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Abstraet 

During FYSO analyses were conducted on thermal storage 
concepts for solar thermal applications. These studies 
include both estimates of the· obtainable costs .of thermal . 
storage concepts and their worth to a user (i.e., value). 
Based on obtainable costs and performance, promising 
thermal storage concepts are being identified. A prelimi
nary screening was completed in FYBO and a more i~epth 
study was initiated. Value studies are being conducted to 
establish cost goals. .A ranking of storage concepts based 
on value in solar thermal ele(:tric plants was conducted 
for both diurnal and long duration applications. Ground 
mounted thermal storage concepts for a parabolic dish/ 
Stirling system are also being evaluated. 

The systems analysis of thermal storage effort is being 
conducted to identify promising thermal storage concepts 
for development. The criteria to be met in this process 
are: 

1. 	 The obtainable cost must be less than or equal to 
program cost goals. 

2. 	 The concept must be more cost effective than 
alternative thermal storage technologies. 

The program cost goals are being established to assure a 
market place for the developed technologies. This requires 
an understanding of the potential market places, the po
tential size of each market, the locations, user economic 
criteria, and alternative energy systems. From this know
ledge the cost of the altemative energy systems are em
ployed as a measure of what the user is willing to pay for a 
new energy systemr l.P.., the value. The ValUl;! of thermal 
storage is that part of the system value which is due to 
storage or which can be allocated to storage. The program 
cost goals for thermal storage are established based on 
that later value. 

The second criterion requires a direct comparison of the 
various thermal storage concepts. This analysis must be 
conducted ·with a consistent cost data base and for a speci
fied application. Furthermore, to assure a fair comparison 
each technology must perform the same mission. Each 
storage is not required to have the same efficiency, but 
there must be a way of accounting for dlfteren<.oes. A 
ranking methodology for conducting the comparisons has 
been developed by· SERI,l and SERI is employing that 
methodology in the analysis of the thermal storage 
eoneepto. 

In FYBO this effort has focused on thermal storage for 
solar thermal applications. Cost trade-off analyses are 
being conducted for water/steam receivers, organic fluid 
receivers, and gas/Brayton systems. The potential for 
.ground-mounted thermal storage with a parabolic dish/ 
Stirling system is being assessed. The value of thermal 
storage in solar thermal process heat applications is being 
analyzed, and a ranking of thermal storage concepts based 
on value in solar thermal electric power plants was com
pleted. Each of these activities is discussed in the 
following paragraphs. 

Obtainable Cmt AnalYBeS 

Thermal storage concepts are being deveioped for solar 

thermal applications; a plan has been prepared as a coo~ 

erative effort of the Solar Thet"mal Program and the 

Thermal and Chemical Energy Storage Program.2 SERI is 

supporting decision points in that program by conducting 

comparative rankings of thermal storage concepts for 


. identified applications. The first of these decision· points 

will occur in the spring of 1981 when thermal storage 

concepts will be selected to develop for the following solar 

thermal systems: 

Water/St!!IU'D Central Reeeiver system 

1. 	 Electric power plant; diurnal storage .with .a se
cond generation receiver, 

2. 	 Process heat; diurnal storage with dry saturated 
steam delivered to the load. 

Organic Pluid Receiver System 

3. 	 Co-generation system; week-end storage 
3-A) Syltherm transfer nuid 
3-B) Caloria transfer fluid. 

4. 	 Process heat; week-end storage with dry satu
l'&ted steam delivered to the load. 

Air Cooled Reeeiver s,irtem 

5. 	 Large Brayton cycle; diurnal storage. 

The analyses· are being done in a tw~tep manner as de
scri~ below: 

I. 	 Prellminarv Screening 
This analysis was conducted by SERI to ·under
stand the importance of- ·various perf_ormance 
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parameters and to provide some early guidance to 
the program managers. Because of the limited 
scope, the analysis was done ·in a generic manner. 

D. 	 Decision Data 
StearrurRoger under contract to SERI is gener
ating consistently calculated cost and perfor
mance data. SERI will analyze the impact of 
thermal storage on system-delivered energy cost 
(using the Stearns-Roger· data) and recommend 
specific concepts for development. The Ste~ 
Roger work is described in another paper being 
given at this meeting. 

Table 1 summarizes the results of SERl's in-house study. 
The study has been documented3 and each of the concepts 
is described. Each of the concepts was compared on a cort
sistent basis with a first-generation thermal storage tech
nology (i.e., reference system). The. conclusions were 
based upon the delivered energy costs of the storage
coupled solar thermal system with the alternative thermal 
storage as compared to the reference thermal storage for 
that same condition. The program goals require a 2496 or 
more lowering of the thermal storage cost relative to the 
first-generation concept. The concepts with that potential 
are n.:.tl!:J ii1 Tal:,le I. 

-., t. IU!StlL1S OP T1IB PRBUIIIIIAllT SCRBl!IIDfQ 

Coneept!I with the Potential of :\1eetfr5 Program IJools 

• 	 Water/Stam Collector/ReceiYtt [If 

- K-Salt/Otaa (Burrer Storai'? AopUeatlons) 

• T11G Stage: llnlw Salt/Glass and Oil/Rock (O!Qffllll 'Uarqoe Appllcatlons) 

• 	 Organic Pluid Collector/Receiver [21 

... Trickle Chaf'8'1: Syl therm/Glut 


Concepts That WOUid rneruse the Enctv System Cost! 

• 	 Water/Ste.am CoDeetor/R~h,er 

- Draw Salt 

- rwo-Stage Ora• Sall/GtasJ and t')U/Rock 

- NaN03 Phase Cl'lange 

• 	 Orpnlc Fluid Collector/Receiver 

- ~aOH. Phase Change 

• K-Salt {! 

CCl'leept!I with Little a, ~a Advantage or PeNltv 

• 	 Water/Steam Collector/Receiver 

: =v:;~~':"~i~:r,o;K-9alt/'7\a9 

• 	 OrgMic Fluid Collector/Receiver 
- K-Salt/Qlass 

{I I For water/stream receiver., system. (Barstow Technology). electric power only, 
ail/rock ref~nce storage eonr.tpt. 

(21 For organic nuid receiver, (S~nandoaf'I Technol~), cogenei'atlon on.l:i,i trick.le,,, 
ol'larf'D 11yl1t\orml'4..nito r1hunn '"l'llf'I· 

{3 l · K..glt is similar to ltltec and consists of 50<1& l'fe!'C03, 3596 KN03, and 15~ ~aNOz, 

The analysis was conducted in a generic ·manner. Not all 
concepts currently being developed were studied; instead, 
the analysis was configured to study each or the major 
types of technologies: sensible heat (both organic and irt
organic storage media in both single-and two-stage ~ 
terns) arid latent heat. Only one phase changi? concept was 
studied, which was described by Honeywell~ but modified 
for use in the specific applications. The list of sensible 
heat concepts ·was also limited and the ones listed were 
considered as generically representative of other sensible· 
heat systems. ·The data in Table 1 are obviously prelimi
nary. While the data are indicative of the type of results, 
anticipated in the Stearns--Roger study, the later efrort 
will study more concepts for more applications and in 
greater depth. 

Value Studies 

The value of thermal storage is being analyzed !or solar 
thermal applications. Value data for electric power appll
catims were presented at the last year's annual meeting.5 
Values of thermal storage in process heat applications are 
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currently being generated, but the results are not available'· 
as of thw writing. The electric power value. data were 
employed to rank thermal storage for diurnal .and long
duration storage. 

Diurnal Stcnge 

Table 2 presents the results or the ranking of thermal 
storage concepts based upon value. First-generation ther
mal storage concepts are those currently being built in 
large-scale experiments. The first-generation storage for 
each solar thermal collector/receiver system is noted in 
Table 2. For areas of high insolation (i.e., Barstow, 
Albuquerque, Phoenix) all of these first-generation storage 

· meet the value-delivered goaL However, the large mar
kets of storage-coupled solar thermal systems are antici 
pated to be in medium insolation sites. These areas 
include most of Texas, Colorado, Utah, Nevada, Calffomia, 
and some of Oklahoma. In that area only molten salt 
storage with molten salt collector/receivers could meet 
the value. Table 2 presents the required improvement in 
the first-generaticn storage to meet value in the medium 
insolation sites. Fortunately, development of second 
generaticn is in progress.2 The cost reductions considered 
obtainable in· the current pian. are aiso noted in Tabie 2. 
The overall situation is very healthy; a second-generation 
development effort is needed and concepts have been idert
tified which can me.et the need. 

1'llrle L 	 RECOMllll!lrDBO GO/WI POil SBCOIID-<IB1<811A'IIOII Dlll1UIAL 
TBBRMALffOBAGB{tl 

"' Improvement !n Flrst-aeneratton ~ut,system 
Cost tor Storage r.aD1elty ol1 

CoQectar/H.eeeive, 
r.urf'eftt 

3 Hours 9Hours Plan £$1•H°"" 
Weter/Ste1m 

(OU"°"kl 	 30 30 3• .. 
Molten Salt (! 

(O\al tank. salt external { so 
l111ulallon) 

Liquid Metal 
(Dual tank, sodium, external ss 8S so 57 
lrauletton) 

OaCooled 
(Ceramic brick) IO 55 BO 31 

(II 	 To meet value at medium lt'BOlatlan slt.e:, (most or T~ Cotorado. Utah. N°eft¢a, 
California, and some of Oklahoma and KamuL The data are the ~ 
tmprvvemmu lncludi~ oa:~ costs. 

(I 	 Seeonct,.pneretlcn storage (I.e.. lntemaUy Insulated tanlct) ue anticipated ta meet 
the value even at low iMOtation sites. ; a First-generation cart! are lest than value. 

LClag Duration Stcnge 

Third-generaticn thermal storage developments are to ~ 
vide a technology base for future solar thermal applica

. tims. One of those frequently discussed applications is 
long-duration storage for base-load electric power plants 
(i.e., 24 hr/day operation, day after day, regarcfiess of 
weather). Value for the long-duration storage use has been 
calculated. The value was found to be a strong function of 
the thermal storage efficiency (i.e., the ratio of the actual 
work produced with thermal storage to the amount of work 
which could have been produced if' the thermal energy has 
not been stored). The effect of location (high, medium, or 
low insolation) was smalL Table 3 presents the results of 
the study. The cost data were taken directly Crom the lit 
erature. No modificatiom to the reported data were made 
except those necessary to place a11 ·data in the same for
mat (i.e., same-year money and the power- and energy-· 
related terms). Contingency and spares, interest during 
construction, ·or indirects have not been added by this I 
author since the referenced paper may or may not have in
cluded those factors. Unfortunately, the references fail to 
mention which factors are included. . , . . 
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The loq-duration value data were derived ror a truly base-. currently "defined, the other concepts examined have both. 
load application. To meet such load, a very~ quantity efftcieney and cost problems. As the current work at SERI" 
of storage is needed-on the order of 1000 hours • For an · la demonstrating ror calcium hydroxide,; improvements 
overall capacity factor equal to a coal-fired plant (i.e.,· might be made. Revision of the SO.z/SO:J .Mf4H 904, and 
equipment outages only), the availability factor need be· oil/rock concepts may alter both the cost and value (i.•e., 
only 9496, requiring Crom 250 hours to 830 hours of storage efficiency) data of the currently detlned concepts. In the 
(say a nominal 360 hours). If the availability factor were future, other concepts might be fow,d which are also low 
reduced to 90%, the overall value would be slightly cost and have high efficiency. 
reduced; but the quantity ot storage ls reduced to only 40 
to 100 hours (say a nominal 72 hours). The quantity of 
storage necessary to achieve the value has not been deter Gramc! Mounted 'nlermal StC!!!B! 
mined. The quantity or storage wm be variable due to 
differences in insolation and loads at various sites and in· Thermal storage placed on the ground with a Stirling en
different time rrames. Thus, the obtainable cost data are· gine Is being studied. The objective Is to assess the pot~ · 
compared to the same value for two nominal storage tial u an advanced system. Preliminary data indicate thlt 
capacities. cost and efftcieney of transporting the thermal energy to 

· the ground are major facton. Innovative concepts are.be
The data in Table 3 indicate that only the air/rock and ing identified to solve the problems; the final results are, 
Ca(OH)2 concepts have the potential of meeting their not available now. 
value. The air/rock system has a very high efficiency and 
thus value. For the Ca(OH)2 concept, the errfcieney can 
be high and also the value. However, the power-related S2!!!! 
cost for that concept might be very high. Research cur-. 

rently in progress at SERI is examining the issues or both The systems analysis of thermal storage ls analyzing the 

efCiclency- and power-related cost. Improvements in efti  cost and value of thermal storage in solar thermal applica

ci_ency of_ Ca(OH)2 over pre_vfous w~rk have been folll!d• -:As_ U~ The r:ankin1rot thermal storage based on value has . 


Table 3. COMPAJUSOH OP OBTAIH.&Bi.B'COSTS ARD VALUE POR LOIIG-DUB.A'nOII 
TIIBRMAL STORAGE (197.8 Dollars) . 

Concept 
ReCerence 

Efficiency 

(31 

Cost Data (1J 

Cp Cs 
$/kWe $/kWhe 

Total Cost [21 $/kW e 

72 Hours 360 HOW'S· 

C ·H Cs ·H-S CT CT 
Value 

$/kWe [4] 

~ 
< 
tJ
i· 
Ill 

5°-2/S03 
Minimum 
Maximum 

Ca(OH)2 

0.41 
0.52 

300 17.0 
NE NE 

1224 152_4 6120 ·6420 
NE NE NE NE 

-35/+2 
110/120 

= tJ 
0:s 
== Ill = E-

Minimum 
Maximum 

NH4HS04 [61 

Minimum 
Maximum 

0.42· 
0.78 

0.44 
0.55 

450 0.5 
NE 0.3 ['1J 

600 6.0 
NE 1.5 ['1] 

36 486 180 630 
22 NE 108 NE 

432 1032 2592 3192 
108 NE 540 NE 

-35/+2 
360/480 

0/40 
130/165 

('o
:z: 
~ 
< 
,.J 

~ 

5 
IX\ 
;j 
z; 
Ill 
gJ 

Air/Rock 
Nominal 

Underground Oil/ 
!.2S!S. 
Nominal 

Latent Heat Mixed 
Chlorides 

Nominal 
Media Only 

0.9 

0.7 

0.62 
0.62 

81 1.7 

300 5.0 

Modular 50.0 
(51 6.0 

122 203 812 693 

360 660 1800 2100 

3600 3600 18,000 18,000 
432 NE 2160 NE 

500/700 

300/400 

210/280 
210/280 

[l] NE: Data not estimated 
Cf CT = Cp + Cs • H; sum of power-related and energy-related costs 
(3) Work out/work equivalent into storage 
[41 Minimum value/maximum value 
(SJ Storage tanks are modular, each including its own heat transfer system 
[SJ This author generated all efficiency and "media only" cost data. 
['1J Media only, materials cost Crom Chemical Marketing Reporter, June 1980 
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shown that the development of second-generation technol:
ogies is needed end that the current program can meet 
that need. Lon~ratton thermal storage must be both 
low cost end have higher efficiency. Identified sensible 
end thermochemical storage concepts have the potential of. 
meeting the long-duration . V!llue. In the future other low
cost concepts may also be identified. 

A preliminary screening of thermal storage concepts was 
completed for water/steam and organic fiuid receivers. 
Because of the preliminary. and generic nature of that' 
data. the results should not be applied to other concepts 
unless they are similar. A more irt-depth study was 
Initiated; the later effort is being supported by Steams
Roger and will be employed to recommend specific 
thermal storage concepts for development. 
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