Creating An Employment Base From Environmental Business
Believe It or Not
The Monument to Diversification

farther and farther out on a limb. It originally started as a
sourcebook for environmental products and organizations. While it has maintained this purpose, it has expanded to analyze the region’s environmental progress
and, more often, its failures in matters of environmental
policy. This year may be its limit — the year the limb
breaks off.

Dan Brothers, Alabama Bureau of Tourism & Travel

After analyzing Austin’s emergence as a center of computer development, the second part of this article will
discuss a few possible technologies and business ideas that
can create new job opportunities through environmental
protection. It will also discuss several strategies that the
Austin area can take to encourage green business development. These strategies are separate from the conventional
ones employed to promote Austin’s electronics industry,
though environmental business development would accelerate into hyperspace if it were given the billions of
dollars and recruitment attention that had been awarded
electronics firms.
I submit these technologies and ideas with some trepidation. Because to assert that they will all work would be
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In the town of Enterprise, Alabama, resides America’s
only monument to an insect — a 10 ft. high statue conferring gratitude to the boll weevil. This monument came
about because the pest taught the region a hard lesson in
tough love — some would call it “bug love.”
In 1915, Coffee County and its commercial town of
Enterprise were heavily dependent on cotton for income —
it was the region’s only cash crop. Enter the Mexican Boll
Weevil, who wiped out 60% of that year’s production.
Reeling from loss of income, the farmers diversified into
peanuts and other cash crops, and made a killing. They
were so grateful to the little bugger that they erected a
monument in their downtown area, with the legend on a
plaque that proclaimed, “In profound appreciation of the boll
weevil as the herald of prosperity this monument was erected by
the citizens of Enterprise, Coffee County, Alabama.”

Balancing the Risk
“Get in that shark tank and see if it bites!”
— Peck Young, Austin political consultant
With every issue of the Directory, this author has gone
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ties. Solar cells and Light Emitting Diodes are similar in
design to microchips, and can be made with some of the
same skills and equipment.

to predict the future. In business this is impossible.
Brilliant technologies fail because they are managed by
bad business people, or cannot obtain financing. Bad or
obsolete technologies can endure for decades because they
are managed by large, impenetrable monopolies. Even the
best new technologies can have unexpected bugs that
delay widespread implementation. Competitors could
find an even better idea. And some businesses and technologies are shrouded in false claims to seduce venture
capital, drive up stock prices, or outright steal from investors and customers. You don’t have to search out green
business to find examples of these. Look at the Firestone
tire recalls, the failure of Austin dotcoms, and the Enron
bankruptcy that have occurred in the past 2 years.

Other ideas are way outside the computer box. Cropbased motor oil and plastics can greatly reduce problems
associated with their evil twins in the petrochemical industry, but Austin is not known for agriculture. However, I
included these ideas because they because: a) they are
technically proven; b) the Central Texas region has the
agricultural potential to supply the material if it chooses to;
and 3) the importance to the environment.
Do I expect that all of these ideas will work commercially, and that all of them will create jobs in the Austin
area? I will be happy if Austin gets one, ecstatic if we get
3. But remember, there are a thousand more where they
came from.

But all these risks must be balanced against the risk of
doing nothing – watching Austin's economic base erode,
while the world's environmental situation gyrates even
more out of control.

No one can deny that there have been social and environmental benefits from computers. But are our lives any
richer for computer pocket “pets” like the Tamagotchi? Are
the computerized Shelby dolls that speak in broken English
to converse with people, pets, the carpet, or each other a
great advance for humankind? Is the use of satellite
systems for computerized golf caddies really making the
world a better place?

To be as responsible as possible, most of the business
opportunities I suggest here are proven technically. Most
are sold today — some even offer a cost advantage compared to conventional products and services.
Time and space greatly limited the suggestions. About
19 technologies or business ideas are discussed in brief —
there are literally a thousand. Almost every conventional
product and service has an environmental alternative on
the shelf or in development.

Austin has 5 colleges. It has a greater concentration of
people with intellectual ability than any other city in the
Southwest. Combined with shrewd mercantile ability and
manufacturing know-how, it has also become one of the
computer capitals of the world. I believe we should use
Austin’s gifts to solve some of the world’s problems instead of designing new computer games.

Some of these ideas blend well with Austin as it currently is. Wind power, discussed in this section, is already
purchased by Austin’s electric utility in noticeable quanti-

Your Natural Alternative to
Traditional Shopping
Trust Sun Harvest for the Freshest
Foods at Great Prices

We have:
• Organic produce
• The largest vitamin selection in the Southwest
• Natural and gourmet groceries
• Hundreds of bulk items - Save money because
you buy only what you need.
Sun Harvest gift cards are now available. They are the perfect
gift for any occasion.

2917 W. Anderson
451-0669
Environmental Business

4006 S. Lamar
444-3079
2

A NEW TEXAS GUSHER

timber harvesting) and burned – this would equal the
country’s annual energy use.(2) America annually consumes 24% of the world’s coal, 25% of its petroleum, 26%
of its natural gas, and 31% of its nuclear electricity to
provide for the country's insatiable need for power.(3)

Renewable Energy & Conservation

Every year, America heats, cools and lights enough
square footage of building space to cover New Jersey, and
heats enough water in our homes to fill Lake Travis near
Austin 6 times.(4),(5) In part to power its hydroelectric
facilities, the U.S. has inundated 25,000 square miles of
land (enough to cover Lake Michigan) to create artificial
lakes.(6) Our country uses 3 billion light bulbs annually!(7)
The energy infrastructure in the U. S. is immense and
inescapable: 4.1 million miles of electric lines(8); as many as
135 million utility poles(9); and 1.4 million miles of natural
gas distribution and utility lines(10). Over 15,000 electric
power plants create 2/3 of the country's sulfur dioxide
pollution, 1/3 of its nitrogen oxide pollution(11), and 40%
of its global warming gases(12); they also create 2,400 tons
of high-level nuclear waste annually.(13)

Texas Proud
World Class Pollution

John Dolley

Once Upon a Time, there was a land where buildings were
powered entirely from renewable energy that created no air
pollution, water contamination, or toxic wastes.

Our fair state leads the way in this wanton lifestyle and
the pollution caused from it. Of the 50 states, Texas is:
#1 in standard air pollution emissions;(14)
#1 in carbon dioxide (greenhouse gas);(15)
#1 in coal burning;(161
#1 in total energy and electricity consumption ;(17)
#1 in mercury air emissions from coal plants;(18)
#2 in number of people living in areas with hazardous
air quality;(19)
#5 in per capita energy consumption (still leading more
than 90% of the nation).(20)

This was a land where wind collection towers were manufactured from recycled oil derricks. Windmills sandwiched between
rows of grain crops, solar mirrors collecting heat in deserts, and
rooftop solar cells and hot water collectors supplemented hydroelectricity. Hydrogen was used in place of natural gas as
supplemental heat for solar heated and cooled buildings or to
power onsite fuel cell generators and energy storage facilities. Of
course buildings only needed a fraction of the power they once
used. All new solar-designed buildings utilized lighting, appliances, and machines that saved 90% of the energy used by their
antique ancestors.

Texas pollution is so big it can literally be compared to
entire countries. In 1996 the Lone Star State produced
more emissions of nitrogen oxides than any country in
Europe except Russia!(21) Texas also produces so much
carbon dioxide that if Texas were to secede from the Union
again, it would rank 7th in the world in terms of total
amount produced and 4th in amount per capita.(22)

Coal mining, except for niche markets, was a dead industry.
What little solid-fuel combustion that was needed for industry
was provided by wood. One of coal’s only remaining markets,
steel manufacturing, was almost extinct because of all the recycled steel salvaged from old landfills and buildings from the
20th century. Many old mine shafts were in fact converted to
storage areas for recycled materials. Old gas wells were put to
good use storing hydrogen or electrical energy. Nuclear waste
had long since been decontaminated by altering matter with
electricity. But it took nearly a century using excessive amounts
of renewable energy to complete this arduous task, and the
resentful public was not about to build more reactors to perpetuate the problem.

NITROGEN OXIDE - TONS/YEAR 1996
United States
Russian Federation
Texas
United Kingdom

21,222,000
2,467,000
2,140,000
2,029,000

The United States, a country with less than 5% of the
world’s population, uses one quarter of all the energy in
the world, including 26% of its electricity.(1) To consider
how awesome this is, imagine a forest the size of Texas and
Louisiana cut down every year (at rates typical of U. S.
Environmental Business - Clean Energy
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CARBON DIOXIDE - METRIC TONS/YEAR 1997
United States
China
Russian Federation
Japan
India
Germany
Texas

1,490,000,000
914,000,000
391,000,000
316,000,000
280,000,000
227,000,000
167,000,000

Texas has one of the worst environmental records in the
nation. The largest reasons are its predominant use of coal,
energy-intensive industries like oil refining, large air conditioning loads, more driving per capita (caused by lack of
urban planning), and wasted energy in buildings (due to
lack of energy conservation programs and building standards).
With this questionable legacy in the background, the
capital of Texas has considered going in the opposite
direction. It has flirted with creating a business sector in
energy efficiency and renewable energy for about 25 years.
Beginning in the late 1970s as an alternative to the South
Texas Nuclear Project, idealists with the sun in their eyes
promoted solar energy and conservation as ways to displace dangerous power plants and create new jobs in the
process. In reality the results have been mixed.

The United States has enough wind power potential to
provide 3 times the electrical energy it currently uses, even
accounting for regions with low wind speeds, and areas
where the public would not tolerate its production for
social or environmental reasons. The state of Texas has
enough potential wind power to supply 4 times its current
needs. Texas has the second-highest wind potential of any
state, only edged out by North Dakota, with 2% more.(1)
Both Texas and North Dakota conservatively each have
enough potential windpower to beat Saudi Arabia’s current oil imports to the United States.(2) Put another way,
there is at least twice as much potential annual wind
energy in Texas as its current oil production.(3)

Austin has an award-winning conservation program,
possibly the longest running program in the country.
Despite this, the city's per capita energy use continues to
rise due to reasons such as larger homes, more appliances,
and the large energy use of its computer industry. Austin
has also increased its share of renewable energy in the last
2 years. But renewables are still only 2% of the City's power
supply, only slightly higher than the national average, and
the amount that has been added to Austin’s system is much
less than its load growth over the last few years.(23)

History of Wind Power
Windpower has been used in some fashion for five
thousand years.(4) The first use in recorded history was
Egyptian sailing vessels in 2800 B.C. By the seventh
century A.D. the leap was made to transfer the technique
to pumping water for irrigation. This first happened in
Persia, using sails to trap wind. Europe began using wind
power in the 12th century as power for grain mills, irrigation, and water pumping.

In the case of conservation, Austin has created jobs. But
almost all of these are from installation of efficiency measures, not manufacturing. And renewables have produced
few jobs in either installation or manufacture of equipment. It is time for Austin to use its enthusiasm and
expertise in these technologies, combined with its purchasing power, to leverage the employment potential that was
identified so many years ago.

The technology was perfected slowly. These primitive
machines had no way to automatically change the direction of the blades when the wind changed, and the entire
assembly had to constantly be turned by crews of men with
the aid of antiquated winches and gears. It was not until
the 18th century that a fantail mechanism was invented to
do the task automatically.

The Good Thing About Texas Weather
Wind Power
The saying is that if you don’t like the weather in Texas,
just wait 5 minutes for it to change. Our state is cursed with
weather extremes, which include 3 areas with fairly high
wind speeds: the Panhandle; the Gulf Coast; and pockets in
far West Texas. These winds have made farming more
difficult; in the Panhandle, they have created winter wind
chill factors rivaling the frigidness of northern climes.
Now the commercialization of electric wind generation
has turned this curse into a blessing.
Environmental Business - Clean Energy

Along with water power, windmills were the primary
engines of the early industrial revolution. It was not until
the second half of the 19th century that coal power supplanted this in a major way. But as industry converted to
fossil fuels, agricultural water pumping with multivane
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to build did not always translate into efficient operation.
And when tax credits and R & D money decreased, and
energy prices went down, downturns and bankruptcies
occurred.(5)

blades became ubiquitous in the late 19th and early 20th
centuries. Though most farm and ranch uses for these
machines have been replaced by electric and combustion
fuel motors, some of these windmills are still in use today
and color the Texas landscape.

A second spurt of growth, really just beginning, started
in the late 1990s.(6) It was driven by improved technology,
new tax credits that rewarded production (not investment),
and state government mandates for specified amounts of
power enacted to protect the environment. About half of
all the windpower installed in the country in 2001 was in
Texas in response to its own state mandate.(7)

The first recorded use of windpower for commercial
electric generation occurred in 1903, with a Danish company manufacturing 4-blade units supplying power to
villages and country estates in Denmark and Sweden. The
company built more than 1,300 units before the 1920s,
when construction declined. An original installation in the
Danish village of Askov lasted (with one replacement)
until 1960. In 1920s, the first American wind turbines
provided modest electric power for farms before the spread
of subsidized rural electrification over the next 3 decades.
These early wind units were assisted with lead-acid batteries that allowed consistent supply and storage.

Economics
Modern wind turbines are a far cry from the common
ranch windmill used to fill Texas stock ponds. To get the
economies of scale necessary to compete with conventional fossil fuel, the turbines are gargantuan. A typical 1.3
Megawatt unit (supplying enough power for about 400
Austin homes) is 200 ft. tall, with blades 100 ft. wide.

The technical feasibility of wind power integrated with
an Alternating Current utility grid was proven a few
months before World War II with a 700 Kilowatt generator
on a Vermont mountain top. But the low cost of fossil fuel
deterred further investment in this and many other
windpower experiments and proposals. It was not until
the energy prices rose in the 1970s that windpower development for electric utilities was seriously considered. Research and development money from utilities, government agencies, and corporations was dedicated to wind
power development.

Since 1982, wind power has fallen 90% in cost. Austin’s
most recent contract for wind power is about 2.5¢ per kwh,
rivaling the cost of natural gas. (At one point in 2001, when
gas skyrocketed, wind power was about 1/3 of its cost.)(8)
Of course, this is subsidized with a federal tax credit of 1.5¢
per kwh for the first 10 years of production, as well as
accelerated depreciation.(9) However, federal tax credits
are also given to conventional forms of energy. The oil
industry pays the lowest tax rate of any U.S. industry.(10)
And there are also environmental “externalities” from
property damage and health care costs caused by conventional energy that are absent from renewables.

Though small installations reappeared and utility-sized
“windfarms” began in the mid-1970s, large installations of
windpower have generally occurred in two cycles. The
first was in the early 1980s in response to tax breaks and
high utility costs. Some of these installations were tainted
by the structure of the tax incentives, which rewarded for
investment rather than production. As such, the incentive
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Costs can be further reduced from at least 4 factors or
strategies.
1) Economies of scale can lower costs
as more units are produced and technological improvements are refined. This
has already happened and is likely to
continue given a stable market.
2) More U.S. windpower manufacturing plants will lower equipment
transportation costs since most major
windpower factories are currently overseas.
3) A more stable market will allow
more lead time. Right now, tax credits
are reauthorized on a 2-year cycle by
Congress, making development a feastor-famine business. A longer cycle,
say, 5 years, is expected to increase
competitive pricing for equipment by
25%.(11)

Environmental Business - Clean Energy
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The economics look relatively good. In an analysis run
by the Environmental Directory using the cost of Austin’s
most recent wind contract and natural gas fuel below $4
per million BTUs, the cost of wind with CAS breaks even
with a new efficient (combined cycle) natural gas plant.(16)
(This cost is less than the average cost of gas to utilities in
2000 and 2001. While gas costs rise and fall from this level,
a unit cost below $4 over the 20-year life of a windmill is a
relatively low price.)

4) Utility financing, or more reasonable private financing, can reduce carrying costs to the point where power
prices can drop over 25%.(12)

Energy Storage
Say what you want about the hazards of coal power. But
you can rely on it to run when renewable energy falters. In
the best windbelts in Texas, wind only produces power at
about 40% of its rated capacity and the production is
intermittent. And solar power, which is not as close to
commercial potential, is dormant at night and dampened
by rain.

Hold On To The Wind
Compressed Energy Storage (1)
Wind power is not a consistent power source, reducing its value to utilities. The most economical energy
storage to date is Compressed Air Storage (CAS).

The inconsistency of renewable energy can be dealt with
to some extent by the centralized electric grid, which can
integrate 10-20% of renewable energy without storage just
by balancing conventional power plants (ramping their
output up when renewable energy output falls). But this
limits renewables to a secondary role.

It is a simple concept. An air compressor is located
next to a geologic formation like a salt dome, or an old
mine or oil well. Electricity from wind power, cheap
night time, off-peak generation, or another desired source
is used to drive compressed air into the formation.
When this power is needed later, the compressed air is
heated (the standard fuel being natural gas), and run
through a turbine to create electricity.

Electric power is like peak long-distance rates, more
expensive during hours when there is the most demand. In
Texas, electricity generation requires extensive peak demand capability during summer business hours. Since
wind cannot usually be counted on at these times, its role
is currently limited to saving fuel, which has greatly reduced its monetary value to utilities.

Gas Fuel
4400 BTUs -----Air Compressor
(0.8 kilowatt hours of wind)

---

For decades there has been research into various technologies for electrical storage. To date, one has the potential to be commercially viable in Texas — compressed air
storage (CAS). This strategy uses wind power, nighttime
off-peak (low-cost) electricity, or some other source to run
compressors that pressurize air at 100 times above normal.
This air is then stored in geologic sites such as canverns and
salt domes. When power is needed, the compressed air is
supercharged with natural gas heating to power a turbine.
CAS can store wind energy, currently valued in Austin as
a low-cost fuel substitute, and turn it into premium power
to be used on a reliable basis any time of day.

---

>

1 Kwh
Output

--

------

----

-->

->

STORAGE
Cave, Salt Dome,
Mine, Oil well shaft

Cost wise, it can compete with new "baseload" power
plants (low-cost plants that operate every day possible)
when fuel costs are below $4 per million BTUs. And it
runs circles around the cost of intermediate and peak
power plants that operate less frequently.
Using this technology with wind is a hybrid of renewable energy and conventional fuel. Wind power
can also be used to make hydrogen for the heating fuel
from electrolysis. It will increase the cost, but not
outrageously.

Sound far-fetched? It’s not. The original prototype in
Huntorf, Germany, has been running since 1978.(13) An
American prototype has been running in McIntosh, Alabama, since 1991.(14) The equipment is all “off the shelf.”
And storing gas is common in the natural gas industry. In
2000, about 15% of all gas was stored prior to use in old oil
wells, caves, mines, aquifers, etc. Such storage is also
located in salt formations like those on the Gulf Coast,
which are “solution mined” to dissolve the salt.

The costs here assume natural gas fuel at less than $4/
million BTUs. Two hydrogen costs are calculated, one
assuming equipment prices with mass production
(which has not occurred yet), and the second using the
current, higher cost of hand-built equipment.

Two companies in Texas are working on this strategy,
Ridge Energy Systems (Houston), and Corpus Christi
Natural Gas. Ridge Energy is currently exploring a plant
in West Texas (near several wind power developments),
and Corpus Christi Natural Gas is planning a facility about
60 miles west of its headquarters; in the past it also considered sites in West Texas to accommodate wind farms.(15)

Environmental Business - Clean Energy
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WHOLESALE POWER COSTS PER KILOWATT HOUR
New Baseload Combined Cycle Generator - 4.9¢
New Intermediate/Peak Load Turbine - 7.9¢
Wind/Compressed Energy Storage System - 4.9¢
Wind/CAS With Hydrogen (Mass-Production) - 6.2¢
Wind/CAS With Hydrogen Fuel (Handmade) - 8.2¢
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Most middle-school science students have done experiments that produce hydrogen from water and flashlight
batteries. But to do this on a commercial scale is a big
undertaking. The “hydrogen economy” has always been
the Holy Grail of environmental technology. While the
fuel is virtually pollution free, and able to power existing
combustion engines with incredible maintenance savings
(no carbon buildup), the energy cost of electrolytic conversion is large and not considered cost-effective.

Photo by Mark Kapner

But the scenario described above is a hybrid that still
relies on fossil fuel. Is it possible to do this completely with
renewable energy? Technically, we are talking about
creating hydrogen from electrolysis for use as the heating
booster.

(Houston), proximity to Central/South American markets, and a huge market potential of its own.

But what if hydrogen were produced by low-cost wind
and used in a CAS system? The Environmental Directory’s
analysis showed that this combination could produce power
for a cost of only 22-65% more than the new efficient gas
plant previously referenced. (The lower estimate assumes
electrolyzers can be mass produced at 30% of current cost,
while the higher cost assumes today’s electrolyzer costs
based on individually built, hand-made units.) This increase sounds like a lot. But there would be no global
warming or air pollutants, no reliance on imported fuels,
and the supply would last as long as there was water! And
at the lower cost, it would still be less than Austin’s
infamous white elephant, the South Texas Nuclear Project.

Only two companies, GE Wind Energy and NEG Micron, currently manufacture wind turbines domestically;
the other manufacturers of utility-sized equipment are in
Western Europe and Asia.
A recent example of how the domestic production
vacuum can be filled is the announcement by Vestas Wind
Systems of Denmark to locate a new American manufacturing facility in Portland, OR.(19) The company, which
has 24% of the world market share, is planning to transfer
its 200 U.S. technical and administrative employees from
rural California to a 113-acre site with a 700,000 square foot
factory to be built in a Portland industrial area. By the end
of 2003, the factory may have 800 more employees. Reasons for the move include good surface and seaport transportation facilities, an educated, trained workforce, and a
good market. One windfarm developer in the region has
ordered 1,000 units from the company.

Job Creation
Many states in the U. S. require their utilities to install
renewable energy in certain amounts or percentages. While
Texas has a requirement that is small in terms of percentage, the state is so large that it has one of the largest total
purchasing requirements — about 2,880 Megawatts, or
enough electricity for about 400,000 homes.(17) With jobcreation estimates of 60 person-years of employment for
every Megawatt of wind power, about 10,000 job years will
be created from these installations.(18)

CAS promises no new manufacturing jobs in Texas.
Many of the components are made by factories in other
states, and the demand is not large enough to create a
whole new factory for this technology any time in the near
future. However, the engineering and installation techniques to create CAS infrastructure can be cultivated here,
in part aided by the University of Texas, both in academia
and in research work at the Pickle Research Campus.

The towers are made of steel, the blades of fiberglass.
They require directional pivoting to turn them into the
wind. They need “brakes” to stop turning when the wind
gets too high and the centrifugal force can cause the blades
to self destruct. They need generators and alternators,
siting surveys and location strategies. And given the mix
of engineering and manufacturing skills, some of these
things could be done in Austin, as well as wind turbine
assembly.

The manufacturing of hydrogen electrolyzers requires
electrical wiring, steel frame assembly, gas compressors,
and chemical equipment. Currently this is done unit-byunit rather than in an assembly line, because there has
never been the demand to justify mass production.

One can make a cogent case to put a wind power factory
elsewhere in Texas, say a city in the Panhandle where there
is already a good wind regime in the area. But this assumes
that sales will always be local. The Texas coast may also be
developed, and large markets may develop in other countries, including Central and South America.

*

*

*

*

*

The meteoric rise of wind power installations since 1997
has brought hope and speculation that once the industry
becomes more established, it will become a stable part of
the energy industry, and a foundation for the renewable
energy industry. With CAS/natural gas storage, wind
power has the possibility of playing a major role in the

Among the advantages that Texas has to offer are one of
the only ports in the U. S. large enough to ship big machines
Environmental Business - Clean Energy
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future of Texas industry.

fluorescent. They also maintain their originally-rated light
output longer than conventional lamps.(3)

Texas is still King of oil and gas production in the U.S.
But it is king of an ever-dwindling hill. Texas yields have
fallen to less than half of what it produced in 1973, while oil
imports have soared to 54% of national use.(20) Harnessing
a natural resource that was formerly considered a nuisance, Texas might regain some of its lost stature as an
energy producer.

• Some LEDs produce a higher quality light than most
residential and commercial lighting.(4) They resemble the
quality of sunlight better than most artificial lamps, which
is healthier; this allows less light to be used for colorrelated tasks.
• The chips have no dangerous heavy metals, unlike
fluorescent lamps (which contain mercury) and incandescent light bulbs (which have a teaspoon of lead in each one).

The wind/hydrogen combination is more problematic.
Even though it is a “premium” product in that it promises
clean, relatively affordable, sustainable energy forever, its
increased margin will scare away the majority of consumers. It is possible that its price could fall when the cost of
wind power falls – to a degree. But sooner than later,
government regulators are going to have to require the
technology, the same way they now require pollution
control devices on cars and power plants. It is difficult to
put a price on emissions of greenhouse gases per car or per
refrigerator. But nature will send us a bill when the polar
ice caps melt and swallow New Orleans.

• LEDs also save more energy with dimming devices.
Incandescent lighting does not have a one-to-one savings
in energy reduction. (A light bulb may dim 75% of light
output but save only 60% on energy.) But since LEDs are
solid state devices, they have proportional dimming savings.(5)
• Their small size and solid-state origin allow for fixtures that are elegant, creative, and even bizarre. They can
be clustered to fit into existing fixtures, and their light can
be transported via fiber optic cables or tubes to form a soft
light with minimum glare.

Photo courtesy Sandia Laboratory

Microchips That Glow
Light Emitting Diodes
Americans
spend
about 90% of their collective time indoors. About
27% of the electricity in
the U.S. is used for lighting, costing the country
an estimated $38 billion a
year, and adding considerably to its pollution.(1)
Since the early 1970s,
lamp companies have
ramped up the efficiencies of existing lighting
technologies. But new
technologies under development have promise to
replace conventional
lamps while boosting energy savings even further.

Some LED companies are joint ventures between lamp
manufacturers and chip producers. Lumileds is a partnership between Phillips and Agilent; Gelcore is a combination of General Electric and Emcore; Osram Opto Semiconductors is a team of Sylvania and Infineon (Siemans Electric). Others (Cree, Uniroyal, Nichia, AXT) supply chips to
product manufacturers.

High-Tech Jellybeans
LEDs are currently made by the billions using a vapor
deposition process to coat a mineral base with an ultra-thin
layer of chemical. Electronic leads are then attached, and
the LED is encased in a clear epoxy resin for protection.
When current passes though them, they emit light. Most
LEDs are currently made in single colors like blue, red,
yellow, and green.

Light Emitting Diodes (LEDs) can best be described as
microchips that glow. They are semiconductor chips coated
with certain elements that glow when current passes
through them. LEDs are small in their current state of
development (about 1-5 watts each), and usually are clustered together to create a desired amount of light. But they
are growing in output and efficiency, and have the potential to change artificial lighting as we know it.
• LEDs have the potential to reduce energy use by 90%
compared to ordinary light bulbs and 50% compared to
high-efficiency fluorescents.(2)
• Some are rated to last 100,000 hours, 100 times longer
than a typical lightbulb, and 5 times longer than a typical
Environmental Business - Clean Energy
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But their use in mainstream applications is currently
limited by efficiency, color, and cost. Single-color applications are unsuitable for indoor lighting. Two strategies are
being employed to create an interior-quality product. The
first uses blue, red, or ultraviolet LEDs to excite phosphors
on the lamp for a white effect, similar to the way fluorescent lamps work. A primitive form of this is currently sold
commercially, combining a blue LED with a yellow phosphor. This combination has created a lamp that exceeds the
efficiency of an incandescent bulb. The other is to combine
primary colors to produce white light.

Photos courtesy Lumileds

But the efficiency of LED white lamps will have to triple
to reach that of fluorescents. The good news is that since
1968, the cost has come down by a factor of 10 per decade,
while the light output per unit has increased by a factor of
20 per decade.(8)
But to compete with conventional lamps the cost will
need to fall another 98%.(9) Again, boosters of the technology are expecting price decreases similar to those in the
chip and computer industries through increased lumens
per lamp, alternative materials, and alternative production
techniques.

This ring of small output LEDs
clusters small lamps with low
output to create elegant light
fixtures. The light ring above is
suspended by wire to create a
reading lamp without taking up
table space.

A cousin of LED technology is Organic Light Emitting
Diodes (OLEDs), which use the same principle, except the
circuit is made on a plastic substrate. They are not nearly
as efficient or long-lived as LEDs in their current state of
development. But their flexibility in applications is amazing. OLEDs can be made into curtains, or installed in
venetian blinds and skylights to create the appearance of
sunlight when it is night outside. They can become lightemitting ceiling panels that replace the need for fixtures.
Similar panels can be placed over counter- and desktops,
or in a lampshade to give the appearance that there is a bulb
in the fixture.

Though many of these products are computer-related
(back lights for portable computer screens, cell phones,
play stations), other consumer and outdoor products employ them. LEDs are being used in an ever-increasing
number of specialty lighting products, from energy-saving
exit signs to portable highway signs to auto lights, from
“channel lighting” for outdoor signs to replacement for
neon tubes. In 2002, the City of Austin began to replace all
its green and red traffic lamps for an annual energy savings
of $1.7 million.(6)

There are 5 microchip fabrication plants being retired in
the Austin area.(10) The manufacturing equipment for
LEDs differs from older chip manufacturing. But many of
the skills are the same. With Austin’s labor force skilled in
the electronics industry, it is an ideal technology to consider for conversion. (At least 1 major LED manufacturer

Consumer products such as desk lights are beginning to
become available. Several dozen companies make LED
flashlights. Walmart sells Gelcore’s night light. A few
companies even make imitation incandescent bulbs in
which clusters of small white-light LEDs replace a filament. But this last product can cost $100 or more.

STRATEGIES FOR WHITE LIGHT LEDS
The graphic on the left denotes one strategy for
creating white light from LEDs – to combine 3 LED
lamps with primary colors (though green is subsituted
for yellow). The graphic on the right denotes ultraviolet
light exciting phosphor coatings that have primary colors already in them, similar to fluorescent lighting.

An interesting thing about LEDs is that they emit light
in a single direction. While conventional lamps create an
even light around their entire circumference, an LED emits
a bright light on only a few points. LED traffic lights, for
instance, are seen from the front; but they do not create a lot
of ambient light surrounding the traffic signal. Thus LEDs
save 85-90% in applications like traffic signals, exit lights,
neon signs, and airport runway lamps.(7) And since they
last many times longer than their incandescent cousins,
they save an incredible amount on maintenance costs.

Environmental Business - Clean Energy
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Microchips That Spark
Photovoltaic Electricity

obtained several of its engineers from the Central Texas
area.)(11)

Courtesy of Sacramento Municipal Utility District

Austin also has a small cluster of lighting equipment
manufacturers, with about 800 employees and a total
salary of about $25 million per year.(12) Since LEDs have
different characteristics than conventional lamps, new types
of fixtures or retrofit equipment will be needed for them to
be commercially accepted.
While the common use of LEDs in buildings is probably
5 to 20 years away, the U.S. Congress recently considered
accelerating their development with a $500 million, 10year program for a “SEMATECH consortium” dedicated
to developing LEDs for commercial buildings.(13)
Austin-based SEMATECH is the renowned collaboration of microchip manufacturers that researches new production techniques. The Senate proposal was for a “virtual” consortium without a headquarters, with lighting
firms, LED manufacturers, and laboratories as participants. While Austin is not known for its research in
lighting, it knows a few things about semiconductors, and
members of its computer manufacturing sector should
consider participating if funding is approved.

Chemical Haze

Photovoltaics (PVs), or solar cells, are small, wafer-like
circuits usually a few inches across made of reactive materials that create electricity when exposed to light. The first
photovoltaic effect was observed in 1839, when certain
liquid chemicals were found to react with light.(1) The first
very primitive solid cell was invented in 1883.(2) By the
1950s it had been perfected for various gadgets such as
electronic change machines.(3)

While LEDs hold promise to reduce the environmental
effects of artificial lighting, they have an environmental
weakness in the manufacturing process – certain of the
lamps require very dangerous chemicals in their production. Specifically, substances used to manufacture red
LEDs (arsine) and yellow LEDs (phosphine) are some of
the most harmful chemicals known.(14) There are two
alternatives that are currently being pursued.

But its commercial potential was launched when the
space program began; PVs were considered a unique portable power supply for space exploration. However, they
were a little expensive. When the first Vanguard satellite
was launched in 1958, the price was $391 per kilowatt hour
in 2001 dollars (a kilowatt hour will run a 100-watt lightbulb
for 10 hours) compared to 8¢ for the same energy from
Austin’s utility.(4)

The first is the phospor concept. Blue and green LEDs
(generally made from Gallium Nitride) are relatively benign in their use of chemicals. They are now used to create
a white light by using blue light to activate a white phosphor in the lamp, similar to the way fluorescent lamps
operate. These white LEDs have inferior color rendering
ability compared to incandescents and most fluorescents,
and their efficiency is only on par with incandescents. But
then they are only in their infancy. The phosphor concept,
using various LED colors as activators, is seen as the way
to bring the technology to the fore.(15)

For electricity production in buildings, the cells are
mounted in groups or modules, usually fitted in a rectangular board. The modules are in turn wired together and
run through a power conditioning system to supply it in a
safe and dependable manner.
Theoretically, PVs can be employed for any number of
uses. Most noticeably in the U.S., they are used in “gridassisted” applications that employ PVs for daytime power
production. During periods when the sun creates excess
power, electricity is sold back to the utility, while backup
electricity is purchased from the utility at night and on
days with little sun.

The second technique, OLEDs, was previously discussed.
They are made on plastic instead of mineral substrates.
However, the reliability of these is less proven, as their
brightness and longevity are not yet up to conventional
LEDs.(16)
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The largest use is “stand-alone” applications that supply buildings, water pumps, railroad crossings, and other
applications where electric transmission lines do not exist
and are too costly to consider. Storage is used for night and
low-power periods, usually expensive lead-acid batteries.
Other uses include cathodic protection of gas and oil
pipelines (where a constant current protects them from
metal corrosion), portable highway signs away from conventional power sources, telecommunication relay sta10

tions in remote locations, and consumer devices like wristwatches and calculators that use PVs to limit the need for
batteries.

capture of sunlight.
Silicon wafers are generally reliable, and convert about
6-16% of the sun’s energy to electricity. They can last
longer than 20 years, with little loss of efficiency. But they
are relatively expensive, so various techniques have been
developed to lower cost.

Each individual installation needs site-specific wiring
and power conditioning equipment such as inverters to
change onsite Direct Current electricity to Alternating
Current that flows through power lines. So the larger the
installation, the less expensive this “balance of system”
equipment is. There are about 1.5 million buildings in the
world with PV installations; about 250,000 of them are
connected to modern power grids.(5) The rest are in more
remote locations. There are probably at least a hundred PV
building installations in Central Texas, and PVs are becoming a common sight in Austin for applications like highway
signs and security lighting.

These include polycrystalline and amorphous silicon,
which are less refined semiconductors. While lacking
efficiency, the materials are lower in price.
Another technique for lowering cost is “ribbon” technology, which uses vapor deposition similar to some chipmaking techniques to place a thin layer of silicon on a base
material. PVs can also be put on tracking collectors that
track the sun’s axis, boosting efficiency by up to a third.

Downright Elegant

The garden variety of photovoltaics is made with silicon
wafers similar to microchips. Highly purified crystalline
silicon offers a good pathway for electrical current. These
wafers are “doped” with chemical impurities that allow
free electrons activated by sunlight to easily flow to the
opposite side, creating a current. (See diagram.)
The difference between PVs and microchips is that chips
can have thousands of three-dimensional circuits on a
single cell, while PVs are usually a single circuit unit. PVs
are often rectangular in shape, about 4-6 inches across,
with as many as several dozen wired together in panels or
modules. Modules are most frequently mounted on rooftops or spread over tracts of land, tilted at an angle specific
to the region where they are installed to optimize the

Photo by Mark Kapner

Since the 1950s, technophiles have been intrigued with
PVs because of their refined simplicity – a silent, long-lived
power producer with no moving parts and a seemingly
endless source of fuel. Many have termed PVs "elegant."

Chips can also have their power boosted with a lens
device, really a glorified magnifying glass, that can concentrate up to several hundred times the normal sunlight onto
a single cell. The theory is to make the cell work at higher
efficiency to more than offset the increased cost of the
magnifying lenses and tracking arrays.

Concentrating Collectors

This parabolic concentrater focuses light on PVs in the
center, increasing electric output, and also collecting heat
for building use. Graphic on left courtesy of Entech. Photo
on right from National Renewable Energy Laboratories.
Environmental Business - Clean Energy
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such buildings can make a stunning architectural statement.

Courtesy of Solar Design Associates

Price Reduction Strategies
With a typical silicon cell, about 200 square feet of PVs
will produce approximately 50% of the electricity used in
an Austin home.(1) Theoretically, about 4,500 square miles
(about the size of Connecticut) – 1/10th of 1% of all the land
in the U. S. – could provide all the electricity needed in the
country.(2) But there’s this cost thing.
Today the price is 25-60¢ per kilowatt hour.(3) The cost
needs to fall to around 8¢ to be competitive with Austin
electricity.

Building Integrated Photovoltaics at Georgetown University
Intercultural Center, Washington, DC.

PV technology is different from many of the other ideas
discussed in this article, because it will need both major
government programs and a partial restructuring of the
electric utility industry before it is cost-competitive with
conventional electricity.

And chips can be made out of different materials that
have a lower cost than silicon cells. These new technologies include reactive coatings deposited on inexpensive
thin metal foil and then laminated for protection. These are
not nearly as developed as silicon cells, but great stock is
placed in them because of promising research results and
the need to find lower-cost materials.

Most of the other environmental business ideas in this
section are more developed than PVs. But I included this
less-refined technology because: 1) of its similarity to microchips, which Austin has the capability to produce; 2)
Austin is in the Sunbelt, where it makes sense to harness
solar power; and 3) PVs have the potential to revolutionize
the way our society thinks about electricity. For the skeptics who think all new business ideas have to be giftwrapped,
I again refer you to the history of the microchip, that was
heavily subsidized for the first 8 years of its commercial
life.

A strategy used with many of these technologies is to
use PVs in place of building materials. Building Integrated
Photovoltaics (BIPVs) use solar cells in place of roofs,
walls, windows, awnings, atrium glass, or other building
materials. Under certain circumstances it allows reductions in total building cost, due either to material savings or
energy conservation enhancements such as roof shading
and added insulation. In the hands of the right designer,

WITHIN STRIKING DISTANCE
The lowest cost of installed residential PV systems in the U.S. comes
from Sacramento Municipal Utility District’s multiyear contract. A
combination of capacity rebates, mandatory Time-of-Use rates, and
tax deductions lowers the cost 55%. That means the costs of PVs would
need to fall only 13% to break even with Austin’s power costs.
Of course, this assumes that Austin creates an aggressive program
like Sacramento's, that it has the political will to do away with subsidized peak summer rates, and the similar will to pay rebates for PV
instead of purchasing new power plants. But the point is, it’s doable.
Courtesy of Sacramento Municipal Utility District

Sacramento Cost Per
Kwh at $4,500/KW
Price of Power at Stated Capital Cost
Price W/TOU Rate
Price W/ Rebate & TOU Rate
Price W/Tax Deduction, Rebate, & TOU Rate

25¢
18¢
13¢
11¢

Austin Cost Per
Kwh at $3,930/KW
22¢
15¢
10¢
8¢

This chart denotes the cost reductions with a $149 savings in Time-of-Use rates, an $800 utility rebate, and a mortgage tax deduction
on a 7%, 30-year repayment schedule for a 27% tax bracket. The cost of $4,500 is the lowest U.S. price known. This was created from
Sacramento Municipal Utility District’s purchasing program described elsewhere in the article. In this analysis the price of PVs would
have to fall only 13% to be competitive with Austin residential electric rates. The price would need to come down only 30% without
utility rebates.
Environmental Business - Clean Energy
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The meter adapters measure in quarter-hour intervals. As
a result, not only can TOU rates be provided, but power
outages can be automatically monitored, and the units can
be read remotely, eliminating the cost of meter readers.
The meter recording system allows customers to monitor
their daily consumption via the Internet. New Automatic
Meter Reading systems cost roughly $30-60 per residential
meter. These new meters accompanied with RTP and TOU
rates are fairer and more efficient, and should be installed
regardless of PV development.

However, there are several ways that the price of PVs
can be lowered by increasing their value. While these
strategies may not entirely lower PV cost to the point
where it can compete with subsidized, environmentally
destructive power, they will certainly help.
Real Time Pricing: The most salient idea to make PVs
cost effective is Real Time Pricing (RTP). Consumers in
Austin pay an average cost per unit of electricity, but some
customers are really subsidizing others. Like daytime
long-distance phone service, it costs more to generate peak
power on a hot afternoon in July than at midnight in
October. RTP prices vary hour by hour. It is appropriate
for large industrial customers that have the expertise to
tailor their loads to avoid price spikes.

An aggressive experimental TOU rate was tested in
Laredo, TX, in the late 1990s. If this rate were implemented
in Austin’s electric utility to encourage demand-side management and solar energy, it would reduce the cost of PV
solar energy by as much as 30%.(10)

But there are other types of rates that approximate this
strategy, called Time-of-Use (TOU) that are appropriate for
smaller customers. These rates typically have 3 rate blocks,
peak weekday use, early-evening intermediate use, and
off-peak late night and weekend use. Several U.S. utilities
have RTP rates, and dozens have TOU rates. One of these
utilities isn’t Austin.

PVs work hardest during summer days, coinciding with
Austin’s highest cost energy. TOU rates would probably
have to be mandatory for PVs to benefit, which would
require some adjustment from consumers used to the old
system. But unlike other strategies, these rates do not cost
the utility anything. It is simply changing the antiquated
billing system that is subsidizing high peak usage.

A look at other utilities shows the differences can be
quite high. At Niagara Mohawk in Central New York,
commercial RTP rates in August of 2001 could range from
2.5¢/kwh in the early morning to over 30¢/kwh at peak.(4)
On one rare day the peak hour rate topped $1/kwh.(5) Peak
commercial RTP costs for Southern California Edison on a
hot day at the height of the recent energy shortage were
$3.01/kwh, compared to 6.9¢ per kwh at night.(6)

Capacity Rebates: Another way to lower costs would be
to give rebates to defer new power plants needed by
Austin’s utility similar to those currently given for energyconserving air conditioners. Utilities or governments in at
least 11 states currently have some kind of program for PV
incentives.(11) Rebates of $800 would save another 17% of
cost.(12)
Tax Deductions: Since mortgage interest is tax deductible, PVs rolled into the cost of a mortgage can lower Austin
costs very close to the break-even point when added to
TOU rates and capacity credits.

Residential TOU rates are also telling. Wisconsin Electric has had a TOU rate since 1976, which currently serves
30,000 customers.(7) Prices are 14¢/kwh during peak hours
vs. 3¢ at night and weekends, while non-TOU customers
pay an average cost of 7¢/kwh. Portland General Electric
and Baltimore Gas & Electric have a 5¢/kwh differential
between peak-day and off-peak night prices.(8)

One can criticize this as a subsidy by the federal taxpayer, which is true. But conventional power is heavily
subsidized as well. The oil and gas industry pays the
lowest taxes of any major business class in the country
(12.3%).(13) Even the utility industry, which pays one of the
highest tax rates (28.1%), contributes far less than the 35%
corporate tax rate corporations are nominally required to
pay.(14)

The most aggressive utility in the country to provide
TOU to its customers is Puget Sound Energy.(9) It offers a
cost 15% below average prices for use off peak and 15%
higher cost on peak. It has converted 300,000 residential
and small commercial customers to TOU via electronic
adapters that measure energy use on conventional electric
meters. This has saved the utility about 5% of its high-cost
peak energy, quickly paying for the new metering system.

The bottom line of this analysis is that with these various
deductions, the cost of PVs would need to come down only 13%
from its current costs to be cost-effective for residential consumers in Austin. Without utility rebates, the cost would only need
to come down 30%.(15)

It should be noted that Puget Sound Energy is currently
considering a revision in their TOU program. The utility’s
wholesale peak costs declined, and the company believes
the savings from reduced peak costs is not enough to
motivate customers to change consumption patterns. Given
the huge costs for summer peak demand in the southern
U.S., this scenario is not likely to happen in Texas anytime
soon.

In select situations, there are other things that can lower
the costs of PVs to ratepayers.
Building-Integrated Photovoltaics (BIPVs): PV modules can become part of the building itself, replacing or
protecting roofs, walls, and windows, and saving money
on these materials. In some cases, this also saves as well as

The benefits of TOU do not stop with customer savings.
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period studied. What may not be economically advantageous now may be feasible 10 years from now due to
growth in an area or equipment maintenance needs. Credits for T & D can be as high as 19-26% of PV costs; or as low
as zero.(19) Austin’s Mueller Airport redevelopment (1.1
square miles of new development inside the urban core) is
a prime candidate for study.(20)
A recent study of the replacement costs of the aging
transmission infrastructure in rural electric cooperatives
compared conventional line replacement in areas of lowload density with onsite distributed power generation
using a combination of small fossil fuel generators, PVs,
and storage batteries.(21) It found that 7-16% of the lines, as
much as 290,000 miles, could be cost-effectively replaced
by this combination when PVs were lowered to $3,000/
KW. The savings would be $1-2.5 billion over 30 years.

These PV awnings provide power and shade at the State
University of New York at Albany.

A Career Path

creates energy. Some PV roof systems, for instance, both
shade and insulate.

Since the technology of PVs and microchips is in some
ways similar, many people in Austin have logically wondered if this might be an entree into a new industry that
could eventually gain the region new employment. It is a
logical extension to ask if the 5 wafer fabs that Austin
companies have retired or are planning to retire can be
converted to create new employment as well as energy for
the region.

How much cost can be lowered depends on the technology installed, the materials displaced, and the assumptions used. It can range from 0-100% of the PV cost. If you
assume that some substantial cost is made in the architectural “statement” of a building, and BIPV is that statement,
it will lower costs more than otherwise. If you were going
to use expensive granite cladding, fritted windows, or
copper roofs, the credit for PVs will be higher than less
costly materials.

In most PV technologies, the current manufacturing
equipment is not a direct match, though some of the
fabrication skills are similar. While both devices use silicon
semiconductors to create circuits, microchips are much
more complex. With photolithography and etching techniques, computer chips can have thousands of circuits on
a single chip, compared to PVs that are one diode per chip.
While the actual buildings and assembly lines of old fabs
can be used for PVs, the production equipment would
have to be replaced.

The Powerlight Corporation makes roof panels for installation over the existing roofs that produce power while
providing shade and added insulation; the panels also
lengthen the life of the roof material it covers by decades.
In California, where the company installs most of its product, increased energy savings range from 1-28%.(16) A
study of BIPVs replacing expensive glass in a commercial
building atrium showed the material credit could lower
PV cost of power by as much as 48%.(17) But other applications have little or no material displacement value, and
using BIPVs in walls can lower power output as much as
41%.(18)

The exception to this is concentrator cells, which are
being built in wafer fabs. Two companies in the U. S. are
doing this. These cells are much smaller than normal
wafers, so many circuits can be made on a single wafer, and
then be cut apart for use.

Transmission and Distribution (T & D) Upgrades: In
specific areas of any electric utility, there may be problems
or maintenance needs for the T & D system. These include
new- or high-growth areas that need new or expanded
service, including substations and distribution lines. Some
of these areas include new subdivisions, heavily-populated cities that will not allow more transmission infrastructure, and “end of the line” rural substations that have
reliability problems due to lack of power. PVs can act as
boosters to alleviate reduced load supply. They can also
help solve problems in sparsely-populated rural electric
co-ops where the old, expensive infrastructure needs to be
replaced.

Sun Power, in Sunnyvale, CA, is making 38 to 50 concentrating cells per wafer.(1) These are put into a tracking and
lens assembly that focuses 300 to 400 “suns” on each cell,
magnifying their output accordingly. The product was
researched in an integrated circuit lab. The cells can be
made in older fabs without retrofits, using standard techniques such as diffusion, oxidation, metal sputtering, and
etching. Manufacturing these cells utilizes the same skills
as chip production, and the same number of workers as an
existing chip manufacturer. To diversify, Sun Power also
makes optical components for communications. In this
case, thousands of circuits per wafer are made.

This is a thorny subject because the costs vary by utility
and even by the area within a utility. It also varies by time
Environmental Business - Clean Energy

The company, which employs 45 people (30 of them in
the manufacturing process), has its own in-house equip14

David Roubideaux, VP of Operations at Amonix, stated
that if the company had 3 years of a consistent market at 20
MW/year, costs could come down to $2/watt. He believes
the concentrator technology will be competitive with flat
plate collectors in 5 years.

ment; but if the market takes off, it plans to use larger fabs.
The company sells concentrator cells to most high-magnification concentrating systems in the world, including
Australia. (There is a good market in the Australian
outback. In that country there is no interconnecting grid.
Small cities have their own diesel electric systems.) Other
markets include island power with expensive diesel, remote resorts (particularly eco-tourism locations), remote
military bases, remote housing developments, and transmission and distribution boosters at strategic locations in
a conventional utility grid.

Another PV technology linked to microchip manufacturing is power conditioning equipment. In addition to
chips used for conventional inverters, it is possible that in
the near future inverter microchips will be built directly in
the PV modules. This will make installation simpler and
less costly.

Dr. Richard Swanson, the inventor of the technology,
has been in the field since 1974. He believes the company
can eventually lower the cost to $2/watt installed (about 8¢
per kwh). But the non-cell part is still experimental. He
estimated he would need a dedicated purchase for at least
2 and possibly many more years at $10 million in orders
annually to lower the costs through economies of scale.

One company looking to set up plants in other regions
is EPV of Princeton, NJ, a cutting-edge firm that excels in
thin-film amorphous silicon. EPV sells the manufacturing
equipment and the training to run it.(3)

Sun Power recently enlisted Cypress Semiconductor as
a partner to fund future research. Cypress has microchip
factories in both the Silicon Valley and Austin (Round
Rock). It currently has 35 people working on PV research
at its Central Texas location.

The cost of an EPV 5 MW manufacturing facility is
roughly $11 million, plus $4-5 million for the building. The
installation can be phased in. For instance, the company’s
Sacramento installation is 2.5 MW at $8 million. When this
plant is scaled up to 5 MW, running 3 shifts per day, it will
employ about 100 people, including unskilled production
workers, supervisors, quality control and maintenance
personnel, engineers, and administration.

The other company that uses the same technology is
Amonix in Torrance, CA. It contracts with an existing
wafer “foundry” that makes cells for other companies.(2)

Solar America
Austin is considered a national and international leader
in some areas of environmental protection. But its role in
alternative energy development has been limited. It has
one program providing “Green Choice” wind and biomass
energy at a premium to its electric customers, who subscribe on a voluntary basis. But no form of onsite renewable energy is encouraged in any major way.

The company has 2 engineers and one technician at the
foundry involved with the production. Amonix currently
employs 31 people. Except for wafer manufacturing, the
work is mostly assembly related.
Amonix's smallest system is 35 KW, and the smallest
installations are 100 KW. In 2001, the first year of production, 250-300 KW was produced. Another 500 KW were
produced in 2002, and there is 1 MW of back orders. The
company is working on multiyear purchases in California
and Arizona.

Contrast this to programs at utilities and agencies in 11
states which give substantial incentives to encourage customers to install onsite renewable energy generation.(1)
The most common technology is PVs, and incentives range
from about $600 to $6,000 per installed KW for up to 70%
of full costs of installations. (Most residential PV installations are costing between $6,000-10,000/KW). Many of
these states also have related programs that eliminate
property and sales taxes, provide income or business tax
credits, and provide loans for costs not covered by rebates.
While these states and utilities are on first base, Austin’s
utility has yet to join the Little League.
But while these incentives stimulate short-term interest,
this alone will not bring the cost down. In fact, short-term
rebates may have no effect at all, or in worse case situations
drive the price higher, if demand exceeds supply during the
period of the incentives. New production capacity, better
management of existing factories, automation, and new
technology development are all things that cannot be
accomplished without long-term commitments.

Focusing lenses concentrate 300 to 400 times the light that
falls of typical PVs. Photo courtesy of Amonix.
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The city that has developed a way to do this is Sacra15

factory’s output will be used by SMUD.
The results have been incredible. Since 1993, the cost
(adjusted for inflation) has fallen about 50%, with further
reductions expected. If there is a downside, it is that
SMUD’s program has limited purchasing power. Without
more money, it can focus on only one or two manufacturers
and their technologies.
The Solar Pioneer Program helps residential customers to
own their own PV system by offering rebates of about 50%
of installed cost. SMUD's humorous logo says it all.

Another American project worthy of mention is from
Chicago.(3) In order to gain the jobs provided by Spire
Corporation’s PV module factory, the City government
guaranteed the purchase of $2 million of product, and the
regional utility, ComEdison, guaranteed the purchase of
$6 million more. Interestingly, the Spire factory became
the anchor tenant in Chicago’s new Center for Green
Technology, located in a brownfield building renovated
with green construction materials and energy- and watersaving equipment. The building’s intended use is to foster
green business.

mento, through its municipal utility, the Sacramento Municipal Utility District (SMUD).(2) This utility has a greater
saturation of PV energy than any other place in the world
through its long-range, sustained orderly development program. Through a combination of funding, including utility
revenue, state and federal grants, and customer contributions and purchases, SMUD has consistently funded its PV
efforts since 1993. It has a long-term contract with a thinfilm PV manufacturer to provide consistent amounts of PV
modules at annually decreasing costs in return for dedicated purchases.

The examples discussed here speak strongly of how one
city or region can literally set an example for the world, and
create a few jobs in the process. But what can happen when
a whole country gets behind an environmental technology
effort?

Key components of this world-class program include:

We Gave the Trophy Away

• A consistent expenditure of SMUD money spent
annually on the program, $6.2 million in 2001. While a
large sum, this is only 6/10ths of 1% of the utility's gross
revenue.

There is an old joke among renewable energy advocates
that if the U. S. Defense Dept. could design a solar-powered
death ray, the technology would be perfected tomorrow.
Alas, no such secret weapon has created the impetus.

• Installation of 8 MW at 750 installations between 1993
and 2000, with an additional 7 MW to be installed by 2003.
These include homes, churches, parking lots, high-rise
buildings, and a school.

In 1977, when Jimmy Carter was President, the U.S.
Department of Energy developed a 10-year, $2 billion plan
to make PVs cost effective. While Carter was in office a
relatively large amount of money and attention was spent
on this direction. But this momentum hit the wall of the
fiscally conservative, anti-environmental agenda of the
Reagan Administration.(1)

• “Buy-down” subsidies of PV units purchased by
residences to achieve a cost roughly competitive with highpriced California power. (In 2001, it cost $2,820/KW to the
consumer, a 37% subsidy.) By the end of 2003, it is hoped
that the customer will need a much smaller subsidy.

Real dollar PV spending fell 82% between the last year
of the Carter Administration and the last year under Reagan.
Total conservation and renewable energy expenditures
fell by 74%.(2) Even today, with the Afghan War and the
confrontation with Iraq shrouded in oil politics, these

Environmental Business - Clean Energy
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• As part of the long-term obligations, the PV company
that won the contract with Sacramento had to build a
factory in the area. While it was delayed 3 years due to
regulatory problems and factory commissioning, production began in early 2001. When its second production line
opens, 100 people will be employed. About 20-25% of the

1982

• Since 1980, SMUD has put 3.9 MW of large central PV
power plants on its grid.

Federal Photovoltaic Spending
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• Free PV modules, inverters, and instruction for commercial installations (in place of a buy-down). Installation
and wiring costs are borne by building owners.

1978

• PV “shingles” (roof tiles with PVs mounted on top) are
being installed as an option by at least 9 builders in the area.

renewable energy and conservation expenditures are 60%
below Carter-era levels (PVs are 74% below such levels).
And more than 20 years after Reagan’s election, solar
energy advocates of that era are still saying “if only.”

market) is exported to meet demand for utility-integrated
programs in industrial countries (most notably Germany
and Japan), and off-grid applications in third world countries.(14)

Before Reagan, the U.S. was the leader in technological
development and production of PVs. Today it ranks
behind both Japan and Europe. Japan and Germany have
long-term, well-funded efforts, including research, lowinterest loans, and consumer rebates, to perfect the technology and lower the price.

Given the federal government’s lack of interest and
ambition, is there a way to win the trophy back?

The Back Road to Utopia

Courtesy of Solar Design Associates

According to Steven Strong, an architect who specializes in Building Integrated Photovoltaics, the guts of the
American PV industry was crippled by the Reagan cuts,
with companies going out of business, cut back to minimal
production levels, or sold outright to foreign countries.
Today, almost all domestic PV production is partially or
totally owned by foreign companies. Strong believes the
Japanese will take over the market - and when PVs gain
wider acceptance, domestic jobs may be created from
installation, but not from production. “It’s not that they
[the Japanese] are smarter than we are, it’s that they are
more committed. We gave the trophy away!”
Japan (with 43% of the world market) has an aggressive
PV development plan.(3) Since 1993, it has put large sums
of money into R & D and direct subsidies to residential
purchasers.(4) Between 1997 - 2001, the Japanese government spent $1.7 billion (2001 dollars) on PVs compared to
the $355 million by the U.S.(5)

Dependence on one major sponsor (or “angel” in
business parlance) for PV development can lead to another round of vulnerability
similar to the federal cutbacks in the U.S. in 1980. It
should be the national
government’s responsibility
to develop solar energy as
part of its obligation to protect the environment, the
economy, and national security. Other governments previously mentioned are develSolar Cube at Discovery
oping PVs aggressively. But
Center in Santa Ana, CA.
unlike angels in religious
parables, government policy is not immortal, or always
inspired by divine motives.
The electric utility in Sacramento has been a pioneer in
at least two ways. Not only has it lowered the effective
price of PV solar energy by 50%, but it has shown the effect
that one relatively small region can have on the world’s
environment.

By the end of fiscal year 2000, Japan's residential program had installed 52,000 systems creating 210 MW of
power on residential rooftops, and had planned to install
another 18,000 by the end of 2003.(6) There has been a
subsidy for residential purchasers that has been continually falling, and is now at about 15% on costs of $6,500/
KW.(7) There have also been 2-3% low-interest loans
available for the balance.(8) With other programs and
installations, Japan has about 317 MW of PV capacity.(9)
And the mass production is working. The cost may come
down as low as $3,750/KW in 2003, at which time subsidies
may be phased out because PVs would be competitive with
Japanese power.(10) The country's cost of 21¢/kwh, 2.6
times U.S. levels, does not discourage participation.(11)

A next step for environmental technology is to capitalize on this good example. Many city and state governments, electric utilities, private companies, non-profit organizations, and foundations are keen on implementing
alternative energy. One study has estimated that $3.4
billion for renewable energy development will be raised by
14 state governments over the next 9 years.(1) Perhaps it is
time for a consortium of these governments, businesses,
and organizations to pool their purchasing power and
expertise.

Germany also has a very aggressive 6-year, $600 million
plan to install 100,000 systems with a total capacity of 300500 MW.(12) Beginning in 1999, the plan achieved 1/3 of its
goal in the first two years. The country’s strategy is the
latest part of a 10-year effort to commercialize PVs. Since
1991, the installed cost has gone down 51% (adjusted for
inflation), and 3,800 jobs have been created; 1,000 of these
are in manufacturing. The program includes subsidies and
loans at 1.91% interest, and high energy buy-back rates
from utilities of 45¢ per kwh (which decrease at 5% a year).
Again, high electric costs (15¢/kwh) are present.(13)

A patchwork-quilt coalition that invested in renewables
as part of a sustained orderly development model could
bypass the federal callousness that is ignoring rapid development of these technologies. Much of the money currently invested in solar energy at the state level would
probably be better spent on unified efforts than the disparate group of uncoordinated rebate and promotion programs now in place.
Instead of just investing in products of one or two
companies like Sacramento has, a larger consortium would
have the money to invest in more. Such a consortium
would spread the risk so that not too much fell on one
member. And if political or fiscal events caused a member

Foreign PV development is so pronounced that 70% of
U.S. PV production (which comprises 23.6% of the world
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to leave, the effort would be diversified, not overly-dependent on one fallen angel.

it can still display the entrepreneurial spirit that brought it
to prominence in the computer industry.

There are two organizations in the country that are
considering an approach like this. One is the Clean Energy
Group based in Vermont.(2) It is a consortium of states in
the Northeastern U.S. that is trying to create a purchasing
coalition for their solar programs. This organization also
hopes to bring Midwestern states into the effort.
Another group, “Energy Co-Opportunity” or ECO, is
based near Washington, DC.(3) It is composed of members
from the nation’s rural electric cooperative who combine
purchasing power to get lower cost equipment. Currently
about 1/3 of the 960 coops nationwide (including 20 in
Texas) are members, and they receive discounts on
microturbines for onsite building use, and mid-sized turbines for peak power and industrial cogeneration use.
ECO has just begun a program to introduce their members
to fuel cells, purchasing 10 of them as test models to gain
hands-on experience.
ECO hopes this will be the entree to literally thousands
of fuel cells as costs come down; and has signed a contract
with the intent of buying 12,000 machines when this happens. The organization is also interested in similar purchasing arrangements for PVs, though there is currently no
formal contract. However, ECO has no plan at this time for
sustained orderly development of either technology.
One cannot casually dismiss the obstacles in putting
such a coalition together. (The phrase “wheelbarrow of
frogs” comes to mind.) But I think this is ultimately a
practical solution because 1) most members will eventually come out ahead economically; and 2) it will circumvent the federal government’s lack of interest.

Courtesy of Sacramento Municipal Utility District

Can Austin be a participant in, or even the organizer of,
such an effort, or start its own development of solar energy
similar to the maverick example of Sacramento? It depends on whether our region wants to live up to the myth
that it is a national environmental leader. It depends on if
it wants to diversify its employment base. It depends on if

Something to believe in? A solar church in California.
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The Green Mile

world’s oil reserves are located there.(2) Any dramatic
decrease in availability would increase cost and shake the
global economy.

A More Environmental Car
Once Upon a Time, there was a land where cars got 200 miles
to a gallon, and the gallon was non-polluting hydrogen made
from renewable energy instead of dirty, non-renewable oil. Lubricant and hydraulic fluids were made out of plants instead of
petrochemicals, and the oil could be kept so pure with advanced
filters that oil changes were not needed for years.

Do not consider this in the abstract.
• In 1987, the U. S. sent Navy ships to escort oil tankers
in the Persian Gulf to defend them from attacks by Iran and
Iraq, who were then at war with each other. A total of 375
tankers were fired upon.(3) Some were even sunk.
Worldwatch Institute calculated that at the time, the amount
of money spent to defend the oil was equivalent to $26 per
barrel, more than the cost to purchase and ship it.(4)

Body parts for cars and trains were “grown” from fibrous
plants that could form lightweight but sturdy composites. Components like batteries were engineered to last the 30-year life of the
vehicle. And at the end of their useful life, all parts were recycled
on a “disassembly line” to create raw materials for their replacements.

• Operation Desert Storm in 1991 cost $68 billion, about
$14 billion of which came from the U.S.(5) There were only
346 U.S. deaths in that war, but about 158,000 Iraqis lost
their lives, most of them civilians.(6) After the war, about
135,000 U. S. Gulf War veterans (roughly 1/5 of the total
Desert Storm force) became afflicted with Gulf War Syndrome, a group of various illnesses affecting the digestive
and central nervous systems.(7) Tax dollars continue to
pay for these veterans’ health care.

The term “green car” is something of an oxymoron. The
automobile has probably done more than any other single
invention to harm the earth’s environment and change the
world’s history.
The U. S. uses a quarter of all the world’s petroleum, an
unctuous 7.2 billion barrels worth per year, enough to fill
the world’s largest supertanker (1,500 feet long, 226 feet
wide, and 7 stories tall) about 1,700 times.(1) This is domestically distributed by over 200,000 miles of oil pipelines.(2)
Each tanker load would fill a row of gasoline delivery
trucks 154 miles long.(3) Most of this oil is used to fuel about
200 million automobiles, about 1/3 of the world’s fleet.(4)

• The current conflict in Afghanistan has many of its
roots in the politics of oil imports. Preliminary analysis
predicted the U.S. was expected to spend between $10-30
billion in the armed conflict by the end of Sept. 2002.(8)
If you think of the Persian Gulf as a giant oil refinery,
you can consider the armed forces as onsite security. This
security system includes aircraft carriers, high-tech fighter
planes, spy satellites, military bases, and by extension,
part of this country’s diplomatic corps.

America’s energy and industrial sources create 148 million tons of air pollution a year.(5) About 40% of the
country’s air pollution comes from automobiles, most of
this is carbon monoxide and nitrogen oxides.(6)
Water pollution is created as air pollutants fall to
earth and make their way to surface or ground
water.
The infrastructure for this fleet entails 1/4 of
the world’s roads, as well as parking lots and
driveways that collectively cover an area the size
of Indiana.(7) The vast amount of concrete increases energy use in yet another way, by retaining the sun’s heat in urban areas where most
driving and roads occur. This phenomenon, called
the heat island effect, can raise the temperatures of
urban areas by as much as 6-8˚F above normal,
adding considerably to air conditioning loads.(8)

Reprinted with Permission

National Insecurity
Another part of the energy infrastructure not
commonly considered is the huge amount of military equipment and staff used to defend America’s
oil imports from the Persian Gulf. In the year 2000,
54% of the U. S. oil supply was imported, with 1/
4 of its imports coming from this troubled region
of the world.(1) About 28% of the world’s oil is
produced in the Middle East, and 66% of all the
Environmental Business - Green Car Technology
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Some new technologies fit right in with Austin’s skill
level in electronics. Autos in general are becoming increasingly reliant on electricity and electronic components.
There are other technologies that Austin could latch onto
because, while proven, they are still niche markets, and no
city or region has a particular edge.
Is Detroit ready for Austin?

Crank ‘Er Up
Capacitors, Electric Vehicles, and Battery Life
Extension
Until 1912, autos used to be started with a hand crank
that powered the ignition system. It was awkward and in
some cases even dangerous, as one could potentially break
an arm from engine kickback. And then the lead acid
battery, developed in 1859, was adapted for the ignition
systems in Cadillacs. Despite our society’s technological
sophistication, we still rely on a device developed before
the war (the Civil War), even with all its problems.

Reprinted with Permission

In 1996, estimates of the cost were as high as $40 billion.(9) At this estimate, we paid $69 to protect a barrel of
oil that costs the U.S. $24 a barrel to buy.(10) Even if the
world’s other countries contributed a pro rata share to
cover the cost of protecting the Mid-East’s oil (which they
do not), security would cost $6 a barrel.(11)

While proven and relatively inexpensive, these batteries are heavy (reducing vehicle fuel efficiency), contain an
extremely toxic heavy metal and a dangerous acid, lose
much of their charge in cold weather, wear out quickly
(and unpredictably), and cannot be consistently used for
large bursts of energy because such stress decreases their
already short life.

Since 1973, the U. S. has spent $464 billion on imported
oil from the Mid-East (in 2001 dollars). This includes $324
billion from Saudi Arabia and $12.1 billion from Iraq since
the U.S. began reimporting oil from the country in 1996
following the Gulf War purchase embargo.(12) And we
continue despite the danger.

With the advent of modern electric vehicles and vehicle
equipment, there is a need for delivering surges in power
that lead batteries cannot handle well. Capacitors are in
many ways a complement for them.(1) Looking very much
like a flashlight battery, automobile capacitors are composed of carbon, an electrolyte salt, and a plastic separator,
all enclosed in an aluminum shell.

After the terrorist attacks on the U. S. in 2001, Congress
increased spending on defense by $37 billion and homeland security by $18 billion.(13) Can you imagine what the
effects on national security and the environment would be
if this annual expenditure was invested in technologies
and strategies to make the U.S. less dependent on foreign
oil? Fuel-efficient cars, municipal light rail, and rebuilding
the nation’s railroads would greatly reduce the environmental damage caused by the transportation sector while
making the nation more secure.
*

*

*

*

*

Capacitors hold only about 1/10 of the electricity lead
batteries hold per pound, but they can release the energy
they hold at 10 times the rate of lead batteries when power
bursts are needed for peak acceleration, and then quickly
recharge from lead acid battery output or other power
sources. While not as efficient at retaining electricity as
batteries, they can hold up to half their initial charge for 45
days. They can regenerate their charge about half a million
times, compared to a battery with only 1,000 times. As
such, capacitors extend the working life of lead acid batteries from 2-3 years to 6 years.

*

It is not likely that Austin will become the next Detroit
overnight. But it could enter the sector of environmental
transportation by making commodities and components
that could positively affect the future. Some technologies,
such as fuel cells, could revolutionize the industry.

All these attributes make them ideal for electric applications, including electric cars. As air pollution and the need
for fuel efficiency have become more pressing, electric
vehicles (running on rechargeable batteries), hybrid vehicles (using a small gasoline engine to create electricity for
an electric motor), and fuel cell vehicles (using hydrogen to
create electricity for an electric motor), have all been considered alternatives. Electric cars reduce air pollution,
since pollutants can be better controlled from a centralized
electric station than a small car engine. Hybrid vehicles can

Fuel cells use hydrogen to create electricity to run electric motors. Depending on how the hydrogen is made, it is
possible to have a car that is virtually free of direct emissions. And several people advised me to include them in
this article. But as much as I would like to see these devices
work, their widespread use in autos is probably 10 years
away at best. Instead, I wanted to focus on products that
were already proven.
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extremes, allowing vehicles to start in temperatures as low
as minus 50˚C. Electric forklifts are another application
where battery life would be extended through their use.
Appliance battery life can also be extended by small
postage-stamp sized versions of ultracapacitors, reducing
the amount of heavy metal that is discarded. Digital
cameras and portable computers might have battery life
extended 3 to 4 times. There are even applications in
renewable energy equipment, such as ancillary electric
sources to turn windmills and sun tracking devices in the
right direction.
Maxwell is looking to set up non-exclusive licensing
agreements with other companies that can manufacture its
Ultracapacitor products. Given the technology's applicability to portable electronics, it is possible Austin companies could provide a market for some of the units built in a
locally-situated factory. And if Austin built the larger bussized versions, it could provide a key component for more
energy-efficient vehicles.

reduce fuel consumption by as much as 60% by using a
steady-speed gas motor that runs more efficiently and can
cut off when not in use. And fuel cells, while many years
away from commercialization, can use clean-burning hydrogen fuel to combine with oxygen to create electricity to
run a vehicle. All these applications can be aided by
capacitors.

Tilling for Oil
Plant-Based Motor Oil and Hydraulic Fluids
The U.S. uses huge amounts of lubricant oil in its transportation sector: 1.2 billion gallons a year.(1) This oil is
incredibly energy-intensive to produce; it takes 6.7 gallons
of raw crude oil to make one gallon of lubricant.(2) The
sketchy information that exists suggests that about 1/4 of
engine oil is collected and reused, with the rest being
burned in engines, lost through leakage, or dumped in
landfills or (illegally) on the open ground.(3) Used oil
contains toxic substances, including benzene and heavy
metals, and it can easily contaminate waterways - one
quart of oil can contaminate 2 acres of surface water.

This is not fiction. Maxwell Technologies, in San Diego,
CA, is currently manufacturing its tradenamed
“Ultracapacitor” for electric vehicles through its Powercache
division. Maxwell employs about 100 people making the
unit; about 10-15 work on the automated assembly line.
The rest include R & D engineers, application engineers,
manufacturing engineers, sales reps, and distribution staff.
Panasonic also has a division that manufactures capacitors
for autos.
Austin’s bus system, Capital Metro, is buying 2 hybrid
buses employing capacitors for peak acceleration (in conjunction with an Allison Transmission drive train). These
buses are expected to save about 60% in fuel costs over the
12-year life of the vehicle, or about $110,000 per bus at
current costs.(2) Metro will also reduce various air pollutants by 50-90%. The fuel savings will only pay for about 1/
3 of the additional cost, but then these are commercial
prototypes, 2 of the first 44 ever made.

Any bio-based oil can be used to lubricate moving parts.
In olden times, the squeaky wheel used to get greased with
animal fat or plant oil. But modern machines create high
heat and stress that can quickly cause natural materials to
break down. Natural oils also cannot stay fluid in freezing
weather. However, new technology has allowed plants
such as canola and soybeans to override these impediments.

Once you have a practical electric vehicle, you can
modify it to use “regenerative” brakes, which recapture
braking energy to recharge capacitors. The stored energy
in the capacitors allows hybrid vehicles to shut down in
traffic, and then quickly restart using the stored energy
surge until the gas motor restarts. This saves an additional
9% on fuel use in city stop-and-go driving. Batteries can
store braking energy too, but they cannot capture or release
it nearly as efficiently.

One company focusing on bio-based motor oil is Agro
Management Group in Colorado Springs, CO. Its main
product, AMG 2000, costs roughly twice the price of standard auto lubricating oil.(4) The company counters that
this extra cost is compensated by increased mileage (1 3%), less maintenance (20% less wear), and significant
tailpipe emission reductions resulting from a cooler running engine.(5) The last effect can also be quantified in
terms of monetary savings though tradable “emissions
credits” for air pollution reduction in non-attainment areas
required to clean the air by the federal government.

Other auto uses that can be combined with conventional
internal combustion engines include electric steering and
water pumps that use capacitors with electrically actuated
valves instead of spring valves. These can save 7-15% on
fuel use. Capacitors can also double the life of ignition
batteries, and make them more dependable in cold weather
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The used plant automotive oil has been tested and
found non-toxic enough to be rerefined as road (dust) oil,
irrigation drip oil, chain saw oil, and total loss lubricants
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like 2-stroke engine oil (for machines like motor boats and
lawnmowers).

auto uses are Renewable Lubricants (Hartville, OH) and
Terresolve Technologies (Eastlake, OH).

The product is significantly cleaner than standard oil, so
putting it in an existing vehicle necessitates a purge cycle
similar to that of a rebuilt engine, where oil must be
changed several times at short intervals. And depending
on the existing vehicle, components such as gaskets may
need to be replaced. Because of this regimen, and the
absence of distribution networks, the company is only
targeting large government or company vehicle fleets at
this time and ignoring the conventional market.

Terresolve’s Enviro-Logic™ product line is used on golf
courses and at national parks.(8) Equipment manufacturers that have given approval for its use include Textron
mowers and Stanley Hydraulic Tools. Terresolve’s twostroke product is double the price of conventional oil, and
its hydraulic fluid is 2-3 times more expensive. But then it
is not mass produced.
Renewable Lubricants, in addition to producing 2-stroke
engine oil, corrosion inhibitors, and metal and wire lubricants at its Ohio plant, produces a high-performance plantbased oil for race cars, and is in preliminary testing for its
own automotive oil.(9)

Over 100 Postal Service vehicles in Michigan have been
tested for as long as 3 years, logging over 120,000 miles
with encouraging results in emissions reductions and reduced metal wear on rebuilt engines.(6)

Some of these are hybrid products with both bio-based
and conventional stock. The owner, William Garmier, said
he does not use 100% bio-based oil unless the application
needs it. While his boat and hydraulic oil is 100% biobased, these oils are 2-4 times the cost, and using hybrid
products helps keep the cost competitive. (While Garmier
believes he could compete with large “tanker load” volumes, plant-based lubricants are still made in small batches.)

The company currently has another manufacturing location designated for Colorado. Future expansion will
depend on the market. While one of the company’s precepts is helping to revive the nation’s cratering rural
economy with a value-added product, the company would
probably not rule out an urban location. It is in fact looking
for a Texas distributor. Austin is located in one of the
largest agricultural states in the country, which could
provide some of the raw materials. It also has capital and
a huge potential market (see "The Anchor Market" section
of this report).

His oil is derived from corn and soybeans. Foreign
countries with no oil production are a huge market because
the crops can be grown and processed locally, while conventional lubricants are subject to import costs and duties.

Auto lubricant is not the only market for bio-based oils.
Other petroleum-based lubricants and fluids used in the
U.S. have a collective volume of at least 1.4 billion gallons.(7) There are plant oil products for 2-stroke engines,
metal cutting oil, chainsaw cutting oil, chain grease, and
hydraulic fluids for pumps, elevators, street sweepers,
forklifts, and front end loaders.

Both Terresolve and Renewable Lubricants need Texas
distributors. In fact, there are about 19 companies that
distribute plant-based products in the U.S., though none
are in this region.
Some governments have created markets for these lubricants through purchasing mandates and regulations.
Germany mandates plant oils for chainsaw lubricants and
uses near inland water bodies.(10) Austria mandates them
in chainsaws.(11) Switzerland mandates bio-based oils for
machinery operated on its lakes, and Belgium and Portugal mandate them in outboard motor engines.(12) The state
governments of Iowa and Michigan have also established
mandatory purchasing policies for these products.(13)

Since these fluids are more likely to be lost in the
surrounding environment than motor oil, their biodegradability makes them extremely valuable. Oil in boat engines, for instance, is partially burned with gasoline in the
combustion process, with the residues polluting the surrounding water. And spills from hydraulic equipment
filled with conventional oil are treated like hazardous
waste accidents, and carry fines and expensive cleanup
costs. Two companies making plant-oil products for non-
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This snowplow uses plant-based hydraulic fluid

The Oil Well Under Your Hood
By-Pass Oil Filters
The preceding story discusses motor oil from renewable
materials. But even if the oil comes from a benign source,
auto lubricant must be changed several times a year,
costing money for replacement oil, labor, and disposal, and
causing inconvenience for drivers. Nationally, the impacts
are pronounced – 1.2 billion gallons of engine oil and
369,000 tons of used metal and paper oil filters, many of
which are not recycled. In an ideal world, this would not
happen.(1)
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1985.(5) Its system is simpler – the bypass filter only
employs surface screening, combining this with a synthetic lubricant designed for low oxidation. The filter is
changed only once a year or every 25,000 miles. Its installation is less expensive as well, with initial cost for an
automobile at less than $200, and a replacement filter at
about $25.

By-pass filters such as
this one made by
Puradyn in Boca
Raton, FL, render
motor oil so clean that
the lubricant lasts
much longer.

Amsoil's filter sizes go up to 22 quarts, and very large
engines must use 2 or more of these large systems in
tandem. The company has claimed that some semi trucks
that have used the system (and monitor their oil to ensure
quality) have gone 200,000 miles without an oil change.

Technically, oil can last a great deal longer than its
commonly expected life.(2) However, in the course of
driving, oil becomes contaminated with soot, dirt, water,
antifreeze, and fuel, and additives in the oil break down
under the high heat. Conventional oil filters do a relatively
poor job of cleaning oil. The paper filter usually only
removes larger particles, loses effectiveness quickly, and
does nothing to remove water and fuel or restore additives.

A third technology is manufactured by Mann & Hummel
for diesel engines.(6) The company’s “Spinner” technology
uses centrifugal force to repurify the lubricants. Applications range from small vehicles to heavy commercial trucks,
ships, railroad engines, and buses. The equipment can also
be used to repurify hydraulic fluid and cutting oil. Units
range in price from $40 to $1,000.

Several products now on the market repurify the oil
lubricant as the engine is running. These are generally
called “bypass filters.” Adding a bypass filter, a small
canister that fits under the hood, allows much more intensive treatment, removing almost all soot, foreign particles,
water, coolant, and fuel, and allowing for restoration of lost
additives. These filters also have the potential to lengthen
the life of the engine by reducing corrosion and enhancing
effective lubrication.

The company’s British factory made about 25,000 units
last year. Increased volume, and the need for new factories
to produce this volume, are a matter of the market. Skills
needed in such a plant include production engineering,
machine work, and assembly.
Bypass filter technology has been winning recognition
from major equipment dealers. Mack and Volvo truck
companies both offer Puradyn as an option. Freightline
offers Amsoil as an option. Mann & Hummel’s system is
standard in Mac trucks, certain Caterpillar engines, and
very large Detroit Diesel marine engines. But in general,
most bypass filters are currently used in retrofits.

One company that makes these products is Puradyn
Filter Technologies in Boca Raton, FL.(3) Its factory, which
began making the filters in 1987, employs 11 people, and
has the capacity to make 50,000 bypass filters a year. These
range in size from 4 quarts (for a small car) to 60 gallons (for
a large generator), and range in retail price from about $300
to $850 (plus installation). The units last 10 to 15 years.

The Miami-Dade County School Board has equipped its
entire bus fleet, as well as hundreds of police and maintenance vehicles, with the Puradyn unit.(7) The fleet maintenance staff claims some of its buses have gone 130,000
miles without a complete oil change, and that the savings
from the filters in 1999 was $175,000. Various freight
trucking companies, school bus fleets, and racing cars
drivers have used the Amsoil system with notable savings

It works in a 3-part process. First, engine oil is filtered
through a dense cotton medium, which removes particles
about 0.25 microns in size. Then the oil is heated to 200˚F
to vaporize the fluids contaminating the oil. Last, small
amounts of additives are replaced to make up for what has
deteriorated. The purified oil is then recirculated in the
engine.
Puradyn claims up to 90% of oil is saved with each
bypass filter element change, with only a small amount of
oil added to compensate for engine losses and oil lost when
the bypass filter medium is changed. The frequency for oil
changes in gasoline engines is recommended at 6,000 hours;
but some diesel engines can go for a year without a replacement. The conventional paper filter also has to be changed
once a year because of deterioration.
The company also boasts about increased longevity of
engines. The record for an engine going without a complete oil change is 600,000 miles.(4)

Mann & Hummel's Spinner Technology uses centrifugal
force to constantly refilter the oil. The bowl at right
shows the dirt and soot extracted from the oil.

Another strategy is employed by Amsoil, a Wisconsinbased company that has been making bypass filters since
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on oil changes or engine wear.
Is this product suitable for manufacturing in Austin?
Like so many other companies, Puradyn and Amsoil started
in their current homes because the founders lived there.
There was no special access to markets or special needs for
resources. Unfortunately, despite their proven effectiveness and growing popularity, they are still selling to a niche
market.
While locating next to a large potential purchaser (such
as an auto maker) may give some advantages for product
transportation, no Original Equipment Manufacturers spec
bypass filters for light and medium vehicles as a standard
feature, and there is no movement afoot by the federal
government to make these devices mandatory. The author
surmises that expansion might be driven by some other
type of guarantee such as institutional purchasing (discussed in "The Anchor Market" section of this report.)
*

*

*

*

*

*

*

Though Austin is in the middle of the largest oil and gas
state in the country, with rare exceptions it has never been
involved with oil production. But the energy saved from
bio-based lubricants and bypass filters would be tantamount to a huge producing field. The oil used in lubricants
is equal to about 1% of U.S. consumption, and gasoline
savings from cleaner engines using bio-based lubricants
and bypass filters could raise the potential savings higher.(1)
These innovations, by themselves, will not eliminate the
environmental and national security problems caused by
oil and oil imports. But it’s a big start.
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BIODEGRADABLE FACTORIES

dangerous and documented of such hazards are in polyvinyl chloride (PVC) plants, which make the raw material for
products such as vinyl siding, toys, and baby teethers. The
production process emits a number of dangerous chemicals, including cancer-causing dioxins.

Plant-Based Plastics

PVC has a dark history of occupational illness, complicated by industry efforts to hide evidence of this from its
workers and the general public. There were preliminary
indications as early as the 1930s and 40s that PVC was
dangerous.(1) By the late 1950s the evidence was incontrovertible and experts in the chemical industry were sending
warnings to PVC manufacturers.(2) But with exceptions,
efforts to substantially reduce worker exposure to safe
levels were disregarded by these manufacturers, and when
finally enacted by government in the mid-1970s, vociferously opposed.(3)
PVC's most pronounced link to illness is angiosarcoma,
a rare liver cancer almost exclusively linked to the vinyl
industry.(4) Other illnesses include pancreatic cancer and
brain tumors, and acroosteolysis, a malady causing pain
and loss of mobility of fingers and hands.(5) Increased
cancer rates have also been found in PVC fabrication
workers who take the raw resin from factories and turn it
into consumer products.(6)

John Corry

Once Upon a Time, there was a land without petrochemical
plastic — a land where plants were converted into car parts, food
packaging, textiles, shampoo bottles, and carpet. Litter from oldtime plastic wrapping, once a blight on the countryside, became
collector's items. Product packaging would self-compost into the
soil. Most durable plastic goods such as clothing or carpet were
made with more integrity, but still biodegraded under specified
conditions, eliminating the need for garbage incinerators and
landfills. While most of this was processed in centralized compost facilities, some avid urban gardeners were known to recycle
their old jerseys and floormats into fertilizer.

Proponents of vinyl defend worker safety by stating
that the illnesses and deaths of its workers are old news,
caused by dated exposure limits that have been drastically
curtailed.(7) This is true in many cases – but then there are
violations – and accidents.

A nighttime drive down Interstate 10’s “cancer alley”
east of Houston to New Orleans is an eerie spectacle, where
gas flares and factory lighting show the specter of monsterlike smokestacks from oil refineries and chemical industries. This belt of factories contaminates surrounding
communities and their own workers. Between these borders lie about 120 major chemical factories and oil refineries spewing some of the most noxious chemicals used on
this earth.(1)

At the Georgia Gulf vinyl plant in Plaquemine, LA, over
600 workers were refurbishing part of the factory when
they were sprayed with an unidentified mist released
when a waste trap was cleaned. Turns out that this was a
liquid form of “mustard gas” similar to the chemical that
killed and crippled soldiers during various wars. Workers
experienced blistering and difficulty breathing. Some
developed horrible digestive disorders and neurological
problems such as sleep impairment and depression.(8)

Many of the chemicals used in the chemical industry are
carcinogenic, acutely and chronically poisonous, and cause
reproductive problems, birth defects, and problems with
the immune system. In Texas, 3/4 of hazardous chemicals
emitted from manufacturing are from the chemical industry, and 9 of the 10 most polluting plants in Texas are
chemical facilities.(2) Nationwide the industry is responsible for 28% of toxic chemical emissions from manufacturing industries, some 661 million pounds a year; and 27% of
all waste from the chemical industry is born in Texas.(3)
Adding to the abuse, chemical manufacturing uses a quarter of all energy used by industry, which is 6% of the total
energy used in the country.(4)

And then there were the vinyl chloride readings in the
tire factory in Ashtabula, Ohio that exceeded health standards by 2,000 times because of chemical leaks.(9)
There are also frequent accidents and spills – tens of
thousands of them in plastic plants over the last two
decades. It is hard to say how much is spilled because
reporting estimates of such accidents are left up to the
company where the occurrences took place; many incidents have no spill estimates at all.(10)

Dangers to Workers

While PVC is the most dangerous plastic because of the
toxicity of the chemicals, people who work with other
plastics are not immune.

The hazards of plastics begin with acute dangers to
people working at production facilities. Some of the most

• Chemicals in polyurethane resins, which create foam
used in furniture and building materials, result in acute
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Dangers to Neighbors

and chronic respiratory problems. As late as the 1980s, 5%
of the U.S. workers making isocyanates, a component of
these plastics, displayed lung ailments such as coughing,
wheezing, and chest tightness; 10% displayed signs of
asthma.(11) Once these symptoms manifest themselves,
sensitization to the chemicals recreates health effects, even
at greatly reduced levels of exposure.(12) Though most
isocyanates are not typically responsible for accidental
deaths, the 1984 Bhopal, India, disaster that killed 10,000
people was directly caused by an extremely toxic form of
these chemicals.(13)

Leaks and spills, as well as routine emissions can harm
people, wildlife, and the environment surrounding plastic
facilities. A former Ciba-Geigy plant-turned-Superfund
site that manufactured dyes and plastic additives in Toms
River, New Jersey is believed to be a major contributor to
a 34% increase in childhood cancer rates.(1) In 1997, research in the UK perceived that some types of manufacturing plants, including plastics, created a 14% increase in
childhood cancer rates in neighboring areas.(2)

• Styrene, the material used for egg packaging and foam
coffee cups, causes work-related health effects including
fatigue, insomnia, low red blood cells and platelet counts,
memory loss, decreased coordination, and fertility disorders in women.(14) Curiously, neurotoxic symptoms of
styrene exposure include hearing loss.(15)

But again, the worst harm seems to come from vinyl
manufacturers. A mid-1970s study of three cities in northern Ohio found an increase in birth defects near PVC
plants.(3) A 1987 study by the New Jersey Dept. of Health
showed higher rates of central nervous system birth defects in areas surrounding vinyl chloride emissions.(4)

• There are as many as 1 million people in the U. S.
working in 74,000 chemical and biomedical labs.(16) A 1992
review of medical literature showed these workers to be at
increased risk for leukemia, malignant lymphoma, and
cancers of the gastrointestinal tract.(17) Problematic pregnancy outcomes are also associated with these labs.(18)

Air and groundwater contamination near 2 Louisiana
vinyl chloride factories was so extensive that two small
towns near the sites, Reveilletown and Mossville, were
purchased by the companies and the residents relocated.(5)
Near Lake Charles, LA, poor environmental practices at

These charts detail the danger from plastic resins in all phases of their life. The number in the first
column estimates the level of environmental harm on a scale of 1 (most harmful) to 5 (least harmful).
Plastic Type &
Danger Level ( 1 )

Uses

Polyvinyl Chloride

toys, flooring, wall
covering, windows,
siding, appliances,
water bottles,
container packaging,
medical supplies,
plumbing pipe
cushioning, matresses,
insulation, panels,
molded parts

1

Polyurethane

2
Polystyrene

2
Acrylonitrile Butadiene
Styrene (ABS)

2
Polycarbonate

2
Polyethylene-terephthalate
(PET)

3
Polyolefins (polyethylene,
polypropylene)

4
Biobased Plastic

5

insulation, food &
products packaging,
cups
pipes, car bumpers,
toys, plumbing,
computer and
appliance cases
refillable milk bottles,
CDs

soft drink bottles,
photographic film,
magnetic recording
tape, textiles
food packaging,
molded products,
toys, auto parts,
appliance parts, trash
bags
packaging, textiles,
molding; insulation

Toxins in
Production

Toxins in
Toxins from
Percentage
Domestic Use Incineration ( 1 0 ) Recycled ( 1 1 )

(2)
dioxins, chlorine, bisphenol Plasticizers and
dioxins and furans from
A, lead, cadmium, DEHP, stabilizers leach into
incineration; poisonous
DINP, BBP, TBT
food; when airborne they plasticizers
can be inhaled and
ingested (3)
phosgene, isocyanates,
toluene, diamines,
methylene chloride, CFCs,
halogen flame retardants,
pigments, chlorine
styrene, benzene, 1,3
butadiene
acrylonitrile; butadiene,
styrene
phosgene, methylene,
chloride, chloroform, 1,2
dichloroethylene,
tetrachloroethane,
chlorobenzene
ethylene glycol, flame
retardants, stabilizers

Can outgas chemicals
such as toluene
diisocyanate which can
produce bronchitis,
coughing, skin/eye
problems. (4)
Styrene leaching into
food and water from
packaging (5)
Chemicals leach from
products like toys (6)

hydrogen cyanide,
acrylonitrile

Possible leaching of
bisphenol-A from baby
bottles (7)

bisphenol A, methane,
diphenyl carbonate, phenol
derivaties

NA, low

Leaching of PET,
acetaldehyde into food
(8)

hydrogen chloride, organic
acids, aldehydes,
acetaldehyde, terephthalic
acid
dioxin, especially products
with flame retardants;
formaldehyde; acetaldehyde;
other VOCs

In 2001, 22% of PET
bottles. No data on
other products

NA

Biodegradable

ethylene, propylene; in
Antioxidants leaching
special applications, flame into food; includes BHT
retardants, stabilizers,
(9)
antioxidants, dioxins

Unknown, probably
Probably few, though
limited
products may be
contaminated by additives
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0.1% of total in 1997;
>1% of bottles in 2001
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acrolein, isocyanates,
polycyclic aromatic
hydrocarbons, dioxins,
hydrogen cyanide

NA, low

styrenes and polyaromatic
hydrocarbons

In 2001, 1% of bottles.
No data on other
products.
NA, low

In 2001, 23% of highdensity polyethylene
bottles; 4% of
polypropylene bottles;
>1% of low-density
polyethylene bottles

impoundment basins for waste tars at PPG Industries'
vinyl plant leached toxins into the water supply. This
rendered parts of the nearby estuary too poisonous to fish
in. The company was successfully sued by commercial
fishermen of the area.(6)

Lest you think that such stories are only confined to
Louisiana (which some have likened to a third-world
country), Texas also has major environmental problems
from vinyl. The Formosa plastics facility in Point Comfort
(on the Gulf Coast between Houston and Corpus Christi)
has paid $5 million in pollution fines since it opened in the
late 1970s.(12) About 93% of U.S. domestic vinyl chloride
production is in Texas or Louisiana.(13)

One of the largest chemical spills in U.S. history took
place near the Lake Charles Condea Vista vinyl chloride
plant. In 1993, a piping system for transporting raw
materials to the plant leaked massive amounts of the raw
material diethylene chloride into the local groundwater
and the nearby Calcasieu estuary. Some estimates put the
length of the leak period at 8 months before it was discovered. The estimates of the total spill range from 1.6 to 47
million pounds, though when first discovered Vista estimated the spill was only 1,600 pounds.(7)

Danger to Users
Plastic problems do not begin and end with production
– there is also potential danger in its use. While plastic
products are not overtly poisonous in the short term, they
may cause chronic damage to people who use them, through
leaching of these chemicals into the domestic environment.

In 1997, the company was successfully sued for $8
million by two construction workers sickened by the
cleanup efforts.(8) In the same year, many residents of the
town of Mossville had their property bought out as part of
a $45 million lawsuit settlement.(9) The Condea Vista plant
contaminated the water table of the small town, where
blood dioxin levels were 3 times the national average.(10)
But this is just the tip of the aquifer. This leak is actually
threatening to contaminate a water supply for 100,000
people in the Lake Charles area.(11)
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(See Footnote 12)

PVC, considered the most dangerous plastic, has poor
integrity by itself, and must be reinforced with toxic plasticizers and stabilizers. These can be ingested by leaching
into items such as food containers and baby teethers, and
inhaled when particles of vinyl windows, wallpaper, and
flooring deteriorate.(1) These additives include carcinogens, reproductive toxins, and chemicals linked to immune deficiency.(2) PVC uses 86% of the plasticizers and
70% of the stabilizers in the plastics industry.(3)

1,2 Dichloroethylene
1,3 Butadiene
√
2A
√
Acetaldehyde
√
2B
√
√
Acrolein
Acrylonitrile
√
2A
√
BBP
√
3
√
Benzene
√
1
√
√
Butylated Hydroxyltoluene
√
3
√
Bisphenol A
√
Cadmium
√
1
√
Chlorobenzene
√
√
Chloroform
√
2B
√
√
DEHP
√
2B
√
Diamines
√
2B
√
DINP
√
Dioxins (TCDD)
√
2B
√
Ethylene (gas)
√
Ethylene Glycol
√
√
Formaldyhyde
√
2A
√
Hydrogen Chloride
Hydrogen Cyanide
Isocyanates (TDI)
√
2B
Lead
√
2B
√
√
Methylene Chloride
√
2B
√
√
Phenols
√
Phosgene
Propylene Glycol
Styrene
√
2B
√
TBT
√
Terephthalic Acid
Tetrachloroethane
√
3
√
Toluene
√
√
Carcinogen class is worse at level 1 and less dangerous at level 3
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√
√
√
√
√

√
√
√
√
√
√
√
√
√
√
√
√
√
√

√

Plasticizer
Endocrine disruptor
Hearing loss

√

Damage to liver, kidneys
Plasticizer
Skin sensitizer
Plasticizer
Worst of 75 chemicals

√
√
√
√
√
√
√
√
√
√
√

Worst of several types

√
√
√
√
√
√
√
√
√
√
√

Other

√
√
√
√

Can cause heart ailments
Chronic harm to liver, kidneys

Stabilizer
Kidney damage

and the 4th highest state in terms of workforce totals.(2) The
collective salary of these workers was over $2 billion.(3)

Styrene found in food packaging is known to leach into
food.(4) A recent report of baby mattresses showed that
outgassing chemicals, manufactured with styrene and urethane, can cause respiratory problems in mice, and by
extrapolation, humans.(5) Chemically-sensitive people are
also at risk from polyurethane foam outgassing. Though
controversial, some studies have alleged that polycarbonate leaches bisphenol-A, an endocrine disrupter in baby
bottles.(6) Even relatively benign plastics such as polyethylene have antioxidants and fire retardants in some products that leach under the “right” conditions.(7)

Other types of plastic businesses in Texas bring the total
up to 97,500 workers.(4) Overall, the state’s plastic companies grossed over $35 billion in 2000.(5)
There are obviously more than a few potential manufacturing customers for new types of safer plastic feedstock
that are less toxic and/or biodegradable. Several of them
are derived from plants. The rest of this article discusses
some of these new materials.

Toxins in these materials, even in small amounts, can
bioaccumulate in the body over time. And chemicals in
plastics can also be a domestic hazard if fire exposes
residents or firefighters to combustion fumes.

Carpet of Corn?
Dextrose-Based Polymers

Problems and Dangers From Disposal

Nebraska isn’t a place you’d expect to find a plastic
factory. Of the 1.5 million people in the industry, a scant
6,100 are in the state.(1) One does not typically associate
Nebraska’s huge agricultural output and rural nature with
chemical production.

Since only about 6% of plastic is recycled, most of the 52
million tons a year produced in the U.S. eventually ends up
in landfills and incinerators.(1) Plastic is responsible for
about 11% of the municipal solid waste in the country.(2)
This is by weight, but plastic volume (the amount of space
taken up in garbage landfills) is much higher. Plastic
containers can have 2 to 3 times the effect on landfill
volume as other wastes due to the “memory” of expanded
containers.(3) Toxins in landfilled plastic can also leach
over time and end up in groundwater.

Two of the largest companies in the U.S. have built a
unique kind of chemical factory in the middle of the
Midwest corn belt.(2) Cargill, the giant grain and food
purveyor, and Dow Chemical have teamed up to invest
$825 million in a plant that will convert corn into plantbased plastic. The plant, in Blair, Nebraska, is a 50/50 joint
venture of Cargill Dow Polymers, LLC, that will turn
dextrose corn sugar into polylactide polymers (commonly
known as PLA), a building block for plastic. The dextrose
comes from a neighboring “wet mill” that processes a
corn/water slurry into sugar.

Of the plastic that is incinerated, certain types such as
PVC and polyurethane create dioxins and furans in the
combustion process.(4) And various plastics emit other
combustion chemicals such as styrene, acrylonitrile, formaldehyde, hydrogen chloride, hydrogen cyanide, and isocyanates.(5) (These and other emissions can be carcinogenic, neurotoxic, and or toxic to the reproductive system.)
About 2/3 of all dioxin in the U.S. that is emitted to the air
from known sources comes from waste incinerators. An
estimated 91% of all non-measured dioxin air releases
comes from uncontrolled trash burning and accidental
landfill fires, where plastics are abundant.(6)

The idea of making plastics out of plants is nothing new.
The first plastics, created in the 1850s, were derived from
plants. Cellophane, made from plant cellulose, has been

These hazards assume, of course, that plastic is properly
disposed of. Plastic litter is not only unsightly, but lethal to
wildlife. It kills an estimated 1.1 million seabirds and
100,000 sea mammals a year, as well as untold numbers of
fish and reptiles.(7) Many plastic items are mistaken by
animals for food. But once swallowed, plastic blocks
digestion, and wildlife literally die of starvation.
*

*

*

*

*

*

*

Due in part to the proximity of the oil industry, Texas
has a large employment base in plastics. In 2000, the state
had 60 companies employing 9,271 people in plastic resin
manufacturing, 12% of the total U.S. workforce for this
industry, and was the highest ranking state in number of
employees.(1) Texas also had almost 900 plastic fabrication
companies employing 48,840 people in the fabrication of
plastic products, 7% of the U. S. workforce in this sector,
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employed as food packaging for about 90 years. But the
discovery of cheap oil and the advent of petroleum refineries ushered in the age of the cheap, disposable, and
polluting products our society has virtually wrapped itself
in.

company hopes to build as many as 6 more plants, which
may include both domestic and foreign locations in the
next 20 years. Until expansion, the initial plant will sell to
a worldwide market, with key targets in the US/Canada,
Europe, Japan, and Australia/New Zealand.

Plant-based solutions only began to be seriously reconsidered in the late 1980s due to the landfill crisis in the U.S.
and Europe, and the increasing demand for environmental
products. During the 1990s, various niche market items
using plant-based plastic substitutes began appearing,
including such items as packaging “peanuts,” leaf collection bags (used in municipal composting operations), disposable fast-food packaging, and golf tees. The material
was made in small batches and usually carried a price
premium.

The amount of product seems mouth-opening in a market entirely saturated with synthetic resin. But it is only a
fraction of a percent of conventional resin production.
Another technology producing plastics from sugar is
being perfected by International Polyol Corp. Inc. (IPCI) in
Blue River, OR.(3) The company is treating sugar from cane
or corn with hydrogen to convert sugar to raw chemicals:
glycerin, propylene, ethylene glycol, and butanediols. These
are the chemical building blocks for thousands of products, from cosmetics to soap, from PET soda bottles to
engineered plastics, from antifreeze to polyester fiber.

But the technology and market are now making a quantum leap. The Cargill Dow material, christened
NatureWorks™, will be used for product containers, candy
wrappers, clothes, emulsions, foams, automotive interiors,
wall covering, and chemical intermediaries.

The original pilot plant was built in 1991 with funding
from agricultural giant Archer Daniels Midland, and proved
the concept was technologically feasible and economically
unprofitable. ADM lost hope, but the IPCI continued to try
to raise interest and money to streamline the economics.
They attracted funding from the government of South
Africa, a country that has a lot of sugar and no petroleum.
Since 1998, IPCI has been perfecting a 500-ton, $3 million
plant that will make samples for chemical processors.

Companies considering or using this new product include Interface Carpet (which is planning to manufacture
carpet tiles with it), Fiber Innovation Technology (for
fabrics, filter media, and auto textiles), Parkdale Mills (for
apparel and textiles), yarnmaker UNIFI, and several companies that make plastic packaging, including Hoechst and
Mitsubishi Plastics. There are over a dozen retail textile
products using this material now on the market from
Pacific Coast Feather Corp.

A full-scale, 100,000 ton per year plant is predicted to
cost $100 million and cost $50 million a year in operations,
primarily for labor, hydrogen, and sugar feedstock. An
interesting characteristic of the process is that it can use
low-grade sugar (like molasses) and sugar cane waste
(bagasse), promising reduced costs. A model facility would
directly employ about 100 people; about 10 to 15 would be
chemical engineers, with the rest being sophisticated plant
operators.

NatureWorks™ will initially be more expensive — an
average of 25% more per pound. However prices are
expected to fall due to economies of scale. Some items may
already be competitive with conventional products because the nature of PLA allows the amount of resin normally needed per item to be reduced.

Like so many other American-born technologies, IPCI is
developing it with other countries’ money. Another collaborator is a group of investors and institutions in Iceland
— hardly the center of the corn belt. But it has ample lowcost geothermal heat for the plant’s energy needs, and
capitalists who want to be involved with green businesses.

Since many of the articles using the product require
durability, NatureWorks™ is made to compost only under
certain conditions: high humidity; the presence of certain
microorganisms that promote decomposition; and heat
ranging from 120 to 140 ° F. These conditions are found at
industrial composting operations.

The Cargill/Dow and IPCI plants can save modest
amounts of money locating close to mills where corn is
refined. If this were the only consideration, Austin would
not be a good site. Texas as a whole does not have a good
climate for corn. While some is grown in Central Texas,
there is not enough crop or market to warrant a corn
refinery. Cane is grown in Texas, but near the Mexican
border. However, dextrose, sorbitol, and other sugar
products can be shipped by rail relatively inexpensively
from the Midwest. (This might raise the cost of an Austin
site 1-3%, and there is actually a wet mill in the Texas
Panhandle that could supply the feedstock if there were
enough demand.)(4) And Austin is certainly better suited
for feedstock supply and potential domestic markets than
Iceland.

The Blair plant came on-line in the beginning of 2002. It
employs about 100 people (excluding the farmers who
grow the feedstock) and has production capacity of 140,000
metric tons a year of PLA. It also employed 600 people in
the plant’s construction. The highly-automated plant operates 24/7. The employees are generally highly skilled,
and many of the plant operators have engineering backgrounds.
Its target markets include: 1) companies that sell environmental products; 2) companies looking for compostable
products; and 3) European product packagers under legislative pressure to reduce waste. Depending on sales, the
Environmental Business - Plant-Based Plastics
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Bean World
Soy-based Plastic
Soybeans are another crop that can be turned into plastic
resin. In 1935, Henry Ford concocted a great PR stunt. His
designers were researching ways to make autobody parts
from soybeans. In front of the cameras and reporters, he
took an ax to the trunk of the prototype. It bounced off.
Several things diverted his attention from continued
development, including WWII and the advent of new
plastic technology. But for a number of reasons, plantbased plastics are making a comeback. Composites made
of plant fiber and synthetic resin are replacing vehicle parts
in existing cars, offering durability, cost savings, and lighter
weight for increased fuel mileage. (As much as 44% of the
weight in large vehicles can be reduced without increasing
safety problems.)(1)

Soybean processing facility in South Dakota
gained. This is not just because of a company’s commitment to environmental products — there is a cost savings
by using the plant-based alternative.
The soy plastic use that has gotten the most publicity to
date is for panels in combines made by John Deere, the
large agricultural equipment manufacturer. Corn oil is
also used in the production process. Deere is doing this in
part to show its commitment to the farmers it serves. The
trial period for the product proved worthy, and a fabrication factory is being built near its headquarters to provide
a steady supply.

Several universities and companies have begun to revive the idea of making plastic with soy. Among the most
advanced is Urethane Soy Systems in Princeton, IL, in the
heart of the country’s corn and grain belt.(2)
The company is a spin-off of Ultra Foam in nearby
Dover, IL, a family-owned urethane molding business.
About 4 years ago, the company was asked to make a
molded specialized medical product. In product development, soy oil was tried as a way of lubricating the mold to
allow product removal. It was a disaster – the soy oil
hardened, and the company went on to use other lubricants in the process. But one of the inventors, Tom Kurth,
never forgot the mistake.

At least 2 companies (Urethane Textile Technology and
Interface) are experimenting with soy oil for carpet backing.(3) All Steel Furniture has used the material to make
sofas and chairs.(4) Biopolymers, LLC, is setting up a distribution network to install spray-foam insulation containing
25% soy oil in residential buildings.(5) Grammer Seating is
making high-backed seats with cushioning made from
25% soy oil for riding mowers and agricultural equipment.(6)

After several years of effort, the company found a way
to alter the chemistry of soy oil to allow it to be used in place
of or combined with polyurethane. Currently, most of the
products are hybrids, using 10% or more of soy in place of
urethane resin. But commercialization has barely begun,
and more products will probably be made with the material and with increasing percentages as experienced is

The soy oil, known as soy polyol, is manufactured at the
site of a soy mill near Brookings, SD, which has a capacity
to convert 163,000 tons of raw soybeans a year into oil.(7)
(This is 2/10 of 1% of the soybeans grown in the U.S.) The
process of hydrolyzing the soy oil to enable it to bond with
urethane uses very little energy or water. Both unskilled
and skilled labor (including chemists and engineers) are
needed for a polyol conversion facility. The company
envisions 3 facilities at small 5-10 acre sites around the
country, each costing $2 to $5 million (depending on how
much existing infrastructure is available) and employing
50 people per site.

Texas Plants
While soybeans can theoretically be produced anywhere in the continental U. S., Texas is not a large soybean
grower. As such it has no processing mills. A factory in
Austin could thus get its feedstock from two places. One
is importing it from existing mills, which in railcar volumes
is not that expensive. The other is from a plant growing in
Texas, hemp.(8) Hempseed contains very similar chemicals that could produce a useful resin.

John Deere combine panel partially made from soy oil
Environmental Business - Plant-Based Plastics
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Industrial hemp is, of course, biologically related to the
marijuana plant, with the difference that it does not include
any substantial amount of psychoactive drug. Yet because
of the association, both are illegal. Because of this prejudice, Texas farmers are banned from producing a crop that
could aid their livelihood while creating feedstock for
more environmental products in the process. Meanwhile
farmers in Canada grow hemp for industrial and consumer
products in the U.S.

In 1999, German auto companies used 15,500 tons of
natural fibers.(2) U.S. factories for GM used a door trim
panel made of flax straw and plastic that same year for half
a million vehicles.(3) In 2001, a factory was set up in South
Africa to process sisal for Daimler/Chrysler.(4) Kline and
Company, a consulting firm in the field, predicted that by
2010, 20% of all fiberglass in U.S. cars will be replaced by
biocomposites.(5)
Several U.S. companies are molding these parts for cars.
One is Meridian Auto Systems, whose 250-person branch
in Canadaigua, NY is manufacturing half its output with
biocomposites. Denny Lepsch, the engineering manager
for new product development, said that 99% of their plantbased molding went to the auto industry (1% went to Xerox
office machines). About 50% of the NY division of the
company is dedicated to biocomposite manufacturing.(6)

It has always seemed ironic to me that certain natural
plants were banned as dangerous, while noxious chemicals and poisons relentlessly spewed by polluters are legal.
So the readers will have to decide. If you want Texas
factories to buy soy feedstock grown in the Midwest instead of employing Texas farmers, the soy growers in Iowa
will love you.

Fibergrass
Bioplastic Composites

The company began product development with a German technology for a flax/polypropylene material with a
50/50 match in 1996. Sales began in earnest with the 1998
model year, when the company was awarded a contract for
the rear package shelf in GM vehicles. Today, over 500,000
U.S.-made vehicles contain this product. The company
uses over 1,400 tons a year of this composite, whose flax
portion is imported from Saskatchewan, Canada. And
Meridian ships to auto assembly plants hundreds or thousands of miles away. Some of the product has come all the
way to Texas.

The word “composites” sounds like a High-Tech, intimidating term to those without technical training. But it
is actually a simple concept – combining 2 or more materials to give desired qualities of strength, flexibility, longevity, aesthetics, and resistance to the elements. Many are
found in nature. Plants are composites of several different
materials, with an outer protective layer and a hollow core
to transport water and minerals. Beaver lodges are made
of wood and mud.

Another producer, Johnson Controls, is making interior
door panels with 25% kenaf, 25% hemp, and 50% polypropylene. Currently, they supply over 700,000 door panels a
year – by model year 2005 it will double. In the company’s
North American plants, about 10-15% of all interior doors
are made with biocomposites. And some of the kenaf
comes from Texas.(7)

Two of the most common industrial composites used in
the U.S. are fiberglass and engineered wood. Fiberglass
mixes glass fiber with epoxy resin to form all manner of
molded products, from car parts to boat hulls, from bathtubs to window and door frames. Wood is mixed with
adhesive, resin or plastic to make plastic lumber, engineered wood, particleboard, and plywood.

The composite feedstock for Johnson Controls is supplied by Flex Form Technology in Elkhart, IN. These
materials can use up to 85% plant fiber. Since October 1999,
Flex Form has been supplying material to the auto industry. But now it is branching out; in the near future the
company predicts it will be providing feedstock for furniture molding, high-end cloth-covered ceiling tiles, and
table tops. It is also developing a product for structural
wall systems in RVs and mobile homes. The company
employs 22 people, most of them professional, including
engineers, managers, sales, and administration.(8)

But in the last few years, several companies have begun
to use plant fiber instead of glass or wood, mixing it with
plastic or resin to create specific characteristics. Natural
materials that can be used include coir (coconut shell hair),
flax straw, industrial hemp, kenaf (a relative of okra, which
can grow 18 feet high), jute (from which burlap is made),
and sisal (a variety of short cactus). These are in addition
to conventional fiber sources like cotton and wood, and
unconventional sources like rice husks.
This is not just a clever idea. Businesses are selling
products made with these materials today. The most
prolific use of the materials so far is in the automotive
industry, where biocomposites are used instead of fiberglass for internal parts.

On a different track, several companies are making
products with biocomposites for other plastic replacements in construction, furniture, and shipping. Global
Resource Technologies in Madison, WI, started out as a
research and development firm for recycling plastic. The
effort was aided by state grants to support businesses
using recycled feedstock to manufacture new products.(9)
The company is now the biocomposite R & D arm of TEEL
Plastics.

Fiberglass parts are often much stronger than needed
for many uses, but until now there has not been a suitable
replacement. By replacing fiberglass with biocomposites,
molded parts can be 25-40% lighter, partially made from
renewable materials, and produced at less cost.(1)
Environmental Business - Plant-Based Plastics
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Decking and fence material from kenaf/plastic mixture
raw biocomposite pellets that can be provided to other
companies as feedstock for products, and on developing
bioplastic products for customers. It has sold a few of its
own products and eventually plans to manufacture more.
It has sold shims through Home Depot stores in the North,
and it is developing a distribution network for a
biocomposite shingle made of 90% recycled fiber bound
with 10% polyethylene. Other products that the company
has made in prototype include shipping pallets (made
with polypropylene and old blue jeans), storage containers, furniture, and flower pots.
Another smaller business is Kenaf Industries in
Raymondville, TX.(10) It has begun making an outdoor
deck and fence material with a 70/30 mixture of kenaf and
polypropylene. It has a greenish-gold color. Like plastic
wood, it is resistant to weathering and pests, and does not
need annual sealing. These properties also make its use for
landscaping timbers ideal. The product is currently marketed at McCoy’s Building Supply Centers in South Texas.
Other potential biocomposite products include window trim, fencing, table tops, desks, bench seats, and
cabinet components. It is even possible that window
frames will be made with it that are similar to protruded
fiberglass used to make frames weather-resistant. (Who
knows, maybe even computer cases?)
If the reader is still skeptical about the potential for these
new composites, consider that Owens-Corning, the huge
fiberglass manufacturer, is doing its own investigation of
the materials.(11)

Environmental Business - Plant-Based Plastics
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LOOKS GOOD ON PAPER

Contrasting this myth is the reality that most mills today
are gargantuan. About 95% of the paper capacity in the
U.S. is from mills producing over 400 tons per day; some
mills produce 3,000 tons per day!(5) There are huge economies of scale in large plants; including more efficient use of
energy. The paper industry today is generally built to
overcapacity, so that even if local mills were the new
model, few would be built in the short-term. The transportation network is heavily subsidized, masking the real
monetary and environmental costs of importing paper
from other regions, which also works against local mills.
And the paper industry has a bias against treeless paper,
believing that it is more expensive to produce.

Local Environmental Paper Production
It was observed in ages past that making paper from trees was
like melting stained-glass cathedral windows to make jam jars.
So Once Upon a Time, a faraway land that cared about the future
began to make paper without trees. No forest needed to be
removed, no wildlife killed or displaced, no creeks silted by clearcut runoff. The paper crop was grown locally, allowing small
local mills to spring up in the place of huge monstrous facilities
that were once the standard. These regional "mini-mills," using
plants and recycled paper from the local area, provided paper
products for its host region, saving the energy necessary to
transport it from hundreds or thousands of miles away. Energy,
water, and chemical use was greatly reduced while creating local
jobs.

Given all the things working against the concept of a
paper mill for the Austin area, it was challenging to find
strategies that might work. Below are 2 ideas, not complete
solutions themselves – a place to begin.

The United States uses 27% of all the tree-derived paper
in the world – around 600 pounds per person per year.(1) Its
manufacture uses 3% of all the energy in the country, and
more is used in shipping.(2) It also comprises 39% of the
country’s solid waste.(3) Put another way, about 7,700
square miles of trees, an area roughly the size of Massachusetts, are harvested every year for paper.(4)

Harvesting the Urban Forest
New York’s Mini-Mill

Much of this wood comes from plantation forests, where
trees grow like crops. The only thing this land has in
common with natural forests is that they both have trees on
them. Plantation forests have one single species planted,
whereas natural forests have many tree species, a multitude of shrubs and other greenery, and many types of
wildlife. Monocultures are frequently sprayed with herbicides to discourage other plants from competing with the
cash crop, and large amounts of insecticides and fungicides are used because monoculture tree factories are more
vulnerable to pests and disease. Chemical fertilizers are
also added.
Often forests are clear cut, creating profuse runoff and
erosion, which pollutes lakes and rivers, and fills dams and
reservoirs to the point where they are unusable (because
silt cannot be cost-effectively removed).
Paper manufacturing employs the use of hazardous
chemicals, the most dangerous of which is chlorine used
for bleaching. It combines with carbon to form cancercausing dioxins in wastewater.

New York City is not the place you would think to find
a forest – except maybe a forest of buildings. But high
paper use combined with high population density has
given the area a cellulose level as high as 1/3 that of the
Amazon.(1) Visy, a large established paper company, saw
the potential and set up a mill on the waterfront in Staten
Island fed totally with the city’s waste paper.

The idyllic concept of environmental paper production
is for small “mini-mills” to dot the country, supplied with
pulp by the “urban forest” of recycled paper from surrounding communities. Indeed, about 40% of the country’s
municipal solid waste comes from paper or cardboard. If
any new pulp needed to be added to this recycled supply
for strength, it would come from local, sustainably harvested trees, or in less forested regions, fibrous plants like
kenaf, jute, hemp, and agricultural wastes like straw. These
mini-mills would create local employment, and their product would be marketed to the local region, saving money
on transportation and distribution.
Environmental Business - Paper Production

Visy is an acknowledged player in the industry, a
privately-held company with 8 mills in Australia and 2 in
the U.S., using pulp to make corrugated medium and
linerboard (that is turned into boxes) for shipping.(2) The
company has 8,000 employees and $3 billion in assets.(3)
Most of the mills use predominantly waste paper such as
old newspapers and magazines. The firm also has 10
corrugated converter plants that make boxes from its
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original product.(4) Two of these are near its paper factories.(5) The New York plant is particularly interesting
because it converts low-grade “mixed paper” (considered
poor quality because it has many types of paper of varying
characteristics) into a high-grade product.

Visy justified the incentives by stating it would cost $60
million more to build in the city than in another area.(10)
Visy is one of two dominant companies in the Australian box market, so its profits are limited by the continent's
population. As such, it is expanding to the U.S., where it is
still a small player. For the foreseeable future, the company
will not compete with the large manufacturers in common
boxes, instead making specialty boxes for expensive items
like computers and car parts. To quote CEO Richard Pratt,
“Let’s face it, if a guy’s buying a $10,000 computer he’s not
going to worry if he’s paying two dollars or three dollars
for the box. He’ll pay more to get it in one piece.”(11) The
company wants to operate more “milligator” plants – sites
which combine recycled liner board production with manufacturing boxboard – and maybe even the boxes themselves.

Visy began scouting for a location in the Northeastern
U.S. in 1992. It began seriously considering sites in 1994. It
settled on New York because of its vast potential for supply
of recycled material. There are 8 million stories in the
Naked City, 20 million in the greater New York area – and
they use about 7 million tons of paper a year.
Visy purchased 36 acres on the Staten Island waterfront,
part of it from an abandoned factory, and part of it owned
by Con Edison utility. Location on the water allowed it to
receive freight (most of it recycled feedstock) by barge.

If such a mill were developed in Central Texas, it would
have to account for a smaller production level. Most of
Visy’s mills, and many other corrugated pulp mills, are not
as large as the one in New York. They can operate profitably at levels as low as 300 to 500 tons per day.(12) How
much does the Austin area need? Extrapolating from
national figures, the Austin/San Antonio region’s cardboard consumption is about 1,200 tons per day.(13) (However, there has been no study to show where the material
is actually used for packaging. A box of Washington
apples ”used” in Austin is not used by Austin-based companies.)

The 475,000 square foot plant was completed in 1997 at
a cost of $150 million. It took 1,000 construction workers to
build it, and about 160 people are directly or indirectly
employed by it.(6) The 900-ton per day plant uses 380,000
tons of waste paper per year (much of it collected by the
City of New York’s recycling program) converting it to
330,000 tons of product.(7) The factory is actually producing at 32% higher output than it was originally designed
for.(8)
The linerboard at the plant is sold to others in the
corrugated box industry, though Visy has plans to add a
cardboard converter plant on its grounds in the near future. Ultimately, the site has the capacity for 2 corrugated
production plants and two converter plants.

The Austin/San Antonio area purchases over 2,400 tons
of paper a day (all uses), and almost 90% of this is recyclable
and a potential supply source.(14) Some of the state’s
recycled paper is committed to a mill near Houston that
manufactures newspaper.(15) But there is probably a lot of
potential recycled feedstock that remains uncollected nationally the paper recycling rate is only 42%.(16)

While New York’s huge population and waste paper
generation was a natural reason for Visy to locate in the
city, the City government lost no time in making the
company feel wanted. The plant was said to be the largest
industrial investment in the city in 50 years. The company
thus received $240 million in tax-exempt financing, $28
million in tax breaks, $14 million in tax abatements (including sales tax on building materials and machinery), $1.4
million in grants and other loans, $3.4 million for barges to
transport wastepaper to the plant’s door, and Con Ed gave
them utility rate reductions.(9) Rail access is also planned.

Water needs are generally low in recycled facilities
compared to virgin pulp mills. But a 400 ton per day
factory will still need 360,000 gallons a day – less than the
average microchip plant, but still sizable.(17) And a mill
will also need about 8 MW of power, again, not as large as
chip industries, but worth planning for.(18) Many paper
mills are ideal sites for cogeneration facilities that use
waste heat from power plants for industrial purposes.

Do You Think Paper Grows on Trees?!
Fiber from Plants
Until the mid-19th century, most paper was derived
from plants such as cotton, hemp, and straw. With the
advent of chemical pulping, the world’s seemingly limitless forests began to be harvested for paper. In the United
States, paper today is almost all tree derived. Worldwide,
treeless paper amounts to 6% of overall production (11% if
you exclude recycled paper).(1)
Garbage in - cardboard out.
The Visy mill in production.
Environmental Business - Paper Production

Treeless paper in the U.S. amounts to only a quarter of
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and needs little pesticide or fertilizer, while it replaces
logging and that industry's collateral damage. According
to kenaf proponents, paper made from it also uses less
energy, water, and hazardous chemicals in its production.
They also believe it will be competitive with wood fiber if
mass produced. It is currently grown in Texas and other
southern states as a specialty-fiber crop.
Kenaf, a relative of okra and
cotton, can create treeless
paper using less energy, water, and hazardous chemicals than conventional paper. It can grow 12 feet high
with 2 crops a year in South
Texas.

Tom Rymsza, an entrepreneur in New Mexico, is trying
to raise the money to build a treeless paper mill supplied
with kenaf.(6) His firm, Vision Paper, currently sells kenaf
writing paper to a niche market in small quantities.
In an effort to bring kenaf to the mainstream, Rymsza
has completed the design work on a small, 100-ton-perday, $87 million pulp mill. This pilot plant would employ
87 people. The mill is intended to provide high-quality
pulp for writing paper to be used in printing and corporate
communications. The pulp will be then shipped to other
mills for paper conversion.

1% of production, used for specialty paper such as fine
stationery and currency made from cotton and flax.(2)
Worldwide, the feedstock is usually straw, bagasse (sugar
cane bark), and bamboo.(3) These are used in part because
of their local availability compared to wood.

Paper from this proposed mill is predicted to use 31%
less energy, and 72% less water. The chemistry used in the
heating process is based on sodium hydroxide, which is
less harmful than the technology typically used in the
industry. The resulting product is expected to cost 20% less
than conventional pulp. But this model plant has never
been built before. Rymsza is currently looking for financing with this liability.

During WWII, there were about 25 U.S. mills using
wheat straw to make cardboard. But all these mills were
retired by 1960 due to economics.(4) Interest in creating
modern treeless paper manufacturing has been ongoing
since the 1950s as research technicians and entrepreneurs
have sought to find economical ways to compete with
wood.

While $87 million is not a big amount in the paper
industry, it is a lot to private investors betting on a new
horse. Moreover, with the paper industry currently at
overcapacity, there is concern of being undercut by product dumping from conventional mills. Rymsza has thought
seriously about taking his company public to raise the
money if private investors cannot be found.

Domestically, treeless paper is sold in some niche markets, though its price can be three times that of conventional products. Various corporations have printed their
yearly reports or ordered their stationery on treeless paper
to show their commitment (or public relations savvy) for
environmental protection. A pilot newspaper run was
even done to demonstrate the feasibility.

Why would a site be located in Austin? Michael Allison,
a partner in the proposed plant, stated that Texas has
several advantages. First, it has an ideal climate for kenaf,
and infrastructure for harvesting and processing is to some
degree already established. And then there is the huge
market of 20 million Texans.

However, in the real world, where fuel and timber
subsidies are pervasive and environmental damage is
usually not charged for, the bottom line has deterred
progress. And as in most environmental technologies, the
vicious cycle of demand has depressed innovation. (There
is no large market because the price is too high. The price
is too high because there is no large market, so the price
cannot come down through economies of scale.)

Paper manufacturing needs water (though not as much
as a typical microchip plant), energy, transportation infrastructure, and a market. Austin has all of them. In
particular, the Austin/San Antonio area alone purchases
almost 300,000 tons of printing and writing paper a year.(7)

But hope springs eternal – so does kenaf, a tall, fibrous
relative of okra, cotton, and hemp. It can grow 18 ft. high,
and adapts well in any state south of Missouri. In South
Texas, it grows 12 feet high with two crops in a year.(5) The
plant originated in Africa, and was grown domestically
during WWII, along with hemp, as an alternative for rope
and other fiber when tropical supplies were cut off. The
U.S. Dept. of Agriculture has been doing experiments to
prove its worth as paper for decades. And it has been
shown to be technically capable of replacing wood pulp,
and in some ways is superior to it.

*

*

*

*

*

The question in both of these examples is how effectively will businesses and people in the Central Texas
region cooperate to recycle and purchase local products to
create employment, help the environment, and promote
self-sufficiency? Some would say this is oversimplistic, an
outdated virtue in today's world economy. Others would
argue that new models set new trends.

Environmentally, it has several advantages. It is hardy
Environmental Business - Paper Production
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A WORLD BUILT TO LAST
Green Building Businesses

Once Upon a Time, there was a land where buildings were
made to last hundreds of years – where sustainable, durable,
recyclable materials and clever building techniques eliminated
the need for most maintenance. Newly-cut trees were used only
as a last resort, and stone, earth, straw, and “lumber” made of
plant composites and recycled materials took their place. In this
wonderful country, roofs doubled as a power generation site for
solar heat and electricity, and tripled as a water supply source
using rainwater harvesting. Some people even planted gardens
on their roof instead of installing shingles or solar collectors to
add insulation and wildlife habitat.
Streets and sidewalks surrounding buildings were porous to
prevent flooding and pollution. Trees and flowers used for
landscapes were native to the region so they used less water.
"Edible landscapes” of fruit trees, vegetables, and herbs grew in
the yards of most homes. Construction waste was used as
feedstock for building material manufacturers who provided
regional employment.

Autoclave Aerated Concrete being sawed
In 1924, Dr. Axel Eriksson, a Swedish scientist, patented
a process that mixed aluminum oxide powder with concrete, which caused the material to “foam,” creating a mass
filled with tiny air bubbles. The material was further
perfected by steam-curing it in an autoclave. The resulting
tempered building product, autoclave aerated concrete (AAC),
is 80% air, and will quite literally float.

The amount of space in American buildings covers an
area the size of New Jersey, and it is growing by the year.(1)
Nationally, building construction and maintenance annually use 51% of all lumber, 15% of all steel, 44% of all paint,
and 52% of all cement in the country.(2) Residential and
commercial buildings consume 37% of all the energy in the
U.S.(3) Our buildings also use 42 billion gallons of water a
day, which in turn use an additional 2.2% of the country’s
electricity for water treatment.(4),(5)

AAC is amazingly versatile. It can withstand high
impacts and winds, while it can be sawed like lumber. It
is used in blocks similar to large bricks (typically 4-12
inches wide) and panels for walls, roofs, floors, and acoustic fences that are reinforced with steel (typically 2-6 inches
wide). The blocks can be mortar set, while the panels can
be fastened with screws or slid into steel frames.

Consider the environmental impact of a single home: 24
tons of wood (using 3.5 acres of trees); 13 tons of concrete;
and 3 tons of construction waste.(6)

AAC has been used commercially in parts of Europe
since the 1920s. Today at least 200 plants in 35 countries
produce it, including France, Turkey, Mexico, China, and
Australia.(1) Russia and Japan vie for the the title of largest
single producer.(2) According to Paul Hope, manager for
ACCO's AAC manufacturing plant in Florida, about 30%
of new buildings in Great Britain used it in 1998.(3) But it
has not made great inroads in the U.S. It was only introduced commercially in the 1990s as an imported product,
and has only been produced domestically since 1996. The
first two AAC manufacturers in the U.S. left the market for
lack of business, and as of the end of 2002, there were only
3 American plants manufacturing AAC (discussed below), with 4 others on the drawing board. There is also a
plant in Monterrey, Mexico, that ships to Texas.

Austin, as one of the fastest growing cities in the country, has become a boomtown. Between 1985 and 2001,
Travis County added 287 million square feet of building
space. This is 41% of all the building space in Travis County!(7)
It seems both strange and foolish for our region to have
gone through this building boom without having acquired
more value-added jobs from manufacturing the billions of
dollars in building materials used for its construction.

Bricks That Float?
Aerated Concrete
Most people think concrete is a heavy, clumsy material.
But it is a lot more flexible than people give it credit for.
Every year the American Society of Civil Engineers hosts a
student competition to hydrodynamically design the swiftest concrete canoe. Though typical concrete is more than
twice as heavy as water, clever design, strategic use of
reinforcement materials, and skillful use of certain chemicals enables the canoes to float. But the concrete is designed
as a thin shell hull. A different technique can actually
create bricks lighter than water.
Environmental Business - Green Building

Given its qualities, it is hard to see why AAC is not more
popular. It is lightweight (aiding in the speed of construction), pest- and termite-proof, mold-resistant, non-combustible, and has the incredible acoustic ability to dull
noise. The material is ”self-insulating” and saves energy in
many regions of the country. It is so strong that it is
earthquake-resistant. As these qualities become recognized and the market grows, there will be a need for
regional production sites. While lighter than typical concrete, the material is still heavy and bulky. Past a point,
shipping becomes as expensive as the product. According
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to one manufacturer, an optimal shipping radius is 350 to
500 miles; another thought the ideal radius was only 100
miles.(4)
The plants in the U.S. are fairly automated. Though they
employ unskilled workers for loading tasks and maintenance, they also employ skilled equipment operators and
engineers.
The main ingredients for AAC are silica (70%), Portland
cement (20%), lime (10%), water, and the aluminum oxide
catalyst. The ingredients are mixed in a slurry and placed
in a mold for about 40 minutes. Then the material is
removed and cut into blocks or panels with piano wire.
The pieces are then cured in a steam autoclave for 12 hours,
and are ready to be shipped. Capital required for most
AAC plants seems to range from about $30 million to $60
million.(5)

business, said, “They want us!” The company takes coal
waste and creates employment in return. In addition to
incentives, the State government has agreed to help market
their product in a 30-state area. And there is currently a bill
in the state legislature to make AAC a preferred material in
state government building projects.

Though the U.S. market is very small at this point, the
most commonly cited uses for AAC are condos, hotels, and
schools (where sound and fire are of great concern). Other
uses have included custom houses, a grocery store, a
church, and a hair-dye factory that used it for interior walls
to reduce fire hazards. Panels are also used as noise
barriers along freeways.

As well as conventional blocks and panels, Babb makes
a product called Power Panel, a non-structural sheet 2 or 3
inches wide used in place of non-structural siding for
building exteriors. This panel has the ability to attach to the
studs of conventional wood-framed buildings as a retrofit
facade.

The 245,000 square-foot ACCO plant in Apopka, FL, has
operated since 1998 and employs 25 people, producing
450,000 cubic yards a year.(6) It uses sand as a silica source.
Its local market is driven by concerns of hurricanes, wood
corrosion (by sea air), and Formosan termites (which have
yet to evolve so its species can digest the material). Many
of the professionals working in this plant are from other
countries, as the U.S. does not yet have a large base of
professional expertise.

The Babb strategic plan is to locate regional block plants
around the country, and have a few specialty plants for
panels. Though technically a single facility can make both,
this combination is not as efficient or economical.
The case in point for this is E-Crete, another AAC
manufacturer in Scottsdale, AZ.(8) E-Crete began operating in late 1999, employing 11 people and producing
100,000 cubic yards annually – all blocks. Most of the labor
is unskilled, except for the managers and a quality-control
engineer. Since it specializes in block only, the factory cost
is only $7 million. The blocks are simpler to make, the plant
is not as automated, and steel reinforcement is not required. The strategy of the manager, Bill Snyder, is to start
with simple products until the market grows.

ACCO manufactures blocks and panels (both steelreinforced load bearing and non-load bearing). It is also
developing a sheetrock replacement product; 5/8 inches
thick, it is lighter than conventional gypsum board and has
the other valuable properties of AAC.
Babb International in Adel, GA, recently bought an
existing AAC plant that originally opened in 1996.(7) The
former owner sold it due to financial problems with its
parent company. The original plant cost about $35 million
and can produce up to 300,000 cubic yards per year. The
company employs about 75 people on one shift in its
automated plant and could double output with 3 shifts.
Only about 1/3 are unskilled, with the rest being computer-assisted machinery operators, welders (for the panel),
a chemist, and a few engineers.

E-Crete's plant is located next to a site with copper mine
tailings that are used for the silica ingredient. The plant is
intentionally located in the West to take advantage of the
market for earthquake-resistant building materials. Its
products are approved in several mountain states, and the
company is seeking approval in California.

Babb intends to expand nationwide, and is planning for
all new plants to use coal combustion waste (fly ash) as a
substitute for silica; as such, it will locate plants near the
source. The first new plant will be in Indiana (the 8th
largest coal-producing state). When asked why, Jeannie
Taylor, the spokesperson and member of the family-owned
Environmental Business - Green Building

Another company, Enviroc, in Kingman, AZ, is securing financing for an AAC plant with a patented process to
use bottom ash from coal plants as its silica source.(9) It will
employ 125 people (3/4 of them professional), making
168,000 cubic yards per year. The company hopes to
expand once it establishes itself, but will probably stay in
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the Western U.S. because of the demand for earthquakeresistant materials.
Energy use by AAC plants is an environmental concern.
While using about 25% less energy than concrete brick and
about 75% less energy than clay brick per cubic yard, AAC
still uses fossil fuel. One way to lessen this need is the use
of waste heat. Babb International’s new plant in Indiana
will be adjacent to a coal plant, using not only the waste fly
ash but the low-grade waste heat for its autoclave. (Roger
Babb, the company president, thought this was essential
for all new expansion.)
However, a company called FlexCrete claims to manufacture aerated concrete block without using a heat process
to temper it, instead relying on proprietary additives mixed
in the slurry to cure the product.(10) The blocks have
similar strength compared to lower-density AAC. Since an
autoclave is not needed, plant cost is extremely low, with
the main cost being the factory building. A pilot plant is
currently operating in Utah, and has made product for
low-rise structures in the area.

Exhibit of pourous concrete with water running though it
concrete cannot absorb precipitation, and surrounding
areas become more easily saturated.
The Austin area in particular is prone to flooding because of shallow soil in Western Travis County and large
amounts of rain in short periods of time. The increasing
amounts of impervious cover from Austin's growth only
exacerbates this. Texas as a whole has a disposition to
flood. While the state is not the leader in annual rainfall
totals, it holds records for getting more rain at once than any
other state in the country.

A group of investors led by Rainbow Concrete is currently trying to develop such a plant in the Austin area,
which will use coal flyash from nearby Fayette Power Plant
as its silica source. At a cost of only $1.5-2 million, the plant
will employ 20 people per shift and manufacture 10 million
blocks a year.
As a site for AAC production, Austin might have certain
advantages. It is centrally located in the state, with access
to rail and highway shipping. The state has prodigious
amounts of sand, coal ash (Texas burns 10% of all the coal
in the U.S.), and cement (Texas manufactures 12% of all the
cement produced in the country), and its sand and cement
are among the lowest cost of any state.(11),(12) Austin has
many trained engineers.

A unique way to render concrete pervious is beginning
to be marketed in the U.S.(3) A liquid catalyst is added to
wet concrete to create honeycombed air pockets. The
material, tradenamed EcoCreto, looks like rice cake, and it
is hard to detect its porous quality at first glance. But water
moves through it with amazing speed. When new, as
much as 6 inches can pass through it each minute. Even
when clogged with silt over a period of time, a 60% reduced
flow will allow 4 inches an hour. (The porous properties
can be revived by periodic vacuuming.)

What it doesn’t have yet is the foresight to see the value
of being less reliant on imported building materials, and
more reliant on materials that are higher quality.

Tests by the University of Texas Construction Materials
Research Group show properties of EcoCreto (strength,
durability, expansion) are at least as good as concrete. And
its ability to remove peak flood waters and pollutants is
jaw-dropping.

It Won’t Hold Water
Pervious Concrete
The United States has enough highways, streets, driveways, sidewalks, and parking lots to collectively cover the
state of Indiana.(1) Most of this is, of course, in urban areas,
which leads to increased pollution runoff when rains wash
silt, car fluids, other chemicals, and heavy metals that
collect on impervious cover into streams and lakes.

Porous concrete, assisted with a base of porous soil
underneath it, can take the place of runoff retention ponds
now required for new construction in Austin to both stop
peak flooding and remove pollutants. A study contrasting
the efficiencies of EcoCreto to conventional sand filters
showed superior filtration of all major runoff pollutants
and adequate water retention – all through soil percolation
underneath the concrete. Depending on the pollutant,
EcoCreto’s removal efficiency ranged from 6-70% better.

A dense urban downtown area with 90% impervious
cover contributes 3 pounds of metals and 1,600 pounds of
solid and chemical pollutants to watersheds every year.(2)
Oil, autofluids, silt, animal feces bacteria, and air pollutants that have settled to the ground are all washed from
impervious cover during rain. There is also an increased
likelihood of flooding when it rains, as land covered by
Environmental Business - Green Building

EcoCreto has a 20-50% cost premium compared to normal concrete, but there are monetary savings both from
eliminating the need for building and maintaining reten53

tion ponds, and providing the land needed for these ponds.
Company president Roland Gonzalez said his company
recently built a combination boat ramp/parking lot, with
estimated construction savings of $65,000 or 24%, by eliminating filtration ponds; it also allowed the land saved by
this unneeded facility to be used for other purposes. Other
test projects in the Austin area include a section of the Hike
& Bike Trail near Austin High School, and parking lots at
a church, a health club, and 2 office buildings.

glued layers of newspaper together and baked the experiment in her home kitchen oven.(1) This primitive composite went several rounds with a dishwasher, and an idea was
born.
A research and development firm, Rho-Delta, began
experimenting with newspaper and soybean-based adhesives.(2) With grants from agricultural trade groups and
institutions, it perfected a composite product made of
100% natural materials that has a wide array of applications in buildings and furniture. The product was first
manufactured by a private company, Phenix Biocomposites,
and was so successful the company needed more capacity.
So Phenix obtained funding from two main sources, a
private bank and a cooperative of several hundred regional soybean growers. These farmers wanted to invest in
a value-added technology that would give them more
return than the slim margin on commodity crops.

Short-term plans for new installations include a parking
lot and beach access road on Padre Island. And an engineer
planning a subdivion in San Marcos is considering
EcoCreto’s use in all streets to eliminate retention ponds.
The massive expanse of concrete in the United States
also creates another problem which will be aided by the
product – heat retention. Because the concrete has hollow
spaces within it, it retains less heat. As such it might be one
alternative product to mitigate the heat island effect, where
heat-retaining streets and buildings raise the average temperature of a city by as much as 8˚F compared to the
surrounding countryside.(4)

The 160,000 square foot, $23 million plant in Mankato,
MN, has a manufacturing capacity of 40 million square feet
of product a year, turning as much as 57,000 tons a year of
waste into construction materials. It is currently at a low
production level and employs about 25 people, but at full
capacity, 70 employees are needed.

Currently, the catalyst is imported from Mexico, and the
material is quite heavy and costly to ship. Gonzalez holds
national distribution rights, and EcoCreto of Texas intends
to set up a factory in Travis County to make the liquid
additive once the market builds. He envisions at least 20
people working in manufacturing (mostly unskilled labor,
including machine operation), and another 11 in distribution. There are also plans to build paving and landscape
bricks using this material at a plant in San Antonio.

Phenix makes 3 products. Environ®, the company’s
original 50/50 soy flour/newspaper product, is an interior
material with unique color additives that imitate granite or
other stone surfaces. Though harder than oak, it is used for
decorative purposes including flooring, wall panels, store
displays, furniture, cabinets, and office accessories. The
color patterns go through the entire panel, which can be 1/
8’ to 1” thick, so materials such as floors can be resurfaced
after wear.

The Travis County factory will cost less than $500,000 to
construct and will serve Texas and the 4 surrounding
states. But as the market expands, Gonzales wants to build
East Coast and West Coast facilities for the regional markets.

BIOFIBER uses wheat straw and about 4% urethane
adhesive to create particleboard wood replacement. It can
be used for furniture, cabinets, door cores, kitchen
countertops, partitions, stair treads, and floor
underlayment. This technique can be enhanced to make
structural-grade board to replace plywood or oriented
strand board, though it is not made commercially at this
time.

The U.S. introduction of this product is beginning more
than 100 years after the auto began to demand the massive
expanse of paved roads we have today. Where would we
be now in terms of flood control, pollution runoff, and
urban energy use if this and similar products had been
used instead of the Indiana-sized State of Concrete?

If These Walls Could Talk
Building Material from Straw and Farm Waste
Consider a building material made from agricultural
wastes like straw and seed husks that resembles the strength
or desireable appearance of wood. It sounds like a children’s
bedtime story – small supernatural creatures or animals
building tiny cottages with straw timber. But currently, 7
companies are making structural or decorative panels
from agricultural residue to replace wood and sheetrock.

Two Phenix products: Dakota Burl (left) is made from
sunflower husks and has a texture like gnarled wood;
Environ® (right) is made from soy flower and recycled
paper and has a surface similar to granite.

One of these began with a grade-school science project.
In 1991, a Minnesota student named Molly DeGezelle
Environmental Business - Green Building
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Table and counter tops made
with Phenix Environ®

Dakota Burl is made from sunflower seed hulls, and is
made to resemble burl woods. It is typically used for office
partition panels, and can also be used for veneer paneling,
furniture, and cabinetry.

Wheat board assembly line at Affordable Building Systems
in North Texas
pany. There is no reason why such markets cannot be
developed in the Austin area.

Some major companies have used the material. All Steel
office furniture uses Dakota Burl for office products; JontiCraft uses both Dakota Burl and Environ for its childhood
institutional furniture; Aveda Cosmetics uses Dakota Burl
for retail store fixtures, and REI, the sporting goods store,
uses Environ for store counters.

The soy composite is something of an original. But
straw board was invented in 1935. The Stramit company of
Great Britain, which first began manufacturing the material in the 1940s, states that it has been used in 250,000
buildings to date worldwide.(3) It was developed in Sweden and migrated though Western Europe. According to
one expert there are about 25 factories in the world that
make it.(4) But America has again been slow to make use of
the innovation. Most of the domestic attempts have taken
place in the last decade. Currently, there are about 6
companies in the U.S. making agri-board products for
construction; 2 of them are in Texas. The primary feedstock
is wheat straw, but other sources can be used. One company is using ryegrass straw.

The company had a good business history until about
2001, when there was a difference of opinion between the
company’s lenders and managers. The lead private creditor, a bank, believed the company should be heavily involved in the commodity construction market and demanded that most of the plant’s output be used for the
particleboard market. And the board sold well for a while;
it was even available at a major building supply chain. But
the bottom eventually fell out of the market due to overproduction.

Agriboard Industries, in Electra, TX, makes a structurally insulated panel using compressed straw board sandwiched between 2 layers of oriented strand board.(5) Using
9,400 tons of straw a year (less than what is grown in Travis
County alone), its $10.5 million factory employs 32 people
to make 2 million square feet of panels a year, enough for
about 750 average houses (both walls and ceiling). Affordable Building Systems in Whitewright, TX, uses 6,900 tons
a year, enough to build about 600 houses a year with a
thinner straw board (walls and ceilings).(6) These production figures are dwarfed by the estimated 7,000 single
family homes built in the Austin area in 2002 (to say
nothing of apartments and commerical buildings). Both
products can eliminate sheetrock as well as wood studs for
framing. (Maybe we should call it “wheat-rock.“)

So Phenix filed for Chapter 11 bankruptcy reorganization to get away from the bank’s philosophy, and found
other investors to buy the plant’s equity. In a remarkable
example of grassroots (soyroots?) capitalism, many of the
same soybean farmers that invested in the original company put up more of their money. Problems were resolved
in the summer of 2002. There is a good market for the
company's interior and furniture feedstock. It is now a
matter of reconcentrating on it.
A new plant, if built today, with much more capacity
and product diversification than the Minnesota facility,
would cost roughly $35-40 million and employ about 75
people. It would not only produce the various decorative
and structural board products but enhance them as well for
value-added manufacturing. Some ideas include floor
tiles and ceramic modification of panels to make counter
tops. Other companies (discussed below) are making
drywall replacement with adequate fire ratings and superior sound prevention.

In the case of the Phenix plant in Minnesota, agricultural
waste comes from 100 miles away; it can come from as far
as 200 miles away and still be cost-effective. Travis County
grows a relatively small amount of grain, but there is
sizeable grain production just north of it between
Williamson County and Dallas. Within a 125-mile radius,
there are an estimated 293,000 tons of wheat straw and 2.2
million tons of other grain byproducts from corn, sor-

Future markets are up to manufacturers to develop.
Phenix recently licensed its technology to a Japanese comEnvironmental Business - Green Building
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ghum, and rice produced per year.(7) (The technology to
use wheat, rice, and rye is much more developed than for
other crops at this point.) While some of the crop byproducts
have to be tilled back into the land for soil fertility, selling
straw represents a new business opportunity for farmers.
*

*

*

*

*

*

*

Like so many other products, it will take a conscious
departure from the norm to get homebuilders and buyers
to try something new. But the quality might be a key. Mike
Riebel, one of the founders of Phenix, put it succinctly: “It’s
not that these products are better because they are more
environmental than their competition. They are better
because they are better products.”
The utility and attractiveness can help make up for the
uncertainty of a new product introduction. And I have yet
to hear any builder sing the praises of sheetrock. It is a
clumsy way to create a firewall.

Environmental Business - Green Building
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FOOD BUSINESS OPPORTUNITIES

It Begins With a Seed
Boggy Creek Farm

Once Upon a Time, there was a land where food grew on trees
– outside people's homes. The majority of food grown came from
the region people lived in, and taste did not have to be artificially
added or enhanced. People personally knew all the growers of
their food, so the money they spent recirculated in their own
region’s economy.

On a hot Saturday afternoon in July 2001, I sat under a
farm-stand shade tree talking to Carol Ann Sayle, coowner (with her husband Larry Butler) of Boggy Creek
Farm in East Austin. For about 90 minutes she shared with
me her opinions about food in the U.S., and how they have
built a niche to supply hundreds of people with organic
produce grown in the middle of the city.

Potato Chips and Microchips

No food in this land was treated with pesticides or artificial
chemicals, and fertilizers no longer polluted rivers and oceans.
Genetic engineering and food irradiation were relegated to horror
movies children would watch for amusement. The minimal
packaging of food that did exist was made of bioplastic that was
composted with food wastes. And believe it or not, anyone who
was poor but wanted to work was given a plot of land and water
to grow their own meals.

“The grocery store is a mortuary,” she began. “They do
the best they can to make food look alive because it comes
from so far away. But they’ve been turned into mortuaries
and morticians because of it.”
With waxes, preservatives, fungicides, pesticides, hormone treatments, and artificial ripening chemicals and
techniques, most produce is imported to Texas with the aid
of prodigious amounts of oil. Summer broccoli can be two
weeks old. Apples can be stored up to a year in coolers.
This food loses nutrition and flavor.

Regional self-sufficiency in agriculture, in its way a
form of national security, is an almost forgotten concept in
the U.S. Food is grown in abundance in this country, and
government involvement is limited to regulation of things
like disease protection and quality disclosure. (Even this
minimal government regulation is not adequately enforced.) At best, food availability is dealt with as a social
problem for those who cannot afford adequate nutrition.

In 1992, Carol Ann and Larry bought an old house and
5 acres of land in East Austin near Lyons Avenue and
Springdale in one of the neighborhoods near Boggy Creek.
The creek got its name from the flooding rituals that once
afflicted the area, and so over millennia, a rich base of
topsoil has built up on their land.

The Austin region is not known of as a center of food
production. In 1939, about 32% of Austin’s food was
grown in the Austin region.(1) For decades the Chamber of
Commerce had agricultural development as one of its
missions. But this mission withered as Austin saw its
future in microchips, and today the Austin region only
grows 11% of the food needed to support its population,
which has increased over 400%.(2) Meanwhile, the average
plate of produce bought in Austin travels 1,129 miles to get
here.(3)

The farm is not what you’d expect to see 3 miles from the
state capitol building. A long driveway leads to the shaded
house and a roofed farm stand with a cooler in back.
Roosters run free near the house; the cats don’t seem to
mind them. Fig trees proliferate. A total of 3.5 acres of
produce and fruit grow around the house. But the colorful,
relaxed surroundings can deceive you.

This region spends about $4 billion a year on food.(4)
Much of it is American food – “Hi-Tech” food – food grown
with pesticides, fertilizers, hormones, processed with
chemicals and large amounts of energy, and wrapped in
large amounts of disposable packaging. American food
uses 14% of the world’s fertilizers, 18% of its pesticides and
4% of the world’s energy (1/6 of the country’s energy).(5)
Put another way, the average person in the U. S. will
consume at least 1/4 of a pound of agricultural poisons in
their lifetime.(6) Food packaging represents 1/8 of the
country’s municipal solid waste.(7)

Sayle described how hard it has been to turn the farm
into a livelihood. Growing produce in Texas is no picnic.
In California, there are cold nights during the growing
season that help produce thrive. California’s climate is also
drier; dryness helps keep diseases and pests at bay. In the
East, the ground freezes in winter to aid with these same
problems. But anyone who has spent a summer in Austin
has some ideas of the extra challenge to a farmer trying to
grow organically. The summer heat limits the crops and
seasons of crops, which requires more work and sometimes reduces yields.

In the shadow of these mountainous problems, is there
anything the Austin region can do to increase regional
security and food safety, while creating jobs in the process?
The businesses and projects described here can be considered first steps to get Austin started in this direction. This
discussion focuses on higher dollar items like produce and
specialty foods that can better compete with the artificially
low prices of conventional food imported from other areas
of the country and world.

Sayle has another farm in Milam county with 8 acres of
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as agricultural, which would reduce or eliminate pressure
to develop it. (This would require state legislation.)

produce, and a commercial kitchen where they make salsa,
canned goods, and preserves. In addition to the owners,
the farms employ 5 people at any one time. The farm
produces as many as 70 different fruits and vegetables, and
as well as eggs from its hens. They also sell products from
other local food producers: organic meat from Sechrist
Farm, goat cheese from Pure Luck Farm, and tofu from
White Mountain Foods. All the processed tomato products have a trade flavor — the tomatoes are all smoke-dried
before they are mixed into sauce and salsa.

A very different approach and mindset is carried on in
the island nation of Singapore. There the government
owns and leases 17,000 acres of land a year to farmers who
raise 25% of the country’s vegetables and all of its meat —
enough for 2.6 million citizens.(1) The government is
ensuring food availability as a public service. Since the cost
of land in Travis County has gone up dramatically since the
booms caused by the computer industry, this might not be
an outlandish idea to ensure less expensive land.

This food is organic and of good quality. While they
sometimes sell to grocery stores, they frequently sell retail
so they can make a larger profit. While their prices are
competitive with organic produce in stores, organic food
from any grower is usually more expensive.

But even if local farmers grow the region’s food, there
are other strategies that need to be pursued to market and
process the harvest. These are discussed below.

I asked how they explained that to their customers. A
little thrown by the question, she said “We don’t. We grow
live food, not what’s sold in most grocery stores. Occasionally I have a person who is alarmed by our prices. I try to
be polite and explain that they are getting real nutrition
and good-tasting food at real-world prices.“

The Downtown Farmer
The Ft. Worth Market
How do you create 100 (or 500) Boggy Creek Farms?
One way is giving them a place to sell. Farmers’ markets
where farmers come to sell fresh, locally produced food,
are common to our culture, though often viewed as a
novelty because they are uncommon in actual existence.
There are only 4 in Austin (see page ”Locally-Grown
Food”). Few people actually shop at them compared to the
overall population. There are several problems.

”I can never compete with a typical grocery store where
food is produced from tractors or people making close to
slave wages. With water heavily subsidized for agriculture in California, subsidized, imported and polluting fuel
to ship food around the country or world, and lost nutrition content, the price you pay at a store really isn’t the
cost.”

Marketing is one. Major food chains can run full page
newspaper ads. Some farmers feel lucky if they have the
money to buy a newspaper. Lack of understanding is
another – many people, even in a sophisticated town such
as Austin, do not understand why local fresh and organic
food is more expensive or preferable to imported, stale,
pesticide-treated food at most groceries. And a third
problem is convenience. There are simply not many farmers’ markets open when you are in a hurry.

Another point she made is that “It’s not just food, it’s
community.” The farm grows enough produce to feed
about 500 people, and it recirculates their food dollars
locally. Purchasers know the farm's quality. Boggy Creek
Farm has become a destination for school children and
tourists.
I asked Sayle about the bigger picture. Since the author
has an ongoing interest in regional planning, I was curious
how Austin could theoretically become more self-sufficient in its food production. Carol Ann is not inclined to
think this way. It’s enough for her to keep the farm going.

*

*

*

*

*

*

One proposal to change this is being championed by the
Sustainable Food Center, a non-profit organization in

*

There are a number of small farms in the Austin area.
(See page ”Locally-Grown Food”). Many of them have
similar stories about the love of farming, and the hard work
and risks involved with it. By focusing on one, the author
is not dismissing the good efforts of the rest.
Also, it is not the intention of this article to say that
everything that grows in Texas is high-priced. Boggy
Creek Farm is organic and small, both of which keep prices
higher than conventionally grown food. But there might
be things that Austin could do as a region to help lower
costs of local food crops. One is speeding up time for
agricultural exemptions on property taxes. (Boggy Creek
had to wait 5 years.) Another is to permanently zone land
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Under the canopy at Ft. Worth Farmer's Market
60

over 9 years. Some of the funding (capital and operation)
comes from a Tax Increment Finance District (TIF) that
takes taxes owed to the City and County and dedicates
them to downtown improvements.

Stock Options
Community Supported Agriculture
Over the last decade, a grassroots concept has been
evolving to reinvigorate small farming as a business and a
lifestyle — Community Supported Agriculture. In its
idyllic form, these farms (called CSAs) sell shares of their
home-grown produce in advance, and then arrange for
distribution or delivery to shareholders on a weekly basis.
This guarantees local farmers a profit, removes the retailer
so more profit can go to the farms, and provides the buyers
with food that is better tasting, more nutritious, and often
organic. It also helps the local economy by recirculating
food dollars in the region.

Artist's rendering of Sante Fe indoor market
Austin. With a small grant from the City government, the
group is studying the market and siting locations for a
downtown farmers market. It is visualized as a permanent
institution that would allow scores of local farmers to sell
to a large group of customers. It would be convenient for
the 70,000 people who work in the Central Business District, as well as neighborhoods in the vicinity.(1) The
market would have access and parking as well.

This trend has grown steadily; there are at least 758
identified CSAs in the U.S., and this is probably greatly
understated.(1)

Establishing such a market in an existing downtown is
a practical strategy to create customer access. Just look at
Ft. Worth. In late spring of 2002, a two-faceted fresh-food
marketing site and strategy was set up as part of a master
plan to make downtown Ft. Worth a livable 24/7 city.(2)

But the largest CSA is currently in Seattle, and serves as
a model of a CSA cooperative or broker for farmers instead
of the farmers acting as their own salespersons.
The program is a spin-off of the famous Pike Place
Market, a produce market and tourist attraction on the
downtown Seattle shore of Puget Sound. The market has
a history of populist action dating back to its origins. It was
started by the Seattle City Council in 1907 to undercut
price-gouging food retailers. Its participation fell after
WWII, and by the 1960s, the land was slated to be redeveloped as high-rise apartments and offices. But a citizen
initiative and vote preserved it for public use.(2) Today the
9-acre area hosts a farmers’ market, commercial stores and
restaurants for tourists, low-income housing, and even a
parking garage. It is run as a self-supporting district to
promote historic preservation, tourism, and public needs.(3)

The first part is a daytime/weekend farmers market in
the parking lot of the new Intermodal Transportation
Center linking Amtrak, commuter trains, city and Greyhound buses, and mail and shipping services. Extra federal funding of $1.9 million was secured to cover the
parking area with 25,000 feet of metal canopy, and provide
electricity every 20 feet. While it serves for parking during
the week, it provides room for 80 to 100 market stalls. Each
stall costs $15/day. This helps defray the cost of utilities,
security, marketing, trash disposal, and 1 person to run the
operation. The Center generates 10,000 trips a day, which
can all be potential customers.

Starting with a modest pilot program in 1997, the Market Basket CSA now serves 575 households. Each farmer
who participates is a member of the farmers’ market. So
when they set up shop at their market stall, they also
deliver their produce for distribution to the urban shareholders.(4)

The second section is the renovation of the old Santa Fe
Railroad warehouse across the street from the Center.
About $1 million has been invested in this 37,000 square
foot structure for conversion into a fresh-food shopping
center open all week. The warehouse is 2 stories. The top
will have a restaurant, a banquet space, storage space, and
offices. On the bottom floor, about 20 vendors have shops
for products including fish, pasta, meat, bakery goods,
dairy, flowers, gifts, and perhaps arts and crafts. Space
rents for about $15/ft. Both phases of the project stretch 3
blocks long, and cost about $180,000 a year to run.

The farmers keep an astounding 85¢ on the dollar paid
by consumer participants, and gross sales were $226,000 in
2001. The CSA is partially subsidized, however, by the
revenue of Pike Place Market (including delivery vehicles,
staff, coolers, insurance, etc.). If this were factored in, the
real revenue to farmers would be about 65¢ on the dollar.
However, this does not account for economies of scale. If
the CSA had more members, the cost for administration
would go down.(5) But this also does not consider subsidies for food imported from other regions (such as fuel and
water) and the money that recirculates in the regional

Funding for the planning and construction came from a
number of different sources, including the City of Ft.
Worth, the Chamber of Commerce, the Convention Center
Visitors Bureau, and Downtown Ft. Worth, Inc. (a nonprofit organization). The farmers market complex is part of
an overall downtown development plan in the works for
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a particular community, and the knowledge and talents of
the managers. Some have built new, elaborate, expensive
kitchens with loans, while others use existing licensed
kitchens in a cooperative arrangement.

economy.
Assuring the farmers a guaranteed income is a way to
reduce some of the financial risks – they receive 25% down
on their contracts before they plant.

Many offer skill training to food workers and business
training to entrepreneurs, while others merely offer shared
facilities for those who are ready. Some force businesses to
leave after a few years, while others let businesses stay
indefinitely. Many operate as a public service to create
community jobs, and will never break even, subsidized by
government money and foundations. But a few pay their
own way. And some have developed innovative ways to
link with other local efforts for local food promotion like
farmers' markets, CSAs, and retailers.

The cost to the customer is $475 a share for weekly
delivery from June through October – a steep cost until you
consider the cost of food for that long a time period.(6)
Another unique thing about the Market Basket is the
distribution method – entirely grassroots. It started in one
office building with once a week delivery, and has now
spread to 28 locations including office buildings, major
employers, and neighborhood centers. Much of the promotion is word of mouth. Delivery is free to points with 12
or more participants; about 1/4 of the customers drive to
the market for their bag. The CSA enlists volunteer coordinators onsite who make sure the deliveries get to the
customer, and in return these volunteers get free weekly
flowers (also grown by a member farmer).

The first food incubator in recent times was developed
in Spokane, WA, in 1985 and operated about 10 years.(3) It
was located in an old Army barracks that was retrofitted
with equipment. It has long since ceased to do business
training, but still functions as a community-shared kitchen
that businesses can rent by the hour.

The Market Basket has ambitions of expansion. It greatly
relies on volunteers, and not as many would be needed if
the program had a roof over its packaging area. It also
needs a cooler and a warehouse.

The Adirondack Kitchen in Plattsburg, NY, began in
1998. It rents a pre-existing 12,000 square foot building that
served as a kitchen and mess hall at a now-decommissioned Air Force base. It is managed by an energetic
volunteer, Dave Evans, a former Wall Street floor trader.
Its original funding came from providing job training for a
welfare-to-work program run by the State of NY. But the
kitchen also serves as a place for entrepreneurs to create
new product lines. If a person comes to the kitchen with a
new product, it is market tested and developed. If the
product advances, the entrepreneur may either opt to use
the kitchen themselves, or meet with experienced cooks
who already use the kitchen and can make the new product
(“copacking”). These cooks can handle all manufacturing
and shipping tasks, leaving the entrepreneur free to advertise and sell the product.(4)

But it is constrained more by people’s lack of understanding of the American food chain. The flavor and
nutrition of local food, the subsidies of imported food, the
spur to the local economy, and even national security risks
are not seen in the price tag at a grocery selling food from
other regions or other countries. It’s something you have
to taste.

Working Up the Food Chain
Food Incubators
Even though about 11% of food consumed by Austinites
is technically grown here, that doesn’t mean it is consumed
here. Too frequently, locally-grown food is shipped to
another region of the country to be processed, only to be
shipped to still other regions the country, or shipped back
to Austin. In addition to losing enormous amounts of
energy in transport, the wages and profits for value-added
processing also leave the area.

To date, the kitchen has trained and placed 130 employees in the food service industry, and has 46 products
manufactured there. Evans is proud of the fact that he
helps “the small guy.” He exclaimed, “I have an average of
5 calls a day from people all over the East Coast from
people who want copackers! All [large] copackers want
companies that do huge volumes of product. No one else
will take a small account. They [small entrepreneurs] have
got nowhere to go.” He is proud of the fact that the

A new grassroots trend has emerged in the last 20 years
to help found regional food processing businesses – food
incubators or community kitchens. These allow fledgling
entrepreneurs who cannot afford the considerable cost and
time to set up and license their own commercial kitchen to
start small and grow their business before making substantial investments.
There are about 20 kitchen incubators in the U. S.(1),(2)
They range in size from less than 1,000 square feet to as
large as 25,000 square feet, and vary in their purpose,
operation, strategies, and goals, depending on the needs of
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Any number of products are made at the Adirondack
Kitchen incubator. On the right, heart-shaped Luffin
Muffins; on the left (I kid you not), organic dog biscuits.
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The Texas Apple (The What?!)
Stemming Food Imports

incubator is not subsidized. There is still plenty of room for
expansion – kitchen use is only at 1/3 of capacity.
Evan’s neighbor, Jim Long, the director of Hudson
Valley Foodworks, has a different approach – a 25,000
square foot facility (half of it storage) installed in an old
Woolworth’s Department Store building at a cost of $1
million.(5) In operation since 1997, the facility needs some
large anchor tenants to service its debt. With about 15
tenants, food sales grossed $4 million last year, and employed 40 people. Again, no business training is given, as
it is provided by various government agencies.
The Denver Enterprise Center, a business incubator,
dedicates about 11,000 of its 74,000 square foot facility to a
kitchen and storage area (both cold and dry).(6) The Center
took on $1.4 million in debt ($400,000 for the kitchen
equipment alone) in 1996, with funding coming from
private foundations and federal (Community Development Block) grants. Kitchen fees pay for operation, but
minimal payments are made on the loan, making the
program heavily subsidized. The Center offers business
training and administrative support (phone, office, fax,
conference room, computers), and has about 27 businesses
using the kitchen. Most businesses eventually graduate,
but many stay for extended periods because of the high
cost of real estate in the area. Though it does not offer loans
directly, there are 2 non-profit organizations in the Center
that offer microenterprise loans, and there is also a revolving loan fund for more substantial amounts than businesses have access to.

John Dolley

About 82% of apples in
Texas come from the state
of Washington, 2,000
miles away from Austin.
Almost all the rest come
from Michigan and California; 2% even come from
out of the country.(1) Texans consume about
420,000 tons of apples a
year, paying about $110
million for the privilege.
(And that’s just farm
prices – retail and valueadded products gross
much greater revenues.)(2)

While apples are generally more adapted to cooler
climates, they can be grown in Texas. What if apples, as
well as their derivatives (apple juice, apple sauce, apple
butter, apple burgers) could be produced locally in sufficient quantities to displace imports?
Well, there are apples grown in the state by a few
farmers. There are 4 small orchards that specialize in them,
and 10 to 20 other farms that dabble in them. To call these
entrepreneurs an industry would be a bit exaggerated —
though you could call them pioneers of what might be one.
These farmers are the survivors of a cult of 200 people in the
mid-1980s that saw apples as an exciting new cash crop.
But most of them lost their enthusiasm as the realities of
Lone Star apple growing became apparent.(3)

In addition to training businesses and workers, some of
these organizations are providing linkages to other agricultural marketing strategies, adding value to the valueadded concept. The Adirondack Kitchen helps broker local
produce to its clients.(7) The Crossroads group in the small
town of Menomonie, WI, has its kitchen incubator in the
same building as a retail food coop that sells incubator
products.(8) Crossroads has a farmers' market and Hudson
Valley Foodworks is trying to plan one.(9)

Johnny Appleseed would have had a hard time in Texas.
Cotton root rot is endemic through much of the state. Hail
damage occurs in the Panhandle; in Central Texas, apples
can be hampered by drought. If winters are not cold
enough, apple trees simply won’t produce fruit. And
while some of these problems could be solved through
research and breeding programs, there is almost no state
government money for such efforts, which contrasts greatly
with major fruit-growing states like Washington.

The most comprehensive approach, still in development, is the Fondy Food Center run by the Milwaukee
Hunger Task Force. With a mission of providing food to
poor neighborhoods, the group currently runs farmers
markets in low-income areas and has begun to link farmers
markets and CSAs with food stamps. Their three-phase
project includes the enclosure of an 11,000 square foot
farmers market so it can operate in inclement weather, a
permanent 2,000 square foot indoor market, and a 10,000
square foot food incubator that will provide training and
be self-supporting. However, this project requires raising
$4 million, and this grassroots group is not halfway there.(10)

Then there is the problem of appearance. Texas apples
taste great. Since there is more sun in the south, Lone Star
apples have more sugar — 41% more than Washington
apples according to Texas apple growers. But they do not
look like a “normal” apple. They are not the deep red color
that consumers have come to expect. So there is a great
marketing problem.

An Austin non-profit, the Austin Community Development Corporation, has begun to champion the idea of a
kitchen incubator project for the area, but at this point this
strategy has not been pursued in Central Texas.

The 4 orchards interviewed for the the Directory have
been around for many years, have their niches, have dealt
with the climate and marketing problems, and are surviving.
The most renowned apple orchard in Texas is Love
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Creek Orchards in Medina, 100 miles southwest of Austin.(4) Beginning in 1980, it has several locations in the area
to ensure crop survival. (If climate conditions in one place
prevent a crop in any given year, another location may
prosper.) They have about 10,000 “dwarf” trees about 6
feet high. (Most modern apple orchards graft fruit-bearing
wood on a base stump. This allows fruit-bearing maturity
in less than 2 years instead of 8-10 years for normal trees,
and allows quick harvest without a ladder.)

apple producing states have hegemony over the domestic
market. One Texas grower cynically stated that if Texas
ever tried to develop an industry, Washington state would
dump enough product to put Texas growers under.
The subject is further complicated by the weaknesses of
globalization, such as dependence on imported, polluting
transport fuels, the need for any country to employ its
citizens, and national security (becoming too dependent
on other countries for food).

Love Creek sells through a Website, mail order, and
HEB, Whole Foods, and Walmart. The orchard has an
onsite store and restaurant at one of its locations, selling
fresh apples as well as 50 different apple-based foods like
syrups, cookies, strudels, jam, butter, and cider. It also
conducts promotional events and tours, including the
International Apple Festival in August of each year.

It is beyond the ability of anyone to predict how these
issues will shake out. But for all the right reasons —
environment, local employment, cultural integrity, and
national security, Austin and Texas should do what it can
to support this and other microindustries that have the
long-term potential to displace food imports.

While the Texas climate has disadvantages, it also has
strong points. Due to new apple varieties and late winters,
the harvest season is long. For Love Creek it is June
through October.
Apple Country Orchards in the Panhandle near Lubbock, harvests into December!(5) Starting in 1981, the 22acre orchard is similar in some ways to Love Creek. It sells
through an apple-based store and restaurant, farmers'
markets, grocery stores, and offers a “Pick Your Own”
program as well. The Pick Your Own strategy can give
fresh Texas apples to customers for less than 60¢/lb. Top of
Texas Apples is another Panhandle operation with a similar strategy, selling to groceries and maintaining a store at
its packing facility.(6) The area the farm is in, as well as the
area close to the Texas/New Mexico border, have cool
summer nights common to northern apple growers, and is
less prone to root rot.
Apples can even be grown in the Austin area. Caskey
Farms in San Marcos has about 11 acres of Texas fruit,
including apples, peaches, plums, figs, persimmons, Asian
pears, and even apricots; these are sold at farmers' markets.(7) Run by Cliff Caskey, a former county Ag-Extension
agent, he has planted varieties bred for similar climates
such as Israel, and has used mulch to reduce root disease.
Texas apples are a specialty food right now. The orchards probably total less than 100 acres and supply the
needs of about 40,000 people.(8) There is room for many
more specialty growers that provide a small but growing
section of the public who are willing to either pay more or
accept product changes to buy organic or locally-grown
food. But at some point, 10 to 30 years from now, could
Texas grow most of its own apples to compete in the
“commodity” market?
This question is complicated by the rise of the “global
apple.” So-called free trade laws have allowed China to
export apples to America at what U.S. growers allege are
artificially low prices (a practice known as dumping). As
domestic grocery store chains consolidate, the prices to
farmers are reduced due to lack of competition. And major
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United Nations Development Programme, 1996.

1 Crop yields per acre from U.S. Dept. of Agriculture,
Agricultural Statistics 1940 and Agricultural Statistics 1997.
Washington, DC: U.S. Government Printing Office, 1940,
1997). Crop totals from U.S. Dept. of Agriculture, National
Agricultural Statistics Service, 1992 Census of Agriculture
(Washington, DC: U.S. Government Printing Office, 1992),
and Texas State and County Data and Yearbook of Agriculture
1940 (Washington, DC: U.S. Government Printing Office,
1940).

The Downtown Farmer
1 Telephone interview with Julie Fitch, Program Director for Economic Development, Downtown Austin Alliance, October 28, 2002.
2 Telephone interviews with Angie Rawie, public market project manager, Downtown Ft. Worth, Inc., November 26, 2001 and January 4, 2002.

2 Based on historical Bureau of Census figures for Hays,
Travis, and Williamson counties from 1940-2000.

Lamers, Kelli, “Marketing Strategy: Developers expect
Rail Market to form haven,” Ft. Worth Business Press,
August 24, 2001.

3 Derived from U. S. Dept. of Agriculture, Fresh Fruit and
Vegetable Arrivals in Western Cities. Washington, DC: U.S.
Dept. of Agriculture, 1991, Dallas Section. Miles are estimated from the capital city of each state that food is
imported to Austin. Food coming from Texas is assigned
a value of 200 miles for its travel to Austin.

Rodda, Kelli, “Santa Fe Site targeted for public market,”
Ft. Worth Business Press, August 1, 2002.
Ft.
Worth
Farmers
Market
www.fortworthfarmersmarket.org.

4 Total 1999 food spending from Bureau of Census,
Statistical Abstracts of the United States 2001. Washington, D.
C.: U.S. Government Printing Office, November 2001, Chart
1034. Austin area amount derived through Census figures.

Website:

Stock Options
1
From
Center
for
Website:www.csacenter.org.

5 Fertilizers for 2000 from United Nations Food and
Agricultural Organization on-line database: http://
apps.fao.org/page/collections.

CSA

Resources

2 History from Pike Place Market Website:
www.pikeplacemarket.org
3 Telephone interview with Nicole Vanoni, Farm Program Manager, Pike Place Market, January 31, 2002.

Pesticides from Aspelin, Arnold, Pesticide Industry Sales
and Usage, 1996 - 1997 Market Estimates. Washington, DC:
U. S. Environmental Protection Agency, Office of Pesticide
Programs, August 1997 (preliminary data).

4 Telephone interview with Michelle Catalano, Market
Basket CSA Coordinator, at Pike Place Market, February 5,
2002.

Energy calculated by multiplying America’s share of
world energy use (25%) by the approximate energy used
for food production (16%). Total energy from footnote 1,
Renewable and Energy Conservation section of this report.
Food production energy from Pimentel, David, and Carl
Hall, ed., Food and Energy Resources. New York, NY:
Academic Press, 1984.

Touart, Adrienne, “Seattle CSA Shares Reach New
High,” In Business, Summer 2001, p. 24.
5 Ibid., Michelle Catalano.
6 Ibid.

6 Assumes the average person consumes 2 tons of food
and water per year; lives 70 years, and that one part per
million of this consumption is agricultural pesticides or
fertilizers.

Working Up the Food Chain
1 Telephone interview with Leslie Schaller, Business
Development Specialist, Appalachian Center for Economic
Networks, February 11, 2002.

7 Franklin Associates, Grocery Packaging in Municipal
Solid Waste, Database and Appendix. Washington, DC:
Grocery Manufacturers of America, July 1995, p. 6.
It Begins With a Seed

2 Background information from telephone interviews
with:

1 United Nations Development Programme, Urban Agriculture - Food, Jobs, and Sustainable Cities. New York, NY:

Dave Evans, Executive Director of Adirondack Business
Center, February 21, 2002;
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David Gonzales, Director of Denver Enterprise Center,
February 19, 2002;
Laurie Katana, Director of Bonner (ID) Business Center
and Angie Keating, Secretary for Bonner Business Center,
February 19, 2002;
Tim Locke, Director of Fondy Food Center Hunger Task
Force, Fondy Food Center, February 21, 2002;
David Loomis, Director of Coulee Regional Food Center, February 20, 2001;
Jim Long, Director of Hudson Valley Foodworks, February 21, 2002;
Dave Marshall, Acting Director of Arcata Foodworks,
February 19, 2002;
Karla Miller, Director of Microenterprise Office,
Menomonie, WI, February 21, 2002;
Anna Pearson, Kitchen Manager of Western Colorado
Business Development Corp., February 20, 2002;
Leslie Schaller, Business Development Specialist at
Appalachian Center for Economic Networks, February 11,
2002, and Bill Justice, Kitchen Incubator Manager, January
23, 2002;
Anna Schott, Director of Development and Marketing at
Cincinatti Business Incubator, February 19, 2002;
Cameron Wold, Economic Development Specialist at
University of Colorado at Denver, February 20, 2002.

3 Telephone interview with Don Durflinger, Texas Apple
Growers Association, March 1, 2002.
4 Telephone interview with Genie Strickland, Love Creek
Orchards, February 27, 2002.
5 Telephone interview with Carl Brints, Apple Country
Orchards, March 1, 2002.
6 Telephone interview with Mark Howard, Top of Texas
Apples, March 27, 2002.
7 Telephone interview with Cliff Caskey, March 2, 2002.
8 Based on interviews with growers and per capita
consumption in U.S.

3 Telephone interview with Rosie Mowell, Administrative Assistant, Airport Business Park, November 25, 2002
and Leslie Schaller, footnote 1.
4 Footnote 2, Dave Evans.
5 Footnote 2, Jim Long.
6 Footnote 2, David Gonzales.
7 Footnote 2, Dave Evans.
8 Footnote 2, Karla Miller.
9 Footnote 2, Karla Miller and Jim Long.
10 Footnote 2, Tim Locke.
The Texas Apple
1 U.S. Dept. of Agriculture, Fresh Fruit and Vegetable
Arrivals in Western Cities. Washington, DC: U.S. Dept. of
Agriculture, 1991, Dallas Section.
2 National apples sales from U.S. Dept. of Agriculture,
National Agricultural Statistics Service, Agricultural Statistics, 2002. Washington, DC: U.S. Government Printing
Office, 2002, Table 5.4. This was adjusted with Bureau of
Census figures.
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