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times the distillery’s fermenters. Large digesters could have high capital costs
if tanks are used. Lower-cost, in-ground digesters could be built but would
require novel gas recovery and sludge removal systems. Investigation for a
molasses distillery in Australia has shown that for anaerobic digestion,
aerobic secondary treatment, and color removal by ozonolysis, the required
capital cost is at least as great as that for an evaporator/incinerator complex
for the same size distillery. There still remain operating costs and manage-
ment problems of hydraulic loading of the treated effluent.

Application of anaerobic systems to cane juice distilleries is complicated
by the seasonal nature of the availability of cane. Anaerobic digesters, like
most other biological systems, are difficult to start up and would be slow to
attain stable operating conditions at the start of each cane season. There
would be fewer problems for a multiple feedstock distillery that can operate
on cassava or molasses when cane is not available.

IMPLICATIONS FOR ENERGY DEVELOPMENT POLICY
Costs

Stillage disposal is a cost of production dependent on environmental
standards and returns from any stillage by-products or recoverables. Some
stillage options can replace or supplement purchased fuel and reduce energy
inputs which are a significant component of production costs. Energy-pro-
ducing options like incineration and anaerobic digestion, however, involve
such high capital costs that the capital component of production costs rises
accordingly.

The fact that very little of the energy-producing technology has achieved
commercial status with stillage treatment may make the risks of so large a
capital investment unacceptable. The absolute supply of capital may also
preclude expenditures on high technology options, when it is considered that
the capital cost of a molasses stillage incinerator may be the same as the cost
of the molasses distillery itself.

Other stillage utilization technologies which produce potentially saleable
by-products may also involve appreciable capital investment. A distillery
developer will want to be assured of the commercial status of the technology
and the existence and viability of the market for the by-product before
capital is outlayed for its recovery. The viability of markets can be expected
to be country- or region-specific.

A distillery developer can be expected to select a stillage disposal option
that involves the least net cost of operation and the lowest capital cost, con-
sistent with prevailing environmental standards. He cannot be expected to
build one molasses distillery complete with stillage incinerator instead of two
similarly sized distilleries with less sophisticated stillage treatment and the
same capital outlay, unless pressures from environmental policies outweigh
simple cost effectiveness for energy production.
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Environmental standards and distillery siting

The unique disposal considerations for stillage suggest that environmental
agencies should reassess conventional water quality standards before
applying them to stillage discharges. Standards based on best practicable or
best available means will have to recognize the high cost and high risk of
these stillage treatment options. The fact that they are available on a pilot
scale does not mean they will be easily applied at a commercial scale.
Arguments that the value of the stillage by-products will justify the expense
for their recovery fail to recognize the non-commercial status and potentially
high costs of these recovery methods and the uncertain market value of
many of the by-products.

National emission standards alone are not appropriate for regulating
stillage discharges, because emission standards for aquatic discharges should
be tailored to each body of water. Ambient standards are more meaningful
but still have operational problems unless a distance from the point of dis-
charge is specified and an appropriate and achievable standard assigned. This
means appropriate and achievable in terms of the assimilative properties of
the body of water and the ecological and socioeconomic consequences of
exceeding a certain level of water quality degradation.

In discussions about high-technology stillage utilization systems, it must
be recognized that a low technology disposal option might be not only most
appropriate economically for a distillery but also satisfactory environmental-
ly, depending on the site. The siting of a new distillery depends on several
considerations. For a distillery using an existing molasses resource, the loca-
tion might be a compromise between feedstock availability, access to the
market for ethanol, and socioeconomic considerations such as availability of
labor or competition for use of water. For a new cane juice distillery, the
key factors are the availability of land for cane agriculture, the social infra-
structure, and the availability of water for the crop and the factory. It is
important for effluent disposal to receive equal attention with these other
considerations in distillery site selection. Governments need to devise policy
measures to ensure that this happens so that the potential for environmental
conflicts is minimized at an early stage.

Government policy

The stillage problem of each distillery needs to be assessed individually in
view of its specific site, scale of operation, and feedstock. As environmental
regulatory agencies work with distillery operators to develop appropriate
standards for each distillery’s operation, the agencies need guidance from gov-
ernment policy on how to weight trade-offs between energy production and
environmental quality. Some governments may see their current energy and
trade deficit problems as superceding the need for maintenance of environ-
mental standards, at least in the short term. In making such decisions, gov-



127

ernments need to assure themselves that they are as fully informed of the
consequences as possible.

There are strong arguments for the need to ‘‘get it right”’ the first time.
Once established, a distillery will not only be part of the national fuel
economy, but it will also be entrenched as a key element in the regional eco-
nomy, with the incomes of many people depending on the distillery and the
government having invested in the infrastructure to aid its development. The
costs of retrofitting may be beyond the resources of a distillery’s operation,
and arguments about its regional significance may sway the government to
accept unsatisfactory environmental performance. Alternatively, the govern-
ment may find it has to increase ethanol market prices to stimulate an im-
proved environmental performance, or it may have to spend more to remedy
the problems caused by the distillery.

If a government depends on private industry as the source of investment
capital for distillery developments, then clearly defined government policies
are required on matters such as tax policies and the market price of ethanol.
Government requirements concerning environmental performance will keep
investors away unless their income will be sufficient to cover the capital and
operating costs of facilities required to achieve that performance. Investors
need to see consistency in the government’s position on both environmental
standards and pricing policies before capital is committed.

Distillery developers might contend that the costs and market uncertain-
ties of more complex stillage treatment technology do not justify the initial
capital outlay. It could be argued that a premature commitment of large
amounts of capital to inadequately developed technology is a poor choice,
and environmental quality might suffer if the operation fails commercially.
Developers may, therefore, suggest that they be allowed to choose a low-cost
disposal option such as aquatic discharge, and after generating a cash flow
and accumulating some profits, later install more costly product recovery.

There appears to be room for compromise in the early stages of distillery
development. The duration and extent of compromise needs to be clearly
defined by a stated government policy on environmental quality. Com-
promise implies an on-going assessment of developments in stillage handling
technology by both distillery operators and environmental regulatory agen-
cies, accompanied by an evaluation of the performance of the initially in-
stalled technology and a constructive dialogue between the parties.

The achievement of a balance between energy production and the main-
tenance of acceptable environmental quality is a major goal of all nations.
Standards should not be so unrealistically stringent as to discourage develop-
ment, but they should not be so lenient that major environmental disruption
and increased social costs ensue. Many less-developed countries suffer from a
shortage of capital that limits their available options, and in the urgency of
their energy situations they lack the professional manpower to do a
thorough job on the assessments, standards, and policies appropriate to their
needs and aspirations.
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A proposed clearing-house for stillage processing information

Serious consideration should be given to the way in which stillage will be
managed, from the earliest stages of planning a new distillery, including deci-
sions on where the distillery will be located. A distillery planner might ask
the following questions:

1. What are the markets for by-products such as methane, fertilizer, or
animal feed?

2. What is the risk of a process which is not commercially proven?

3. How much capital is available?

4. Is it necessary that the process pay for itself?

5. Must the process be self-sufficient in energy?

6. Will the distillery serve a large area or a small area?

7. Can the distillery be located near the ocean?

Although the answers to these questions should suggest which stillage op-
tion is most appropriate, there will not necessarily be a simple solution. It
may be necessary to return to the questions and decide where compromises
will be made among the kinds of considerations shown in Table 3. Compro-
mises are matters of policy, and a realistic policy can be shaped only to the
extent that the practical possibilities for stillage handling are dealt with ex-
plicitly and realistically in the fuel alcohol development process.

It is essential that both distillery developers and environmental agencies be
fully aware of the potential environmental significance of stillage. They
should be well informed on past and present commercial experiences with
stillage handling so they can relate environmental quality aspirations to the
practicability of achievement. There are numerous commercial systems for
processing alcohol stillage which are now under development in different
parts of the world. Many have been adapted from processes already in use
for other industrial effluents with similar properties. Some are already in use,
others are only in the pilot stage, and still others are in laboratory develop-
ment. The manufacturers and developers of these systems make varying
claims about them, some valid, others not.

It is difficult for anyone deciding on stillage management to know what
systems are available and which is appropriate for the circumstances. It is
likely that decisions will often be made on the basis of partial information
because a comprehensive survey of stillage systems would be excessively
costly for a single distillery. This would be particularly true in a crash pro-
gram where there is little time to assemble information and insufficient pro-
fessional manpower. '

There is, therefore, a need for a clearing-house of information on stillage
management technology. This information should include specific equip-
ment and processing systems available or under development. Each system
should be documented with respect to the capital costs of the equipment,
the kinds of stillage (with respect to distillery feedstock) that the process
handles, the energy budget of the process and the characteristics of its pro-
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ducts. It should allow someone who is setting up a new distillery to evaluate
different stillage handling systems with respect to the particular circum-
stances of the distillery, matching candidate systems to the sources of energy
available, calculating costs in terms of energy inputs and other requirements
of the system, evaluating by-products with respect to local markets, and eva-
luating emissions with respect to local standards. At a national level this
information could be used to evaluate the feasibility of establishing alcohol
distilleries on a large scale.

Although there is not now any established clearing-house for this sort of
information, a study conducted by the Hawaiian Sugar Planters Association
[4] represents a significant first step in this direction. As there are numerous
systems that have not yet been catalogued and described in a manner most
useful for planning and developing large-scale alcohol production, there is
an opportunity to do so in a way that could have a significant impact on
liquid fuel development.
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