vields of 120 gallons of oil per acre per crop ovde
are common, but vields of twice this are possible
in lands with greater rainfall or irrigation

When heated foran hourand putthrough ascrew
press, fivegallonsof pure castoroilisobtained from

only 100 pounds of seed. 'V In developing coun-

tries, the castor bean seed is first roughly crushed
by a roller press and then squeezed between hemp
mats with a screw press, much like olive oil. But if
the seeds are sprouted, the oil quickly wns into
sugars and other fermentable carbohydrates at a
ratio of 2.7 10 1;'! thus, the alcohol yield from
the sprouted castor beans should be 324 gallons
per acre

Fig. 8-10 Comparison of wild and wastewater-grown cattaills. | e wastewates-
grown plant on the right is at least three times heavier than the one on the

left. Note the much larger starch-filled base of the plant.
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The spiny hulls of the castor bean are said 10 be
comparable to barnyard manure and can be spread
as fertilizer

CATTAILS

Cattails (Typha sp. ) live in marshy places where
the water is rich in nutients, They can wlerate a
relanvely high amount of salt. and they grow very
fast and thick, owstripping bullrushes (Scirpus sp.)
and most other marsh plants, Its rhizome (root-
like structure) accounts for over 65% of a cauail’s
wet weight,'# and it’s the fast-growing rhizome
that makes the plant such a pest in the waterways
and ditches of the world. Rhizomes don‘troot very
deeply, tend to grow laterally, and send up new
foliage as the rooting network develops.

ABOVE: Fig.8-11 Cattail experiment. This section of

a cartail marsh has been picked clean of rhizomes

The experiment will determine how quickly rhizomes
will invade the area from the edges. The surface is
coverad with duckweed, a nitrogen-fixing floating
plant. Researchers .,'ind that a couple of ducks are able
1o keep the various plots clear, which is a good practice
in mrearing sewage since the point of the rearment is
to oxidize the nitrogen. But in an energy marsh, co-
culturing with duckweed would capture free nitrogen

from the air to fertilize the canails. On the others

hand, duck eggs sell for double what you can get for
organic chicken eggs Decisions, decisions
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Amernican Indians found the plant’s rhizome a
goud source for a crude, starchy flour from which
they made bread, and catails are once again being
recognized as a useful crop. Alcohol is being made
from cavail roots in the former Soviet Union, Cat-
1ail foliage makes a good cellulose pulp source for
the paper industry and a pretty good animal feed.

A crop of cautails is an excellent candidate for
natural marshy areas in which few other energy
crops thrive. And they can provide a profitable way
1o clean up rivers, streams, and oceans, Ithas been
conservatively calculated that 35 acres of cauail
marsh could treat five million gallons of second-
ary sewage a day.'*

While cleaning up sewage better than any known
crop, canails can vield several high-quality byprod-
ucts from the process, one of them being alcohol.
Cauail productivity in sewage liquid is incred-
ible. Its nutrient uptake and biomass production
is several times higher than corn’s. A 1982 study
produced results that were as high as 130,000 w
150,000 pounds of biomass dry weight per acre
Almost 100,000 pounds of that was rhizome mass.
Cauails grown in the wild only produce between
three to 30 tons per acre dry total weight '# Rhi-
zome yield per acre of wild cantails would be about
15 tons average.'®

Wild cattail protein contentis regularly 6 996 dry
weight. It's thought, although not venfied, that pro-
tein content of wastewater-grown plants is higher.

Assuming the 6.9% figure 1o be average, protein
production per acre would be over two tons. Cat-
1ail protein stays fixed in its solids through fermen-
tation, and crude protein readings from fermented
wild cattails in dry stillage show 19, 1%

Cattail rthizomesare credited with having a higher
starch content than potatoes. One 1975 study’®
and one in 1981 recorded 40 to 60% starch content
(dry weight, rhizomes only). Such yields suggest a
conservative per-acre alcohol estmate of 2500 gal-
lons from cattail rhizomes fed by wastewater. This
calculation is based on a mean yield of only 34.8
1ons dry weight of rhizomes at 45% starch in a
single crop cyde.'” These results were achieved in
relatvely cold northern areas—in warmer climates,
the researchers feel that a second crop or even a
third crop could be harvested, depending on the
length of the frost-free growing season.

A group of my alcohol fuel students, led by Dave
Hull and Steve Wilbur, designed and built one
of the first cattail marsh secondary sewage treat-
ment facilities in the world, for the city of Arcata,
California. Primary sewage treatment settles out or
digests solids, but leaves a high level of nutrients in
solution. Most rural plants stop processing at that
point and release the nutrient-saturated sewage
into a waterway or land disposal. Small plants typi-
cally cannot afford secondary or tertiary treatment,
which typically use sunlight and microorganisms
in pools 1o lower the biological oxygen demand
(BOD), as well as nitrate and ammonia levels,

Growing crops in nutrient-rich, secondarily
treated sewage to absorb dissolved nutrients and
chemicals works as an alternative to part of the sec-
ondary and all of the sophisticated tertiary treat-
ment. Canails excel atthis, Notonly do they remove
solids, but cattails are powerful detaxifiers of chem-
icals dissolved in water; mercury, for instance, is
taken up by the plant and evaporated out of the
leaves, They do more than remove chemicals and
nutrients, too. Pores on the lower portions of the
plants actually caprure bacteria and “eat” them.

Grown in wastewater, the plants may be said to
be living almost hydroponically. In fact, they don't
rootany more deeply in wastewater pond soil than
1s necessary 1o keep them from falling over. This
characteristic makes it possible 1o grow cattails
anywhere trench ponds can be built to simulate
aquatic condinons. Agricultural land need not be
used at all. Plants grown this way in wastewater
reach 12 feetin height, compared to their usual five

LEFT: Fig.8-12
Cattails, mature
foliage. The seed
heads pictured
are what give

rise to the com-
mon name of

the planr. Seeds
are attached to

a light fluff that
allows them to be
carried for miles
on the wind unel
deposited on some
new wet place.




10 seven feet, Using liquid stillage o fertilize car-
1ails, instead of sewage, produces similar vields

There is potential for closed loop fuel produc-
uon, where the sullage left over from distllation
goes back into the cattail marsh, enabling the
growing plants 1o use those nutrients to trap more
solar energy in the form of starch in a relatively
small area. Matching up a canail system located
alongside an animal feeding operation or dairy,
with alcohol production—where both the sullage
and manure are cvcled through the marsh—might
make for a very dynamic, productive system.

The ten feet or so of cattails’ top growth (leaves)
should also be considered in energy planning

: LET THE ROADSIDES
Fig.8-13 Cattail thizomes. Note how the main plant on the left spreads by PROVIDE THEIR OWN FUEL?
adventitious sprouting of new foliage a foor away. In another implementation of “the prob-

lem is the solution,” how about using the
roads to provide the fuel for the cars that

use them?

Roadsides have to be mowed or sprayed
by counties at considerable expense. Since
roadsides are where water gathers, their
runoff spreads herbicides and automobile
excreta (oil, antifreeze, tire dust, etc.) for
miles downstream.

If each county were to convert only 1000
miles of county-maintained roadsides so
that a five-foot-wide strip of cattails was
cultivated on each side of the road, boom
mowers could shred and harvest up to
three crops a year of starch and cellulose, as
if it were silage. At the production level of
wild cattails or a polyculture of other high-
output cellulose crops, we'd be looking at
four pounds of starch and cellulosic plant fi
ber per square foot from an average of two
harvests. This could in theory produce 61

Fig.8-14 billion gallons of fuel (40% of U.S. gasoline
Experimental use)—without using a single acre of farm-
solar vacuum land and while thoroughly detoxifying road

still. Used
l'\ ‘\‘0'-’{44”!1.\

Engineering and

runoff water. Planting energy crops in the
nation's unused median strips in divided
highways would generate additional bil-
lions of gallons.

Not everyone wins under this scenario.
Monsanto and Dow would be deprived of a
lucrative market for their herbicides.

T hl?.’l’\“{\' jor
st barches, Heat
CRETRY covnes

from the panel in
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Depending on the time of year, the sugar content
in the leaves averages 10 1o 15%, You could use
the diffusion process to extract the sugar for fer-
mentation or ferment it whole. But the alcohol
vield would be pretty low for the mass of mate-
rial handled. Combining the sugary foliage with
cheese whey 10 increase the overall sugar content
may be an attractive way 1o produce alcohol from
the tops in several cuttings a year. Toward the end
of the growing season, vou would cease cutting the
tops, 10 allow the sugar to sink down into the rhi-
zomes for winter energy storage so the plants can
sprout early in the spring

On the other hand, now that cellulose technol-
ogy is becoming economically feasible (see next
section), the 25 dry tons of largely cellulosic leaves
and the nearly equal amount of cellulosic byprod-
uct left over after thizome starch fermentation
lead me to some provocative speculation. Lsing
the state-of-the-art rate of 180 gallons of alcohol
per ton for cellulose conversion, it is possible to
project more than 10,000 gallons of alcohal per
acre, based on very real cattail biomass production
figures, when combining cellulose and starch. Bear
in mind that these biomass vield figures do not
1ake into account the potential of stimulation with
fermentation carbon dioxide.'®

A 10,000 gallons per acre, we'd need only about
6367 acres per LS. county 1o treat all of our sew-
age and to replace our entire 200-million-gallon
fuel demands. That amounts w only 1.46% of our
agriculwral land 2Y The energy to run the plant
would come from the lignin recovered from the
cellulosic part of the crop.,

Unul cellulosic processes become practical on
the scale of small municipalities or counties that
process sewage, the cattail leaf mater could be
dried using solar or waste hear, after diffusion of
its sugars, Then it could be used like sugarcane
bagasse 1o cogenerate all the process heat and

elecuriaty for the alcohol plant, plus sell surplus  LEFT: Fig. 8-15
electricity back into the grid (see Chapter 11). All - Scanning elec-
ash from the biomass boiler would go back into  tron micrograph
the marsh as ferulizer, of Zymomonas
Remember, too, that if this teruary treatment  mobilis. This

plant is, almost by definition, part of a sewage  bacteria has been
treatment plant, then methane from the primary  used extensively
sewage processing could also be available 1o pro- by genetic engi-

vide all the process energy for the alcohol plant. neers working on
the direct con-

CELLULOSE BIOMASS sumption of hemi-

TECHNOLOGY cellulose- and cel-

After hearing about the potental from cauails  Tulose-producing
in the previous section, you are really primed o alcohol withour
hear about cellulose technology. Until recently,  an intermediare
the vanous methods of producing alcohol from  sugar-producing
cellulose were only possible with large capital — srep
investments for heavy pieces of equipment. But
intensive research has been under way over the
last 20 years 1o find an economical method 1o pro-
duce ethanol from our planet’s most voluminous
carbohydrate, The varied approaches to the ques-
tions posed in pursuit of cellulosic alcohol have
become a blizzard of research projects spanning
more than a dozen universities and many govern.
ment agencies

Cellulose is a distant relative of starch and inulin
Like starch, it's essentially a series of linked sugar
molecules: unlike starch, which is typically only 35
glucoseunits, the chains of cellulose are often more
than 10,000 glucose molecules, Cellulose is made
up of beta-glucose instead of the common alpha
glucose that makes up starch. Plus, the chains of
cellulose link up side-to-side, forming fibrous crys-
1al-like units with their hydrogen atoms bonding
10 each other. These cellulose structures are very

“The extreme events to which climate change appears to have
contributed reflect an average rise in global temperatures of 0.6°C
over the past century. The consensus among climatologists is that
temperatures will rise in the 21°' century by between 1.4° and 5.8°C—
by up to ten times, in other words, the increase we have suffered so far.
Some climate scientists, recognizing that global warming has been
retarded by industrial soot, whose levels are now declining, suggest that
the maximum should instead be placed between 7° and 10°C. We are
not contemplating the end of holidays in Seville. We are contemplating
the end of the circumstances which permit most human beings to
remain on Earth.”

== GEORGE MONROT, THE GUARDIAN, AUGLST 12, 2003
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