" Ab-SorbDri’}
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Ab-Sorb-Dri consists only of hardwood
chips that have been heat-treated and
aspirated under the most exacting sani-
tary conditions. Low moisture. Minimal
dust. Minimal contamination. Free of
additives. Highly waste and odor absorb-
ent. | can move it easily to expose new,
dry surfaces...providing a long cage life.
Doesn’t mound under bottles or hide me
or my associates. Easily removed from
my cage without scraping. Available from
distributors in 40 Ib., 3-ply, autoclavable,
heat-sealed bags containing 3 cu. ft.

of bedding.

For more information about Ab-Sorb-dri
and the name of your local distributor,
write or call Lab Products Inc.,

365 W. Passaic St., Rochelle Park, N.J.
07662 (phone: 201/843-4600).

lab products

Inc a bid company

Lab Products...not just
plastic cages, metal cages,
custom fabrication, laminar
flow systems, bedding,
automatic watering systems,
accessories...
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ISETAP is alive and well, I look for-
ward to my continued role as chairman
of ISETAP and to working with state and
local government officials through ISE-
TAP to help bring the benefits of science
and technology to bear on the problems
of states, counties, and cities.

FRANK PRESS
Office of Science and Technology
Policy, Executive Office of the
President, Washington, D.C. 20500

The panel was in fact abolished by the
reorganization plan as a congressionally
mandated arm of the Office of Science
and Technology Policy. Its reappearance
in another form is reassuring. What
counts is that Press evidently intends to
seek results.—W.D.C.

Solar Energy: The Prospects for
OTEC

The Research News article on ocean
thermal energy conversion (OTEC) by
William D. Metz (14 Oct., p. 178) dis-
cusses an important renewable energy
source for the United States and the
world. We feel that it gives an unneces-
sarily pessimistic appraisal of the pros-
pects for OTEC as a commercially com-
petitive, base-loaded (24 hour a day)
source of electric power. As an industry
participant in the Department of Energy
OTEC program, we are convinced that
a 100-megawatt OTEC demonstration
plant can be operating by about 1985 and
that OTEC can supply a significant part
of U.S. electric power at affordable rates
by the year 2000.

Much of the information in Metz's ar-
ticle is drawn from a recent review of
OTEC by the Panel on Ocean Thermal
Energy Conversion of the Assembly of
Engineering’s Marine Board. The panel
review is explicitly based on information
available through December 1976. and
several of the technical questions that it
raises are in the process of being
answered—most notably the fear that
biofouling would bring OTEC operation
to a quick halt: The Department of En-
ergy is also taking steps to remedy the
management deficiencies noted by the
panel.

The Marine Board panel does not
question the technical feasibility of
OTEC., merely the time scale of develop-
ment and the economic viability of the
commercial OTEC plants. It is true that
there are engineering problems to be
solved and that OTEC may not be fully
competitive until second or third genera-

ers friend, o

but have you

heard about
the new

Pine-Dri?

Much of what you’ve said over there

(<) about Ab-Sorb-Dri applies to Pine-Dri
also, except that it's made exclusively of
Northern White Pine. Same heat-treating
to reduce moisture content, and
aspiration to remove dust. And contami-
nation is also minimal and the additives
absent. In use it's similar, too. Some
differences: it's somewhat easier to
handle and tends to last longer because
it’'s more absorbent (absorbs 2.5 times its
own weight in liquid). Available from
those same distributors in 27 Ib., 3-ply,
autoclavable, heat-sealed bags contain-
ing 3 cu. ft. of bedding.

For more Pine-Dri information and your
distributor’s name, write or call Lab
Products Inc., 365 W. Passaic St.,
Rochelle Park, N.J. 07662 (phone:
201/843-4600).

lab products

lnc a Biid company

Lab Products...not just
plastic cages, metal cages,
custom fabrication, laminar
flow systems, bedding,
automatic watering systems,
accessories...
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tion hardware is available. This is true
for all solar energy technologies; other-
wise, there would be no need for govern-
ment support of an engineering develop-
ment and demonstration program. In the
particular case of OTEC, the world’s
basic heat source (the sun) and its largest
heat sink (the ocean) are being used to
drive what is basically a 1920’s-vintage
ammonia refrigeration plant. Only the
scale of the plant is unfamiliar. The ma-
chinery operates at constant load in a be-
nign environment, never seeing more
than 85°F—much pleasanter conditions
than most land-based utility plants. The
engineering problems of designing large
structures at sea, in terms of both con-
struction and longevity, are being an-
swered daily by the offshore oil industry
and by supertankers. Testing on land
would be less economical than testing in
the sea environment, since the ocean re-
source must be brought to the land site
and returned to the sea; the consequent
piping and pumping requirements are not
trivial (7).

The Marine Board panel commented
unfavorably on the Rankine efficiency
(about 3 percent) of OTEC and did not
mention the State of Oregon technique of
net energy assessment (2). By this tech-
nique, energy sources are evaluated in
terms of the total net input to produce
1000 calories of usable energy output.
The input includes the energy required to
build the plant, obtain the fuel, and
transport it to the plant site. An OTEC
plant (3) will use an uncontrollable, re-
newable resource delivered free at the
site. It will require about 700 calories of
controllable energy to produce 1000 cal-
ories: a positive net energy balance. Fos-
sil and nuclear plants require about 3500
calories for 1000 calories produced, a
large negative balance. The Rankine effi-
ciency does have a bearing on the eco-
nomic performance of OTEC, but the
value is acceptable. In fact, the hydro-
electric plants with which the public util-
ity industry is familiar have a consid-
erably lower Rankine efficiency when
one considers the total thermal process,
starting with the evaporation of water.

In our opinion, Metz’s article should
not have left the impression that OTEC
is a distant and perhaps unattainable
“‘gamble.”” We agree that the issue
should continue to be debated. We hope
that future discussions will be based on a
more balanced presentation of the tech-
nical and economic issues.

W. F. WHITMORE
Ocean Systems, Lockheed Missiles &
Space Company, Inc.,
1111 Lockheed Way,
Sunnydale, California 94088
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The Research News article by Metz on
ocean thermal energy conversion gives a
distorted view of the potential value,
status, and prospects of the OTEC pro-
gram. OTEC offers a truly phenomenal
energy resource at low risk and low cost
compared to heavily funded programs
for development of advanced coal and
nuclear technologies, which pose basic
scientific, engineering, and environmen-
tal problems. At a time when the techni-
cal community is generally critical of the
government for making endless studies
and taking little action to forward the de-
velopment of new energy sources, it is
surprising to find an article in Science
that gives so much credence to criticism
of the Department of Energy (DOE) for
moving at a modest rate in a step-by-step
program to test component and system
designs, resolve engineering problems,
and provide an in situ OTEC pilot plant
demonstration within a reasonable
length of time. Fortunately, DOE and
Congress are providing the incentive and
funding to proceed with the OTEC pro-
gram in a timely fashion.

We vigorously object to the suggestion
that Lockheed and TRW, rather than the
Solar Energy Division of DOE, are run-
ning the program. Lockheed, TRW, the
Applied Physics Laboratory (APL) at
Johns Hopkins, and other participants in
the program not mentioned by Metz are
all working on OTEC under DOE direc-
tion in close cooperation with some of
the country’s most experienced marine
engineering design and heavy construc-
tion companies. Their in-depth evalua-
tions have all led to the conclusion that
OTEC is technically feasible and that its
cost will be comparable with that of coal
and nuclear power plants.

The latest estimates by TRW (/) and
by Lockheed (2) of electric power pro-
duction from offshore fixed OTEC instal-
lations are in the $1100 to $1500 per
kilowatt range (in 1975 dollars). No esti-

mate based on the most recent studies
has been as high as $2500 per kilowatt.
With estimated costs of power transmis-
sion to shore included, it is projected (3)
that offshore OTEC plants will deliver
power to the southeastern United States
at 30 to 40 mills per kilowatt-hour before
1990.

The APL concept 3) of an OTEC
plant-ship cruising so that it remains in
the warmest waters of the tropics offers
several important cost advantages over
offshore siting: (i) higher average tem-
perature differences, which increases net
power by about 30 percent; (ii) avoid-
ance of the costs of mooring or dynamic

* positioning; (iii) simplification of plat-

form design and reduction of cost be-
cause of the absence of hurricanes and
major currents at low latitude; and (iv)
replacement of power transmission costs
by lower product shipment costs. These
advantages would permit on-board pow-
er to be produced at 9 mills per kilowatt-
hour and ammonia to be produced and
delivered to the United States at a cost of
$100 per ton (in 1975 dollars, F.O.B.
New Orleans). Ammonia is now made
from natural gas, our scarcest fossil fuel.
In addition to essential fertilizers,
OTEC-produced ammonia could provide
an effective means of transporting and
storing hydrogen. The hydrogen could
be readily generated from ammonia in
situ and used in fuel cells to produce
nonpolluting electric power anywhere in
the United States. We estimate (¢) that
the cost of generating electricity in this
way by about 1990 will be 28 to 42 mills
per kilowatt-hour (in 1975 dollars).

Two additional implications in Metz’s
article require correction:

1) No experience indicates that ¥4 mil-
limeter of slime growth on marine hard-
ware would reduce OTEC performance
by 60 percent. Experiments by Fetko-
vich (§) show a biofouling buildup in 12
weeks that would reduce performance of
the APL heat exchanger by only 18 per-
cent. However, our baseline perform-
ance evaluation already assumes this de-
gree of fouling. A cleaning system design
has been tested recently which offers a
practical method of weekly removal of
biofouling accumulation (6).

2) Estimates by the APL of the OTEC
platform cost are based on delivered
costs of reinforced concrete structures,
for example, the ARCO barge, not on
preliminary estimates of those costs.
Therefore, these estimates are not sub-
ject to the large uncertainties mentioned
in the article with respect to the con-
struction of North Sea oil-drilling plat-
forms.

Utilities are understandably reluctant
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to promote developments which disturb
their present favorable institutional ar-
rangements, but DOE’s mission is to
create additional energy sources. Indus-
trial interest in producing ammonia by
means of OTEC also provides an imme-
diate impetus to proceed with a pilot
plant. If OTEC proves cost effective, as
current studies indicate, an investment
comparable to the current investment in
nuclear power would be more than justi-
fied. As Metz observes, ‘‘The longer the
task takes, the more it will cost.”” So
let’s get on with it!

W. H. AVERY
Applied Physics Laboratory,
Johns Hopkins University,
Laurel, Maryland 20810
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I have enjoyed the series of excellent
Research News articles on solar energy.
In this field, the major point of debate is
invariably economics. Such debates of-
ten leave the reader puzzled as to what
or whom to believe. I would like to point
out that cost comparisons are often eas-
ier to make (and believe) than cost esti-
mates. Taking the proposed ocean ther-
mal energy conversion (OTEC) power
plant as an example, one could compare
its cost goal to the cost of an existing
land-based, coal-fired power plant using
an equal amount of thermal energy.
Modern power plants are about 40 per-
cent efficient at converting thermal input
to electricity. OTEC, on the other hand,
would have an efficiency of 2 percent or
less. In both cases, the cost of electricity
is dominated by amortization of the capi-
tal investment. To a first approximation,
then, the cost of a competitive OTEC
power plant would have to be 20 times
less than the cost of an equivalent land-
based power plant.

At present, the cost of mining and
transporting coal contributes about 25

percent to the cost of electricity. Under
the kindest assumption, the equivalent
“fuel cost”” of OTEC can be taken to be
zero. This reduces the capital investment
ratio that OTEC is up against to 0.75 X
20 = 15. From this point of view, then,
it appears that OTEC supporters claim to
be able to build and maintain a floating or
submerged power plant that would be 15
times cheaper than a land-based power
plant.

In view of the implausibility of such a
scenario, it is disconcerting to see one-
fifth of the Department of Energy’s solar
electric budget allotted to OTEC, when
other much more promising approaches
receive little or no support.

M. A. DuGuay
Bell Laboratories,
Holmdel, New Jersey 07733

Concerning an issue as controversial
as the OTEC program, there are few
observers on the middle ground. The
foundations for the present program
were laid by the large ocean-engineering
groups at Lockheed and TRW at a time
when the technical strength of the OTEC
program office was quite limited. In fact,
until late 1976, the OTEC office had
only one professional staff member. In
the circumstances, the Energy Research
and Development Administration called
upon the outside services of the Marine
Board for a program review. The review
panel included a director of the Scripps
Institute of Oceanography, an official of a
major offshore drilling company, a West-
inghouse steam turbine expert, an au-
thority on marine heat exchangers who
worked on the submarine Nautilus, and
engineers from several universities. The
panel was well qualified and well balanced
in its institutional origins. It found the
OTEC concept attractive but the imple-
mentation subject to ‘‘many critical prob-
lems.”” The cutoff date for the panel’s
extensive literature search was Decem-
ber 1976, but it is hard to outdate the
status of a 50-year-old technology in a
few months.

With respect to the specific points
raised by Avery, the statement about the
effects of 4 millimeter of slime fouling
was checked with Fetkovich before pub-
lication, and he agreed it was a fair char-
acterization. The relevance of the ARCO
barge is obscure. There is no concrete
barge in the Lockheed or TRW design,
and in the Johns Hopkins design the
barge contributes only 25 percent of the
projected cost of the system. Heat ex-
changers alone cost significantly more.
The unpredictability of OTEC economics
comes from the many components of
uncertain design that have never been
built before.—W.D.M.
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