








WIND POWER
FOR ELECTRIC UTILITY SYSTEMS

by Robert ). Thomas

On October 10, 1941, on Grandpa’s
Knob near Rutland, Vermont, a large
wind turbine was synchronized with
the Central Vermont Public Service
Corporation network, and the world’s
first megawatt-sized windmill to sup-
ply an electric utility grid came on line.

Since then, in the manner of the
wind itself, the promise of wind power
has died down and picked up again.
The 1.25-megawatt (MW) Smith-
Putnam unit on Grandpa’s Knob estab-
lished the basic design configuration
most likely to be cost-effective and
demonstrated that large wind turbines
can be integrated into electric utilities
as power plants. Also in the early
forties, the Federal Power Commis-
sion was sufficiently interested in wind
power to initiate a study, which con-
cluded that wind could be a stable and
reliable source of utility power if oper-
ated on a large scale in conjunction
with interconnected steam and hydro
systems. But then, with the discovery
and development of cheap oil reserves
in the United States and elsewhere,
especially in the Arab countries, the
efforts to utilize wind power for utility

applications were abandoned. Sub-
sequent developments, beginning with
the oil embargo of 1973, renewed the
interest in wind; the federal Depart-
ment of Energy (DOE) initiated a new
effort as part of its program to advance
the use of renewable energy sources,
and other agencies and a number of
private companies supported or under-
took projects in wind power. Whether
development activity will rise or di-
minish in the near future is uncertain in
view of the current federal budget
situation.

Still, the technology is now the most
advanced in concept and demonstra-
tion of any of the solar-derived energy
systems, and it seems inevitable that
wind-generated energy will be inte-
grated at some level into existing
power grids during this decade.

THE U.S. POTENTIAL FOR

WIND ENERGY GENERATION
The Federal Power Commission report
on the potential of electricity genera-
tion from wind energy envisioned the
supply of very low-cost wind power up
to perhaps 20 percent of the nation’s

total aggregate capacity. Fluctuations
in wind velocity, the report suggested,
might be compensated for by wide
dispersion of turbine sites and the use
of hydro storage systems.

To consider the implications of such
a prospect, we need an idea of the
magnitude of this electrical power.
Approximately 30 percent of all the
energy used in the United States is in
the form of electricity; in 1977 this
amounted to 22.6 quads of energy,
produced from coal, oil, gas, nuclear
fuels, and hydro sources. One quad is
one quadrillion or 10> BTUs, a vast
quantity difficult to imagine; it is
equivalent to 172 million barrels of oil
or to the amount of coal that would be
contained in a train of cars stretching
3,700 miles, as from Seattle to Key
West and beyond.

Does the nation have sufficient wind
resources to make an impact on elec-
tricity supply of this magnitude? In
particular, could it significantly reduce
the consumption of 0il? Detailed re-
source data are available in the form of
twelve regional assessments con-
ducted by Pacific Northwest Labora-


















private developer hopes to have opera-
tional by 1989. And the federal Bureau
of Reclamation hopes to install a
150-MW cluster on the Western Area
Power Authority system at Medicine
Bow, Wyoming.

PROTECTING BOTH

CLUSTER AND GRID

Although the interest of private com-
panies in developing wind power is
apparent, there are, of course, poten-
tial difficulties in integrating clusters of
wind turbines into utility systems. Ba-
sically, the problems are due to the
intermittent nature of the wind and the
fact that large wind turbines have no
counterpart in established hardware.
One of the concerns, for example, is
how both the cluster and the conven-
tional utility hardware can be pro-
tected.

Present approaches to the assimila-
tion of clusters are centered on two
standard interfacing configurations—
the T-bus and the ring-bus ar-
rangements—with security based on
standard bus protection. These tech-
niques are reasonable for a few (say,

“If all the available land were used . . .
hundreds of thousands of the huge machines
... could produce almost one-fourth

of the nation’s electricity.”

five or six) machines, but are econom-
ically prohibitive for clusters. As ex-
plained in Figure 4, for example, a fault
current of the order of 300,000 amperes
could occur in a standard T-bus ar-
rangement of 101 units. Not only is this
beyond the capacity of state-of-the-art
breaker technology, but every breaker
would need to open in response to a
fault anywhere on the collector bus, a
situation that would reduce the availa-
bility of the cluster.

Some of these problems can be cir-
cumvented by sectionalizing the sys-
tem, as illustrated in Figure 5. This
system, consisting of one hundred
Mod-2 units arranged in twenty sub-
clusters, requires 172 circuit breakers
plus thirty-five transformers of various
ratings. The circuit-breaker ratings are
currently attainable (mainly because of
the introduction of fairly substantial
transformer impedances between
nonadjacent subcluster busses), but
costs are significantly higher. Prelimi-
nary estimates (in 1976 dollars) show
protection costs of about $165 per kW
or $412,000 per Mod-2. This amount
may be compared to the estimated

fabrication and installation cost of $1.6
million (in 1976 dollars) for a Mod-2
machine.

Another bus arrangement that has
been suggested for large clusters of
wind machines is the ring-bus config-
uration of Figure 6. The advantage of
this arrangement is that a machine bus
fault can be isolated by opening two
circuit breakers, a capability that en-
hances the operating reliability of the
cluster. Like the T-bus, however, this
configuration has the disadvantage of
requiring that each circuit breaker be
capable of interrupting a very large
fault current, a function that is beyond
the capability of state-of-the-art
breakers. The ring-bus could be sec-
tionalized, as shown for the T-bus in
Figure 5, but again the cost of protec-
tion would be higher.

THE CORNELL DESIGN

FOR A SPECIAL INTERFACE
These economic and technical prob-
lems of integrating a wind-turbine clus-
ter into a utility grid are obviated by
use of an AC/DC/AC interface specifi-
cally designed for intermittent sources






“Utility companies
are interested

in introducing WECS
and, indeed, are
beginning to do so.”

of energy such as wind-turbine
generators. Such an interface is now
being designed by a group of Cornell
electrical engineering professors and
students under a contract with the Di-
vision of Electric Energy Systems of
the federal Department of Energy.

The cluster arrangement this group
is developing (see Figure 7) takes into
account problems of fault protection,
control, and stability. In addition, the
project work includes the evaluation of
alternatives and a consideration of
harmonic effects, insulation coordina-
tion, and overvoltage protection. This
Cornell design has a number of inhe-
rent advantages:
¢ Interactions among generators are
eliminated.
® Resynchronization is unnecessary.
® Individual generator speeds may
vary widely.

e The output of the cluster can be
centrally controlled.

e The system is economically attrac-
tive.

The cost projections for this ar-
rangement (excluding wire and grid
interconnection equipment) are about
five dollars per kW for the rectifiers
and fifty dollars per kW for the invert-
er, or about one-third the protection
costs for a conventional AC system.

The point about generator speed is
particularly significant. If each gen-
erator could run asynchronously, the
cluster would be able to capture signif-
icantly more wind. However, virtually
all recent wind-turbine designs are for
constant-speed synchronous ma-
chines, sized variously for different
average-velocity wind regimes. In the
early (1940) Federal Power Commis-
sion study it was recognized that for

optimum performance a set of turbines
should operate at a natural speed de-
pendent on the velocity of the wind,
but that the energy must be delivered
at constant frequency. The suggestion
then, as now in the Cornell proposal, is
for DC/AC conversion, permitting tur-
bine operation at the most advantage-
ous speed in order to extract ‘‘a mate-
rially larger amount of total energy
from the wind.’’” (The Power Commis-
sion study, however, suggested DC
machines operating in parallel with in-
dividual inverters, the use of automatic
tap-changing transformers, and field
regulation.)

THE PROSPECTS OF WIND
POWER FOR UTILITY SYSTEMS
The assimilation of wind-turbine clus-
ters into standard power networks—
the subject of the Cornell research—is
one of the most important current
technical problems in the development
of wind-power systems for utilities. So
far, research and development efforts
applicable to large wind-turbine
generators have been concerned with
stand-alone machines or, at most, two
or three machines. Little is yet known
about the compatibility between an
existing power network and a wind-
turbine cluster supplying a substantial
portion of the system load and, con-
sequently, little is known about the
expected operation of wind-energy-
conversion systems, or WECS. Spe-
cific problems to be addressed include
the protection of turbines and power
grids, which I have discussed. Also,
the siting of clusters must be studied in
terms of the anticipated penetration
level, and aggregate dynamic models
must be developed.
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OCEAN THERMAL ENERGY
TO FEED THE POWER GRIDS

by Robert Cohen

Huge collection and storage devices
for solar energy are already present on
Earth and could be used to generate
electricity on a large scale. The collec-
tors are the world’s oceans, which
absorb heat from the sun and develop
thermal gradients between the surface
and the depths. The conversion of such
temperature differences to electricity
is not complicated—essentially it is the
reverse of a household refrigerator
cycle—and does not require major new
scientific or technological knowledge.
Furthermore, it is potentially signifi-
cant: ocean thermal energy conversion
(OTEC) could eventually supply the
world with a large fraction of the en-
ergy it needs.

OTEC is therefore an appealing po-
tential source of clean, renewable en-
ergy. Whether commercial OTEC
plants are feasible from the technical,
economic, and environmental view-
points remains to be demonstrated,
however. A key question is the pro-
jected cost of OTEC in comparison
with other renewable sources and with
depletable fuels such as coal, oil, gas,
and uranium.

A CENTURY-OLD CONCEPT
COMING TO MATURITY

The concept of utilizing ocean temper-
ature differences to generate electric-
ity is not new. It was first proposed
about one hundred years ago by Ar-
séne d’Arsonval, a French physicist,
who suggested using a substance with
a low boiling point as the working fluid
in a closed-cycle system. The first ex-
perimental studies were made by the
French inventor Georges Claude and
reportedin 1930. In these experiments,
conducted off the coast of Cuba, sea-
water was used as the working fluid in
an open-cycle system.

Impending worldwide energy short-
ages spurred renewed interest in ocean
thermal energy, and OTEC is now
under development in a number of
countries. The most ambitious pro-
gram so far is the one conducted by the
United States Department of Energy,
with cumulative funding of about $200
million. (The program is currently
operating at a reduced budget of $20
million a year.) In Hawaii a United
States industrial consortium funded
and successfully operated a small ex-

perimental pilot project, called Mini-
OTEC, in conjunction with the state
government (see the photograph on
page 16). Other development programs
are being carried out by the govern-
ments of France and Japan.

The basic requirement for an OTEC
plant is access to ocean waters having
sufficient temperature difference (typ-
ically about 20 degrees Celsius) be-
tween the surface and depths of about
1,000 meters. At certain locations,
facilities could be built on shore, with
the ocean water brought in by
aqueducts, but in general, adequate
thermal gradients are accessible only
at sea, mainly at tropical and subtropi-
cal latitudes (see Figure 1). Electric
power generated at sea can be trans-
mitted to shore via submarine cable or
used for manufacturing operations on
the platform, with production of such
energy-intensive, easily transported
substances as aluminum, ammonia,
hydrogen, chlorine, or magnesium.

The size of OTEC plants could read-
ily be adjusted to match commercial
applications. It is likely that the size
would range from about 10 megawatts
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at such locations would be less than
those for plants off Gulf Coast states,
both because the ocean thermal re-
source is somewhat better and because
the power cables would need to extend
only 5 to 10 kilometers from shore. For
these and many similar locations
abroad, electricity from even the first
commercial OTEC plant would proba-
bly be competitive with oil in 1990.

PROBLEMS OF COMMERCIAL
OTEC DEVELOPMENT
Commercial development of OTEC
technology requires demonstration of
technical performance, reliability, and
cost-effectiveness. The consideration
that OTEC would be a domestic en-
ergy supply may also be a factor.
Likely candidates for ownership and
operation of OTEC plants include con-
sortia of industries, utilities, and ship-
owners.

A major problem is financing the
significant front-end capital invest-
ment that is required, especially for
demonstration plants. Market penetra-
tion by OTEC will depend on its rela-
tive attractiveness as a commercial

“In principle, much of the electricity
now produced by the combustion of oil
could be replaced by OTEC power.”

investment opportunity in an era in
which the demand for capital will
probably exceed its supply. In view of
the technical and economic risks, fed-
eral incentives such as loan guaran-
tees, low-interest loans, and invest-
ment tax credits will be needed for
early OTEC plants.

Two OTEC-specific laws that pro-
vide an impetus for development were
enacted in 1980. One is the OTEC
Research, Development, and Demon-
stration Act, which established targets
for demonstration plants of 100 MW by
1986 and 500 MW by 1989, and a target
of 10,000 MW of United States com-
mercial OTEC capacity by 1999. The
other is the OTEC Act of 1980, which
provides a streamlined, one-stop
licensing procedure and extends to
OTEC plants and plantships the mort-
gage loan guarantees already available
to conventional ships. In particular,
that law (as amended) authorizes $1.65
billion in loan guarantees for up to five
OTEC demonstration plants and
plantships. Other more general laws
that have been enacted recently pro-
vide financial incentives potentially

applicable to OTEC demonstration
plants; these include energy tax cred-
its, investment tax credits, and accel-
erated depreciation.

Optimal siting, involving market po-
tential and logistics, is another major
requirement for commercial develop-
ment. For example, utilization of the
ocean thermal resource in one location
could reduce its potential downstream,
depending on how the thermal
effluents are discharged. (Fortunately,
there is an economic incentive for
operating OTEC power plants so as to
cause minimal perturbation of their
thermal environments: recirculation of
its own thermal effluents could have an
adverse effect on the performance of
an OTEC power plant, since its power
output will be roughly proportional to
the square of the available temperature
difference.) Other considerations in-
volved in siting include possible im-
pacts of the plant on the environment,
possible impacts of the environment
on the plant, and—when submarine
cables are to be used—sea-floor condi-
tions between the plant and the shore.

Environmental effects of plant oper-
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OCEAN THERMAL ENERGY
AND THE ENVIRONMENT

by Gerhard H. Jirka

The vast amount of solar heat stored in
the surface layers of the oceans offers
tremendous potential for extracting
useful mechanical and electrical en-
ergy. But there is a basic problem that
is intrinsic to the whole family of ‘‘al-
ternative’’ energy schemes: while the
total energy that could be derived from
solar radiation is immense, it is diffuse.

Ocean thermal energy conversion
(OTEC) is one of the promising
technologies that must compensate for
low efficiency by providing very large
collectors. A complication is that the
movement of huge quantities of warm
surface water and cold water from the
depths will cause disruptions of the
ocean layers that must be taken into
account in engineering design.

Picture a 100-megawatt (MW)
OTEC plant situated in warm ocean
waters such as those off Hawaii. It
would have internal heat-exchanger
surfaces totalling perhaps a square
kilometer in area, and it would circu-
late a thousand cubic meters of water
every second. A 1,000-MW unit—
comparable in capacity to a typical
modern fossil-fuel or nuclear plant—

would require a flow rate equal to half
the mean discharge of the Mississippi
River.

The consequences are significant
from the standpoints of both engineer-
ing efficiency and environmental im-
pact. An OTEC plant might act like a
giant eggbeater, stirring up the ocean
water. Disruption of the thermal layers
could deplete the very resource OTEC
depends on: the temperature differ-
ence between surface and subsurface
waters. Furthermore, an OTEC plant
would change the marine environment
in its vicinity, and a large number of
units might have significant regional,
or even global, effects.

ENVIRONMENTAL EFFECTS
OVER A RANGE OF SCALES
The potential environmental conse-
quences are related to both the con-
stant movement of large water masses
and the associated chemical releases.
As indicated in the table, the effects
would occur over vastly different
scales.

An extensive OTEC installation
comprising a large number of plants

would affect global climate patterns by
changing meridional heat fluxes in the
ocean waters and fluxes of heat and
humidity in the atmosphere, and by
causing artificial upwelling of carbon
dioxide dissolved in bottom waters. To
assess large-scale effects such as
these, it would be necessary, of
course, to compare them with the
global environmental effects of other
extensive energy-production, indus-
trial, and agricultural activities.

Regional effects might arise in loca-
tions with large OTEC concentrations:
around archipelagoes such as Hawaii,
for example, or in ocean basins such as
the Gulf of Mexico. OTEC could cause
changes in the ocean circulation pat-
tern, including basin inflows or out-
flows, and in the temperature structure
as a result of the depression of surface
temperature.

On the mesoscale, OTEC could af-
fect ocean anomalies, such as cold-
core eddies, current separation and
meandering, and local upwelling or
downwelling, that are frequently
superimposed on the mean structure
and may have significant effects on
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.. . itmust be the engineer’s responsibility

to consider the ultimate global effects

of the technology.”

explored in a series of laboratory and
analytical investigations, which indi-
cate that the potential for recirculation
is critically dependent on the density of
the discharge water relative to the den-
sity of the surface layer. With the
separate discharge scheme (see Figure
2) there is little temperature (or densi-
ty) difference and therefore a very high
likelihood for recirculation. The mixed
discharge scheme is preferable: it op-
- erates with a much higher stabilizing
temperature difference, the discharge
jet tends to hug the thermocline, and
the potential for recirculation is much
smaller. Even so, the studies indicate
that for safe operation, maximum plant
capacity should be of the order of 500
MW.

LOCAL ENGINEERING PLANS

VS. GLOBAL CONSEQUENCES

In addition to the OTEC design pro-
posals I have mentioned, there are, of
course, many other possibilities. Some
of them completely eliminate the recir-
culation danger. One proposal might
be to pump the mixed discharge water

25 tothe bottom of the ocean or to a depth

of, say, 200 meters, where—given the
stratification indicated in Figure 1—it
should find some equilibrium level
without interfering with the surface or
bottom intake. Another strategy might
be to point the discharge jets vertically
downward so as to push the flow well
below the surface layer; this would be
quite similar to the way an industrial
smokestack pushes gas up into the
atmosphere. Such solutions tend to be
costly or impractical, however. For
instance, an OTEC plant—except for
the cold-water pipe—needs to be built
near the surface because of construc-
tion difficulties.

A particularly important concern,
and one that may be easily overlooked
in the quest for an optimized design, is
the effect a particular plant would have
on the thermal resource and, ulti-
mately, on the global ocean system.
This may be illustrated by considering
two extreme modes of operating a
100-MW OTEC plant. With a separate
discharge scheme, energy is con-
stantly being transferred from the
warm layer to the cold layer, thereby
reducing the capability of doing useful

work. The rate at which this occurs is
equal to Qpc8T—that is, P/, the net
power output divided by the effi-
ciency. Because efficiency is low,
about 2 percent, the calculated rateis a
large number, about 5,000 MW. In the
other assumed operating mode, the
entire evaporator flow is released deep
in the lower layer. In this case, much
more energy—namely, QpcAT or
about 40,000 MW—is being lost from
the ocean surface layer. And all of this
is to generate 100 MW of useful power!

Large as they are, these energy-loss
rates appear miniscule (by a factor of
1/10,000 or less) in the context of the
energy fluxes that occur over the entire
tropical ocean, or even an ocean basin
such as the Gulf of Mexico. Indeed, it
may seem immaterial what mode of
discharge is used by a 100-MW OTEC
plant; one might argue that full preven-
tion of local recirculation, by means of
an evaporator discharge well below the
thermocline, should be the preferred
solution to the recirculation problem,
since it is the most efficient one. If
many plants were to be deployed,
however, the outlook might be quite






ENERGY FROM CORNSTALKS

Local Crop Residues
As a Substitute for Imported Oil

by William J. Jewell

While the United States continues its
dangerous dependence on foreign oil, a
substantial renewable source of energy
in our own neighborhoods is being
ignored.

Take the community around my
hometown of Ithaca, New York, as an
example. From our own resources we
could be producing all the synthetic
natural gas we need for home
heating—the equivalent of half the

* total amount of fuel we use. We could

reduce our consumption of foreign oil
by three-quarters, decrease unem-
ployment, improve the economic
well-being of our farmers, and promote
acloser sense of community. We could
accomplish these things with a modest
capital investment and without detri-
ment to our environment. And what
we could do, so could communities
throughout the agricultural regions of
the nation and the world.

The resource that could make all this
possible is not an abundant gas well or
a nuclear power plant or a solar-energy
installation fifty years in the future. It
is simply cornstalks, straw, and other

27 agricultural residues gathered from the

farms within a ten-mile radius of our
city and converted to methane by
hard-working bacteria. It is a resource
we already have, usable by a technol-
ogy that has already been demon-
strated, and with few discernible
drawbacks. Using crop residues for
methane production doesn’t reduce
the food supply, deprive the soil of
natural nutrients and mulch, pollute
the atmosphere, create a hazard, make
a noise, or impair the landscape. All it
requires is a processing plant, some
transportation and storage facilities,
and a hookup to the municipal
natural-gas supply system. The raw
material could be trucked in by the
farmers, who could then haul out
nutrient-containing residue to spread
on their fields and liquid fuel (alcohol
produced in a separate fermentor) for
their farm equipment. An additional
alternative, now under study, is to use
the biogas to fuel a cogenerator. This
would provide not only electricity, but
heat that would be wasted in the opera-
tion of a conventional generator.

The idea of using crop residues for
producing biogas has been under de-

velopment at Cornell since 1976. It
grew out of a study of the anaerobic
fermentation of animal manures that
has resulted in the design of a success-
ful on-farm reactor: about twenty units
are now operating on farms and more
than one hundred are probably under
construction. Subsequently, the re-
search effort was directed to crop resi-
dues, which have the potential for
yielding much greater quantities of en-
ergy. Laboratory experiments pro-
gressed rapidly to pilot-scale opera-
tions, and by the fall of 1981, to initial
testing in a full-sized reactor, suitable
for use on a farm.

The research team in the Depart-
ment of Agricultural Engineering esti-
mates that two more years of intensive
effort would have brought the process
to a stage at which it would have been
suitable for commercialization. Unfor-
tunately, federal budget reductions
have nearly eliminated solar energy
R&D support, and the crop-residue-
conversion effort has been discon-
tinued, leaving the future of the
technology uncertain.

This article, therefore, is not only a















wet process that had proven so suc-
cessful with animal manures.

ENCOURAGING THE BACTERIA
IN DRY FERMENTORS

When we began the work with crop
residues, little information about the
requirements for dry anaerobic fer-
mentation was available, even though
the process has been used on a practi-
cal basis for many years by farmers,
principally in Europe. We began with
laboratory-scale experiments to de-
termine the effects of moisture, addi-
tives, and temperature.

Moisture content was identified as
the most limiting variable. It was found
that for good fermentor performance
(defined as one in which 90 percent of
the solids that are biodegradable to
volatile compounds can be converted
in less than a year) the initial solids
content must not be greater than 30
percent.

Another important factor is the kind
and amount of bacteria-containing in-
oculum that is added to the reactor.
Raw manure was found to be a poor
source of inoculum, presumably be-

“Itis a resource we already have,

usable by a technology

that has already been demonstrated.”

cause of the presence of large numbers
of acid-forming bacteria that can over-
power or reduce the action of the
methane-forming strains. Dairy ma-
nure that had been digested was found
to be effective, however, and was used
successfully to start the reaction in
subsequent experiments. Although the
rate of gas generation increased with
the quantity of inoculum added, our
aim was to use the smallest possible
amount in order to avoid the necessity
of maintaining a liquid-slurry fermen-
tor as part of the dry-fermentation
facility. One way of minimizing the
inoculum requirement was found to be
a recycling, or ‘“‘reseeding,”” of di-
gested effluent. The penalty is a re-
duced overall rate of gas production,
but this is not necessarily a drawback:
gas produced over a year’s time might
be quite suitable for a digester that is
loaded once or twice a year with crop
residues.

Prevention of depressed pH caused
by the formation of volatile acids, es-
pecially during start-up of the fermen-
tor, was a problem in the early experi-
ments. Sodium bicarbonate is effective

as a buffer, but its use is undesirable
because of the expense—which would
amount to a significant fraction of the
total operating cost—and because the
presence of excess sodium would limit
the usefulness of the digested residue.
We found that the need for buffer can
be reduced or eliminated by increasing
either the water content or the amount
of inoculum. After hundreds of fer-
mentor tests, we have eliminated the
need for expensive buffers and spe-
cialized bacterial inoculums. Moisture
control combined with the addition of
animal manure appears to be capable
of successfully initiating the reaction.

Temperature was found to have the
expected large influence on reaction
rates. At 55°C extremely high reaction
rates were observed, even with con-
centrations of inoculum lower than
those used in the measurements at
35°C. The rates of gas production in-
creased to peak values greater than
seven volumes of biogas per volume of
reactor per day (v/v-d). These results
suggested that temperature regulation
could be an effective way of speeding
up or controlling the reaction rates.
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FACULTY

PUBLICATIONS

Current research activities at the Cornell Uni-
versity College of Engineering are represented
by the following publications and conference
papers that appeared or were presented during
the three-month period from December, 1981
through February, 1982. (Earlier entries omitted
from previous Quarterl)' listings are included
here with the year of publication in parentheses.)
The names of Cornell personnel are in italics.
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Solar Energy Projects in Jeopardy

Feasible ways of using solar energy on a large scale are attainable. Articles in this
issue (and in the preceding one) show there is no lack of ideas. The obstacles are
not primarily scientific or technical, but economic and political.

Innovation of the scope needed for significant large-scale applications requires
an intelligent, sustained program. In many cases, R&D for a new technology
requires government sponsorship to bring it to the stage of commercial feasibility.
Proposals should be continually evaluated and reevaluated, and promising
programs should be continued (or initiated), not abandoned in short-sighted
budget-cutting. It should be a high national priority to encourage technologies that
will reduce our dependence on imported energy and stimulate our economy by
providing an expanded domestic energy base. And in a larger sense, the
government has the responsibility of formulating a national policy that is wise as
well as expedient, taking into account global as well as national needs, and
posterity as well as contemporary society.

We must acknowledge that there is no panacea for the energy problem, that all
solutions are partial. Conservation is a powerful route to greater energy self-
sufficiency, and small-scale installations like rooftop solar collectors and
farmstead gas generators could be significant. Yet these measures do not obviate
the need for large-scale energy systems. The whole range of alternatives should be
considered in terms of availability, cost, and suitability under local conditions of
population density, geography, economy, and available resources. Ocean thermal
energy conversion (OTEC), for example, would be impractical for Maine but
might be excellent for Hawaii. Crop residues for biogas generation would be
useless in Manhattan but might be feasible for upstate New York. An especially
important consideration is the timing of development and implementation.
Alternative energy schemes such as those described in this issue could help reduce
our dependence on foreign oil in the next few decades. They are potentially
valuable particularly in the near term, until technologies that require more lead
time—such as nuclear fusion—become available.

Unhappily, the development of non-nuclear renewable sources of energy is now
in jeopardy in the United States. Some relief may materialize. Perhaps private
industry will pick up where government programs leave off. Perhaps government
leaders will restore funding to endangered programs before the momentum of
development falters. Perhaps a groundswell of public sentiment will influence the
political climate. But the basic need is for adequate, continuous funding of the
most promising proposals; worthwhile ideas should be rescued from the limbo of
neglect before emergencies dictate responses. The life-giving sun (a fusion reactor
in space) remains our best ultimate source of energy—abundant, safe, and
accessible to those who discover ways of realizing its benefits.
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