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Program Area Synopsis: 

A comprehensive development o f  thermal s torage technologies has 
been planned w i t h  DOE t o  match the  so la r  thermal power system 
requirements and mi lestones i n  the  FY 80-85 per iod.  The program 
provides advanced storage subsystems f o r  nearer term so l  ar thermal 
app l ica t ions ,  and es tab l ishes  a storage technology base f o r  f u t u r e  
app l ica t ions .  E a r l y  e f f o r t s  w i l l  s t ress  storage f o r  
r e p w e r i  ng / i  n d u s t r i  a1 r e t r o f i t s ,  t o t  a1 energy, and small community 
systems. These app l i ca t i ons  r e f 1  ec t  t h e  cu r ren t  d i r e c t i o n  o f  t h e  
Thermal Power Systems Branch o f  the DOE D i v i s i o n  o f  Centra l  Solar  
Techno1 ogy. The program w i  11 be imp1 emented by DOE-desi gnated 1 ead 
1 abora tor i  es w i t h  o v e r a l l  program management t o  be the  responsi b i l  i t y  of 
a DOE-designated l e a d  center.  SERIts tasks as they  r e l a t e  t o  suppor t ing  
research and technology are an i n t e g r a l  p a r t  o f  t h i s  a c t i v i t y .  
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SOLAR THERMAL POWER STORAGE APPLICATIONS 

LEAD LABORATORY OVERVIEW 

Lee G. Radosevich 
Sandia Laboratories, Livermore 

SUMMARY 

This overview describes the implementation of the applications elements of 
the Thermal Energy Storage for Solar Thermal Applications (TESSTA) program. The 
TESSTA program evolved from a joint plan of the DOE Division of Energy Storage 
Systems (STOR) and Central Solar Technologies (CST) . The program includes the 
accelerated development of thermal storage technologies matched to solar thermal 
power system requirements and scheduled milestones. The program concentrates on 
storage development in the FY80 to 85 time period with emphasis on the more near- 
term solar thermal power system applications. The basic strategy of the program 
is both aggressive and flexible. Reflecting the current direction of the Thermal 
Power Systems (TPS) Branch, CST, storage for repowering/industrial retrofit, 
total energy, and small community system applications is stressed in the early 
years. 

GENERAL PROGRAM DESCRIPTION 

Recognizing thermal energy storage as potentially critical to the successful 
commercialization of solar thermal power systems, the DOE Divisions of Energy 
Storage Systems (STOR) and Central Solar Technologiest (CST) have established a 
comprehensive and aggressive thermal energy storage technology development pro- 
gram in direct support of solar thermal power applications. The program concen- 
trates on storage subsystem development in the FY80 to 85 time period with 
emphasis on the more near-term solar thermal power system applications. 

The overall objective of this storage development program is to develop 
general solar thermal energy storage technologies that provide: 

Second-generation storage subsystems offering cost/performance 
improvements over the first-generation storage subsystems 
currently being developed for solar thermal power applications. 

First-generation storage subsystems for those solar thermal 
applications that presently have no storage subsystems under 
development. 

A technology base to support storage subsystem development for 
future solar thermal power applications. 

Implementation of the first two program elements, which are application 
oriented, is the responsibility of the Field Lead Laboratory, Sandia Laboratories 
Livermore (SLL), who also directs and coordinates the storage activities of Jet 
Propulsion Laboratory (JPL) and Sandia Laboratories Albuquerque (SLA). The Field 



Lead Laboratory for implementation of the technology base goal is the Solar, 
Energy Research Institute (SERI). Private industry, competitively selected, 
and universities perform the implementation as operating contractors with SLL, 
SLA, JPL, and SERI performing only that R&D appropriate to a national laboratory 
and necessary for management of the program. 

APPLICATIONS PROGRAM DESCRIPTION 

The applications portion of the program has been divided'into seven major 
elements according to the tasks outlined in Figure 1. The first element 
represents generic activities required to support program management functions; 
the remaining six elements are keyed to storage development for specific collec- 
tor/receiver technologies. Several tasks have been further divided into subtasks 
which represent specific concepts being pursued. Project applications* for the 
six major elements have been identified to provide a development focus for the 
storage technology development. The relation between the elements and the project 
applications is shown in Figure 2. ** A summary description of first and second 
generation thermal energy storage technologies for each application element is 
given in Table I. 

The TESSTA program has developed cost and performance goals for these solar 
thermal system applications. Representative goals for both first generation and 
second generation systems are shown in Table 11. 

.The cost goals, which assume fully developed storage technologies incorporated 
in large commercial systems, represent the lowest achievable total capital cost 
consistent with system performance requirements. They were based on the results 
of studies of commercial solar and conventional power systems that incorporate 
thermal energy storage. 

A general performance goal for a storage subsystem is to maximize the roupd 
trip efficiency, that is, maximize system performance when operating from storage. 
The round trip efficiency combines the recoverable energy and power cycle conver- 
sion efficiencies of the storage subsystem. High recoverable energy efficiency, 
that is, the energy out of storage divided by the energy in, is important in that 
it minimizes the required collector area. Furthermore, it is the primary criter- 
ion when the recovered energy is utilized for industrial process heat. Power 
conversion cycle efficiency will vary depending on the conditions of the working 
fluid input to the power conversion subsystem from storage. Ideally, the 

*The repowering/industrial retrofit program may result in two system applica- 
tions: repowering of an existing electric power generating plant and retro- 
fitting of an existing industrial process heat plant. Storage requirements, 
which may differ significantly for the two applications, will be further 
defined pending completion of conceptual design studies in FY80. 

**The solar interface operating conditions and candidate applications are 
representative cases only. For example, several water/steam collector/ 
receivers at various operating conditions are under consideration for the 
repowering/industrial retrofit system application. 



conditions of the working fluid coming from storage would be identical to the 
conditions of the working fluid input directly from the solar collection sub- 
system. In this case, no modifications in operation of the power conversion 
subsystem are necessary, nor is there any loss in the ability to generate rated 
load. 

APPLICATIONS PROGRAM STATUS, 

The basic TESSTA program development flow, consists of three phases: 

1. Storage concept development - concept feasibility and lab experiments, 
2. Storage subsystem development, and 
3. System applications including new projects or retrofits. 

The status of this development for each of the major program focused elements 
is described in Figures 3 to 8. 

The strategy of the program is both aggressive and flexible. Reflecting the 
current direction of the Thermal Power Systems (TPS) Branch, CST, storage for 
repowering/industrial retrofit, total energy, and small community system 
applications is stressed in the early years. Particular attention is being 
directed toward identifying and implementing storage development required for 
industrial process heat applications. A summary of major FY80 activities in 
each of these application sectors is presented in Figure 9 and described below. 

The major area of emphasis in this application sector is molten salt sensible 
heat storage. Early studies conducted under the TPS Advanced Central Receiver 
Program identified molten nitrate salts as attractive storage media candidates. 
In particular, molten draw salt (60% NaN03, 40% KNO3 by wt.) was singled out 
because of its low cost, high energy density and potential high operating temp- 
erature. A recent study under the TPS program has examined low cost containment 
techniques in order to reduce the storage subsystem cost even further. This 
study identified a low cost liner concept which may be applicable to liquid metal 
as well as molten salt storage. 

During FY80 the TESSTA program will initiate storage subsystem development 
for nitrate salt sensible heat storage. This includes the design, construction, 
testing, and evaluation of a molten salt subscale research experiment of suffi- 
cient scale to insure successful operation of the full-size subsystem. A major 
objective of this development is to advance state-of-the-art in high temperature 
containment. Salt material studies are also underway at SLL and contracted work 
is planned to establish the long-term stability and corrosion behavior of molten 
nitrate salts at elevated temperatures. 

A second area of emphasis for this application is second generation storage 
development for saturated steam and superheated steam receivers. Studies will be 
initiated in FY80 for latent heat storage concept development for process heat 
applications and sensible and/or ratent heat storage concept development for 
Barstow retrofit and repowering applications. Subsystem research experiment 
design, fabrication, testing, and evaluation will follow in later years. 



TOTAL ENERGY SYSTEM APPLICATIONS 

Activities in this application sector provide support for and advanced alter- 
natives to storage subsystems kder development for midtemperature solar thermal 
applications, such as irrigation and Shenandoah. First generation storage sub- 
system support includes analyses and testing of organic fluid single and dual 
media storage systems at the Midtemperature Solar Thermal Test Facility. Studies 
to be performed in FY80 include control strategies for a multitank storage sub- 
system, thermocline performance of single media systems for buffer or diurnal 
operation, feasibility of a moving piston, and design and fabrication of a dual 
media system for installation and testing during FY81. 

The development of a second generation latent heat storage subsystem for a 
Shenandoah midtemperature solar thermal application is also planned in FY80. 
Studies include storage media screening, engineering analyses, conceptual design, 
and cost estimates. Subsystem research experiment design, fabrication, and test- 
ing will follow in later years. 

SMALL COMMUNITY SYSTEM APPLICATIONS 

The major emphasis of this application sector is the development of a dish 
mounted latent heat storage subsystem for three small community system applica- 
tions. Power conversion cycles under consideration include Rankine, Brayton, 
and Stirling. Development activities include storage requirements definition, 
conceptual design, media stability and compatibility tests, thermal performance 
analyses, cost estimates, and a SRE. During FY80 storage requirements definition, 
concept development and SRF, design studies will be initiated for each of the above 
power conversion cycles. 



TABLE I 

DESCRIPTION OF FIRST AND SECOND GENERATION THERMAL ENERGY STORAGE TECHNOLOGIES 

STORAGE TECHNOLOGY 
SOLAR F I R  ST SECOND 

APPLICATION* INTERFACE GENERATION GEERATION 
- - - - - . .- . - - - - - -  

BARSTOW WATERISTEAM 
COLLECTORIRECE IVER 

REPOWERING MILTEN SALT 
COLLECTORIRECEIVER 

I E A  L I Q U I D  METAL 
COLLECTOR/RECEIVER 

MOLTEN SALT 
WITH EXTERHAL 
INSULATION 

SALT, TRICKLE 
O I L  

W L T E N  SALT 
WITH INTERHAL 
INSULATION 

L I Q U I D  METAL WITH MILTEN SALT OR 
EXTERNAL INSULATION L I Q U I D  METAL WITH 

INTERNAL INSULATION. 
AIRIROCK 

EPRIIDOE GAS REFRACTORY BRICK REFRACTORY BRICK 
HYBRID COLLECTORIRECEIVER WITH MELDED STEEL Y I T H  PCIV 

TANK 

SHEHANDOAH ORGANIC FLUID  SILICONE OILITACONITE SALT, TRICKLE 
COLLECTORIRECEIVER THERMOCLINE 0 1  L 

SMALL LIQUID METAL1 REFRACTORY WITH LATENT HEAT SALT- 
COMMUNITY SALT COLLECTOR1 WELDED STEEL TANK- D I S H  MOUNTED 

RECEIVER 
- ~. 

GROUND BASED 
. -  - - - - - - - - - - - - - - - - - - - - - - - 

*storage development f o r  these representat ive appl icat ions i s  emphasizing second generation technology 
development. F i r s t  generation technology development w i l l  be i n i t i a t e d  dur ing FY80 on addi t ional  
appl icat ions,  such as i n d u s t r i a l  r e t r o f i t  process heat. 

TABLE 11 

THERMAL ENERGY STORAGE PERFORMANCE AND COST GOAL SUMMARY (FY79  DOLLARS) 

APPLICATION* SOLAR ROUND TRIP  EFFICIENCY CAPITAL COST 
INTERFACE F IRST SECOND F IRST SECOND IMPROVEMENT 

GENERATION GENERATION GENERATION GENERATION (% 1 
- - - - - - - - - . - (% 1 (% 1 - - - -  - 

($/KWH) ($/KWH) 
- - 

BARSTOW WATERISTEAM 7 0  80 
COLLECTOR/RECEIVER 

REPDWERING MOLTEN SALT 98 98 
COLLECTORIRECEIVER 

I E A  L I Q U I D  METAL 98 98 
COLLECTWIRECE IVER 

EPR I /DOE W\S 80 80 88 61 31 
HYBRID COLLECTORIRECEIVER 

SHHANDOAH ORGANIC FLUID  % % 51* 25** 5 1  
COLLECTORIRECEIVER 

M A L L  L I Q U I D  METAL1 TB D TBD TED TBD TBD 
COnHUNITY SALT COLLECTOR1 

RECEIVER 

* Appl icat ions shown are a l l  e l e c t r i c a l  power generating systems except f o r  the  t o t a l  energy Shenandoah 
systm. Performance and cost  goals w i l l  be establ ished f o r  process heat app l i ca t ions  pending canplet ion 
of conceptual design studies i n  FY80. ** based on KUHt; cos ts  fo r  o ther  app l i ca t ions  are based on KWH, 
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STORAGE FOR WATERISTEAM COOLED 
COLLECTORIRECE l VER 

STORAGE TECHNOLOGY STATUS'  PLANNED DEVELOPMENT 
-- 

a BARSTOW SRE COMPLETE LONG TERM 

McDONNELL DOUGLAS EXTENDED 
L I F E  STORAGE FLU I D  TESTS 
COMPLETE 

O M A R T I N  M A R I E T T A  STORAGE FLU I D  
M A  I NTENANCE TESTS COMPLETE 

- D e v e l o p  S t o r a g e  S u b s y s t e m  f o r  
S a t u r a t e d  S t e a m  R e c e i v e r  f o r  
P r o c e s s  H e a t  

- D e v e l o p  S e c o n d  G e n e r a t i o n  
s t o r a g e  S u b s y s t e m  f o r  R e p o w e r i n g  
o r  B a r s t o w  R e t r o f i t  

- l n i t i a t e  S t o r a g e  C o n c e p t  D e v e l o p -  
m e n t  f o r  above  a p p l i c a t i o n s  

' T h i s  w o r k  was f u n d e d  u n d e r  t h e  TPS P r o g r a m  

F I G U R E  3 

STORAGE FOR MOLTEN S A L T  COOLED S E N S I B L E  
HEAT COLLECTORIRECE I VER 

STORAGE TECHNOLOGY STATUS'  P L A N N E D  DEVELOPMENT 

C O N C E P T U A L  D E S I G N S  OF M O L T E N  .LONG T E R M  
D R A W  S A L T  STORAGE COMPLETE - D e v e l o p  S e c o n d  G e n e r a t i o n  

L A B O R A T O R Y  EXPER I MENTS OF LOW 
COST C O N T A l  NMENT T E C H N I Q U E S  
COMPLETE 

S t o r a g e  S u b s y s t e m  u s i n g  
l n t e r n a l  l n s u l a t i o n  f o r  
R e p o w e r i n g  

e F Y 8 0  . C O M P A R I S O N  OF T H E R M O C L I N E  VS.  
H O T I C O L D  T A N K  DES I GNS COMPLETE - C o m p l e t e  l n t e r n a l  I n s u l a t i o n  

S t o r a g e  C o n c e p t  D e v e l o p m e n t  

• P R E L I M I N A R Y  STORAGE A N D  C O N -  - l n i t i a t e  SRE 
T A  l NMENT M A T E R  l A L  - P e r f o r m  S a l t  C h e m i s t r y 1  
S C R E E N I N G  TESTS COMPLETE C o r r o s i o n  S t u d i e s  

' T h i s  w o r k  w a s  f u n d e d  u n d e r  t h e  I P S -  P r o g r a m .  

FIGURE 4 
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STORAGE FOR LIQUID METAL COOLED SENSIBLE 
HEAT COLLECTORIRECEI VER 

STORAGE TECHNOLOGY STATUS' 

CONCEPTUAL D E S I G N  OF L I Q U I D  
SOD l U M  STORAGE F O R  CENTRAL 
RECEl  VERS COMPLETE 

NO A D D I T I O N A L  DEVELOPMENT WORK 
REQU-IRED FOR F l  RST GENERATION 
S  YS TEM 

PLANNED DEVELOPMENT 

LONG TERM 

- D e v e l o p  S e c o n d  G e n e r a t i o n  
S t o r a g e  S u b s y s t e m  f o r  
C e n t r a l  R e c e i v e r  R e p o w e r i n g  
o r  I E A  R e t r o f i t  A p p l i c a t i o n s  

- C o m p l e t e  L o w  L e v e l  P l a n n i n g  
A c t i v i t i e s  

- C o m p l e t e  L a b o r a t o r y  A i r l R o c k  
T h e r m a l  C y c l i n g  T e s t s  

' T h i s  w o r k  was f u n d e d  u n d e r  t h e  TPS P r o g r a m .  

FIGURE 5 

STORAGE FOR GAS COOLED S E N S I B L E  
HEAT COLLECTORIRECE l VER 

STORAGE TECHNOLOGY STATUS'  PLANNED DEVELOPMENT 

CONCEPTUAL DES I GN OF REFRAC - 
TORY B R I C K  STORAGE FOR 
CENTRAL RECEIVERS COMPLETE 

D E S I G N  AND F A B R I C A T I O N  OF A  
GROUND BASED REFRACTORY 
STORAGE TEST MODULE FOR A  
P O I N T  F O C U S I N G  D I S H  
ONGO l NG 

LONG TERM 

- D e v e l o p  S e c o n d  G e n e r a t i o n  
S t o r a g e  S y s t e m s  u s i n . g  PC I V  
c o n t a i n m e n t  o r  L a t e n t  Hea t  M e d i a  
f o r  E P R l l D O E  H y b r i d  B r a y t o n  
R e t r o f i t  

- D e v e l o p  L a t e n t  Hea t  S t o r a g e  f o r  
P o i n t  F o c u s i n g  D i s h e s  

- C o m p l e t e  T e s t s  o f  R e f r a c t o r y  
S t o r a g e  T e s t  M o d u l e  

- I n i t i a t e  L a t e n t  H e a t  S t o r a g e  
C o n c e p t  D e v e l o p m e n t  f o r  P o i n t  
F o c u s i n g  D i s h e s  

' T h i s  w o r k  was f u n d e d  u n d e r  t h e  TPS P r o g r a m .  

FIGURE 6 
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STORAGE FOR O R G A N I C  F L U I D  COOLED S E N S I B L E  
HEAT COLLECTORIRECEIVER 

ppp 

STORAGE TECHNOLOGY STATUS' PLANNED DEVELOPMENT 

CONCEPTUAL DES I GN & L A B O R A T O R Y  l LONG TERM 
TESTS OF T R I C K L E  O I L  STORAGE FOR - P r o v i d e  s u p p o r t  f o r  F i r s t  
S  HENANDOAH COMPLETE G e n e r a t i o n  S t o r a g e  S u b s y s t e m s  

f o r  ~ i d t e m p e r a t u i e  ~ ~ ~ l i c a t i o n s  
O S H E N A N D O A H  W I L L  I N C L U D E  F L E X -  

I B I L I T Y  FOR T R I C K L E  OR D U A L  MODE ,- D e v e l o p  S e c o n d  G e n e r a t i o n  

MODE T E S T I N G  - THEREFORE NO S t o r a g e  S u b s y s t e m  f o r  M i d t e m p -  

T R I C K L E  O I L  SRE I S  CURRENTLY e r a t u r e  A p p l i c a t i o n s  

PLANNED 

l S I N G L E  M E D I A  THERMOCLINE TANK - C o m p l e t e  S i n g l e  M e d i a  T h e r m o -  
D E S I G N  A N D  F A B R I C A T I O N  FOR c l i n e  T e s t s  
MTTF TESTS COMPLETE - C o m p l e t e  D u a l  M e d i a  T h e r m o -  

c l i n e  T a n k  D e s i g n  
0 s  INGLE M E D I A  THERMOCLINE S Y S T E M  

FOR I R R I G A T I O N  A P P L I C A T I O N S  - l n i t i a t e  S e c o n d  G e n e r a t i o n  

O P E R A T I O N A L  S t o r a g e  C o n c e p t  D e v e l o p m e n t  

T h i s  w o r k  was  f u n d e d  u n d e r  t h e  T P S  P r o g r a m .  

FIGURE 7 

STORAGE FOR L I Q U I D  METALISA'LT COOLED LATENT 
HEAT COLLECTORIRECE I VER 

S T O R A G E  TECHNOLOGY S T A T U S *  PLANNED DEVELOPMENT 

OHEAT P I P E I M O L T E N  SALT  TEST O L O N G  TERM 
MODULE D E S I G N  AND F A B R I  - 
C A T I O N  COMPLETE 

- D e v e l o p  S t o r a g e  S u b s y s t e m s  f o r  
S m a l l  C o m m u n i t y  S y s t e m  
A p p l i c a t i o n s  u s i n g  R a n k i n e ,  
B r a y t o n  a n d  S t i r l i n g  Power  
C o n v e r s i o n  C y c l e s  

- I n i t i a t e  d i s h  M o u n t e d  L a t e n t  
H e a t  S t o r a g e  R e q u i r e m e n t s  
D e f i n i t i o n  a n d  C o n c e p t  
D e v e l o p m e n t  

- l n i t i a t e  H i g h  T e m p e r a t u r e  L a t e n t  
H e a t  M a t e r i a l s  S t u d i e s  

- l n i t i a t e  SRE D e s i g n  

' T h i s  w o r k  was f u n d e d  u n d e r  t h e  T P S  P r o g r a m .  

FIGURE 8 



SUMMARY - FY80 FOCUSED DEVELOPMENT 

REPOWERINGIINDUSTRIAL RETROFIT SYSTEM APPL ICAT IONS 

- M o l t e n  S a l t  S e n s i b l e  Heat  S t o r a g e  

- Second  G e n e r a t i o n  S to rage  Concep t  Deve lopmen t  f o r  W a t e r l S t e a m  
R e c e i v e r s  

.TOTAL ENERGY SYSTEM APPL ICAT IONS 

- O r g a n i c  F l u i d  T h e r m o c l i n e  T e s t i n g  

- Second  G e n e r a t i o n  S to rage  Concep t  Deve lopmen t  f o r  O r g a n i c  F l u i d  
R e c e i v e r s  

S M A L L  COMMUNITY SYSTEM APPL ICAT IONS 

- D i s h  M o u n t e d  L a t e n t  Heat S to rage  Concept Deve lopmen t  f o r  P o i n t  
F o c u s i n g  D i s h  C o l l e c t o r s  

FIGURE 9 


