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cussion of policy alternatives. * The introduc-
tion of methanol to the Nation’s Iiquid fuel sys-
tem would create still another source of de-
mand for wood. Depending on the price and
availability of imported oil, and on the cost
and availability of coal-based methanol, the
demand for wood for conversion to l iquid
fuels may also be very large.

To summarize, the United States may expect
to produce at least 4 Quads/yr, and most prob-
ably about 5.5 Quads/yr, of energy from wood
by 2000. This assumes world oil prices of at
least $30/bbl and no substantial change in cur-
rent policy orientations, and can be expected
to occur primarily as a result of the expansion
of wood use in homes and in the forest prod-

‘Currentlv,  utlllties produce between 60 and 70 MWe  (Mttre,
1979) from wood,  and an additional 100 MWe  or ~o are on the
drawing boards  The overall utllltv market i~ Ilmlted, however, bv
the verv large  amountj of wood required by Incilvldua  I plants
and by tht~ need t or very ~e( u rt> \u ppl y sou r( es

ucts industry. Although this represents more
than a tripling of current use, it is nevertheless
a minimum; much more energy could be ob-
tained from this resource. Steeply rising oil and
gas prices, carefully designed incentives, and
the rapid commercialization of efficient and
reliable gasifiers — all would contribute to this.
Under these conditions, between 8 and 10
Quads/yr might realistically be obtained from 
wood by 2000, provided it is harvested as part
of an effective forest management program.
Note that OTA estimates that the practical
maximum is approximately 10 to 11 Quads/yr -

(table 18). Much of the expansion beyond 4 to
5.5 Quads/yr would have to take place in the
commercial/industrial sector outside the forest
products industry and, depending on private
and Government decisions concerning liquid
fuels, in the transportation sector (wood to
methanol and perhaps later to ethanol).

Table 18.— Wood Energy Use in the United States (Quads)

2000
1979 Vigorous support and

Sector Business as usual high energy prices

Residential . . . . . . . . . . . . . . . . . . . . . . 0 . 2 - 0 . 4a  1.0 2.0
Forest product industries . . . . . . . . . . 1.2- 1.3 2.5- 4.5b 5
Other commercial and industrial . . . . — 0.5-1b 3 - 4

Total. . . . . . . . . . . . . . . . . . . . . . . . . 1.4- 1.7 4-5.5 10-11

aEst I mates of current residential use of wood vary considerably The Wood Energy Institute, on the basts  of a surveY con
ducted  by the Gallup Organ lzatlon,  has estimated that as much as 50 m!lllon  cords (O 8 Quad) of wood were burned in 1979

‘Nonaddltlve

SOURCE Off Ice of Technology Assessment

Current

Although interest in solar energy of all kinds
has grown rapidly in recent years, current Fed-
eral programs give wood energy little emphasis
or coordinated direction. Nevertheless, wood
combustion is likely to be the most important,
and perhaps the most cost effective, of the
solar conversion technologies in the next two
decades. The relative lack of interest in wood
energy reflects, first, the continuing Federal
emphasis on large-scale, centralized, techni-
cally sophisticated energy systems, and sec-
ond, the belief of many policy makers that,
among the solar technologies, wood combus-
tion is well understood and likely to grow any-
way, while other technologies are more de-

Policies

pendent on di rect Government ass i s tance i f  .
they are to make a contribution. Thus, funding

for current wood energy programs is low– and
in some instances declining — and wood energy
activities have been poorly coordinated in and
among the agencies involved. This orientation
has changed to some extent in recent months,
especialIy with respect to program definition
and interagency coordination, but plans for
funding and staffing suggest that basic prior-
ities have been altered only slightly.

In the following pages, major current pol-
icies and programs that affect wood energy are
briefly reviewed, beginning with forest pol-
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icy— largely the responsibility of the U.S. De-
partment of Agriculture (USDA) and its Forest
Service– and then energy policy–the respon-
sibility of the Department of Energy (DOE).

Forest Policy

Forest Service policies and programs are
especially important in the Western United
States where a majority of the forestland is
federally administered. In managing this land
the Forest Service is guided by a number of
broad goals articulated in the Organic Act
(1897), the Multiple Use-Sustained Yield Act
(1960), the Resource Planning Act (1974), and
the National Forest Management Act (1976),
among others. Especially important for wood
energy is the “multiple use” principle, a long-
standing guide to land and timber resource
management that is followed by the Forest
Service. The goal of multiple use management
is to assure the balanced use of forest re-
sources by many interests and to prevent over-
use by one or a few economically powerful
sectors such as logging and forest products
companies. The renewable uses for which the
national forests are to be managed are grazing,
outdoor recreation, timber, watershed, and
wildlife and fish. Note that energy is not one of
the statutory uses; to the extent that forests are
used for energy it is the result of timber opera-
tions that involve residue collection and, to a
lesser extent, private harvesting of cordwood
that may be permitted as part of stand thinning
and debris clearing,

The Forest Service interprets the Multiple
Use Act as mandating what may be called
“dominant use” zoning. That is, while multiple
use applies to an entire forest, particular man-
agement areas may emphasize one or another
of the uses. In practice this means that for
each area, such as a Ranger District, the man-
ager identifies dominant uses and Iimits others
to the extent that they are compatible with the
dominant ones. For example, if a particular
zone is especially valuable as a wild turkey
habitat, constraints will be placed on other
uses so that they do not interfere with wild
turkey nesting and management. Clearly, this
approach to land management has important

implications for wood harvesting on Federal
lands.

A second key Forest Service policy is that of
seeking to assure a “sustained yield” of renew-
able resources from national forests and range-
lands, Sustained yield has been interpreted as
“even flow” or “nondeclining yield, ” meaning
that the allowable timber harvest on national
forests is limited to a yield no higher than can
be sustained in perpetuity.

Sustained yield management has been the
subject of considerable controversy, largely
because on the western national forests that
contain large areas of even-aged, old-growth
timber, such management often means delay-
ing timber harvests for a long period and, thus,
continued low net growth. This can result in
greater wood decay and may sacrifice poten-
tial growth on land with mature trees. Mer-
chantable timber on private lands has become
scarcer as these lands have been “mined” by
the forest products industry, leading to grow-
ing industry pressure on national forest re-
sources. Many environmentalists support the
long-term sustained yield policy as a means of
limiting this logging and retaining the esthetic
and ecological values of old-growth forests. *

The controversy over sustained yield pol-
icies is compounded by poor information re-
garding forest inventories and uncertainty re-
garding the possible consequences of different
timber yield alternatives. Insofar as current
policies influence the supply of wood prod-
ucts, especially sawtimber — and it is likely
that they do in a minor way—they also affect
wood energy,

An additional area of interest is Forest Serv-
ice policies and practices for timber harvest-
ing. currently, for example, logging residues
are burned or left to decompose— as much as
1.7 Quads, in energy terms, are disposed of this
way each year— rather than collected and
used for energy. A decision to harvest some of
these for energy would much improve the ener-
gy supply equation in the regions involved.

State and private forest management pol-
icies are also of central importance for wood

* S(J(J  “ E nklronmentdl  F ffectf ” under  ‘Wood” In ch 4
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Much of the forestland in the Eastern United States is privately owned in small lots

energy, particularly in the East where most for-
estland is owned in small lots by State govern-
ments or private individuals or companies. As
noted earlier, it is from this area and ownership
class that a large proportion of new wood ener-
gy resources must come if wood is to make a
significantly greater contribution to the Na-
tion’s energy supply. The Cooperative Forestry
Assistance Act of 1978 is the latest policy

directive that addresses the issue of Federal
assistance to, and guidance of, State and pri-
vate forestry. It provides broad authority to
the Forest Service to administer research, ex-
tension, and assistance programs, and some of
these have been initiated. However, the Feder-
al Government has chosen to downplay these
activities in the overall allocation of funds, as-
suming that State and local agencies and the
market can best allocate forest resources and

determine the level of management on State
and private lands. *

Finally, forest management is affected by
policies designed to protect the public health
and welfare and the environment. I n general,
environmental controls implemented by the
Forest Service have been initiated by courts
that strictly interpreted the mandates of na-
tional forest legislation. For example, the Or-
ganic Act of 1897 provides that “no national
forest shall be administered, except to improve
and protect the forest within the boundaries”

* State tor(’stry  pol I( Ie~ vary widely In character and effec-
tlvene~s  While there  are some exceptions, most  State programs
pla( e a heavy emphasis on forest fire prevention and are able to
do only mlnlmal stand management on private land Some
States, Includlng Indiana  and New York, heavily restrict cutting
of wood for any purpose on State lands The~e I Im It access to
State forests  bv those  ~eek Ing to harve~t  even restdue~ for energv
purpose~

.
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or for purposes of watershed management.
The courts have construed the basic policy be-
hind this language to be regard for the future
welfare, 3 and, accordingly, have prohibited
practices that would decrease forest growth or
water supplies.

In response to these judicial mandates for
environmental protection, Forest Service man-
agement practices have changed signif icantly
in the last 10 to 20 years. These changes have
been accelerated by legislative directives such

T as the National Environmental Policy Act of
1969 (NE PA, described in detail in the section
on “Alcohol Fuels”). Environmental impact
statements (EISs) required by NE PA will play
an increasingly important role in forest man-
agement as demand for wood increases.

At the State and local level, environmental
controls on forestry vary widely. Some States
have statutes modeled after NE PA that can be
used to control the effects of logging on State
lands. Other States have varying degrees of
forest protection built into the legislation for
administering State forests. In many other
States, however, the primary impetus to proper
forest management on State and private land
is section 208 of the Clean Water Act. How-
ever, as discussed under “Alcohol Fuels, ” sec-
tion 208 only applies to nonpoint source water
pollution and not to land quality or other is-
sues, and its implementation has been delayed
due to political, administrative, and other
problems.

Energy Policy

DOE has the primary responsibility for re-.
search, development, and demonstration in
the field of bioconversion, and its Biomass En-
ergy Systems (B ES) Program has launched a
number of smalI projects aimed at wood ener-
gy development. Current activities include

‘(J $ v ~h.?nnon, 1 5 1  F 8b 1 (( ( ’  M o n t  1907)

support for the design of safe and efficient
wood heaters, research on silvicultural energy
plantations (tree farms), and a very modest
demonstration of one kind of wood gasifier.
The administration of bioenergy development,
however, has been deficient in a number of
respects. The BES Program has been under-
staffed and underfunded, and coordination
with other agencies, especially in USDA, has
been poor, delayed, or nonexistent. Not sur-
prisingly, there also has been a rapid turnover
in management.

Recently the biomass program has been re-
structured and granted some additional techni-
cal staff — the BE S Program now numbers five
professionals and may increase to eight in the
near future — and a wood resource manager
has been appointed in the Industrial Applica-
tions Program (of the Solar Applications Of-
fice) and charged with promoting the rapid
commercialization of systems using direct
wood combustion. In the future, DOE intends
to delegate many wood-related responsibilities
to the regional Solar Energy Centers, while re-
taining overall program guidance in Washing-
ton. To improve coordination of biomass and
wood energy activities, USDA and DOE cur-
rently are working on a memorandum of un-
derstanding to clarify the roles and responsibil-
ities of the respective agencies involved.

Although these act iv i t ies  attest  to the
awakening interest in wood in DOE, it is clear
from funding decisions that program activities
concerning wood retain a very low priority in
the overall Federal energy effort. As indicated
earlier, this reflects, on the one hand, the ad-
ministration’s bias in favor of large-scale, cen-
tralized applications, especially those that
hold the prospect of producing synthetic liq-
uid fuels, and, on the other hand, the belief
that wood energy is “ready” and requires Iittle
additional support in comparison to many of
the other possible candidates for support.

Policy Options

There are a number of ways by which the Indeed, a combination of policy support and
Government might encourage and regulate use high energy prices probably will be required if
of wood energy in the United States (table 19). the contribution of wood energy is to grow
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Table 19.—Policy Options: Wood Energy

Action Objective
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

. . . . . . . .-
Higher priority for wood energy in Government, especially
DOE and USDA
R&D: Timber-harvesting technology and demonstration
R&D: Close-coupled, intermediate-Btu gasifier

R&D: Development of oxygen-blown gasifiers designed to
maximize yields of gas suitable for methanol synthesis
R&D: Development of tree hybrids designed to give high
yields
R&D: Basic research into thermochemistry of biomass

R&D: Long-term effects on forest soils of short rotation-
high biomass removal management
Programs and incentives to encourage or require good
forest management, including assistance in selecting trees
for harvest and in the timing of harvests
Resource inventories and monitoring

Government steps to make available supplies of wood,
especially residues from national forests, and concentra-
tion yards
Direct and indirect support for private wood harvesting
activities and establishment of concentrate ion yards
Information disseminate ion
Publication of test data on equipment
Rapid decision on regulation and emission standards
Extend guarantees against retroactive requirements
mandating new expenditures
Encourage utility cooperation in cogeneration
Measures to cushion against very high capital cost of
wood-combustion equipment; e.g., loan guarantees, ac-
celerated depreciation
Special provisions for fuel switching in case of industries
now using oil or gas
Technical assistance systems for prospective users
Performance standards for wood stoves and fireplace
inserts and other small-scale combustion systems

SOURCE. Off Ice of Technology Assessment

beyond the 4- to 5.5-Quad/yr level that might
otherwise be achieved. In the pages that fol-
low, some of the options available for promot-
ing wood energy growth beyond this level are
reviewed.

New Priorities in Administration
and Research

As previously pointed out, wood energy has
a very low priority in the Government agencies
whose policies will affect its growth. If the use
of wood energy is to expand beyond the mini-
mum levels OTA has identified, the Federal
Government, in particular DOE and USDA-–
especialIy the Forest Service, the Soil Conser-
vation Service (SC S), and the Science and Edu-

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Increase attention, funding, and interagency cooperation

Wood fuel-supply system improvement
Low-cost retrofit for use of wood (and crop residues) in
commercial and industrial sector outside forest products
industry
Improve methanol synthesis

Improve yields

Develop new, and improve old, fuel options for wood and
other biomass
Protect long-term forest productivity and forest
ecosystems
Sustain and increase the resource base; make residue
available for fuel; prevent environmental damage

Establish basis for decision regarding conversion to wood;
monitor impact of increased use of wood for energy
Increase use of wood; increase reliability of supply

Establish wood supply system

Encourage considerate ion of wood as an option
Increase understanding and confidence in decisions
Decrease uncertain y
Decrease uncertain y

Use of “excess” residues in forest products industry
Rapid adoption of wood-burning equipment

Increase fuel-stream fIexibility; decrease uncertain y

Assist in decisions about resources and technologies
Protect user health and safety and control air pollution

.

cation Administration — as well as the States
must give it much stronger administrative and
budgetary support. In addition, there should
be less emphasis on large-scale, isolated sys-
tems such as tree farms, and more on smaller,
integrated arrangements in which energy is not
the sole product. This is true of most bioenergy
systems-–biogas production can be part of a
dairy operation, ethanol distillery byproducts
can be fed to animals. Wood is no exception.
Broadly speaking, these new priorities in research
and administration are a precondition to the suc-
cessful implementation of most of the specific ini-
tiatives listed below.

Although one of the attractive characteris-
tics of wood energy is that combustion tech-
nologies of various kinds are already in use

.
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and widely understood, a number of areas re-
main in which R&D can make an important
contribution. Five areas, in particular, still re-
quire this kind of support: 1 ) wood-harvesting
technology and demonstration, 2) wood gasifi-
cation technology and demonstration, 3) basic
research on the thermochemistry of biomass,
4) development of fast-growing, high-yield
plant hybrids as fuel sources, and 5) research
on the conversion of wood and Iignocellulosic
materials to ethanol. Specialized timber har-
vesting for wood energy is new to most energy
users, and experimentation with different har-
vesting strategies and with machines that can
harvest timber efficiently and safely in dif-
ferent kinds of terrain and at greater distances
from roads, is needed. Also, harvesting pro-
grams to demonstrate the costs and benefits of
different patterns of wood collection would
provide useful information, especially to those
contemplating large-scale conversion alterna-
tives.

Perhaps the most important single technical
contribution to the expansion of wood energy
use would be the development of reliable close-
coupled, airblown, intermediate-Btu gasifiers. De-
scribed at greater length in volume I I of this re-
port, this technology is critical because it can
be used to produce process heat for industry
(an option for which direct combustion is not
suited), and would al low many current users of
oil and gas to convert to wood at about two-
thirds the cost of a new wood boiler, while re-
taining the flexibility to switch back to oil or
gas if necessary. This might make wood energy
attractive to a broad range of investors whose
businesses are located close to wood resources
but who are reluctant to commit themselves at
high cost to an uncertain source of supply.
Although working gasifiers have been built in
the past, they need further development to
meet the needs of potential users for commer-
cial purposes.

Research on the thermochemistry of wood,
also treated in volume II of the report, is
needed for possible technical improvement
across the whole range of biomass combustion
and gasification technologies, as well as fuel
and chemical synthesis.

The Resource Base: Establishing a
Secure Fuel Supply While

Protecting the Forests

One of the principal obstacles to wood ener-
gy outside the forest products industry is the
absence of an established wood fuel supply
and delivery infrastructure. The adoption of
new energy technology is often contingent on
the investor’s sense of confidence regarding
long-term reliability of supply at predictable
costs. Such confidence is unwarranted in most
parts of the United States today.

The Government might take a number of
steps to improve the supply outlook. To begin
with, improved inventories of wood resources
are needed in most areas. As the demand for
biomass grows, it becomes increasingly impor-
tant to be able to assess total wood inventory
and wood growth with more precision than is
poss ible today. The Forest Service Survey
should be redesigned to provide a census of
forest inventory and forest growth by species
and qualities on a whole-stem biomass basis
not obscured by arbitrary assumptions con-
cerning forest use standards and thresholds of
commerciality. In addition, it would appear
advisable for the Government to: 1 ) improve
the census of forest product use to include
wood used for industrial, commercial, and resi-
dential fuel; 2) improve the specification, clas-
sification, and census of wood residues, in-
cluding silvicultural, harvesting, and manufac-
turing residues; and, 3) carefully explore the
theoretical feasibil ity of multiple use forest
management that includes fuel as one of the
management objectives.

In those regions where the Federal and State
governments are major owners and managers
of forests, the management agencies might fur-
ther encourage the establishment of a fuel sup-
ply industry by actions such as providing pro-
gram funds to support the establishment of
concentration yards. In the case of utilities and
large institutional energy consumers, the Gov-
ernment might make available a guaranteed
supply of fuelwood from publicly owned for-
est material, logging slash, and the woody resi-
dues of site preparation, fire prevention, and
stand improvement measures. National forest
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decisions regarding the supply of wood can be
expected to affect the overall wood market,
and policies must be designed with this in
mind. In particular, it is important that the Forest
Service assess its current and future timber sales
procedures to determine possible impacts of
pricing policies on the market for wood energy
and on incentives for forest management in the
private sector.

Public forests, because of their size and the
ability of management to make discrete inven-
tories and plans, offer excellent opportunities
in all regions of the United States to design and
implement fuelwood use and forest growth pi-
lot projects that can be evaluated for wider
private sector adoption. Finally, there are
many incentives that might be adopted to sup-
port commercial wood supply systems in the
private nonindustrial forestlands. Direct and
indirect help in financing timber harvesting (or
the purchase of mechanized harvesting equip-
ment), or incentives for forest-thinning ac-
tivities with the provision that the wood resi-
dues be used for energy and the harvest plan
be approved by qualified experts, are but two
examples. Also worth considering are educa-
tional programs to improve logger efficiency in
conducting integrated harvest operations. Ex-
perience in New England has shown that one
of the most significant factors in determining
the economic viability of harvesting low-qual-
ity material with mechanized equipment is the
skill of the logging foreman in planning and ex-
ecuting the cut. One way to approach this is
the staging of demonstration harvests to pro-
vide loggers with an opportunity to see well-
executed operations and to show landowners
the variety of possible management strategies
for their forests.

The options described above would help to
establish a reliable wood fuel supply infra-
structure. In doing so, however, it is critically
important that the protection and improve-
ment of the forest resource be assured. In-
creased demand for wood energy might lead to
more intensive and effective forest manage-
ment that actually would increase the quality
and quantity of timber resources. Unfortunate-
ly, it is by no means clear that such manage-
ment will occur automatically, or in a uniform

manner, everywhere in the country. A key un-
certainty here is the unpredictable behavior of
the 4.5 million private, nonindustrial woodlot
owners who control 58 percent of the forest-
Iand and whose resources will be vitaI to wood
energy supplies. Most of these individuals lack
the expertise to make environmentally sound
forest management decisions, and it is unclear
how they will respond to increasing incentives
to manage their lands for wood fuel.

Moreover, economic incentives do not al-
ways favor sound forest management. Al-
though the absence of such management may
damage forest productivity, landowners must
have extremely long planning horizons in order
to consider this damage when short-term eco-
nomic pressures often favor cutting on vulner-
able lands or with environmentally damaging
techniques.

Other factors that will affect proper forest
management include weak regulatory incen-
tives, the often short Ieadtimes for selecting a
logging site and harvesting techniques, the
large number of relatively small sites that will
make careful implementation, monitoring, and
enforcement difficult, and the nature of the
potential environmental damage, which does
not lend itself to relatively simple technologi-
cal controls or process changes.

There are a number of avenues available for
environmental control in forest management.
These include both preventive measures that
are implemented before any impacts can oc-
cur and mitigative controls that alter the eco-
system response to impacts. *

On national forest lands, the existing pol-
icies described above might be expanded to
encompass intensive resource management for
energy. The primary legislative change that might
be considered is including fuel as one of the
statutory forest uses under the Multiple Use Act.
This would remove any potential obstacles to
including wood energy supplies in other forest
management directives and regulations, in-
cluding those that implement NE PA. However,
the degree to which Forest Service practices
conform to existing directives is unclear. Addi-
tionally, even though sound management tech-

*Se~ “Re\ource Base”  In VOI II

.
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niques may be included in an E I S filed under
NE PA, there is no assurance that the specified
techniques will be followed.

Forest management practices on State and
private lands are more diff icult to control at
the Federal level. Where these activit ies are
part of a comprehensive Federal program (e. g.,
incentives for wood energy use) management
plans could be made a precondition of partici-
pation, and an E IS could be required for the
entire program. However, just as management
decisions on national forests often are made.
on a site-specific basis in accordance with
general guidelines, techniques for controlling
environmental impacts on non-Federal forest-
Iand also need to be tailored to a specific site.

In addition, federally mandated controls
would be most effective if they were imple-
mented throughout the forestry system rather
than only on lands supplying wood for energy.
That is, incentives that are tied only to fuel-
wood would be difficult to enforce without
continuous supervision of logging because it
wouId be nearly impossible to prove what
wood came from which land once it had been
cut. I n addition, if the environmental sensitivi-
ty of the land is the only variable (and not the
kind or quality of timber), forest landowners
would just shift their wood fuel activities to
less sensitive lands.

At the State and local level, environmental
cont ro ls  cou ld  be implemented through log-
ging permit schemes tied to forest manage-
ment plans. Such schemes might include feder-
alIy assisted education and demonstration pro-
grams. Again, these controls would be easier to
implement and enforce if they apply to all for-
estIand.

Finally, as discussed above, vigorous State
. and local implementation of section 208 of the

Clean Water Act could be a powerful tool in
controll ing nonpoint source pollution from
logging, but due to a variety of factors it is un-
likely that this will occur.

Energy Conversion: Managing
Uncertainty

Assuming that policies designed to protect
and enlarge the resource base and to encour-

age the harvesting, transport, and marketing of
fuelwood are adopted, a number of obstacles
remain that prevent potential users from con-
verting to wood energy. In many cases, remov-
al of these requires only minor adjustment in
policy or program emphasis. One such obsta-
cle, for example, is the lack of public informa-
tion concerning technologies and their appli-
cations. Another is continuing uncertainty
about future Government regulations related
to health, safety, air quality, and similar issues.
A continued expansion of Government informa-
tion dissemination activities, along with the prep-
aration and distribution of accurate and under-
standable environmental monitoring and equip-
ment test data, plus rapid setting of regulatory
standards would be helpfuI in dispelIing some
of this uncertainty. In the residential heating
sector, for example, there is a need for accu-
rate information regarding the safety, efficien-
cy, and proper installation and operation of
wood stoves and fireplace inserts, and for clear
guidance regarding emission standards. Al-
though wood stoves are already economical in
many parts of the country, the provision of an
investment tax credit for this equipment, as
well as for wood furnaces, would speed the ex-
pansion of wood use in home heating.

For those forest products firms with excess
energy resources (i. e., with more residues than
needed for onsite power), cogeneration to pro-
duce electricity as well as steam may be an
economically attractive alternative. Unfortu-
nately, cogeneration often is impeded by utili-
ty pricing policies in which backup energy is
sold at very high prices, while energy from
sources such as cogenerators is purchased at
very low prices. Although this problem is ad-
dressed in the National Energy Act of 1978, it
will take a long time to change rate structures
and more regulatory support for cogeneration
is needed.

In the commercial/industrial sectors, the
high capital cost of wood combustion equip-
ment is a barrier that can be addressed by the
provision of tax credits–some already have
been authorized, but are not widely used-–
loan guarantees, and accelerated depreciation
allowances. Wood-fired systems generally re-
quire three to four times the capital of com-
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parable oil-fired systems. It would appear that
small- and medium-sized businesses, especial-
ly, would be able to benefit greatly from such
incentives.

Still another problem for businesses consid-
ering adding large-scale wood-fueled gasifiers
to an oil- or gas-fired boiler is the possibility
that, as a result of fuel-switching regulations of
the National Energy Act, switching back might
be prohibited. If this is the case, turning to
wood could decrease fuel stream flexibil ity
and increase uncertainty.

Most prospective wood energy users outside
the forest products industry also would benefit
from a carefully designed program of techni-
cal assistance. Such a program would provide
basic information and help those interested
work their way through the many complicated
steps involved in a decision to convert to
wood. This might include assistance with a re-
view of the technology, an assessment of re-
source inventories, an investigation of applica-
ble Federal and State subsidies and incentives,
and perhaps even help with the preparation of
engineering plans. Forgivable loans to small-
and medium-sized businesses as well as to
smal l  ut i l i t ies for  convers ion studies also
would be of assistance. These loans might be
repaid from investment funds if a decision is
made to go ahead, and be forgiven if the proj-
ect should prove unfeasible.

Finally, wood combustion can be an impor-
tant source of local air pollution. The regula-
tory structure of the Clean Air Act in regard to
stationary sources is described in “Alcohol
Fuels. ” However, most wood-fired equipment
will be too small to be affected by Clean Air
Act requirements and legislative or regulatory
action to reduce emissions may be required as
more homes and businesses turn to wood fuel.
The easiest option to implement would be New
Source Performance Standards for small wood
combustion equipment. However, this option
overlooks the substantial number of combus-
tion facilities already in place. In addition,
regardless of how emission Iimits are imple-
mented, they will be difficult to monitor and
enforce due to the great number of dispersed
sources.

What impact would these policies have if
adopted? The answer is unclear because the
uncertainty about key aspects of the wood en-
ergy system simply is too great. OTA is confi-
dent about the estimate that 4 to 5.5 Quads/yr
of energy from wood will be used annually by
2000, but this represents mainly a projection of
current trends. If the forest products firms con-
tinue to grow and move toward energy self-suf- -
ficiency, as much as 4.5 Quads/yr are likely to
be derived from wood in that sector. OTA also
is confident that the resource base, with prop-
er management, is large enough to sustain en- -

ergy production in the 6- to 10-Quad/yr range
by 2000 or sooner. But important uncertainties
remain, and it is critical that these be acknowl-
edged and incorporated in policy decisions af-
fecting wood.

Only one technical question appears to be
crucial at this point: whether a reliable gasifier
can be developed and marketed in the near fu-
ture. Other technical innovations may help
speed the use of wood for energy, but do not
appear as important in capturing an entirely
new set of users for this resource. The reason is
that gasifiers can be used for process heat and
give fuel-switching flexibility that is essential
in the absence of certainty regarding future
wood supplies. In addition, gasification would
require less initial investment than direct com-
bustion. Clearly, therefore, this represents a
bottleneck that should be addressed as quickly
as possible if a greater use of wood energy is
desired. The nontechnical uncertainties are
more difficult because they have to do mainly
with the behavior of diverse groups of pro-
ducers and consumers and with the operation .
of complex, multi sector markets.

Perhaps the most important uncertainty con-
cerns the crosspoint between wood consump- “
tion and forest depletion. Growth in depend-
ence on wood for energy will mean drawing
heavily on the 283 million acres of forests now
in the hands of many small- and medium-sized
woodlot owners, but very little is known about
their management objectives, about how they
might respond to incentives to manage their
land, harvest wood, and so forth. Currently
large proportions of wood used for fuel in
residences are cut with Iittle or no professional
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guidance. Although it may seem economically
sensible from a long-term perspective for these
owners to manage their resources carefully, it
is entirely possible that growth in demand fo r
wood fuel and a desire to maximize short-term
profits will lead to regional or local deforesta-
tion as well as an overall decline in the quality
of national forest resources. For this reason,
and because an increase in the resource base
should, if at all possible, parallel the growth of
wood energy use, policies to enlarge Govern-
ment support for forest management activities

. wouId appear prudent despite the uncertain-
ties listed here. Programs with this objective
can always be phased out if private initiatives
appear adequate, whereas a lack of adequate
forest management would decrease the energy
potential obtained from wood and could cause
significant environmental damage.

If the forests are more intensively managed,
the overal l  character  of  these lands wi l l
change. Extensive management would alter the
physical appearance of woodlands and trans-
form the mix of wildlife supportable by forest
ecosystems. To a degree, it is possible to grasp
these changes by observing the character of
woodlands in parts of Europe where intensive
forest management has been practiced for
many years.

Finally, there remains a broad range of mar-
ket uncertainty that stems from the possibility
of changes in the prices of petroleum and nat-
ural gas and from continuing competition with
nonenergy uses of wood and land. It is quite
possible, for example, that as larger amounts
of wood are cut, the nonenergy uses for incre-
mental wood supplies may grow more attrac-
tive economicalIy, resulting in far less conver-
sion to wood energy than might otherwise be
expected. Because feedstock costs are such an
important part of biomass energy system costs,
the continuing possibil ity that wood prices
may rise wiII tend to dampen enthusiasm for
this energy source outside the forest products
industry.

To summarize, all these uncertainties make
it difficult to predict with any precision or con-
fidence either how much energy will be pro-
duced from wood with the adoption of even

vigorous promotional policies or the full con-
sequences of the success of such policies for
the environment and nonenergy wood mar-
kets, This conclusion, in turn, suggests several
important principles that should be considered
in the formuIation of wood energy policies.
First, legislators should acknowledge the uncer-
tainty about the effectiveness of policy initiatives
at the outset by making their commitments tenta-
tive and by including in legislation, where appro-
priate, requirements for subsequent assessment
of results. Sunset provisions, price and quantity
thresholds for subsidies and incentives, statu-
tory requirements for review of existing pol-
icies, and similar provisions might contribute
to this goal. For example, policy makers might
require a formal review of the wood energy
system, the condition of the forest resource,
and the need for continued incentives for con-
version to wood when 5 Quads/yr of wood en-
ergy are being consumed. Second, the United
States should s imultaneously monitor  with
great care the responses to promotional pol-
icies and other regulations in order to detect
problems and unanticipated impacts. Continu-
ous monitoring of the condition of the forest
resources, the kinds of technologies being de-
ployed, and the environmental and social im-
pacts of wood energy use, is essential.

As this report has tried to emphasize, the
possible problems and costs associated with
increasing reliance on forest resources are not
as well understood as the benefits. I n general,
these appear to be manageable but are of the
kind that are often neglected until it is too late,
The broad tendency in the United States, when
the goal is perceived to be that of “commer-
cializing” an economic activity, has often
been to piece together a rough package of
loosely related incentives and then to assume
that the problem has been solved, Wood ener-
gy, like all biomass energy systems, requires
not a solution but a long-term commitment to
the management and guidance of interdepend-
ent systems of economic activity. This, in turn
demands careful orchestration of incentives,
controls, and regulations, along with constant
monitoring of the consequences of policy
choices.
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Alcohol Fuels

Introduction

Biomass has become the object of wide-
spread public and legislative interest because
it is the only source of Iiquid fuels from solar
energy produced with available technology. As
noted in chapter 4, the largest potential source
of alcohol fuels is methanol from wood, grass
and legume herbage, and crop residues. If
managed properly, these feedstocks can be ob-
tained with a minimum of environmental dam-
age or disruption of existing markets. Ethanol
from grain and sugar crops represents a much
smaller potential source of liquid fuels. How-
ever, ethanol is likely to remain important for
at least the next decade as a means of diversi-
fying domestic energy sources and as a tran-
sitional fuel until other synfuels become com-
mercial.

A number of technical and policy con-
straints could limit the commercial production
and use of alcohol fuels, and policy support
wilI be needed if these fuels are to make a
significant contribution to domestic energy
supplies. I n the short term, the limiting factors
include the long Ieadtimes for constructing
new distilleries and for converting idle capaci-
ty, the need to demonstrate conversion tech-
nologies using cellulose feedstocks, and the
lack of a reliable feedstock supply infrastruc-
ture. I n the long term, alcohol fuels production
could be limited by competition with other
synfuels for investment capital and by compe-
tition with feed and food. Other issues sur-
rounding ethanol from grain and sugar crops
include its net energy balance as welI as its po-

tential for environmental damage and for sig-
nificantly altering the focus of agricultural reg-
uIation.

.
Policy makers might also promote onfarm

and other small-scale operations that would
contribute to l iquid fuel self-sufficiency in
agriculture and other sectors. Onfarm distill a- -
tion may be inhibited in the short term by its
cost (especially relative to the subsidies for
gasohol sold at the pump), the lack of relative-
ly automatic inexpensive distilling equipment,
and farmers’ lack of technical knowledge. in
addition, onfarm use would mean sacrificing
the value of ethanol as an octane booster in
gasoline. Once farmer acceptance has been
achieved, however, the cost or labor may
become secondary to the value of some degree
of fuel self-sufficiency.

The policy context for alcohol fuels is very
broad, encompassing forestry, agricultural,
revenue, energy, and environmental policies.
This section analyzes policy considerations
related to the production of grain and sugar
crops for ethanol and to the conversion and
use of all alcohol fuels. Policy related to sup-
plies of wood and grasses and residues is dis-
cussed in other sections of this chapter. Be-
cause ethanol from grain and sugar crops has
attracted such widespread attention, and be-
cause it has potentially severe environmental,
institutional, and economic consequences, its ,
policy implications are discussed in greater
detail than is the case for the other fuel cycles.

Resource Base

Several hundred million gaI/yr of ethanol stock supplies are managed carefully, grain-
could be produced from sugar and starch based ethanol might disrupt the complex and
crops and food wastes without expanding crop highly regulated agricultural economy and
acreage or withdrawing grains from traditional could result in environmental degradation. To
markets. Production beyond this level, how- some extent, these problems can be avoided in
ever, wouId require cuItivating additional acre- the market or under current agricultural and
age or diverting supplies from traditional do- environmental policies. In some instances,
mestic and international markets. Unless feed- however, new policies will be necessary.
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.

Current Agricultural Policy

Since the 1700’s, American farmers have
been dissatisfied with the prices of agricultural
commodities that resuIt from free competitive
market conditions. After World War 1, farm
prices and income were low, and farmers be-
gan to turn to the Federal Government for
price supports and controls on surpluses. Dur-
ing the 1920’s, Congress twice passed legisla-
tion designed to subsidize grain exports, but
President Coolidge vetoed it both times be-
cause he believed foreign nations would take
retaliatory steps. 4

In 1929, under President Hoover, the Federal
Farm Board was established to administer a
program of “orderly marketing” based on stor-
ing surplus grain that was depressing grain
prices. Although the grain was stored, the pro-
gram failed, partly because grain supplies re-
mained uncontrolled and partly because the
anticipated increase in demand did not materi-
alize due to the depression. 5 I n 1933, the Feder-
al Farm Board was replaced by the New Deal
production control, price support, and storage
programs. This basic regulatory structure, with
the addition of export subsidies, continues to-
day in order to balance the supply and demand
of agricultural commodities, maintain farm in-
come, and ensure reasonable prices for con-
sumers.

The present form of these programs was es-
tablished under the Food and Agriculture Act
of 1977 (Public Law 95-1 13), one of the most
comprehensive pieces of farm legislation ever
passed by Congress. Under this Act USDA esti-
mates the acreage required to meet domestic,
export, and inventory needs for a crop year.
This “national program acreage” is then di-
vided by the estimated national acreage har-
vested for each basic commodity (corn, cot-
ton, peanuts, rice, tobacco, and wheat) in
order to arrive at an allocation factor that is
used to determine individual farm program
acreage. Since early in 1980, the national pro-
gram acreage allocation has included pro-

4 S Harber,  et al , The Pofent/al 01 Procjucing Energy From Agr/-

culfure, contra{  tor report  to OTA, May 1979
‘Marion Claw~on,  Po/Icy  Dlrecllon$ Ior  U S Agr~culfure (Baltl-

mort~, Md  The Johns Hopk in~ Press, 1968)

jected demand for alcohol fuel feedstocks.
Farmers who agree to limit their production to
the allotted acreage are eligible for a variety of
economic programs including price supports,
loans, and other payments. The production
control and income support programs are de-
scribed below in order to establish the policy
context within which ethanol feedstock pro-
duction must be integrated.

Production Controls

If ethanol production is to be increased by
bringing additional acreage under intensive
cultivation, the acreage most Iikely to be used
first is the land under production controls. The
USDA programs designed to control produc-
tion by enforcing the individual farm acreage
allotments include set-aside lands, diverted
cropland, and the cropland adjustment pro-
gram.

The set-aside approach was initiated under
the Agricultural Act of 1970 (Public Law 91-
524), which required farmers to remove a per-
centage of their acreage from production and
devote it to approved conservation uses in
order to be eligible for other farm support pro-
grams, including loans and other payments.
Farm operators must meet the set-aside re-
quirements for all crops (“cross compliance”).
Thus, if farmers grow both wheat and feed
grains, they must participate in both set-aside
programs to receive benefits from either. Farm
operators who agree to reduce their acreage by
10 to 20 percent are guaranteed a slightly high-
er price for their crops than farmers who do
not participate in USDA programs. In 1978
there were 13.3 million acres in the set-aside
program, but the amount of set-aside acreage
varies annualIy.

Farm operators also may divert other lands
to approved conservation uses in return for ad-
ditional payments under several USDA pro-
grams. In years when the demand for a basic
commodity (such as wheat or feed grains) is
projected to be relatively low, or when re-
serves are high, farmers may voluntarily divert
acreage to conservation uses in return for
diversion payments. Approximately 5 million
acres were under cropland diversion in 1978;
again, the acreage varies annualIy.



158 . Energy From Biological Processes

As mentioned above, agricultural policy re-
quires set-aside and diverted lands to be con-
verted to “approved conservation uses. ” In
practice, there is a wide range of such uses;
some would conflict with ethanol feedstock
production while others specifically provide
for it. In general, set-aside and diverted acre-
age must be devoted to crops or practices
(such as grasses and legumes, small grains,
trees or shrubs, terraces and sod waterways,
and water storage) that will protect the Iand
from wind and water erosion. Both set-aside
acreage and diverted lands also may be de-
voted to wildlife food plots or habitat or to
public recreation in accordance with stand-
ards developed by USDA in consultation with
other agencies. Government assistance often is
available to help defray the costs of these ac-
tivities.

Moreover, under the Emergency Agricultur-
al Act of 1978 (Public Law 95-279), USDA may
permit all or any part of the set-aside or di-
verted acreage to be used to produce any com-
modity (other than the commodities for which
acreage is being set-aside or diverted) for alco-
hol fuel feedstocks. This energy use of diverted
and set-aside lands is permitted under the Act
if USDA determines that the production is de-
sirable in order to provide an adequate supply
of Iiquid fuels and is not Iikely to interfere with
the other goals of farm programs. Participating
farmers would continue to receive set-aside
payments for these lands. During years in
which there is no set-aside or acreage diversion
requirement, the Act authorizes USDA to for-
mu late and administer a program for the pro-
duction of commodities for liquid fuels. Under
such a program, producers of wheat, feed
grains, upland cotton, and rice would receive
incentive payments to devote a portion of
their acreage to energy crops. The amount of
these payments would be determined by the
degree of participation necessary to ensure an
adequate supply of commodities for l iquid
fuels. However, this program has not been im-
plemented by USDA.

The third production control is the cropland
adjustment program. It was authorized by the
Food and Agriculture Act of 1965 to reduce the
costs of farm programs; to assist farmers in

converting their land to nonagricultural uses to
promote the development and conservation of
soil, water, forest, wildlife, and recreation re-
sources; and to establish, protect, and con-
serve open spaces and natural beauty. Under
the cropland adjustment program, farm oper-
ators entered into 5- to 10-year contracts to
maintain conservation practices on land taken
out of production. I n issuing these contracts,
USDA gave priority to practices most Iikely to
result in permanent conversion of the land to
nonagricultural uses. I n 1976, 1.2 milIion acres
remained under cropland adjustment program
contracts.

Income Support Programs*

Many proponents of gasohol argue that it
would increase commodity prices and thus
farm income, and therefore would be a boon
for farmers. In order to assess this argument, it
is necessary to understand USDA programs re-
lated to basic commodity prices (corn, cotton,
peanuts, rice, tobacco, and wheat). The agri-
cultural programs designed to protect farm in-
come and consumer interests are price sup-
ports, direct income and deficiency payments,
loans, and disaster payments.

A target price is used as the basis for pro-
viding farmers with direct income payments
that vary inversely with the market price.
Target prices are determined annually from
USDA estimates of production costs (exclud-
ing land) and of returns to management. When
the average market price received by farmers
during the first 5 months of the marketing year
is less than the target price, eligible farmers
receive deficiency payments based either on
the difference between the two prices or the
difference between the target price and the
support price, which is determined by the loan
rate at which farmers can borrow on their crop
production. In practice, the loan rate becomes
a price floor below which the market price is
unlikely to fall, because the Government loan
effectively eliminates financial pressure on the
farmer to sell at any price.

To obtain a USDA nonrecourse loan, the
farm operator pledges a specified amount of

*Much of the discussion In this section IS from S Barber, et al ,
Op Clt

.
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his crop as collateral. The amount of the loan
is equal to the loan rate (or support price)
times the quantity of crop pledged. At the end
of the loan period (9 to 12 months) the farmer
may either repay the loan with interest or
forfeit the stored crop. Farmers may extend a
nonrecourse loan and receive a prepaid stor-
age payment by signing a 3-year contract to
enter the farmer-held reserve program. Under
this program, the farmer agrees to hold the
crop for the contract period or untiI the market
price reaches the release level (140 percent of

. the loan rate for wheat and 125 percent of the
loan rate for corn). The farmer only pays in-
terest during the first year of the contract at 7
percent. Farmers can release the grain earlier
by paying a penalty.

Finally, payments are available when natu-
ral disasters either prevent normal planting
operations for basic commodities or result in a
harvest of less than 60 percent of normal pro-
duction. The disaster payment rate is 50 per-
cent of the target price for the deficit of pro-
duction below 60 percent of normal.

Operation of the current farm price and in-
come program under three circumstances is il-
lustrated in figure 37. In part A, the market
price is above both the target price and the
loan rate. In this situation, farmers would sell

their crops in the market, no loans would be re-
quested, and no deficiency payments would be
made. I n part B, the market price is below the
target price but above the loan rate. Under
these circumstances, producers would not
elect to take the nonrecourse loan but would
receive a deficiency payment equal to the dif-
ference between the target price and the mar-
ket price times the production from program
acreage. In part C, the market price is below
both the target price and the loan rate. In this
situation, farmers probably would take advan-
tage of the nonrecourse loan program, which
would increase their crop revenue, and they
would receive an additional deficiency pay-
ment on their program acreage equal to the
difference between the target price and the
loan rate times the program acreage.

The current farm programs have two main
effects. First, the deficiency payments repre-
sent an income transfer from the general pub-
lic to farmers; they have little effect on market
prices. Second, the loan program operates as a
price support that tends to increase prices to
consumers up to the level of the loan rates and
transfers income from consumers to farmers.
Thus, the current program splits the incidence
of  income t ransfer  between consumer  pay-
ments (if the market price is below the loan

Figure 37.—Operation of the Current Farm Program

A

Pm

P,

P,

P m = average Q a
= program

market price acreage production

P, = target price Qb = total production
PI = loan rate

SOURCE S Barber, et al The Potential of Producing Energy from Agriculture contractor report to OTA May 1979
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rate) and general tax revenues (for deficiency
payments).

Reserves and Exports

Agricultural policy also provides for storage
and export of commodities— both potential
sources of alcohol fuel feedstocks. Strategic
reserves are maintained as part of the general
agricultural programs. The sources of reserves
include farmer-held reserves and production in
excess of farm marketing quotas for basic
commodities. As discussed above, farmer-held
reserves are stored under contract and re-
leased for sale on the market at a specified
time. Under the market quota programs for ba-
sic commodities, when production exceeds the
farm allotment the farmer stores the excess
and uses it the next year to offset the farm
allotment for that year, or the Commodity
Credit Corporation (CCC) may acquire the ex-
cess as part of its strategic reserve. [n general,
the reserves are used in disaster relief and wel-
fare assistance or as a hedge against future
supply deficits.

Agricultural policy also encourages the ex-
pansion of international trade to use the abun-
dant U.S. agricultural productivity to aid the
balance of payments. In 1978, for example,
agriculture had a favorable trade balance of
$13 billion. Moreover, concessionary commod-
ity exports are subsidized by the Federal Gov-
ernment to provide assistance to developing
countries.

Research, Education, and Extension

In addition to the regulatory programs dis-
cussed above, USDA also sponsors research,
education, and extension service programs
that could affect the production of energy
commodities.

The Agricultural Research Service supports
basic and applied research in a number of
areas including plant sciences, entomology,
soil and water conservation, and agricultural
engineering. The Cooperative State Research
Service (CSRS) administers congressionally
mandated research in the State Agricultural
Experiment Stations. Several of the research
programs sponsored by these agencies could

affect bioenergy, including research in crop
productivity, and processing, storage, and dis-
tribution efficiency. CSRS also administers
special grants to develop solar technologies
that can be used in modern farm operations.

The Agricultural Extension Service and SCS
inform farmers of the results of agricultural
research.  The Extens ion Serv ice,  through the ~
land grant colleges, gives instruction in agricul-
ture and related subjects and encourages use
of the information by people not attending the
coIIeges through demonstrations, publications,
and direct farm visits. In addition, the Exten-
sion Service conducts a model farms program
that includes demonstrations of the effective
use of solar energy in agricultural operations.
SCS works with county Soil and Water Conser-
vation Districts (SWCDs), watershed groups,
and Federal and State agencies with related re-
sponsibilities to bring about physical adjust-
ments in land use that will conserve soil and
water resources and protect long-term agricul-
tural productivity.

Finally, the Economics, Statistics, and Coop-
eratives Service performs studies to support
cooperative groups that market farm products,
purchase production supplies, etc. Technical
assistance is available to farmers on organiz-
ing new cooperatives, improving cooperative
performance and efficiency, and related busi-
ness services.

Agricultural Policy Options

As already indicated, if the United States de-
cides to aggressively promote ethanol from
grain and sugar crops as a means of increasing “
domestic energy supplies, distillery demand
for feedstocks must be integrated into the
agr icultural  economy without subvert ing the -

goals of the existing policies described above
(table 20). There are three main sources of dis-
tillery feedstock supplies (see ch. 4): diverting
commodities from export or other markets to
distilleries, bringing currently idle and poten-
tial cropland into production, and changing
the mix of crops currently grown and refor-
mulating animal feed. Each of these supplies
can be provided either by modifying agricul-
tural policies or by maintaining current policy
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Table 20.—Policy Options: Alcohol Fuels
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Action Objective
. . . . . , ., . . . --- . . . ,Include alcohol fuel feedstock demand in USDA national
program acreage allocation
Divert limited quantities of feedstocks from export, feed,
and other markets
Direct or indirect support for domestic sugar crops used
as alcohol fuel feed stocks
Direct or indirect support for new cropland planted in
alcohol fuel feedstocks
Strengthen support for onfarm and cooperative storage

Monitor grain ethanol production and grain prices and re-
evaluate incentives as distillery capacity increases
Provide production tax credits for all alcohol fuels

Implement section 208 of the Clean Water Act

Expand farm information, education, and support programs
on soil conservation
Require approved conservation plans for all cultivated lands

Program support for alcohol fuels used as octane-boosting
additives in gasoline
Simplify BATF regulations for alcohol fuel producers
Use gasoline tax revenues to support new alcohol fuels pro-
duction capacity
Direct and indirect support for onfarm and cooperative
alcohol fuel production
Support distilleries that convert from grain to cellulosic
feed stocks
Limit number of BATF permits for grain ethanol production
Extend auto warranties to include methanol-gasoline
blends and straight alcohol fuels
Provide long-term gasoline supply guarantees to alcohol
fuel-gasoline blenders
Provide long-term supply guarantees for auto fIeets

Require grain ethanol distilleries to use coal, biomass,
solar, or other non premium boiler fuels
Study liquid fuels system vis-a-vis methanol

R&D; Develop high-yield crops that do well on land poorly
suited to food crops
R&D: cellulose-to-ethanol

R&D: Develop inexpensive, safe, highly automated small-
scale stills, including the capability to produce dry ethanol
and dry distillers’ grain, and to use a wide range of feed-
stocks
R&D: demonstrate herbage-to-methanol processes

-——
SOURCE Off Ice of Technology Assessment

and using end-use subsidies such as the Federal
excise tax exemption to modify market forces
in  agr icu l ture. Both options are discussed
below. A subsequent section outlines market
and regulatory options for controll ing the en-
vironmental impacts that could result from the
production of grain ethanol. The reader should
keep in mind that maintaining long-term stability
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Expand feedstock supplies; integrate feedstock supply into
agricultural production system
Expand feedstock supplies; protect commodity prices

Expand regional feedstock supplies; support domestic
sugar producers
Expand feedstock supplies; increase farm income

Maintain the ability to moderate short-term supply deficits
for all grain consumers
Determine correlation between grain ethanol and inflation
in food prices; protect consumer prices
Equalize tax treatment between ethanol and methanol and
between private and commercial production; stimulate
alcohol fuel use
Control agricultural non point source pollution; protect
long-term agricultural productivity
Reduce soil erosion; protect long-term agricultural produc-
tivity
Reduce soil erosion; protect long-term agricultural
productivity
Increase displacement of premium fuels

Reduce cost of alcohol fuels; encourage production
Encourage gasoline conservation; increase alcohol fuels
supplies
Increase agricultural and rural liquid fuel self-sufficiency

Reduce potential for food-fuel competition

Reduce potential for food-fuel competition
Reduce consumer risks; encourage alcohol fuel use

Increase alcohol fuel use

Increase alcohol fuel use; provide controlled situation for
studying fuel effects on autos and emissions
Maximize premium fuel displacement

Determine most economic strategies for using methanol to
displace oil
Increase feedstock supplies; reduce potential for food-fuel
competition
Expand alcohol fuel supplies; reduce potential for food-fuel
competition
Decrease the cost and increase the use of alcohol fuels on
farm; increase agricultural and rural liquid fuel self-
sufficiency

Expand alcohol fuels supplies; reduce potential for
food-fuel competition

— — .

and productivity in agriculture will require an in-
tegrated approach that combines agricultural,
energy, and environmental policy initiatives.

If current production of grain and sugar
crops for feed were diverted to distilleries, it
would yield substantial quantities of ethanol
(up to 30 billion gal/yr, more than half of it
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from corn). Although it is highly unlikely that
this much grain ethanol would be produced at
the expense of traditional agricultural prod-
ucts, OTA’s analysis indicates that as much as
1 billion to 2 billion gaI/yr could be produced
without significantly inflating food prices.

Part of this 1 billion to 2 billion gal/yr would
come from the diversion of commodities from
export markets. This could be done either by
USDA or through other political diversions
such as the recent Soviet grain embargo, or
could result  f rom dist i l lers  outbidding ex-
porters. The former would make it easier to
control the amount of grain diverted. The lat-
ter would be limited by how much distillers
can afford to pay for feedstocks in order to re-
main in operation. Given the profitability of
producing fuel ethanol with current subsidies,
the latter market limit may be high, and before
it is reached, the price of grain feedstuffs in ex-
port markets could increase—or grain exports
decrease — substantialIy.

Reducing commodity exports or increasing
their price in order to augment U.S. energy sup-
plies could result in adverse responses from
importing countries. Furthermore, the resulting
reduction in oil imports would not necessarily
represent a net gain in the balance of trade if
commodity exports also are reduced. That is,
there is a relative economic advantage in ex-
porting $2.50/bu corn and importing oil until
the price of oil reaches $40 to $45/bbl.

An alternative source of feedstocks for grain
ethanol would result from farmers substituting
one crop for another and reformulating animal
feed. Again, crop switching could be accom-
plished within the framework of the existing
national program acreage allocation or could
occur in response to higher prices for distillery
feedstocks. The primary constraints on crop
switching are limits on the degree to which
animal feed can be reformuIated and still re-
tain its nutrit ive value, and the amount of
cropland that is suitable for switching to corn
or other ethanol feedstock cultivation.

Finally, it has been suggested that sugar
crops could be used for fuel ethanol feed-
stocks. Although total domestic sugar produc-
tion would yield only about 800 mill ion gal/yr

of ethanol at a significantly higher cost than
ethanol from corn, the United States is the
world’s largest raw sugar importer and the
domestic industry currently is depressed due
to rising land, labor, and other expenses. The
Department of Labor estimates that 4,500
sugar workers have been laid off in the past 3
years, b while the General Accounting Office
reports that substantial defaults on Govern-
ment loans to domestic sugar producers are
occurring as a result of low-cost sugar im-
ports. ’ The domestic price of sugar is higher
than the world price due to import tariffs and
other price supports designed to protect do-
mestic producers. 8

Either imported or domestic raw sugar could
be diverted to ethanol production. One option
for using imported sugar would be to allow
ethanol producers to purchase raw sugar on
the world market (i.e., without import tariffs).
However, this probably would allow the world
market price to rise to match the U.S. price
and would increase the price of other products
containing sugar. Also, there would be a net in-
crease in the U.S. balance-of-trade deficit.

Alternatively, domestic sugar sold for etha-
nol production could be subsidized, allowing
the growers to recover their costs but provid-
ing distillers a guaranteed cheap feedstock.
Due to the physical limits on sugar crop pro-
duction in the United States and to the prob-
able cost of the ethanol, this option is not like-
ly to produce substantial quantities of liquid
fuel. It might, however, attract interest in
sugar-producing areas as a means of increasing
regional alcohol fuel production and further
diversifying domestic liquid fuels supplies.

The third major source of disti l lery feed-
stocks is cultivation of potential and currently
idle cropland. As discussed above, approxi-
mately 18.3 million acres were under produc-
tion controls in 1978 (but the amount varies
from year to year). In addition, a 1977 SCS
survey of private lands classified 40 milI ion

‘Ernp/oyrnent and Earnlng$ (Washington, D C Department of
Labor, Bureau of Labor Statlstlcs),  monthly

‘Questionable Payment> and Loan Default> In ~ugar Programs
(Washington, D C General Accounting Office, Mar 16, 1979)

“Reduct/on in the U.S Import fee on Sugar (Washington, D C
(;eneral Accounting Office, July 17, 1979)
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acres as having a high potential for being con-
verted to cropland and another 95 mill ion
acres as having medium potential. 9

Any program designed to increase agricul-
tural production for ethanol feedstocks must
consider several factors. First, the available un-
cultivated lands are subject to problems usual-
ly not associated with normal cropland, such
as high erosive potential, existing land uses,
limited size, and drainage, seepage, and flood-
ing, that wil l increase annual variabil ity in

.
yields and the potential fo r  env i ronmenta l
damage. Because of the increased probability of
reduced yields or crop failures, incentives for
ethanol could include a storage reserve equiv-
alent to a 6-month or greater supply of feed-
stocks to provide a buffer against short-term sup-
ply deficits. This reserve could be implemented

‘I 1977 ,Nat  Iona/  ~roslon Ink entorv (Washington, D C U S De-

partment of Agrlc ulture,  SoIl Conscrvat  Ion Service)

through either agricultural programs or distil-
lery subsidies. Finally, if the demand for food
and the conversion of cropland to other uses
continues to increase, the quantity of land
potentially available for energy crop produc-
tion wil l decrease. Therefore, programs de-
signed to promote grain ethanol should either be
reversible or be able to accommodate a change
in ethanol feedstocks (e. g., to cellulosic feed-
stocks), and policymakers should consider
ways to preserve agricultural land uses.

Given these considerations, two principal
options for increasing agricuItural production
to supply ethanol feedstocks are discussed:
1 ) expansion of current agriculture programs to
include energy crops, and 2) elimination of ex-
isting production controls. For these options,
the potential impacts on commodity produc-
tion and prices and on Government expendi-
tures have been projected through computer
modeling and the results are presented to fa-
cilitate comparison between these options and

“ _- —

Photo credit. USDA, Cal Olson

Problems such as flooding potential increase the annual variability of crop yields
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current agricultural t rends.’”  The reader
should keep in mind that these modeling re-
sults are not predictions, but projections of
hypothetical situations based on assumed val-
ues for particular variables (see app. B for de-
scription of model). The real future values of
those variables may be very different and
other factors not built into the models could
produce radical changes. Note also that the
model shows only the hypothetical effects of
increased corn production; other ethanol crops
could have different impacts.

The first option incorporates the exogenous
demand for grain for ethanol production with-
in the context of the current commodity pro-
grams. The deficiency payment, nonrecourse
loan, and domestic grain reserve programs
continue to operate as described above, but
set-aside acreage may be used to produce
grain for ethanol. Ethanol feedstock crops
would be purchased by CCC and sold to distil-
leries as needed. In this option, the higher
market prices created by distillery demand
(stimulated through either conversion process
or end-use subsidies) would be the primary in-
centive for using set-aside and other idle lands
for ethanol crops.

The second option would eliminate produc-
tion control and deficiency payment pro-
grams, but increase the loan rates to nearly the
level of target prices. This would result in a
production incentive and level of farm income
protection roughly equivalent to those pro-
vided by current agricultural programs. The in-
creased loan rates also would provide the
means to increase CCC inventories of corn for
sale to distiIIers.

The modeling results for these options are
shown in table 21 to compare two means of im-
plementing policies designed to stimulate in-
creased production of corn for use as an etha-
nol feedstock as well to compare various lev-
els of corn production. In the long run, there
are few operational differences between the
two options because, by 1985, the first evolves
to closely approximate the second. That is,
over time in the first option the set-aside

‘[’Ronald L Meek hof,  et al , U S. Agricultural POIICY  and Ga~o-
IIo/ SIrnulaflon of $orne Po/icY A/?ernar/ve$, June 1979

acreage diminishes. Hence, the loan rate be-
comes the primary means of ensuring the sta-
bility of farm income under both options. In ef-
fect, the increased demand for corn obviates
the need for pure income support (deficiency
payments), and the price support provides
price stability.

As shown in table 21, either of these options
results in substantial impacts on the agricultural
system at ethanol production levels of 4 billion
gal/yr. Season average corn prices increase 30
percent while the annual instability in corn
prices nearly doubles. In addition, strategic re-
serves are reduced by 55 percent. Together,
these effects undermine two of the goals of
agricultural policy: to maintain stabil ity in
commodity prices in order to protect farm in-
come and consumer prices, and to maintain
strategic reserves in order to moderate short-
term supply deficits.

Furthermore, several features of these options
may prove to be unacceptable even at the l-bil-
lion- to 2-billion-gal/yr level of ethanol produc-
tion. The first are the economic impacts re-
lated to commodity prices and Government
program expenditures. Even at the 2-billion-gal
level, the exogenous demand results in in-
creased corn prices that probably would in-
crease the price of food to consumers. Under
the first option, Government expenditures for
CCC operations, acreage diversion payments,
and farmer-held reserve payments also in-
crease. As discussed in the review of income
support programs, consumers would bear most
of these costs. The composition of the expendi-
tures also changes significantly because the
deficiency payments are substantially above
those projected for the existing agricultural
programs; these payments reflect the cost and
risk in cultivating new lands and represent an
income transfer  f rom the general  publ ic
through tax revenues. They have little effect
on market prices. As the supply commitment
level increases, these costs diminish because
of higher corn prices, but are more than offset
by increasing net purchase costs of CCC.
Under the second option, deficiency and diver-
sion payments are eliminated, but CCC pur-
chase costs again increase steadily with the
level of supply commitment, and again, must

e
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Table 21 .—Potential Impacts of Increased Corn Production for Gasohol
— — —

Current
agri- First option

cultural 1 x 109 2 x 109 4 x 109

trends gal/vr gal/yr gal/yr.
Corn prices ($/bu). . . . . $2.53
Soybean prices ($/bu) $7.00
Corn production

(10 6 bu) . . . . . . 7,250
Soybean production

(10 6 bu) . . . . . . . . . . . 2,188
Corn exports (106 bu) . 2,056
Soybean exports

(10 6 bu) . . . . . . 932
Corn reserves (106 bu) 1,960.
Value of corn

product ion and
deficiency payments
(10 9 $). . . . . . . . . . $18.6

Value of soybean
production (10’ $). $15.0

Government
expenditures (10’ $) $1,626

$2.53
$6.95

7,467

2,125
2,055

936
1,561

$19.7

14.5

1,915

$2.67
$6.90

7,590

2,088
1,996

953
1,242

$20.9

14.1

1,834

$3.21
$7,34

7,730

NA
1,850

945
NA

NA

NA

NA

Percent difference
Second option between opt ions

1 x 109 2 x 109 4 x 109 1 x 10 9 2 x- 10 9 4 x 109

gal/yr gal/yr gal/yr gal/yr gal/yr gal/yr

$2.56
$6.66

7,569

2,192
2,115

975
2.146

$19.3

14.4

1,635

$2.70
$6.52

7,588

2,170
1,957

1,005
1,554

$20.4

13.9

1,586

$3.32 – 1.2 – 1.1 – 3.4
$6.38 4.4 5.7 1.4

7,580 – 1.4 — 2.0

NA – 3.1 – 3.9 –
1,783 – 2.9 2.0 3.7

1,047 – 4.1 – 5.3 – 10.2
NA –31 .6 – 22.3 –

NA 2.1 2.4 —

NA 0.7 1.4 —

NA 15.8 14.5 —

NA = not available
apo~lt ,Ve d, fference lndl~ates first opt Ion  IS greater  relatlve  to second option, negative difference I nd Icates  second oPtlon  Is 9reater  relatlve  to ‘st ‘ptlon

SOURCE Ronald L Meekhof et al U S Agrlcu/tura/  Po/(cyand  Gasoho/  Sirnu/atlofl  ot Some F’OIICY  A/(errrafives,  June 1979

either be subsidized (i. e., paid by taxpayers) or
borne by consumers.

Second, there is the shift that could occur i n
soybean production at or beyond 1 billion to 2
billion gal/yr of ethanol. On the supply side,
some farmers would shift their acreage from
soybeans to corn in response to the increased
price of corn, while on the demand side, the
substitution of disti l lers’ grain for soybean
meal reduces the demand for soybeans. (Note
that the distillers’ grain also may be substi-
tuted for feed grains — such as corn — that have
been diverted to ethanol production; in this
case the demand for soybean meal would not.
be reduced so much. ) At the same time, under
the second opt ion , soybean prices decrease
signif icantly and consequently the export de-.
mand increases. Soybean meal producers have
substant ia l  cap i ta l  investments  they w o u l d
want protected from the distilIers’ grain com-
petition, yet the meal could not be exported in
large quantities due to competit ion with
foreign production.

Finally, despite the higher payments for
farmer-held reserves under the first option,
corn in storage is reduced by approximately 20
percent at 1 billion gal/yr and 37 percent at 2

billion. Decreased reserves mean that the abili-
ty to moderate supply fIuctuations due to vari-
ations in yields would be reduced, and the Iike-
Iihood that distillery feedstocks would be di-
verted to feed markets in bad crop years wouId
increase.

Relat ively minor market adjustments or
changes in implementation of current agricul-
tural policies could, to an extent, resolve some
of these issues. For example, increased Govern-
ment expenditures would be moderated if CCC
did not function as the middleman between
producers and dist i l lers .  Instead, dist i l lers
could purchase their own cropland or negoti-
ate long-term supply contracts with farmers as
a hedge against feedstock supply interrup-
tions. Both these alternatives, however, tend to
favor consolidated ownership of large blocks
of cropland, to the detriment of small farmers.
Moreover, it is likely that storage and reserve
policies will have to be changed anyway in order
to maintain the ability to moderate short-term
supply deficits for all grain consumers.

Despite the potential problems with ethanol
production at the l-billion- to 2-billion-gal/yr
level, the difference in their magnitude rela-
tive to 4 bill ion gal/yr is important. That is,
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these results indicate that lower levels of pro-
duction can be achieved for a very low re-
source cost. Basically, idle agricultural land
can be used at Iittle cost and the current subsi-
dies that keep land idle can be transferred to a
subsidy for converting grain to ethanol. Thus,
it probably is not necessary to modify agricul-
tural policy as in the second option. Rather,
current agricultural policies in conjunction
with the market forces created by end-use sub-
sidies such as the gasohol excise tax exemp-
tions (see “Conversion and End Use,”) can be
used to increase distilIeries’ share of grain sup-
plies. At a minimum, this will reduce the need
for farm income supports and it could change
the focus of agricultural subsidies to maintain-
ing reserves as a hedge against food price infla-
tion in years with low crop yields, and to con-
trolling agriculture’s environmental problems
and the conversion of cropland to nonagricul-
tural uses.

Assuming the gradual phasing out of present
farm commodity price supports as disti l lery
demand drives prices up above the levels
needed to maintain farm income, the central
policy issues will become the size of the gaso-
hol tax exemptions, how long they should re-
main in effect, and whether they should be re-
placed by other incentives or subsidies. These
issues are discussed in detaiI under “Conver-
sion and End Use.”

In the long run, if the demand for food and
the conversion of cropland to other uses con-
tinue to increase, the land available for energy
crops will dwindle, and, in the absence of sig-
nificant changes in consumer behavior, market
intervention may be necessary to prevent infla-
tion in commodity prices. Alternatively, distil-
leries could be required to shift to cellulose
feedstocks. Policy issues related to feedstock
conversion also are discussed under “Conver-
sion and End Use. ”

Environmental Controls

Agriculture often degrades land quality and
pollutes surface and ground waters; the two
problems are closely linked. For example, ero-
sion reduces land productivity and is the major
cause of sedimentation in surface waters. Simi-

Iarly, fertilizers and pesticides build up in the
soil and alter its ecology and then enter aqua-
tic ecosystems through agricultural runoff. As
discussed above, USDA production controls
require the use of “approved conservation
practices” on idle agricultural Iand in order to
control wind and water erosion as well as in-
sects, weeds, and other pests. These practices
are designed and implemented on set-aside -
lands by SCS through local SWCDs, and are
subsidized by Federal and State cost-sharing

funds. In addition, SCS and the Extension Serv-
ice provide technical  ass i s tance to farmers -
who request aid in developing a soil conserva-
tion plan for their entire farm, but implementa-
tion of the plan is voluntary.

The surface water sedimentation that results
from erosion and the water pollution that can
result from “runoff containing pesticides, fer-
tilizers, and other chemicals are regulated un-
der the Clean Water Act of 1977 (formerly the
Federal Water Pollution Control Act of 1972),
which requires States to develop plans for the
control  of  water pol lut ion f rom nonpoint
sources. This approach, based on areawide
waste treatment plans, was inaugurated in the
1972 Act and reaffirmed and strengthened
under the 1977 Act.

In general, under section 208 of the Clean
Water  Act, the Envi ronmental  Protect ion
Agency (EPA) establishes guidelines for the
identification of areas with substantial water
quality control problems. Local agencies, with
State and Federal assistance, then develop
areawide waste treatment management plans
for the problem areas. The local agency also “
must implement a continuing areawide waste
treatment management planning process that
includes ident i f icat ion of agr icultural  sources -

of water pollution and procedures and meth-
ods (including Iand use requirements) to con-
trol nonpoint source pollution to the extent
possible. Section 208 is implemented through
best management practices (BMPs), which are
determined to be the most effective and prac-
ticable (including technological, economic,
and institutional considerations) means of pre-
venting or reducing nonpoint source polIution
to a level compatible with water quality goals.
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A variety of problems, including the polit i-
cal sensitivity surrounding any Federal involve-
ment in land use planning, a lack of direction
in EPA guidelines for determining the degree
and type of nonpoint source polIution to con-
trol, and short deadlines for developing novel
and controversial land use management tech-
niques, prevented effective implementation of
section 208 following its passage in 1972. *
Consequently, more immediate and better un-
derstood water pollution problems with strict
statutory control deadlines, such as sewage

. treatment and industrial process controls, re-
ceived funding priority over section 208, even
though 208 was intended to provide integrated
planning and management for all pollution
sources.

In the intervening years, knowledge about
nonpoint sources and their control has im-
proved vastly, and the 1977 amendments re-
flect this knowledge in the revisions to section
208. These amendments include a USDA-ad-
ministered program to enter into 5- to 10-year
contracts with rural land operators to install
and maintain BMPs under plans approved by a
soil conservation district and consistent with
the areawide plan. In return, the land operator
receives technical assistance and up to 50-per-
cent cost sharing. This program marks a radical
departure from the traditional approach to
nonpoint source control in that the plan is im-
plemented by a Federal, rather than a State or
local agency, while the cost-sharing contract
represents a direct Federal subsidy for land
management practices that will reduce non-
point source polIution.

In the future, EPA implementation of sec-
tion 208 wilI tend to focus more on regulatory,
statewide nonpoint source controls. The 1977
criteria for evaluating nonpoint source pro-.
grams reinforce the trend toward regulatory
control by allowing permits, licenses, and con-
tracts (as well as voluntary management tech-
niques) to be required when justified by the in-
tensity, scope, and type of nonpoint source
pollution as well as by landownership patterns
and other physical factors. Nonregulatory con-

●  Set’  a Iso  “ E nvlronmental I mpac tj” In the “ I ntrocjuctlon ” to

( h  4

trols wil l be allowed only when they can
achieve water quality standards. In addition,
EPA is developing a 4- to 6-year plan that will
emphasize statewide nonpoint source control;
in 1978, EPA and USDA began a joint program
to demonstrate the effectiveness of statewide
BMP coordination in seven model States.

Nevertheless, given farmers’ resistance to
regulatory controls, the low priority assigned
to agriculture’s environmental problems by
State and Federal agencies, and other con-
straints on nonpoint source control (see discus-
sion in ch. 4), it is unclear whether future im-
plementation of section 208 will be any more
effective than it has been in the past. Thus, if
set-aside and other diverted cropland or poten-
tial croplands are used to produce grain for etha-
nol, the water pollution effects could be substan-
tial. In general, these lands have a higher
erosive potential than land presently under
production and therefore are more likely to
contribute to sedimentation of surface waters.
In addition, set-aside and other lands may not
be as productive, requiring increased use of
ferti l izers and pesticides 11 that contribute to
chemical water pollution. Finally, these lands
may be tied up in competing land uses.

Because of the potential for environmental
damage and because it usually is not economi-
cal in the short term for individual farmers to
protect against such damage, the Government
may want to consider introducing additional
incentives for environmental controls. These
incentives could be implemented within the
current policy context or new environmental
control policies could be developed. These op-
tions include both voluntary and mandatory
controls. 12

The policies discussed below share several
common considerations. First, any policy that
applies only to energy crops will be difficult to
implement because farmers could shift those
crops to their least sensitive Iands. Thus, if envi-

‘‘ For pol IC Ies related to the LJSe  of pe~tlcides,  see Pest Manage-
ment $trafegm in Crop Protect~on (Washington, D C Off Ice of
Technology Assessment, October 1979), OTA-F-98

‘ ‘Much of the followlng discussion on nonpolnt source  control
op t i ons  IS from D L Uchtmann  and W D Seltz, “Opt ions for
Controlling Non-Point  Source Water Pollution A legal Perspe(’-
ttve, ” Nafura/  Resoufce$ )ourna/ 19587,  ]u ly1979

– I ~ - - J -
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ronmental control policies are to have more than
a minimal effect, they should be introduced
throughout the agricultural system.

Second, the farming community is more like-
ly to accept policies if traditional agricultural
agencies implement them than if new agencies
are created or existing nonagricultural agen-
cies are involved. The traditional agricultural
agencies may, however, have to shift to an ad-
vocacy role to which they are unaccustomed.
Moreover, using traditional agencies would in-
volve the least implementation cost.

Third, the farming community views policies
that allow flexibility in selecting the means of
control as more rational and more equitable
than policies that impose uniform practices or
prohibitions. Of course, when farmers consider
controls to be commercial or profitable, they
are more l ikely to adopt them voluntarily.
When controls represent a net loss in farm in-
come, or when the only perceived benefits are
environmental, mandatory programs or prohi-
bitions may be necessary.

Fourth, the environmental effects of agricul-
ture are extremely difficult to monitor. Conse-
quently policies that result in changed farming
practices or that impose limits on the use of
chemicals will be easier to implement and en-
force than those that penalize farmers for pol-
luting.

Finally, any controls that limit the availabili-
ty of farmland (e. g., green belts along stream-
banks) also will affect the supply of feedstocks
for ethanol production, and ultimately wil l
contribute to inflation to the extent that the
limits on production are not offset by environ-
mental benefits.

Voluntary programs that could be used to
control the environmental impacts of intensive
agriculture include educational programs and
economic incent ives such as low- interest
loans, and cost sharing and tax policies.

The current SCS, local SWCD, and Agricul-
tural Extension Service education programs
rely primarily on public meetings and demon-
stration projects. These programs could be ex-
panded to use other communication methods,
such as print and broadcast media, mass mail-

ings, and more frequent direct farm visits. The
initial goal of such an expansion would be sim-
ply to increase farmer recognition of environ-
mental issues; surveys reveal that few farmers
are aware that agricultural practices have sig-
nificant environmental impacts,

In general, agricultural education programs
have a long tradition of Federal and State sup-
port and would not be difficult to implement.
The primary consideration here is whether edu-
cation programs alone would be sufficient to
encourage farmers to adopt conservation prac- .
tices that may mean less intensive farming
(and in some cases forgone income) or capital
outlays for equipment. Therefore, this option
probably would be more effective when com-
bined with other voluntary economic incen-
tives, such as loans, cost sharing or tax credits,
or with mandatory programs.

Low-interest loans could be offered for farm
investment in equipment or practices that
would reduce the environmental impacts of in-
tensive agriculture. The relative advantage of
these loans would be determined by the pre-
vailing market interest rate. However, during
recessions or other periods of “stagflation,”
such legislatively mandated loans could con-
tradict executive branch policies designed to
limit credit. Additionally, during recessions or
in poor crop years defaults could be a problem
unless the loans were coupled with deficiency
payments. Finally, the amount available under
this option would be limited to legislative ap-
propriations.

Current cost-sharing programs to encourage
soil conservation on set-aside and other pro- -

duction control lands could be expanded to
cover any agricultural environmental controls.
Qualifying expenditures might include meas- -
ures such as the construction of terraces or the
implementation of alternative pest manage-
ment strategies, with the Government provid-
ing up to 50 percent of the farmers’ costs. If
the farm operator fails to maintain the meas-
ures for which the subsidy was granted, the
subsidy would be revoked and/or a monetary
penalty imposed. As with low-interest loans,
cost-sharing programs ultimately are limited
by the legislative appropriation.
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Tax incentives such as credits and exemp-
tions also could be offered for environmental
controls. Current tax law already allows a
deduction for certain soil and water conserva-
tion costs that otherwise would be nondeducti-
ble capital expenditures. However, a deduc-
tion alone probably would not be sufficient to
achieve more than isolated controls, and a tax
credit equal to a set percentage of the cost of
any environmental controls could be insti-
tuted. In effect, such a credit would be a cost-
sharing policy implemented through the tax
system, and not limited by legislative appro-
priations. The credit could be limited to a per-
centage of the actual outlays for equipment
and practices or could also include any lost in-
come that might result from less intensive
management, but the latter would be more dif-
ficult to calculate and verify.

At the State level, tax incentives also might
include exemptions from excise and sales taxes
for any equipment needed to implement non-
point source controls, as well as special prop-
erty tax provisions for lands on which environ-
mental controls are maintained.

Mandatory environmental controls for crop-
Iand under intensive cultivation include ap-
proved conservation plans and economic pen-
alties. It should be emphasized at the outset
that, while mandatory nonpoint source con-
trols ultimately may be necessary, it will be ex-
tremely difficult to get farmers to accept
them. In addition, mandatory controls must be
phased in with great care in order to avoid
damage to farm productivity and income.

As discussed above, SCS and SWCDs pro-
vide technical assistance to those farmers who
request aid in developing a soil conservation
plan for their farms. In addition, these agen-
cies approve mandatory conservation uses for
set-aside and other production control lands.
These mandatory uses could, to some extent,
be carried over to other croplands, or new
mandatory conservation plans could be devel-
oped. Such plans could be implemented
through the general agricultural programs or
could be included in a mandatory contract sys-
tem under the 1977 amendments to section 208
of the Clean Water Act. Under either system,
the approved conservation plan would include

a full range of environmental controls based
on numerical standards such as soil-loss toler-
ance limits.

Approved conservation plans also must take
into account the competing uses of the land to
be developed. For example, some diverted
croplands have been “permanently” converted
to nonagricultural uses such as wildlife habitat
and recreation, windbreaks or shelterbelts, per-
manent cover and timber, or water impound-
ments. In many cases, these uses should not be
disturbed.

Environmental control plans should be de-
veloped at the farm level to accommodate
regional differences and to provide farmers
enough f lex ib i l i ty  to choose f rom the fu l l
range of available controls. Guidelines could
be provided at the Federal or State level for
various combinations of terrains, weather and
climate, soil types, crops, and other variables.

Mandatory economic incentives include
taxes or charges for the absence of environ-
mental controls. For example, erosion or efflu-
ent charges might be based on the absence of
soil-conserving farming methods, on soil-loss
tolerance limits, or on allowable levels of
sediments and chemical pollutants in the run-
off from agricultural land. As discussed above,
the effluents are difficult to measure; changes
in farming practices would be easier to en-
force. Individual farmers would determine
whether it was more cost effective on their
farm to pay a charge or tax, and if it were not,
which controls they wouId implement.

A system of charges or taxes based on reg-
ulatory effluent limitations also could be set
up on a market basis, allowing those farmers
whose effluents are below the limits to market
the difference to farmers who are unable to
meet the l imits economically. This scheme
would primarily be advantageous at high pro-
duct ion levels  when al l  avai lable land is
needed for energy crop production but a
straight charge system would inhibit the cul-
tivation of particularly sensitive lands. The pri-
mary problem with a market scheme is that it
only addresses the water quality controls.
Where erosion degrades land quality, market-
ing the rights to do so would seriously threaten
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productivity. Other problems with a market
scheme are the difficulty in measuring efflu-
ents and the tendency for sensitive lands to be
grouped together, thus subjecting the adjacent
ecosystems to disproportionate environmental
impacts.

As with the options to increase corn produc-
tion, modeling results are available for the im-
pacts of some environmental control options’ 3

and are presented in table 22. Again, it must be
cautioned that these are hypothetical projec-
tions based on assumptions about the values
of particular variables. They are not predic-
tions.

These model results are important in the
short term because they suggest that if envi-
ronmental controls are imposed on increased
corn production for use as ethanol feedstocks,
the price of that corn and consequently the
price of the ethanol will be higher than gener-
alIy assumed in the gasohol Iiterature. How-
ever, the costs indicated by the model do not
include the reduction in social costs from a
cleaner, more productive environment. The
cumulative economic impact of policies in-
tended to stimulate energy crop production

‘‘W D Seltz,  et al , A/terrratlve Po/icies for Contro//ing Nor-r-

poIrrt Sources of Water Po//ut/on  (Washington, D C Environmen-
tal Protect Ion Agency, April 1978), EPA-600/5-78-005

Policy

2-ton/acre-yr soil loss Iimit
5 ton/acre-yr soil loss Iimit
$0.50/ton/yr soil loss tax
$4/ton/yr soil loss tax
$5/acre subsidy for terracing 
$40/acre subsidy for terracing
100 lb/acre nitrogen application
I i m i t

100 lb/acre nitrogen application
Iimit combined with
5 ton/acre-yr soil loss Iimit

100 lb/acre nitrogen application
Iimit combined with
2 ton/acre-yr soil loss Iimit

50 lb/acre nitrogen application
Iimit

50 lb/acre nitrogen application
Iimit combined with
5 ton/acre-yr soil loss Iimit

50 lb/acre nitrogen application
Iimit combined with
2 ton/acre-yr soil loss Iimit

coupled with those to control environmental
impacts has yet to be calculated, nor has the
impact of mandatory erosion control policies
on the net availability of ethanol cropland
been quantified.

The model results also suggest that, in the
long term, erosion control policies will result in
dramatic improvements in the maintenance of
soil productivity. But, they indicate that it is
not economic for individual farmers to adopt
erosion control practices unless they have ex-
tremely long planning horizons and assume a
very low discount rate on future income.

Finally, the model results have significant
implications for equity. For example, sensitive
croplands are not evenly distributed geograph-
icalIy. Thus in some areas increased produc-
tion would be impossible, while in areas with a
very low erosive potential farm income could
increase substantially. Moreover, policies such
as regulatory controls and taxes are more ef-
fective than subsidies in improving the degree
to which individuals pay for benefits received
or are compensated for social costs incurred.
Finally, some of the policies tend to reduce the
i n c o m e  d i f f e r e n c e s  w i t h i n  t h e  p o p u l a t i o n
while others tend to widen the gap.

“See Ibid , for a detailed discussion of the equity implications
of nonpoint source controls

Table 22.—Potential Effects of Alternative Erosion Control Policies
Percent change

Corn Soybean Soybean
Soil loss production production Corn prices prices

– 70- - 6 – 15 ‘- 15 20
–45 – 2 - 3 4 5
-30 – — — 1
- 6 7 — — – 1 6

— — — —
-27 ~ — — —

– 2 – 2 — 4 —

– 4 5 - 3 - 3 6 3

- 7 4 – 9 - 1 6 17 19

–1 -13 – 9 25 11

– 45 - 1 4 – 12 28 14

– 74 - 2 0 - 2 3 39 26

Nitrogen Producers’
load surplus a

- 5 $ 15
— 231— – 458
— – 1,506
— 0.11
— 942

- 2 4 20

– 24 247

- 3 0 228

– 48 2,037

– 49 2,180

– 58 1.674

aproducers’  surplus  IS equivalent to the land rents from production and terracin9.
bconsumers’ surplus  IS the  difference between what consumers are willing to pay and the market Price
csubsldles paid Or  taxes  received Does rrot include cost Of administration.
dsum  of the changes  ,n producers,  surplus,  consumers, surplus,  and  Government  costs, Does rro~ Include  etlvlronrnerlkll benefits

Millions of dollars

Consumers’ Government Net social
surplus b Costc

Cost d

-$1,205 – -$1,190
– 433 – - 2 0 2

160 $212 - 8 5
344 772 – 390

028 - 5 6 – 5
- 9 – 1,233 - 3 0 0

– 320 – - 3 0 0

-772 – - 5 2 5

– 1,605 — – 1,377

-3,325 – – 1,288

-3,677 – -1,497

– 4,163 — -2,489

SOURCE W D Seltz, et al , Alterrratwe  F’ollc~es  for  Contro/lmg  NorrpoIrrt  Sources 01 Water Pollutfon  (Washington D C , Environmental ProtectIon Agency, April 1978),
EPA-600/5-78.005



Ch. 5—Policy . 171

,

-/

.

If alcohol
contribution
tives may be
of oil) for the

Conversion

fuels are to make a significant
to U.S. energy supplies, incen-
needed (depending on the price
construction of large- and small-

scale conversion facilities as wet I as for the use
of these fuels in automobile and other engines.
Current and proposed policies already provide
incentives to increase conversion capacity and
alcohol fuel use. Other policies, however, pose
constraints to alcohol fuels and should be re-
vised if the Government decides to promote
such fuels aggressively. The current policy con-
text for alcohol fuels, as well as policy options
to stimulate production and use, are discussed
below.

In general, policies intended to stimulate in-
vestment in conversion faciIities or to encour-
age the use of alcohol fuels will be the same
for ethanol and methanol. That is, the conver-
sion technologies and end uses for these fuels
are similar, and for most issues one policy
would be sufficient. However, issues applica-
ble only to one of these fuels should be given
special attention. For example, ethanol distil-
leries might be required to use alternative fuels
(e. g., coal, biomass, solar) in order to maximize
premium fuel displacement, but there is no
comparable problem with methanol facilities.
Similarly, methanol is more likely to damage
rubbers and plastics in automobiles and to in-
crease evaporative emissions; factory warran-
ties—some of which already include ethanol
use— could be expanded to cover methanol
blends.

As with the options related to the resource
base, the policies discussed below share sever-
al common considerations. First, both alcohol
fuels will displace more premium fuel if used
as an octane booster. Higher subsidies to alco-
hols used as octane-boosting additives would
encourage this use. Second, both fuels could
affect the drivability of automobiles and could
damage some auto parts. Auto warranties
might encompass such problems. Third, vari-
ables such as distillery size or ownership can
be used by policy makers to influence the de-
gree of sectoral or regional energy self-suffi-
ciency to be achieved. A size “ceiIing” or Iimit-

and End Use

ing funding to individual or cooperative own-
ership would emphasize onfarm and other
rural operations, whiIe a size “floor” would en-
courage the construction of commercial-scale
distilleries. Finally, long-range energy planning
by policy makers should incorporate the need
to remove subsidies for conversion facilities
and gasohol use as the economics improve or
for ethanol if competition with traditional
food crops for agricultural land becomes a
problem (see below).  Such planning also
should consider the implications of a possible
future shift in feedstock composition as well
as those of developing domestic reliance on a
liquid fuel whose availability ultimately may
be limited.

Tax Policies and Other Subsidies

Ethanol: Policies to Encourage Production

Current U.S. revenue policy regulates the
manner in which alcohol is produced and dis-
tributed, and taxes both alcohol and liquid
fuels.

The Federal Government has taxed the pro-
duction of alcoholic beverages since 1791;
nearly $5.5 billion was collected in 1976. The
laws and regulations designed to protect this
source of revenue include restrictions on oper-
ating conditions, licenses and permits, bond
and reporting requirements, and distribution
controls. In general, the requirements for an
operating permit and Iicense include construc-
tion specifications, such as secure premises
and sealed distilling systems, and operating
conditions, such as constant supervision by the
Bureau of Alcohol, Tobacco and Firearms
(BAT F), designed to prevent unauthorized
diversion of the disti l led spirits. In addition,
the disti l lery operator must post a disti l led
spirits bond to ensure payment of penalties or
fines, and must maintain complete and accu-
rate records including details of all distilled
materials received, the quantity of alcohol
produced and denatured, and final disposition
of the denatured spirits. Daily reports of distil-
lery activities are filed with the responsible
BATF operator while monthly operational re-
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ports are submitted to the Regional Adminis-
trator.

All of the above requirements add signifi-
cantly to the cost of alcohol production, and
could discourage investment in distilIery capac-
ity. Recognizing this problem, the Energy Tax
Act of 1978 (part of the National Energy Act)
requires the Treasury Department to recom-
mend legislation that will simplify the regula-
tion of fuel alcohol producers while maintain-
ing the integrity of the beverage alcohol tax
system. In addition, the President has directed
the executive branch to simplify and reduce
Federal reporting requirements for fuel alco-
hol producers. The primary targets in this proc-
ess should be the security requirements that in-
crease distillery construction costs, permit and
other procedures for the manufacture and use
of small-scale stills, and the frequency and
level of detail in BATF recordkeeping and re-
porting provisions. On the other hand, addi-
tional production reports could be required by
energy agencies to monitor gasohol supplies
and use and to facilitate long-range energy
planning.

In addition to the regulations on denatured
spirits, taxes are levied on gasoline and on
special liquid motor fuels at the Federal, State,
and local levels. Gasoline is subject to a Feder-
al tax on its sale by any producer. However,
the Energy Tax Act of 1978 exempts gasohol
from the Federal motor fuel excise tax between
January 1, 1979, and October 1, 1984; Presi-
dent Carter supports a DOE recommendation
that this exemption be extended beyond 1984.
A number of States also have exempted gaso-
hol from State gasoline taxes or have placed
an additional tax on gasoline to subsidize con-
struction of fuel alcohol distilleries. As can be
seen in table 23, the combined Federal and
State tax exemptions represent a substantial
($16.80 to $56.70/bbl of ethanol) subsidy for
gasohol.

DOE also has revised the crude oil entitle-
ments program to include ethanol produced
from biomass. This provides an incentive equal
to about $0.05/gal of ethanol used in gasohol.
However, this program expires on September
30, 1981, and the incentive is substantial only
for those who begin ethanol production soon.

Table 23.—State Tax Incentives for Gasohol

Exemption Total subsidy (Federal
(in dollars plus State, in dollars

State per gallon) per barrel of ethanol)

Arkansas . . . . . . . . . . . . .
Iowa . . . . . . . . . . . . . . . . .
Indiana. . . . . . . . . . . . . . .
Louisiana. . . . . . . . . . . . .
Montana. . . . . . . . . . . . . .
Oklahoma . . . . . . . . . . . .
Colorado . . . . . . . . . . . . .
Kansas. . . . . . . . . . . . . . .
Nebraska. . . . . . . . . . . . .
New Hampshire . . . . . . .
North Dakota. . . . . . . . . .
South Carolina . . . . . . . .
Wyoming. . . . . . . . . . . . .
South Dakota . . . . . . . . .
Connecticut . . . . . . . . . .
Maryland . . . . . . . . . . . . .
No State tax exemption .

$0.095
0.085
0.08
0.08
0.07
0.065
0.05
0.05
0.05
0.05
0.04
0.04a

0.04
0.03
0.01
0.01

$56.70
52.50
50.40
50.40
46.20
44.10
37.80
37.80
37.80
37.80
33.60
33.60
33.60
29.40
21.00
21.00
16.80

aReduced to$002 in 1982

SOURCE Off Ice of Technology Assessment

Revenue policy also provides for a IO-per-
cent additional investment tax credit for facil-
ities that convert feedstocks (including coal
and biomass) into “synthetic liquid fuels. ” The
Internal Revenue Service (IRS) currently is de-
veloping regulations to implement this credit,
which was included in the Energy Tax Act of
1978. DOE is assisting IRS with technical defi-
nitions and interpretations that should ensure
that facil it ies to produce alcohol fuels wil l
qualify for the credit. 

Nontax subsidies and other economic incen-
tives available to the emerging gasohol indus-
try include loan guarantees, grants, and low-
interest loans as well as marketing regulations.
Loan guarantees are available for alcohol pro-
duction facil it ies under two programs. Four
Government-guaranteed loans of up to $15
mi l l ion were granted under the Agr icu l tu ra l  .

Act of 1977 to facilities that convert agricul-
tural products to alcohol. In addition, in May
1979, President Carter announced a series of
major initiatives intended to assist small towns
and rural areas in approaching energy self-suf-
ficiency, including $11 million in grants, low-
interest loans, and loan guarantees for the con-
struction of 100 small-scale plants to produce
fuel alcohol. This program is administered by
the Economic Development Administration
and the Community Services Administration,
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with DOE providing technical  guidel ines.
Funds became available in fiscal year 1980.

I n addition, DOE gasoline-marketing regula-
tions have been revised to allow refiners— as
well as reselIers and retailers — to sell gasohol
as a separate grade of gasoline and to directly
pass on the cost of the alcohol. Under previous
rules, refiners had to sell gasohol as unleaded
regular gasoline and absorb the alcohol fuel
cost by averaging their gasohol-refining costs
with the costs of al I refined products.

. New tax incentives for commercial disti l-
leries might include investment or energy pro-
duction tax credits, accelerated depreciation,
and special deductions for the interest paid on
construction loans. A special tax on gasoline
also could be imposed and the resulting reve-
nue earmarked for distillery construction, in-
cluding direct subsidies such as low-interest
loans and guaranteed prices for feedstocks
and for gasoline for blending. Authorization
for some of these options exists but would
need to be expanded in scope for maximum ef-
fect; others would require new legislation. At
the State level, distilling equipment and feed-
stocks could be exempt from any excise and
sales taxes. Special property tax classifications
for fuel alcohol distilleries also could be devel-
oped. I n addition, State gasoline tax exemp-
tions could be expanded or special gasoline
taxes imposed.

I n addition to commercial distribution of al-
cohol fuels, their production and use on farms
and by cooperatives also is Iikely to be impor-
tant in diversifying energy supplies. The re-
source base is closer to rural areas and gasohol
use there would involve the least transporta-
tion and distribution costs. In addition, energy
use in agriculture is structured around critical
time “envelopes” (e.g., planting, harvesting)
that reduce short-term flexibility or conserva-
t ion potent ial  and make supply rel iabi l i ty
crucial. Even minor energy shortages at critical
periods could reduce agricultural production
significantly. 15 Onfarm distillation would alle-

‘5 Frederick H Buttel,  et al , “Energy and Small Farms A Re-
v Iew of E xlst I ng I Itera tu re and Suggest Ions Concern I ng Future
Rewarch,  ” report prepared for the Prolect  on a Research Agenda
for Small Farm5, National Rural Center, Washington, D C , 1979

viate this vulnerability. Moreover, onfarm stills
are promoted among farmers as a means of re-
ducing grain surpluses and thereby increasing
grain prices and, thus, farm income. 16

Incentives for small-scale sti l ls might in-
clude tax deductions or credits for feedstocks
and equipment, special income tax provisions
for cooperative distillery ownership, or direct
subsidies such as cost-sharing and interest-free
loan programs. Those that are already availa-
ble are shown in table 24. All the incentives for
onfarm distillation should include information
programs and technical assistance; these might
be implemented through the Extension Service
and the Economics, Statistics, and Coopera-
tives Service.

Policy makers should consider several fac-
tors in promoting onfarm and cooperative use
of ethanol. First, using ethanol in diesel en-
gines (e. g., in farm machinery) would negate its
value as an octane booster. In addition, only
35 percent of the fuel used in retrofitted diesel
engines can be displaced by ethanol; more ex-
tensive modifications would be needed to dis-
place a larger proportion of the diesel fuel. On
the other hand, only 2 percent of the corn crop
from a typical farm would provide 35 percent
of the farm’s diesel fuel requirements. Onfarm
use also is constrained by its cost relative to
the subsidized price of gasohol sold at the
pump and by the lack of relatively automatic
inexpensive dist i l l ing equipment,  both of
which operate against farmers’ acceptance of
onfarm distillation. The former could be offset
by production tax credits for alcohol fuels not
sold commercially.

Moreover, ethanol production cooperatives
might have their own special benefits and
costs. Co-ops would allow a relatively large
number of small farmers to benefit from scale
economies and could enhance the sense
of rural  community.  However,  inequal i t ies
among members in large coops may lead to an
inequitable internal distribution of benefits. In
addition, large co-ops would tend to serve a
wider market and may evolve to closely resem-
ble corporate-owned distilleries, thus poten-

“lowa Corn Production Board, “Corn Alcohol Farm
Fuel I Things You Need to Know, ” 1979
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Table 24.—Sources of Public Financing for Small-Scale Ethanol Production

Organization

U S Department of
Agriculture/Science
& Education Admin

Program

Alcohols & Indus-
trial Hydrocarbons
(see 1419 of Food
and Agricultural Act
of 1977, Public Law
95-1 13)

Applicant eligibility

Colleges and; univer-
sities having a de-
monstrable capacity
in food and agri-
cultural research

Type of assistance

Grants of 2 to 3 -

years duration for
research

Eligible activities

Research on the eval-
uation, handling,
treatment, and con-
version of biomass
resources for manu-
facture of ethyl al-
cohol

Purpose of project

To develop improved
processes for pro-
duction of alcohol
from biomass

Limits of project

$100,000 per grant of
2 to 3 years duration

U S Department of
Agriculture/Science
& Education Admin

Energy Research
(see 1414 of Food
and Agricultural Act
of 1977, Public Law
95-1 13)

Colleges and univer-
sities having demon-
strable capacity in
food and agricultural
research

Grants of 2 to 3
years duration for re-
search

Research on fermen-
tation and related
processes for pro-
duction of alcohol,
other than ethanol,
and hydrocarbons

To develop improved
methods of produc-
tion and blending.
marketing, and utili-
zation of products

$100,000 per grant of
2 to 3 years duration

.U S. Department of
Agriculture/Office of
Energy

No restrictions General advice General advice on
USDA program avail.
ability

Biomass production
for alcohol fuels;
conversion and use
of alcohol

Serves as informa-
tion clearinghouse
and provides for
coordinated USDA
programs

None

U S Department of
Agriculture/Farmers
Home Admin

Business & Indus-
trial (B&I)

Cooperatives, private
Investors in town of
less than 50,000

Loan guarantees Fixed costs,
operating capital

Creation of jobs, eco-
nomic growth in
communities under
50,000 population

$25,000.000 per Proj-
ect maximum Priori-
ty on small and in-
termediate scale of
$1,000,000 or less

U S Department of
Agriculture/Farmers
Home Admin

Operating and Farm
Ownership Loans

Farmers, farmer co-
operatives

Direct loans at cost
of borrowing, loan
guarantees

Improvement of farm
income

$200,000 direct loan,
$300,000 loan guar-
antee

Fixed assets, work-
ing capital

U S Department of
Agriculture/Farmers
Home Admin

Community
Facilities

Private nonprofit
public entitles

Loans at 5% Construct Ion loans,
working capital

Improvement of the
levels of public serv-
ices and economic
growth

Same as B&l
($25,000,000 project
maximum) priority
on small and inter-
mediate scale of
$1,000,000 or less

Housing and Urban
Development (HUD)

Urban Development
Act Ion Grant

Distressed cities and
urban counties

Grant to city to be
used for public im-
provements or loans
to developer

Fixed assets related
expenses

Stimulate employ.
ment and tax base in
distressed cities

None

Small Business Ad-
ministration

Small Business En-
ergy Loan Act, Pub-
lic Law 95-313

Small business, in-
cluding farmers and
cooperatives for so-
Iar and energy con-
servation technolo-
gies

Loans and loan
guarantees

Working capital, re-
search and supplies,
plant construction,
materials, develop-
ment, manufacturing
equipment for alco-
hol fuels purposes

Promote small busi-
nesses in alcohol
production-related
activities

Direct loans of less
than $350,000, loan
guarantees of less
than $500,000, no
more than 30% for
R&D, no more than
35% for working
capital

Department of Com-
merce/Economic De-
velopment Adminis-
tration

Public Works and
Development Facil-
ities

States. local govern-
ments, Indian tribes,
non.profit organiza-
tions

Grants for 50 to 80%
of a total project
cost depending on
need

Construction and
equipment of alcohol
fuel plants, priorities
on small. scale plants
(less than 1 million
gal/yr)

To stabilize or stimu-
late local economy,
agricultural area em.
phasis

Generally $300.000
per project Must be
EDA Designated re-
development Area

Department of Com-
merce/Economic
Development Ad-
ministration

Business Develop-
ment Assistance

Business enterprises
including coop-
eratives

Direct loans up to
65%; loan guaran-
tees up to 9 0 %

Fixed asset and/or
working capital for
production plants or
auxiliary facilities to
such plants

Help job situation,
Increase crop mar-
kets, Increase supply
of transportation fuel

Generally for
$500,000 minimum
size Plants must be
in eligible areas
This program nor
really would not be
appropriate for indi-
vidual farmers

To develop and dis-
seminate efficient
technologies for
small-scale fuel alco-
hol production

Grants go only to 5
currently funded CSA
projects Phase II
technical assistance
available to other
eligible organiza-
tions

Community Services
Administration

Currently funded by
CSA Rural and Small
Farm Energy
Grantees

Grant (limited)—
technical assistance

Construction and
operation of demon-
stration plants serv-
ing energy needs of
rural low-income res-
idents, provision of
technical assistance
to other communi-
ties in small alcohol
production
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Table 24.—Sources of Public Financing for Small-Scale Ethanol Production—continued

——.— —
Applicant eligibility Type of assistance Limits of projectEligible activities Purpose of prefect

R&D for onfarm sys-
terns advanced ener-
gy crops collection
and harvesting im-
provements, and ad-
vanced conversion
technologies

Develop Innovative
small-scale renewa-
ble energy technolo-
gies

Develop and test al-
ternative fuels in-
cluding alcohols in
diesel and Internal
combustion engines

Conduct R&D and
demonstrative tech-
niques converting
municipal waste to
gases and Iiquids
energy

Disseminate state-of-
the-art information —
train the public in
small alcohol fuels
facilities

Organization Program

Department of Biomass Energy
Energy Systems Program

Individuals, farmers,
businesses institu-
tions (no restrictions)

Technical assist
ance competitive
awards

Conversion of bio-
mass to alcohol fuels

None

Department of Small Scale Tech-
Energy nology Program

Individuals and small
Institutions

Grants Small-scale renewa-
ble energy sources

$50,000 per project
over 2 years

Department of Alternative Fuels
Energy Utilization Program

Individuals, farmers,
businesses Institu-
tions (no restrictions)

Competitive awards R&D—also testing of
alternative fuels

None

Department of Urban Waste Pro
Energy grams

Individuals, busi-
nesses, institutions,

Competitive
awards—loan guar-
an tees are under
consideration

Conversion of urban
and municipal waste
products to energy

None

communities (no re-
strictions)

No restrictionsDepartment of Office of Consumer
Energy Affairs

Technical, econom-
ic, and regulatory
advice

Small-scale onfarm
alcohol production
systems

None

SOURCE:Department of Energy Fuel From Farms, February 1980

tially negating many of the benefits

—

grams in determining distillers’ share of com-to the
modity markets. If this in fact occurs, the form,
magnitude, and duration of the subsidies be-
come critical issues.

First, the form of the subsidy will determine
its effect on the indirect cost of ethanol pro-
duction. For example, State gasohol excise and
sales tax exemptions could reduce available
highway funds, while a special tax on gasoline
could provide revenue to subsidize the expan-
sion of disti l lery capacity, spread the cost
among gasoline users, and encourage conser-
vation. On the other hand, such a special tax
would provide a more direct I ink between eth-
anol production and food price increases.

Second, when the available subsidies are
added up they can be quite large. The $0.04
Federal excise tax exemption alone adds at
least $1/bu to the purchasing power of gasohol
users relative to food consumers or Iivestock
feeders. State tax exemptions often add at
least an additional dollar to fuel users’ relative
purchasing power. Furthermore, many of the
ethanol conversion and end-use subsidies that
have been proposed or are in place have no ex-
piration date. Yet, the need for subsidies could
be obviated by increased distillery capacity re-

farming community. On the other hand, even
small co-ops may not have the financial means
to take advantage of economies of scale, and
they may be subject to the problems of the
members’ unwiIIingness to participate active-
ly. 1 7

Ethanol: Policies to Limit Production

All the subsidies and incentives discussed
above make it extremely profitable to produce
ethanol for use as an octane-boosting additive
in gasoline. In the short term, these subsidies
may be justified because they make invest-
ments in new ethanol capacity more attractive
and thus increase the rate at which new ca-
pacity becomes available. Arguments can be
made for ethanol distillation as one of the syn-
fuel technologies that can be used immediate-
ly as a hedge against the rising price of im-
ported oil and against the effects of another
oil import interruption.

As noted above, these conversion and end-
use subsidies for grain ethanol are likely to
become more important than agricultural pro-

‘ ‘Michael Schaat, Cooperatl\es ( W a s h i n g t o n ,  D  C E xplora-

tory Prolect for E conom  I( Alternatlk ef, 1977



176 . Energy From Biological Processes

solving economic questions about grain etha-
nol production, by increases in the price of oil,
or by increases in the price of or demand for
food requiring that disti l leries switch feed-
stocks.

Consequently, DOE and USDA should monitor
the economic and other effects of grain ethanol
production carefully and reevaluate the need for
incentives as planned capacity approaches 2 bil-
lion gal/yr, and then set new production limits
for further reevaluation, if appropriate. Policy
incentives for ethanol also could be made self-
Iimiting with sunset provisions, price or quan-
tity thresholds, or similar requirements.

If adverse economic effects do occur, and
policies are not self-limiting, three principal
options could be used to arrest the growth of
grain ethanol production. First, policy makers
could remove grain ethanol subsidies. If the
price of oil is so high that ethanol production
continues to grow without subsidies, taxes on
fuel ethanol use could be instituted. Of the
three options, a tax system would represent the
least market interference.

Second, policy makers might require distil-
leries to switch from grain to cellulosic feed-
stocks. Because commercial cellulose-to-etha-
nol processes are not yet well defined, it is
uncertain exactly what process changes would
be necessary. But, based on current knowl-
edge, convers ion to cel lu los ic feedstocks
could cost nearly as much as the initial invest-
ment in the grain-based distillery. Moreover,
administering mandatory conversions would
be more expensive than a tax system, and the
taxes might achieve the same goal through
market forces.

Third, policy makers could limit permits for
new grain-based distilleries. Although this op-
tion implies a high degree of market inter-
ference, it would allow subsidies and other in-
centives for grain ethanol production to re-
main in place up to a specified capacity (e. g., 2
billion gal/yr) while retaining control over the
industry’s growth. Moreover, some gasohol
proponents maintain that cellulose-to-ethanol
conversion processes will be developed suc-
cessfully before grain-based ethanol causes
major food price increases. If this develop-

ment in fact occurs, limits on grain ethanol
distillery permits would not limit the overall
growth of alcohol fuels. Again, however, most
of these objectives could be accomplished
through a tax system and its effects on the
market.

Methanol

Many of the above policies for ethanol also
apply to methanol. The major difference be-
tween the two fuels is that methanol could be
produced in much larger quantities, either
from biomass or coal, at relatively low costs.
Also, there are unresolved technical questions
about the use of methanol-gasoline blends.
Therefore, policies should be designed to en-
courage the use of methanol both as a stand-
alone fuel and in blends. The more attractive
options include using methanol in gas turbines
for peakload generation (currently fueled with
light distillate oil), in appropriately modified
automobiles in captive fleets (11.7 percent of
the automobi les and l ight-duty t rucks in
1976’ 8), and in diesel engines modified for
dual-fuel use. The first two options increase
gasoline supplies while the third increases the
availabiIity of diesel fuel.

Subsidies can reduce the cost of the metha-
nol used for fuel, while tax credits or grants
could be made available for converting exist-
ing equipment to methanol or applied to the
added cost of new equipment capable of using
methanol. The diesel engine option is particu-
larly attractive because: 1) diesel fuel usage
may increase sharply in the 1980’s due to an in-
creased number of diesel passenger cars, 2) the
methanol will reduce visible particulate emis-
sions, 3) the diesel engines can continue to
operate normally if methanol supplies are un-
available, and 4) a methanol distribution sys-
tem eventually would enable noncaptive fleet
automobiles to use pure methanol. With incen-
tives for using methanol in blends and as a
standalone fuel, the market could choose the
more appropriate options. The introduction of
gasoline pumps with the capacity to blend dif-
ferent amounts and kinds of alcohol, and even
to dispense pure alcohol, also would help in-
troduce these fuels.

I E ~ranSPortaflon  f~ergy  conservation Handbook (Zd ed , Oak
Ridge National Laboratory, October 1977), OR NL-5493

.
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Energy Policies

in addition to subsidization, gasohol pro-
duction and use could be encouraged through
both supply and market guarantees. DOE al-
ready has the authority to provide supply guar-
antees to gasohol manufacturers by ordering
oil companies to provide them with gasoline
for blending into gasohol. For maximum ef-
fect, DOE could mandate long-term supply
contracts between oil companies and distillers
of all sizes. In addition, DOE could be author-
ized to allocate fuel ethanol to areas experi-
encing gasoline shortages.

The principal market guarantee options are
fleet use, mandated levels of use, and pur-
chase guarantees. Fleet use would be applica-
ble mainly to Government-owned vehicles,
such as motor pools, police, and other public
service cars, or to large private operations such
as rental car agencies, taxicabs, and delivery
trucks, and could involve mandated long-term
contracts for gasohol supplies. Fleet use would
have the advantage of providing somewhat
control led circumstances for evaluating gaso-
hol performance and emissions. Mandated lev-
els of use (i. e., requiring that all automotive
fuel sold be at least X percent alcohol) should
be limited to areas with abundant feedstocks.
Negotiated purchase guarantees would virtual-
ly eliminate any marketing uncertainties for
the fuel producer.

Finally, Federal and State Governments
shouId consider rewriting their regulations
(where necessary) to give equal weight to etha-
nol and methanol, and to provide for blends
that contain less than 10 percent alcohol fuels.
In addition, R&D funding is needed to deter-
mine the best ways of introducing methanol
into domestic Iiquid fuel supplies from fuel
production and distribution to the various end
uses. The results of such a study would enable
policies to be directed toward promoting
methanol fuel use.

Environmental Policy

For the most part, the regulatory structures
to control the environmental impacts of com-
mercial gasohol production and use are in

place. These include the environmental report-
ing requirements established under NE PA, the
Clean Water Act regulations on point source
discharges, and the Clean Air Act requirements
for stationary sources. In addition, the use of
ethanol as an automobile fuel is affected by
Clean Air Act provisions related to mobile
source emissions.

NEPA is designed to ensure that Federal
agency decision making considers environmen-
tal amenities and values along with the tradi-
tional economic and technical factors. As part
of the NE PA process, all Federal agencies must
include a detailed E IS in every Federal action
(such as issuing a permit) that significantly af-
fects the quality of the human environment. If
an agency determines that an action will not
have a significant impact on the environment,
they must publish a negative declaration to
that effect. Because fuel alcohol distilleries
must obtain a BATF operating permit, they are
subject to the NE PA requirements. BATF re-
quires the permit applicant to file supporting
environmental information upon which the EIS
determination is based. In most cases, an EIS
will not be required, and NE PA will not affect
the construction of fuel alcohol plants.

The Clean Water Act establishes national
water quality goals that are structured around
the quality necessary for a variety of uses in-
cluding public water supplies, the protection
and propagation of fish and wildlife, and rec-
reational, agricultural, industrial, and other
purposes. Each State is required to develop
and implement, subject to the approval of
EPA, a comprehensive water quality manage-
ment plan designed to achieve the national
goals through water quality standards for the
designated uses of the receiving waters and
through effluent limitations that restrict quan-
tities, rates, and concentrations of chemical,
physical, biological, and other constituents
that are discharged from point sources. Efflu-
ent Iimitation guidelines for various categories
of point sources are determined by EPA.

Water quality standards and effluent limita-
tions are implemented through State certifica-
tion programs and through the National Pollut-
ant Discharge Elimination System (NPDES). An
applicant for a Federal permit to conduct any
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activity that may result in a discharge must
have State certification that the discharge will
not violate any water quality requirements.
NPDES is designed to ensure the orderly and
timely achievement of the national water
quality goals without sacrificing economic or
energy goals. Under NPDES, States (or, where
State programs have not been approved, EPA)
issue permits for discharges on the condition
that they will meet all applicable water quality
requirements, including State effluent limita-
tions based on the national effluent guidelines.

As discussed in chapter 4, the effluent from
fuel alcohol distilleries is very high in biologi-
cal and chemical oxygen demand and would
contribute to water quality problems if not
treated or recovered for use as animal feed. In
order to obtain a BATF permit for the distillery,
the operator must supply BATF with informa-
tion on the facility’s potential environmental
impacts. Based on this information, BATF de-
termines whether State certification is neces-
sary. In addition, in most States the operator
must obtain an NPDES permit for the distillery.
However, effluent guidelines for fuel alcohol
plants have not yet been established. There-
fore, any restrictions on discharges from these
plants must be based on State water quality
standards and the best engineering judgment
of the permit writer. Within the next year, EPA
will prepare an environmental technical report
that will serve as the basis for establishing ef-
fIuent guidelines.

Fuel alcohol plants also could be subject
to Clean Air Act regulations on stationary
sources. The Clean Air Act is structured around
Nat iona l  Ambient  A i r  Qua l i t y  S tandards
(NAAQS) that are implemented through a vari-
ety of regulatory programs designed to limit
emissions of airborne pollutants. The programs
most Iikely to affect fuel alcohol plants in-
clude NSPS for industrial boilers and permit re-
quirements designed to prevent the significant
deterioration of air quality (PSD) in clean air
areas. Although NSPS have not yet been estab-
lished for industrial combustion sources, many
distillery boilers will be large enough to trigger
the current PSD permit requirements. How-
ever, until NSPS have been formulated it is not
possible to determine to what extent the Clean

Air Act wil l affect fuel alcohol disti l leries.
Larger distilleries also will be subject to the
stringent requirements for siting in nonattain-
ment areas. But, most facilities will be located
in rural areas and the latter should not pose a
major constraint to construction.

Provisions of the Clean Air Act related to
mobile source emissions include numerical
standards for emissions of polIutants from new
motor vehicles or engines as welI as the regula-
tion of fuels and fuel additives. Standards have
been established for emissions of carbon mon-
oxide, hydrocarbons, and nitrogen oxides from
light-duty vehicles and engines. Although gaso-
hol could result in violations of these stand-
ards, the adverse effects are not likely to be
great, and the violations could be avoided by
restricting gasohol use in problem areas or
by requiring minor carburetor adjustments.
Should a significant adverse impact be found,
vehicles using gasohol could be exempted by
EPA for purposes of R&D or national security.

The Clean Ai r  Act also requi res EPA to
regulate automotive fuels and fuel additives
through a registration scheme. The manufac-
turer must petition EPA for registration of the
fuel or additive and provide EPA with sup-
porting information including the commercial
identifying name, range of concentration or
chemical composition, and purpose-in-use. If
EPA determines that the fuel or additive will
contribute to air pollution that may endanger
the public health or welfare or will impair the
performance of automotive emission control
systems, they can regulate or prohibit its man-
ufacture, distribution, or sale. In 1977, a group
of marketers petitioned EPA to register gaso-
hol, and the EPA Administrator determined
that there was insufficient evidence to deny
the petition. A similar petition for a 2.75-per-
cent blend of methanol with unleaded gasoline
was approved early in 1980, but a petition for a
blend of up to 15 percent anhydrous crude
methanol (75 percent methanol, 5 percent eth-
anol, 7.5 percent n-propona1, and 12.5 percent
i-butanol) recently was denied on the basis of
anticipated evaporative emission, phase sepa-
ration, materials incompatibility, and drivabil-
ity problems.
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Hence, if it became necessary, distillery boil-
er  emiss ions could  be regula ted under  the
Clean Air Act provisions related to stationary
sources, disti l lery eff luents can be controlled
under the Clean Water Act, and automotive
emissions from using ethanol as a fuel additive
could be regulated under the mobile source
provisions of the Clean Air Act. A possible ex-
ception would be if NSPS included a size floor
that exempted boilers in alcohol fuel plants.

None of the above regulatory authorities has
. been exercised as yet because the scientific

data necessary to justify regulation are incom-
plete or ambiguous. Although EPA is research-
ing the environmental effects of alcohol fuels,
the fact that legislative interest in promoting
gasohol is at its height while the resulting
short- and long-term implications of doing so
are not yet fully understood reflects a continu-
ing regulatory problem. That is, the Federal
Government tends to direct its attention and
funding toward existing recognized problem
areas and, thus, can give very Iittle attention to
long-range planning or to researching emerging
and potential future problems.
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Crop Residues and Grass and Legume Herbage

Introduction

Although the energy potential of grass and
legume herbage and crop residues is not as
widely known as that of wood or gasohol, it is
considerable. Forage grasses and legumes,
such as big bluestem, orchard grass, broom
grass, tall fescue, alfalfa, hay, clover, and reed
canary grass, could contribute up to 5 Quads/yr
of renewable energy by 2000, depending on the
availability of cropland, while the crop resi-
dues that currently are left in the field after
harvest ing could contr ibute more than 1
Quad/yr to domestic energy supplies in 2000.
Grasses and residues can be combusted alone
or cocombusted with coal or other biomass
feedstocks in small boilers or used as the feed-
stock for gasifiers. Because more oil is dis-
placed by these materials through gasification,
this may be the more valuable use. In the long
term, however, both grasses and residues— as

Current

There i s  l i t t Ie current pol icy re lated to
grasses and residues. Demand for these materi-
als has never been great enough to necessitate
regulating their supply or their manner of use.
However, a number of considerations related
to their role in overall agricultural, energy, and
environmental policy have been raised.

Relative to the resource base, forage crops
play a minor role in agricultural policy (as de-
scribed in the gasohol policy section) to the ex-
tent that they can be grown on set-aside lands.
In some cases, grasses constitute “approved
conservation uses” for set-aside and other pro-
duction control lands because their sod helps
to control erosion. On the other hand, land can
only be designated as set-aside if it produced a
crop other than hay or pasture within the previ-
ous 3 years, unless it was used for forage crops
in alI 3 years as part of a normal crop rotation
pattern.

The policies that could affect the conver-
sion of grasses and residues into energy in-
clude those that discourage or restrict new

welI as other celIulosic materials — may be-
come more valuable as ethanol or methanol
feedstocks.

If the energy potential from grasses and resi-
dues is to be realized, both incentives for sup-
ply and demand and funding for R&D might be
necessary. It is possible that increased oil
prices alone will be a sufficient incentive to
stimulate demand, which in turn wil l raise
prices and elicit a supply of grasses and resi-
dues for energy. Policy initiatives such as edu-
cation programs and subsidies would acceler-
ate the introduction of these energy sources.
This section reviews current policies affecting
the production and use of grasses and residues
for energy and presents some policy options
that could stimulate their use or manage any
resulting adverse impacts.

Policy

uses of oil or natural gas as well as those that
regulate air polIutant emissions from station-
ary combustion sources.

The Fuel Use Act of 1978, part of the Nation-
al Energy Act, prohibits (with certain excep-
tions) the use of oil or natural gas as a primary
energy source in new fuel-burning installations
and the use of natural gas in existing facilities
after 1990. But, these prohibitions do not apply
to most cogeneration facilities or to units that
have a fuel heat input rate of less than 100 mil-
lion Btu/hour. Where combustion or gasifica-
tion facilities would be used for cogeneration
or would be relatively small, they will not
come under the Fuel Use Act prohibitions and
the primary incentive to use grasses and resi-
dues as a primary fuel in these facilities would
be the cost of oil and gas. Where grasses or
residues are cocombusted with coal, however,
the facilities could be quite large.

Similarly, the Clean Air Act provisions re-
lated to stationary source emissions (as re-
viewed in the gasohol policy section) primarily
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are applicable to larger sources and, for the
most part, would not affect biomass combus-
tion or gasification. If technological controls
or process changes were required, they could
increase the cost of conversion. I n addition, it

Policy

Policy incentives for grasses and residues
would accelerate their introduction into do-
mestic energy markets and help reduce the
long-term investment uncertainties. The impor-.
tant policy options are those that would ensure
the development of and investment in conver-
sion technologies, as well as those that would
provide a reliable supply of feedstocks without
causing adverse environmental impacts.

Resource Base

While gasohol must compete in traditional
markets for starch and sugar feedstocks, there
are no established markets for crop residues
and about 75 percent of current forage crop
production is used onfarm. Thus, l inks be-
tween farmers and conversion facilities need
to be established. It is likely that the develop-
ment of conversion technologies such as gasifi-
ers will be a sufficient stimulus to the estab-
lishment of a supply infrastructure. At some
point, however, the Government may choose to
intervene in the market to ensure that, in the long
term, using cropland to produce grass and leg-
ume herbage for energy does not conflict with
food needs, or to ensure that residue harvesting
does not result in increased erosion or reduced
soil productivity.

The two sources of forage crops for energy
are increased productivity and production on
set-aside and potential croplands. Demands
for these crops, stimulated through conversion
process subsidies, could be sufficient to in-
crease productivity. If additional incentives
are needed, they could include income sup-
port programs similar to target prices or defi-
ciency payments, or tax credits or deductions
for the costs incurred in more frequent harvest-
ing. For the use of set-aside lands, however,
forage grass production would have to be in-
tegrated into the existing agricultural policy

could be difficult to site conversion facilities
in nonattainment areas, but because these are
usually urban areas and the most cost-effec-
tive use of grasses and residues is in rural
areas, these wiII have only a Iimited effect.

Options

structure. This could merely take the form of
allowing forage grasses to be grown for energy
purposes on production control lands aside
from their value as an approved conservation
use, or forage grasses could be included in the
general agricultural production control and in-
come support system.

The options that involve income support
payments (such as deficiency payments), or
that use CCC as the middleman between farm-
ers and conversion facilities, would increase
Government program expenditures, but would
tend to make the supply more reliable in that
CCC could monitor production and maintain
reserves as a hedge against short-term supply
deficits. Alternatively, conversion facil it ies
could establish long-term contracts with local
forage producers or could purchase their own
crop land.

If demand for food continues to increase, lit-
tle cropland may be available by 2000 for grass
and legume herbage production. Thus, special
attention should be given to R&D support for
plant hybrids with high dry matter yields when
grown on land that is poorly suited to food crops.
So long as these hybrids do not have signifi-
cantly higher yields on better quality land,
there will be no economic incentive to dis-
place food crop land with them.

Most existing agricultural production repre-
sents a potential source of crop residues for
energy. They can be harvested after the crop,
but this method delays fall ground prepara-
tion, and, if fall rains come early, can prevent
it altogether and thus delay spring planting.
Alternatively, custom operators could work
under contract for farmers. As with forage
grasses, an exogenous demand may be suffi-
cient to encourage residue harvesting. If addi-
tional incentives are needed they could in-
clude cost sharing, attractive financing, or tax
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subsidies for the harvesting equipment. Again,
residues could be bought and resold by CCC or
through long-term contracts  di rect ly with
farmers. Compensation programs should be de-
veloped for onfarm storage of crop residue
stacks.

Although grass and legume herbage cultiva-
tion has a much lower erosive potential than
grains and other row crops, achieving high dry
matter yields of Iignocellulose crops may in-
crease the potential for chemical water pollu-
tion from fertilizers. The options for control-
ling this include education programs, effluent
charges, and fertilizer application Iimits im-
plemented through approved conservation
plans or section 208 permits; these are dis-
cussed in detail in the gasohol policy section.
However, any controls on nitrogen fertilizer
use will limit productivity of crops other than
nitrogen-fixing pIants.

The primary issue surrounding crop residue
removal is ensuring that farmers do not harvest
too much of the residues and thereby lose ero-
sion protection. Education programs spon-
sored by the Extension Service probably would
be necessary, but not sufficient, because re-
search suggests that it is not within the eco-
nomic interests of many farmers to protect
against soil erosion unless they have extremely
long planning horizons and assume a very low
discount rate on future income. Therefore, sub-
sidies for residue harvesting also might be linked
to environmental controls such as mandatory
approved conservation plans, or taxes on resi-
due harvest beyond levels determined to pro-

tect soils. Again, these options are discussed in
detail in the gasohol policy section.

Conversion

If the energy potential of grasses and residues
is to be realized in the near to mid-term, Govern-
ment incentives for the development of and in-
vestment in conversion facilities will be neces-
sary. For example, RD&D support is needed to
develop gasifiers that can use grasses and resi-
dues, to develop inexpensive compaction or .
pelletization methods to reduce fuel transpor-
tation costs and improve handling character-
istics, to demonstrate the use of grasses as a
methanol feedstock, and to improve lignocel-
Iulose-to-ethanol processes. In addition, a full
range of tax incentives (such as investment tax
credits, accelerated depreciation, or special
energy production credits) as well as subsidies
such as low-interest loans, cost sharing, or
guaranteed feedstock prices should be consid-
ered to spur investment. The general implica-
tions of these options are discussed in detail in
the previous sections. The primary noneco-
nomic incentive to be considered is a guaran-
teed supply of forage grasses or crop residues
for  convers ion faci l i ty  feedstocks,  imple-
mented either through CCC or direct long-term
contracts.

Finally, where cocombustion of grasses and
residues results in net adverse air quality im-
pacts, alternative control strategies for these
should be developed under the Clean Air Act.
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Anaerobic Digestion of Animal Wastes

A review of the analysis in chapter 4 indi-
cates that anaerobic digestion of manure from
small confined animal operations could pro-
duce approximately 0.27 Quad/yr of biogas–-a
mixture of 60 percent methane and 40 percent
CO,. Although 0.27 Quad/yr is not a large con-
tribution to total U.S. energy demand, it could
make many livestock operations energy self-
sufficient.

b
However, several issues must be resolved be-

fore anaerobic digesters could be widely used.
First, the basic technological designs should be
improved and the biological reactions better un-
derstood so that advanced automatic digesters
will perform reliably with widely varying feed-
stocks. Means of financing digesters that re-
duce farmers’ investment costs also might be
implemented. Gas and electric utility rates and
practices must be revised in order to provide
backup power at a reasonable cost and to pur-
chase excess electricity (or, where applicable,
gas) at a fair return. Finally, farmers must be
convinced to change their present waste man-
agement practices to include anaerobic diges-
tion systems. Fortunately, the necessary
changes are consistent with emerging trends in
confined animal operations.

Farmers can obtain financial assistance
from several Federal agencies to defray digest-
er costs, including DOE and USDA. In genera],
this assistance consists of grants, loans, and
loan guarantees. Farm investment tax credits
also can be used for digesters, but often farm-
ers already will have applied the credits to
other equipment.

. Manure-handling practices are federally reg-
uIated under Clean Water Act provisions re-
lated to both point and nonpoint sources. The
general framework of the Act is described in
the gasohol policy section. EPA has estab-
l ished effluent l imitation guidelines for the
point source category of “feedlots.” This cate-
gory includes most forms of livestock opera-
tions such as open and housed lots or barns
with relatively large numbers of animals (e. g.,
1,000 head of cattle, 700 dairy cows, 2,500

swine, 55,000 turkeys). I n general, these regula-
tions establish a zero discharge limit for new
and existing feedlots unless the discharge is to
a sewage treatment plant.

Livestock operations of al I sizes can be regu-
lated under the Clean Water Act’s section 208
provisions for nonpoint sources. However, as
discussed under alcohol fuels policy, section
208 is only now being implemented and it is
not clear what BMPs to control manure-related
runoff wiII be. Including anaerobic digestion as a
BMP probably would accelerate introduction of
the technology.

In addition to the provisions of the Clean
Water Act, manure-handling practices also are
regulated under State laws. State requirements
vary widely; they may include permits, mini-
mum runoff storage capacity, maximum land
application limits, and odor and dust regula-
tions. Some States also offer income on invest-
ment tax credits or other financial incentives
(e. g., grants, loans) for anaerobic digestion sys-
tems, as part of either State environmental or
energy policy. For larger systems with high ini-
t ia l  investment costs , innovative financing
schemes such as leverage leasing may accelerate
digester use.

In general, the Federal and State regulations
related to manure-handling practices have the
potential to encourage anaerobic digestion be-
cause they provide a strong incentive to
change such practices; surveys reveal that a
demonstrated need for such change is a major
obstacle to farmer acceptance of anaerobic di-
gestion. 19 Financing for both the implementa-
tion of Federal and State regulations and for
new manure-handling systems would help to
increase farmer acceptance.

Utility policies may also pose an obstacle to
digester use. Existing rate structures both for
providing backup power and for purchasing
surplus power discriminate against small indi-

19R H Cole,  et al , ‘‘A Surve}  of Worces te r  County’, Massachw
wtts, Da I ry  I a rmf Wit h Respect  to T hel r Potent  la I for Methane
(;enerat Ion, SClence Techno/ogv  ReI ie~~, S e p t e m b e r  1 9 7 6
27-45
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vidual energy sources such as digesters. Some
of these utility policy issues wilI be resolved by
implementation of the Public Utilities Regula-
tory Policies Act of 1978, part of the National
Energy Act. Others may require additional leg-
islation. Policy options related to these issues
are discussed in detail in OTA’s forthcoming
study of dispersed electric generation and are
not discussed further here.

Probably the most important policy options
for anaerobic digestion are RD&D support for the
demonstration of a wide range of inexpensive
and reliable digester systems and the implemen-
tation of attractive financing schemes. Once
farmers have been shown that reliable, auto-
matic, and relatively inexpensive digesters are

available, and that these systems will solve
environmental problems stemming from cur-
rent manure disposal practices, the primary
obstacle to anaerobic digestion — farmer ac-
ceptance—will have been removed. From that
point, existing incentives such as DOE and
USDA loans and grants, as well as available tax
credits and deductions, should be sufficient,
especially if they help farmers overcome the
high initial investment cost for digesters. Final-
ly, it should be recalled that Federal subsidies
for conventional energy sources are substan-
t ia l .  These  subs id ie s  make both  the  in te rna l  
and external costs of individual energy systems
such as digesters seem relatively greater than
they are.
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Conclusion: Biomass and National Energy Policy

The United States today confronts several
broad policy issues with respect to bioenergy
development: 1) whether to adopt policies to
promote the growth of bioenergy beyond those
levels that will be reached through the opera-

. tion of market forces in conjunction with in-
centives and subsidies that already have been
approved; 2) whether to change the character
or size of existing incentives and subsidies that

m affect bioenergy; and 3) whether to adopt new
policies to manage the impact on soils, forests,
the environment, and society that will accom-
pany the growth of these new sources of en-
ergy.

A key conclusion of this report is that there
is a great deal of biomass in the United States
that can be converted to useful energy— much
more than most people realize— and it can be
brought into production quite rapidly if neces-
sary. OTA estimates that as much as 5 to 6
Quads/yr of bioenergy will be used by 2000 if
prices remain stable (in real terms) at 1980
levels, or increase moderately, and if Govern-
ment promotional activities remain more or
less as they are today. This means that the con-
tribution of energy from biomass will more than
triple in less than 20 years even if little or nothing
new is done. OTA’s confidence in this estimate
is based on the fact that it projects a continu-
ation of current trends and the expected
growth would take place primarily in the forest
products industry and in home heating appli-
cations where technologies are already well
known and in use.

Growth of bioenergy beyond this level, how-
ever, is likely only if prices increase significantly
or if America adopts policies to promote a much
more rapid expansion. Those who support such
a course of action do so chiefIy on the grounds
that bioenergy would help displace imported
oil and would hasten the transition to reliance
on renewable resources. Assuming a major na-
tional commitment to this goal, OTA estimates
that the resource base will sustain the produc-
tion of as much as 12 to 17 Quads/yr of energy.

The objective in this chapter has been to
point out those considerations that should be

-

taken into account in making choices about
the speed and character of bioenergy develop-
ment and to describe and analyze specific ac-
tions that might be taken by the Federal Gov-
ernment to further promote and guide that de-
velopment. The pages that follow summarize
the key policy alternatives that have been
identified.

As noted, Congress already has passed a
number of measures to support the develop-
ment of new resources of energy of all kinds,
and many of these have improved the pros-
pects for investment in bioenergy. The most
important of these provide for the phased de-
regulation of crude oil and natural gas prices.
Because of the wide range of feedstocks and con-
version technologies involved, however, many
bioenergy systems can benefit from policies
more carefully tailored to the needs of the pro-
ducers and users of this form of energy. Al-
though some legislation with this objective has
been passed, a number of additional options
should be considered.

In the case of wood, a principal concern is
the management and care of the resource base
—the Nation’s forest lands. One of the reasons
that wood energy is attractive is the possibility
that increased demand for it will lead to more
intensive forest management, and thereby to
an increase in the quantity and quality of avail-
able timber. Unfortunately, however, it is not
certain that this will occur, or that the many
kinds of environmental damage that may re-
sult from wood harvesting, transport, and con-
version, can be avoided. Therefore, an increase
in the use of wood energy should be accompa-
nied by new and expanded programs and incen-
tives to encourage–and perhaps even require–
good forest management practices, including
much more extensive assistance to, and coopera-
tion with, State forestry agencies.

The need for supportive Government pro-
grams is especially great outside the forest
products industry where inexperience with
wood energy may delay its adoption even
when it is cost effective. Programs to provide
information and technical assistance in con-
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version are needed for these users, as are im-
proved inventories of national and local forest
biomass resources and loan guarantees and tax
credits to help overcome the higher capital
cost of wood combustion systems. Incentives
to support the establishment of commercial
wood supply systems in the private, nonindus-
trial forests also would encourage wood ener-
gy use. Where possible, the Federal and State
governments might promote wood use by es-
tablishing concentration yards and making
available a guaranteed supply of Government-
owned logging slash and the residues of site
preparation, fire prevention, and stand i m -
provement activities.

The precise impact of policies designed to
promote the use of wood for energy is difficult
to estimate. As is the case with many uncon-
ventional energy sources, the most important
determinant remains the price of conventional
fuels. Nonetheless, as wood energy use com-
petes with demand from forest products indus-
tries, the continuing problem of supply unreli-
ability and regional price fluctuations may act
as a significant additional deterrent to conver-
sion.

The policy issues raised by gasohol are more
complicated. The range of available feed-
stocks extends from wood itself to grass and
legume herbage, crop residues, feed crops, and
food-processing wastes; these in turn are gov-
erned by a variety of legislative, regulatory,
and administrative policies and jurisdictions
that affect both production and use. Should
the United States choose to promote the rapid
expansion of the use of gasohol made with eth-
anol from grain and sugar crops, policy sup-
port will be needed to: 1) ensure that feed-
stocks are available without causing unwanted
inflation in the food and feed markets; 2) in-
crease investment in distillation, distribution,
and blending; and 3) manage the resulting im-
pacts on the environment and society as a
whole.

A major Federal subsidy, in the form of ex-
emption from excise taxation, already has
been granted to gasohol blended from either
ethanol or methanol provided that it includes
at least 10 percent alcohol produced from bio-
mass sources. Sixteen States have added sub-

sidies that range from 1 cent (Connecticut) to
9.5 cents (Arkansas) per gallon of gasohol.
When combined with available investment tax
credits and crude oil entitlements, these have
made ethanol economically competitive when
used as an octane booster, and gasohol made
with grain ethanol is now on sale in many parts
of the country. Finally, as part of the response
to the Soviet invasion of Afghanistan, Presi-
dent Carter has set as a national goal the pro-
duction of 500 million gal/yr of ethanol by the
end of 1981, and has indicated his support for
legislative proposals to expand subsidies and
extend their duration.

The prospect of an expansion of gasohol
production raises a number of important pol-
icy issues. Perhaps the most important of these
is the problem of assuring the availability of
ethanol feedstocks while moderating the im-
pact of this new demand on the price of food
and feed. Indeed, managing the consequences
of the emerging interdependence between
agriculture and energy is likely to remain a key
challenge to policy makers responsible for pro-
grams in both areas for many years.

The general sources of ethanol feedstocks
are expanded production on lands not present-
ly under cultivation, production on lands freed
by crop substitution, and commodities di-
verted from export markets. However, direct
competition for feedstocks between ethanol
producers and feed, sugar, and export buyers
would increase the price and decrease the sup-
ply of commodities in all markets.

Encouraging the cultivation of idle lands, in-
cluding lands now in production control pro-
grams as well as potential cropland of many
kinds, also introduces problems. These lands
often are not cultivated because they are inac-
cessible, highly erosive, or experience prob-
lems with drainage, seepage, or flooding. The
cost of special incentives needed to bring them
into cultivation, if paid by the public, would
constitute an additional but less visible sub-
sidy to alcohol production.

Whatever approach is chosen, careful man-
agement of agricultural programs will be nec-
essary in order to minimize the potential unde-
sirable economic and environmental conse-
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quences of using grain and sugar crops for eth-
anol. Up to 1 billion to 2 billion gal/yr, these
consequences may be minor. Once ethanol
production approaches this amount however,
the effects of programs designed to increase
grain ethanol production should be reeval-
uated. If, following such an evaluation, it ap-
pears that significant food-fuel competition
has begun to occur, a number of changes in ex-
isting policy may be desirable to prevent large
increases in the price of food and feed. Even
before this limit is reached, however, signifi-

. cant new policies may be necessary to mini-
mize the potential environmental effects of
ethanol feedstock cultivation.

Despite these potential problems, ethanol
from grains is likely to remain important for
several years as a means of diversifying U.S.
liquid fuel supplies and of encouraging energy
self-sufficiency in agriculture. However, if the
United States chooses to move quickly to the
development of gasohol as a significant source
of liquid fuel, while avoiding increases in food
prices, careful consideration should be given
at the outset to an early shift to methanol (and
possibly ethanol) from wood and lignocellulo-
sic feedstocks. Also important here is the de-
velopment and demonstration of means of
converting grass and other herbage to metha-
nol and the further development of lignocellu-
Iose-to-ethanol processes. *

Policies and programs to promote the pro-
duction and use of gasohol raise a number of
other policy issues that deserve attention.
These include, among others:

• The nature of the alcohol subsidy. — I n gen-
eral, good policy instruments signal to the
consumer the full cost of the product be-
ing used. Current gasohol subsidies, espe-
cially if they are continued for long peri-
ods into the future, contravene this con-
cept and instead force the general public
to subsidize the consumption of automo-
tive fuel. The signal to the consumer—
that gasohol is cheaper than it really is — is
false, and will lead to greater consump-

●

●

●

●

tion of the resource, which may run coun-
ter  to overal l  nat ional  energy goals .
Another way of accomplishing the same
objective is by mandating alcohol blend-
ing at gasoline terminals and allowing a
pass-through to the gasoline consumer of
the full cost of the blend.
The duration of the alcohol subsidy.–-To
promote further investment in disti l lery
capacity, it may be desirable to extend the
excise tax exemption granted to gasohol
beyond its current expiration date of Oc-
tober 1, 1984. However, many policymak-
ers argue strongly in favor of strict Iimita-
tions on the tenure of any energy subsidy,
and these arguments must be weighed
alongside those supporting continued in-
vestment in gasohol production. Note that
a continuation of infIation can be ex-
pected to reduce the value of the subsidy
over time.
The treatment of imported alcohol.–-Cur-
rent legislation allows the blenders of im-
ported alcohol to qualify for the subsidy.
Large-scale imports of alcohol would have
the consequence of creating a substitute
foreign dependence, but this probably
would be minor in terms of overall fuel
use and would almost surely represent a
diversification of energy import sources
(e. g., from OPEC members to countries
such as Brazil) and would lessen the im-
pact of gasohol use on domestic food
markets.

The blending of varied amounts of alcohol.
— The octane-boosting properties of alco-
hol can still be utilized when it is blended
with gasoline at percentages lower than
10 percent and the resulting fuel may
cause fewer problems in automobi Ies
using it. Accordingly, there is little reason
to maintain the current requirement that a
full 10-percent blend be produced to qual-
ify for the subsidy.

The subsidization of onfarm production and
use of alcohol. — Because current subsidies
accrue only to alcohol blended with gas-
oline for use as a commercial motor fuel,
onfarm use of alcohol receives no sup-
port. One way to remedy this is by replac-
ing the excise tax credit with a direct tax.
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●
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credit to the producer. Although there are
a number of reasons why farm energy au-
tonomy is attractive, these should be
weighed against the increased fuel savings
that would be achieved by the country as
a whole if alcohol is used as an octane
booster in the national gasoline supply
stream rather than in pure form as a stand-
alone fuel.

The adjustment of the automobile fleet
to accommodate alcohol blends.– Experi-
ments indicate that at blends as low as 10
percent alcohol some cars will experience
difficulties. There may also be problems
of corrosion of parts in cars as well as in
blending and transport facilities (these are
somewhat greater with methanol than
with ethanol), and the Government may
want to consider means of assuring that
automobiles are adapted to avoid these
problems in the future. Early disillusion-
ment with gasohol as a result of problems
of this kind — problems that may only ap-
pear after the expiration of new-car war-
ranties — may prevent the rapid accept-
ance of this fuel blend.

The passage of regulations to ensure max-
imum displacement of imported fuel and
the most favorable net energy balance. — Of
particular importance, in this respect, is
requiring the use of solar energy, coal, or
biomass fuels in new distilleries built to
produce alcohol for gasohol and requiring
that the alcohol be blended with a lower
octane gasoline than that which the gaso-
hol displaces.

The introduction of methanol to the liquid
fuel system.— For a number of reasons,
methanol produced from wood, grasses,
residues, and other plant feedstocks ap-
pears to be an attractive option. There-
fore, a careful study should be made of
the best ways of introducing methanol to
the Iiquid fuel system of the country, from

the fuel production and distribution sys-
tem to the various end uses.

In the design of national policies to promote
and manage the development of bioenergy a
number of broad considerations are worth
highlighting. The first is that the actual effec-
tiveness and impact of policies, whether pro-
motional or regulatory, are extremely difficult
to anticipate. Because of this it is of the ut-
most importance that this uncertainty be
acknowledged at the outset by making any
commitments tentative and including in legis-
lation, where appropriate, detailed provisions
concerning subsequent monitoring and assess-
ment of results. It is also important to avoid
the pitfall of granting large or permanent sub-
sidies that will distort the allocation of eco-
nomic resources in the future. Such measures
as “sunset” provisions, price and quantity
thresholds for subsidies and incentives, and
statutory requirements for review of existing
policies are means that may be employed to
accomplish these goals. A graduated phase-out
of incentives for alcohol production, for exam-
ple, might begin when imported oil costs
$35/bbl (1980 dollars) or in 5 years, whichever
came first. Formal review of wood energy sys-
tems and the condition of the forests and soils
might be required when USDA determines that
5 Quads of wood and other I ignocellulosic
feedstocks are being consumed annually. Reg-
ulatory measures designed to protect the en-
vironment serve best if they are spelled out
clearly at the outset of a new kind of economic
activity, and not imposed on investors after
they have committed themselves. This is espe-
cially important in the case of bioenergy
because the environmental impacts of harvest-
ing and use are so complex and potentially
far-reaching. Finally, particular attention to
the degree of premium fuel displacement
achieved in production and consumption is
needed if the development of bioenergy is to
reduce the dependence on imported oil.
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Appendix A: KEY TECHNOLOGICAL DEVELOPMENTS
NEEDED TO HELP REACH THE BIOENERGY

POTENTIAL

The 1985 bioenergy potential probably can be
achieved with relatively direct development of ex-
isting technology, but the quality and success of
these developments will influence the ease with
which the potential is achieved. I n the longer term,
there are numerous possible developments that
could improve the potential for energy from bio-
mass and help to make it an increasingly attractive
energy option. I n addition, basic and applied re-
search in areas directly and peripherally related to
bioenergy can increase the body of knowledge on
which new and successful developments uItimately
must be based,

Some of the general areas of technological de-
velopment that could be important to bioenergy
use are Iisted below. The basic criteria used in
choosing these are that: 1 ) the RD&D probably can
produce usable results, and 2) it addresses an area
that either constrains bioenergy development or
shows promise for important new applications of
biomass for energy. Although all of this RD&D can
be carried out simultaneously, the areas are di-
vided into near and longer term needs, based on
the time it may take to achieve commercial appli-
cat ions.

Near Term

Resource Base

Wood harvesting. –A repertoire of wood-harvest-
ing techniques and equipment should be devel-
oped. The goals should be to minimize occupa-
t ional  safety hazards,  esthet ic  and environ-
mental damage, and costs, particularly when
handling small pieces of wood. Additional goals
should be to ensure that the potential benefits
(e.g., increased growth of commercially valuable
timber) accrue as well as to improve the econom-
ics of harvesting and colIecting low-quality wood
from smalI tracts of forest.
Surveys.– Surveys should be conducted to deter-
mine more accurately the biomass resource, and
subregional supply-demand curves for various
types of biomass should be developed. This
should include the present and projected avail-
ability of cropland and potential cropland for
energy production and the costs associated with
using it.

●

●

Impacts of biomass supply uncertainties. -A com-
mon feature of most biomass fuels is the uncer-
tainty in supply. For most sources this will pri-
marily be a local, short-term uncertainty caused
by fluctuations in weather and local demand.
But for grains and sugar crops, considerable
uncertainty also surrounds future world demand
for food, future crop productivity, and the ability
of agricultural policy to stabilize farm commodi-
ty prices as the supply of good cropland that can
easily be brought into production diminishes.
These uncertainties should be investigated to
determine their impacts on the biomass supply
sectors — particularly agriculture— and on the
way that fuel users will respond in order to
reduce their risks. The emphasis should be on
developing policy options that can better deal
with these uncertainties.
Biomass storage and transport. — Inexpensive
means of compacting, storing, and transporting
wood and particularly herbage and crop residues
should be investigated in order to overcome the
problems associated with the low energy density
(energy per cubic foot) and poor handling char-
acteristics of these materials.

Conversion Technology
Methanol from wood, grass and legume herbage,
and crop residues.— Conversion processes for
producing methanol from grass and legume herb-
age and crop residues should be demonstrated,
while those for producing methanol from wood
should be developed further in order to decrease
costs and increase the efficiency (i. e., greater car-
bon monoxide-hydrogen yields and lower char
and oil formation). Furthermore, small-scale con-
version facilities (less than 150 green ton/d input)
should be developed in order to gain access to a
larger fraction of the biomass resource. (A larger
portion of the resource is made accessible with
smalI conversion processes because the dis-
persed nature of biomass makes it easier to col-
lect small amounts for conversion than to collect
the large quantities required for large-scale con-
version facilities. )
Airblown gasifiers.— Various sizes of airblown
gasifiers should be developed and demonstrated
in order to improve the technology and gain
operating experience.

197
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●

●

●
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Wood stoves.– Wood stoves should be devel-
oped further to increase their efficiency and ease
of operation and to reduce emissions, safety
problems, and maintenance. This should also in-
clude the investigation and development of heat
storage devices that can provide a steadier, more
even flow of heat from wood heating systems.
New direct combustion technologies. – New direct
combustion technologies for wood and other
feedstocks that show promise for increased effi-
ciency and decreased emissions in industrial ap-
pl icat ions should be developed and demon-
strated.
Ethanol from wood, grass and legume herbage, and
crop residues. — Development of processes for
economically converting wood and herbage (in-
cluding crop residues) to ethanol should con-
tinue. While most of the processes are not cur-
rently ready for demonstration, those that are
ready and appear to be feasible should be dem-
onstrated.
Anaerobic digesters.– A variety of onfarm an-
aerobic digester  systems should be demon-
strated. The goals should be to lower installation
costs and improve the digesters’ reliability and
fIexibility.
Onfarm fuel production.--Onfarm ethanol pro-
duction may be popular as a means for farmers
to achieve some degree of liquid fuel self-suffi-
ciency and to divert crops in times of low prices.
If so, then the maximum amount of oil can be
displaced by using these crops to produce dry
ethanol as an octane-boosting additive to gaso-
line. In order to do this onfarm, relatively auto-
matic distilling equipment capable of producing
dry ethanol safely and inexpensively should be
developed. For dry and wet ethanol production,
facilities should be developed that are capable
of producing dry distillery byproduct and using
wood and herbage as a fuel. Solar-powered distil-
leries also should be developed.

There is, however, a mismatch between etha-
nol and farmers’ liquid fuel needs (e. g., diesel
fuel). Although this can be overcome with mod-
ifications in the farm equipment, other possibil-
ities for onfarm fuel production also should be
investigated. One example may be cultivation of
sunflowers and the development of small presses
that can be operated easily and inexpensively to
separate the sunflower seed oiI for use as a diesel
fuel substitute, The research should determine
which farming operations are best suited to on-
farm fuel production, how many of each type of
operation exists in the United States, and what
fuel and energy savings can be achieved in each
category. The emphasis should be on providing a

●

repertoire of possibilities from which individual
farmers can choose the alternative best suited to
their needs.
Large-scale ethanol production from grains and
sugar crops. — If grains and sugar crops are to be
converted to ethanol, methods for reducing the
distillery energy usage and other ethanol produc-
tion costs should be developed. The most impor-
tant, at present, appear to be the development of
means for storing sugar crops without deteriora-
tion of the sugar due to bacterial attack, proc-
esses for continuous fermentation that can be
operated reliably without the need for redundant
equipment, and new means for removing the
ethanol from the fermented solution (distilIation
is used at present).

Dry milling processes also should be inves-
tigated because of their potential for reducing
the investment cost for distilleries capable of
producing a distillery byproduct (corn gluten)
that can be used in higher proportions in animal
feeds and for different animals than distillers’
grain.

End Use
●

●

Use of alcohol-gasoline blends.– The problems
associated with using blends of either methanol
or ethanol and gasoline should be investigated
further. Techniques for keeping the blends dry
should be developed. The automobiles and en-
gine designs most Iikely to be adversely affected
by using the blends should be identified, the type
and cost of necessary modifications should be
established, and attempts should be made to
ident i fy  or  develop low-cost  addi t ives t h a t
minimize the adverse effects. Similar studies of
the distribution systems should be carried out,

Because of  the potent ia l ly  greater  prob lems
associated with methanol (as compared to etha-
no l )  b lends and the poss ib i l i t ies  for  produc ing

s ign i f icant ly  la rger  quant i t ies  o f  methanol  than
ethanol in the 1980’s, the use of methanol fuel
should be examined carefully. The entire system
including oil refineries, distribution systems, and
various end uses should be examined with re-
spect to costs and oil savings to determine which
strategies are best suited to introducing metha-
nol into the Iiquid fuels system,
Data for National, State, and local decisionmaking.
–An important  feature of  bioenergy is  that
feedstock availability and cost vary considerably
with time and geographic location. Local data
and analyses should be developed that calculate
the costs of using the local biomass for energy
and the effects of the supply and cost variations
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on the economics of using biomass. These
models also should contain information on the
local supply, type, and variation in supply of the
biomass resource. This could aid individuals and
businesses in making informed decisions on a
site-specific basis as to whether or not to utilize
this resource for energy. This will involve con-
siderable survey work.

Longer Term

Resource Base

● Crop switching. — Various crop-switching possibil-
ities that involve fuel production should be in-
vestigated further. One example is the cultiva-
tion of corn instead of soybeans. The byproduct
of producing ethanol from the corn can then be
substituted in animal feed for some of the soy-
beans not produced. Other possibilities include
the cultivation of sugarbeets used for animal
fodder. The crop-switching possibilities should
be explored to determine the extent to which
they can be used to produce fuels from agricul-
ture without expanding the quantity of cropland
cultivated. Included in this should be investiga-
tions of the effect of substituting current feed ra-
tions with varying amounts of forage — distillers’
grain, and forage-corn gluten mixtures.

● Crop development. — A wide variety of crop types
should be developed, including grasses, legumes,
and trees; freshwater and saltwater plants; plants
that produce or can be converted to liquid fuels
suitable for transportation; and plants that can
be cultivated on lands that are or may become
unsuitable for food or feed production. Cultiva-
tion techniques (especially for aquatic plants)
and the development of plant hybrids require
special attention, because these unconventional
crops are Iikely to have both unique potentials
and problems. The criteria should be the net pre-
mium fuels (oil and natural gas) displacement
per acre cultivated (for land-based plants), the
utility of byproducts, the economics, and the en-
vironmental impacts. At the same time high-yield
forage grasses and legumes should be devel-
oped, so as to free more pastureland for energy
product ion.

. Ocean farms. — R&D into the engineering criteria
for ocean kelp farms is needed to better under-
stand, among other things, the stresses that such
a farm would be subject to, how to build the
farms economically, how to protect the kelp
from storms and strong currents, and how to min-
imize the loss of nutrients applied to the farm.

●

●

●

Environmental impacts of biomass cultivation.
–The long-term environmental impacts of culti-
vating short-rotation trees on forestland and
farmland and of whole (aboveground) tree re-
movals from forestland should be investigated.
The emphasis with respect to whole (above-
-ground) tree removals should be on its effect on
the forest’s nutrient balance and soil organic
matter, and any subsequent long-term effects on
the forest’s productivity and capability of resist-
ing stresses.

Because grasses and some other perennial
crops currently appear to be the most environ-
mentally benign crops for cropland and because
there is excellent promise for improved yields
from these types of plants, screening and devel-
opment of fast-growing perennial crops such as
some grass and legumes could have a positive
environmental impact. The emphasis should be
on high-yield grass and legumes that can be
cultivated easily and economically on a variety
of cropland types with a minimum of fertilizers
and pesticides.
Indirect costs.–- Methodologies should be devel-
oped to help establish the indirect costs asso-
ciated with bioenergy, particularly the competi-
tion with food and feed, the effects of increased
forest management, the potential competition
with the production of traditional forest prod-
ucts, and the effects on foreign trade. Develop-
ing the data needed for these analyses probably
will involve considerable survey work.
Photosynthetic efficiency.– Basic research in pho-
tosynthesis and plant growth should be con-
tinued to determine the efficiency of plants in
converting basic photosynthetic material (photo-
synthate) to other products (e. g., celIulose, or-
ganic carbon, hydrogen, and oils) and to better
understand the effects of various stresses (water
shortage, heat, cold, poor soil, etc. ) on plant
growth. Research should also address the rea-
sons for the low photosynthetic efficiency of
plants and ways to improve it.

Conversion Technology
●

●

Thermochemistry of biomass.–-The chemistry in-
volved when biomass is combusted, gasified, or
Iiquified, as well as secondary gas phase chemis-
try should be investigated. Substantial process
and efficiency improvements and new applica-
tions in the production of chemicals and fuels
from biomass could result.
Chemistry and physics of Iignocellulose.--- In-
vestigation of the chemical and physical proper-
ties of Iignocellulosic materials (e. g., wood,
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grasses, legumes, and crop residues) should con-
tinue. New ways of separating the various com-
ponents of Iignocellulose from one another or
exposing them to chemical attack should be re-
searched and developed. Inexpensive pretreat-
ment that make fibrous materials easier to han-
dle should be investigated.

● Biochemical conversions. — The biology and bio-
chemistry of the biochemical conversion proc-
esses (e. g., fermentation, hydrolysis, and anaero-
bic digestion) should be researched in detail so
that these processes can be better understood
and therefore controlled and manipulated. Vari-
ous biomass feedstocks should be investigated,
novel techniques (e. g., matrix immobilized en-
zymes) explored, and new types of bacteria and
yeasts developed (e. g., by molecular and tradi-
tional genetics).

End Use

● Uses for aquatic plants. — Because of the possibili-
ty that large quantities of saltwater and fresh-
water plants may be available in the long term,
techniques for harvesting the plants and suitable
conversion technologies (e. g., anaerobic diges-
tion) should be developed. Because large quanti-
ties of these plants are not Iikely to be commer-
cially available for some time, basic and applied
research into the fundamental physical, chemi-
cal, and biological properties of these plants
should precede more advanced development ef-
forts. The possibilities for very high yields from
aquatic plants and the possibility of large aqua-
tic energy farms (e. g., in the ocean or on land un-
suitable for land plants) probably justify an ac-
tive RD&D program even though many current
concepts are specuIative.

● Use of alcohol fuels.– Alcohols appear to be the
liquid fuels that can be produced most easily
from the biomass feedstocks in greatest supply.
These can be converted further to liquids that
are compatible with gasoline, but the conversion
processes inevitably involve additional expense
and energy loss. Consequently, vehicles capable
of accepting fuels that may vary from pure gaso-
line to pure alcohol and all of the intermediate
blends should be developed; the changes needed
in the Iiquid fuels distribution system to ac-
commodate alcohols should be assessed; and the
alcohol-to-gasoline processes should be investi-
gated in order to judge which is the least expen-
sive long-term option for the consumer.

Other

● Basic and applied research in peripheral areas.
— Basic or applied research in one area is never
isolated from peripheral areas of research. The
success of research usualIy depends on the body
of knowledge being developed in related areas
and often depends on the results in areas which,
at first, seemed totally unrelated. Consequently,
the quality of the results and the ultimate suc-
cess of bioenergy research is Iikely to depend on
the support given peripheral areas of research.
These areas include the biochemistry and biol-
ogy of plants, the chemistry (includin g t h e r m o -
chemistry) of organic materials, and the physics
of biomass. No one can predict which areas ulti-
mately will prove to be of fundamental impor-
tance to long-term developments. Bioenergy de-
velopment, however, probably will be enhanced
by supporting a wide range of basic and applied
research in areas peripheral to the basic objec-
tives.



Appendix B: MODEL DESCRIPTION

A stochastic simulation model was used to eval-
uate and compare the implications of the options
for producing gasohol and modifying current com-
modity programs on economic variables character-
izing U.S. corn and soybean markets, FEEDSIM, a
model of U.S. corn and soybean markets is com-
prised of annual production, demand, and Govern-
ment program components, and incorporates inter-
action in supply and demand for both commod-
ities. Because FEEDSIM is documented in detail
elsewhere, only those modifications that were nec-
essary to address the gasohol policy options are
discussed here. Those modifications include incor-
porating: 1) the commitment by CCC to supply
grain to alcohol distillers, 2) the subsidy needed to
make alcohol production competitive, and 3) the
impacts on soybean demand resuIting from in-
creased supplies of distiIIers dried grain.

The gasohol program alternatives analyzed here
require a corn supply commitment equivalent to
that needed to produce 1, 2, 3, or 4 billion gal of
alcohol — 385, 769, 1,154, and 1,538 million bu of
corn, respectively. These amounts can be com-
pared to the 460 million bu of corn that a previous
study estimates could have been produced on corn
acreage withdrawn from production in 1978.2
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The alternative levels of supply commitment are
purchased and sold by CCC. This modification is in-
corporated in the stocks component of the model
by specifying that CCC make available that amount
of  gra in from ei ther  inventor ies accumulated
through nonrecourse loan defaults or purchases
from the market, which equal the difference be-
tween the levels of supply commitment and quanti-
ty defaulted. CCC is charged the loan rate for grain
withdrawn from inventories and the market price
for grain purchased from the market.

The per bushel corn price used to calculate CCC
revenues is that required to make gasohol competi-
tive with gasoline—$0.75/gal in 1979 This amount
is increased 10 percent annually in following years
to reflect rising gasoline prices. The subsidy for
gasohol production is equal to the difference be-
tween the average price CCC is charged for the
grain supply commitment and the price for grain
that makes gasohol production competitive.

The process of grain to alcohol conversion also
resuIts in the production of distilIers dried grain — a
protein source that substitutes for soybean meal at
a rate of 2 to 1.* Each bushel of grain used in gas-
ohol production reduces domestic soybean de-
mand by 0,19 bu.**
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