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Radical Change
'n Market Structure?

1gene " Iumber prices have not al-
‘8ys b . as variable as they have dur-
1g the last 2 years. Prior e 1991, the
verage annnal change in lumber prices
as 6 percent. To explain ihe recent rige
- the level and variability of prices, ana-
Sts cite cutbacks and uncertainty in the
mber supply, environmental concerns,
d the increase in demand for lumber as
> €conomic recovery lifts housing
mand.

with all models, if the fundamentaj
tcture of the market has undergone a
ical break with the past, the resulis
uld have limited applicability 1o the

current situation. But despite increased
volatility, the structure of Iumber mar-
kets appears (0 be unchanged. The re-
straints on timber supplies over the past
couple of years are not much different in
character from the Intermittent restraings
on supplies caused by other impacts,
such as railroad and mij1 workers’
strikes. Prices fluctuated sharply during

those events as well, but the markets con-

tinued to balance available supplies with

demand.

Lumber remains a basic commodity
traded in an anction-like setting, with
many buyers and sellers linked by an effi- |
cient information network.
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- 0 the last 10 years, technological in-
f¢ novation in the ethanol production
Pprocess has reduced costs dramati-
cally. Energy is the largest operating
cost in ethanol production, and reduction
in energy use has accounted for most of
the cost savings. A shift 1o larger plants
and the adoption of energy-saving inno-
vations have reduced the energy required
to produce a gallon of ethanol by nearly
two-thirds,

The use of improved strains of yeast for
fermentation has also contributed 1o cost
reductions, These innovations have coi-
lectively lowered the cost of producing a
gallon of ethano! from $1.35-81.45 per
gallon in 1980 to less than $ 1.25in 1992,
a 34-percent decline in inflation-adjusted
terms.

Similar cost reductions wiil be achieved
in the next 10 o 15 years if a host of new
innovations can be successfully inie-
grated into production facilities. These

innovations are the product of recent ad-
vances in scientific fields as diverse as

[
Agsoclation

Reiewabie Fual

b

RTINS e s e L b e e



i L AR
“I.ﬁ il
localEn

anfilthes

'.¢. =

:&’.”Ei' aro.‘:slﬂ{vl::b S0t

O

TARKAT]
S T T

Al; pREY
SHPDPOLE

e S T
—_l.:'ﬁi.g‘!n‘t.

genetic engineering and materials sci-
ence. For example, genetically altered
yeasts that tolerate high concentrations of
ethanol can Jower ENergy costs,

impact of scientific advances is not
limited to innovations in production fa-
cilities. Farm practices that raise corn
yields, and lower input costs, could mean
lower prices for corn, the prima feed-
stock in ethanol production. In addition,
development of high-value uses for by-
products of ethanol production will aiso
generate additional revenge,

Innovations ar
The Plant Level

Ethanol plants are achieving a high leve]
of control over the production process
through the use of membranes—thin
sheets of semiporous material that selec-
tively filter desired substances from the

production stream. One experimental de-
sign would allow water and ethanol to
penetrate a membrane while trapping the
starch and yeast in the fermentar, With
the yeast retained, fermentation can pro-
ceed continvousty at a fraction of the con-
ventional batch rate of 40-50 hours.
Coupled with energy-efficient distilla-
tion, continuous fermentation with mem-
branes conid congiderably reduce
equipment requirements of plants con-
structed in the next few years.

Membranes also are likely to be used in
the saccharification stage, in which corn
starch is converted 1o sugar for fermenta-
tion. Enzymes and starch are retained,
while glucose and water are allowed 10
pass through. By reducing saccharifica-
tion time in a wet-milling plant to 10-15
hours and reducing €nzyme requirements
by a factor of 10, this process could
shrink operating costs by 1.2-1.5 cents
per gallon of ethano].
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'r The&velopmeht of low-cost reliable

mem may allow many plants to re-
cover high-valpe by-products and 1o
lower operating costs at many points in
the production process, The energy and
equipment needed to dry the by-produets

By-products such as jactic acid may then
be recovered and concentrated through a
System of membranes, Higher valye,
low-volume by-products, such as citric
acid or sorbitol, may also be extracted as
more sophisticated membrane technol-
ogy becomes available,

Improving the fermenting organism is ap-
other method of lowering oOperating
costs. The development of yeasts that
can function in higher ethang] concentra-
tions could lower the energy costs of dis-
tilting alcohol by 0.8 1o 1.2 cents per
gallon of ethanol. Jn the longer un, a
wholly different fermentation organism
may replace yeast. In laboratory testing,
the bacterium Z, mopilis has speeded fer-
mentation, raised alcoho] yields slightty,
and allowed fermentation gt higher tem-
Pperatures,

Although these organisms are likely to re.
duce the cost of refining ethanol from
com starch, the greatest potential for bio-
logical improvements lies with the devel-
opment of new organisms that can
convert biomass other than comn into etha-
nol. For example, converting the hull

and other fiber portions of the com ker-
nel into ethanol could raise yields from
2.6 to nearly 3 gallons.per bushel. Organ-
isms have been developed that are capa-
ble of converting most OIganic maierig!
into ethanol and other products.

Alternative Feedstocks
Soon Feasible?

The relatively high cost of com, limited
markets for corn ethanol by-products
such as corn gluten feed and dried graing
and solubles, and competition for land
suitable for com cultivation are likely to
limit massive increases in the production
of ethanol from com. Doubling of etha-
nol production from corn would require

approximately 350 million additional
bushels of com each year, put upward
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the supply of by-products. Ethanol made
food crops, such ag Dotatoes
and sugarcane, would also be expensive
because of their high valge as human
food products::

Production of ethanol on 5 large enough
scale to substityte for gasoline is likely to
come from other forms of available
biomass. Among the lower cost—and
more abundant—formg of biomass are
agricultural residyes, waste streams from
agriculturai Processing, municipal solid
wastes, yard and wood wastes, recycled
Dewspapers, and crops grown expressly
for their €nergy content.

Conversion of waste materials and agri-
cultural residues ingo ethanol could pro-
duc 103, quadofenergymh}*ear
(1 quad = 10% Btn). Crops grown ex-

pressly for energy content on éxcess crop-

land could produce 11 4 quad of energy

annually, according to a 1991 article in

Science. To these sources of en-

&gy would account for half the total an-

nual consumption of energy in the 7.8,
tion sector, ‘

The technology for converting most
biomass into ethane] has until recently
3een unproven and too costly for com-
nercial-scalc'vennmes. Although simpie

imple sugars are differen: from the sug-
rs in corn.

1
Apairofmcentqdvanctshaslargely
overcome these problems, First, a pro-
cess that uses enzymes to break down the

well tested, ang research has now shifted
to producing these énzymes inexpen-
sively. Second, genes that instruct other
organisms to ferment different sugars

those of common yeast straing,

In the long term, biomass-derived
etfianol may begin to complement ethg-
nol derived from com, The conversion
of biomass into ethang] would greatly in-
crease the supply and variety of feed-
stocks available for ethangl production.
ing and capital costs for biomass

conversion plants are estimated to be
comparable to costs at corn conversion
Dlants, and the cost of biomass feedstock,

ially waste materials, can be dis.
tinctly lower. Technical barriers to eco-
nomical biomass conversion, however,
still exist, and lower cost levels may be
achieved only after pilot plants are con-
structed and the production process is
refined,
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Further Cost
Savings Needed

Ethanol fuel Supplements imported o}
with a domestic renewable resource thag
Provides some environmenta} benefits,
The use of ethanol as a fuel for vehicles
in the U.S. has grown from insignifi-
cance in 1977 o nearly 9500 million gal-
lons in 1991. An ethanol industry has
emerged through a combination of gov-
ernment support and new technologies,
which enabled large-scale production of
ethanol from domestic resources,

Growing consumer acceptance of
ethanol-blended fuels, incentives to gaso-
line blenders, and decreasing costs of Pro-
duction were responsible for the swift
rise in ethanol production, In a climate
of fiscal restraint and competition from

depend on the introduction of a new set
of Cost-saving innovations into the pro-
duction process.
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