
PROGRAM DEFINITION AND ASSESSMENT ---- 

An essent ia l  funct ion re la ted  t o  management of the overa l l  thermal 
energy storage program i s  t ha t  o f  program de f i n i t i on  and assessment. 
The major emphasis i n  t h i s  a c t i v i t y  i s  the implementation o f  a program 
leve l  assessment o f  thermal energy storage techno1 ogy thrusts  f o r  the 
near and far  term t o  assure an overa l l  coherent energy storage program. 
Included i s  the i d e n t i f i c a t i o n  and de f i n i t i on  o f  po ten t ia l  new thermal 
energy storage appl icat ions,  d e f i n i t i o n  of technology requirements, 
appropriate market sectors. This a c t i v i t y  a lso includes the necessary 
coordination, planning and preparation associated w i t h  program reviews, 
workshops, mul t i -year  plans and annual operating plans f o r  the major 
lead laboratory tasks. S E R I  assessment tasks w i l l  be coordinated and 
integrated i n t o  t h i s  a c t i v i t y .  
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The ac t iv i t i e s  described i n  this program area assume that  LeRC is 
performing the lead center function fo r  the DOE Thermal Energy Storage 
Project and therefore, include those functions related to  management of 
the lead laboratories. A primary emphasis i s  placed on the implementation 
of overall program definit ion and associated thermal energy storage system 
evaluations. In th i s  context the objectives are: 1) t o  provide overall 
TES program guidance and 2 )  t o  ensure timely developnents/demonstrations. 
To achieve these objectives, a competitive contract would be awarded which 
would consist of the following: 

a. Conducting a supporting analysis of the current program areas 
w i t h  major emphasis on sol ar thermal applications. Storage 
a1 ternat i ves w i  11 be identified a1 ong w i t h  technol ogy 
requirements. Val ue comparisons w i  11 be performed and 
comnercialization requirements will be identified.  

b. Identifying new applications and the i r  technology requirements. 
New storage concepts def i ned and economic evaluation will be 
performed. Suitable demonstrations will be recomended i n  those 
application areas offering potenti a1 for  substanti a1 ROI. 

c. Assuring overall integration and coordination of thermal storage 
developments with the appropri ate DOE end-use divisi  ons. This 
task wi 11 include assessments of technical progress, coordination 
of development goals, and milestones. Particular attention will 
be given to  the impact of environmental requirements. 

As shown i n  Figure 1,  the Thermal Storage Program develops rel iable ,  
e f f ic ien t ,  inexpensive storage technologies to  support other DOE or 
private sector end-users i n  t he i r  substi tution and energy savings 
missions. Within DOE t h i s  i s  accomplished by technology transfer 
agreements between STOR and the respec t i  ve end-use divisions. The lead 
center i s  responsible for  ensuring tha t  the milestones, resources, and 
technology transfers are accomplished. I n i t i  a1 ly,  an energy storage 
program assessment i s  performed fo r  a particular application area. I f  
t h i s  assessment indicates tha t  thermal energy storage i s  competitive w i t h  
respect t o  other storage technologies (ba t te r ies ,  flywheels, e tc . ) ,  then 
the objective/goals can be defined for  a project area. The lead 
laboratory provides the necessary management to  implement the project and 
provide the necessary technol ogy for  transfer t o  the end-user . 



Lead. 1 aboratory p r o j e c t  s t ruc tu re  genera l l y  takes a form s i m i l a r  t o  t h a t  
shown i n  F igure  2. System s tud ies  are a p p l i c a t i o n  o r ien ted  and cons is t  o f  
concept i dent if i c a t i  on, technoeconomic assessments, and conceptual design 
studies. Concept development a c t i v i t i e s  i nc lude  development o f  storage 
concepts t o  t h e  p o i n t  of es tab l i sh ing  t h e  techn ica l  f e a s i b i l i t y  and 
assessi ng the  concepts based on general a p p l i c a t i o n  requirements. 
Es tab l i sh ing  techn ica l  f e a s i b i l i t y  invo lves  both  concept f e a s i b i l i t y  
s tud ies  and small -sca le  1 aboratory experiments. 

The subsystem development phases culminates w i t h  technology readiness o r  
technology v a l i d a t i o n  f o r  the  storage subsystem. A c t i v i t i e s  inc lude 
subsystem d e f i n i t i o n ,  engineering development, and subscale research 
experiments (SRE' s) . Throughout these various p r o j e c t  phases continuous 
e f f o r t s  are d i  rec ted  toward generic advanced techno1 ogy and exp lo ra to ry  
research studies thus p r o v i d i n g  a support ing research and technology base. 

To ezami ne how program/project assessments re1  a te  t o  and i n f  1 uence t h e  
p r o j e c t  s t ruc ture ,  l e t  us use the  e l e c t r i c  u t i l i t y  a p p l i c a t i o n  area as an 
example. Approximately four  ( 4 )  years ago, an assessment o f  "Energy 
Storage Systems Su i tab le  for Use by E l e c t r i c  U t i l i t i e s "  was made by Pub l i c  
Serv ice E l e c t r i c  and Gas Company of New Jersey (ref.  1).  The s p e c i f i c  
ob jec t ives  o f  t h i s  program assessment f o r  DOE (ERDA) and the  E l e c t r i c  
Power Research I n s t i t u t e  were: 

o I d e n t i f y  the  p o t e n t i a l  e f f e c t  o f  energy storage on the  e l e c t r i c  
u t i l i t y  systems of t h e  Un i ted  States. 

o Determine the s ta tus  o f  development and the  f e a s i b i l i t y  o f  
comnerc ia l i za t i  on o f  candidate energy storage technologies, and 
e s t a b l i s h  t h e i r  key techn ica l  and cost  cha rac te r i s t i cs .  

o Evaluate t h e  r e l a t i v e  m e r i t s  o f  energy storage opt ions  on t h e  
basis o f  economic, operat ional ,  and environmental fac tors .  

o I d e n t i f y  research and development needed t o  advance t h e  var ious 
storage technologies. 

Based on t h i s  assessment, one o f  the  major f i n d i n g s  was t h a t  w i t h  
suff i c i  ent o f f  -peak energy a v a i l  able from base1 oad coal and nucl  ear 
capacity,  energy storage cou ld  provide generat ing capac i t y  f o r  up t o  17 
percent o f  peak load demand (kW). An energy storage technology which was 
consi dered t o  be compet i t i ve w i t h  conventional pumped , hydro was thermal 
energy. Hence, a DOE (ERDA) p r o j e c t  was c reated f o r  .thermal energy 
storage i n  peak f o l l o w i n g  e l e c t r i c  u t i l i t y  app l ica t ions .  (See example 
i n s e r t s  i n  F igure  1). 



The f i r s t  p ro jec t  assessment conducted as pa r t  of the system studies phase 
was performed by Bechtel Corp ( re f .  2). For near-term u t i l i t y  
app l ica t ions i t  was f e l t  t h a t  thermal energy storage could be e a s i l y  
" r e t r o f i t t e d u  t o  ex i s t i ng  power plants. However, the p ro j ec t  assessment 
concluded t h a t  h igh cap i ta l  costs and long r e t r o f i t  downtimes negated the  
use of thermal energy storage. On a pos i t i ve  side, i t was recormended 
t h a t  thermal energy storage might be a t t r a c t i v e  f o r  "new construct ion" 
coal and nuclear power p l  ant appl icat ion. A second assessment f o r  New 
P lan t  Thermal Energy Systems was performed by General E l e c t r i c  ( re f .  3) .  

This "new p lant "  assessment was qu i t e  extensive and examined some 50+ 
technologies appl icable t o  thermal energy storage subsystems. From t h i s  
matr ix ,  twelve '(12) concepts were selected f o r  a deta i led technoeconomic 
assessment as shown i n  Figure 3. Conceptual designs o f  fou r  selected TES 
system concepts were integrated i n t o  conventional base 1 oaded p l  ant 
designs. These concepts, as ind icated on Figure 3, were as follows: 

a. A dual media, sensi b l e  heat, thermal energy storage in tegrated 
w i t h  a high su l f u r  coal power p lant  and supplying steam t o  a 
separate peaking power conversion system. 

b. An underground, h igh temperature water, thermal energy storage 
integrated w i t h  a high su l fur  coal power p lant  and supplying 
steam t o  a separate peaking power conversion system. 

c. An above ground, h igh temperature water, thermal energy storage 
in tegrated w i th  a Pressurized Water Reactor power p lan t  and 
supplyi ng b o i l  er f eedwater preheat. 

d. A dual media, sensible heat, thermal energy storage in tegrated 
w i t h  a Pressurized Water Reactor power p lant  and supplying b o i l e r  
f eedwater preheat. 

Nevertheless, the bottom l i n e  o f  t h i s  assessment concluded t ha t  load 
l eve l i ng  thermal storage i s  only marg ina l ly  competi t ive w i t h  base1 oad, 
coal f i r ed ,  cyc l ing  plants. 

How the resu l t s  o f  the Bechtel and General E l e c t r i c  assessments a f fec ted 
the "Peak Fol lowing Thermal Storage f o r  Steam E l e c t r i c  Power" p ro j ec t  i s  
g raph ica l l y  shown i n  Figure 4. Based on the "negative" and "marginal ly  
competi t ive" assessments, the planned concept development and technology 
v a l i  dat i on phase o f  the p ro j ec t  were redefined. Future development 
a c t i v i t i e s  f o r  u t i l i t i e s  w i l l  be d i rec ted toward compressed a i r  energy 
storage (CAES) . CAES inc iden ta l  1 y, was a1 so a competi t ive storage 
technology i d e n t i f i e d  by the PSE&G Program assessment. 



To f u r t h e r  emphasize t h e  scope o f  these assessments, an on-going program 
assessment. f o r  Solar  App l ica t ions  Analys is  f o r  Energy Storage' w i l l  be 
r e v i  w e d  by t h e  Aerospace Corporat i  on. I n  addi t ion,  t h e  var ious p r o j e c t  
assessments requ i red  f o r  TES i n  Solar Thermal E l e c t r i c  Power App l ica t ions  
w i l l  be reviewed by  Sandi a Laboratory Livermore, The importance o f  a l l  o f  
these assessments cannot be over-emphasized as a pr imary  means o f  meeting 
t h e  ob jec t i ves  o f  t h i s  Program D e f i n i t i o n  and Assessment a c t i v i t y .  

Another i n p u t  used t o  achieve the  a c t i v i t y ' s  ob jec t i ves  i s  t o  p e r i o d i c a l l y  
have an independent review o f  t h e  Thermal Storage Program. S p e c i f i c a l l y ,  
f o r  t h i s  program review, a comnittee was es tab l ished and was charged t o  
prov ide  DOE/STOR and i t s  management centers w i t h  a broad, o b j e c t i v e  rev iew 
o f  t he  goals, content, and accomplishments o f  t h e  Thermal Energy Storage 
Program. I n  t h i s  review, t h e  committee was d i r e c t e d  to:  

o Inc lude a l l  thermal energy storage subsystem technologies 
(containment, heat exchange, media, c o n t r o l  s, and i n s t i t u t i o n a l  
cons t ra in ts )  and technologies fo r  heat t ranspor t .  

o  Exclude thermochemi ca l  heat pump storage subsystems. 

And f o r  consistency, t he  f o l l o w i n g  d e f i n i t i o n s  were noted: 

B u f f e r i n g  Storage 1/2 t o  2 hours 
D iu rna l  Storage 2 t o  12 hours 
Long (Seasonal ) Dura t ion  Storage Greater than 12 hours 
Near-Term Time Frame 1980 t o  1985 
M i  d-Term Time Frame 1985 t o  1990 
Far-Term Time Frame 1990 and beyond 

The review c m i t t e e  consisted of eleven (11) members represent ing  a 
cross-sect ion o f  s t a t e  energy departments, academi a, DOD, EPRI , and the  
Nat iona l  Research Council. Members or  t h e i r  representa t ives  are l i s t e d  i n  
F igure  5.  P r i o r  t o  t h i s  meeting, s p e c i f i c  quest ions t o  be addressed by 
t h e  comnittee were generated. These questions, noted i n  F igures  6-7, w i l l  
serve as the  basis not  o n l y  f o r  d iscussion by t h e  comnit tee bu t  a lso  f o r  
open discussions throughout t h e  two day program meeting. Responses w i l l  
be repor ted  i n  the  proceedings f o r  t h i s  program review. 



REFERENCES 

1. (PSELG) Public Service E lec t r i c  and Gas Company, An Assessment o f  Enerav 
Storaqe Systems- Suitable f o r  Use bv E lec t r i c  U t i l i t i e s ,  Volumes 1, 2, and 3, 
EPRI EM-264 ERDA E (11-1)-2501; Prepared f o r  E lec t r i c  Power Research 
I n s t i t u t e  and Energy Research and D e v e l o p n t  Administration; Newark, New Jersey, 
Suly 1976. 

2. Bechtel Corporation, Re t ro f i t t ed  Feedwater Heat Storaae f o r  Steam E lec t r i c  
Power S ta t i~ns .  Peakinu Power Enai neerina Studv, CONS/2863-1; Final Report 
prepared f o r  ERDA; Bechtel Corporation, Research and Engineering, San 
Francisco, Cal i fornia, October 1'976. 

3. General E lec t r i c  Company-TEMPO, "Conceptual Desiqn o f  Thermal Enerav Storaqe 
Sys tems for Near-Tern E lec t r i c  U t i  1 i ty Applications", Volume 1, 2, DOE/NASA/ 
0012-78/1, Final repor t  prepared f o r  WE under contract DEN 3-12, October 1978. 

ELECTRIC U T I L I l Y  

FIGURE 1 

FIGURE 2 



(GEEMI. ELECTRIC) 

mlBlE HEAT MTER PRESTRESSED U S T - I  W VESSEL 

PllESTllESSED COmllETE .YU) WELDED S T f f l  
PllESSUE VESSELS 

COIIC!ETE-SUPPORTED CAVERN 1.W 

AIR-SUPWRTED LWEI T W :  

AIR-SUPPORTED CAVEM TAW - STEEL L I E U  

A M  l FER 

WATEWSTEEL HEAVY WALLED STEEL CYLllYDERS 

OIL DUAL TAMS 

OIL AND ROCK T H E M L I E  TANK 

OIVMLTEN 
SALT THO STAGE; WAL OR THEMOCLIIK TANK 

M T E N  SALT DWL TANKS 

PHASE CHAW SALT EUTECTIC DIRECT CONTACT SYSTH 

MI - FEEIJYATER HEAT 
SG - STEM GEllERATlON 

FIGURE 3 

FIGURE 4 

40 



Philip Jarvi nen - Lincoln Laboratory 
4ndrew Kource - U.S. Army 
Yichael OtCallaghan - Massachusetts Institute of Technology 
2.  3. Swet - Consultant, Thermal Storage 
I i l o  Belgen - Ohio Department of Energy 
Yenry Rice - Nebraska Public Power 
D. D. bjyatt - National Research Counci 1 
Bri an Swa i den - U.S. Navy 

FIGURE 5 

1. I F  STOR HAD TWICE THE FUKl1116, H A T  PR06RPHS S W l D  BE IIICB3SED? M U T  E M  P W C T S  SrrrrmD 
BE INITIATED? 

2. I F  STOR P R 0 6 M  ME EMKEll BY OIE HALF, WHAT PlGRlYlS SHOULD BE RWICED? W 4 T  P R 0 6 M  
SHOULD BE DELETED? 

3. ARE STOR ~ R ~ Y S S  nlssIon O R I ~  

o DOES THE W I E M  W I T T E E  SEE E4. WRU) APPLICATIORS FOR AU TECHWlXIES? 

4. E4R-TEM PMIJECTS I N  THE I IWISTRIK, SOUR T H E W L  ELECTRIC, AND B U l l D l C  HEATIWCWL1116 
APPLICATION SECTORS REPUIE HEAVY B U E l  WTLAYS RESULTIC I N  DE-EHWASIZIC LON6-TEM. 
M E  TECmKO6Y W. 

A. W ME HAK A PROPER FU1101116 B A U M E  OF LOIICTEM VS. E M - T E M ?  I F  WT. M U T  

S W L D  BE CHANED? 

I. I S  ME A PROPER FWD1116 BALA'ICE YXm6 THE EAR-TEM M S ?  

c. DO YOU PERCEIVE AN UEWATE DEVEUIMEYT T E C H ! W  BASE THAT MILL I+AD TO 
t€VEloFVENT OF IM TECHm)L[16Y I l l l T l A T l K S  I n  F I E  FUNRE? I F  NITOT. W I T  

S W S T I  Om? 
5. Y U T  SHOUD STOR BE LOOK1116 FOR I N  I I I T E R I I R T I ~ L  COOPERATIVE P R 0 6 M  MI WHAT SrrrrmD 

STOR BE PRDTECTlC I N  ImEW14TItMAL IIEQTIfiTICMS? 

6. ML4T AE ME BEST !€I I IMISW FOR TRAIISFERIIIG TECHMUKT TO THE COICUICIK BASE? 

7. HOV DO M OEClDE mM ACTIVITIES A E  Em FOR TR4!!RRI 

8. WHAT AE YWR OVERALL IRR~IOI (S  OF THE PIID6RM: 

o FOCUS, BAUIICE, D I E C T I W  

o TIELI I IESS? 

0 USE-? 

9. YUT r n ~  EY PUESTIOIIS m YW THINK MIS ~ I E N  m~m wu ~oass? m wu 
THINK M R E  ARE BJ3lER UYS TO RUI THIS WlPl C a n l l T E E ?  

l0. DO W WE AM SUGBSTIOICS FOR I W 1 6  THIS -EKE AIO DTHER 1-TTIOII 
EkW! IFET1116S7 

FIGURE 6-7 


