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Solar Energy and Electric Utilitit 
Should They Be Interface4 

In many applications adapting solar energ3 
electric utilities limits its economic potent 

Joseph G. Asbury and Ronald 0. Mue 

Solar energy technologies and their 
applications constitute a broad and di- 
verse array of energy supply options. 
Solar systems are currently under devel- 
opment for applications in the generation 
of electric energy, production of indus- 
trial process heat, and heating and cool- 
ing of buildings. The identification of 
promising solar applications and the elim- 
ination of unpromising ones are neces- 
sary for the efficient development and 
use of the solar resource. In applications 
where solar systems are interfaced with 
conventional supply systems, it is impor- 
tant that the solar systems be evaluated 
in context with the cost and performance 
characteristics of the conventional sys- 
tems that they are designed to supple- 
ment or replace. 

A number of investigators have pro- 
posed solar energy systems that inter- 
face with conventional electric utility 
supply systems. Whether considering so- 
lar thermal conversion systems to pro- 
duce electric utility power or solar sys- 
tems for thermal applications in build- 
ings, the systems' designers have gener- 
ally concluded that solar energy can 
reduce electric utility fuel and capital 
requirements. In both utility power sys- 
tem and utility customer end-use applica- 
tions, solar energy saves fuel directly by 
substituting for utility fossil and nuclear 
fuels. Utility capital and indirect fuel 
savings occur as a result of the ability of 
the storage system, always included in 
the solar system design, to displace the 
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examine the general problem of inter- 
facing solar energy and electric utility 
supply systems. 
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fuel is oil-the most economical and en- 
ergy-conserving solar systems will not 
interface with the electric utility. For the 
second scenario, the economic benefits 
of solar collection in most applications 
are found to be approximately equal to 
the value of the displaced utility fuel, 
indicating break-even points for solar col- 
lectors that are roughly equal to those 
under the first scenario. 

The general conclusion of this article 
is that solar energy systems and conven- 
tional electric utility systems represent 
a poor technological match. The basic 
problem is that both technologies are 
very capital intensive. The electric utili- 
ty, because of the high fixed costs of 
generation, transmission, and distribu- 
tion capacity, represents a poor backup 
for solar energy systems. On the other 
hand, the solar collection system, be- 
cause it represents pure, high-cost capi- 
tal and because of the periodic nature of 
its output, should not be considered as a 
part-load source of auxiliary energy for 
the electric utility. Viewed in this con- 
text, the low break-even costs estab- 
lished for solar collector systems that 
interface with electric utilities are merely 
symptomatic of the problem of matching 
two technologies that in important re- 
spects may be incompatible. 

Because of our extensive use in this 
article of the concept of solar collection 
break-even cost, it is important from the 
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beginning to point out that (i) these costs 
are always calculated by directly com- 
paring the capital and fuel requirements 
of conventional systems with those of 
solar systems providing services of com- 
parable quality, and therefore (ii) break- 
even cost values, where presented here, 
are dependent on the costs assumed for 
the conventional technologies, but (iii) 
the qualitative conclusions reached are 
essentially independent of the exact 
break-even cost values. We do not ex- 
plicitly examine passive solar building 
concepts that modify and reduce normal 
thermal load requirements, nor do we 
analyze intermittent solar concepts (for 
example, air-conditioning systems with- 
out adequate backup to cover solar out- 
ages) for which there are no convention- 
al counterparts. As shown below, the 
upper-bound break-even costs of solar 
collection are effectively "pinned" to 
the value of off-peak utility fuel. By stat- 
ing break-even costs in terms of current 
prices of off-peak utility fuel, we effec- 
tively neglect: any price-distorting ef- 
fects of government development or sub- 
sidy programs, the many environmental 
spillover benefits that are commonly as- 
sociated with solar energy, fuel con- 
servation benefits beyond those reflected 
in current prices of utility fuel, and the 
possibility of fuel price escalation 
beyond the general inflation rate over the 
lifetime of the solar system (2). How- 
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ever, none of these factors are likely to 
significantly affect the economics of so- 
lar systems that interface with electric 
utilities relative to the economics of solar 
systems that do not. 

Solar/Electric-Resistance Heating 

The reconceptualization necessary to 
properly assess solar heating systems 
that interface with conventional electric 
supply systems is shown in Fig. 1. In- 
stead of comparing the cost of the solar 
heating system including storage with 
the cost of the conventional heating sys- 
tem (as in Fig. la), the solar system 
designer should compare the cost of the 
solar-supplemented storage heating sys- 
tem against the cost of the simple storage 
heating system (Fig. lb). In practice, the 
latter comparison will proceed only after 
the benefits of storage heating relative to 
direct heating have been determined 
(Fig. Ic). It is our contention that most of 
the electricity supply savings claimed for 
solar energy systems stem from the stor- 
age, rather than the solar, component of 
the systems. 

That storage heating systems are cost- 
effective in service areas supplied by 
winter-peaking utilities is well estab- 
lished (3). A recent study indicates that 
the utility savings, mostly capital sav- 
ings, exceed the thermal energy storage 
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Fig. 1 (left). Comparisons among solar, storage, and conventional 
space heating systems. Fig. 2 (right). Comparisons among solar- 
assisted heat pump, storage, and conventional space heating systems. 
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costs by a factor ranging from 2 to 4 (4). 
The important consideration for the de- 
sign of solar systems is that, given a 
storage capacity adequate to meet the 
design-day heating load, it makes eco- 
nomic sense to add a solar collector sys- 
tem only to the extent that it is cost- 
effective to substitute solar energy for 
off-peak electric energy. This consid- 
eration establishes an upper bound on 
acceptable solar collection costs: 

C <SE 

Here C is the annualized cost (dollars per 
square meter per year) of the installed 
collector system (including the costs of 
piping, pumps, controls, heat exchanger, 
and the collector itself), S is an upper 
limit on the amount of solar energy col- 
lected (kilowatt-hours thermal per 
square meter per year), and E is the cost 
of supplying off-peak electricity (dollars 
per kilowatt-hour electric). For many re- 
gions of the country, a representative 
value for the cost of supplying off-peak 
energy is 10 mills per kilowatt-hour 
(= $0.01/kwh), which covers base-load 
fuel costs (~ $1 per 106 Btu) and base- 
load operating and maintenance costs. 
Under efficient cost allocation rules, all 
utility capital expansion costs should be 
charged against energy use during other 
time periods (5). An optimistic level of 
solar collection over the space heating 
season is 300 kwh m-2 year-' (= 100,000 
Btu per square foot per year). Because, 
for a fixed storage capacity, annual col- 
lection efficiency decreases with collec- 
tor area, this figure represents an upper 
limit on solar collection. Inserting these 
values for electricity cost and solar ener- 
gy collection into the relation above, we 
obtain an upper bound on the break-even 
cost of the solar collection system of $3 
m-2 year-'. If the real capital recovery 
rate is 10 percent per year, this corre- 
sponds to an upper bound on collector 
system costs of $30/m2 (, $3 per square 
foot). This is a very low break-even val- 
ue compared with estimates based on 
either the average or the peak-period 
cost of electricity supply. The upper 
bound on the break-even cost is $75/m2 if 
the auxiliary energy cost is 25 mills/kwh. 

In service areas supplied by summer 
peaking utilities, storage space heating 
generally is not cost-effective. In such 
service areas, the displacement of daily 
winter peak loads into nighttime valleys 
does not reduce the utility's annual peak 
capacity requirements. That the addition 
of a solar collector system could be cost- 
effective in this situation appears highly 
improbable. Having to support a sizable 
portion of the investment in the storage 
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system, the return on the investment in 
the collector system will have to be high- 
er than for the winter-peaking service 
area. The break-even cost of the solar 
collector will be correspondingly lower 
and may even be negative. 

Solar-assisted electric hot water heat- 
ing may justify a higher collector cost 
than solar space heating. Solar hot water 
systems enjoy a better duty cycle, dis- 
placing off-peak electricity on a year- 
round basis. On the other hand, solar hot 
water systems suffer a disadvantage rela- 
tive to simple storage systems. This 
stems from the small additional cost of 
storage hot water heaters over conven- 
tional systems. Usually all that is re- 
quired is a somewhat larger tank with 
improved insulation. The addition of a 
solar collection system, however, usual- 
ly involves the addition of a separate 
preheat storage tank. A similar cost bur- 
den occurs in solar space heating applica- 
tions when, in order to improve solar 
collection efficiency, separate storage 
systems are incorporated in both the so- 
lar supply loop and the backup electric 
supply system. 

Solar Energy/Heat Pump Systems 

Solar heating systems more complex 
than the ones described above have been 
proposed. In particular, the solar-as- 
sisted heat pump has received consid- 
erable attention (6). In one version of 
this system, the output of the solar col- 
lector is first input to a storage reservoir 
on the cold side of the heat pump (7). 
The solar energy is removed from the 
reservoir by the compressor action of the 
heat pump and is delivered to the build- 
ing load. 

The principal advantages of the solar- 
assisted heat pump are the lower temper- 
ature required for the output of the solar 
collector and the improved heat pump 
performance because of the solar warm- 
ing of the input reservoir. According to 
the system's advocates, this allows the 
use of a much lower cost solar collector, 
thus improving the break-even econom- 
ics of solar heating. However, as shown 
below, another effect of incorporating a 
heat pump in the solar system design is 
to drive down the break-even cost for the 
solar collection system. 

The same techniques used in evaluat- 
ing solar systems that interface with re- 
sistance heating can be used to analyze 
the solar-assisted heat pump design. Fig- 
ure 2 presents a set of system com- 
parisons building from direct resistance 
heating to the solar-assisted heat pump 
system. One of the steps in the system 

evolution in Fig. 2 represents an inferior 
progression and has been included only 
to facilitate the analysis. The system in- 
corporating a heat pump in Fig. 2b is 
inferior to the system without a heat 
pump. 

The heat pump operating solely off the 
electrically augmented storage on the in- 
put side is deficient on a number of 
counts. Because the heat pump can ex- 
tract no more energy from the storage 
than is input, supplemental off-peak elec- 
tricity is more efficiently stored and re- 
covered in the system on the right side of 
Fig. 2b, where no work of compression 
is involved. The heat pump system is 
also more capital intensive, requiring a 
higher initial customer investment and 
greater utility capacity to meet the heat 
pump's contribution to the utility's daily 
peak load. As will become clear below, 
the inclusion of the heat pump with an 
electrically augmented input reservoir in 
Fig. 2 is simply part of a gedanken experi- 
ment to determine the overall cost-effec- 
tiveness of the solar-assisted heat pump 
system. 

The system comparison in Fig. 2a 
lends itself to a particularly simple inter- 
pretation of the role of the solar collector 
subsystem. The system on the right side 
can be conceived as operating in almost 
the same way as its solar counterpart, 
the only difference being that the electri- 
cal energy is input to the right-hand stor- 
age reservoir during off-peak nighttime 
hours, while the solar energy is input to 
the left-hand reservoir during daytime 
hours. Although, as described above, 
this use of electricity is extremely ineffi- 
cient, it amounts to no more than a simu- 
lation of the use of the solar energy that 
is input to the solar system. 

Viewed in this context, the gross bene- 
fit from the addition of the solar collector 
to the heat pump system is no greater 
than the benefit realized when a solar 
collector is added to a solar-resistance 
heating system, namely the displacement 
of off-peak electric energy. However, 
now the gross benefit must also cover 
(relative to the solar-resistance system): 
the added capital cost of the heat pump 
over the resistance system, the utility 
capital costs associated with the supply 
of electricity to the heat pump during on- 
peak hours, and the cost of utility energy 
to run the heat pump. For the fraction of 
time when solar energy is not available, 
the heat pump can run off ambient air. 
This does not alter the relative econom- 
ics of the solar-assisted heat pump and 
the storage heat pump in the comparison 
in Fig. 2a, because both systems would 
benefit equally from this option. How- 
ever, it would reduce the heat pump cost 
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burden slightly by the amount of the 
additional off-peak electricity dis- 
placement credit. 

The additional capital cost of the heat 
pump system relative to the resistance 
system, after an air conditioner capital 
cost credit, is approximately $1000 (8, 9). 
For a nominal collector area of 50 m2, 
this corresponds to a reduction relative 
to the break-even point for the collector 
subsystem in the solar-resistance system 
of $20/m2. In service areas supplied by 
winter-peaking utilities, a more signifi- 
cant cost penalty is the utility capital 
cost of meeting the design-day compres- 
sor load (O0). This cost, covering utility 
demand-related capital expansion costs 
at the generation, transmission, and dis- 
tribution levels, amounts to approximate- 
ly $500 per peak kilowatt, corresponding 
to $2000 for the heat pump and $40/m2 
for the 50-m2 collector. The break-even 
point is then -$30/m2 if auxiliary energy 
costs are 10 mills/kwh and $15/m2 if aux- 
iliary energy costs are 25 mills/kwh. 

In a service area supplied by a sum- 
mer-peaking utility, utility winter peak- 
day capacity costs are considerably low- 
er, depending on such considerations as 
reserve margin under scheduled mainte- 
nance outage. However, even if utility 
power costs are assumed to be negli- 
gible, the break-even point for the solar 
collector component of the solar-assisted 
heat pump system will be lower than that 
of the solar/electric-resistance heating 
system by the amount of the added capi- 
tal cost of the heat pump. 

Another solar energy/heat pump de- 
sign concept is illustrated in Fig. 3. Here, 
the storage reservoir is on the "hot" side 
of the heat pump and both the solar 
collector and the heat pump deliver ener- 
gy directly to the reservoir. We shall not 
analyze this system in any detail here 
(//); however, it can readily be shown 
that this system is always inferior to the 
solar-assisted heat pump analyzed 
above. The basic problem with the sys- 
tem design in Fig. 3 is that it quite literal- 
ly forces two capital-intensive subsys- 
tems, the solar collector and the heat 
pump, to compete rather than supple- 
ment one another in supplying the heat- 
ing load. 

The conclusions reached regarding 
these two generic types of solar energy/ 
heat pump systems appear to be appli- 
cable to all solar/heat pump configura- 
tions. Our analyses of other heat pump 
concepts indicate that they can always 
be evaluated by decomposition into 
some combination of the solar/resist- 
ance-heating and the two solar/heat 
pump concepts described above. All the 
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solar/heat pump concepts that we have 
identified have break-even solar collec- 
tion costs considerably lower than the 
break-even solar collection costs of the 
solar/resistance-heating system in Fig. 1. 

Solar Electric Power Generation 

Many of the same kinds of trade-offs 
affecting the economics of solar energy 
applications in buildings affect the eco- 
nomics of solar electric power genera- 
tion. Figure 4 presents the solar electric 
analogs of the heating system com- 
parisons presented in Fig. l. 

The usual procedure for determining 
the cost-effectiveness of a solar electric 
generating system is the comparison in- 
dicated in Fig. 4a. The cost of the solar 
electric system, including any necessary 
backup to cover solar outage, is com- 
pared with the cost of the conventional 
generating system. In Fig. 4a the com- 
parison is presumed to be between the 
solar system including its backup boiler 
and a conventional intermediate gener- 
ating plant. (To facilitate later analysis, a 
base-load generating plant has been in- 
cluded on both sides of Fig. 4a. This 
facility cancels out in the comparison.) 
Although the comparison in Fig. 4a is the 
standard method of evaluating solar 
electric systems, a more meaningful com- 
parison is that shown in Fig. 4b. 

That a solar electric system can sur- 
vive comparison with a storage-aug- 
mented base-load generating plant is 
very doubtful. Given low-cost storage, a 
storage-augmented base-load plant can 
replace a combination of base and inter- 
mediate (or peaking) plants (see Fig. 4c). 
In a recent study, the Public Service 
Electric and Gas Company (12) calcu- 
lated break-even costs for thermal stor- 
age in this application at $570/kw (10- 
hour storage device) and $320/kw (5- 
hour storage device) (13). On the other 
hand, in a Fig. 4a-type evaluation of the 
economics of solar electric power sys- 
tems, the Aerospace Corporation (14) 
assumed solar storage device costs sever- 
al times lower than the PSE&G storage 
break-even costs. For the most attrac- 
tive solar electric application examined 
in the Aerospace study (a central station 
receiver plus 6-hour storage compared to 
an intermediate generating plant), the 
heliostat effective break-even cost was 
about $30/m2. Already a difficult cost 
objective to achieve, the break-even cost 
would have been considerably lower if 
the solar electric system had been com- 
pared against a storage-augmented base- 
load generating plant. 

Generalization 

The preceding analysis was limited to 
the types of solar systems that interface 
with electricity supply systems. In con- 
sidering such systems, we stressed the 
low break-even costs of solar collection 
systems whose only effect is to substi- 
tute solar energy for low-cost off-peak 
electricity. The question naturally arises 
as to how the break-even economics 
would be affected by the absence of low- 
cost off-peak electricity. 

In an important sense, off-peak elec- 
tric power is merely a by-product of on- 
peak electricity. However, its future 
availability might very well diminish as 
utilities and regulators begin to price it at 
cost and customers respond by purchas- 
ing it in increasing quantity. The Euro- 
pean experience indicates that, given 
adequate customer price incentives, the 
time required for complete "valley fill- 
ing" for a winter-peaking utility system 
can be as short as 10 to 15 years (2). 
Therefore, to complete our analysis of 
solar energy systems that interface with 
electric utility systems, we will gener- 
alize our results by considering two alter- 
native scenarios. In the first scenario, 
off-peak electricity, even if priced at vari- 
able cost (utility fuel cost), remains avail- 
able for the indefinite future; in the sec- 
ond scenario, as a result of the in- 
troduction of a new technology or the 
implementation of some form of peak- 
load pricing, the utility's load curve be- 
comes flat. The first scenario corre- 
sponds to the economists' firm-peak 
case; the second scenario to the shifting- 
peak case. 

In the first scenario, in most parts of 
the country off-peak electricity will re- 
main the lowest-cost auxiliary energy 
available for solar energy systems. Sys- 
tems that use this form of auxiliary ener- 
gy will represent the economically (and 
socially) most efficient solar energy sys- 
tems. Thus, to be economical, solar col- 
lection systems will have to be low 
enough in cost to supply solar energy 
that is cost-competitive with off-peak 
electricity. 

Even in the first scenario, there may 
remain many utility service areas where 
off-peak electricity is not the lowest-cost 
source of auxiliary energy. Today, many 
utilities use oil in base-load generating 
plants, with the cost of the oil approxi- 
mately $87 per metric ton ($13 a barrel). 
After correction for transmission and dis- 
tribution losses, this gives a cost of ap- 
proximately 25 mills/kwh ($8.40 per 106 
Btu). On the other hand, the price of 
home heating oil is currently about 11? 
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per liter (42? per gallon), which after 
correction for furnace conversion effi- 
ciency is equivalent to approximately 15 
mills/kwh ($5 per 106 Btu). Thus, in ser- 
vice areas supplied by utilities using oil- 
fired base-load plants, home heating oil 
represents a lower-cost auxiliary energy 
form. Although natural gas can also be 
used to supplement solar systems, its 
price (marginal cost) under national de- 
regulation is likely to be somewhat higher 
than the price of oil. 

To summarize, the findings for the sce- 
nario involving indefinitely available 
low-cost off-peak electricity are as fol- 
lows. In service areas supplied with elec- 
tricity from coal or nuclear generating 
plants, the most economical solar energy 
systems will be those that use off-peak 
electricity as the auxiliary energy 
source. Accordingly, solar collection sys- 
tems generally will be economical only if 
they can deliver solar energy at a cost 
lower than the cost of off-peak electric- 
ity. As we have already seen, the upper 
limit on break-even costs is about $30 
per square meter of collector area. In 
service areas supplied with off-peak elec- 
tricity produced from expensive fuels, 
such as oil or natural gas, the most eco- 
nomical solar energy systems will be 
those that utilize auxiliary fuels other 
than off-peak electricity. In these service 
areas the most economical solar systems 
will not interface with the utility supply 
system. 

b 

Probably a more meaningful test of the 
interfacing of solar systems and electric 
utility systems occurs in the second sce- 
nario, when the utility load curve is flat. 
This can occur if the utility, through the 
application of ajudicious pricing strategy 
(higher prices during high-demand hours 
than during low-demand hours), man- 
ages to equalize the rates of consumption 
during all the subperiods of its demand 
cycle. In this case, the demanders during 
each subperiod press against the utility's 
capacity and are responsible, in varying 
measure, for the utility's long-run ex- 
penditures for capacity expansion (15). 

In this situation, the effect of a solar 
heating system on the utility's load curve 
and on its unit cost of supply can be 
conceived as occurring in the following 
way. Let us assume that the utility takes 
into account the effect of solar outages 
by setting its high-demand and low-de- 
mand subperiod prices such that con- 
sumption during the low-demand period, 
including consumption required to cover 
worst-case solar outage, is equal to con- 
sumption during the high-demand peri- 
od. It follows, in this case, that utility 
capacity is underutilized during the de- 
mand cycles when solar insolation is 
available for home heating. Solar energy 
still serves to displace utility fuel; how- 
ever, the underutilization of utility capi- 
tal relative to its rate of utilization in 
supplying a simple electric storage heat- 
ing system raises the unit cost of electric- 
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ity supply. This added cost, which repre- 
sents a real increase in the capital com- 
ponent of electricity cost, must be incor- 
porated, ex ante, into the higher unit 
price charged solar heating customers 
than charged storage heating customers. 
From the solar heating customer's per- 
spective, the increase in unit price is 
exactly offset by the zero variable-cost 
component of energy from the custom- 
er's solar collection system. (The utili- 
ty's capital investment and the total ener- 
gy consumed by the customer are un- 
changed.) Thus, just as for the firm-peak 
case, the net benefit of solar collection 
for the customer, and for society as a 
whole, is equal to the value of the dis- 
placed electric utility fuel. [This result 
can be shown to follow from a general 
analysis of the periodic load problem 
(11).j 

Although in the preceding discussion 
of the shifting-peak case we have implic- 
itly assumed the existence of only one 
type of utility plant, this is not a serious 
limitation for most solar applications. In 
home heating applications, for example, 
the fraction of the load for which solar 
substitutes for electric supply will not be 
sufficient, of itself, to allow the utility to 
substitute intermediate-load for base- 
load plants. In central station electric 
power applications, solar must compete 
directly against base-load plants, the 
only plant type in use under the uniform 
load, shifting-peak case. 

vs. < f- } 

VS. } [3-b 

-- 
VS. b r LIII 

B T G 

c 

STORAGE LOAD 

UTILITY 
POWER 

4 FEBRUARY 1977 

UTILITY 
VS. POWER LOAD 

r 4II 
- f 

8BBASE BOILER 

S: STORAGE 

R SOLAR RECEIVER 

T: TURBINE 

G GENERATOR 

b INTERMEDIATE BOILER 

Fig. 3 (left). Comparisons among solar/heat pump, storage, and con- 
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Summary Summary 

Analyses of the economics of solar 
collection in the firm- and shifting-peak 
cases (that is, with off-peak electricity 
indefinitely available or with a flat load 
curve) indicate that, for many important 
applications, solar energy systems that 
interface with electric utilities can be 
justified only in terms of the value of the 
off-peak utility fuels that they displace. 
In regions where off-peak electricity 
costs are low, the most economically 
efficient solar energy systems will be 
those that use electricity as the auxiliary 
energy source. This implies extremely 
low break-even costs for a number of 
important solar energy applications. In 
regions where the cost of off-peak elec- 
tricity is higher than that of competing 
energy forms, the most economical solar 
energy systems will utilize auxiliary fuels 
other than electricity. 

The general conclusion is that conven- 
tional electric utility systems and most 
solar energy systems represent a poor 
technological match. The basic problem 
is that both technologies are very capital 
intensive. The electric utility, because of 
the high fixed costs of generation, trans- 
mission, and distribution capacity, repre- 
sents a poor backup for solar energy 
systems. On the other hand, the solar 
collection system, because it represents 
pure, high-cost capital and because of its 

outage problems, cannot be considered 
as a part-load source of auxiliary energy 
for the electric utility system. 
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Ruminant livestock (cattle, sheep, 
goats, water buffalo, camels) represent 
one of man's most valuable renewable 
resources. They provide edible protein 
of exceptional value, fiber, leather, and a 
wide variety of useful by-products and 
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even, in some countries, motive power 
and fuel. How to maintain an adequate 
supply of ruminant products-in the face 
of rising human population-is one of the 
more serious research. problems facing 
agricultural scientists today. An obvious 
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solution would be to increase the rumi- 
nant inventory by increasing the rates of 
calving and weaning. But to do this 
would require a corresponding increase 
in the quantity and quality of the feed 
base. Instead, by placing more research 
emphasis on increasing the efficiency of 
ruminant production, we could boost 
world production of ruminant meat and 
milk protein by 50 percent without add- 
ing to the current land area used to sup- 
port ruminant livestock, and without in- 
creasing the present world inventory of 
ruminant livestock. In reality, an inter- 
mediate course is most likely to develop, 
with a moderate increase in numbers 
occurring along with an increased effi- 
ciency of production. 

A brief survey of pertinent data shows 
the need for this projected 50 percent 
increase in production and the extent of 
the resources required to attain the goal. 
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