: The Birth of the Competitive Automobile Market

In New York City in 1900 there were over 150,000 horses producing thousands of tons of waste.
Streets were reeking in disgusting filth, the consistency of thick pea soup and the Board of Health
found manure linked to an increase in infectious disease. From 1870 to 1900 the number of horses
in American cities grew 4-fold while human population only doubled. At the time, it was as hard
for people to believe that this environmental crisis would require replacing the horse, just as our
generation struggles to imagine a world without fossil fuels. But the increasingly obvious solution
was indeed to replace horsepower with the new self-propelling motor vehicles known as
“horseless carriages”. Which of the new technologies would succeed in replacing the horse:
steam, electric or gasoline? It took over two decades to answer that question during which time
hundreds of manufacturing concerns competed in the emerging car market.

Steam: Steam was clean, safe, reliable, and familiar because people had decades of experience
with it in trains and boats and farm equipment. However, early steam cars required constant care
and attention. There were three tanks for water (cold water, heated water and compressed steam
to power the car). The water was heated onboard with kerosene fuel sparked by gasoline. It took
at least 20 minutes to heat up a steam car and water had to be refilled every 30 minutes or so
which made it impractical for any distance driving. Pressure gages on the dash had to be
monitored to prevent a possible blow up under the driver’s seat. Quick firing boilers eventually
solved these problems but not before more efficient gasoline engines took over the market and
made steam cars obsolete. However, for many years steamers were the “luxury” cars of the time
as well as the first and fastest race cars.

Electric: Electric cars were lighter and quieter and cleaner than gas and didn’t require cranking or
gear shifts. By the early 1890s Thomas Edison had established the NYC electric grid and the
Westinghouse Company was producing numerous electric motors for commercial and residential
uses. City dwellers were thus very familiar with electrical power and as more urban homes
accessed electricity, the market for EVs continued to grow. However, the battery capacity was
small and their range was limited to only about 40 to 60 miles. To recharge took hours and there
were no recharging stations. In 1897, The Electrobat Company launched a taxi cab service in NYC
utilizing 12 electric vehicles with replaceable batteries which could be swapped out between fares
as needed. The company was successful but the demand outside NYC was too low to sustain
operations. In the years that followed, the electric car took on a new connotation as women’s cars
(short local trips, no hand cranking or gear shifting). In 1912 Henry Ford bought his wife Clara a
Detroit Electric car rather than one of his own Model T cars. That year he collaborated with his
friend Thomas Edison to develop a practical electric car. But even Henry Ford and Thomas Edison
could not solve the basic problem: building a storage battery of light weight which would operate
for long distances without recharging. They quietly abandoned the project. Sales of electric



vehicles peaked in the early 1910s and as gasoline engines became more reliable, they left electric
vehicles in the dust. Their limited range was the major problem then and continues to be a
problem today.

Gasoline: In 1897 through 1903, the best-selling cars in the US were electric and steam (about
40% market share each). The gasoline cars were a distant third with 20% of the market. The
gasoline internal combustion engines (ICE) had some definite disadvantages: the dirty emissions
and smell, the noise and the sense of sitting on an explosion, and the hand crank starter that
required considerable strength and could break an arm. To refuel you bought cans of gasoline
from the drugstore and/or sidewalk vendors selling cans of gas. Eventually gasoline refueling
moved off the curb and into “gas stations” with protective canopies and underground tanks and
pumps. This was a major advantage of ICE cars: rapid and available refueling and the ability to
carry enough fuel for longer trips and thanks to the oil barons like John D. Rockefeller of Standard
Oil gasoline, the supply was large and relatively cheap.

Gasoline cars had been around since 1886 when Karl Benz received a patent for his 3-wheel
carriage which is considered the birth certificate of the automobile. Then Ford opened his Ford
Motor Company in 1903, selling 1,700 Model A cars the first year. But it was Ford’s Model T
(known as the Tin Lizzie) introduced in 1908 that changed the history of the car. A handmade
Ford car cost $850 in 1900 but by 1924 the price of the Model T was only $265 (about 2.5 months
of average wages as compared to about 10 months median salary today). The lower costs reflected
the use of a moving assembly line which could build 146 cars per hour versus 7.5 per hour in
traditional manufacture. Ford reportedly set out to build a car that was big enough for the family
but small enough for one man to run and care for. Ford vowed that “no man making a good salary
will be unable to afford one”. Over the 20-year period from 1908 to 1928, there were 15 million
Model T Fords sold. In the history of the automobile, that figure was surpassed only by the
Volkswagen VW “bug” which was produced for 58 years. In 1908, there were a total of 5 million
cars in the US; in the next five years, there were that many Model T Fords on the road. In 1908,
15% of the cars sold in the US were Fords; by 1923 Ford held 57% of the market. There can never
be any dispute about who mass produced the first affordable car and secured the future
domination of the gasoline-fueled automobile. There have been changes in design along with
technological changes relating to the electronics that have made cars more comfortable, safe and
easy to drive. But the basic gasoline-fueled technology has remained essentially the same for 100
years, playing a continuing and decisive role in our everyday life and national economy.

Part ll: The Return of the Electric Car

In the 1960s there was a resurgence of interest in electric cars due to concerns regarding fossil
fuel emissions. Ford and GM launched research and development of electric vehicles. GM
developed 1964 prototypes for urban EVs (Electrovair and Electrovan built on Chevy Corvair body)
but the technology was not sufficiently mature to produce commercially viable EVs. The current
CAR WARS are once again pitting electric vehicles against the gasoline internal combustion engine.
There are three main types of electric vehicles: The hybrid, the plug-in hybrid and the 100%
electric engine (EV).



Hybrid

The hybrid was the first “electric” car in the modern era when the Toyota Prius was introduced in
Japan in 1997 and then mass-produced for the global market starting in 2000. It was designed to
save gasoline and limit carbon emissions. It utilized a small battery-powered motor in addition to
a gasoline ICE engine, which could then recharge the electric battery via regenerative braking.
There was no plug-in recharging option. Toyota has sold over 5 million of this Prius, currently one
of the five Toyotas in the ten best-selling hybrid cars. The hybrids are lighter and simpler than
plug-ins and EVs and are still popular because they are less expensive (around $30,000) and more
reliable and convenient than the alternative electric vehicles because they do not require
recharging. Although the hybrid car does reflect some reduced gasoline costs and emissions, it
will not be sold after 2035 since it will not qualify under new California laws as an EV.

EVs

The first mass-produced EV (all electric battery powered vehicle) was the Nissan Leaf introduced
in 2010. The Leaf was an easy affordable way to get into an EV, but It’s lack of range and slow
charging made it hard to live with. The driving range was less than 50 miles and recharging options
were limited. The driving range of the current Leaf and all other EVs has increased considerably
(up to about 250 to 350 miles) and charging times have decreased (around 45 minutes to a few
hours for a rapid recharging in a commercial setting versus overnight with home charging.)
However, for all electric vehicles, the effective range is significantly impacted by several operating
factors: extreme heat or cold, use of accessories such as air conditioning or heating, the extent of
battery degradation from too much rapid charging, will result in a lower than quoted range. In
older models, the decrease in the effective range can be as low as 47%. Also, the stated range
reflects mileage when the battery is at optimum charge which is between 20% and 80% which
would require more frequent recharging. Furthermore, as the battery ages and “degrades” over
time, which was a real problem with the Leaf, the stated mileage no longer applies. Earlier Leaf
models were notorious for having poor battery life and the cost to replace a battery every five to
six years or so is a major cost factor. In 2015, Tesla introduced its game-changing electric vehicle,
the Model Y, which is still the most popular EV in the US and last year sold 771,300 cars globally.

Driving range and recharging availability and time remain major concerns for even the newer EV
cars. But new technology and improved infrastructure will follow increased market demand as the
deadline for gasoline engines nears. Commercial property owners are scrambling to adjust to the
changing world of transportation by adding charging stations to new construction of office and
condominium developments. Retail projects, restaurants and hotels are having to provide
recharging options. Elon Musk is building a two-story “Supercharger Diner and Drive-In theater in
Hollywood providing an American Graffiti-style pit stop with 29 fast superchargers and 5 level 2
chargers available around the clock. Walgreens already has 430 locations offering charging
stations today. Other retailers like Subway and 711 have similar plans under way. Opening in
January of 2024 is a large charging station between L.A. and Las Vegas which can serve 10,000 cars
a month. Given incentives and improving technology and corresponding recharging
infrastructure, automobile manufacturers are now adding new electric cars to their 2024-2025
line up. There will be EV models of trucks (Ford F-150 and Maverick pick-up) as well as sports cars



including the Porsche, Corvette, Mustang and also luxury sedans like the BMW and the new
Cadillac Celestig which will cost $300,000.

The amount of EVs on the road has exploded from negligible in 2010 to over 26 million EVs in the
world in 2022. Some of this growth is no doubt due in part to a growing consensus about the
impact of fossil fuels and increasing CO. climate change. Governments around the world are
committed to the process of eventually getting rid of the gasoline car and in reaching a net zero
carbon world by 2050. Even the petroleum industry is preparing for a transition to cleaner energy.
The dramatic rise in gasoline prices during 2022 also likely gave buyers more incentive to purchase
an electric car. Now, as gas prices have come down there are some signs of a weaker market for
electric cars including discounts to push unsold inventory. Some of the projected EV sales may
have been lost to the growing Plug-In market.

Plug-Ins

Despite the positive trends toward EVs, almost as many Plug-In cars were sold in 2023. The first
Plug-In hybrid was the Chevy Volt, introduced in 2010 had both a gasoline engine (for longer
distances and range security) and a battery-operated electric engine for urban driving. The Plug-
In will qualify for the 2024 electric vehicle tax benefit and about 20% of the post-2035 market
sales can be PHEVs. A major disadvantage of the Plug-Ins is that they have two engines. The
reduction in gasoline costs is less than for an EV and the overall costs of maintaining two engines
may further reduce cost savings. However, Plug-Ins are attractive in the near term for several
reasons. They are more affordable than all-electric but still provide a sizable reduction in gasoline
costs and carbon emissions while providing a much longer range. Many of the major automobile
manufacturers are “hedging their bets” on the electric car by providing Plug-In models. The sales
of Plug-Ins in 2023 increased 76% from 2022 levels.

The Future of Electric Cars

Despite some market resistance, the major automobile manufacturers in the world now produce
some type of electric vehicle. The Clean Vehicle Tax Credit for up to $7,500 of your purchase of a
qualifying car has been a major incentive for the purchase of EVs or Plug-Ins. Government funding
and mandates are major incentives to replace gasoline with electricity: funding for recharging
infrastructure is part of the Biden’s INFRASTRUCTURE ACT as well as the ban on the sale of gasoline
vehicles by 2035 in California, New York, British Columbia and the EU. Electric cars definitely
appear to be the car of the future. Newer batteries with solid state technology and/or lighter
materials are in the development stage and the sodium-ion battery is coming on the market in
early 2024. China and Europe, which have limited petroleum deposits and/or very high gasoline
taxes, are well on their way to greater EV dominance. However, despite these current positive
trends, there remain major on-going concerns about electric vehicles:

e China dominates mineral and industrial processing, currently producing 75% of all lithium
batteries worldwide; it will refine 62.5% of all the worlds lithium supplies, 76% of cobalt,
65% of natural graphite, and 72.5% of synthetic Graphite. Although the U.S. has recently
discovered deposits of lithium in the California Salt and Sea and deposits near the
Oregon/Nevada border, there is simply not enough lithium and other rare earth minerals
to provide electric vehicle batteries to meet 2050 standards given current technology.



e Also, electric grids are not available in many rural parts of the world and the electric grid
in urban areas is already overloaded by current electric use and converting 1/3 of all the
U.S. cars tomorrow to electric would reportedly “collapse the grid”. A large portion of
the worldwide car market cannot access sufficient electric power to support an EV.

e Currently the cost of an EV, even with financial incentives and gasoline cost savings, is
significantly higher than the cost of a traditional gasoline car or a hybrid or Plug-In car. In
addition, there are added costs of recharging stations at home and periodic battery
replacement. Many buyers simply cannot afford to drive an EV.

e Finally, the environmental value of electric vehicles lies in the ability to decrease carbon
emissions not just at the tailpipe but in the production of the electricity. However, the
electricity used to charge the batteries may not be carbon free or “green energy”
produced by wind or solar or thermal or hydro-electric or even nuclear energy instead of
“blue” or “grey” or “brown” or “black” energy” which is the major source of our electricity
produced by burning fossil fuels. In China, where almost 30% of new cars are electric,
90% of their electricity is currently produced by burning coal; the average Chinese EV is
therefore a 90% coal car. In this light, EVs produced in France are a 70%+ nuclear car or in
Norway a 90% wind power car or in Iceland a 100% hydroelectric dam powered car!
Replacing gasoline engines without switching out to “green energy” electricity will not
be sufficient to lower CO; levels and reach our goal of a carbon-free world by 2050.

The Search for Green Energy

As of 2020 the vast majority (85%) of our global energy was provided by burning fossil fuels — coal,
petroleum and natural gas. Biofuels (plant and animal waste which are net zero C0;) make up
about 5%. The remaining 10% of our energy came from the carbon free sources: nuclear (6%),
hydro-electric (3%), and renewables of wind and solar (1%). During the last four years there has
certainly been an increase in renewables and a push to add thermal or pumped-hydro energy
sources. Unfortunately, the contribution of the cleaner sources is unlikely to increase significantly
because there is sizable opposition for environmental concerns or because the electricity
produced has limited application. In the U.S. the industrial sector (mining, agriculture,
construction and manufacturing) includes production of cement, steel, plastics and ammonia
which are the largest users of energy, requiring extreme heat that electricity cannot deliver.
Passenger cars and light trucks are only about 15% of our energy use. That is why there is currently
so much research and development of carbon-free alternatives like hydrogen gas (H,) to augment
the “clean” renewable electric energy sources that alone cannot replace our dependence on fossil
fuels. Benefitting from all that hydrogen R & D is the only reasonably feasible competition to the
electric car, the emerging market for H, cars. Will these prove to beat out the EV and be the
ultimate winner in our contemporary CAR WARS?

Part lll: The Entrance of the Hz Vehicles

There are two types of vehicles that can be powered by hydrogen gas: the fuel cell powered
electric vehicle and the internal combustion engine (ICE) using H, instead of gasoline. H, Fuel Cell
cars are powered using electricity produced by a chemical reaction when H; is combined with



oxygen in the presence of a catalyst (platinum or iridium). The pure compressed H; gas is stored
in a tank on the vehicle which can be refueled in five minutes and the oxygen comes from an air
shaft. Although H, is a highly volatile gas, it is actually relatively safe. Unlike electricity which
must be stored in batteries, Hz can be compressed and shipped in pipes or stored in tanks and
pumps for fuel cell cars. The fuel cell EV has a range of over 300 miles and produces no harmful
tailpipe emissions; the oxidized H, produces an exhaust of water vapor and hot air.

There are two available H; fuel cells EVs on the market in the US: the Hyundai Nexo (about $60,000
retail) and the Toyota Mirai (around $50,000). These fuel cell cars have had limited market success
in the US (year to date 2023 sales are about 2,700 Mirai and 150 Nexo) because of the cost and
the lack of available refueling stations. In fact, outside of Hawaii they sell only in California, where
there are only 62 current retail refueling stations, whose supply may be very erratic. Most of the
existing refueling stations are in the Bay area and the greater L.A. area, including only one in the
Inland Empire (Riverside). Outside of those two urban areas, there are only a few stations: Harris
Ranch outside Bakersfield, Santa Barbara, Sacramento, Truckee and San Diego. However, there
are already a total of over 100,000 H, fuel cell vehicles already on the road in Japan, Korea, the
U.S. and E.U.

A second type of H, powered vehicle is the Internal Combustion Engine (ICE) that runs on H; gas,
very similar to the standard gasoline car. In fact, in the 1960s teenager Roger Billings converted a
Model A Ford to run on Hz as a high school science project. In 1978 Jack Nicholson converted his
1977 Chevrolet Bel Air into an H; race car which he demonstrated at the 1978 Le Mans race meet.
Although the technology to mass-produce an internal combustion engine car that runs on
hydrogen gas appears to be very simple, the supply and infrastructure of H; gas is not available in
necessary quantity to produce a cost-effective range-secure automobile. A recent white paper
published by the University of Houston did report that retrofitting of existing natural gas
infrastructure (pipes, storage tanks, pumps) for delivery of H, gas would be feasible in urban areas
like Austin. Still, the current lack of fueling stations and storage facilities for H; vehicles is a major
roadblock to mass marketing of these cars.

But the biggest problem for the both kinds of H. cars is producing sufficient amounts of “clean” or
“green” Hy. Although Ha is an abundant element, it is also the lightest; it will dissipate into outer
space unless stored under pressure or combined with other elements like oxygen (H,0 or water)
or in one of the hydrocarbons like Methane. While H, vehicles are emission free at the tailpipe,
with an exhaust of water vapor, most of the H, must be produced by separating it from water via
electrolysis and since the electricity required to do this still comes mostly from fossil fuel, the
resulting vehicle reflects about 60% “dirty energy” overall. An easier and cheaper but even dirtier
source of Hs is heating methane, the major component of natural gas. Finding ways to produce
cheap clean hydrogen gas will be critical to the political and economic feasibility of this technology.

Despite these concerns, there has been significant evidence of investment in the research,
development and production of H, cars and other transportation vehicles in the past six months.
A number of car companies are actively moving toward Hz vehicles.

e Toyota has announced plans for developing an H, factory in Europe to commercialize
hydrogen technology and systems and will include R&D, production and sales. The



company will be focusing on the H ; ICE which is needed to reach 2050 clean energy goals.
They already have the protype Harace car that will compete at Le Mans in 2026. Toyota
will also provide its Mirai Ha fuel cell EV as the official cars of the 2024 Olympics in Paris.

e Although it has not produced an H; prototype as yet, Ford Motor Company already owns
a patent on an H; Internal Combustion Engine.

e NamX, a Paris-based H. car start-up, will switch its H, Fuel Cell car to a V-8 ICE version.
NamX is moving ahead with the H; internal combustion engine because it would eliminate
the need to relay on rare earth metals (e.g. platinum) needed as catalysts in H, fuel cells.

e Honda showed off its new H; fuel cell system at the Brussels EXPO 2023. This drive train
technology can be utilized in future vehicles including commercial vehicles.

e Both BMW and Porche are exploring options for future H, cars.

In addition to car companies, a number of commercial and industrial transportation companies
have recently announced new H;-related projects in heavy-duty long-haul trucking as well as air
and marine and commercial applications where electric batteries are too large and heavy to be
feasible. The currently available lithium-ion batteries necessary to power a container cargo ship
or jet airline across an ocean would require up to 40% of the cargo/passenger space. Automotive
concerns with Hz heavy-truck projects include General Motors, Mercedes Benz, Volvo Group,
Isuzu, Honda and Toyota. Hydrogen fuel cell buses and delivery vans are already on the roads.
Most surprising is the December 2023 announcement that Amazon is purchasing in-house
electrolyzers from Plug Power for all of its Fulfillment Centers; they will produce their own
hydrogen gas (via electrolysis of water) to fuel their fleet of H,-powered fork lift trucks.

Private H; industry players are relying on government regulation and incentives to discourage the
use of fossil fuels and to support the development of clean economic H, as well as help to build
the infrastructure to deliver it to the consumer. Recent support indicates such commitment.

e Inthe U.S.$7 billion in grants was included in the 2021 Infrastructure Law: these will fund
7 production hubs to produce clean H; gas fuel for heavy duty industrial uses in addition
to fuel for cars and trucks. The current administration has also announced tax credit
incentives for producing Ha fuel.

e The State of California has approved $106 million to be used over the next six years on
expanding H; fueling stations available to cars and medium duty vehicles. Although there
are only approximately 12,000 H, passenger cars in the state, the funds are forward-
looking because once convenient refueling is in place, it will be easier for Californians to
make a choice of which type of passenger vehicle they would like to drive. This could be
a big game changer in the current CAR WARS between H; and electric.

e  Many individual countries or multinational partnerships are currently involved directly in
scientific research and development projects to produce cheaper, cleaner hydrogen:
South Africa and Japan, Australia and Canada, and Germany and the U.K. have announced
joint ventures. Morocco is seeking partners for its proposed use of wind and solar power
plants to produce “clean” H, gas. Governments also contribute to applied H; scientific
research via grants at universities like Stanford, M.LT., Arizona State University, University
of Houston, Ohio State, University of Toronto and University of Adelaide.



Cheap Green Hydrogen”

The emerging Hz vehicles will clearly be highly competitive with gasoline-powered or electric
transportation IF there is a sufficient cost-effective supply of “clean” H,. But if scientists could
eventually reach a significant breakthrough in H; production, the rest will follow. Currently the
cleanest available H; is from electrolysis of water using solar or wind electricity which, as noted
earlier, still makes up only a small percentage of our energy source. The idea of giant off-shore
floating windmills to power electrolysis of surrounding sea water to produce clean H; sounds
interesting. A utility in Utah is replacing a coal-fired plant with wind and solar to power
electrolysis; the resulting H; will be stored in near-by underground caves.

However, the best (most direct and cheapest) source of H; is pure “white” hydrogen (naturally
occurring H, gas deep underground). Scientists have long believed that such deposits are
extremely rare but still they have been referred to as the “Climate Holy Grail” that could
revolutionize the Energy Sector. One of the most significant developments in our clean energy
evolution took place last year when two scientists in France accidentally stumbled on a huge
(estimated 46 million ton) deposit of pure “white” Hz gas in the mining region of Lorraine. Equally
exciting was the announcement in December 2023 that two scientists from Ohio State University
have produced A.l. software that can identify probable locations of deposits of pure “white”
hydrogen via aerial scans. Preliminary evidence suggests large deposits like those in France are
much more plentiful than previously thought. These potentially significant deposits of 100%
“green” H, gas would not require expensive processing and are a recurring resource in the earth’s
crust. Existing petroleum technology and infrastructure could be adapted to the drilling and
distribution of hydrogen gas. Existing gasoline combustion engine design can be modified to burn
H. fuel. :

Conclusion: CAR WARS WINNER

We may not be around to see the fall-out of all this research and development. It is possible that
battery technology will advance to the point that electric battery cars will take over the car market
long before the H, car market has a chance to mature. But my odds are on H; cars long term, not
just because they eliminate the weight and range limitations of battery electric cars, but because
hydrogen power appears to be such a critical component of our overall clean energy goals. Once
there is mass production of green H; for industry, electricity, and commercial transportation, a
convenient and affordable H? car will be the clear winner of the current CAR WARS, the
contemporary “Model T” that transforms and dominates the automotive market.
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Mark Cook

Summary Resume

| received a BS in Business from the University of Southern California and went to work
for Ford Motor Company in their Management Training Program. After moving through a
few positions, | was recruited to become a member of the Start Up team for Ford’s new
division: Dealer Computer Services, whose goal was to automate the franchise
dealerships.  Computer experts in Detroit provided software programs and data
processing; the hardware was provided by Texas Instruments and IBM, and the Ford
dealers provided the money to purchase the equipment and programs. It was my job to
convince them that the benefits would justify the added cost.

The original DCS operation was not streamlined: dealership data from Accounting and
Parts Inventory was transmitted via teletype to the mainframe computer in Detroit for
processing, then bulky printed results were airmailed back overnight. However, as
computer technology transitioned dramatically, DCS programs expanded to automate the
entire business of almost 90% of our Ford and Lincoln/Mercury dealerships using just an
in-house processor and a network of desktop terminals. | effectively became a
management consultant and problem solver helping to make the dealerships more
profitable.

| was never a computer expert, but | know a lot about the automobile business. As a Ford
retiree and stockholder and a lifelong “car guy”, | still follow the automotive industry
closely. My recent interest in the evolving car market led to this report.



