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PREFACE

This reporec is a compendium of -analytic work on solar ponds performed at
SERI during the past year. The work investigates the performance, economics,
app'ications, and total quad potential of the various types of solar ponds,
particularly the nonconvecting salt gradient pond. The overall finding is
tha~ csolar ponds are a viable and economic techiclogy with the potential for
diplacing very significant quantities of conventional energy. Work was per-
formed under the Systems Analysig and Testing Program, a major program element
in the Systems Development Division, Office of Sclar Applications,
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SUMMARY

Solar ponds are probably the simplest and least expensive technology for
conversion of solar emergy to thermal energy. The solar pond is unique in {its
ability to act bozh as collector and storage. The cost of a solar pond per
unit area is considerably less than that of any active collector available to~
day. A combination of their economic and technical factor. makes solar ponds
attractive for district heating and industrial procesc heat applications.
Solar ponds have the potential to displace signifficant quantities of fossil
fuel in low-temperature heating applications in nonurhan areas.

This report first describes the differenc types of solar ponds, including
the nonconvecting salt gradient pond and various saltless pond designs. It
then discusses the availability and cost of salts for salt gradient ponds, and
compares the economics of saltv and saltless ponds as .a function of salt
cost. A simple computational -odel 1is developed to approximate solar pond
performance. This model is later used to s8ize sclar ponds for district heat-
ing and industrial process heat applications. For district heating, ponds are
sized to provide space conditioning for a group o5 homes, in different regions
of the United States. Size requirement is on the order of one acre for a
group of 25 to 50 homes. An economic analysis 1s performéd of solar ponds
used in two industrial process heat applications. The analysig finds that
solar ponds are competitive when conventional heat sources are priced at
$5 per million Btu and expected to rise in price at a rate of 10% per year.
The application of solar pornds to tae generation of electricity is also dis-
cussed. Total solar pond potentlal for displacing conventional energy sources

is estimated in the range of from one to six quadrillion Btu per year in the
near and intermediate future.
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2.1.1 SALT GRADIENT PONDS - Most studied of the solar ponds is the

nonconvecting, salt gradient pond (Tabor, 1963, 1965 and 1980; Nielsen, 1979;
Rabl, 1975; Zangrando, 1978).

The salt gradient pond is a pond in which salt has been dissolved, in high
concentrations near the bottom, and decreasing tc low concentrations near the

surface. Salts most commonly used are NaCl and MgCl,, although there are
numerous other possibilities (see Section 3.1).

Solar radiation enters the pond, and whatever is not absorbed in the wat-
er on the way down is absorbed on the dark bottom (which may be an artificial-
ly blackened liner). As a result of this heat collecticon 2t thc boticm, the
deeper waters become warm,

Higher concentrations of salt prevail in the lower pond regions than in
the upper regions, so the warmer, deep waters contain a higher density of dis-
solved salt than the colder waters near the surface. Pure water, when warmed,
becomes less dense. If there were no sal: concentration gradient in the pond
there would be continuous convection of the warmed water from the bottom of
the pond to the cooler layers near the top. However, the increased density
created by the salt prevents this thermal buoyancy convection. Heat transfer
to the surface of the pond occurs primarily by conduction, which is slow

enou%h to enable the lower regions of the pond to maintain a high temperature

(100°C has been measured in actual ponds).

In practice, the salt gradient pond has three layers, as shown in Fig-
ure 2, 1In the top layer v..rtical convection takes place due to the effects of
wind and evaporation. This layer serves no useful purpose and is kept as thin
as practically possible. The next 1layer, which may be approximately
l-m thick, contains an increasing coucentration of salt with increasing depth
and 1is nonconvecting. Tha bdtten layer igs a converting layer which provides
most of the thermal storage afid facilitates heat extraction.

Variants on the simplest salt gradient pond design have been proposed to
aid in controlling the boundaries of thege layers. The so-called "membrane
pond” (Rabl, 1975) contains a horfzontal partition to separate the lower con-
vecting zone from the middle nonconvecting zone and, possibly, a second parti-

tion slightly below the surface of the pond to minimize the surface convecting
layer.

. - o
\ . ~<———F Surface convecting layer
\\\ Nonconvecting layer

' : B (increasing salt concentration
\ Kwith deptn)

Storage layer
{constant salt concentration)

Figure 2. Sait Gradient Sclar Pond
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.to provide as much extra insulation asz possible oa tep of the pond,
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Salt gradient ponds have been built and operated in such diverse Iioon-
.dions as Israel {Sargent, 1979) and Canada (Saulznier, 1975) and in Ohic (Nieli~
sen, 1979) and New Mexice (Zangrando, 1978) in the United States.

2.1.2 OTHER NONCOWVECTING POUDS - Proposad alternatives to the aait
gradient pond in the noncomvectiny pond category are the viscosity stablliized
pond (Battelle, 1975) and the gel pond. DBoth of them retard internal convec—

tion by decreased flufdity of the water in the pond and have not yet advanced
significantly beyond the conceptual 3tage.

2.2 CONVECTING PONDS

2.2.,1 SHALLOW SOLAR POND - The oingle w:zll-recearched example of thz
convecting pond is the shallcw solar pond proposed and designed by Lawrernce
Livermoze Laboratories (Dickinmson, 1976; Cacatajow, 1979). The shallow gsolar
pond (see Figure 3) is abont a2 1iC-cm depth of vure water enclesed ia a large
water bag (typiczlly 5 m by 60 @) with 2 bloelnnzd Lottom, insulated bolow
with foam insulation and on top with glocires. 12 water from many such pouds
is pumped into a large storage tank for nl{ut “borcgc zad back into the water
bags each norning, in an oporatiny mothed collcd the "bateh” mode. Tho ghai-
lowi solar pond mey also be operated fu the “"flow through” wmoede, in which the
watér flows continuously thYﬁL” i water a3 in euch a way as to maintain
control over the cutlet tempcraturcs

Especially when operated in ¢ fico~tinouzh mode, the ghallow solar pond
is aimost the same 2z a flag=-plzio ﬂrTirﬂ“r" viathh water storage, the main
difference being that the solar poud collzcier ig finmed ia a horizontal posi-

tion and is less costly thaa the wousl fiai-nlote collector. For this recason

Figure 1 classifies the shallow colar pomd in thie collector-pond storage cate-
gory described beicw,

2.2,2 DEEP SALTLESS POND - Althouch the shallow convecting pond develops
high—tempecatuxe water in a calrly short time, it vequives pipes and plunbing
to shuttle water cut of the "ponds” ecach evening and storage tanks to hold the
warer at night. Lt also recuires insulation under the water bags because the

ground is allowed to cool off each night after the water is removed from the
bags.,

4 more economlcal approach is to leave the water in the pond at night and

Buring
when insolation must be recelved through the top of the pond,
there 1s a 1limit as to how much top Ingulation can be used, and double giazing
similar to that used in the sghallow solar pond would be employed, But at
night or during periods of low ingolation additicnal insulation cnuld be pro-
vided. An obvious and simple method would be toiiay extra insulation over the

top of the pond, either automatically or manually, whenever insolation falls
below a prescrived level.

the daytime,
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A more irtcresting and economical possibility 1s to spray foam insulation
between the glazings and between glazing and pond when insolation drops heolow
the prescribed level (Figure 4). A spray focm hag been used successfully to
provide night insulation for greenhousec (Groh, 1977). It has been found in
practice to reduce the heat loss by at least 50%, although in theory an 85%
reduction should be attainable., -1t should he noted that the spray feoam used
in greenhouse experiments is a waterial normally used for firveffighting. It

seens likely that impxoveme‘ts could b2 made in the material for purpcses of
poad insulation.
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In the worning, the sproy foon faculnsion vculd bo allowed #o setile and
run off, leaving a negliglblc Lvuz“”" 121 canieal cost of uvsing sproy foam
to providc supplemental night incelcticn io ectimzted at less than $L/m° of
pond., :

Sesides eliminating the nood for pipes, punpo, and plumbing Co tramspert
the water to nighttime storage, this “ctaticanry” pond would mot require
bottom insulation., After a wormup povicd, tha tonparature of the ground would
approach that of the pord water, previding pocd fnsulation. The cnly addi-

tional 1insulation that might be &cc;rgd weuld be along the sides of the pond
to prevent edge iosges.

To provide sufficient storage to even cut daily and seasonal tewperature

fluctuations, the stationary convecting pond would be a deep pond, not a
shallow one.

The deep saltless pond concept was proposed by Taylor (1977)3. There has
been much less research as yet on the deep saltless pond than o the salt

gradient pond. In Section 3,2, these two pond types will be compared as to
projected costs and performance. »

L - N am s 1 a e A I b Y8 e s He v e




- . e o a e bt o 8 ko - 9 e ok st it 440

SE Tt

2.2 COLLECTOR-POND STORAGE CGMBINATIONS - Several collector-storage com~

binatiocns have been suggested in which the thermal storage 1s provided by a
large pond embedded in the ground,

In 2 Swedish design (Margen, 1978} a bank of tilted collectors is floated
on a raft of insulation on tep of a large pond. The heated water 18 drained

into the pond and the coliectors are fed with cooler water puuped back up frow
the pond.

A pond tested at the University of Virglaia {BDeard, 1978) had a trickie
collector mounted just above the surface of a square pend. DBetween the pond

surface and the collector was a layer of foam insulation "beads” through which
the heated water trickled intc thz pond.

An Italian proposal (Cavalleri, 1977) calls for feccusing collectors %o
heat water to a high temperature and deposit 1t in a pend of several csquare
kilometers surface area. According to the proposal, this water can thea be
transported long distances in underground pipes to hoet a city.

Wherr the shallow solar pond concept is cozpered with the collector—poad
storage designs, it is apparent that the shollcw pond dic analopgous to the col-~

lector, and the night storage tault o anzlogous to the thermal storage.

3.0 SOLAR POND COSTS AND PERFORILIICE

AV IR LY

For the salt gradient pond ond thr {nnp corliless pand=-that is, escon
tially, for those selar ponds thzt azn nit ccil:ctor/§ond storage combina-
tions~—the chief coste are for carth wuwism, bulfcs linor, and for salt ia the
case of the salt gradient pond cr fov cri-a2 i"“" and cdditional inculu-

itz eests of calt for the cale

tica in the case of the deep colticcu g calg
gradient pond may vary very widely. T the welotive attractivernecs of

salt gradient or saltless pond is princviiy o function of the highly zite~
dependent salt cost.

3.1 LCJ-COST SALTS FOR SALT GIIDIENT SOLAR POUDS - The costs of calits

for a solar pond represent z gizable frzetlen of thz total initial invest
ment. Depending upon the design dztails and the proximity to a source of
salt, a typical NaCl salt pend may require 30% to 607 of the initial invest~
ment for the initial charge of WaCl {Ante, 1978; Battelle, 1975). Thercfore,

the identification of sultable, low-cost alternative salts could strongly af
fect the overall econcmie favorabliiity of a salt pond.

A suitable salt must meet szeveral criteria:

o it must be adequately ecluble {with a solubility chat increaees with
temperature);

its solution must be adequately transparent to solar radiatibn;

it must be widely availabie, so that 1td'transportation costs do not
offset the advantages of its low purchase costs; and

o it must be environmentally benign,

7
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The amount of salt required and its necessary solubility and optical
characteristics cannot be established theoretically because the understanding
of stability in a stratified pond ic not very weil developed (Leshuk, 1973;.
However, certain sufficient conditions for pond gtzbility can be inferred by
analogy with successful NaCl ponds, and the overall thermal performance of &
salty pond can be simulated by computer modellng when the solubllity and opti-
cal properties of the alternative szalt are known.

A typical NaCl pond has a solution comcentration ranging from nearly zero
at the surface to a2 meximum of 17 weight percent iv the stgrage layer. Thisa
corresponds to a density gradient of only about 0.05 g cm ~° per meter deptha
An alternative sait having a similar or lower diffusivity and which can pro-
vide a similar density gradient at operating temparatures should also produce
a stable stratification. Figure 3 shows thes gsolubility of some candidate
salts. In all cases, thz diffusivitiesc of the &alternative salts are louwcy
than that of NaCl and the tempecrature dependence of gsolubility iIs greater.
Therefore,_ a concentration sufficient to opu o0 dznsity  gradient of
0.05 g cm_~ per neter depth in a typical - ccaperature gradicat

(=20°C = *) should provide aes great or greater ... otability as would the
NaCl salt,

Table 1 summarlzes some properties of the candidate salts. Costs sre on-
1y approximate since they vary substantialily with location and time because of
transportation costs; however, it 1s clear thiat cnly thosce galts that cem bo
obtained as "waste” products offer subzstonticl cesencnic advantage. The magne—~
sium chloride "bitteras” arc available fren plonis thet rvefine NaCl, and theoe
sites are numerous (Figure 6). Sodivm guifcie, hauaver, hos the potentinl for
nuch more widespread avallability fn €2 nint £o7 yoavo as & waste product
from flue gas desulfurization at ceal=-fircd gauve plontso.

Enforcement of existing EPA alr euvniify cioniceds wlll require all wow
coal-fired power plants and most poo= o7y ofl=lissd poucr elonts that will bo
converted to coal {as required by i~ iztia.-l Unczoy Let) to have come £flun
gas desulfurization. Several dlifevzat d-~Lfustization processes are uvader
development by industry and evaleztion by bl {2k, 1970): two of the moot
promicing uce Na,COy and/or Walicy cal produco E:zﬁié as o fiuo gas deculfuri-
zation (FGD} waste product. These proccecns are Lziang doveloped dby jeint vene—
tures of Joy Industrial Bquipuent Courony wlth Uire Atomizer Company
(Felsvang, 1978) and Wheelabrator-Frye, Inc., with Rockwell Intermaticnal
(Escourt, 1978).

The quantities of FGD waste produced by a plant are cerormous., A typical
SOO-MWe plant (burning ~0.2% sulfur coal) would produce approximately 250 tons
of FGD waste per day. Hundreds of oil- and gas-—fired pover plants around the
country are potential future sites for production of the FGD waste, In the
southwesteru United States alone the capacity of such candidate plants {isg
greater than 76 GW,, and these plants are widely disperscd around the countzry~

side with about 50% in rural arees necar potential solar pond egites. Thus FGD

waste s3lt wmay meet cost and availability criteriac in the future,

Preliminary measurements at the Solar Enervgy Reseatrch Institute (SERI)
indicate that the FGD waste salt's optical propertles may -also be acceptable,
although, because of impurities, the ¥GD salt sgoliitions are not as transparent
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Table 1, PROPLIYTLLS O CALTDEDLTL SLLES
Cost
Salt Formula Scurce {$/16%4m) Commensts

Sodium NaCl {see Fin. 2) 20

chleride
Scdium NeyCOj3  Hol synthstie 95
carbonate {Soivoy Procncs)
€s TeenD 61
(Groon Rives, Wy
3 Toenn 70
(CGrocon Tiver, Wy.)

Sodium '
bicerbonate (Fie .o C:olt

volin, Tl
Sodium 250, " et &
sulfate

Wb ‘5
[N e (:0)°
csm.wi,u PRI B Aviaronite
Magnesium MgCis 0o TR 129
chlorids Nt Y |
€3 Bittormo {£z)°

{czo Fim, 9)
i luo

East eoast priac
Wyominz price
Cealifornia price

Byproduct of oil
shale minlcy
(not yct in pro-
Guction)

Zast ecast prlee

Weat egost priee

Price dzponds on
pr e:nmhiy of
other mazkets

999 pury, hydro-
ted calt

Waste pracuszt
elco eontaining
other salis (nat
normally soldi.

*Estimated prices
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as fresn NaCl solutfons. The FGD salt solution appears to meet the requive-
ments for optical clarity but may not perform as well as NaCl., Continuing ex-
periments at SERI will resolwve these guestions.

The environmental acceptabiiity of FGD salts remalns a moot question.
The Regource Conservation and Recovery Act of 1978 requires the EPA to identi-
fy hazardous wastes. TFly ash and flue gas scrubber sludges may be so desip~
nated (Ray, 1978). 1If so, then the FGD salt may vequire scme purification be-
fore 1t can be used in solar ponds. How thig purification might affect avaii~
ability, cost, and performance remains to be determined.

3.2 COMPARISON OF SALT GRADIENT AND SALTLESS PONDS

3.2.1 PERFORMANCE COMPARISON - A computer cimulation was run of &
hypothetical salty sclar poad at Parctow, Calif. Employing a finite element
rodel of the pond (Jayadev, May 1979}, the siculaticn toclt into account edge
losses and ground storage as well as locscs through the surface, losses to the
ground, and pond storages '

The pond was agsumed te bz 30 o in dicmstaur, reuzhly the size that ceuld

be used to heat a small group of houcez., Ik2 pend wog assumed to have a

storage layer 1 m in depth, g nonconvoetling loyer 1.5 m in thickness, and a

surface convecting layer 0.3 m thieck. {(Ti2 guefcen convecting layer io cazuced

by wind turbulence aand evaporaticn cnd coanot . ba avoidoed.) No iIngulation
around the pond was assumed encept thzt provided by the ground ftself,

It was further acsumed that a concicnt load of 35,363 @ (50 Wl of poad
surface arez} was extracted fren the ponde

The simulation chowed that the averare cunual teomerature of the pond's
storage layer would be 61°C, X wouid zeoch z wonimm of 81°C about wid~
August and a minlmum of 41°C in Miéu?cbvuaryq :

Next, a saltless solar poné was i“ulauei at th game locationo~ Thae
saltless pond was assumed to b2 conveeting with the sate temperature main-
tained throughout. It wag assumod to have glazings over the top with a heat
loes cocfficlent of 3 W/m®°C and adu;tlawai night insulation resulting in =
nighttime heat loss coefficient of I W/wé°C. Thercforé the surface heat loss
coefficient averaged about 2 ¥W/m“°

4

Transmissivity of the surfzce glazing toc solar tadiation was aseuned to
be 0.65,

By an iterative modeling process, a saltless solar pond was foungd that
would have nearly the same temperature profile, under the same 50 W/mz con-
stant load, as the salty pond. The saltlecs pond would be 30 m in diameter
and would have only ground insgulaticn--like the salty pond--but would be 10-m
deep, wuch deeper than the salety poend. As noted, the additional depth—-—1i.e,,

the additional thermal mass-—ig required to even out the temperature filuctua=-
tions in the saltless pond.

12
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A computer simulation run on the salitless pond showed that 1its average
temperature would be 60°C., Its maximum temperature, reached in August, would
be 80°C and its minimum temperature, in mid-February, would be 40°C. Thus {its

temperature profile throughout the year would be much 1like that of the salty
pond.

Figure 7 shows the temperature profiles of the two ponds,

Figure 7. Mmsz:ﬁ ‘ﬁ'cmr‘e:.’*"”e:c prllon lor Colly cond Coltfoss

Solar Ponds al Lorsizw, G,

3.2.2 ECONOMIC COMPARISON - At the preseat gtage of their 'dévelopment,
solar pond costs can be only roughly estimated. These estimates willi serve,
however, to suggest econocmic comparisons between the szlty and saltiess ponds,

Capltal eﬁpenseé for the salty solar pond include excavation expense, th
cost of a blarkened liner for the bottom of the pond, and the cost of the
salt, .

The salty pond i§ 30 m iﬁ diameter and 2.8 n deep,

vation cust of $2/m”, the total excavation cost would be -$4,000,
$5.60/m° of pond surface area.

durable material like Hypalon®,
entive pond (including sides).

or abocut
The liner for the begtom uf the pond must be a

at a cost of $10/m® or about $8,000 for the

The salty pond rsed in the simulatione would require about 0.5 ton of
r.alt per equave meter of pond surface area. The cost of salt varles widely

i3
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parisons with the saltless pond.

et St i

Capital expenses for the saltless
the cost of the liner, the cost of the
cost for night insulation,

reduced requirement for retardaticm o
er cost would bz about $1,600,

[

implementaticr,
be placed over the top of the pond.

sure. For this design a conservative coct of

If 1ligquid foam inculation wore uced for
sprayed into the space botween the iniicged p

iiquid fozn generating

Table 2 summarizes rough cooto fer tuz o2
At 2 £alt cost of $16060/m vl carfcan
equals that cf the salitless psnlo Cinnz 0.3

At 2 coest of _salt higher than
the, $33.30/m?

thﬁ.s, The 3".:’.'&‘

solar ‘pond include
surface structure and glazings, and the

lezkare.

The cost of the surface structure cnd glaz
One pozsible scherz is to hovo a lc
To €1
sections of double-layeved plactic film plazing, inilated by alr at low pres~

lccotic

equipment overo_uo lcso thon él/mze

square neter of pond curface arce, iz Liud
ton. At a cost of salt lower thcen thiis, tl-
i

with proximity to the supply and may be treated a5 a2 variable in economic com—

excavation expense,

The saltless cond that yielded apﬂroxitatexy tha came output as the salty

pond was 10-m denpo At a cost of $2/w’ tho rzeavation expense 1s about
514,000, or $20/a? of pond surface arca—$ 030/1 more Lhaz the salty pond.
However, the cost of the liner could L“ reduced to sbout 82/n° due to the much

Yor the entire pond, the iin—

zings devcnds upon the neans of
tice structure that wouid
11c structure would ba fastened

$10/2¢ ic accuzed.

nlput fnoulation, 1t couid be
plezinnc, The cost of the

15mtid

Lty and the caltless pond.

arce the eossot for the salty pond
tgn ¢f salt fo required for each

~via price for salt - $32,00 por

saity pond is Eore econonicala
co pend 1o more cconomical., Tor

cost of the galtlecc puzad, tiz eoonital cost for energy at Lhe S0

|

} W/m® extracticn rate is $666/WW 1 arra1o

§ Tobde 3. EUTIMATOD CUTLD PO OAVSEST L3270 CALFLT 70 BOWNDI

l ' "'“";,v Pond G’::xltle Pond

i ' (125C % X 2.2 m) (1250 m? X 10 )
t

!

|

Total Cect \,c:’t/m Total Cost Co.,t/m
Poné Component (% (/) (% (v/m )
Excavaticit 4,080 5.69 14,860 20.08
Liner 8,060 11.36 1,600 %.30
' Glazings 7,000 106.00
Night Insulation 700 1.00
Salt : 'S ~r
‘ Total/r? 516,90 + % ; $33.30
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There has been insufficient working experience with solar ponds to
provide a good estimate of operation and maintenance costs. With the salty
pond, there 1is a requirement for frequent maintenance to preserve the salts
concentration gradient and to maintaim water clarity. There is no reason to

expect higher operation and maintenance costs with the saltiess pond than with

the salty pond. 1In fact, there is reacon to expect these costs to be lower

with the saitless pond since it ic covered and has no salt gradient to
maintain,

3.3 SIMTLIFIED SOLAR PCND PERFORMANCE MODEL - A simple method that en~

ables easy calculation of solar pond sizes and ocutputs has been developed
{(Edesess, 1979).

"3,3.1 DERIVATION OF THE METHOD - Whatever their differsnces, the various
solar pond designs have a very large bedy of therncl storage In common. It is
assumed that this storage 1is so large thet doily fluctuationo in ambient
temperature and 1nsolation have a nepligible cffect on the temperature of

storage and that only sgeascnal wvariations in the envircument need be
consgidered,

It is zssumed also that the heat locs fron stersnz fo related linearly to
the difference between the temperature of ghorarn? and thz tcoporature of the
ambient air and to the difference botwscn tha tormnarcivre of sctorage and the
temperature of the ground. This nzans thore ust (o effective heat loss
coefficients U, and U, such thot the woge of oot lece s Up(T = 1,0
+ U (T - T.), é%ere T f%_;he embiong troooamnture, T 1o the ground tempera-
ture (presumably equal to T _, the evercy: cwaal gnviint tonperature), and 7
is the temperature of the s@brage layer of tha goude In ¢the coltleos pond, T
1s assumed to be the temperature at any polnl.

Suppose that characteristic heat less esoffiecicmee U,, U., and Uy can be
identified for a pond of surface arca A, pzoirctor P, and depth D, where U, ic
the coefficient of heat Joss from the curfaec of &ne pond (in W/mz °C)s U, 1o
the coefficient of heat loss frem the edecs of the pond {in %W/n °C), U, ie the
coefficient of heat loss from the bottca of .the psad (in W/mé °C), and A ig
measured in square meters with P and D meacured im moters. . Then, the
coefficlients of heat loss to the amblent alyr U  and to the ground U,
respectively, can be expregssed in teris of Ugo Ue’ US” A, and P as follows: g

Ua = Aus 4 PUe, and Lg = AUb o

It is & reasonsble approximation to medel the ineolation and the ambient
temperature as sine waves, and, for siaplicity, it is alco assumed that the
load can be represented asg a gsine wave. '

Thus, let

i5
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T (g) = + Ta sin 2a(e ~ éT)

T
a
i

ey =1 + 1 sin 2w {t ;'QI)

L(e) = L + L sin 20(z - 6,)

The time t and the phase angles ¢TD ¢ » &, are measured in years., If
insolation peaks in June, then ¢ isc cporohimatéiy 0,223 1if ambient tempera~
ture peaks about a nonth afterward, then op 18 “pproximuﬁely 0.30,

Let A signify the solar collection area, Ta the fraction of 4insolation
transmitted to the storage area of t¢hz pond, and ch the total heat capacity
of storage (where p 18 the water dencity, V is the Volure of storage, and ¢

is its heat capacity per uidit wass). - v
An energy balance yields
TaAL(e) = L(t + [“( gy - a(ﬂ)] + Um[”(t) -7 ) 4 chp%(c}
or’
Eﬁ + U — . L
T(t) +--$—~°—-&'“(t) @ (Teaf « {u. + v )T -§
a g’ a
+ Tani oin Zﬁ(t -0 )
+ U,%, oin zn(z - o)
- % otn z(e - QL)] .
The sclution to thié differential equation is
T(e) = T + 9(e) - (e ) e °F (1)
where
- _ =, Taaf - T I
t =T, U, + U ' '
g . N \ -
o 8 ' pm=o N N AL
¥(t) = e [7eal nt - ¢;) + u,T, h(t = ég) = L n(e - ¢)]

n(t - ¢)= [0 sin znit - ¢) = 2% cos zwét -‘¢)]/[(2w)2'% &2]

16
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and t, is the startup date for the pond (in years from Jauuary 1), at which

time 1t is assumed T = L o S is the number of secconds In a year if I and L
are expressed in watts

Note that Equation 1 expresses the pond storage temperature as the sum of
the long—-term average pond tempﬂratw 2 1, 2 periodic temperature devia-
tion ¥(t), and a transient term C(t je®

Setting the derivative of Equatlcn l equzl to zere, one finds that in cthe
steady state, extreme temperaturec occur at the times

(1/27) tap b [9€0.25)/%(0) 1.

By plugging these times into E@uation X

n !, on2 com f£i the menioum end minlzum
temperatures. v

“‘ .

)
)
.

3.3.2 EXAMPLE - For a circular sclty pond simalated by . Wiélsen (1979),
of 12-m vadius and 2-u depth, wall 10“*'" vosa 3573 W ooxd floor losses wioro
2920 W when the pomd temperature uvcs S0°C ool aulicat torserature was 10°Ce
(Note that only earth insulation w29 uacu in chls ”uuWIw,hon ) Assuming that
the coefficient of heat loss to cubicnt L3 U, = 70/(J0°“10°) or U, = 89w4
W/°C, and the coefficlent of heat locs t¢ greund ic = ?9?0/(50°-10°) = 73

W/°C, the projected pond temperaturcs chova in Tdble ¥ are obtdined with the
formulas just developed. {The pond isg

April 1. Transmissicn through the nonconvest
ambient temperatures arze 10*15”6 and incolatio

wgm ]
oury

L "
curcd o hove beéen started on
ive layor 4s cogumed to be 25%,

I
(adnd v
n is 200£30 W/m?.)

3.3.3 APPLICATION TO ESTIMATING THE AREA REQUIRED FOR A SALT GRADIENT

POND - The formulas developed in 3.3.1 can be gpplied to estimating the

required size of a sciar pond. For the sitplest version of the solar pond
sizlng method, s "base—case” salt gradient pond with 2 surface convecting lay~
er 0.3-m thick and a nonconvecting layer l.2-m thick is assumed. -These param—

eters are not necessarily optimal for every lacatlon and application, but they
provide a conservative estimate of required pond size, '

For the base-case salt gradient pond, an average optical transmission of
0.31 through the surface convecting and ncpccavecting layers 1s aszumed.
Surface heat losses ave assumed to bz G.4 W/m® “C; bottom losses, 0.l W/m2 °C
(d1fferential between pond and ground temperatures); and edge losses, 2.2 W/°C
per meter of pond perimeter (this would be reduced substantially 1f the edges
were insulated). These assumptions are summarized in Table 4. Note that heat
loss coefficients and optical transmission vacy with local conditions and pond

17
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Teble 3. PROIICTLD PATID TTIUIEINLTIRES CETAINED

...u. s bt

UOLIG BIVILOYID POLIITLLS

-

Projcetcd Temperatures

H e 5:‘5'_3 kW 5+3 kW
Ceactant  Cummer  Winter

Yeer Menth o Lead Lezd Pcolting  Peaking
July 1 £1.8 Aé 1 9.8 a7 4
Cet. 1 3.3 83.7 83.7 59.9
Year 1 :
Jden. 1 83.7 43.8 45,1 46.9
fpr. 1 £3.3 33.7 41.2 36.1
July 1 07,1 85.7 83.4 58.0
Cet. 1 2.8 81.4 8G.7 684.0
Year 2
Jom. 1 £3.3 41,9 7.3 42,6
£rv. 1 (%68 odecd 2.6 35.3
suly 3 (7.5 Ll £3.7 5G6.2
Qet. 2. 01.5 8.9 64.1
Year 3 :
Jene 1 P2k 44,8 47 .3 42,7
fop, 1 2.0 9 42,9 36.0
Avereze 2.0 .5 §3.5 50.5
Steady Mintvm L3.C BN | a1.4 34.0
State Maginaen S48 £a.n 59.6 - 56.2

construction. If better estircztes of thooz paramaters

than those assumed forx
the base cagse can be obtained, tha capznded mathod deoscribed in Edesess (1979)
should be used.

An explanation of tho choice of transmission and heat less
coefficiente for the base-cagse szlt grodient pond is also contained there.

The required solar pond surface arca 1o & function ~f desired
average pond temperature, arnual average anbient temperature, annual insola-
tion, annual load, and latitude. Th2 suriace area increasés as either the de-
sired average pond temperature or the annual 2cad incredses, and the surface
area decrcases as the annual average ambient temperature or insolation in-
creases. - The latitude indicates only the average elevation angle of the sun
and, therefere, the surface reflactive losces, which are greater at higher
latitudes. Hence, because of larger reflective losses and the likelihood of

decreased ambient temperature and ingolation, the required pond surface area
tends to increase with increasiang latitude.

annual

18
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Teble 4. BASE CA3R SALT GRADIENT PO ACZULIPTIONS
Parameter Vaiue Comments
Surface convecting 0.2 m Veries with surface con-
iayer thickness muo‘m
Nonconvecting layer §.2 m May not be optimal
thickness
Averege optical trens- 8.31

mission through t6p
two lsyers

Heat lcss from pond
surfece throuzh non-
conveeting layer

Losses from pond
bottom to ground

0.4 S/m2 °¢C

2.2 VPC por

meer €7
2wIimeter

s 2o,
0.t Yi/m2 °C

Should be lover at high
tatitudes

Yei~y with e ”oil content,
C‘- v :i.m G ra*a«:i curfoce
.““/ i ceod, ond

A caney

‘ "v-hw ¢ c< e insula~-

P’V'""'ﬁ

‘\'«‘ -l i ith call content
md¢riniance/dopth of
[)a ceng water

Inputs required are:

T = annual averxage pond temperature decired in °C (if in °F, subtract
32 and multiply by 5/9);

Ea = annual average ambient temperature im °C;

1 = amual average insoliaticn in Wm2 (47 in iangleys per déy; ﬁultiply
by 0.4845); .

L = annuaé average load in watts (if Lﬂ Btu/yr, multiply by 3.34
x 10 ’ and

$ = latitude in degrees.

19
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(1) Multiply the insolation T by the adjustment factor £ to obtalm I;,
the insolation received after adiustment for surface reflection

losses. The factor £ iz a function of latitude ¢, az shown in
Table 5.

(2) Multiply Er by 0.31 to ocbtain I , the Zinsolatfion received 1in the
pond after adjustument for reflection and tranemission loases.

(3) Let T, =T = T_. Then, the equation for the radius r (in metexs)
of a circular poud to mzet the requirvements is:

- L2 m(n m1aa® . \q1/2
225, + [4.8x,7 + T(0.3183T - 0.15921,)] /2

r =
I = 0.5T
P !
s 2 2
{(46) Once the radius iz deotermincd, wce A = wr° to find the required
gurface area In oguU3Ye nELETde To obtain the reqguired avcs in

acres, multiply by G.00L247,

Some speciren pond areses coleclatcd L;' o this method are given in
Section 4.2.1. Pord depthe and outruis roy clco L2 cotimated using the forumu~
las developed in Sectiom 3.3.3. Ilztiisic for co dolug are detailed in Edecces
(1979). '

4,0 SOLAR POND APPLICATIONS

Solar ponds are readily epplicclle to cuch ler-torperature uses ac resi~

dential or commercial heating ernd ke votor, icee-terrorature industrial or ag-
ricultural process heat, ov prchanting fau %ic’

.27 tcupcrature {andustrial pro-
cess heat (XPH) application. Cenlimcd wiih ouga

o_uw¢3c lcnkine cycle engincs or
thermoelectric devices, soler pondsg ©ay L2 urad? for electric power genera—
tion.

By using the heat to run an abuorptlon ciillier, solar ponds may bte used
for cool;ng.

4.1 SOLAR POND POTENTIAL -~ The potential of solar ponds for displacing
fossil fuels in the United States 1s groat. To ecstimate potential market
size, the approximate number of quads (10°” Btu) of energy used in each poten~
tial solar pond application was compiled in Table 6. It was assumed that no
market for solar ponds is possible within urban areas, but that nonmetropoli-
tan aveas (l.e., rural) have prime potential, and metropolitan areas outside
cities (if.e., suburban) alsec have poLentsul for solar pond penetrations
Energy end use was assumed to bc divided in proportion to. the population among
nonmetropolitan areas, metrcpolitan arcas out¢side cities, and cities.

able 7 shows the potential of solar ponds in nonmetropolitan arecas alomne
at 15%, 30%, and 100% penetratio~ rates. At 15% penetration,solar poands would
provide i~1/4 quads, and at 3C% peretration, they would provide 2-1/2 quads.
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Tobie 5. REFLECTION LOSS ADSUSFLIERT TACTORS

Latitude ¢ Reflection Loss
range edjusirent
(dsgrees) factor £
G to 29 0.98
? " 30 to 43 6.97
- 44 to 49 0.96
5¢ to 58 0.95
54 to 56 0.94
57 to 38 0.93
58 to 69 0.92
&l ¢o 62 ©0.981
63 8.9¢
64 0.69
65 8.23
| 68 8.07
! 67 ' 0.05
68 6.5
69 ‘ .4
78 6.43
7 0,01
72 0.C6
72 0.78
74 8.%6
75 . 0.%4
a 76 0.7
N 77 0.69
78 .66
79 0.63
80 0.59
81 G.56
\ 82 6.52
! 83 0.47
84 0.42
i 85 _ 0.37
|
\ 21
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Table 8 shows the potential of sclar ponds in both nonmetropolitan areas and
metropolitan areas outside cities. At 154 penetration the potential is over
three quads, and at 307 penetration it 1is more than six quads.

4,2 DISTRICT HEATING APPLICATIONS - To minimize heat losses at the poend
edges, it 1is best to maximize the ratio of pond area to pond perimeter.
Therefore a small pond will not ke as efficien: a3 2 lavger one. Thus, it is
better for residential heating applications to build one large pond feor a
group of houses than to build a szazll pond for .each house.

Table Y shows the results of silzing the bagu—cace salt gradient solar
pond using the simple technique described in Saction 3.3, at various locatilons
in the United States. The load £fs assumzd to k2 50 k., on the average, at-
taining 2 maximum of 70 k¥,, during the pock denond period.  Sizing calcula~-
tions were performed for winter gpechins cnd suw ot peaking loads. Surmer
peaking loads are more likely at lewer latitudes whore solar ponds may be wsed
for cooling. The surface area reoquirco2nt i3 uncffected by the timing of the
peak demand. The depth requircment iz coffcciced, hievover; greater "depth io
required for a winter pezking loads Sizinz uwos porforizd both for a “hot
pond” (75°C average/30°C minimum) and a2 “"wora poad” (GO°C average/40°C wini-
mum) at each locatlom.

The surface arca vequirement for .he hzt ;;;i w0 gerve the specified load
ranges from about owne~half acwx: in Illco nfc, w1 L. Auneles, Callf., to a
lictle over two acres in Boston, 12Ch. o arco requirerents for the warm
pond range from a Iittle over ona~iilixl T ogews In lial and Los Amgeie, to
almost one acre im Begtome The JuTh A 2c from 149 m for a su -
mer peaking load in Miaamil for Lot ; to 4.5 m for a wint
peaking lcad and a warm pond in Lonvei. {ﬁt" : 2 Gepth requiremant may
be relaxed by Increasing the esurfces arusn i thu:uby ralsing the entive tem-
perature profile of the pond.)

n
(%S

s 1
b

The pond sized im each ease, with cllicrinee for different climates aud

consequent user loads, would be gufficicut to serve vwoughly 25 te 50
hous#holds.

4.3 INDUSTRIAL PROCESS EEAT ﬁ?ﬁh)CﬁLXONu - To acsess the feasibility of
gsolar pond technolegy for IPH applicaticns cud ccxopare the suitabiiity of
ponds with more conventional solzr techncolegy, two industrial applications as
reported in the Solar Energy Regecrch Inctitute®s (SERI) case studies (Browm,
1979; Hooker, forthcoming) were celected for analysic.

One application focuses upon the hot water vequirements for aluminum can
washing in a Colorado  manufacturing plant where cars are shaped and trimmed
from sheet stock, then washed and dried before being sent for bottom coating
and painting. On the average, the can processing lines operate 24 h per day,
6.5 days per week, and 50 weecks during the year. Most of the energy uced in

the plant (supplied by natural gas at $1.93/GJ) ie required for can drying.
approximately 22% of the total cnerpy input goes to a water heater

However,
that supplies 60°C (140°F) water to the can washer. Water is heated via
steam. The tota)l annual energy requirement for can washing on one process

line is 2.3 x 1014 joules (2185 ¥Btu).

24
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Teble 0. REQUIRID COLAR POWD SURPACE ARDAS AITD DIPTLS AT VARIGTS WOCTATISLS ¥ TAB UIITED STATES

Pexd Sizen for 56 iy, AVE./70 Kily, Mox. Loadd

Insolction - Ambdient Pond gee s Bantyle @ rrem e Pon
Latitede  (W/mD)  Temn. £C)  Tems. °C) tinier Pening Summay Peaking
Region Location ¢) Avg.lilin. AvCJidine  AUSSUin Aecaf{zcecd) Dopthdm)  Arvea {ecres)  Depth (m)
Pacifie ko3 Angeles 34 200/118 £6.5/12.8 KRcTEM 0.52 R 0.92 2.6
Los Angeles 34 289/152 3G.5/12.8 80722 08.22 4.2 0.38 3.9
Mcuntein Denver » 225/98 10.1/-1.2 VS/29 0.63 5.9 0.63 3.0
Deaver 39 206/58 16.8/-1.2 €30 0.44 4.% .48 3.3
West M. Central Cmaha 4t 394/07 0.7/-3.0 FO42D . 5.€4 3.6 1.4 3.2
Cragha a1 174789 0.9/-C.0 GoHCo - 6.C4 4.3 .04 3.4
West 8. Centiral Dalles 33 1037103 18.61.4 il [1.R68] 3.4 .59 2.8
Dalles 33 193/103 10.6/7.4 €220 G.42 4.2 Q.42 2.3
Eest ¥, Central Chiczgo 41 109/33 10.2/-0.3 TSI 257 3.8 1.37 23
i Chicago 43 169/33 10.3/-4.9 Crs @.90 £.2 2.18 3.4
Eest 8. Central Jackeon, M3 32 3E3/G3 30.3/0.4 93400 0.53 8.4 8..3 2.9
Jackson, #8 g 306400 86.342.4 (CLED 0.5 4.1 0.45 8.3
New Englend Boston a2 148/33 $8.94-1.0 Toils 8.7 a2 2.07 2.9
 Bosten a2 145/52 £C.54-1.0 o2 L3 3.8 0.93 3.2
Middle Atlantie Enlladaiphla €3 154/G2 12,638 TR .02 3.2 B.42 . 2.9
Philadalphic 40 154/C2 B2.24G.2 €Ii0) (ehY R .77 3.3
Scuth adantie Miami 25 80448203 CHERCS L ITE 0.59 2.0 8.6¢ 1.9
fiarat 23 10¢4/324 P2 SR o T .- 30 .. 0.37 - 8.8

®Approximately the domand of 25 to 5@ howehoida

P



s bt Ao

. s et o et
ir o ommmie s e

e v m B s

L e s e e Mesrea o s -

SE TR-587_

The second zpplication is for hot water used in washing in a large
Colorado commercial laundry. Water is heated via steam and effluent heat ex-
changers. Steam is primarily used in the irouning machines (the largest load
in the plant) so that it is conceivable that the required hot water at 82°C
(180°F) could be alternetively supplied directly by a solar system. The hot
water load constitutes omly 8% of the telal plant energy demand. The Jaundry
normally operates for one daytime shift, 8 PZQQCh day, & days per week. Total

annual erergy to be supplied is 4.3 x 10 joules (4085 MBtu). Energy is
supplied via natural ges at $1.85/GJ.

Solar pond systems were sized to assist the IPH needs of the metal can
manufacturer and the commercial laundry. Ia theory, a pond could have been
slzed to provide 82°C continuous output, 38 wequired for the commercilal laun—
dry. The incremental surface area and dopth roquired, however, to increase
the pond's minimum output ¢eoperature fren £9°C to (2°C 1s considerably
greater than that required to imcrease it from 60°C to 62°C. Therefore, titere
is 1likely to be an optimal size at which the marginal coct of increasing the
pond's area 1is equal to the cost of backup enciny. Uence, tho optimal celar
pond may use backup, even though it wmay be feaciblie to oize e solar pond large
enough to require no backup.

For the metal can washing application, a.colar pond vac sized to achieve
an annual average tcemperature of 55°C, with an crnesl hirh of 65°C, and an an=—
nual low of 45°C. It was assuued thot o 5°C loos wovld boe ocuffered ia exn-
changing heat frem the pond. Hemee, ot iitc rroh tao,crature of 65°C, the pond
will just sarisfy witheut backup the oppilecilen®s zeoquircoont for 60°C wa-
ter. At all other times, it will zoauizs Trehwn to ULooot tho temperatures
The pond is 5143 m° (1.27 acree) im cupliacc ainn cnd %0~ deepe  The capital
cost of the pond aicne i3 $128,000 if crlt fo f£roz, 173,600 4Ff cale costs $i0
per ton, and $218,000 1if ealt costso £20 por Sou. w22 ¢ocigs of the heat en~
changer and piping were concervatively coauwczad to k2 $5/a* of pond surface
avrea.

For the laundry application, o solcr poal vac cised to achieve an annual
average temperature of 65°C, wieth am anuval hirh ¢f {0°C, end en annual low of
50°C. This pond is 3552 a“ (0.88 acre) im curfaecc arca and 3.2-m deep. Its
capital cost is $76,000 with free sale, $94,000 at & calt cost of $10/ton, and
$112,000 at a salt coa% of $20/tomn.

Azain, heat exchanger and piping costs
were assumed to be $8/m<,

The simulation codes PROSYS and ECOIIAT {Browm, 1979) were used in SERX
case studies of the two applicationz to cascss annual performance and costs of
alternative "conventional” solar IPH systems. Approximately 20 different col-
lecters were analyzed and the most cost effective collector and system were
chosen for each application. Table 10 shows the cost and performance charac~
teristicr of each conventional sclar syatem and of the comparable solar pond
system for three assumed salt .costs. The annual encrgy outputs of the solar
ponds for the two applicationsg were celculated using tha method déscribed in
Cection 3.3, lote that the configured systems will annually deliver different
amounts of cnergy. A couparicon is poceible, thercefore, only on the basis of
annualized energy costs or projected rates of return. ‘It is useful, however,’
to compare the relative amounts of capital investment required for unit annual
energy delivery. The capital capaclty coct of the conventional systems (total

27
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Tedle 10, CONPARATIVE COOT AND PUDTORIZANCE @2 COEVIIMIONAL EDLAR SRCTEMS

VERITUS A COLAR POND SYSTCE

tleta? Con Teclling

Bolince
Avan Arnuct Cellnoiwe c? Total Botimated
Syztem TYpo . Langd Roguleed  Breogy Oollvered Geloysiom Ot c22ri®  Cepitel Coot Annued OUIPT
— 2
Peradolle Trouzh Collector 1273 m 23x1G'% 3 2 an e
Hont Exchange System (12,655 243 (2,220 ©oow) iE5L0) G1c7,820  93ea,008 9,500
“
Salt Geadiont Pond 3343 m® 38 nioily ver o ;o
at $23/7cn Por Sait (55,339 £e2) (6,350 t2=2ad CRECLLD G500 414,080 0,000
Salt Gredient Pend 5143 ;o 5.8 11032 3 e on e e
at $10/Tcn Pop Sa2t 55,359 2¢%) (5,520 P 395,083 GIC3AL 000,000 ge,000
1t Cradicit Pend 63 @t £ x 1013 o S
578t 0/Ton Far Satt (55,35 122 orota 120 2D B3 24600 v 4
Arca 13 yermnn: T oA | £oiimoted
Systom Type Reguined Encegy Bolvinca Coo,omille oiB o @osinl Cet Ancucl GUIRE
Parabsile Trough Colecter CI0T mf L3It g PR —pm o e a
iteat Dxchcnge Systoms© (4,400 €% @iy o BRI R S0 912,580
Salt Grodient Pond 2350 mt sLozicity Sqam e 36 orn . -
at $20/Tan Fer St (63,250 447 e 5 SHLLD 10500 9224,700 9450
Salt Gradlent Pond 9552 3 seonesiés womn : w ennn
at $10/Tan For Salt (33,20 440 @5 5.3 G onn WA GAI0 8 3,700
I * on ’
Salt Gradient Pond 3582 m L3 il g " - o ' ;
at $9/7cn Tor Salt (33,208 1% @507 1oy ©R3 LI S10,7e § 3,500
®nciuces matericls and leber for Instatlatien of guntioey eculzment $omz, €00 €0 Loal amsuangors, plud G0 of dlrest fleld costo for
indircets, contingeney, sné feec, : .
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capital cost divided by annual energy delivered) is approximately $165 per
GJ/yr ($173/MBru/yr). The capital capacity costs of solar pond IPH systems
vary between $74 per GJ/yr for expensive salt and $60 per GJ/yr for free salt
($77/MBtu/yr to $62/MBtu/yr). However, approximatecly twice ag much land area

is required for the pond as for the comventional trough collectors to delilver
the same annual energy. :

Installation of a retrofit solar IPH system (no storage is assumed for
these systems and full conventional backup Js availadbie) iz a “"service"” in-
vestment whose costs are offset by savings accrued £rom vreduced fuel
consumption. To compare the economic viability of the parabolic trough with
the solar pond, a rate of return calculation wae performed for each
application using the method identified in Dickinson (1979).

Equity financing was assumed, with a 20-yr service 1life, 7-yr deprecia-
tion, 504 tax rate, and 20% investment ¢tar credit. No galvage value was
taken.

Therefore, a multiplier may be deteruincd for variocus rates of return.

and the levelized cost of solar energy plotted against rate of returns On the
same graph, the levciized cost of the fuel dicplaced way be plotted for vari-
ous discount rates. The rvrate of return from thoe given project 1s then found
at the intersection of the two curves. Figure § shous the rate of return cal-
culation for the metal can washing anplicotion aud tuz caleulaticn for the
commercial laundry. Two levelized fuel prices avc czorsd in cach case: (1)
current quoted price of fuel with an 82 rxate of useaiotion cud (2) fuel price
of $5.00/GJ ($5.27/1Btu) escalating at 10% por asnar e £n cificiency of con-

version to delivered heat of 85% im wmotal eon r'shiag and 75% 4in the laundry
is assumed.

As can be seea in the charte, inttallintiion of
systen in either application does not offcy ¢ Lu-vsio return on investment when

compared to costs of natural gas and a fu2l nulm* orenlation rate of 8%, ‘How-

ever, when compared to natural pgas at E,'.::oC’l/C~ coentatiry ot 10%, the solar

wond systems usually provide a rate of rcturn im cieoss of 154, which 4s gon-

funily In pouacral cervice invest-
ments. The altefnative conventionzl porabcelic trcush cysters oifer less than
half of this rate for the same fuel price seonzrio. loncee, solaxr ponds jJjusti-
fy serious consideration as economic alternatives for lou-tomperature IPH. In

addition, it appears that the return froa solar pond systeus is not highly
sensitive to salit cost.

any sort of golar IPH

4.4 ELECTRIC POWER GENERATOR - In combination with organic Ran?ine cycie

engines or thermoelectric devices, solar ponds nay be used for the generation

of electric power. Conversion efficliency is low-—-onn the order of 14 to 2%

from insolation to electriec output--but cocts are co low that solar pond-
electric applications nay be economical im many cases.. Much work is being
done ~in’. Israel on solar pond-organic Rankine cycle engine generation of
electricity (Savgent, 1979). It has been propnsed that thermoelectric devices
in- comparison with solar ponds would provide an cven more cost-~effective means

it should be noted theat
solar pond-electric “generation has a significent advantage over other solar-

clectric systems in that, because of

the 1inherent solar pond storage,
electricity is available on demand,

rather than oniy intermittently.

29
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5.0 CONCLUSION

Solar ponds have conalderablc potenticl toir ecoacnically providing dic-
triet heating for rceigential end cormzveiczl areas, industirial procecs heat,
and electric power. There hcos as yot, unrfortunately, been little research,
development, and demonstraticn o¢f solar poadc in the United States, although
there has beeon & mojor effovt undcertaiicn in Iorael. Wozk 18 needed to re-

search Inexpensive spalits for salt greodlent ponds and curface glazings and.

niznt ingulation for saltless peadc. Ao ccounulation of experience with dewm-—
onstration ponds and commerciel ponds in the United States would provide
needed lessons in design end rcaintenance teckniquase With a little effort
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applied to their development, solar ponds are one of the most promising near-
term solar technologies.
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