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PREFACE 

This report  is  submitted by thc Mcllonnell Douglas Astronautics 
Company to the Department of Energy under Contract EY-76-C 
03-1 108 a s  the final documentation of CDItL Itcm 2. This P r e -  
l iminary Design Report summarizes  the analyses,  design, tes t ,  
production, planning, and cost efforts performed between 
1 July 1975 and 1 May 1977. The repor t  i s  submitted in seven 
volumes, a s  follows: 

volume I, Executive Oveririew 

Volume 11, System Description and System Analysis 

Volume 111, Book 1 ,- Collector Sub'system 
Book 2, Collector Subsystem 

Volume IV, Receiver Subsystem' 

Volume V, Thermal  Storage Subsystem 

~ o l i m e  VI, Electr ical  ~ o w e r ' ~ e n e r a t i o n / ~ a s t e r  Control 
Subsystems and Balance of Plant 

Volume VII, Pilot Plant Cost and Commercial  Plant Cost 
and Performance 

Specific efforts performed by the members  of the MDAC team 
were  a s  follows: 

a Mc Donne11 Douglas Astronautics Company 
Commercial  Sys t em Summary 

. - System Integration 

Collector Subsystem Analysis and Design 
Thermal Stprage Subsystem Integration 

a Rocketdyne Division of Rockwell International 
.Receiver Assembly.Analysis and Design 
Thermal  Storage Unit Analysis and Design 

a Stearns-Roger, Inc. 
Tower a.nd R,.i.ser / Downcomer Analysis and Design 
Electr ical  Power Generation Subsystem Analysis 
and Design 

a University of Houston 
Collector Field optimization 

a Sheldahl, Inc. 
Helios tat  Reflective Surface Development 

. West Associates 
Utility Consultation on Pilot Plant and Commercial  
System Concepts 

i'i -i 
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Section 1 

INTRODUCTION 

This document r ep re sen t s  the final submit ta l  of the Pi lot  Plant  Cost and 

Commerc ia l  Plant  Cost and Per formance  Report ,  CDRL I tem 2, Pi lot  Plant 

P re l imina ry  Design Report  (PDR). The P r e l i m i n a r y  Draft  Vers ion of this ' 

document was submitted i n  May of 1977. Information contained i n  the f i r s t  s i x  

volumes of the PDR has  been used a s  a guideline i n  the der ivat ion of cos t s  

and project  funding. An exception t o  th is  is that  a n  open-loop col lector  con- 

t r o l  s y s t e m  has  been used a s  a bas i s  for  Commerc i a l  P lan t  Costing. Also, 

i t  has  been neces sa ry  to expand in  some a r e a s  on the  p rog rammat i c  defini-  

t ion provided in the PDR based on pre l iminary  facil i t ies,  manufacturing,  

development, and t e s t  p rogram/opera t ions  requi rement  analysis .  Effor ts  

have been made to be responsive to the sp i r i t  of cos t  repor t ing and support -  

ing descr ipt ions  requested by Sandia Labora to r i e s  within the  scope of effor t  

defined by the Depar tment  of Energy. 

The P D R  re f lec t s  the  pre l iminary  design which r e l a t e s  to  the  Cent ra l  

Receiver  Solar  T h e r m a l  Power  System Study a s  indicated in  F igu re  1-1. 

Information gained in  the l a s t  two phases  - -Subsystem R e s e a r c h  Exper iments  

and P re l imina ry  Design--has significantly a l t e r ed  Pi lot  Plant  design and 

programmatics .  F o r  th i s  reason, important  changes  have occu r r ed  i n  

reported cos t s  s ince the f i r s t  submit ta l  of th is  repor t .  

Th i s  r epo r t  con ta ins  s ix  sections:  (1 )  the introduction, ( 2 )  a n  overview 

indicating cos t s  and projected funding, p rog rammat i c s  and groundrules,  and 

the genera l  costing approach,  ( 3 )  a n  expansion of p rogrammat ics ,  (4)  a 

sect ion on Pilot  Plant  cost ing detail,  methodology and rationale,  ( 5 )  a 'section 

on  F i r s t  Commerc i a l  P lan t  costing detail,  cost  variat ions,  methodology and 

ra t ionale ,  and (6) a sect ion on commerc i a l  plant performance.  Also,. the 

Appendix includes a s u m m a r y  of a conceptual  design for  a commerc i a l  

 collector manufacturing plant. 
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Sect ion 2 

COSTING OVERVIEW 

T h i s  sec t ion  contains a n  overv iew of projec ted  pilot, f i r s t ,  and Nth 

c o m m e r c i a l  plant cos t s ,  funding, and suppor t ing desc r ip t ions .  Following a 

p resen ta t ion  of s t eady  s t a t e  c o s t s ,  P i lo t  P lan t  funding for  des ign  and develop-  

ment ,  inves tment  and in i t ia l  opera t ions  is presented.  Then, a s i m i l a r  p r e -  
. . 

sentat ion,  excluding development  cos t ,  is provided for  the  .First C o m m e r c i a l  
. . .  . 

Plant .  The .d i scuss ion  a l s o  touches  on potential  va r i a t ions  i n  C o m m e r c i a l  
. . 

Plan t  c o s t s  and o n  changes  i n  c o s t s  f r o m  prev ious  . repor ts .  .' Following th is ,  

the  under ly ing p r o g r a m m a t i c s ,  g roundru les ,  and a s s u m p t i o n s  a r e  s u m m a  - . 

r ized,  and the  sec t ion  is concluded with a n  in t roduct ion t o  the  cos t ing  

approach .  

2 .1  COSTING RESULTS 

P i lo t  P l a n t  and C o m m e r c i a l  P l a n t  c o s t s ,  as indicated i n  the'  Appendix, 

a r e  based  on t h e  t echn ica l  ddscr ip t ions  and p r o g r a m m a t i c s  provided b y  the  

May  1977 P i lo t  P lan t  P r e l i m i n a r y  Design Rev iew (PDR)  document,  Volumes  

I through VI. However,  the  PDR d e s c r i b e s  a base l ine  c losed- loop co l l ec to r  
' .. 

con t ro l  s y s t e m  tha t  is cos ted  f o r  t h e  P i lo t  P l a n t  but not f o r  t h e  C o m m e r c i a l  

Plant .  F o r  Commerc ia l ,  a n  open-loop s y s t e m  s e r v e s  as the  c o s t  bas i s .  

Genera l ly ,  the  c o s t s  tha t  are  presen ted  will  ind ica te  a d r a m a t i c  r e d u c -  

t ion i n  d o l l a r s  i n  plant inves tment  p e r  net  ki lowatt  of output between t h e  

Pi lo t  P lan t  and C o m m e r c i a l  v e r s i o n s  of the  C e n t r a l  R e c e i v e r  Concept. Cost  

reduct ions  a r e  p a r t i c u l a r l y  encouraging f o r  the  co l l ec to r  s u b s y s t e m  w h e r e  

s tudy r e s u l t s  sugges t  tha t  a n  eventual  c o s t  of l e s s  than  $100 /m2 i n  1977 

d o l l a r s  is a l m o s t  ce r t a in .  Under t h e  "r ight" m a r k e t ,  h a r d w a r e  and p roduc-  

t ion scenar ios ,  ach ievement  of n e a r l y  one-half  of t h i s  c o s t  m a y  b e  within the  

range of feasibi l i ty.  The  r e m a i n d e r  of t h i s  subsec t ion  p rov ides  a s u m m a r y  

of t h e s e  r e s u l t s , ,  s t a r t i n g  with the  P i lo t  Pl.ant and t h e n  moving in to  

Commerc ia l .  

2. 1. 1 P i lo t  P lan t  Cos t s  

The  c o s t s  projec ted  f o r  P i lo t  P l a n t  have been  reduced a l m o s t  $22 mil l ion  

f r o m  thoee i~ id ica ted  i n  the  M a r c h  1, 1976 P i lo t  P l a n t  Cos t  Repor t .  T h e  



e a r l i e r  project ions  represen ted  budgetary, "not t o  exceed, es t imates  a s  

compared to  an  expected cos t  approach used for  the la tes t  projections. I11 

addition, c e r t a in  hardware  and sys t em changes have been made since the 

l a s t  r epo r t  which have allowed a 590-unit o r  L5"/o reduction in  the number of 

he l ios ta t s  required.  The  impact  of these  c i rcumstances  i s  reflected in  the 

s teady  s t a t e  cos t s  and a s  spent  and committed funding presentations that 

follow, along with a n  indication of the mos t  important f iscal  groundEules and 

assumpt ions .  

2. 1. 1. 1 Steady State Costs. Life cycle cos t s  through the f i r s t  2 y e a r s  of 

pilot plant operat ion a r e  presented in  F igure  2- 1. The total cost  i s  $7 5 .4  

mill ion,  and a s  expected, the  col lectors  account for  the grea tes t  sha re  of 

to ta l  cos t  a t  2970, which i s  down f r o m  33% i n  the previous es t imates ,  o r  

$10 million. The  next highest cos t s  a r e  the ind i rec t s  a t  15% of the total, 

and the Rece iver  a t  14%. The l a t t e r  has  gained f rom 970 shown in  the 1976 

repor t .  Contingency is now shown a s  only 870 of the total, represent ing 

a l m o s t  a $10 mil l ion reduction f r o m  that  shown previously. The indirects  - 
have changed in  content somewhat f r o m  the l a s t  repor t  in  that they no longer 

include f ee  which i s  now buried against  each  CBS element,  and the burden 

type i t e m s  a r e  now costed under the Dis t r ibutables  category. However, the 

i nd i r ec t s  now provide for  a ConStructibri Manager and a Svlar InlegraCur ill 

addi t ion to  the A & E  and plant s tar tup,  so  that  these  cos t s  have not changed 

m u c h  i n  total.  

F i g u r e  2-2 p re sen t s  the invcstment cos t s  only which total  to just over  

$ 6 3  mill i .nn.  The co l l ec to r s  a r e  s t i l l  2970 of the  total,  which compares  to  

36% repo r t ed  previously  and ref lects  the l a r g e  dec rease  in  cost. This  would 

i n c r e a s e  t o  3570 of the  tota l  we re  the  co,l lector 's  s h a r e  of spares ,  handling 

equipment ,  .and contingency cos t s  al located d i rec t ly  to the collector.  This  

c o m p a r e s  with approximate ly  50 to  55% of the total  projected for  the F i r s t  

C o m m e r c i a l  P l an t  whe re  m o r e  co l lec tors  pe r  megawatt  a r e  required t o  

handle a m o r e  demanding plant operat ions  scenar io .  



TOTAL COST $75.43 i;i 
THEW STOR EQUIP 

$ 4 . 3 0 H ( 6 % ) .  , 

Figure 2-1. Pilot Plant Total Cost 



TOTAL INVESTNENT $63.34 r;i 
THEM STOR EQUIP 

$3.68 R (€,%) 7 

Figure 2-2. Pilot Plant Investment Cost 



2. 1. 1 .2  M a j o r  F inanc ia l  Groundrules .  T h e  c o s t s  p resen ted  i n  F i g u r e s  2-1 

and 2-2 a s s u m e  the  following m a j o r  f inancia l  g roundru les :  

1. Cost  plus fixed f e e  con t rac t s .  

2. No i n t e r e s t  dur ing  cons t ruc t ion  (IDC) on Government  con t rac t s .  

3. First half 1977 d o l l a r s  --no esca la t ion .  

4. Weighted a v e r a g e  contingency to ta l ing  970 applied a t  individual  r a t e s  

ranging f r o m  5 to  2070. 

5. No s a l e s  t a x  on Government  con t rac t s .  . 

6. Average  8% fee  applied to  e a c h  CBS l ine  i tem.  P a r t s  and m a t e r i a l s  

inc lude vendor fee.  No p r i m e  c o n t r a c t o r  fee  on subcon t rac t  w o r k  is included. 

7. C u r r e n t  t e a m  m e m b e r s  overhead  c e n t e r s .  Spec ia l  r a t e s  w e r e  not 

developed. 

8. . Low s i d e  s t a n d a r d  t e a m  manufactur ing suppor t  p rac t i ce .  Due t o  

the development  na tu re  of the  pilot plant, production control ,  i n d u s t r i a l  
. , 

engineering,  manufactur ing,  engineering,  and s i m i l a r  suppor t  a r e a s  are 

a s s u m e d  mainta ined at low s tandard  p r o g r a m  l e v e l s  throughout hel ios ta t  

product ion and o t h e r  . 

9. . Applied c o n t r a c t  labor '  r a t e s  include f r inges  and g e n e r a l  c o n t r a c t o r  

overhead.  

. . 
10. Genera l ly ,  89 t o  9070 c o s t  reduct ion c u r v e  on in-plant  f abr ica t ion  

and a s s e m b l y  l a b o r  hours .  T h a t  i s ,  on  a 90% curve ,  the  c u k u l a t k d  a v e r a g e  

c o s t  of l a b o r  will  tend t o  d imin i sh  e a c h  t i m e  the  cumulated  number  of hel io-  

s t a t s ,  etc. is .doubled. 

'11. P a r t s  and M a t e r i a l  c o s t s  d i r e c t l y  quoted by vendors  f o r  r equ i red  

quantity. 

12. Col lec tor  c o s t s  include a 10% facto'r f o r  v is ib i l i ty  on in-plant  l a b o r  

and m a t e r i a l ,  and 4970 on in-plant  l abor  f o r  efficiency, l i a i son  and rework.  

,2. 1. 1. 3 Pi lo t  P l a n t  Funding. ~ i g u r ' e  2 - 3  ,shows prdjec ted  pilot plant funding 

r e q u i r e m e n t s  by government  f i s c a l  yea r .  A s  indicated,  the  r e q u i r e m e n t s  

"peak out" in  1979 a t  $42. 5 mil l ion.  Commit ted  ' do l l a r s  peak in the  s a m e  

ye.ar a t  about the  s a m e  amount. Compar i son  with t h e  " a s  spent" funding 

. ' indicates a $3.  5 mil l ion  commi tment  lead in  the  f i r s t  y e a r  of the  p r o g r a m .  
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The annualized monthly expenditure indicates the degree  of expenditure 

growth o r  decline. The growth of the projected curve  is considerably m o r e  

relaxed than that  projected in  '1976. Th i s  i s  due to  both the 6-month extension 

of the IOC and to the lower  total  projected cost. In viewing th i s  curve, it  may  

be interes t ing to  keep  in  mind that  the f i r s t  heliostat  i s  instal led a t  the begin- 

ning of the th i rd  q u a r t e r  of GFY 1979, and that the tower  installat ion has  been 

completed by that  t ime. 

The funded values were  determined by distr ibuting projected cost  a t  the 

m a j o r  activity level  within each  non-solar subsys tem and by CBS fo r  so l a r  

plant equipment ove r  the scheduled period for  each  phase according to 

s tandard funding cu rves  o r  manloads. 

2. 1. 2 Commerc ia l  Plant  Costs  

The cos t s  projected fo r  the F i r s t  Commerc ia l  Plant  indicate a substant ia l  

reduction i n  do l la r s  per  kilowatt ove r  the  s a m e  figure of m e r i t  calculated for  

the Pilot  Plant. Mos t  of the reduction is due to  scal ing benefits of plant s i z -  

ing with l e s s  than one-fifth of the  reduction associated with the col lectors .  

The col lector  savings  are the  net of i nc rea sed  cos t s  of a higher so l a r  mu l -  

t iple and the economics  available with increased  production volume. The  

following s u m m a r i z e s  Commerc ia l  Plant  cos t s  and cos t  variat ions,  typical  

funding f o r  the F i r s t  Commerc ia l  Plant, and the  m a j o r  financial groundrules  

that differ  f r o m  those applied fo r  the Pi lot  Plant. 

2. 1. 2. 1 Steady State Costs. Investment cos t s  fo r  the  F i r s t  Commerc i a l  

Plant  a r e  shown in  F igure  2-4. IIere, the cv l lec tors  are by f a r  the dominate 

cos t  accounting for  over  5070 of the tota l  a f te r  the  co l lec tors  s h a r e  of s p a r e s  

and miscel laneous plant equipment a r e  added. At 1370 of the total,  the 

r ece ive r  accounts fo r  a n  identical  s h a r e  of the cos t  a s  it does  i n  the Pi lot  

Plant,  and is a l so  the next highest  cos t  i tem. Turbine plant equipment has  

i nc rea sed  in  importance to  10% of the tota l  while the Ind i rec t s  have dec reased  

to 8% and the rma l  s to rage  equipment and m a t e r i a l  have remained a t  9%. 

However, these  percentages  a r e  not perfectly comparab le  to  .the Pi lot  P l an t ' s  

percentages  because no contingency i s  included in  the Commerc i a l  Plant  

cos t s .  
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Rat ionale  f o r  the  exclus ion of contingency is based  on the  belief tha t  

t h e s e  c o s t s  r e p r e s e n t  the  expected values, and cons ide r ing  the  number  of 

y e a r s  be fore  the  First C o m m e r c i a l  P l a n t  is to  be built, t h e r e  m a y  be a s  

m u c h  chance  tha t  the  c o s t s  will  go down a s  tha t  they wil l  go up, notwithstand- 

ing inflation. 

T a b l e  2 -1  p rov ides  a c o m p a r i s o n  between P i lo t  P lan t  and C o m m e r c i a l  

P lan t  c o s t s  i n  t e r m s  of d o l l a r s  p e r  kilowatt f o r  m a j o r  e l e m e n t s  of the  sys tem.  

One i n t e r e s t i n g  f e a t u r e  of the  t ab le  is  that  i t  p rov ides  a n  indicat ion of the  

sca l ing  benef i t s  of going f r o m  a 10-MWe to a 100-MWe plant. T h i s  i s  shown 

i n  the t h i r d  co lumn f r o m  t h e  lef t  where  the  l a r g e r  the number ,  the  g r e a t e r  

the  sca l ing  benefit .  F o r  all but the  co l l ec to r s ,  the  benefi t  r e s u l t s  f r o m  the  

condition tha t  c o s t s  g e n e r a l l y  do  not go up a s  f a s t  as s iz ing c h a r a c t e r i s t i c s  

when i n c r e a s i n g  capabi l i ty  o r  capacity.  

The  co l l ec to r  reduct ion is main ly  due to  economies  a s s o c i a t e d  with 
'. 

volume product ion s ince  t h e  b a s i c  hel ios ta t  is the  s a m e  s i z e  f o r  both the  
! 

Pi lo t  and C o m m e r c i a l  plants. I t  is in te res t ing  that  the  c o l l e c t o r s  account  

f o r  only 18vo of the  to ta l  reduction,  hut t h i s  would be g r e a t e r  except  tha t  the 

s o l a r  mul t ip le  is  g r e a t e r  f o r  the C o m m e r c i a l  P lan t  than i t  i s  fo r  he P i lo t  t, 
Plant ,  Finally,  as indicated i n  Tab le  2-1, the  projec ted  c o s t  of c o l l e c t o r s  

ins ta l led  a t  a r a t e  of 2. 5 100-MWe plants  p e r  y e a r  is e s t i m a t e d  a t  $779/ 

kilowatt o r  a 57% reduc t ion  i n  c o s t  f r o m  P i lo t  Plant .  

The  c a u s e s  of th i s  c o s t  reduct ion a r e  d i s c u s s e d  in de ta i l  in  Section 5. 

General ly,  they a r e  due t o  the  employment  of m o s t l y  automated production 

fac i l i t ies  tha t  a r e  t r e a t e d  a s  a dedicated  burden  c e n t e r .  The  fac i l i t i e s  w e r e  

conceptually des igned t o  produce 60,000 c o l l e c t o r s  p e r  y e a r  by MDAC and 
C 

A r t h u r  D. L i t t l e  c o n s u l t a n t s  i n  a m a n n e r  t o  r e d u c e  not only t h e  l a b o r  h o u r s  

but a l s o  the a v e r a g e  s k i l l  l eve l  r equ i red .  T h e  r e s u l t  has seduced l a b o r  t o  
. . 

only 28% of the  tests, including instal lat ion.  Although t h e s e  r e s u l t s  a r e  

encouraging,  $779 p e r  kilowatt by  no m e a n s  r e p r e s e n t s  the  lowest  potential  

col lec tor  c o s t  tha t  might  'be achieved by America11 Illdiistry.  



T a b l e  2-1. D o l l a r s  p e r  K i l o - ~ a t t  Changes P i lo t  to F i r  3t ~ Z o m m e r c i a l  P lan t  

Inves tment  $/kW 

First Pi lo t  i $ /kW 
Cos t  e l e m e n t  c o m m e r c i a l  Pi lo t  c o m m e r c i a l  reduct ion 

C o l l e c t o r  $1,07 6* $1, 828 1.7 $ 752 

R e c e i v e r  292 843 2.9 55 1 

T h e r m a l  S to rage  2 14 40 6 1.9 192 
z- 

T u r b i n e  F lan t  228  ' ' 50 5 2. 2 '277 

I n d i r e c t s  175 1 ,078 6. 2 903 

Electric Plant ,  hf isce l laneous  P lan t  
and  M a s e e r  Cont ro l  

Dis t r ibu tab le  s 81 285 3.  5 204 
-. 
N Contingency - 590 - 590 

Y a r d  and  Bui ld ings  

when 2. 5 plants  p e r  y e z r  a r e  ins ta l led .  



.2. 1. 2. 2 M a j o r  F i n a n c i a l  Groundru les .  G r o u n d r u l e s  f o r  the  c o s t s  presented 

.in F i g u r e  2 - 4  a r e  the  s a m e  a s  f o r  P i lo t  P l a n t  excep t  f o r  the  following changes 

o r  addi t ions :  

1. No IDC by d i rec t ion .  

2. No cont ingency appl ied  

3. No v i s ib i l i ty  appl ied  t o  c o l l e c t o r  m a t e r i a l s  o r  l abor  

4. NO s t a t e  s a l e s  t a x  appl ied  due  t o  uncer t a in ty  of s t a t e  and potential 

t a x  r u l i n g s  

5. Spec ia l  c o l l e c t o r  product ion  overhead  c e n t e r  

6. M i n i m a l  manufac tu r iqg  s u p p o r t  p rac t i ce .  No a n a l y s i s  excep t  a s  

p u r c h a s e d  f r o m  the  outs ide .  

7. C o s t  r educ t ion  c u r v e  of 87'30 t o  90'30 on in-plant  f ab r i ca t ion  and 

a s s e m b l y  l a b o r  h o u r s  f o r  First C o m m e r c i a l  P lant .  M a t e r i a l s  on a 95% 

c u r v e  as, appropr ia t e ,  off P i l o t  P l a n t  m a t e r i a l  quotes .  

8. Nth C o m m e r c i a l  l a b o r  d i r e c t l y  manloaded.  M a t e r i a l s  a s s u m e  l a s t  

unit  c o s t  of First C o m m e r c i a l  P l a n t  o r  c o s t e d  by unit of m e a s u r e .  

2. 1. 2 .  3 F i r s t  C o m m e r c i a l  P l a n t  "As Spent" Funding.  F i g u r e  2 - 5  p r e s e n t s  

a n  indica t ion  of a s  spen t  funding r e q u i r e m e n t s  f o r  t h e  F i r s t  C o m m e > c i a l  

P lant .  T h e  annual ized  monthly  expend i tu re  peaks  out  a t  about  $107 mi l l ion  

o r  a r a t e  of s l igh t ly  o v e r  $9 mi l l ion /month .  T h e  m a x i m u m  annua l  outflow is 

$90 mi l l ion  i n  1989. T h e s e  c u r v e s  have  been  d e r i v e d  by funding at t h e  m a j o r  

ac t iv i ty  l e v e l  within e a c h  s u b s y s t e m  us ing s t a n d a r d  b e t a  d i s t r ibu t ion  c u r v e s .  

Cos t  Var ia t ions .  Var ia t ions  in  c o s t s  a s s o c i a t e d  wi th  d i f fe ren t  t h e r m a l  c a p a -  

c i t i e s  and with va r i a t ions  i n  annua l  plant  ins t a l l a t ion  r a t e  have  b e e n  examined  

f r o m  a p a r a m e t r i c  point of view. C o s t s  have b e e n  g e n e r a t e d  showing behav io r  

w h e r e  both  t h e  s o l a r  mul t ip le  and  t h e  h o u r s  of t h e r m a l  s t o r a g e  c a p a c i t y  a r e  

va r i ed .  T h e  r e s u l t s  a r e  p r e s e n t e d  i n  Sec t ion  5 ( F i g u r e  5-2) and show MDAC's  

baseline a t  a s o l a r  mul t ip le  of 1.7 and 6 h o u r s  of s t o r a g e  r e q u i r i n g  a $22 1. 3 

mi l l ion  inves tment .  Also, indica ted  is a p r e l i m i n a r y  e s t i m a t e  of $189 

m i l l i o n  f o r  a 3-hour  s t o r a g e  c a p a c i t y  and  a 1 .4  s o l a r  mul t ip le  o r  a l i t t l e  

o v e r  $32 mi l l ion  i n  c o s t  savings .  

Cos t  v a r i a t i o n  with plant ins t a l l a t ion  f requency  h a s  a l s o  been cnnsi.dered 

f o r  v a r i a t i o n s  of two plants  ins t a l l ed  p e r  y e a r  and e ight  p lants  ins ta l led .  

R e s u l t s  a r e  g raphed  i n  Sect ion  5 ( F i g u r e  5-3)  and indica te  a p r o g r e s s i o n  in 

13 
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d o l l a r s  p e r  ki lowatt  f r o m  $1750Iyear  f o r  two plants  p e r  y e a r  down t o  about  

$1400 f o r  eight  plants  p e r  yea r .  R e s u l t s  a r e  b a s e d  on  c o s t  ana lys t  judgment 

about  the  c i r c u m s t a n c e s  a s s o c i a t e d  with the  two s c e n a r i o s  and the  n a t u r e  of 

t h e i r  impact .  T h e  c o s t s  r e p r e s e n t  t h o s e  of the  20th and 80th p lants  a t  two 

and eight  p e r  y e a r ,  respect ive ly ,  a s s u m i n g  tha t  ins t a l l a t ions  a r e  known by 

p r o d u c e r s  i n  advance  to .cont inue  f o r  20 o r  m o r e  y e a r s .  With t h i s  b a s i s ,  it '  

has  been  a s s u m e d  tha t  a t  two plants  p e r  yea r ,  B O P  c o s t s  and the  c o s t s  of  

R e c e i v e r  and T h e r m a l  S to rage  f ie ld  e f f o r t  would not be  affected m u c h  by the  

r a t e  of two p e r  y e a r  b e c a u s e  the  m a r k e t  m a y  be  too  d i s p e r s e d .  However,  

eight  p lants  p e r  y e a r  probably  i m p l y  tha t  s e v e r a l  p lants  e a c h  y e a r  a l w a y s  

will  be under  cons t ruc t ion  in  the  s a m e  local i ty  with the  s a m e  c u s t o m e r ,  

supp l i e r s ,  and c o n t r a c t o r s .  T h i s  could a l low a g r e a t  d e a l  of m e t h o d s  c o m -  

mona l i ty  i n  field ins ta l la t ions ,  if s o  managed,  and a l s o  induce  s igni f icant  

c o s t  r educ t ions  i n  B O P  equipment  th rough  compet i t ion .  

2.2 MAJOR PROGRAM ASSUMPTIONS AND GUIDELINES 

2. 2. 1 P i lo t  P l a n t  

T h e  m a j o r  p r o g r a m m a t i c  a s s u m p t i o n s  and guidel ines  used i n  developing 

the  p r e l i m i n a r y  c o s t  e s t i m a t e s  f o r  the  pilot plant a r e  a s  follow: 

P l a n t  Design Selec t ion  - O c t o b e r  1977 

P h a s e  2 A T P - - J a n u a r y  15, 1978 

It  h a s  been  a s s u m e d  tha t  a l l  of the  m a j o r  h a r d w a r e  c o n t r a c t o r s ,  the  

ba lance  of the  plant con t rac to r ,  and the  cons t ruc t ion  m a n a g e r  f o r  

the  pilot plant p r o g r a m  wil l  be  s e l e c t e d  by t h i s  date.  

T h e  c u r r e n t  MDAC t e a m  wil l  p e r f o r m  the  e n t i r e  P i lo t  P lan t  
cons t ruc t ion  , 

Sandia L i v e r m o r e  h a s  fu rn i shed  a ground r u l e  f o r  the  p u r p o s e s  of 

t h i s  e s t i m a t e  which s t a t e s  tha t  it is t o  be  a s s u m e d  tha t  t h e  P i lo t  

Planl; wil l  be  c o n s t r u c t e d  e n t i r e l y  by the  c u r r e n t  P h a s e  1 c o n t r a c t o r  

t e a m s ,  r a t h e r  than  s u b s y s t e m s  c h o s e n  f r o m  d i f fe ren t  c o n t r a c t o r  

t e a m s .  



Detailed Design P h a s e  

On A p r i l  1, 1978 so l a r  subsys t em detailed design will commence 

and by Sandia furnished ground-rule will l as t  no m o r e  than 6 months. 

Sys t em requ i r emen t s  and in te r face  definition will commence a t  A T P  

and should have progressed  sufficiently to define so l a r  subsys tem 

requ i r emen t s  by Apr i l  1, 1978. The  s y s t e m  requi rements  ana lys i s  

and definit ion act ivi ty  would continue during the 6-month subsys tem 

detai led des ign  phase. The exception to  the above is the  col lector  

subsys t em whose deta i l  design m u s t  be initiated 2 weeks a f t e r  A T P  

to  accommodate  Sandia requested preproduction test .  

Init ial  Operat ional  Capability on December  31, 1980. 

This  da te  indicates  the t ime  a t  which the  integrated s y s t e m  checkout 

will be  completed for  the pilot plant. At th is  t ime,  the p rog ram 

would begin the 2-year  t e s t  program.  

0 2-Year  T e s t  P r o g r a m  

The p r o g r a m  guidelines furnished by Sandia included a 2-year  o p e r -  
. . .  . 

at ional  s y s t e m  t e s t  p rog ram f r o m  Janua ry  1, 1981 to  December  31, 

1782, 

Pi lot  P lan t  Located Adjacent t o  a n  Existing Operational Faci l i ty  

Th i s  MDAC assumption provides the  benefit of being able to pool 

r e sou rces ,  such  a s  operat ions  and maintenance personnel, between 

the Coolwater operat ional  facil i ty and pilot plant, s o  as to  avoid 

burdening a s m a l l  pilot plant with all of the requi rements  associa.ted 

with being self  -sufficient i n  a remote  location. 

e F r e e  Land 

By Sandia di rect ion i t  is a s sumed  that  the raw land required for  

s i t ing the pilot plant will  be  made  available by the utility, a t  no cost  

to the  program.  

Water  Assumed Available a t  Pi lot  Plant  Boundaries 

The p r o g r a m  cos t  e s t ima te s  are based upon the premise  that ,  there  

will be no c o s t s  fo r  providing a well  a t  the s i t e  o r  t ransport ing 

water .  It  is a s sumed  that  wate r  i s  available f r o m  the existing 
' Coolwater operat ing facil i ty and need only be piped to  the Pilot  

P lan t  f o r  u se  i n  the f eedwa te r l s t eam cycle. 
16 



e No Land Rights Cos ts  Included 

The MDAC cos t  es t imate  does  not include a n  allocation for  acquiring 

rights-of-way for  ca r ry ing  the e lec t r ic  power f r o m  the pilot plant 

to  the utility grid. Th i s  approach p re sumes  that  the plant output 

will  t ie  into the s a m e  line used to c a r r y  output power f rom the 

exis t ing facil i ty to  the grid. 

Assumed Pi lot  Plant  .Site - ,Barstow, CA 

The Sandia instructio'ns given fo r  the cos t  es t imat ing included a 

d i rec t ive  to  a s s u m e  Barstow; California a s  the s i t e  fo r  the pilot 

plant. The s i t e  is actual ly  adjacent  to  the ex is t ing 'coo lwater  facility 

of Southern California Edison at .  Daggett, California, Eas t  of 
. . 

Barstow. 
,. , 

Elec t r ic  Power  Substation Costs  Included 

The  pilot plant cos t  e s t ima te s  a r e  based upon the assumption to 

provide all of the  hardware  to c a r r y  the power out through the  high 

s ide  of the ma in  t r a n s f o r m e r  to the  115-kV dis t r ibut ion grid.  

Minimum Hardware  Development 

The pilot plant p rog ram schedule, a s  i t  is cu r r en t ly  defined, is not 

long enough to allow any substant ia l  development t es t ing  of the sub-  

s y s t e m  components p r io r  to initiation of s i t e  activation efforts .  

Therefore ,  i t  i s  assumed that  the  p rog ram will  be using hardware  

that  has  been developed and /o r  i s  available off-the-shelf, with a 

min imum of development tes t ing going on dur ing the design effor t  

following p rog ram go-ahead. 

~ i n i m u m  Off-Site Hardware Qualification T e s t s  

I t  has  been a s sumed  that  there  will be a min imum of off-site quali-  

fication t e s t s  fo r  the hardware,  especial ly  for  the full-size compon- 

en t s  such a s  t h e r m a l  s to rage  heaters ,  s t e a m  generators ,  rece iver  

panels, etc.  'For  these  components, the es tabl ishment  of facil i t ies 

and equipment to duplicate the  ac tua l  operating conditions would 

basical ly  r equ i r e  the s a m e  type of capability a s  the pilot plant. 

Th i s  would be both a costly and t ime-consuming p rog ram appr0ac.h. 

s o  i t  has been a s sumed  for  the  presen t  that  these  types  of t e s t s  



would be accomplished at the s i t e  p r io r  t o  s ta r t ing  the  operat ional  

t c s t  p r o g r a m  in  December  of 1980. The  exception t o  the  above is a 

Sandia d i rec ted  preproduction t e s t  of a heliostat  based on production 

drawings but fabricated with non-rate  tooling. 

Sys t ems  Integrat ion Fac i l i ty  fo r  Mas t e r  Control  Development a t  

Huntington Beach . . 

Another exception t o  the above paragraph  is with r e spec t  t o  the 

m a s t e r  con t ro l  efforts .  It  is cu r r en t ly  planned to do the subsys tem 

functional i n t e r f ace  simulation work a t  Huntington Beach p r io r  to  

in tegrated s y s t e m  tes t ing a t  the  pilot plant site in  o r d e r  to provide 

sufficient  lead t ime  for  developing and checking out the  operat ional  

sof tware  f o r  m a s t e r  control, a s  well  a s  f o r  simulating field pro-  

b l ems  in  the  s y s t e m  hardware l sof tware  interfaces .  The  objective 

h e r e  is to fully define and understand the operat ing requi rements  

and subsys t em to  subsys tem in te r face  cha rac t e r i s t i c s  s o  a s  to 

e l iminate  the  need fo r  on-line sof tware  development. Th i s  will 

min imize  the  t i m e  requi red  t o  ins ta l l  and debug the  s y s t e m  hardware  

and sof tware  p r i o r  to init iat ing the  operat ional  tes t ing portion of the 

P h a s e  2 pilot plant program.  

Col lector  Subassembl ies  Will be  Fabr ica ted  a t  Huntington Beach, 

F ina l  Assembly  on Site 

This  cos t  es t imat ing  effor t  f o r  the pilot plant p rog ram a s s u m e s  that 

all of the  co l lec tor  manufacturing operations,  such a s  forming, 

dri l l ing,  machining, g l a s s  bonding, and spot  welding will be  accom-  

plished in  exis t ing faci l i t ies  a t  the McDonnell Douglas Hungtington 

Beach location, with the shipment of rc f lcc tor  segments ,  heliostat  

pedestal ,  e tc . ,  t o  the Ba r s tow site,  where  final  a s s e m b l y  of total  

ref lect ive  su r f aces ,  e tc ,  would take place in  a building provided bjr 

MDAC there .  Finished a s s e m b l i e s  will  then be t ranspor ted  to the  

field f o r  i n s  tal lat ion on the foundations. F ina l  a s sembly  of t he 'ma jo r  

e lec t ron ic  equipmcnt, e. g., the  field control ler ,  will be accomplished 

p r imar i l y  a t  ~ u n t i n g t o n  Beach, with addit ional on-s i te  effort,  a s  

required,  p r io r  t o  field installat ion and checkout. 



@ R e c e i v e r  P a n e l s  Assembled  a t  Canoga P a r k ,  F ina l  R e c e i v e r  

A s s e m b l y  Site 

Rocketdyne c u r r e n t l y  p lans  t o  do a l l  of the  tube  welding opera t ions  

f o r  building the  r e c e i v e r  panels  a t  Canoga P a r k .  ~ d d i t i o n a l l ~ ,  the  

manifold s u b a s s e m b l i e s  wi l l  be fo rmed ,  machined,  and wklded a t  

. exis t ing  Rocketdyne fac i l i t i e s  i n  Canoga P a r k  p r i o r  t o  shipping a l l  

of the h a r d w a r e  to  the pilot plant site, w h e r e  r e c e i v e r  f ina l  a s s e m b l y  

and checkout will' take  place on top  of the  t o w e r  p r i o r  t o r s t a r t i n g  the  

to ta l  s y s t e m  checkout. 

e S C E  Will be  O p e r a t o r  During t h e  2-Year  T e s t  P r o g r a m ,  MDAC 

Will be Respons ib le  f o r  T e s t  Planning and Evaluation 

F o r  the  purposes  of th i s  c o s t  e s t i m a t i n g  effort ,  it is a s s u m e d  that  

SCE wil l  have the p r i m a r y  respons ib i l i ty  fo r  opera t ing  the  pilot 

plant dur ing  the  2 -year  opera t iona l  t e s t  p rogram.  MDAC t e s t  p e r -  

sonne l  will  be heavily involved i n  the  conduct  of the  t e s t  p r o g r a m  

duri.ng the  f i r s t  y e a r  ( R e s e a r c h  Tes t ing)  of the p rogram,  and reduced 

t o  a sus ta in ing l eve l  dur ing  the  second year .  I t  h a s  been  a s s u m e d  

tha t  S C E  personne l  will  do all of the opera t ions  and .maintenance 

t a s k s  dur ing  th i s  two-year  period,  with technical  suppor t  provided 

by MDAC, Rocketdyne, and S tea rns -Roger .  Cos t s  f o r  SCE p e r -  

sonnel  have been included i n  t h i s  cos t  est imatimg effort .  It is 

a s s u m e d  MDAC wil l  have p r i m a r y  respons ib i l i ty  fo r  t h e , p r e p a r a t i o n  

of the  t e s t  plan, moni to r ing  i t s  conduct and evaluating t h e  data .  

2. 2. 2 C o m m e r c i a l  P l a n t  

T h e  m a j o r  p r o g r a m m a t i c  a s s u m p t i o n s  and guidel ines  used i n  developing 

t h e . p r e l i n i n a r y  c o s t  e s t i m a t e s  f o r  the  f i r s t  and Nth c o m m e r c i a l  plants  a r e  

as follows: 

Demons t ra t ion  P l a n t  P r o c e e d s  C o m m e r c i a l  P lan t  
, ' 

P e r  Sandia d i rec t ion ,  a 50-100 MWe d e m o n s t r a t i o n  plant p r e c e d e s  

the ' cons t ruc t ion  and opera t ion  of the  f i r s t  c o m m e r c i a l  plant. T h i s  

m e a n s  that  it h a s  been  a s s u m e d  that  a l l  tooling cos ts ,  as wel l  a s  

o t h e r  m a j o r  n o n r e c u r r i n g  cos t s ,  wil l  be borne  by the  d e m o n s t r a t i o n  

plant. 



F i r s t  Commerc i a l  P lan t  A T P  on Ju ly  1, 1986 

Assuming  that  the  demonstra t ion plant m e e t s  i t s  objectives of 

es tabl ishing economic viability through a t  l e a s t  1 -year  on-line 

operation,  the  placement bf the f i r s t  commerc i a l  plant o rde r ,  

hence ATP, i s  a s sumed  a s  Ju ly  1, 1986. 

Cur ren t  MDAC T e a m  Will P e r f o r m  the Ent i re  Commerc ia l  Plant  

Construct ion 

It ha s  been a s s u m e d  f o r  th i s  es t imate  that  the  commerc i a l  plant 

will be designed, fabricated,  and constructed by the. cu r r en t  MDAC 

team,  with e a c h  cont rac tor  being responsible  fo r  the s a m e  e lements  

a s  they  a r e  fo r  the pilot plant. 

Conlt~ae r c i a l  P lan t  Cont ruc t io i~  Per iod  
I (  

Construct ion period encompasses .  the t ime  f r o m  A T P  through com-  

pletion of in tcgratcd oyotcm chcclcout, up to Init ial  Operational 

Capability. Th i s  period i s  5-  112 yea r s  fo r  the f i r s t  commerc i a l  

plant and 5 y e a r s  fo r  the  Nth commerc i a l  plant. The t ime  difference 

i s  a t t r ibutable  to  di f ferences  in production and installat ion r a t e s  fo r  

the co l lec tor  subsystem.  

Sola r  lJlant Commonali ty 

F o r  the  Nth piant, no s i t e  specific designs  have been assumed.  

No Hardware  Development 

The c o m m e r c i a l  plant schedule does  not include hardware  develop- 

ment.  F o r  the f i r s t  commerc i a l  plant, a l l  hardware  development 

has  been  a s sumed  to  be incorporated dur ing o r  a s  a r e su l t  of the 

demons t ra t ion  plant program.  Considering the Nth plant, any cos t s  

a t t r ibutable  t o  product i.mprovements have heen a s s ~ i m e d  to he horne 

by MDAC. 
.. . , 

No Off-Site Hardware Qualification T e s t s  

All off-si te hardware  qualification t e s t s  a r e  assumed to have been 

accomplished i n  the demonstra t ion plant program.  Other  hardware  

qualification t e s t s  have been assumed to take place a t  the s i te  during 

the ini t ia l  plant s t a r tup  period p r io r  to Init ial  Operating Capability 



date. The  exception to  the above is the  off-line qualification of the  

m a s t e r  control  s y s t e m  using the  s a m e  approach a s  used f o r  the 

pilot plant. 

8 . Commerc i a l  Plant  Si tes  -. Barstow, California 

The  Sandia ins t ruct ions  for  the  cos t  es t imat ing include a di rect ive  

to a s s u m e  the Barstow, CA, a s  the region for  the commerc i a l  plant 

s i t es .  MDAC has  fur ther  a s sumed  fo r  the Nth plant that  t he re  will 

be a concentration of so l a r  plants within a rad ius  of 2 5  mi l e s  of 

B a r  stow. 

a No Land and Right Cost  Included 

By inference f r o m  the Sandia supplied Cost Breakdown Structure,  

i t  has  been a s sumed  that  the r a w  land requi red  fo r  si t ing the com-  

m e r c i a l  plant(s)  will be made available by the utility a t  no cos t  to 

the program.  By the s a m e  inference the MDAC cos t  e s t ima te  does 

not include an  allocation fo r  acquir ing ri'ghts-of-way fo r  ca r ry ing  

e l ec t r i c  power f r o m  the commerc i a l  plant(s)  to  the uti l i ty grid. 

8 Water  Available a t  S i te ( s )  

The  p rog ram cost  e s t ima te s  a r e  based upon'the p r e m i s e  that  no 

cos t s  will be incur red  for  providing o r  t ranspdr t ing  wa te r  t o  the 

si te.  

a E lec t r i c  Power  Substation Costs  Included 

The  commerc i a l  cos t s  e s t ima te s  a r e  based upon the  assumpt ion  

that  the so l a r  plant will p r o v i d e a l l  the hardware  to c a r r y  t h e  power 

through the  high s ide  of the ma in  t r a n s f o r m e r  to  the  dis t r ibut ion 

grid. Beyond that, no network integrat ion cos t s  a r e  assumed.  ' ' 

8 Collector  Subassemblies  for  the F i r s t  Commerc i a l  P lan t  Will B e '  

Fabr ica ted  i n  Southern California With F ina l  Assembly  On Site 

The  cost  es t imat ing for  the f i r s t  co inmerc ia l  plant a s s u m e s  that  

all of the collector.  manufacturing operations,  o ther  than procured 

components indicated i n  the  make  -or  -buy plan, will be accomplished 

a t  exist ing facil i t ies in  the Southern California a r e a  followed by 

shipment  of the subassembl ies  t o  the Bars tow site.  F ina l  a s sembly  

would take place i n  a building provided by MDAC there .  Finished 



a s s e m b l i e s  would then  be t ranspor ted  to  the field for  installation. 

F ina l  a s s e m b l y  of t he  m a j o r  e lec t ron ic  equipment will a l s o  be 

accor~lplial-ied in the  Southorn California a yea, with additional gn-s i te  

effor t ,  a s  required,  p r io r  to field installat ion and checkout. 

Col lector  Subassembl ies  f o r  the Nth ~ o m m e r c i a l  Plant Will Be 

~ a b r i c a t e d  i n  a Separa te  Product ion Fac i l i ty  i n  Proximi ty  to  the 

Concentration of So la r  P lan ts  

Cost  e s t i m a t e s  fo r  the  Nth commerc i a l  plant a s s u m e s  that  a l l  col-  

l e c to r  manufactur ing operat ions  will be accomplished a t  a dedicated 

facil i ty n e a r  the  concentration of so l a r  plants i n  the Bars tow a rea .  

F ina l  a s s e m b l y ,  s i m i l a r . t o  that  a s sumed  for  the pilot and f i r s t  

c o m m e r c i a l  plants, would take place i n  a building provided by MDAC 

a t  the  si te.  F in i shed  a s sembl i e s  would then be t ranspor ted  t o  the 

. field f o r  instal lat ion.  Costs  fo r  th is  s epa ra t e  - dedicated facil i ty 

a r e  not included in Lhis es t ima te  and a ~ e u m e d  t o  be borne hy MTJAC. 

Based on  a s a l e s  ana lys i s  of an a s sumed  MDAC port ion heliostat  

marke t ,  the s epa ra t e  production facil i ty was sized to accommodate  

a s teady  s t a t e  heliostat  r a t e  volume that  cor responds  to  60, 000 

h e l i ~ a t a t s / ~ c a r  (approximately  t h r e e  100 -MWe plants)  which o c c u r s  

6 y e a r s  a f t e r  placement of the f i r e t  commerc i a l  p l a ~ ~ t  urrle'r. Ao 

production approaches  this  s teady s t a t e  rate,  decis ion t o  build a 

second plant a n d / o r  incorpora te  ver t i ca l  integration (collocation of 

gener ic  ma te r i a lp roduc t ion )  mus t  be made.  Th i s  Nth plant cost  

e s t ima te  does  not a s s u m e  ver t ica l  integration. 

Rece iver  Pane l s  Assembled a t  Canoga Park ,  F ina l  Rece iver  

Assembly  on  Site 

S imi l a r  to  pilot plant, a l l  r ece ive r  pane1,and manifold production i s  

planned to  take place a t  the Rocketdyne fat-ility i n  Canoga Pa rk .  . 

Subassemblies  will then be shipped to the commerc i a l  plant s i t e  fo r  

final a s s e m b l y  and checkout a t  the top of tower.  

MDAC T e a m  Will Prov ide  Plant 'Star tup Support and operaticins and 
. . 

Maintenance Support After  S ta r tup  

F o r  the  purposes  of th is  cos t  e s t ima te  i t  i s  assumed tha t  MDAC will  

be  responsible  fo r  the  integrated s y s t e m  checkout, a 6-month period, 



p r i o r  to  plant Ini t ial  Opera t ing  Capability. MDAC has  included in 

t h i s  c o s t  e s t i m a t e  c o m m e r c i a l  plant opera t ions  and main tenance  

ac t iv i t ies ,  although it is rea l i zed  that  i n  p rac t i ce  t h i s  wil l  be the 

responsibi l i ty  of the utility. 

C o m m e r c i a l  B u s i n e s s  P r a c t i c e s  

I t  has  been a s s u m e d  f o r  th i s  c o s t  e s t i m a t e  tha t  the  c o n t r a c t o r  wil l  

i n t e r f a c e  d i r e c t l y  wi th  t h e  u t i l i t ies  and hence not i n c u r  c o s t s  involved 

with b u s i n e s s  p r a c t i c e s  assoc ia ted  with the United S ta tes  Government.  

2 . 3  COSTING APPROACH 

T h e  c o s t s  p resen ted  i n  t h i s  r e p o r t  r e f l ec t  a b e s t  e s t i m a t e  viewpoint 

which MDAC bel ieves  i s  i n  the  s p i r i t  of the ERDA's  intention t o  gain  refined 

ins ight  about potential pilot and c o m m e r c i a l  plant funding r e q u i r e m e n t s .  

T h i s  is ref lec ted  in  the  m a n n e r  of es t imat ing,  the  amount  of o v e r a l l  cont in-  

gency applied, the c o s t  reduct ion c u r v e s  employed,  the  l e v e l  of manufac tu r ing  

support ,  productivi ty improvement ,  and i n  o t h e r  a r e a s .  Also, although i t  i s  

diff icult  t o  p red ic t  des ign growth, t h e r e  is jus t  as much  chance  f o r  eventual  

d e s i g n  reduct ion a s  c o s t  ef fec t iveness  s tud ies  a r e  continued. F u r t h e r ,  c o s t -  

ing confidence has  been  enhanced by the  t e a m  a p p r o a c h  whe,re .both Rocketdyne 

and Stearns-R.oger  w e r e  funded to  a s s i s t  in the  e x e r c i s e ,  and by . the  l eve l  of 

de ta i l  tha t  was  approached i n  de r iv ing  cos t s .  

2. 3. 1 Costing Methodology 

Genera l ly ,  c o s t s  w e r e  de r ived  by  b reak ing  down the CBS t o  tha t  level  

w h e r e  commonal i ty  e x i s t s  be tween requ i red  m a t e r i a l s ,  p a r t s  o r  t a s k s  and 

known quanti t ies .  Thus,  i t  h a s  been  poss ib le  t o  employ exper ienced  e s t i m a -  

t o r s  i n  de te rmin ing  fabricat ion,  a s s e m b l y  and ins ta l la t ion  hours,  and t o  

obta in  vendor quotes  f o r  s ignif icant  m a t e r i a l s  and pa r t s .  Nonrecur r ing  c o s t s  

w e r e  d e t e r m i n e d  by a s s e s s i n g  functional  engineer ing and manufactur ing plan- 

ning t a sks ,  specif ical ly,  identifying tooling and fac i l i ty  r e q u i r e m e n t s ,  and by 

reducing t e s t  h a r d w a r e  needs  t o  equivalent  units.  

O p e r a t i o n s  and main tenance  c o s t s  a r e  based  on a p r e l i m i n a r y  fa i lu re  

r a t e  a n a l y s i s  which a l s o  s e r v e d  a s  a b a s i s  f o r  s p a r e s  philosophy. The  F M E A s  

w e r e  used t o  estimate r e p a i r  and  rep lacement  r e q u i r e m e n t s  and manhours .  



Also, heliostat  cleaning equipment, faci l i t ies  and t imel ines  were  studied in 

evaluation of cleaning costa. The  manhoure and equipment for each  subsys-  

t e m  were  integrated i n  a r r iv ing  a t , a  total  O k M  s ta f f  which could bc priced. 

However, technical  support  of operat ions  a s  well a s  sys t ems  management 

a r e  es t imated a s  a l eve l  of effort. 

Common construct ion i t ems ,  "balance of plant" spares ,  contingency, 

and fee a r e  es t imated  using common factors .  In the ca se  of construction 

i tems,  c u r r e n t  indus t ry  s t anda rds  have been applied. 

2 .  3 . 2  Funding Methodology 

Funding values  were d ~ t e r m i n e d  by diotributilrg pruJected cast separately  

fo r  l aba r  and m a t e r i a l s  by m a j o r  act ivi t ies  within the subsystem level (e. g., 

turbine plant, co l lec tor  equipment, r ece ive r )  over  the scheduled period f o r  
a e a c h  phase --D&D, investment,  and sys t ems  t e s t  operations,  according t o  

s tandard  funding curves .  In  addition, for  Pi lot  Plant, so l a r  equipment has  

been  funded a t  the  lowest CBS level. The curves ,  known a s  Beta distributions, 

a l low the sp read  t o  be  skewed, and D&D cos t s  generally have been ~krtjsrcd 

such  that  60% of the cos t  i s  expended p r io r  t o  schedule midpoint. F o r  the 

m o s t  part ,  investment  ma te r i a l  has been trea.feT! a 6 a nsrmal. diotributioii, 

and the l abo r  o n  a. 40% curve. Lcvel  of effort  CBS Stems have been f1a.t 

loaded. F o r  commit ted  funding, ma te r i a l s  have been generally loaded on a 

65% curve,  except  that  special  i t ems  (e.  g., turbine generator)  have been 

loaded on a 80% curve.  Also, the col lectors  were  loaded according to 

s tandard,  MDAC commit ted funding budgeting procedures ,  

2 .  3 .  3 Cost  Breakdown St ruc ture  (CBS) 

Table  2 - 2  shows a s u m m a r y  of CBS that  was followed in deriving costs. 

The  CBS follows that  requested with no exceptions, ' a s  MDAC understands 
l r 

the  content of each  category.  Where  no ~ 0 8 l t l  are shown against a CBS, i t  

is because the c o s t s  a r e  covered elsewhere,  the category does not apply, o r  
4 t ' 

the cos t  is so  s m a l l  that  i t  ha's rounded to  zero.  



. Table  2-2 .  CBS Overview 

CBS Number . . , Cost element 

Land and Rights 

Yard Work 

Buildings 

Sola r  Plant  Equipment 

Collector Equipment 

Rece iver  and Tower  Sys tem 

Rece iver  Unit 

S team Genera tor  (if in loop) 

~ i s e r / ~ o w n c o m e r  

Tower,  Pla t form,  Foundation and Site Prep.  

Design Cost 

T h e r m a l  Storage Equipment 

T h e r m a l  Storage Media 

Turb ine  Plant  Equipment 

E l ec t r i c  P lan t  Equipment 

Plant  Mas t e r  Control 

Miscellaneous Plant  Equipment 

T ransmis s ion  .Plant ( T r a n s f o r m e r  f o r  Commerc ia l )  

Quality Assurance  (Special  T rea tmen t )  

Distributable s 

Contractor  Fie ld  Office Pe r sonne l  and Supplies 

Other  Construction I t ems  

I l ~ d i r e c t u  (A &E, Construction Management, 
So la r  Integration Control)  

Contingency 

Escalat ion (exclude) 

~ n t e r i s t  During Construction,  (exclude) 

2 -Year T e s t  P r o g r a m  

Operatione and ,Ma.i ntenance 

T e s t  P r o g r a m  Technical  Support 

Spa re s  - -  beyond s t a r tup  s p a r e s  



2.4  SUMMARY 

Total  pilot plant l i f e  cycle  cost  through 2-year  t e s t  operat ions  i s  $75.4 

mil l ion with peak funding of $42*mill ion i n  1979. F i r s t  Commerc ia l  cos t s  

have been e s t ima ted  a t  $222 mill ion with a n  eventual potential of $14001 

kilowatt. T h e  p rog rammat i c s  have been defined to  identify the  m a j o r  f ea tu re s  

and thus  provide addit ional background f o r  use  in  formulating the pilot plant 

cos t  es t imates .  The m a j o r  p rogrammat ic  assumptions  a r e  consis tent  with 

ERDAISandia plans, including that  the  pilot plant will be located adjacent t o  

a n  exist ing Daggett facility. Costs  w e r e  der ived in  a bes t  e s t ima te  manner  

by MDAC, Rocketdyne and S tearns -Roger  using a semi-de ta i l  pricing s tyle  

approach,  generally,  and a deta i l  approach  f o r  col lectors .  The  following 

sec t ion  provides fu r the r  deta i l  on pilot plant p rogrammat ics .  



. , . .  Section 3 

PROGRAMMATICS . ' 

. , The major program characteristics that have been defined and used in 

,determining the pilot plant and commercial plant cost e'stimates a r e  pre-  

sented and briefly described in this section of the documentation. The 

programmatics for the pilot plant include the definition of the overall  pilot 

plant program requirements, a summary of the major features of each sub- 

system, the major, program milestones, program schedule activities, the 

manufacturing approach, tes t  program definition, and identification of major 

program support requirements. Similar data for  the commercial plant a r e  

presented with major emphasis on commercial plant-pilot plant differences. 

3 .1  PILOT PLANT PROGRAM 

The major goals of the Phase 2 pilot plant program a re  to 'demonstrate 

the technical feasibility and to obtain economic data on a central receiver 

solar power plant system. The primary goal will be the technical proof-of- 

principle, although there will also be a great  deal of interest in deriving 

f i r s t  indications of the operating economics of a solar thermal power plant. 

The ttmission't  of the pilot plant program will be to accomplish these goals 

during the f i rs t  2 years of operational life, followed by the generation of 

electric power on a " b u s i n e s s - a s - u s ~ a l ~ ~  basis by a..utility for  the remainder 

of a 30-year plant life, including maintenance. 

The basic performance requirements for the pilot plant a s  stated in the 

Systems Requirements Specification a r e  a s  follows: 

"The pilot plant ahall be sized to deliver 10 MW net busbar electricity 

a t  2 PM local sun-time on a clear day a t  winter solstice. The pilot 

plant shall be sized to allow for a l l  system energy 10s ses,  including 

a11 therii-1 shragt: sulsyytern energy losses,  ahd still  deliver a t  

least 7MWe net busbar power for a period of three hours while 

operating solely f rom the storage subsystem. 

3,  1. 1 Pilot Plant System - .- Features 

The total system operates with water /steam a s  the working fluid, and i s  

sized to generate a 10 MW net electrical power to the busbar on winter solstice 



a t  2 PM, a s  indicated previously. The power generation capability when 

operating off of thermal storage is  also indicated. As a result of the power 

generation sizing requirement, the land area  required is  approximately 

90 ac res .  The collector field will require approximately 72 ac res  with the 

centra l  exclusion a r ea  occupying an additional 2.8 acres ,  and another 

5.2 ac re s  for roads, cooling tower, switch yard, etc. An evaporation pond 

will require another 10 ac res .  As was pointed out in the programmatic 

assumptions and guidelines, the raw land is  assumed to be available to the 

program a t  no cost, but land improvement associated with the grading, 

clearing, etc, will be required on the 90-acre parcel. 

3. 1. 1. 1 Collector Subsystem. The colleciur subsystem i s  comprised of a 

geometric a r r ay  of heliostats, which a r e  electronically controlled to continu- 

ously reflect direct  solar insolation onto an elevated receiver during sunlight 

hours. The heliostat design incorporates a reflective surface mounted on a 

tracking support, which positions the reflected beam to a specified accuracy 

under a range of environmental conditions. The collector subsystem performs 

additional operational functions such a s  steering to specified positions for 

survival, maintenance, and acquisition of the sun. Specific features of the 

collector subsystem affecting the cost estimates a r e  a s  follows: 

1,760 h o l i o ~ t a t ~  

74 field controllers 

Second-surface mi r rors  

Elevation-azimuth drive system 

Separate beam sensor and pedestal 

The 1,760 heliostats a r e  pedestal- supported on foundations in the 

cvllector field. ' 

Each field controller i s  used to control 24 heliostats. The .field 

. controllers receive command positions from the master control, and.they 'in' 
. . I . .  ' 

i turn  provide closed-loop feedback motor drive commands to control the 

heliostats for positioning and tracking. 
1 .  
! 



Each ref lector  panel i s  a f lat  s t ruc tu ra l  sandwich. The front face  i s  a . . 
118-in. second su r f ace  m i r r o r ,  and the back face i s  a 0.022-in. galvanized 

s t ee l  sheet.  The faces  a r e  adhesively bonded to a 2-in. core ,  made f r o m  . 
rigid extruded polystyrene foam (styrofoam). Each  of the s i x  panels 

measu res  85 x 114 in. The panel edge i s  sealed by a polyurethane 

weather s e a l  compound. 

The dr ive  unit consis ts  of azimuth and elevation dr ive  mechanisms.  

These  dr ive  mechanisms a r e  composed of motors ,  d r ive  t r a in s ,  position 

feedback t ransducers ,  ref lector  support  bearings,  and s t ruc tu ra l  housings. 

The azimuth and elevation dr ive t r a in s  a r e  schematically identical  and each 

i s  essent ia l ly  a motor with two s tages  of reduction. 

The support  s t ruc tu re  consis ts  of a main  torque tube attached to the  

dr ive  sys t em and four channel c r o s s  beams.  Each  pair  of c r o s s  beams 
. & 

supports a group of t h ree  ref lector  panels. Two dr ive  a t tachment  fittings ' 

a r e  machined on the sur faces  which mate  the dr ive  unit and a r e  welded to 

the torque tube. 

A tracking senso r  mounted on a s epa ra t e  pedestal  i s  used with each  

individual heliostat  for the purpose of fine-tracking, control  of ,the reflected 

beam direct ion toward the rece iver .  I t  i s  mounted on a pedestal  a t  the s ide  

of the  heliostat nea re s t  the rece iver  so that  it rece ives  the reflected beam 

f r o m  some p a r t  of the m i r r o r .  Its axis  i s  oriented to i n t e r sec t  the  a i m  

point on the rece iver .  

All  of the power and data cabling between the collector field and the 

power house i s  assumed to have aluminum shielding, and will be installed 

by d i r ec t  bur ia l  in  the ground, shar ing common t renches a s  appropria te .  

3. 1. 1. 2 .  Mas te r  Control .  The m a s t e r  control  for the pilot plant cons is t s  of 

the control  and display hardware and the associated software neces sa ry  for  

the overal l  control  and integration of the plant. This overal l  control  includes 

only those functions involved in startup,  operating mode changes, system 

status determination,  shutdown, and emergency safing.  Mas te r  control  



allows for three  basic  operating modes - Automatic, manual,  and a combina- 

tion mode using manual control supported by computer monitoring and alarm. 

In the automatic mode the pilot plant system i s  under the control of applica- 

tion software in  the cent ra l  computer. The operator  i s  with the 

capability to monitor the s tatus  of the pilot plant an3 intervene in the execu- 

tion of the application software. In the manual mode, the operator  has the 

ability to control the sys tem by overriding the application software via dis-  

c r e t e  hardware controls and displays'. 

In  addition to the basic operating modes, the mas te r  control computing 

capability will be used in  a' support role  to process  maintenance data, predict 

plant performance, proces s and compile data for reporting plant operations,  

compile and aksemble application software and assemble  sys tem software. 

3. 1. 1. 3 Receiver ~ u b s , ~ s t e m .  The rece iver  subsystem c o n s i s t s  of the  

rece iver  unit, the r iser /downcomer assembly, the tower, and the supporting 

control and instrumentation equipment. The functional requirement  of the 

rece iver  subsystem i s  to intercept  the reflected solar energy from the 

collector field, and to t ranspor t  the energy in the form of s team to the 

turbine generator  o r  thermal  s torage subsystem for real-time. o r  deferred-  

power generation. The rece iver  subsystem a lso  transports conditioned 

feedwater to the top of the tower to sustain the contin~.ious operation of the 

subsystem. The ma jo r  features  defined for  the rece iver  s~ibsys tem a r e  a s  

follows: 

24-panel external  rece iver  assembly  using Incoloy 800 

213-ft free-standing s t ee l  tower 

Single r i s e r ,  4-in. diameter ,  low carbon s tee l  

Single downcomer. 6-in. diameter ,  low chrome-moly s t ee l  

The rece iver  unit is comprised of the 'following subas sembles --panels, 

flow control,  instrumentation and control, and s tructure.  The panel sub- 

assembly  includes the tubes,  insulation, thermal  expansion provisions, 

backup s t ruc ture ,  and manifolds. The panels a r e  required to receive water  

f r o m  the flow distribution sys tem a t  a design inlet  p r e s s u r e  and tempera ture  

of 13.8 M N / ~ ~  (2,000 psia)  and 2 1 1°C (41 1°F), respectively; and to convert the 



water to s t e a m  a t  a design outlet  p r e s s u r e  and tempera ture  of 10.4 MN/m 
2 

(1 ,5  15 ps i a )  and 349°C (660°F) o r  5 16 OC (960°F),  respectively,  depending 

upon whether the rece iver  i s  putting out derated o r  ra ted s team.  The panels 

mus t  abso rb  the incident radiation a t  a maximum flux of 0 .3  MN/m 2 

2 (0. 18 Btu/in - s e c )  efficiently and protect  the s t ruc tu re  and components 

within the cylinder defined by the 24 panels.  Each  of the  24-panel a s sembl i e s  

contains Incoloy 800 tubing with a 12. 5 (0. 5 in)  OD, and a 6 .8  m m  (0.259 in)  

ID. Each of the panels contains 70 tubes,  which a r e  welded together ove r  

the ent i re  length of the panel assembly.  

The s t ruc tu ra l  s t ee l  tower used in  the pilot plant r ece ive r  design has a 

height of 65 m (2 13 f t )  to the rece iver  support .  It i s  compr ised  of . square  

c ross -sec t ion ,  K-braced f r a m e s  which a r e  supported on a squa re  concrete  

footing. The width of the tower a t  the top i s  4 .6  m (15 f t )  while the base 

dimension i s  12.2 m (40 ft). The square  concrete  foundation i s  compr ised  

of a 0. 61 m (2 f t )  thick mat  which i s  15.24 m (50 f t )  on  a s ide and located 

3. 9 m (13 f t )  below finished grade.  Concrete walls and pedestal  extend 

5.48 m (18 f t )  upward f r o m  the foundation to meet  the s t ee l  s t ruc tu re  a t  a n  

elevation 1. 52 m (5 f t )  above t h e  grade.  

The r i s e r  design for  the pilot plant cons is t s  of a nominal 10. 16 c m  (4 in)  

d i ame te r  pipe with anomina l  wall thickness of 1.35 c m  (0.531 in),  .made of 

ASTM A106B carbon  s teel .  It i s  designed for  a maximum allowable working 

p r e s s u r e  (ANSI B31. 1) of 19.9 M N / ~ ~  (2,890 ps i a )  a t  232°C (450°F) and a 

flow r a t e  of 16.5 Kg/sec (130,500 lbs /hr ) .  

The downcomer design for  the  pilot plant consis ts  of a nominal 14.70-cm 

(6-in) d iameter  pipe with a nominal wall thickness of 1.82 c m  (0.7 18 in),  

made of ASTM ~ 3 3 5  P22 2-1/4 C r  - 1 Mo alloy. I t  i s  designed for  a working 

p r e s s u r e  (ANSI B31. 1) of 11.8 M N / ~ '  (1.7 15 psia) at 538°C: (1 ,000"F)  and 

a flow ra t e  of 16.5 kg/sec (130,500 lb/hr) .  , 
. ,  , 

3.1.1.4 Thermal  Storage Subsystem. The the rma l  s torage subsystem 

"buffers" the e lec t r ic  power generation subsystem f rom shor t - t e rm variations 



i n - so l a r  insolation and extends the  sys t em ' s  generating capacity into per iods  

with low o r  no insolation. The m a j o r  f ea tu re s  of the  t h e r m a l  s torage  sub- 

sys tem definition used f o r  the pilot plant cos t  es t imate  a r e  a s  follows: 

a Dual medium (Calor ia  HT 43 + grani te)  

a Single t h e r m a l  s torage  unit 

Two identical U-tube condensing heat exchangers  ( t he rma l  s torage  

hea t e r s )  in para l le l  

e Two s t e a m  genera tor  modules  i n  para l le l  

g 103.8 MWHth capacity 

The t h e r m a l  s to rage  subsys t em for  the 10 MWe pilot plant employs 

sensible  heat s to rage  using dual  liquid and solid media for  the heat s to rage  

i n  a single tank; that  i s ,  s t o rage  unit, with the thermocl ine principle applied 

to provide high-temperature ,  extractable  energy independent of the to ta l  

energy  s tored.  The subsys t em has  t h r e e  major  par t s -  (1) the c e n t r a l  

t h e r m a l  s to rage  unit, mentioned previously;  (2)  the t he rma l  charging loop; 

and (3) the  heat ex t rac t ion  loop. 

The  t h e r m a l  s to rage  unit includes a cyl indr ical  tank, with ver t ica l  ax is ,  

ins ta l led above ground. The  tank i s  15.25-m (50.0-ft) in  d iametcr  by 

13 .4-m (44.0-ft)  high, with a volume of 2,450 m3  (86,400 ft3)* 646,000 gal. ' 

The tank contains 4 .53  x l o6  kg (4,990 ton) of crushed grani te  rock  and 

c o a r s e  s i l i ca  sand (approximately 2:l rock: sand by volume) and 525,000 l i t e r s  

(139,000 ga l )  of Calor ia  HT 43 hea t  t r a n s f e r  fluid. The fluid t empera tu re  

r ange  i.s f r o m  218 to  302°C (425 to 595°F) .  The tank i s  fabricated of 

ASTM A537 - 70  Grade  B s t ruc tu ra l  s t e e l  by field-welded construction. 

Fluid maintenance fo r  the t h e r m a l  s torage  unit i s  accomplished by 

f i l t ra t ion to remove  suspended solids,  distillation of a s ide  s t r e a m  to remove 

high boiling compounds, and addition of f r e s h  makeup fluid to rep lace  the 
. . . , 

m a t e r i a l  removed. 



Ullage maintenance for  the t he rma l  s torage  unit i s  accomplished by using 
2 compressed  nitrhgkn gas  s tored a t  1.20 MN/m (175 psig). The ullage . .  

maintenance unit provides tank p r e s s u r e  control ,  venting, i n e r t  gas  (nitrogen) 

control ,  and volatile vapor recovery  and control. 

Two the rma l  s torage  hea te rs  a r e  used. Each  i s  a U-tube, baffled counter-  
2 

flow heat exchanger,  with a two-pass she l l  and 464 m (5,000 ft2) total heat 

t r ans fe r  a r e a .  The design uses carbon s t ee l  for  the shell ,  tubes,  and tube 

sheet. 

Two s t e a m  genera tors  in  para l le l  a r e  used for  the  pilot plant TSS design. 

These  a r e  th ree-s tage  ( s e r i e s )  modules each  with separa te  feedwater p re -  

heater ,  boiler,  and superheHter,  with 196 m2 (5,000 ft2) tota l  heat  t r ans fe r  

a r e a  pe r  changer.  The design uses  carbon  s t ee l  for the shell ,  tubes,  and 

tube sheet.  

3. 1. 1. 5 Elec t r ic  Power Generation Subsystem. The baseline e l ec t r i c  power 

generation subsys tem selected for  the pilot plant cons is t s  of a nominal 

12.5 MWe (g ros s )  single automatic admiss ion  tandem compound single-flow 

turbine-generator  using a she l l  and tube water-cooled condenser  for  heat 

rejection.  The subsys tem will produce 11.2 MWe g ross ,  10 MWe net  

e lec t r ic  power a t  the winter solst ice,  2 P M  design point, and will produce 

, 12.5 MWe g ross ,  11. 1 MWe net  a t  the s u m m e r  sols t ice ,  12 P M  condition. 

Additionally, the subsys tem will produce 7.8 MWe groso,  7 M W e  net  

e lec t r ic  power while operating solely f r o m  t h e r m a l  s torage.  Al l  of the  power 

will be produced a t  a n  output voltage of 13,800 and a nominal output frequency 

of 60 Hz. 

The turbine is a single automatic emiss ion  tandem compound single-flow . . 

non-reheat,  condensing machine using four-point.extraction fo r  two high- 

p r e s s u r e  feedwater heaters ,  a deaera tor  heater ,  and a low-pressure  feed- 

water  heater .  Inlet s t e a m  conditions while operating off the r ece ive r  a r e  

10. 1 MPa (1,465 psia),  5 10°C ( 9 5 0 ° ~ ) ,  and while operating off t h e r m a l  

s torage  they a r e  2.65 MPa (385 psia) ,  275 "C (525°F). Approximate throt t le  



flows a r e  14.7 kg / sec  (116,500 lb /h r )  at 2.5 i n  Hg absolute for the  s u m m e r  

noon condition, and 12. 9 kg /sec  (102,400 lb /h r )  a t  2 .5  i n  Hg absolute  for  the 

2 PM, winter  so l s t ice  design point. Nominal design exhaust  conditions f o r  

the  turbine a r e  8 .46 KPa  (2.5 i n  Hg absolute)  and 42.8"C (109°F). Nominal 

shaf t  speed fo r  the  turbine-generator  is 3,600 rpm.  

The  genera tor  chosen for  the pilot plant design r equ i r e s  a ra ted  power 

output capabil i ty of 12.5 MWe, based upon a KVA rating of 16,000 and a n  

0.85 power factor .  The' genera tor  is a i r -cooled,  uses  o i l  with pump c i r cu -  
, , 

lat ion fo r  bearing lubrication,  and fea tures  a s ta t ic  excitation sys tem.  

The  pilot  plant condenser  design chosen i s  a s hell-and-tube, two-pass 

wa te r  -cooled configuration. The  cooling sur faces  are 90- 10 copper  -nickel  

tubes.  Cooling water  flow requi red  i s  0.725 m 3 / s  (11,500 gpm). The con- 

densing p r e s s u r e  a t  which the hardware  i s  designed to opera te  i s  8.46 KPa  

(2.5 i n  Hg absolute).  Condensing t empera tu re  i s  42.8"C (109°F). The 

des ign  water  t empera tu re  chosen for  the condenser  was 29.4"C (85°F)  inle t  

and 38.2 "C (100.7 O F )  outlet. The design heat re ject ion capabil i ty of the  
6 water-cooled condenser  i s  90 x10 Btu/hr  when operating at the  8 .46 KPa  

(2.5 i n  Hg absolute)  condensing p r e s s u r e ,  and while producing 12.5 MWe 

g r o s s  e l ec t r i c  power. A i r  r emova l  i s  accomplished with a mechanical  

vacuum pump. 

. The feedwater  hea t e r s  cons is t  of one low-pressure  hea te r  using s ta in less  

s t e e l  tubes  and a carbon  s t e e l  shell,  one d i r e c t  contact  deaerat ing hea te r  with 

s t a in l e s s  s t e e l  t r a y s  and vent condensing sect ions  and a carbon  steel shell .  

and two high p r e s s u r e  feedwater hea te rs  using carbon  s t e e l  tubes,  ca rbon  

she l l  and d r a i n  cooler .  

P i lo t  plant s y s t e m  heat re ject ion i s  accomplished through a two-cell ,  

mechanica l  draf t ,  c ross - f low cooling tower which is s ized to handle a heat  , 

re jec t ibn  load of 100 G J / h r  (95.0 x l o 6  Btu lhr ) ,  going through a 7.8'C 

(14. 0 ° F )  range  between 29.4"C (85 OF) and 37.2 "C (99°F).  

T h e  feedwater  t r ea tmen t  equipment design includes the use of deminera l -  

ized makeup water ,  with the s y s t e m  designed to p roces s  approximately 0. 1570 



of design s t e a m  flow during n o r m a l  operat ion and a maximum capabil i ty of 

approximately  22% of design s t e a m  flow. In-line full-capacity demine ra l i ze r s  

a r e  used, with pur i ty  levels  con t ro l le r  to 20-50 ppb dissolved sol ids ;  the  pH 

is maintained a t  9.5 tomeet  r e c e i v e r  requi rements .  T rea tmen t  chemica ls  

include ammonia  fo r  pH cont ro l  and hydrazine for  oxygen scavenging. 

The  r ece ive r  feed pumps take suction f r o m  the  e l ec t r i c  power generat ion 

subsys t em booster  pump and supply feedwater a t  a controlled p r e s s u r e  to the 

r ece ive r .  TWO full-capacity,  e l ec t r i c  motor-dr iven,  var iable-speed r ece ive r  

feed pumps have been selected to m e e t  th is  requi rement  fo r  the  pilot plant. 

The  horsepower  requi rements  range  f r o m  344 (winter so l s t i ce )  to  396 ho r se -  

power ( s u m m e r  sols t ice) .  

.3. 1.2 P r o g r a m  Milestones 

The  major  miles tones  used fo r  the  cos t  est imating effor t  a r e  shown i n  

F i g u r e  3'- 1. c o n t r a c t  go-aheads for  the  subsys t em cont rac tors ,  A&E, and 

s o l a r  subsys t em integrat ion contractor  a r e  a s sumed  to  be given by 15 Jan-  

ua ry  1978. 

Following the  on- s i t e  construct ion and equipment installat ion act ivi t ies ,  

checkout of individual subsys tems  will  t ake  place. This  type of e f for t  will  

include acceptance test ing of individual hardware  e lements  tha t  had not been 

acceptance tes ted p r io r  to a r r i v a l  o n  si te.  At  the  point i n  t i m e  where  the  , 

subsys t em testing has  been accomplished,  a major  miles tone has  been 
, . 

identified f o r  initiating checkout bf the to ta l  s y s t e m  dperat ing a s  a n  integrated 

unit i n  July  1980. 

Following 6 months of in tegrated s y s t e m  checkout, during which t i m e  

i t ems  such  a s  s t a r tup  procedures  have been developed and the to ta l  s y s t e m  

and subsys tems  have heen debugged, a ma jo r  miles tone for  initiation of a 

2-year  operat ional  t e s t  p r o g r a m  has  been identified. The  December  31, 

1980 date  r ep re sen t s  a 36-month p r o g r a m  f r o m  A T P  to ini t ia l  opera t iona l  

capability. A 2-year  operat ions  t e s t  p r o g r a m  following the development 

effort  makes  the to ta l  pilot  plant p r o g r a m  a 60-month effort .  



Figure 31. Major Pilot Plant Milestones 
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. . .  
3. 1 .3  P r o g r a m  Schedules 

The  Pilot '  Plant  P r o g r a m  Schedule Summary  i s  shown i n  F igu res  3-2 and 

3- 3. The schedule act ivi t ies  have been shaped to f i t  within the major  p rog ram 

miles tones  outlined and d iscussed  i n  Section 3. 1.2. 

The:A&E design effort ,  a s  cur ren t ly  defined, will span  a tota l  of 

20 months following cont rac t  award.  Approximately 6 months f r o m  ATP, 

the  ini t ia l  ea r th-work  a t  the  s i t e  will commence with ' the c lear ing and rough 

grading of the field; Within 2 weeks following init ial  ear th-work activit ies,  

the  assembling of t empora ry  buildings to facil i tate construction and pouring 

of foundations for  permanent  s t ruc tu re s  will commence. Installation of 

ini t ia l  uti l i t ies for  use iri construc_,&n will  a l so  be s ta r ted  a t  that  t ime.  All  

of these  act ivi t ies  a r e  c r i t i ca l  f r o m  a scheduling standpoint since they will 

pace the t iming of subsys t em final  a s sembly  and installat ion act ivi t ies  on 

the s i t e  during 1979. A s l ip  of schedule on ini t ia l  ea r th-work  and con- 

s t ruct ion act ivi t ies  wil l  cascade  into p r o g r a m  slippage tha t  will be extremely 

difficult to  make up. 

F o r  the e lec t r ic  power generation subsystem,  the pacing schedule i t e m  

will be the turbine-generator  set .  In o r d e r  to mee t  the  July 1980 ini t ia l  
' 

s y s t e m  checkout milestone,  we fee l  the procurement  act ivi t ies  will have to  

be initiated i n  January 1978. Allowing 2 months for  specification preparat ion,  

another month for  bid solicitat ion and vendor response ,  and a four th  month 

fo r  proposal  evaluation and negotiation, the purchase  o r d e r  should be placed 

i n  May 1978. The lead t ime  f r o m  placement of the purchase  o r d e r  to hard-  

ware  del ivery on  s i t e  i s  approximately 21 months, based upon 2 months for  

drawing r e l ea se  and 19 months for  hardware fabrication and assembly .  These  

t ime  spans have been derived f r o m  Stearns-Koger  pas t  exper ience and d i r e c t  

discussions between turbine manufacturers  and Stearns-Roger  on th i s  par t icu-  

lar subject. Following a January 1980 del ivery to the, s i t e ,  approximately 

5 Gonths; a r e  allowed for  hardware installation and checkout. 

The ele 'ctr ical  switchgear and auxi l iary equipment will not pose a 

schedule problem for  the program.  The rece iver  feed pump, because of the  

l a rge  s i ze  and unique requirements  (variable-speed, low flow ra t e ,  l a rge  
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developed head), has a nominal lead t ime  of 22months f r o m  receipt  of 

purchase  o r d e r  to on  s i t e  del ivery of the hardware.  As in  the c a s e  of the 

turbine-generator ,  init iation of procurement  activit ies will have to occur  

i n  January  1978 i n  o r d e r  to be able  to meet  the availability requirements  

o n  a t imely  basis .  

F o r  the r ece ive r  subsystem, completion of t h e  tower construction will 

be a pacing i t e m  i n  accomplishing"all  of the subsystem checkout activit ies 

p r io r  to July 1980. The  s t e e l  tower can be fabricated and erected i n  a total  

of 6 months, but it cannot be s tar ted until the grading has been completed 

and the tower foundations a r e  formed,  poured, and cured. 

Fabricat ion and as sembly  of the 24 panels for the rece iver  assembly  in  

15 months could be a schedule problem, depending upon the amount of elapsed 

t ime  between completion of the f i r s t  panel, including testing , and initiation 

of fabrication activit ies for  the remainder  of the panels. Additionally, the 

schedule for  installation and checkout of the receiver  on top of the tower i s  

c r i t ica l .  A delay in  completion of these activit ies will delay the init ial  

s y s t e m  checkout effort  a l so ,  since the rece iver  i s  required in  o r d e r  to 

genera te  s t eam for  checkout and shake -down operations for other  sys t em 

elements .  

At present  the re  a r e  no schedule problems envisioned for  the the rma l  

s to rage  subsystem, because a l l  of the &chased pa r t s  that have been defined 

have reasonable lead t imes ,  and on-si te  construct ion/ i~stal lat ion activit ies 

should be completed without difficulty. 

The schedule for  m a s t e r  control shows condiderable overlap of hardware/  

software design, fabrication, and sys t em integration activit ies pr ior  to 

removal  of the mas ter .cont ro1  unit f r o m  the System Integration Laboratory a t  
* .  

Huntington Beach for  shipment and installation a t  the field-site during March 

1980. This schedule must  be maintairied to meet  the ~ b l ~  1980 s t a r t  date for  

initiating the integrated s y s t e m  tes t s .  

The collector subsys tem schedule shown has been constrained to a four 

month engineering design effort. This has  been done to provide ear ly  r e l ease  



of the production drawings and timely production o'f heliostats to avoid 

excessive production ra tes  and still make a l l  of the hardware on a schedule 

which will allow on-site installation and checkout of the ent i re  collector 

field prior  to the July 1980 s t a r t  of integrated sys tem tes'ting. 

3. 1.4 Manufacturing Considerations 

The collector subsystem manufacturing approach has the la rges t  

ramifications to program cost  because of the quantity and ra te  of production 

required. The assumptions used for doing the cost  estimating consider that 

a l l  of the glass  bonding, metal forming and machining operations to fabricate 

heliostat subassemblies a r e  performed a t  MDAC Huntington Beach. These 

subassemblies, such a s  pedestals, reflector panels, and beam sensor poles, 

would then be shipped to the pilot plant s i te  for final assembly and installation. 

All absorber  panels of the receiver  subsystems will be fabricated a t  the 

Rocketdyne Canoga P a r k  facility and then shipped to the pilot plant s i te  for 4 

receiver  unit final assembly and integration with the tower. All other  piping 

and related components will be delivered directly to the field-site for 

ins tallation. 

The elements of the thermal  s torage subsystem and the balance of plant 

hardware will be a combination of purchased units which a r e  installed on 

s i te  and other  elements, such a s  the thermal  s torage unit tank, which a r e  

fabricated on  site;  therefore,  no off-site manufacturing requirements,  such 

a s  special  tooling, have been included, except a s  reflected in the prices of 

the purchased units. 

3. 1.5 'Test P r o g r a m  Definition 

The pilot plant t e s t  program objectives a r e  listed in Table 3- 1. 

There will be minimal hardware development testing during the pilot 

plant program. The principal activities will be connected with software 

development for  master  control and other subsysteminterfaces. As the 

sys tem hardware is installed a t  the field site,  subsystem checkout will be 

performed to verify specification conformance prior  to the initiation of the 

integrated sys tem checkout. 



Table 3- 1. Pilot Plant Test  Program Objectives 

Overall  

a Demonstrate the,viability of the ;central receiver concept for 
generation of. electric power from solar energy 

Specific . . x 

a De,monstrate reliable operation of al l  subsystems and the total 
system 

a Verify compatibility of the energy plant with the balance of plant 
hardware 

Demonstrate computer control of central power st.a.tinn operationo 
using solar energy 

Demonstrate pilot plant operation in each of the defined operating 
n ~ o  cl t s 

a Verifythephysicalandfunctionalinterfaces betweeneachof the  : 

subs ystemrir 

a Demonstrate the adequacy of pilot plant maintenance concepts 

During the time period between 1 July and 31 December 1980, integrated 

sys tem checkout and initial plant shakedown tests  will be performed. Initial 

plant tes ts  will involve operation of the collector field, receiver, thermal 

storage, and master  control to generate s team and cherknut the recoivcr and 

thermal  storage stability and control, a s  well a s  the interface between master 

control and the three snhsyfitems. 

' 

Following successful demonstration of the thermal storage charging a.nd 

discharging modes of operation, the electrical power generating system 

(EPGS) will be operated f rom thermal storage s team to insure the proper 

operation of the feedwater heaters,  turbine, generator, and controls while 

being ptovided a constant quality and quantity nf steam. 

Following successful demonstration of the proper operation of the EPGS 

hardware, the next step will be to demonstrate the startup, steady-state 

operation, and shutdown of the EPGS while using s team generated by the 

receiver directly. The master  control interface with the collector field, 



r ece ive r ,  and EPGS will  a l so  be exerc i sed  a t  th is  t ime.  In ' a l l  c a s e s  where  

the' EPGS i s  being operated,  it i s  envisioned tha t  it is connected to the  e l ec t r i -  

cal network, such  tha t  all e l ec t r i ca l  power output will be utilized. 

The  object ives  of the  two -year  operat ional  t e s t  p rog ram,  as cu r r en t ly  

envisioned, will  be to demons t ra te  t he  technical  proof-of-concept fo r  the  

Cen t r a l  Rece iver  Solar  T h e r m a l  Power  System, to ga ther  data  o n  operat ing 

concepts and maintenance requi rements ,  and to de r ive  some  indicators  a s  to 

the  economic viability of the  concept. During th i s  per iod,  the  s y s t e m  will  

be opera ted  i n  the  r e s e a r c h  t e s t  mode for  1 yea r  and the power production 

mode fo r  1 year .  The s y s t e m  will be s ta r ted  up, operated with r ece ive r  

s t e a m  to genera te  power and charge  t h e r m a l  s torage,  and operated f r o m  

t h e r m a l  s to r age  on  a daily bas i s  throughout t he  seasons ,  with t he  output 

power being integrated into a utility network. The  2-year  t ime  period will 

a l low the s y s t e m  to be operated through two s e t s  of seasons ,  thus providing 

opportunit ies to encounter a l l  of the var ia t ions  i n  the incident flux that  would 

occu r  o v e r  the  c o u r s e  of a year ,  including pass ing clouds,  ove rcas t  days ,  

sun  showers ,  high winds, etc. C r i t i c a l  maintenance da ta  will a l so  be 

der ived.  Additionally, t h e r e  will be two indicators  on  the  quanti t ies of 

annua l  power tha t  could be der ived f r o m  a so l a r  plant of th is  s ize .  Southern 

Cal i fornia  Edison operat ing personne l  will a l so  have become sufficiently 

.familiar  with all of the  s y s t e m  and subsys t em cha rac t e r i s t i c s  during the  

2-year  test p r o g r a m  to be ab l e  to t ake  over  the  plant operat ion totally upon 

completion of the t e s t  p r o g r a m  and ope ra t e  it o n  a "business-as-usual" bas i s  

fo r  the  r ema inde r  of its plant life. 

3.1.6 P r o g r a m  Support  Requi rements  

A s  a r e s u l t  of the  ana lys i s  made  to da te  of the pilot plant test and 

operat ions  program,  a p re l imina ry  l ist ing of support  requ i rements ,  i n  t e r m s  

of ha rdware  and facil i t ies,  hao bcon defined. This l i s t  i s ,  o f  course ,  

incomplete a t  th is  s tage  of the  p r o g r a m  and p r i m a r i l y  cons i s t s  of t h n s e  items 

having a n  impac t  on  the  p r o g r a m  cos t s .  

F o r  the  col lector  subsystem,  two complete  t e s t  units plus ex t r a  ref lect ive  

sur faces ,  motors ,  and d r ives  will  be  requi red  f o r  the qualif ication and 

acceptance t e s t  p rograms .  Installat ion and checkout equipment will  include 



such i tems as handling f ixtures  and slings, workstands, leveling fixtures,  

wrenches,  vol tmeters ,  ohmmeters ,  forklift, pickup truck,. mobile cranc, 

communication s e t s ,  incl inometers ,  theodelites, mobile t e s t  set ,  and 

refector  washing equipment. 

. . I  

F o r  the r ece ive r ,  t h e r m a l  s torage,  and electr ical  power generation sub- 

sys tems,  support  hardware  will include portable t e s t  sets  associated 

installation and checkout equipment such a s  handling fixtures and slings, 

workstands, m e t e r s ,  c r a n e s ,  etc. 

A facil i ty for  m a s t e r  control  hardware and software devcloprnent, 

integrations,  and check6ut a t  IvlDAC Plu~~t ing ton  Ecach will bo required. 

3.2 COMMERCIAL PLANT PROGRAM 

The overa l l  design guidelines for the commerc ia l  plant a r e  (1) the sys tem 
r 

shal l  be centered around established water- s t eam turbine equipment and 

(2)  the s y s t e m  sha l l  de r ive  i t s  power for turbine operation exclusively f r o m  

collected so la r  energy.  These  guidelines ru le  out the design of a hybrid 

systern in which a s o l a r  r ece ive r  and a fossil-fueled boiler a r e  operatea in 
a para l le l  o r  s e r i e s - p a r a l l e l  configuration. As a resul t ,  a thermal  storage 

subsystem must  be included in  the design to  absorb L11e ~ p e ~ a t i o n a l  transients 

in available power and provide extended generating capacity duping ~ e r l o d s  

when the Sun i s  not available.  

, 

Specific per formance  requi rements  for  the MDAC commercial  sys tem 

a r e  a i  follows: 

Design Point Power Level 

F r o m  Receiver  100 MWe,Net 

F r o m  T h e r m a l  Storage 70 MWe Net 

Solar Multiple 1.7 

Hours of Storage 6 

Plant  Availability 
(Exclusive of s uns hine) 90% 

Operational Lifetime 
(With normal  maintenance) 30 years  



3.2. 1 Commerc i a l  Plant  s y s t e m  Fea tu re s  

The tota l  s y s t e m  opera tes  with w a t e r l s t e a m  a s  the  working fluid, and i s  

s ized to generate  100 MW net e lec t r ica l  power to  the busbar a s  stated ' 

previously.  The power generation capability when operat ing off of t he rma l  

s torage  i s  a l so  a s  shown above. As a r e su l t  of the power generat ion sizing 

requirement ,  the total  fenced land a r e a  requi rement  i s  approximately 

950 a c r e s .  

3.2. 1. 1 Collector Subsystem. The f ea tu re s  of the col lector  subsys tems  for 

the commerc i a l  plant a r e  the s a m e  a s  those for  the  pilot plant with the 

exception of the quantity of heliostats and field cont ro l le rs  requi red .  These  

numbers  for  the commerc ia l  plant a re :  

He lio s t a t s  23,414 

Field Control lers  97 6 

3.2. 1.2 Mas te r  Control. Mas te r  control  a rch i tec ture  fo r  the pilot plant i s  ' 

modular in  design thus permitt ing growth to meet  the expanded 100 MWe 

commerc i a l  plant requirements .  Operational cha rac t e r i s t i c s  and f ea tu re s  

r ema in  the same.  

3.2. 1.3 Receiver  Subsystem. The major  fea tures  defined for  the  commerc i a l  

rece iver  subsys tem a r e  a s  follows: 

a 24-panel ex te rna l  r ece ive r  a s sembly  using Incoloy 800 

a - 794-ft  concrete  tower 

a Single r i s e r ,  12-in. d iameter ,  low carbon  ste'el 

a Singledowncomer,  18-in. d iameter ,  l o w c h ~ o m e = ~ i i o l y  s l ee l  

The rece iver  panels a r e  required to rece ive  water  f r o m  the flow d i s t r i -  

bution sys t ems  a t  a design inlet  p r e s s u r e  and t empera tu re  of 15.5 MN/m 2 

(2,200 ps ia )  and 2 18 "C (425 O F )  and to convert  the water  to  s t e a m ' a t  a design 

outlet  p r e s s u r e  and tempera ture  of 11. 1 MPa (1,615 ps i a )  and 368OC (694OF) 

o r  516°C (960°F). The panels mus t  abso rb  the incident radiat ion a t  a maxi- 

m u m  flux of 0.85 M W / ~ ~  (0.50 ( ~ t u l i n ~ - s e c )  efficiently and pro tec t  the  

s t ruc tu re  and components within the cylinder defined by the 24 panels. Each 

of the 24 panel assembl ies  contains Incoloy 800 tubing with a 12.5 m m  

(0.5 in )  OD and a 6 .8  m m  (0.269 in).ID. Each of the panels contains 170 tubes 

which a r e  welded together over  the en t i re  length of the  panel  assembly .  



The  concre te  tower  proposed f o r  the c o m m e r c i a l  plant r ece ive r  design 

h a s  a height of 242 m (794 ft) to the  r ece ive r  support .  It i s  compr ised  o f .  

m in imum 4 ,000-ps i  concre te ,  re inforced and supported o n  a n  annular  

conc re t e  foundation. T h e  width of the  tower  at the  top i s  15.32 m (50.25 f t )  

while the  base  d imens ion  whe re  it connects to the foundation i s  45.72 m 

(150 ft). The  annular  conc re t e  foundation i s  compr ised  of a 3 .8  1 m (12..5 f t )  

th ick  m a t  which has  a m a x i m u m  d iame te r  of 30.96 m (200 ft),  with a n  inner  

d i a m e t e r  o f  30.49 m (100 ft). The  top of the  foundation is located 4.88 m 

(16 ft)  below finished grade .  

The  r i s e r  des ign  f o r  the  pilot p lant  cons i s t s  of a nominal 30.48 cm 
(12 in )  d i ame te r  schedule  160 pipe with a nominal wal l  th ickness  of 3.33 cm 

(1. 312 in) ,  made  of ASTM A106C ca rbon  s teel .  It is designed for  a w o r k l ~ g  

p r e s s u r e  (ANSI B31. 1) of 22.55 M P a  (3,270 psia)  at 232°C (450°F)  and a flow 

r a t e  of 2 11.2 kg / sec  ( 1 . 6 7 3 ~ 1 0 ~  lb /hr ) .  

The  downcomer des ign  f o r  the  pilot plant  cons i s t s  of a nominal 45.72 cm 

(18 in )  d i ame te r  schedule  160 pipe with a nominal wal l  th ickness  of 3.57 c m  

(1.781 in),  made  of ASTM A335 P22  2-114 C r  - 1 Mo alloy. It i s  designed 

fo r  a working p r e s s u r e  (ANSI B32. 1) of 12.24 M P a  (1,775 ps ia )  at 537.8OC 

(1, OOO°F) and a flow r a t e  of 2 11.2 kg l sec  ( 1 . 6 7 3 ~ 1 0 ~  lb lh r ) .  

3.2.  1.4 T h e r m a l  Storage Subsystem. The  major  fea tures  of the t h e r m a l  - 
s t o r a g e  subsys t em definition used for  the  c o m m e r c i a l  plant  c o s t  e s t ima te  

a r e :  

Dual medium (Calor ia  HT 43 + gran i te )  

F o u r  t h e r m a l  s to r age  units 

F ive  ident ical  U-tube heat  exchangers  ( t he rma l  s to r age  hea t e r s )  . 
Five  s t e a m  gene ra to r  modules i n  pa ra l l e l  

1,857 MWHth capaci ty  , . 

The t h e r m a l  s to r age  tanks  a r e  27.6 m (90.5 ft) i n  d i ame te r  by 18.3. rn 

(60 f t )  high, with a volume o f  10, 900 m 3  (386,000 ft3, 2,890,000 gal). The  
6 t ank  contains 20.3  x 10 kg (22,300 ton) of c rushed  gran i te  rock. and c o a r s e  

s i l i c a  sand (approximately 2: 1 rock: sand by volume) and 2.2 r lo6 l i t e r s  



-(583,000 gal) of Caloria HT 43 heat  t ransfer  fluid. The fluid tempera ture  

range i s  f rom 232 to 316°C (450 to 600°F). The tank i s  fabricated of 

ASTM A537-70 Grade B s t ruc tura l  s tee l  by field-welded construction. 

Fluid maintenance for  the thermal  s torage unit is accomplished by 

. fi l tration to'.remove suspended solids, distillation of a side s t r e a m  to 

remove high boiling compounds, and addition of f r e sh  makeup fluid to  

replace the mater ia l  removed. 

Ullage maintenance for  the thermal  s torage units is accomplished by 

using compressed  nitrogen gas s tored a t  1.20 M N / ~ ~  (175 psig). The 

ullage maintenance unit provides tank p r e s s u r e  control, venting, iner t  gas  

(nitrogen) control, and volatile vapor recovery  and control. 

Five thermal  s torage hea ters  a r e  used. Each is a U-tube, baffled 

counterflow heat  exchanger, with a two-pass shell  and 1,672 m2 (1 8,000 ft2) 

total heat t ransfer  area.  The design uses  carbon s tee l  for the shell, tubes, 

and tube sheet. 

Five s t eam generators  a r e  used in  paral le l  for the cur rent  commercial  

plant TSS design. These a r e  three-stage ( se r i e s  modules) each with separa te  

feedwater preheater ,  boiler and superheater  with 435 m 2  (4,684 f t2)  total 

heat t ransfer  a rea .  The design uses  carbon s tee l  for the shell, tubes, and 

tube sheet. 

3.2.1.5 Electr ic  Power Generation Subsystem. The baseline e lec t r ic  power 

generation subsystem selected for  the commercial  plant consis ts  of a nominal 

112 MWe (gross)  single 'automatic admission tandem compound, double flow 

turbine using a shell-and-tube, water-cooled condenser, coupled with wet 

cooling towers  for heat rejection. The subsystem will produce 112 MWe 

gross ,  100 MWe net e lectr ic  power a t  equinox noon. Additionally, the sub- 

sys tem will produce 76.1 MWe gross ,  70 MWe net e lec t r ic  power while 

operating solely f r o m  thermal  storage. All of the power will be produced at  

an  output voltage of 13,800 and a nominal output frequency of 60 Hz. 



The turbine i s  a single automatic admission, tandem compound double 

flow condensing machine.using five-point' extraction for three high-pressure 

feedwater heaters, a deaerator heater,  and a low-pressure feedwater heater. 

Inlet s team conditions while operating off the receiver a r e  10.1 MPa 

(1,465 psia), 510°C (950°F). Approximate throttle flows a re  121.1 kglsec 

(959,000 lb lhr )  a t  2.5 in Hg absolute for the summer noon condition, and 

114.3 kglsec (905,600 l b l h r )  a t  2.5 i nHg  absolute for thenighttime 
a 

operation. Nominal design exhaust conditions for the turbine a r e  8.46 KPa 

(2.5 in Hg absolute) and 43°C (109°F). Nominal shaft speed for the turbine- 

generator i s  3,600 rpm. . 

The generator chosen for the commercial design has a nominal pnwes 

output capability of 11 2 MWe, based upon a KVA rating of 130,000 and a 0.90 

power factor. The generator i s  hydrogen-cooled, uses oil with pump circu- 

lation for bearing lubrication, and features a static excitation system. 

The commercial plant condenser design chosen is  a shell and tube, two- 

pas s design. The cooling surfaces a r e  90- 10 copper-nickel tubes. Cooling 
3 water flow rate required is 7.1 m Isec  (1 12,100 gpm). The condensing 

pressure a t  whichthe hardware i s  designed to operate i s  8.46 kPa (2.5 in 

Hg absolute). Condensing temperature i R 43 O C (1 09"  ti.), The design cooling 

water temperature chosen for the condenser was 31.1 "C (88°F) inlet and 

40" C (1 02" F) outlet. The design heat rejection capability of the water- 

eooled cendenser i s  785 x lo6 ~ t u / h r  when operating at the 8.46 kPa (2.5 in 

Hg absolute) condensing pressure,  and \;bile 112 MWe gross 

electric power. Air removal i s  accomplished with a mechanical vacuum 

pump* 

The feedwater heaters consist of one low-pres sure heater using stainless 

steel tubes and a carbon steel  shell, one direct contact deaerating heater . 

with stainless steel  t rays  and vent condensing sections and a carbon steel 

shell, and t,hree high-pressure feedwater heaters using carbon steel tubes 

and shell. 

The feedwater treatment equipment design includes the use of demineral- 

ized makeup water, with the system designed to process approximately 0.1570 



of design steam flow during normal operation and a maximum capability of 

approximately 370 of design steam flow.. In-line full-capacity polishing 

demineralizer s a r e  used, with purity levels controlled to 20- 50 ppb 

dissolved solids; the pH i s  maintained at 9. 5 to meet receiver requirements. 

Treatment chemicals include ammonia for pH control and hydrazine for 

oxygen scavenging. . .  . 

:, Three half-capacity, electric-motor-drive, variable-speed receiver 

feed pumps have been selected to supply feedwater at a controlled pressure 

to the receiver. 

3.2.2 Program Data 

Master program phasing schedule for the f irst  commercial plant i s  

presented in Figures 3-4 and 3-5. Based on a commercial plant program . 

ATP of July 1986, program milestones a r e  a s  follows: 

System Design Complete - January 1987 

Firs t  Heliostat Installed - July 1988 

Initial plant Startup - July 1991 

Commercial Plant 1O.C - January 1992 

Due to the similarity in the design and performance concepts of the 

pilot plant and commercial plant hardware and software, overall manu- 

facturing, test, and support approaches a r e  the same for the two programs. 

These approaches, in essence, require the performance of all major 

assembly, installation, checkout, and test activities a t  the field site. 

Of the components of the Central Receiver Solar Energy System, the 

heliostats present the greatest opportunity for cost reduction through the 

application of mass  production methods. Other elements, such a s  the 

receiver and master control, require a l esse r  quantity of hardware and 

will not require high ra te  production techniques, 

The commercial manufacturing plant for the heliostats will require an 

i r ea  900 by 500 ft, providing 450,000 ft2 of manufacturing and storage area. 

3ight separat.e sections a r e  located within this a r ea  as follows; 

a Support component fabrication a rea  
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a Finishing process line 

a Support component assembly and shipping area  

a, ReflecLive assembly area 

Component machining a r ea  

o Drive assembly a r ea  

s Electrical assembly and test a r ea  

e Storage and rework a rea  

The overall  plant i s  sized for  a steady-state capacity of 60,000 heliostats 

per  year. It i s  designed to simultaneously supply a minimum of four site 

assembly plants. Each si te  plant measures 240 by 320 ft or  a total of 

76, ROO ft2. The nominal assembly capacity of each site plant is 60 heliostat 

ixnits per  day. These plants will be located adjacent to the installation site 

to reduce the final t ransport  requirements for  the fully assembled heliostats. 



Section 4 

PILOT PLANT COSTING DETAIL, 
METHODOLOGY AND RATIONALE 

This section presents  additional detail  about Pilot Plant costs  and 

funding along with specific methodology and rationale. The section i s  organ- 

ized by CBS o r  CBS groupings beginning with Total Pilot Plant costs. Each 

subsection indicates the scope of work, contains a cost breakdown, semi-  

annual "as-spent" and commitment funding and schedule plots, and a descr ip-  

tion that indicates the basis  of costing, including a brief technical descr ip-  

tion. Due to the la rge  dollar value of the collector equipment, a m o r e  

detailed scope of work i s  provided for  that subsystem. 

4.1 TOTAL CENTRAL RECEIVER PILOT PLANT COSTS (DP1000) 

This element includes al l  elements that compr ise  a central  r ece ive r  

power plant. It includes a l l  subsystems that direct ly  make the power plant 

operable including turbine plant equipment, e lec t r ic  plant equipment, mis -  

cellaneous plant equipment, collector equipment, rece iver  equipment, 
r -  . 

thermal  s torage equipment and thermal  s torage mater ials .  Also included 

a r e  land, s t ruc tures  and facil i t ies,  spa re  par t s ,  contingency, distributables 

and indirect costs. The costs  charged to this element a r e  to  provide for the 

labor ,  mater ia l  and equipment required to design, fabricate,  deliver,  

assemble,  install ,  align, activate checkout, and support acceptance and two 

yea r s  sys tems operations testing, a s  appropriate,  fo r  a l l  of the subsystems 

l is ted above. Also included i s  preparat ion of all installation, maintenance, 

and operating instructions; 

4.1.1 Cost Summary * - 
Summary Pilot Plant cos ts  a r e  shown in Table 4-1. The Solar Plant 

Equipment a re ,  by fa r ,  the la rges t  cos ts  and include the costs  of the Co1lec.- 

to r ,  Receiver and Tower, Thermal  Storage Equipment, and the Thermal  

Storage Medium. Quality Assurance cos ts  a r e  allocated within the other 

costs. Distributable cos ts  cover only those a r e a s  in support of the Balance 

of Plant except that initial so lar  Plant Equipment s p a r e s  a r e  included. 

Burden type costs  for the Solar Plant Equipment a r e  covered i n  the individual 

contractor 's  overhead rates .  Also, no s tate  sa les  tax has  been incldded in 





the costs  due to 'uncertainty about how the plant would be taxed. Indirects 

include costs  for  construction management, the A&E, a Solar Integrator, and 

plant startup, and cover these activities, a s  appropriate,  for the ent i re  plant. 

4.1.2 Pilot Plant Funding 

Typical funding that may be required for  a Pilot Plant on an  as-spent 

basis  i s  shown in  Figure 4-1. The funding i s  shown on a semiannual basis  

on a Government F isca l  Year (October 1 to  September 30). Also, Figure 4-2 

shows committed funding. In these plots and al l  following funding plots, plot 

points a r e  at  mid-period (i. e., June 30 and December 31) and represent  the 

total 'funding required over a 6-month period. Also, where relatively smal l  

numbers a r e  spread  over extended periods, a significant rounding los s  may 

occur a t  lower WBS levels. However, the lo s s  i s  only on output s o  that such 

los ses  do not accumulate in the total funding curves. 

The semiannual plots provide a bet ter  picture of funding buildup. Fig- 

u re  4-1 shows "spenttt  funding buildup to a peak in the l a s t  half of 1979 a t  

$2 1.9 million a s  compared to a $22.4 million peak i n  the f i r s t  half on a 

committed basis. Commitments a r e  $5.3 million grea ter  than expenditure 

during the f i r s t  year  and one-half mainly due to commitments on the turbine 

generator,  feed pumps, cer tain special  mater ia l s .  and other heavy equipment. 

The relatively low spending and commitments in  the f i r s t  half of 1978 

reflect that this is mainly a period of design and drawings refinement, s i te  

analysis, systems analysis,  specification definition, and manufacturing 

planning. No major  equipment purchase o r d e r s  a r e  placed in  this period, 

and except for  the turbine generator,  rece iver  feed pumps, mas te r  control 

and receiver  Lncoloy 800 tubing, procurement  does not build up much until 

the l a s t  quar te r  of 1978. 

4.1.3 Costing Methodology 

Costing for each CBS element has  been accon~pl i shed  by the contractor  

having the technical responsibility for  the element. Thus, the methodology 

varies  sornewhat between each subsystem, but i s  probably the most  appro- 

pr iate  for  costing each a rea ,  also. Generally, individual pa r t s  o r  mater ia l s  

have been costed based on vendor quotes o r  on experience o r  catalogs if the 
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Figure 4-1. Total Pilot Summary Chart ' 
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MID SMI-ANNUAL PLOT 

DDT*B 1.7 4.8 1.3 e 9  1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0, 0-0 0.0 
09 8.8 21.1 18.8 9.9 2.5 0.0 010 0.0 0.0 0.0 0.0 0.0 0.0, 0.0 

0.0 0.0 0.0 ,o.o 0.0 0.0 .5 1.1 1.1 1.1 05 0.0 0.0 0.0 0.0 0.0 
TOTAL 2.6 13.6 22.4 19.6 9.9 2.6 1.1 1.1 101 1.1 05 0.0 0.0 0.0 0.0 0.0 

.' Figure 4-2.'. Totel Pilut Committed Dollars 



.material i s  a "frequentt1 buy item. Labor i s  costed by various methods 

ranging f r o m  internal  judgments to s tandard costing o r  his tor ical  factoring 

to r e source  load costing. Details a r e  presented  in  each subsection and 

detail  cost  sheets  have been coded i n  the followi,.ng manner for  so lar  

equipment. 

Source of Esti.rnate 

Subcontractor Proposa l  _ L I 

Vendor Quote . 

Algorithm or  CCR 

.In-house Est imate 

Historically Based Fac tor  

Catalog o r  Experienced P r i c e  

Code 

M 

4.2 LAND AND YARD WORK (4000 AND 4100) 

This element includes i tems such as land purchase and 1,a.nd rights, 

clear ing and rough grading cost, and land improvemknts and preparat ion 

(e. g. , survey, grading drainage). Not included in this element a r e  the costs  

fo r  preparing the s i te  for  subsystem elements,  which a r e  generically allo- 

cated (e. g., ear thwork for  collector foundatiohs), surveys and other engi- 

neering work, procurement  effort, and construction direction. These ele- 

~neiit;~ are included under the effort in  Indirect (81.00). Maintenance cos ts  a r e  

included under System Tes t  O ~ e r a t i o n s  (1000). The costs  a r e  to provide for 

all mater ia l s  and equipment included within this CBS element a s  well  a s  the 

locally subcontracted effort necessary  to t ransport ,  fabricate, aoocrnble, 

install ,  and checkout mater ia l s  and equipment at  the Pilot Plant site. 

4.2.1 Land Rights and Yard Work Costs and Technical Charac ter i s t ics  

The total costs  est imated by Stearns-Roger a r e  a s  follows: 

Non- Recur ring (million) 
recurr ing  Total 

Title (million) Material  Labor Total NR&R 

Land and land r ights  $0.00 $0.00 $0.00 $0.00 $0.00 

Yard work 

Total (4000) $0.00 $0.58 $0.07 $0.65 $0.65 



Land cost i s  not indicated because it will be furnished by ~ b u t h e r h  

California &<son a t  no chargi to the program. A l i s t  of the elements 
. . 

included under yardwork, a s  well a s  Technical Character is t ics  and p repa ra -  

tion, i s  provided i n  Table 4-2 and additional cost detail i s  provided i n  

Table 4-3. 

4.2.2 Land and Yard Work Schedule, Funding and Important Drivers  

F igure  4-3 shows the schedule and funding. This element s t a r t s  31 

months p r io r  to  IOC and i s  completed within 13 months. Essentially, , 

funding commences i n  1978 and continues through 1979 with the peak in  the 

f i r s t  half of 1979. Committed dol lars  a r e  shown i n  Figure 4-4. . 

4.2.3 Land and Yard Work Costing Methodology 

Costing i s  based on Stearns-Roger experience with "yard&ork" fqr 

power plants of this s ize and utilizes cur rent  industrial  equipment, mater ial ,  
. .  . 

and labor  costs  reflecting the Barstow a r e a  location for the Pilot Plant. The 

basis  for  the cost es t imate i s  a somewhat expanded equipment and technical 

charac ter i s t ics  l i s t  s imi lar  to Table 4-2, which i n  essence defines the scope 
I 

of work. Materials and equipment i tems a r e  priced, and fabrication and 

installation is est imated f r o m  the scope. 

4.3 BUILDINGS (4100) 

This element includes al l  s t ruc tu res  and facil i t ies required a t  the Pilot 

Plant s i te  including turbine generator  buildings, maintenance buildings, 

administration buildings, and any other  permanent s. tructures and facil i t ies 

associated with providing power. Not included i n  this element a r e  surveys,  

design and other engineering work, procurement  effort, and construction 

direction which a r e  normally included under the A&E effort within Indirect 

(8100). The costs  a r e  to  provide for  s i te  preparat ion and fo r  a l l  mater ia l s  

and equipment, a s  well a s  for  the subcontracted effort necessary  to t rans-  

port, fabricate,  assemble,  install,  and checkout mater ia l s  and equipment 

a t  the Pilot Plant site. 
I .  

-*. - "  . 



Table 4-2. Technical Description Land and Yard Work 

Land Improvement and P repa ra t ion  

135 fenced a c r e s  

Rough grade  and c l ea r  

Land dra inage  - 11,900 L F  Ditching and 12-24 in  culverts.  

Sani tary s e w e r  drainage piping - 1,500 L F  12 ft Concrete 

Pipe,  1 ,100 L F  6 i n  Cast  Iron Pipe 

Water Supply Line - 2,500 L F  6 in  Sched. 40 pipe '(Cost 

under 4,500.229) 

Sidewalks - 500 LF Concrete  Walkway 

Surface Park ing  Areas  - 400 SY - 6 in  base  with 2 in  bitu- 

minous cover  

Fencing - 10,800 L F  

Landscaping 

E i r e  Pro tec t ion  - 750 L F  8 in  pipc (Cost under 4,500.229) 

5 hydrants  and valves  and fittings 

Yard Lighting - 50 Road Fix tures  - 50 Yard Fixtures  

Roads - 16,670 SY - 12 i n  base  with 2 in  bituminous cover 



Table 4-3. Land and Yardwork Cost Detail 
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SCHEDULE. 

Figure 4-3. Land, Rights, and Yardwork Summary Chad 
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Figure 44. Land, Rights, and Yardwork Committed Dollars 
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4.3. 1 Buildings Costs and Technical Charac te r i s t ics  

Costs  es t imated by Stearns-Roger a r e  a s  follows: 

Title 

Turbine building 

Admin bld 

Cir & s e r  water  P H  

Warehouse 

Maintenance bld 

Water t r ea t  eq bld 

Sewage t rea tment  

T h e r m a l  s torage  

Control bld 

Non- 
r ecu r r ing  
(million) 

Recurr ing (million) 

Mater ia l  

$0.68 

0.25 - 
0.00 

0.31 

0.03 

0.05 

0.00 

0.13 

0.00 

Total (4100) 

Labor Total - 
$1.19 

0.43 

0.01 

0.54 

0.06 

0.08 

0.00 

0.13 

0.00 

$2.44 

Total 
NR&R 

A m o r e  detailed descr ipt ion of these facil i t ies i s  given in  Table 4-4 including 

t h e s q u a r e  footage for each  facility. Additional cost  detail  is provided in  

Table 4-5. 

, .  4.3.2 Buildings Schedule, Funding and Important Drivers  

Committed fu~irlir~g and schedule i s  ilidieated in  Figuro 4-6. Conetruc- 

t ion s t a r t s  24 months p r io r  to IOC and must  be completed within a 14-month 

period. Funding occurs  p r imar i ly  in  197 9, peaking at  $2.2 mill ion in  the 

second half of the year  on a n  as-spent basis ,  a s  shown in  Figure 4-6. 

Table 4-6 provides a funding breakdown by individual building. 

4. 3.3 Buildings Costing Methodology 

Costing i s  based on Stearns-  Roger experience with structi iref;  far power 

plants of this s i ze  and uti l izes cur ren t  industry experience concerning 

dol la rs  p e r  square' foot applicable in  the d e s e r t  southwest for  each  of the 

var ious types of buildings required.  Building costs  a r e  developed f r o m  the 

l i s t  of buildings, which indicates type and square  footage. Other major  con- 

s t ruc t ion  accounts (i. e. , earthwork, concrete,  and painting) a r e  es t imated 

and prora ted  to the buildings based on many previous power plant cost  

relationships for  units of this size. 



Table 4-4. Technical ,Description Buildings 

Adminis t r a t ion l  Technical Building 

35 x 60 x 22 ft  metal  siding, two story,  insulated heated and a i r  
2 conditioned. Two s to ry  - 4,200 ft . 

Turbine-.Generator Building 

100 x 60 x 46 f t  meta l  siding, two main s tor ies ,  insulated, heated 

and air-cooled (evaporative coolers).  Control room and computer 
2 

room a i r  conditioned. Two s to ry  - 12,000 ft . 
Maintenance /Assembly/  Warehouse Building 

95 x 60 x 20 ft  metal  siding, single story,  high bay assembly area ,  

a rea ,  insulated, heated and air-cooled (evaporative coolers ). 
2 One s to ry  - 5,700 ft . 

This CBS i t em includes the following structures:  
2 

1. Diesel-Generator Building 15 x 30 ft. One s tory - 450 ft . 
(existing facility). 

2. Water Treatment  Building 3 O x 3 5 x 1 5 f t .  One s t o r y -  
2 1,050 ft . 

3. Clarifier Clearwell ~ n c l o s b r e  60 x 30 x 8 ft. Cover - 



Table 4-5. Buildings Cost Detail (Page 1 of L )  
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Table 4-5. Buildings Cost Detail (Page 2 of 2 )  
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H I D  SEMI-ANNUAL PLOT 

SPENT DOLLARS ' 

DDTeB 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 02 1.6 06 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .O.O 0.0 

rOTAL 6.0 0.0 -2  1.6 06 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.0 0.0 0.0 0.0 

Figure 4-6. Buildings Spent Dollars 



Table 4-6. Detail Funding by Building ($ Millions) 

Title 
-. 

1978 
. -. 1979 - 1979 1980 1980 

Turbine bld 

Admin bld 

C i r  s e r  water  pump house 0.00 0.00 , 0.01 0.00 0.00 

Warehouse + 0.00 . 0.00 , 0.00 0.54 - '  0.00 

Maintenance bld 0.00 . 0.00 0.00 , 0.06 0.00 

Water  t r e a t  eq bld ,, 0.00 0.00 0.08 , 0.00 0.00 

Sewage t rea tment  bld n. 00 0.00 0.00 0,. 00 0.00 

T h e r m a l  s torage 0.00. 0.01 0.12 0,OO 0.00 

Control bld 0.00 0.00 0.00 0.00 n ,  00 

Grand total 0.00 0.10 1.71 0. 6 3  0.00 

4.4 COLLECTOR EQUIPMENT 
- - -.---..- 

This element includes all i t ems  re la ted  to the cent ra l  rece iver  hel iostats  

and field cont ro l le rs  which include ref lect ive surfaces ,  backing and support  

s t ruc tu re ,  foundations and s i t e  preparat ions,  d r ive  units, control s enso r s  

and wirin'g, insulation, enclosures ,  and lightning protection. Also 

included are field cont ro l le rs ,  hel iostat  control lers ,  control s enso r s  and all 
hel iostat  field communications and power wiring. 

Costs a r e  to  provide for  the labor  and mater ia l  required to design, - 

fabr icate ,  deliver,  assemble ,  install ,  align, cal ibrate  and checkout and 

support  acceptance test .  The field p r  epasations, including fbundation exca- 

vations and wi re  trenching, are included in  the coot as we11 e a  L11e initial 

two y e a r s  of sys t ems  t e s t  operations for 1,760 helinstats and 71 field eon- 

t ro l le rs .  Maintenance and operating instruct ions cos ts  a r e  a l so  included. 

4.4.1 Scope of Work Detail 

Additional detail  on the scope of work i s  included below: 

Engineering 

Nonrecurring 

1. Pe r fo rm design and analyses  and p repa re  detail  design drawings for 

the heliostat, f ield control  equipment, maintenance, installation and  

alignment equipmelit. 

1 70 



P r e p a r e  design drawings for heliostat foundation, including plot 

plan. 

Provide design requirements and analysis for power and control 

wiring. 

Provide collector system power requirements. 

Design electr ical  production test  equipment for factory checkout of 

manufactured components. 

Provide technical support  to Logistic Support during technical 

documentation preparation and validation. 

P repa re  and validate operating instructions and troubleshooting 

guides. 

Design containers and provide packaging drawings for the shipment 

of the heliostat a r r a y  and control system components, maintenance 

and installation equipment and alignment equipment to  the Pilot 

Plant site. 

P repa re  transportation plan which will provide t ransport  methods 

and the technical requirements for the handling, transportation and 

storage of the heliostat a r ray ,  and control system program mate- 

rials during manufacturing, installation and tes t  activities. 

Provide test  support and determine tes t  procedures and plans. 

Recurring 

1. Provide technical management for  this program. 

2. Provide sustaining engineering support to  resolve fabrication, 

assembly, o r  installation problems. 

3.. Provide t e s t  support of inhouse subsystem testing. 

4, Provide technical support of heliostat assembly, system installa- 

tion (including focusing calibration and checkout), and direction of 

MDAC tes t s  a t  the tes t  site. 

5. Provide assis tance,  a s  required, during acceptance testing. 

6,  Provide sys tems test  operations support. 



Engineering Labs 

Nonrecurring 

i. Utilizing the f i rs t  two completely assembled heliostats, accomplish 

in-plant testing to verify control electronics and heliostat function. 

Planning - 
Nonrecurring 

1. Prepare  and re lease  fabrication and assembly planning paper for 

those parts/assemblies which a r e  not common to Subsystem ' 

Research Experiment (SRE) hardware. 

2. Prepare  and re lease  tool orders  for parts/assemblies, including 

those which a r e  common to SRE. 

Recurring 

1. Provide liaison planning support to manufact &ing. 

2. Accomplish repeat release of fabrication and assembly planning 

paper. 

Industrial Engineering 

Recurring 

1. Provide analyses of details, subassemblies, and assemblies to 

establish equipment loads, need dates and alternate production 

methods. 

Tooling 

, Nonrecurring 

1. Design and fabricate tooling. 

2. Assist in  prove and complete of tools. 

Recurring 

1. Provide tool liaison support to manufacturing. 



Manufacturin~ 
. . 

. . 
Nonrecurring 

1. Manufacture electrical production test equipment. 

2.. Manufacture heliostat, field controller and ancillary test  hardware. 

Recurring 

1. Fabricate and subassemble components of the heliostat in accord- 

ance with planning paper and schedules. 

2. ~ a b r i c a t e  and assemble the field controller in adcordance with 

planning paper and schedules. 

3. Provide direct supervision over contract h i res  at  the tes t  site. 

Quality Assurance 

Recurring 

1. Perform necessary inspection and test  to assure  hardware con- 

formance for both make and buy hardware. 

2 .  Provide inspection coverage at the installation site to assure  con- 

formance to drawings and specifications. 

3. Perform necessary inspection of calibrations of special "out-of- 

spec monitoring equipment. 

MSK (Contract Hires) 

1. Perform assembly of heliostats, heliostat installation, heliostat 

a r r a y  controller installation, focusing, alignment, and system 

checkout in accordance with MDAC supervision direction. 

2.  Perform cxcavatlnna, trenching and other s i t e  preparation in 

accordance with MDAC supervision directions. 

Logistics Support 

Nonrecurring 

1. Prepare and validate installation Site Activation Kit Work Order 

(SAKWO) and maintenance in.stxuctions. 

2. Develop and prepare a maintenance plan to cover scheduled and cor- 

rective maintenance requirements. 

3. Plan, develop and implement a Site Activation Material Availability 

Control (SAMAC) function to support installation and tes t  activities 

at  site. 



Recurr ing 

1. Provide sustaining SAMAC effort to support installation and 

checkout activities. 

2. Pruvide sustaining engineering to resolve support problems. 

3. Provide management of the on-site sys tem installation activit ies,  

to include s i te  activation planning and coordination with the 

customer.  

Faci l i t ies  

Nonrecurring 

1. P r e p a r e  facil i ty c r i t e r i a  drawings, calculations, and specifications 

and update a s  necessary  to reflect production requirements.  

2 .  Develop cost  estima.t.ns and finalize facilitioa packages. 

3. Direct facility construction projects,  including modifications and 

rear rangements  to  existing plant a r e a  to  accommodate dedicated 

production functions. 

4. Direct and control a l l  rear rangements  necessary  to accommodate 

this project a t  the MDAC plant in  Huntington Beach, California, 

5. Procure  and ensure  t imely delivery of identified support equipment 

required at the pilot plant site. 



4.4.2 Collector Equipment Costs 

Mc Donne11 Douglas , . Astronautics Company, with a s  s is tance . f rom 

Stearns-Roger,  has  es t imated cos ts  as follows: 

. . 
C 

Non- : . Recurr ing (million) 
recur r ing  Total 

Title (million) Material  Labor Total NR&R 

Reflective unit $1.02 $3.83 $1.59 $5.42 $6.44 

Drive unit 

Sensor/cal  eq 

Contr / ins t eq 0.09 0.51 1. 31 1.82 1. 91 

~ o u n d a t i o n  and ' s i te  p r e p  0.01 0.71 0.00 0.71 0.72 

Des eng t s t  and pln 1.83 0.43 1. 18 1.61 3.44 

Packing cdnt and t r a n s  0.05 0.00 0.02 0.02 0.06 

Field a s  sy inst  and c / o  0.21 0.11 1.76 1.87 2.08 

Lightning protect  0.00' 0.00 ' 0.00 0.00 0.00 
- - 

Total $3.71 $10.45 $7.82 $18.28 $21. 99 

\ .  

Additional cost  detail  i s  provided in  Table 4-7. Table 4-8 provides a 

brief technical description. 

An analysis  of the cost  impact of a n  open-loop collector subsystem for 

Pilot  Plant was made. The analysis indicated a cos t  increment  dec rease  of 

$600,000. The dec rease  i s  the net difference .between the addition of 35 m o r e  

hel iostats  to  the field, which i s  then offset by the elimination of the sensor ,  

sensor  pole and foundation, tracking m i r r o r  and sensor  wiring f rom the field. 

4.4.3 Pilot  Plant Collector Equipment Funding 

Collector funding and schedule a r e  shown' i n  Figure 4-7. Figure 4-8 

shows committed dollars.  The D&D effort  s t a r t s  35 months p r io r  to IOC and 

runs for 14 months while product ion ' s ta r t s  32 months p r io r  to IOC and ends 

3 months pr ior .  to  IOC. However, the l a s t  6 months of production a r e  mainly 

for acceptance tes t  and final ha rdware  integration. System test  operations 

s t a r t  a t  IOC'and r u n  for  24 months. The peak funding for the collector 

equipment occurs  during G F Y  1979. 



Table 4-7 .  Collector Cost Detail (Page 1 of 3 )  
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Table 4-7. Collector Cost Detail (Page 2 of 3 )  
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Table 4-7, Collector Co'st Detail (Page 3 of 3 )  
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Table 4- 8. Technical Description Collector Subsys tern , 
(Page 1 of 2) 

Reflector - 6 sandwiched panels composed of float glass ,  .. 

polystyrene and sheet steel, then connected to  the m i r r o r  

backing structure.  

Reflective Surface 

' ' ~ e f l e c t i v e  Surface Area 

a Second Surface. Mir ror  

a Polystyrene Rigid .Foam Core 

Galvanized Sheet Steel 26 gage , 

a Tracking Mi r ro r  

Mir ror  Backing Structure 

a Crossbeams11gageChannels 

a Torque Tube 

1,226.5 lb  . 

408 ft2 

0.125 i n  

2 i n  

0.020 i n  

38.9 lb 

1,108.3 lb 

21 5.50 in- 14 i n  depth 

206.25 in-10.75-in OD 

a Drive Attachment Fitting Low carbon s tee l  

'- i . Heliostat Support Structure 508.5 lb  
a Pedestal  108 i n  0 20 i n  dia 

Drive - consist  of a n  orbidr ive i n  the elevation and azimuth axis 

Azimuth/Elevation Drive Actuators 

a . Drive Ratio 

a Input Drive 

a Output Drive 

a Final Drive Ratio 

Actuator Motor 

Power 42 frame,  230 VAC 
3 0 ,  4 pde, 60 Hz 

Horsepower Rating 18.6 (1 /4)  

Power Distribution Equipment and Wiring 240 V 60 Hz 

Position Indicators - a Sensor (encoder) 
on the Drive Output -4 bit. Incremental 
encoder on motor - 1 bit. 

Sensor 

Sensor Unit - 5 element silicon detectors  

Sensor Tower - Two-part Steel Tube Length (212 to 312 in)  



Table 4-8. Technical Description Collector Subsystem , 
(Page 2 of 2 )  

Control / Ins trumentation Equipment 

Heliostat controller 

a Digital microprocessor 

Drive motor controller 

a Communication interface 

Field controller 

a 1 per 24 heliostats 

a High-speed digital microprocessor 

a Master control interface 

e Heliostat control interface 

a Command calculation and formating 

Signal distribution equipment and wiring 

a Digital data bus 

a Interface master  /field/heliostat controllers 

Foundation 

Reinforced precast  concrete - 2.4-cu yd 

Weight of s tructure - 9,7 50.0 l b  

Packing Containers 

8.4irror panels - 12 per container - 40 reuoable required 

Drive unit - 1 per pallet - 250 reusable required 
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Figure 4-8. Collector Equipment Committed Dolbrs 
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4.4.4 Cost Methodology 

,The collector equipment cost estimates reflect the major program 
* -  . - .  

assumptions and guidelines given in Section 2.2.1 of volume VII, and the 

Scope of Work Detail given in Section 4.4.1 of this volume. 

Volume 111, Collector Subsystem, provides the comprehensive data 

base from which the major program assumptions and guidelines, and the 

scope of work detail were developed. Section 4, Pilot Plant Collector Defi- 

nition, and Section 5, '  Pilot Plant Plans and Schedules, of Volume 111 a're 

the principal data base. 

Costing of the Pilot Plant collector equipment was accomplished by 

using the McDonnell Douglas Astronautics Company normal estimating and 
. . 

pricing practices which a r e  applied to develop f i rm business cost proposals, 

These practices generally employ the expertise of the functional organization 

of the company and the expertise of other segments of the industry which a r e  

involved in solar energy development. Figure 4-9 provides an example of 
' 

the MDAC estimating practices used to develop labor hour estimates for 

manufacturing. 

The specific costing methodology employed in  any program phase for the 

collector subsys tem is  described by major MDAC functional element. This 

conforms to the accounting practices which normally govern the cost data 

base from which estimates a r e  derived. General function descriptions a r e  

provided a s  follows. 

Engineering Functions - Thcoo functions col~sis ts  of Development 

Engineering, Engineering Laboratories and Logistics. Estimates for these 

functions a r e  derived from Statements of Work, Schedules and Program 

Plans. 
, r . . .  

Operations Functions - ~ h ' e s  e functions consist of manufacturing, plan- 

ning, tooling ,and quality assurance. Estimates for these functions a r e  

derived from Statements of Work, Schedules and Program Plans. Estimates 

for the collector equipment were more specifically derived f rom detailed 

engineering designs and detailed manufacturing flow plans. 



Figure 4-9. Detail Labor Hour Estimating Methodology 
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Procurement  - Procurement  includes raw mater ia l s  purchased par t s ,  

equipment a'nd subcontracts. These costs  a r e  typically derived 

f r o m  supplier quotations in  response to  specific requests ,  supplier pr ice  

catalogs and his tor ical  cost  data f r o m  MDAC records.  - 
Detail descriptions of the functional elements and the specific estimating 

methods a r e  descr ibed under the functional element subheadings below. 

Cost Methodology - Labor and Material  
i 

Manufacturing 

The manufacturing hardware  and assembly  es t imates  were  derived for  

the Pilot Plant by utilizing the detail estimating method a s  depicted on 

Figure 4-9. These f i r s t  unit es t imates  were  projected down a 8970 cost 

reduction curve for  a quantity of 1,760 heliostats and 74 field control lers .  

The installation and s i te  activation cost is based on an  a s sessmen t  of a l l  of 

the activities and tasks to  be performed, a s  well a s  the ski l ls  required to 

accomplish the work package, by experienced est imators .  The manhours 

for these skills  were  calculated based on the schedule requirements .  The 

labor ra tes  experienced in  the s i te  a r e a  for  the ski l ls  required were  applied - J 

to the manhours and these appear in  the cos ts  a s  contract  labor. 

Tooling . 

The tooling function i s  responsible for design, fabrication and mainte- 

nance of tools through the life of the program. The tooling es t imator  has  a t  

his  disposal a l l  the information available for the manufacturing and mater ia l  

es t imators .  The tool estimating basic data hanua l  is the basis  for  the 

tooling est imates .  This manual is a con~pilat ion of actual tool cost .his tory.  

This cost his tory i s  considered to be raw es t imates  so  a r e  factored by an  

approved division-wide bid factor to provide a rea l i s t ic  attainable tooling 

estimate.  

The tooling sustenance has  been estimated by use of a division factor of 

6.4%.of manufacturing. This factor was derived f r o m  actual cos t  

relationships. 



Planning and Quality As surance 

These functions have been estimated by use of a factor applied to the 

manufacturing manhour estimates. The factors used a r e  based on previous 

program cost history. The Quality ~ s s u r ' a n c e  also includes direct estimates. 

based on the number of men required to accomplish receiving inspection and 

testing procedures. 

Production Support > 

Industrial Engineering and the activities of the 'personnel.wh'o esiablish 

the budgets' fo r  Manufacturing, planning, Tooling and Quality ~ i s u r a n c e  

charge into an account which is allocated against the labor hour base devel- 

oped by those groups. Since this effort i s  allocated, it is estimated by a*> 

factor. The factatr. is derived fro111 the actual cost  relation.ships. 

Material . 

Material estimates a r e  primarily based on quotation received from 

vendors and current  raw. material prices. The f i rs t  unit values were estab- 

lished and then projected down a 95%.cost reduction curve for 1,760 helio- 

s ta ts  and 74 field controllers. 

Engineering and Logistics - 

The Engineering and Logistics efforts were estimated by manloading 

each of the cost breakdown structure Lauks. 'l'hc cotimaees lncll.!rle ~~n 'ogram 
. . 

management, development de sigiiSq and suuLaiui~l~ engineering effort. 

4.5 RECEIVER AND TOWER SYSTEM (41 90.2) 

This element comprises all  items related to the receiver includidg the . 

tower and platform, receiver unit, r i s e r  piping, downcomer piping, insula- 

tion and foundation and site preparation. Costs a r e  to provide for the labor 

and material required to design, fabricate, deliber, assemble, install, 

checkout and activate, and support acceptance test  and the initial two years 

of system test operations for one receiver and tower equipmeit set, includ- 
1 1  5 

ing test hardw'are and preparation of all  installation, maintenance and 

operating instructions. 



4.5.1 Receiver  and Tower Equipment Costs and Technical Charac te r i s t ics  

Costs have been est imated by Rocketdyne Division of Rockwell Inter- 

national and Stearns-Roger to  be a s  follows: 

. , I.' :. Title 

Receiver  unit 

Non- . . Recur ring (million) . . 
r ecu r r ing  Total 
( m i l l i o )  Material  Labor Total NR&R 

Steam generator  0.00 0.00 0.00 0.00 0.00 

R i s e r  and horiz  pipe 0.00 0.02 0.05 , . 0.07 0.07 

Downcomer and hor iz  , , 0.00 0.04 0.08 0.12 0.12 

Tower and platform 0.00 0.27 0. 1.5 0.42 0.42 

Foundation and s i te  . 0.00 0.05 0. 16 0.21 0.21 

Des eng tes t  and pln . 2.24 0.00 . 0.00 0.00 2.24 

Additional cost  detail  i s  provided in  Table 4-9, and Table 4-10 provides 

a technical descr ipt ion of the costed i tems;  

4.5.2 Receiver and Tower Equipment Schedule, Funding and . 
Important Drivers  

. Receiver schedule and funding information i s  shown on Figure  4- 10. 

Design and development s t a r t s  36 months p r io r  to  IOC and continues for  

21 months while production s t a r t s  34 months p r io r  to  IOC and ends a t  IOC. 

However, the l a s t  s i x  months of production is mainly for  acceptance t e s t  and 

final hardware  integration. Systems tes t  operations s t a r t  a t  IOC and continue 

for  24 months. This schedule resu l t s  i n  funding that peaks a t  $3 .8  million 

in . the second half of 1979. Figure 4-11 indicates the sp read  of committed 

dollar 8. 

The 36-month design, fabrication, and construction period is based on 

utilizing components and sys tems specifications f r o m  the existing pre l iminary  

design. ' ~ t ' t h e  beginning of the program, i t  i s  expected that requi rements  . . 
will h e  f rozen  and that component and subsystems specifications can  be 

re leased  to  manufacturing and vendors where appropriate  and that quotations. 
I .'. ' 

can  be received in  the f i r s t  4 months. The only exception to  this  i s  for  the 
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Table 4-9. Receiver and Tower System Cost Detail (Page 2 of 3 )  
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Table 4-9. Receiver and Tower System Lost Detail (Page 3 of 3 )  
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Table 4- 10. Technical Description Receiver  and 
Tower Equipment (Page 1 of 2 )  

Rec,eiver Unit As s embly 

Diameter 

Height 

No.. Absorber pane ls  ' 

Exposed Surface ' 

Absorber Panel  

Height 

Width 

Weight 

No. of tubes 

Tube OD 

Tube ID 

Tube Mater ia l  

Surface Coating 

Insulation 

Ther ma1 Expans ion 

Absorptivity, Min. 

Peak Heat Flux, M w / ~  
2 

Outlet Temperature ,  "c("F) 

Inlet Temperature ,  "C("F)  
2 

Outlet Press MN/m (psia)  
2 

Inlet P r e s s  MN/m (psia)  

R i se r  Piping 

Pipe 

0.269 in 

Incoloy 800 

Pyromark  

Blown, Closed P o r e  F G  

Sliding Channels 

0.9 

ASTM A106B carbon s teel ,  4-in 
dia, schedule 160 

Supports , Variable spring, constant, and 
rigid pipe guides 



Table 4- 10. Technical Description Receiver and 
Tower Equipment (Page 2 of 2) 

Downcomer Piping 

Pipe 

Supports 

ASTM A335P22 chrome moly, 6 in 
dia, schedule 160 

Variable spring, constant and 
rigid 

Rigid pipe guides 

Insulation 

R l s e r  

Downcomer 

Tower 

Elevator 

Caged ladder 

Platforms 

Aircraf t  lights 

Foundation and Site Preparat ion 

Earth~irork 

Foundation 

130 tons s teel  

208 ft 

208 ft 

Steel grating and handrail 

Strobe 

7., Hnl) cnhic ya.rds Total, 

470 cubic yards  slab, 260 cubic 
y a r d s  walls 

400 cubic yards concrete, 30 tons 
r eba r  

Incoloy 800 tubing that i s  used to fabricate the absorber.  In this part icular  

case,  r e l ease  to the vendor i s  required within 2 months after contract go-ahead. 

4. 5.3 Receiver and Tower Equipment Costing Methodology 

The costing methodology incorporates the approach used by the ~ o c k 6 t -  

dyne Division of Rockwell International for the receiver  unit along with.,the 

approach used by Stearns-Roger for the tower, r i s e r  and downcomer piping, 

and foundation. 
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4.5.3.1 Overall Procedure. Costing of the receiver unit i s  based on 

Rocketdyne experience concerning the design, manufacture, and test of the 

SRE and Engineering and Manufacturing Department expertise on similar 

tasks. Estimates used 1977 equipment, material, and labor costs reflecting 

appropriate fabrication, assembly, and installation at the SCE Coolwater 

Station in Barstow, California. Estimates were made from detailed equip- 

ment, parts, and materials l i s ts ,  quotations f rom established vendors and 

up-to-date catalog prices. All engineering costs associated with the design 

and development of the receiver were made by cognizant management per- 

sonnel in the Rocketdyne Engineering Department. The estimates were based 

on design tasks for  similar  equipment. In general, most estimates were 

based on experience on the SRE program and also based on experience on 

similar structural jobs. All labor costs reflect current wage rates at 

Rocketdyne for  appropriate cost centers,  which a r e  in agre.ement with rate 

levels approved .by the United States Government. In-field costs for con- 

struction a r e  based on today's prevailing rates in the Barstow area. 

Costing of the tower, r i s e r  and downcomer piping, and foundation i s  

based on Stearns - Roger experience in the construction and installation of 

piping .networks, concrete foundations, and structural steel work. Estimates 

were generally based on historical factors such a s  composite values per 

cubic yard for  concrete and earthwork and a percentage of the piping system 

for riser/downcomer support structures. Field labor costs for construction 

reflect today's prevailing ra tes  i n  the Barstow area. 

I 

4.5.3.2 Sources of Estimates. All valves, controls, and components which 

a r e  to be purchased were based either on vendor quotes or on catalog price ' 

lists. Raw material, primari ly Incoloy 800 tubing, was based on quotes from 

Huntington Alloy, Inc., the only supplier of Incoloy 800 in the United States. 

Manufacturing costs were based very strongly on experience with S R E  and on 

Manufacturing Department knowledge of learning curves with which they a r e  

able to estimate reduction in costs for a given product as  the production level 

increases. Construction costs for  the receiver structure, as  well as mount- 

ing the absorber panels on the structure, were based on estimates provided 

by Rocketdyne's Facilities and Industrial Engineering Department. They 
utilized the 1976 edition of Process Plant Construction Estimating Standards 



published by Richardson Engineering Services, Inc. , and the Estimators 

Piping Manhour Manual published by Page and Nation. 

4.5.3.3 Driving Assumptions /Scenarios. Fabrication costs for absorber 

panels reflect the application of a high-speed seam welding technique devel- 

oped during SRE panel fabrication. This technique i s  ten times faster than 

previous practice and received the ASME code stamp in October 1976. ALSO, 

it is important to emphasize that estimates have been heavily influenced by 

"cleansed" SRE prototype hardware actuals. A late review by Rocketdyne of 

this procedure has indicated that a substantial downward revision of cost of 

something more than $500,000 may be justified. This i s  not reflected in  

the costs  that a r e  shown. 

4.6 THERMAL STORAGE EQUIPMENT (41 90.3 ) 

The thermal storage equipment element includes the heat storage equip- 

ment portion of the central receiver plant including the thermal storage unit, 

heat exchangers, instrumentation and control units, foundation and site 

preparation, and associated piping, valves, and pumps. Costs a r e  to provide 

for the labor and material  required to design, fabricate, deliver, assemble, 

install, checkout and activate and support acceptance test and the initial 

2 years  of systems test  operations for one thermal storage equipment set  

and associated materials.  Also included as any test hardware and prepara- 

tion of installation, maintenance, and operating instructions. 



4.6.1 Thermal  Storage Equipment Costs and Technical 
Character is t ics  

Costs have been estimated by Rocketdyne Division of Rockwell 

Inter,national and McDonnell Douglas Astronautics Company a s  follows: 

\ 

; 

Title 

Non- Recurring (million) 
r ecu r r ing  Total 
(million) Material  Labor Total - NR&R 

Thermal  s to r  unit $0.00 $0.94 $0.00 $0.94 $.O. 94 

Circulation eq 0.00 0.37 0.16 0. 52 0.52 

Heat exchangers 0.00 0.65 0.21 0.86 0.86 

Instr  and control 0.00 0.39 0.00 0.39 0.39 

Foundation and s i te  0.00 0.29 0.00 0.29 0.29 

Des eng test  and pln 0.63 0.00 0.67 0.67 1.30 - - - 
Total (41 90.3) $0.63 $2.64 $1.04 $3.68 $4.30 

Additional cost  detail i s  provided i n  Table 4-11, and Table 4-12 i s  a br ief  

technical description of the costed items. 

4.6.2 Thermal  Storage Equipment Schedule, Funding, and 
Important Drivers  

The funding and schedule for this element is provided in  F igure  4- 12, 

which indicates that D&D funding s t a r t s  36 months p r io r  to  IOC and i s  

essentially completed af ter  11 months. Purchase  of major  cost  long-lead 

i tems i s  initiated 27 months pr ior  to IOC. Installation of all equipment 

piping commences 21 months p r io r  to IOC and i s  completed 12 months p r io r  

to IOC. Filling of the thermal  s torage unit with rock and heat t r ans fe r  fluid 

i s  completed 9 months p r io r  to IOC which phases into checkout of the thermal  

s torage subsystem scheduled for completion 6 months p r io r  to IOC. During 

the remaining 6-month portion, the thermal  s torage subsystem will be 

activated and tested with the other major  subsystems. The tank construction 

and sys tem installation phase beginning on 1 July 1979 includes in-house 

engineering a s  well a s  field engineeriqb to  coordinate and supervise  the field 

ins tallation. 



Table 4-1 1. Thermal Storage Equipment Cost Detail 
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Table 4- 12. Technical  Description The rma l  
Storage Equipment (Page 1 of 2 )  

As s embly Description . 
.. . .. .- 

Therma l  s to rage  Single cyl indr ical  tank, axis  ver t ical ,  instal led above 
ground, 15.2 m (50.0 f t )  g iameter  by 13.4 m (44.0 f t )  
high; 2,450 m3  (86,400 ft , 646,000 gal)  volume; con- 
ta ins  4.53 x 106 kg (4,990 ton)  of grani te  rock and 
c o a r s e  s i l i ca  sand (approxin~a te ly  2: 1 rock: sand by 
volume)  and 525,000 l i t e r s  (1 39,000 ga l )  of Calor ia  
HT43 heat  t r a n s f e r  fluid. Fluid t empera tu re  range: ' 

218 to  302°C (425 to  575°F).  Fabr icated of ASTM 
A537-70 Grade B s t ruc tu ra l  s t ee l  by field-welded 
construction. 

Ullage maintenance Storage and control  of ullage g a s  with compres sed  gas  
unit s t o r age  a t  1.20 MPa (175 psia);  tank p r e s s u r e  control ,  

venting, i ne r t  ga s  (nitrogen) control ,  v o l a t i l e  vapor 
. r ecove ry  and control  

Fluid maintenance Full-flow, continuous f i l t ra t ion with dual 80-mesh 
'unit f i l t e r s  ups t r eam of pump; per iodic  dis t i l la t ion with 

vacuum dist i l lat ion unit i n  s i d e - s t r e a m  to  r emove  
polymerized mater.ia.1~; per iodic  fluid makeup 

Desuperheater  Direct  contact  mixing chamber  with wate r  injected 
through multiple atomizing nozzles  into superheated 
s t eam;  single unit; t h r e e  nozzles. 

The rma l  s to rage  Two identical  exchangers  i n  paral le l ;  each  i s  TEMA 
' h e a t e r  ' type DFU, with removable  U-tube bundle, 2 shel l  

p a s s e s ,  6 tube pas se s ;  s t e a m l w a t e r  on tube side;  
. . 464 m2  (5,000 f t2)  hea t  t r ans fe r  a r e a  p e r  exchanger;  

ca rbon  s t ee l  

S team genera tor  Three-s tage ( s e r i e s )  modules each  with s epa ra t e  feed- 
wa te r  p rehea te r ,  boiler ,  and superhea te r ;  2 modules ' 

i n  paral le l ;  s t eam/wa te r  on she l l  side;  ca rbon  steel:  
P r e h e a t e r  i s  s t ra igh t  tube, f loatin head, B counterflow exchanger with 194 m (2,106 ft2) 
hea t  t r ans fe r  a r e a  p e r  exchanger 

Boiler is hor izontal  U-tube kett le boi ler  with 
791 m2 (8513 f t2)  heat  t r a n s f e r  a r e a  p e r  
exchanger 

Superheater  is hor izontal  U-tube, crossf low 
exchanger with 84 m 2  (904 f t2) .heat  t r a n s f e r  
a r e a  per exchanger 



Table 4-1  2. Technical Description Thermal  
Storage Equipment (Page 2 of 2) 

Assembly 
- - -  

1 
Fluid charging Two identical pumps in  pa r  allel; centrifugal, high- 
loop pump t empera tu re  type, with dual-speed e lec t r ic  motors;  

each  pump h a s  flow of 64 kg / s  (141 lb / s ) ,  and 0.060 
MWe (80 hp)*motor input at  maximum charging r a t e  
(15 MWt) 

Fluid extract ion Two identical pumps in  parallel;  centrifugal, high 
loop pump t empera tu re  type, with single-speed e lec t r ic  motors;  

each  pump h a s  flow of 70 kg/s(155 lb /s ) ,  and 0.052 
MWe (70 hp)hkmotor input at  maximum extraction r a t e  
'(16. 1 MWt) 

*Required input power; not full motor  capacity 

Engineering checkout commences 1 January 1980 and las t s  for 1 year  

with cos t  p r i m a r i l y  incur red  by field operating personnel. Technical support 

of s y s t e m  t e s t s  operat ions is included for the 2-year operation phase begin- 

ning a t  IOC. Engineering effort has  been man  loaded for  each development 

i s s u e  o r  task based on experience with s imi lar  field erect ion subcontracts. 

Peak  funding is in  the f i r s t  half of 1979 a t  $2.0 million. Important d r ive r s  

on a schedule a r e  the lead  t imes  required for the mater ia l  and installation 

of the the rma l  s to rage  unit tank in  the installation of the piping and control 

sys tems.  The schedule is based on the fact that s i te  construction and instal- 

la t ion of all equipment cannot begin until the ear th  work i s  completed at the 

end of the second qua r t e r  of 1979. Figure 4-13 indicates committed funding. 

4 .6 .3  Thermal  Storage ~ c j u i ~ m k n t  Costing Methodology 

The costing methodology incorporates  the approach used by the 

Rocketdyne Division of Rockwell International for  a l l  elements other than the 

s t e a m  generator  portion o f  the heat exchangers,  along with the approach used 

by McDonnell Douglas Astronautics Company for  the s t eam generator  heat 

exchangers. 

4.6.3.1 Overall Procedure.  Costing is based on Rocketdyne Division 

experience concerning the design, manufacture, and testing of the subsys tern 

r e s e a r c h  experiments and the facil i ty engineering department experience on 
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s imi lar  construction projects. Est imates  used 1 977 industrial  equipment 

ma te r i a l  and labor cos ts  reflecting appropriate fabrication, assembly,  and 

installation a t  the SCE Coolwater Station at  Barstow. Est imates  were  made 
, . ,  .. . . .  . \ , . 

f r o m  a detailed equipment, pa r t s  and mater ia l s  l is t ,  quotations f r o m  estab- 

l ished vendors and up-do-date catalog prices.  Engineering costs  were  based 

on curre'nt wage r a t e s  at  Rocketdyne for  appropriate cost centers  which a r e  

in agreement  with costs  in  the power plant construction industry. Costs 

re f lec t  appropriate .A&D burden and fee factors. Construction cos ts  a r e  

based upon today's prevailing r a t e s  in the Barstow area.  
r s  

Fabrication costs  of the s t eam generator heat exchangers a r e  based on a 

cost estimating relationship derived f r o m  current  vendor quotes for  severa l  

s izes  and an  ea r l i e r  estimating manual curve:. Appropriate indirect and 

field labor  fac tors  were  applied to  these costs based on his tor ical  experience. 

4.6.3.2 - Sources of Estimates. Rocketdyne's Facili ty Engineering. Depart- 

ment utilized the 1976 addition of "Process  Plant Construction Estimating 

Standards" published by Richardson Engineering Services,  Inc., "Estimators 

Piping Manhour Manual" published by Page and Nation, and the "Electr ical  

Tradebook" published by Biddle Trade  Publishing Company, for  e lec t r ica l  

and mechanical costing installation detail. CBS category 41 90.36 "Design 

Costs" contains nonrecurring design engineering and vendor coordination up 

to. the initiation of construction on 1 July 1979,. and recurr ing  construction 

co.ordination and all checkout activit ies up to IOC. 

Vendors were  contacted fo r  est imates  on the fabrication of the thermal  

s torage heater  and s t eam generator' heat exchangers, thermal  storage, 

principal control valves, fluid circulation pumps, and the desuperheater.  

Heat exchanger pr ice  quot'ations were  obtained f r o m  Southerwestern Engi- 

neering, Thermxchanger Co., Wiegmann and Rose, Industrial Fabricating 

Company and Yuba Heat Transfer  Corp. Thermal  s torage tank quotations 

were  obtained f r o m  Pittsburg Des Moines Co. and Pacific Fabricators .  The 

FMU fil ter and distillation units were  pr iced f r o m  vendors supplying identical 

o r  s imi lar  components. Hand valve, relief valve, check valve, t ransducer  

and miscellaneous fluid component pr ices  were  obtained f r o m  current  cata- 

logs. Electronic control lers  switching, and signal conditioning subassembly 



units were based on costs of a similar control and instrumentation system 

built 3 years  ago and updated with appropriate cost escalation. 

4.6.3.3 Driving Assumptions/Scenarioa . The 36-month design, fabrication 

and construction period i s  based on utilizing the component and system speci- 

fication f r o m  the existing, preliminary design Phase I contract. At the begin- 

ning of the program it is expected that requirements will be frozen and that 

component and subsystem specifications can be written and released for ven- 

dor review afid quotations within the f i rs t  4 months at the completion of the 

prel iminary design review. From this point it will take approximately 

4 months before vendors and suppliers can be under contract. Components 

and subsystems that require detailed design work by vendors will contain a 

review period pr ior  to initiation of vendor fabrication or  installation. Site 

installation and construction cannot begin before 1 July 1979, which will be 

the point a t  which ear th  work as  well a s  the tower construction is  completed. 

It i s  expected that tank erection and all major component and piping installa- 

tion as well as  controls integration will be completed during the 6-month 

interval of the la t ter  half of 1979. During the f i rs t  quarter of 1980, the 

thermal storage unit will be filled with the rocklsand storage medium as  

well a s  the heat t ransfer  fluid. System checkout will occur during the second 

quarter  of 1980 and include operation of all components in a cold flow mode 

and with heat applied whenever steam i s  available from the receiver. Test- 

ing of the thermal storage subsystem in concert with other major subsystems 

in  the central  receiver plant will occur during the second half of 1980. It i s  

expected that whenever s team is available during the integrated testing period, 

bed conditioning of the thermal storage unit will occur. It is planned that the 

sys tem will be completely functionally operational and checked through all 

operating modes by December 1980 at  the beginning of IOC. 

4.7 THERMAL STORAGE MATERIAL (41 90.4) 

This element includes the organic and ino'rganic heat storage materials. 

Costs provide the labor and material  required to procure the materials and 

install the storage material  in  the thermal storage subsystem. 



4.7.1 Thermal  Storage Material  Costs and Technical Charac te r i s t ics  

Costs provided by the Rocketdyne Division of Rockwell International a r e  

shown below. 

" . . 

Non- Recur ring (million) 
r ecu r r ing  Total ' ' 

Title - (million) .Material  Labor Total NR&R , - 
Inorganic: ma te r i a l  $0.00 . $0.06 $0.00 $0.06 $0.06 

Organic mater ia l  0.00 . 0.'19 0.00 0.19 0.19 

Delivery . 0.00 0.04 0.00 0.04 0.04 

Handling a t  s i te  0.00 0.09 0.00 0.09 0.09 - 
Subtotal $0.00 $0.38 $0.00 $0.38 $0.38 

3 These costs  cover 525 m (139,000 gal)  of Caloria HT-43, and 4.530 x 
6 10 kg (4,990 tons) of graded r i v e r  gravel  and sand approximately 2 to  1 ra t io  

of rock sand by volume. The r i v e r  grave l  is nominally 25 m m  (1 in )  s ize ,  

and the sand is a c o a r s e  s i l ica  grade  nominally 1.5 m m  (1116 in) i n  size. 

The Caloria HT-43 is a readi ly  available product of the Exxon Corporation 

and has  been proved successful  meeting the thermal  s torage  subsys tem 

requirements  of the pilot plant i n  the SRE sys t ems  tes ts .  

4.7.2 Thermal  Storage Mater ia l  Schedule, Funding and Important 
Drivers  - - 

The funding indicated i n  F igure  4-14 shows cos t  peaki,ng in  the f i r s t  half 

of 1980 during the period of filling the the rma l  s torage  unit with the rock 'and 

heat  t ransfer  fluid. P rocuremen t  and installation s t a r t s  25 months p r io r  to 

IOC and continues for  24 months. Lead t imes  a r e  not c r i t i ca l  for any i tems 

involved. Committed dol la rs  a r e  funded i n  Figure 4-15. 

4.7.3 Thermal  Storage Mater ia l  Costing Methodology 

, The costing approach used by the Rocketdyne Division of Rockwell 

International is descr ibed  i n  the followlng paragraphs.  
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Figure 415. Thermal Storage Material Committed Dollars 
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4.7.3.1 Overall Procedure.  Costs for  the s torage medium were established 

by contacting suppl iers  of the required material .  

4.7.3.2 Sources of Est imates .  The source of cost for the Caloria HT-43 

was the supplier Exxon Corporation, which quoted a pr ice  of $0.86 pe r  gallon 

a t  Houston. The Caloria  HT-43 has  been in production for several  years  and 

is available fo r  del ivery i n  l a rge  quantities f rom i ts  Houston facility. The 

cos t  of the rock and sand i s  based upon local  supply within 50 miles of the 

pilot plant si te and is based upon a $3 p e r  ton qua r ry  pr ice  for rock plus $12 

p e r  ton qua r ry  p r i ce  of the sand. 

4.7.3.3 Driving Assumption/Scenarios. The use of the Caloria HT-43 plus 

rock i s  based upon economics derived f r o m  pr ior  analysis and tes t s  during 

the SRE program. These studies and t e s t s  showed that use of this.combina- 

t i a n  resu l t s  in a most economic s torage of thermal  energy for the desired 

temperatures ,  i s  readi ly available in l a rge  quantities, and can be scaled and 

utilized in  a wide range of s izes  with the best  potential for lasting 30 years  

with a minimum of maintenance. 

4.8 TURBINE PLANT EQUIPMENT (4300) 

This element includes the turbine generator ,  supply and exhaust headers ,  

condensing equipment, cooling equipment, water  circulaLing equipment, 

water t reatment  equipment, instrumentation and controls, and cOnl lC~t l~e  

piping and insulation. No included in  this element a r e  surveys,  design and 

other engineering work, procurement  effort, and construction direction 

which a r e  normally included under the indirect effort (8100). Costs a r e  to 

provide for s i te  preparation, all  mater ial  and equipment, and for the sub- 

contracted labor  and serv ices  necessary  to transport ,  fabricate, assemble,  

install,  and checkout mater ia l s  and equipment at  the Pilot Plant site. 



4.8.1 Turbine Plant q u i p m e n t  Costs and Technical Charac te r i s t ics  

The costs  shown below have been est imated by Stearns-Roger: 

Non- Recurr ing (million 
I 

recur r ing  Total 
t Title (million) Mater ia l  . Labor Total NR&R 

. .. Turbine generator  $0.00 $2.39 $0.16 $2.55 . $2.55 

Heat re ject ion sys  0.00 0. 90 0.08 0. 9.7 0.97 

Condensing sys  0.00 0.23 0.11 0.33 0.33 

Feed heating sys  0.00 .O. 84 0.22 1.05 1.05 

Water c i r l t r e a t  eq 0.00 0.11 0.04 0.14 0.14 - 
Total (4300) . $0.00 $4.45 $0.60 $5.05 $5.05 

Table 4-13 provides detailed cost ;  this equipment i s  descr ibed in  Table 4-14. 

4.8.2 Turbine Plant Equipment Schedule, Funding and Important Drivers  

F igure  4-16 shows Turbine Plant Equipment funding and schedule, This 

element s t a r t s  35 months p r io r  to IOC and continues for 28 months. Peak 

funding of $1. 8 million occurs  in  1979. Figure 4-17 shows the est imated 

committed cost. These resu l t s  re f lec t  heavy front loading covering the tur -  

bine genera tor  and . rece iver  feed pumps. 

4.8. 3 Turbine Plant Equipment Costing Methodology 

Costing i s  based on Stearns-Roger experience with power plants of this 

s ize  and utilizes cur ren t  industr ia l  equipment, mater ia l ,  and labor  costs  

reflecting the Barstow a r e a  location for  the pilot plant. Es t imates  were  

made f r o m  the equipment l i s t  which defines the scope of work. Quotes were  

obtained o r  catalogs consulted fo r  equipment and ma te r i a l s  and s i te  fabr ica-  

tion, assembly,  and ins tallation hour s  and dol la rs  es t imated based on 

experience and dese r t  southwest labor  r a t e s .  F r o m  these costs .  the cos ts  o f  

the other major  construction accounts (i. e. , earthwork, . concrete,  piping, 

painting, and insulation) a r e  prora ted  based on many previous power plant 

cost  relationships for units of this size. Costs of instrumentation and con- 

t r o l  were  est imated separately using typical equipment pr ices  and experience 

on ins tallation. 
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Table 4- 14. Technical Description Turbine Plant Equipment 
(Page 1 of 2)  

TURBINE GENERATOR 

12,500 kW, 1,465 psig - 95.0 OF, single automatic admission, tandem 
compound single flow condensing. Also included is: 

Lube oil  f i l ter  and pump s e t  - 10 gpm 

Lube oil  f i l ter  

Lube oil  purif ier  - 10 gpm, centrifuge separa tor  

Lube oil  t r ans fe r  pump - 50 gpm, gea r  type 

Condenser hot well  pumps - 450 gpm, 230 TDH, horizontal  inst. 
50 hp  

Condenser vacuum pumps - 7.5 SCFM, 1 in  HGA, mech. vad. 

Lube oi l  s ' torage tank - 4,000 gal, Z compartment 

Turbine gland s e a l  d ra in  tank - 3 ft dia,. 6 f t  height 

Turbine d ra ins  tank - 3 ft dia, 5 f t  height 

350 kW diese l  genera tor  s e t  

Equipment foundatiolis (cost under 4,103. 1 )  

TURBINE SUPPLY AND EXHAUST HEADERS 

Main s t r e a m  l ine f r o m  rece iver  (excluding downcomer piping on  tower)  
to  turbine. 

. CONDENSER/COOLING EQUIPMENT 
2 Shell and tube, water-cooled condenser,  with 12,000 f t  cooling su r face  

FEEDWATER EQUIPMENT 

Condensate t r ans fe r  pumps - 200 gpm, horizontal  ins  t. 

Receiver feedwater pumps - 3.465 RPM, 600 hp  

Booster pumps - 575 gpm, ,25U hp 4 s tage 

Condensate s torage  tanks - 2 - 50,000 gal 

F l a sh  iank - 3 f t  dia, 6 ft' height s tr .  . ,  she l l  

Low p r e s s u r e  feedwater hea te r  - stainless  s tee l  

High p r e s s u r e  feedwater hea te r  - .carbon-steel .  

Deaerating hea te r  
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WATER CIRCULATING/TREATMENT EQUIPMENT i 

~ e m i n e r a l i z e r  caustic feed pump 

Demineralizer acid feed pump (2)  

Demineralizer caustic s torage tank - 6,000 gal 

Demineralizer acid s torage tank - 6,000- gal 

Makeup demineral izer  sand f i l ters  

Feedwater chemical feed tanks and pumps 

Makeup demineral izers  - 50 gpm . .  

In-line demineral izers  - 450 gpm 

Raw water  c lar i f ier  

INSTRUMENTATION AND CONTROL ' ' : , 

Minicomputer, digital and analog controls,  control panels and 
miscellaneous instruments  and controls. 

PIPING 

Piping systkms required in  the turbine-generator subsystem other than 
headers .  

. , 

THERMAL INSULATION 

Thermal  insulation and lagging required for  the Turbine-Generator 
Subsystem Piping Systems and equipment. 

- 1  . . . .  

. = 

4.9 ELECTRIC PLANT EQUIPMEN'l' (44U1) 
t 

This element includes powe'r conditioning, station service equipment 
. , 

switchboards, power and control wiring, power histribution, protective 

equipment and instrumentation, controls and comm~nica t ions .  Not included 

in this element a r e  surveys,  design and other engineering work, procurement 

activities and s i te  construction'direction which a r e  normally included under 

the A&E effort (8100). Costs are to provide for  s i te  preparation, for.al1 

mate;ial and equipment, and f o r  the subcontracted labor and serv ices  neces- 

s a r y  to  t ransport ,  fabricate,  assemble,  install, and checkout mater ia l s  and 

equipment a t  the Pilot Plant site. 
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Figure 4-1 7. Turbine 'Plant Equipment Committed Dollars 



4. 9. 1 Elec t r ic  Plant  Equipment Costs and Technical Charac te r i s t ics  

Stearns-Roger  h a s  es t imated  cos t s  a s  follows: 

Non- Recur r ing  (mill ion) 
r e c u r r i n g  Total 

Tit le (mill ion) Mate r i a l  Labor Total NR&R 

Switchgear $0.00 $0.24 $0.05 $0.29 $0.29 

St s e r v i c e  eq a 0.00 0.'31 0.06 0.37 0. 37 

Switchboards 0.00 0.00 0.00 0.00 0.00 

Pro tec t ive  eq 0.00 0.03 0.04 . 0.07 0.07, 

0.00 Elec  s t r  & wir  c t n r  0.05 0.04 . '0.09 0.09 ' 

Power wir ing 0.00 . 0.09 - 0, 15 - 0.24 
.__ 

0.24 - 
Total (4401 ) $0.00 $0.72 $0.34 $1, u6 $1.06 

Table 4-1 5 provides  detai l  cost  and Table 4-16 shows a descripti.on of the 
' 

equipment. 

4.9.2 E lec t r i c  Plant  Equipment Schedule, F'unding and 1rnpo;tant Dr ivers  

Elec t r ic  plant equipment schedule and funding a.re sh.own .in Figure 4-18. 

The schedule shows act ivi ty  s tar t ing 31 months p r io r  to IOC and continuing 

fo r  17 months. Funding peaks i n  the second half of 197.9 a t  $600,000. 

F igu re  4- 19  shows the es t imated  committed cost. 

4. 9 . 3  Elec t r i c  Plant  Equipment C~osting Methodology 

Costing is based  on Stearns-Roger  experience with power plants of this 

s i z e  and utilized c u r r e n t  industr ia l  equipment, mater ia l ,  and labor  cos t s  

ref lect ing the proposed Barstow a r e a  plant location. ~ s t i m a t e s  w e r e  made 

f r o m  the equipment l i s t  which defines the scope of work. Quotes w e r e  

obtained o r  cata logs consulted for  equipment and ma te r i a l s  and s i t e  fabr ica-  

tion, assembly ,  and installat ion hour s  and dol la rs  es t imated based on experi-  

ence  and d e s e r t  southwest labor  ra tes .  F r o m  these  costs ,  the cos t s  of the 

o ther  construct ion accounts (i. e.,  earthwork, concrete, painting, e l ec t r i c  

s t r u c t u r e s  and containers ,  wiring, and inst rumentat ion)  a r e  p ro ra t ed  based 

on many previous power plant cos t  re la t ionships  for  units of this size.  
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Table 4-1 5. Electric Plant Equipment Cost Detail (Page 2 of 3 )  
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Table 4-16. Technical Description Electr ic  Plant Equipment 

Switchgear 480 V switchgear and motor controls, d i s t r i -  

bution panels - 480 V and 1201208 V 

Station serv ice  equipment Main power t ransformer  11 5- 13.2 kV 
equipment Auxiliary power t ransformer  13,200/480 V 

480- 120/208 V t r ans fo rmers  

Oil-fired s team generator 

Station battery and battery charger  

Protect ive equipment Generator c ircui t  breaker  cubicle 

Generator surge prstiel;icsi.l ~i iLlc lc  

Generator ground cubicle 

Electr ical  s t ruc tu res  Cable t rays ,  duct banks, manholes 
and wiring containers 

Power and control 
wiring 

Wiring and conduit for  power plant 

Ins tr urnentation, Instylimentation, wiring, in  plant communication 
m a s t e r  control 
and communications 

4.10 MASTER CONTROL (4402) 

This element includes integration and software, computers and periph- 

e r a l  equipment, manual controls and displays, signal interface unit, com- 

puter  interface unit, and communications wiring. Costs a r e  to provide for  

the labor  and mater ia l  required to design, fabricate,  assemble,  deliver,  

install ,  checkout, and both activate and support acceptance test  and the 

initial 2 years  of operations for  one m a s t e r  control set ,  including prepara-  

t ion of installation, maintenance, and operating instructions. 
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Figure 619. Electric Plant Equipment Committed Dollars 



4. 10. 1 Master Control Costs and Technical Character is t ics  

Costs estimated by MDAC a r e  presented a s  follows: 

Non- Recurring (million) 
recurr ing  Total 

Title (million) Material  Labor Total NR&R 

Computer 

Per iphera l  eq 

Ctr panel & board 

Inter eq s ig Pr 
comp 

Software D&D 

Softwarelhdwr t e s t  

Hardware design 

Control wiring 

Sp t e s t  pr ins t r  

Fld install  & c / o  

Total (4402) 

In addition, Figure 4-20 provides a schematic upon which these cos ts  a r e  

based. 

4.10.2 Master Control Schedule, Funding and Important Drivers  

Schedule and funding for  this subsystem a r e  shown in  Figure 4-21. The 

D&D begins 37 months pr ior  to IOC, and  continues for 27 months while pro- 

duction extends f r o m  34 months pr ior  to IOC for  28 months including support 

of sys tems integration activit ies that begin in  the l a s t  quar te r  of f iscal  y e a r  

1979 and extend for 8 months through the second quar te r  of f iscal  year  1980. 

Figure 4-22 shows the estimated committed cost. 



, . .  
Figure 4-20. Pilo? Plant Master control Ardritecture 
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Figure 4-22. Plant Master Control Committed Dollars 



4.10.3 Master Control Costing Methodology 

Costs a r e  based on MDAC experience in  electronics systems. 

Specifically, es t imates  were  derived f r o m  1977 quoted pr ices  for  Digital 

Equipinent Corporation equipment and MDAC experience for associated 

mater ial  and labor  costs reflecting appropriate fabrication, assembly, and 

installation locations that h e r e  determined f rom a n  equipment l i s t  derived 

f rom the schematic shown in  Figure 4-20. This l is t ,  along.with some prel im- 

inary data handling ra tes ,  was employed in  a sea rch  for equipment and 

associated costs. 

The integrationlsoftware CBS category was generally est imated based 

on engineering experience. Design and development costs,  which include 

manufacturing support and planning and engineering design and test ,  were  

estimated by.man-loading functional tasks a t  the subsystem level while 

engineering software specialist  judgment was applied to est imate total man- 

hours  that would be required for software and integration in the investment 

phase. 

4.11 MISCELLANEOUS PLANT EQUIPMENT (4500) 

This element includes the field communications, transportation and 

handling equipment, furnishing and fixtures and othe'r maintenance and 

serv ice  equipment. Not included in  this element a r e  surveys,  design. and 

other engineering work, procurement activit ies and s i te  construction d i rec-  

tion which a r e  included under the Indirect effort o r  under other subsystem 

elements. Costs a r e  to provide for s i te  preparation, for a l l  mater ia l  and 

equipment, ' and for  the labor  and serv ices  necessary  to t ransport ,  fabricate,  

assemble,  install,  and checkout mater ia l s  and equipment a t  the plant site. 
' .. 



4. 11.1 Miscellaneous Plant  Equipment Costs and Technical  
Cha rac t e r i s t i c s  

Costs  have been es t imated  by Stearns-Roger ,  MDAC, and Rocketdyne 

a s  follows: 
. f 

Non- Recur  r ing (mill ion) 
r ecu r r ing  Total 

Tit le - (mill ion) . Mater ia l  Labor .Total  NR&R 

T r a n s  8r lifting eq $0.00 $0.60 $0.86. $1.46 $1.46 

Air  & water  s e r  eq 0.00 ' 0.80 0. 19 0. 98 0.98 - 

Communications eq 0.00 0.00 0.00 0.00 0.00 

Furnishings  & f ix  0.00 0. 22 0.00 0.22 0.22 
- .  - 

Total (4500) $0.00 $1.61 $1.05 $2.66 $2.66 
I 

Table 4-17 provides  deta i l  cost  and Table 4-18 provides  a descr ip t ion  of the 

equipment. . . .  

4.1 1.2 Miscellaneous P lan t  Equipment Schedule, Funding and 
I r n ~ o r t a n t  Dr ive r s  

Miscellaneous plant schedule and funding a r e  shown in  F igu re  4-23. As 

indicated,  the effor t  s t a r t s  25 months p r i o r  t o  IOC and continues for  18  

months.  Funding peaks  a t  $1.3 mil l ion i n  the f i r s t  half of 1980. F igu re  4-24 

shows the  es t imated  commit ted cost. . .$ .. 
. I  

L .b - 
5 ' 

4.1 1 .3  Miscellaneous Plant  Equipment Costing Methodology . . 

Costing is based  on Stearns-R~ger'ex~erience concerning equipment f o r  . . 

power plants of th is  s i z e  and on MDAC and Rocketdyne exper ience i n  es t i -  

mat ing the  additional equipment re la ted  t o  the nonconventional por t ion of the 

plant. E s t i m a t o r s  used 1977 industr ia l  equipment, mate r ia l ,  and 1.abor cos t s  

ref lect ing appropr ia te  fabrication, a s sembly  and installat ion locations. Es t i -  

m a t e s  w e r e  made  f r o m  the equipment l i s t  which defines the scope of work. 

Quotes w e r e  obtained o r  cata logs  consulted for  equipment and materials 

re la t ing  t o  the conventional portion of the plant. 

Special  equipment cos t s  re la ted to  the nonconventional portions of the 

plant w e r e  mainly es t imated  f r o m  design concepts. Based on pre l iminary  
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Table 4- 1 8. Technical Description Miscellaneous Plant Equipment 
(Page 1 of 2)  

Communications 
5 -* 

Public address ,  signal lights, radio equipment 

Transportation and handling 

Turbine room cranc  

Miscellaneous lifting equipment 

Receiver panel ship and handling fixture 

Reflector sling 

Seg. t ranspor te r  t ruck 

Special field installation and maintenance r ig  

Shipping containers - various 

Segment lifting device 

Furnishing and fixtures 

. . 
Lab equipment 

Environmental control 

10 ac re ,  lined evaporation pond 

Other equipment 

Bearing cooling water  pumps (2 )  

Potable water  pumps ( 2 )  

Sump pumps 

F i r e  pumps (electr ic  motor and diesel  engine-driven) - 1,500 gpm, 
200 hp 

Jockey pump (fire header  p r e s s u r e  maintenance) - 50 gpm 

Bearing cnnling water  head tank (1 ) 

Potable water s torage tank (1 ) - 6,000 gal 

Service a i r  compressor  - 350 SCFM, 100 psig 

Instrument air compresso r s  (2) - 250 SCFM, 100 psig 

Potable water  fi l ter 

Instrument a i r  d r y e r  



Table 4- 18. Technical Description Miscellaneous Plant Equipment 
(Page 2 of 2) 

Potable water chlorinator 

Sewage treatment plant - 3,000 gpd, aeration unit I 
1 Bearing cooling water heat exchanger 

Service a i r  receiver 

Instrument a i r  receiver 

Oil skimmer 

Ionization facility 

Heliostat maintenance override unit 

. Receiver tube flush' equipment 

Heliostat cleaning vehicle - 5,000 gal 

Receiver scaffold 

Miscellaneous ropes, cables, spanners, platforms, safety gear,' 
dri l ls ,  etc. 

drawings, detail estimates were made using quotes, catalogs and 

manufacturing estimating judgment, using detail estimating procedures. 

4.12 QUALITY ASSURANCE AT THE INSTALLATION SITE (7000) 

No quality assurance costs a r e  indicated because the effort involved is  

distributed within other CBS costs. Stearns-Roger estimates that Quality 

Assurance at the construction site generally amounts to 170 of the direct 

construction labor o r  270 of the engin,eering. Quality i s  mainly assured 1 

before the hardware reaches the site and may amount.to anywhere from 5 

to 20'70 depending on the hardware and the "hardness" of tooling, Of course, .  

final quality i s  assured through the considerable amount of subsystems and ' 

system checkout and startup effort that has been costed in other CBS 

elements. 

This element includes construction facilities, construction equipment, .* 
construction service, training, and other costs. 

The costs charged to this element a r e  to provide for the labor, .material 

and equipment required to support construction, activation and checkout. 
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4.13.1 Distributable Cost 

Costs of this element, a s  est imated by Stearns-Roger and ,MDAC, a r e  a s  

follows: 

Non- Recurring (million) 
recurr ing  Total 

Title (million) Material  Labor Total NR&R 

Contractor F. 0. $0.00 $0.00 $0.36 $0.36 $0.36 

Other constr  i t em 0.00 0.74 2.49 2.49 - 1.75 - - 
Total $0. 00 $0.74 $2.11 $2.85 $2.85 

Table 4-19 provides detailed cost and Table 4-20 provides a m o r e  

detailed description of these costs. Several  distributable cos ts  a r e  not shown 

according to  the CBS because of difficulty i n  reallocating the effort o r  because 

they do not apply. These a r e a s  include 8040.2, "Insurance, Construction 

Equipment, and Autos, " which is covered under 8040.4, "Construction 

Equipment, " 8040.33, "Electricity and Water, which i s  covered under 

8040.32, "Buildings and Structures ,  I t  and 8040.5 1, "Purchased Utilities, 

which is covered under 8040.32, also. Also, 8040.57, "Operation and 

Maintenance of Construction Facili t ies and Equipment, is generally covered 

under other CBS elements. 8040.7, "Payrol l  Taxes I t  is included i n  labor  

r a t e s  and 8040.8, "Foreign Duties and Taxes, " does not apply. No cost is 

shown for "Aggregate Plant" o r  "Concrete Batch Plant, " since these costs  

a r e  covered in  the cos ts  of the mater ials .  

4.13.2 .Diotributablc Cost Funding 

The schedule and funding for  this element a r e  shown on Figure 4-25. 

The effort  s t a r t s  35 months p r io r  to IOC and continues for  28 months. 

Figure 4-26 shows the estimated committed distributables. Generally, the 

funding paral le ls  the s i te  construction of the balance of the plant. Dis- 

t r i b u t a b l e ~  for  construction that s t a r t s  ea r l i e r  a r e  allocated against the 

individual subsystems. 



Table 4- 19. Distributables Cost Detail 
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Table 4-20. Distributables 

Construction Facilities 

Included in this CBS i tem are: . . 
1. Temporary buildings 

. 2 .  Temporary earthwork and foundations . 
3. Temporary piping 'and electrical 

4. Plant cleanup 

5. . ~ e m ~ o r a r ~  utilities . ' 

' (  . 

Construction Equipment 

Included in this CBS item are: 

1. Contractor7"s construction equipment 

2. Small tools 

3. Gas and oi l .  

4. Construction equipment maintenance 

Construction Services 

Included in this CBS item are: 

1. Constructor's field supervision and accounting 

Field engineer 

Security 

Material receiving and warehousing 

Safety and f i rs t  aid personnel 

Telephone and telegraph 

Field office supplies and equipment 

All-risk insurance 

Payroll taxes and insurance 

. 10. Permits  

1 1. General expendable supplies . 

12. safety equipment and supplies . 

13. Purchased utilities 

14. Operator training 

Spare Par ts ,  

This i tem includes initial investment spares for all subsystems. 
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Figure 4-26. Didributables Committed Dollars 
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4.13.3. Cost Methodology 

Costing i s  based on Stearns-Roger experience concerning these costs 

for  power plants of this s ize and utilizing. current industrial equipment, 

material and labor costs.reflecting the Barstow area  for the pilot plant a s  

well a s  MDAC experience on development projects. Cost analysis'of recent 

conventional plants has been made to .determine appropriate experience 

factqrs and the results  applied to the direct field cost to estimate construc- 

tion facilities, equipment and services costs, and training. In addition, pre- 

liminary training requirements for the nonconventional elements were eval- 

uated and costed based on estimator judgment. 

Spares were estimated based on Stearns-Roger experience on plants of 

s imilar  size for the conventional portion of the pilot plant and on preliminary 

failure ra te  data for the unconventional portion of the plant. Spares require- 

ments for the lat ter  type of equipment were determined for each.important 

potential failure i tem and the resulting quantity extended by unit costs deter- 

mined in costing the equipment subsystems in order to obtain a cost'figure. 

Spares cost for the conventional equipment were determined using experience 

factors applied to hardware cost. 

4.14 INDIRECT COST .(8100) 

This element includes A&E services, construction manager, solar inte- 

gration contractor, startup, and other costs. 
!> 

The costs charged to this element a r e  to provide for the labor required 

to design, specify, contract, support construction, manage, train for, acti-' 

vation and checkout. 



4.14.1 Indirect  Costs  

Costs  of this  e lement  as es t imated  by Stearns-Roger  and MDAC a r e  a s  
. . follows: : - : 

. . Non- . ' Recur  r ing (million) 
... 1: , r ecu r r ing  Total 

Title (million) Mater ia l  Labor Total  
I . . 

NR&R 

A&E'serv ices  $0; 00 $0.00 $1.23 $1.23 $1.23 

Construction mgmt  0.38 0.00 3.00 3.00 3.38 

Solar subsys int 0.00 - 0.'00 5.20 5.20 5.20 

Engr & des  of S. S. 0.00 ' 0.00 0.00 . 0.00 0.00 

Master  contr  des  0.00 0.00 0.00 0.00 0.00 

Plant  s t a r tup  & 0.00 0.00 1.36 1.36 1.36 
c/o , 

, .  Table 4-21 shows detailed cost  and Table 4-22 provides a m o r e  detailed 
I 

descr ipt ion of these  costs.  

4.14.2 Indirect  Cost Funding 

The schedule and funding for  this element a r e  shown on Figure 4-27. 

The D&D and production shows the est imated committed costs ,  s e e  

Figure 4-28. 

4.14.3 Cost Methodology 

e, Cpsting i s  based on Stearns-Roger  experience concerning indirect  costs  

for  power plants of this  s i z e  a s  well  a s  MDAC experience on development 

projects.  Cost analysis  of recent  conventional plants h a s  been made to deter-  

mine appropriate  experience fac tors  and resu l t s  applied for  A&E, and con- 

struction management costs.  Solar integration contractor  and s ta r tup  cost  

have been manloaded. Engineering cost  other than A&E for overal l  plant 

design and layout for  balance of plant a r e  included against  the individual 

subsystem. 



Table 4-21. Indirects Cost Detail 
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Table 4-22. Indirect Cost Descriptions 

Architect and Engineering Services 

Included in this CBS item a r e  engineering management, preliminary 
and design service, specifications and procurement of materials and 
equipment, and system management. 

Plant Startup 

These CBS items includes initial plant startup. 

Construction Management 

These CBS items include: 

1. Site management 

2. Contracts administration 

3. Engineering interpretation 

4. Source inspection (materials and manufactured i tem) 

5 .  Quality Assurance (of on-site construction) 

6. Labor relations . 

7. Safety inspection 

8. Scheduling (and up dating) 

9. Accounting (computer, cost control, cost trend forecasting, etc. ) 

10. Material accountability and control 

11. As-built drawings 

4.15 CONTINGENCY (DP4100) 

This element provides for additional costs arising f rom incomplete 

definition, schedule uncertainty, fabrication, assembly and installation 

problems and similar situations. Costs a r e  to allow for the potential impact 

of such circcri~ista~~ces.  



SCHEDULE 

. % 

I OC 

. 

I I 
1 I 

I a 
1 r I 1 

. - I a 
I I 1 I I t 

78 79 80 81 ;82 83 84 85 86 87 88 89 90 91 92 93 

GOVT FISCAL YEARS 
rn 

Figure 4-27. Indirects Summary Chart 
- 

1 46 

9 

t . 
w 

D 
C, 4.8 L 
L 
A 
R 
S 

: I 
N 

n 
I . :  

L 2. 
L 
I 
0 
W 

1. 

CFY 

. . 

MID SEMI -ANNUAL PLOT 

SPENT DOLLARS 

. n . .  

1 

i \ 8 & 
t a 

@* %& 
r' . 

0. ar 0. 
0. 
Z 

- i DDTE a,.* .... A 

. . .  

PROD .. .. .. 
. r "  ...*.....*.... - 

I I - I 
1978 1978 1979 1979 1980 1980 1981 1981 1982 1963 1983 1983 1984 1964 

DDT. E -0 -2 -2 -0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
PROD -5 2.8 2-8 1.2 -9 1.7 1.0 0.0 0.0 0.0 0.0 0.0 0 0.0 
OPER 0.0' 0.0 0.0 0.0 0-0 0.0 0.0 0.0 0-0 0.0 0.0 0.0 0.0 0.0 
TOTAL -3 2.9 3-0 1.3 -9 1.7 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

: 



Figure 4-28. Indir,acts Committed Dollars 



4.15.1 Contingency Cost 

Contingency h a s  been included a s  follows: 

Non- Recurr ing (million) 
r ecu r r ing  Total 

Title (million) Material  Labor Total NR&R 

Solar plant eq $0.66 $1.57 $1.50 $3.08 $3,73 

Elec pwr gen eq 0.00 0.48 0.14 0.61 0. 61 

Master  control  0.18 0.12 0.12 0. 2'4 0.42 

Land yard 0.00 0.03 0.00 0.03 0.03 

Dist indr & other  0.03 0.05 0.90 0.95 0. 98 
Buildings 0.00 0.07 0.05 0.12 0.12 - 

Total $0.87 $2.32 $2.72 $5.04 $5.90 

4.15.2 Contingency Funding 

Contingency a s  shown i n  Figure 4-29 has  been spread  by phase in  genera l  

proport ion to the funding i n  each phase. Funding peaks at  $2.0 mill ion in  

the second half of 1979. Figure 4-30 shows the est imated committed cost. 

4. 15.3 Cost Methodology 

Contingency cos ts  have been applied . - with the following percentages:  

Element 
Applied 

Contingency 

Solar Plant 10% 

E P G  

Indirect and Distributable 

Land and Yard 5% 

Buildings 5 70 
Master  Control 

Weighted Ave 9 '10 
Operations 0% 

No contingency was applied for operations because it was estimated on a 

staffing basis. 
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The actual factors  applied a r e  based on judgment of the relat ive r i s k  

involved in  each subsystem using. l0Ofo fo r  the so la r  plant equipment a s  the  

baseline. 

4.16 TWO-YEAR TEST PROGRAM (1000, 2000, AND 3000) 

This element includes the effor t  necessa ry  to  operate  and maintain the 

sys tems and subsystems during the two yea r  t e s t  phase including testing, 

evaluation, tkchnical support ,  operations and maintenance and follow- on * 

spares .  

4.16.1 T e s t  P r o g r a m  Cost 

Costs fo r  the sys t ems  tes t  operation have been estimated by Rocketdyne, 

Stearns-Roger,  and MDAC a s  follows: 

Non- Recurr ing (million) 
r ecu r r ing  Total 

Title ' (million) Material  Labor Total NR&R 

Oper and maint $0.00 $0.07 $1.98 $2.05 $2.05 

Tes t  prog tech  s u  0.00 0.00 1.52 1.52 ' 1.52: 

Spare  p a r t s  0.00 0.35 0.64 . 0.64 - 0.29 

Total $0.00 $0.42 $3.79 $4.21 $4.21 

EPG and MC $0.00 $0.01 $0.00 $0.01 $0.01 

Collector 0.00 : 0.20 0.29 0.50 0. 50 

Receiver 0.00 0.07 0.00 0.07 0.07 

T h e r m  s to r  0.00 0.06 0.00 0.06 0.06 
. . 

Total s p a r e s  $0.00 $0.65 $0.29 $0.64 $0.64 

Typical staffing i s  shown in  Table 4-23 and i s  based on advice provided 

by Southern California Edison and a n  analysis  of special  maintenance 

requi rements  by MDAC logistics and supported by the subcontractors.  

-4.16.2 System Test  Operation Funding 

Funding for  this  phase of the p rogram has  been level loaded s tar t ing a t  

IOC and continuing for 24 months. The level  of funding i s  $1.05 mill ion 

p e r  semiannual period, a s  shown in F igure  4-31. 



Table 4-23. Technical Description Test Operations Manload 

Personnel 5 Days 7 Dayo 

Pilot Plant Senior Operator 3 

Assistant Operator 1 

Plant Engineer 1 

Electrical Technician 4 

Mechanical Technician 2 

Optical Technician 1 

Structural1 Mechanical Technician 3 

Electromechanical Technician 

Mechanical/Electrical Technician 

Heavy Equipment Operator 

Rigger 

Cleaner 

5-Day Personnel 8 

7-Day Personnel 16 x 7 / 5  = 

Total 5-Day Basis 

Master Control Maintenance - Service Contract 

Consumable s - Washing Solution 

Support - - - Covered in  Labor Rates 

4.16.3 Cost Methodology 

Costing i s  based.on utility experience on conventional plants and on 

preliminary failure ra te  data and ~ ~ ~ ~ s ' f o r  the unconventional portion of 

the plant a s  well as  MDAC experience'in timelining operational activities. 

For unconventional equipment maintenance requirements, failure rates were 

employed to estimate the number of plant-wide failures per year for each 

important potential failure item. Estimates of the average time required to 

locate the failure, to remove and replace the item and return have been 

extended by the failures per year to ar r ive  at  expected hours per year. , 

Also, preventive maintenance hours per item have been estimated by 
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Figure 4-31, Two-Veer Test Proyrrern Summary Chart 
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Effectiveness Engineering considering failure ra tes  and FMEAs and 

conventional plant experience on boiler tube. A similar basis was used to 

estimate repair cost for replaced and repairable parts. 

Heliostat cleaning cost has been another a rea  of interest and has been 

estimated by defining required equipment and manpower to operate the equip- 

ment and timelining the effort, assuming use of the resources and a particu- 

l a r  cleaning frequency. The results may be directly converted to annual 

labor, material equipment, and facilities cost. 

The results of the above analysis for each subsystem have been compiled 

and integrated with the functional m.anning estimate for a conventional plant 

to determine plant staffing requirements. In addition, an allowance for 
4' 

contract labor support to handle minor nonrecurring ,modifications and con- 

struction problems during the initial phase has been'included a s  a percentage 

of O&M and other tes t  operations phase costs. 

Spares were estimated baeed on Stearne-Roger experience on plants of 

s imilar  size for  the conventional portion of the Pilot Plant and on preliminary 

failure ra te  data for the unconventional portion of the plant. Spares require- 

ments for the lat ter  type of equipment were determined for each important 

potential failure i tem and the resulting quantity extended by unit costs deter- 

mined in costing the equipment subsystems in order to obtain a cost figure. 

Spares cost for the conventional equipment were determined using experi- 

ence factors applied to hardware cost. 

The Master Control Maintenance contract i s  bas,ed on published quotes 

for  monthly maintenance on each item'of equipment. Additional costs for 

this i tem prior to the operations phase a r e  included in the Master Control'' 

Investment costs. Washing solution costs a r e  based'on vendor quotes. 

5 



Section 5 

COMMERCIAL PLANT 

COSTING DETAIL, METHODOLOGY AND -RATIONALE 

This  sect ion p re sen t s  additional deta i l  about cos t s  and funding, along 

with specific methodology and rationale f o r  a 100 MWe F i r s t  Commerc i a l  

Cent ra l  Receiver  Solar  E lec t r ic  Plant.  Also d i scussed  a r e  possible  cos t  

var ia t ions  with plant t h e r m a l  capaci t ies  and production volume. The  sect ion 

i s  organized by CBS o r  CBS groupings, beginning with tota l  plant cos t s - and  

variat ions.  Each  subsection indicates the  scope of work,  contains a cos t  

breakdown, s emi -  annual funding and schedule plots, and a descr ip t ion  that  

indicates the  bas i s  of costing, including a brief  technical  description.  Due 

to  the  l a r g e  dol lar  value of the  co l lec tor  equipment, a - m o r e  detailed scope 

of work i s  provided fo r  that subsystem.  

Although prel iminary,  commerc i a l  plant c o s t s  a r e  of cons iderab le  

in te res t  because they provide an indication of t h e  eventual  economics  of the  

Cent.ra1 Rece iver  Concept. This  subsect ion presen ts  the  cos t s  in t o t a l  and 

indicates how they may v a r y  with change in s o l a r  multiple and t h e r m a l  

s to rage  capacity.  Poss ib le  cos t  reductions with i nc rea se s  in plant ins ta l la-  

t ion frequency i s  briefly covered,  also. 

5.1.1 .Total Cent ra l  Receiver  F i r s t  Commerc i a l  P lan t  Cos t s  and Funding 

This  e lement  includes a l l  e lements  that  c o m p r i s e  a cen t r a l  r e c e i v e r  

power plant. It  includes all subsys tems  that  .directly make the  power plant 

operable,  including turbine plant equipment, e l ec t r i c  plant equipment, 

miscel laneous plant equipment, col lector  equipment, r e c e i v e r  equipment, 

t h e r m a l  s to r age  equipment and t h e r m a l  s to r age  mater ia l s .  Also included 

a r e  land, s t ruc tu re s  and facil i t ies,  s p a r e  pa r t s ,  d is t r ibutables ,  and indirect  

costs .  The cos t s  charged to  th is  e lement  a r e  t o  provide f o r  the  labor ,  



m a t e r i a l  and equ ipment  r e q u i r e d  t o  f a b r i c a t e ,  de l ive r ,  a s s e m b l e ,  ins t a l l ,  

a l ign,  ac t iva te  checkout ,  and provide  1 y e a r  of s y s t e m s  o p e r a t i o n s  f o r  a l l  of 

t h e  s u b s y s t e m s  l i s t e d  above.  

5. 1. 1. 1 F i r s t  C o m m e r c i a l  Cost Breakdowt~ .  F i r s t  c o m m e r c i a l  plant  c o s t s  

a r e  shown in T a b l e  5-1.  In  t h i s  presenta t ion , '  ope ra t ions  inc lude  no t echn ica l  

s u p p o r t  c o s t s  and r e p r e s e n t  a  typ ica l  cos t .  The  s o l a r  plant equipment  

a r e ,  by f a r ,  the  l a r g e s t  c o s t s  and inc lude  the  c o s t s  of the  co l l ec to r ,  r e c e i v e r  

and t o w e r ,  t h e r m a l  s t o r a g e  equipment,  and the  t h e r m a l  s t o r a g e  medium.  

Qual i ty  A s s u r a n c e  c o s t s  a r e  a l located  within the  o t h e r  c o s t s .  . Dis t r ibu tab le  

c o s t s  c o v e r  only t h o s e  a r e a s  in  s u p p o r t  of the  Ba lance  of P l a n t  excep t  tha t  

i n i t i a l  s o l a r  plant  equiprxlent s p a r e s  a r e  included. B u r d e n  type  c o s t s  f o r  t h e  

S o l a r  P l a n t  Equ ipment  a r e  c o v e r e d  in t h e  individual  c o n t r a c t o r l s  overhead  

r a t e s .  Also ,  no s t a t e  sales t a x  h a s  been included in t h e  c o s t s  due  t o  u n c e r -  

t a in ty  a.borit t he  tax r a t e ,  if any, and how t h e  plant would be  taxed.  I n d i r e c t s  

inc luded c o s t s  f o r  c o n s t r u c t i o n  management ,  t h e  A&E, a s o l a r  i n t e g r a t o r ,  

and p lant  s t a r t u p  and c o v e r  t h e s e  ac t iv i t ies ,  a s  appropr ia t e ,  f o r  t h e  e n t i r e  

p lant .  

5. 1. 1 .  2 Typica l  First C o m m e r c i a l  Funding.  ' l y p i c a l  funding that r n d y  Le 

r e q u i r e d  f o r  a  f i r s t  c o m m e r c i a l  plant  o n  an  a s - s p e n t  b a s i s  a r e  shown in 

F i g u r e  5-1. T h e  funding is shown on  a semiannua l  b a s i s  on a government  

f i s c a l  y e a r  (Oc tober  1 t o  S e p t e m b e r  SUj .  In  this plot and a l l  Iulluwiug ful ldi i~g 

p lo ts ,  plot  points  a re  a l . r ~ l i d - ~ e r i u c l  (i. t., June 30 and D o c e m b e r  3 1 )  a n d  

r e p r e s e n t  t h e  t o t a l  funding r e q u i r e d  o v e r  a  6-month  per iod .  Also, w h e r e  

r e l a t i v e l y  s m a l l  n u m b e r s  a r e  s p r e a d  o v e r  extended pe r iods ,  a  s igni f icant  

rounding l o s s  m a y  o c c u r  a t  l o w e r  CBS l eve l s .  However,  t h e  l o s s  i s  only 

o n  output  s o  tha t  s u c h  l o s s e s  do not a c c u m u l a t e  in  the  .total funding c u r v e s .  

T h e  s e m i a n n u a l  p lo ts  p r o v i d e  a b e t t e r  p i c t u r e  of funding buildup. F i g u r e  5-1 

shows  a buildup t o  p e a k  funding i n  the  l a s t  half of 1988 u n d e r  a  5-1 /2 -yea r  

schedu le .  The peak  o c c u r s  about when t h e  f i r s t  he l ios ta t  i s  ins ta l led .  T h e  

m i n o r  funding r e q u i r e m e n t s  i n  1991 and 1992 c o v e r  s u b s y s t e m  and s y s t e r n  

checkou t  and t h e  funds shown in 1993 r e p r e s e n t  typ ica l  annual  opera t ion  and 

main tenance  c o s t s .  



Table 5-  1 .  First Commercial Investment 

FIRST COMM ALL BUT 18-30 87.47.82. DATE a 77/85/26. 

NON-RECUR------RECURRING (H1L)------ TOTAL 
WBS TITLE (HIL) MATERIAL LABOR TOTAL NRL R 

LANDLLAND RIGHTS 
YARD WORK 
TURBINE BLDG. 
ADMINoBLDC. 
CIR.6SEReWATERP.H 
WAREHOUSE 
MAINTENANCE BLDG. 
WATER TREATmEQoBL 
SEWAGE TREATMT BL 
THEWAL STORAGE k 
CONTROL BLDC. 
AUX GEN BLDG. 
SOLAR PLANT EQo 
TURBINE P U N T  EQ. 
ELEC. PLANT EQ 
PLANT MASTER CTR. 
MISC. PLANT EQ. 
TRANSMISSION PLAN 
QUALITY ASSURANCE 
DISTRIBUTABLES 
INDIRECTS 
CONTINGENCY 

GRAND TOTAL .00 146.17 75.11 221.28 221.28 

ANNUAL OPER I SPARES 0. OG .93 2.06 2.99 2.99 
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Figure 5-1. Total Commercial Summary Chart 
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5. 1. 1 . 3  Costing Methodology. Costing f o r  each CBS element  has  been 

accomplished by the contractor  having the technical responsibility f o r  the 

element. Thus, the methodology va r i e s  somewhat between subsystems,  but 

i s  probably the most appropriate f o r  costing each area.  Generally, indi- 

vidual par t s  o r  mater ials  have been costed based on vendor quotes o r  on 

experience o r  catalogs if the mater ial  i s  a "frequent" buy i tem. Labor is 

costed by various methods ranging f rom internal  judgments to s tandards 

costing o r  his tor ical  factoring to resource  load costing. Details a r e  pre-  

sented in each subsection and detail  cost  sheets have been coded in the 

following manner fo r  so la r  equipment: 

Source of Es t imates  Code 

Subcontractor Proposa l  

Vendor Quote 

Algorithm o r  CER 

In-House Est imates  

Histvr ical  Based Fac to r  

Catalog o r  Experienced P r i c e  

5. 1 .2 Cost Versus Thermal  Capacity 

F igure  5-2 presents  parametr ic  f i r s t  commerc ia l  plant costs  as  a 

function of variation in hours  of s torage f r o m  0. 5 to 6 and so la r  multiples of 

1, 2 ,  and 3 .  Costs a r e  for  capital investment only, and do not include annual 

operations and maintenance o r  replacement spares .  The base point for  this  

analysis i s  the baseline MDAC design fo r  6 hours  of s torage and a so la r  

ululliple ul 1.7  whicl~ is esLir~laLsd Lu cusL $221. 3 [lrilliuu. All crlLar11aLe 

design fo r  3 hours of s torage and a so lar  multiple of 1 .  4 would lower this 

cost to $189 million. 

The methodology used to calculate these parametr ic  cost curves  involved 

a determination of which i tems would remain constant regard less  of plant 

s i ze  and which i tems would vary  with plant s ize  changes. It was determined 

that land and buildings, balance of plant, distributables, and about one-fourth 

of indirects would remain constant. The remaining i tems - collector,  
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receiver, tower, and the rma l  storage, w e r e  var ied  a s  a function of their  

pr imary design charac ter i s t ics  with the balance of indirects  assumed to vary  

in proportion to the subtotal of a l l  other  plant costs.  Collector costs  were  

estimated a s  a function of number of heliostats. on a dost reduction curve 

receiver cos ts  a s  a function of surface a rea ,  tower costs  a s  a function of 

tower height, and therrrial s torage  costs  a s  a function of equipment s i ze  and 
' 

quantities of s torage mater ials .  

. . 
5. 1 .3  Cost Variation With Plant Installation Frequency 

The resu l t s  of a c u r s o r y  analysis,  a s  requested, of the impact of com- ' 

mercia l  plant installation frequencies  i s  shown in F igure  5-3. The analysis 

suggests that a $1,400 p e r  kilowatt investment cost  i s  possible under the 

right se t  of c i rcumstances.  These circumstances presume that the most 

probable way the higher  installation frequencies will  occur  i s  where the s a m e  

utilities and/or  genera l  localit ies always have a number of installations 

constantly in p rogress  at the s a m e  time. This could lead to  balance of plant 

(BOP) installation commonality, provide incentive to major  BOP equipment 

suppl iers  to  reduce pr ices ,  allow general  contractors  to  develop cost saving 

installation capital, and,lead to significant reduction in so lar  equipment costs  

over  f i r s t  commercial .  

Costs were  generated by extending f i r s t  commercial  cost to two addi- 

tional data  points - one for  two plants pe r  year  and one f o r  eight plants pe r  

year.  Two plants p e r  yea r  i s  a good ear ly  base point because i t  appears  to 

be about the point where installation ra tes  may s t a r t  to become significant 

to rece iver  and BOP cos ts ,  although the frequency of installation s t i l l  may 

not be g rea t  enough to have an impact on BOP costs .  On the other  hand, 

eight plants pe r  yea r  allow assumption of a considerable amount of ver t ical  

integration f o r  col lectors ,  and the volume i s  probably grea t  enough to greatly 

encourage special  techniques/equipment leading to s i te  effort cost reductions 

for  BOP a s  well , a s  receiver ,  tower, and thermal  s torage.  Also, special  

construction management techniques might be developed to reduce construc- 

.tion t ime and the' cos ts  of management and startup. 
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Based on these  justifications, Nth plant col lector  and r ece ive r  cos t  

backup has  been examined fo r  a r e a s  of potential reduction due to  ha rdware  

simplification, vert ical .  integration impacts ,  o r  production and installat ion 

improvements .  Receiver,  tower  and t h e r m a l  s torage  equipment cos t s  a l so  

w e r e  taken fur ther  down a cost  reduction curve,  a s  w e r e  BOP cos ts ,  to  the  

unit cost  of the  20th and 80th plants which r ep re sen t s  the  midpoints of 

20-year  production for  2 and 8 plants pe r  year .  A shallow 9570 =os t  reduc-  

t ion curve  has  been applied to BOP and the rma l  s torage,  while t he  r ece ive r  

and col lectors  w e r e  extended on a 9070 slope. Slopes w e r e  applied assuming  

the baseline cos t s  ref lect  p r io r  equivalent production/learning, a s  appro- 

priate.  Indirect  cos t s  w e r e  cut 6970 fo r  8 plants pe r  yea r  and 3570 f o r  

2 plant p e r  yea r .  

5 . 2  LAND, LAND RIGHTS, AND YARDWORK (4000 AND 4100) 

This  element includes i t ems  such a s  land purchase  and land rights,  

c lear ing and rough grading cost ,  and land improvements  and prepara t ion  

(e. g . ,  survey and grading drainage).  Not included in this  e lement  a r e  the 

cos t s  f o r  prepar ing the s i t e  for  subsys tem elements,  which a r e  gener ical ly  

allocated (e. .g. , ear thwork for. collector foundations), surveys  and o ther  

engineering work, procurement  effort, and construction direct ion a r e  included 

under the effort in Indirect  (8100). Maintenance cos t s  a r e  included under 

System Operations (1000). The cos t s  a r e  to provide f o r  a l l  ma te r i a l s  and 

equipment included within this  CBS element  a s  wel l  a s  the  locally subcon- 

t rac ted  effort neces sa ry  to  t ranspor t ,  fabr icate ,  assemble ,  ins ta l l  and 

checkout ma te r i a l s  and equipment a t  the  f i r s t  commerc i a l  plant site. 

5 .2 .1  Land and Yardwork Costs  

The tota l  cos t s  estimated by ~ t e a r n s - ~ o ~ e r  a r e  a s  fo'llows: 

Recur r ing  (million) 

Ti t le  Mater ia l  Labor  Tot a1 

Land and Land Rights $0.00 $0.00 $0.00 

,, Y ardwork 1.  50 0.03 1 .53 
. .  - . . 

Total  (4000 and 4100) $1. 50 $0.03 $1.53 



Land cost  i s  not indicated because it i s  assumed,  a s  directed,  that  land 

would be  furnished by the potential u s e r  a t  no charge  to  the program. A l i s t  

of the  e lements  included under  land improvements  and preparation,  a s  well 

a s  technical  cha rac t e r i s t i c s  and preparation,  i s  provided in  Table 5-2. 

5. 2. 2 Funding 

F i g u r e  5-4 shows the schedule and funding. This element s t a r t s  

58 months p r i o r  to  IOC and i s  completed within 13 months.' Essent ia l ly ,  a l l  

funding occu r s  in  1987 and 1988 with the peak in the f i r s t  half of 1988. 

5. 2 .3  Costing Methodology 

Costing i s  based on Stearns-Roger  experience with " y a r d ~ o r k ' ~  f o r  power 

plants  of this  s i z e  and uti l izes cu r r en t  industr ia l  equipment, ma te r i a l  and 

l a b o r  c o s t s  reflecting the  Barstow a r e a  plant. The basis fo r  the  costs  

e s t ima te  is a somewhat expanded equipment and technical  cha rac t e r i s t i c s  

l i s t  s i m i l a r  to Table  5-2, which in  e s sence  defines the scope of work. 

. Mater ia l s  and equipment i t e m s  a r e  pr iced and fabr icat ion and installation 

es t imated  f r o m  the scope. 

5 .3  BUILDINGS (4103 THROUGH - 4180) 

This  eletnetlt includes a l l  s t ruc tu re s  a n d  facil i t ies required a t  the f i r s t  

c o m m e r c i a l  plant s i t e  including turbine gene ra to r  buildings, maintenance, 

adminis t ra t ion buildings, and any o ther  permanent  s t ruc tu re s  and facil i t ies 

assoc ia ted  with providing power. Not included in  this element a r e  surveys,  

design and o the r  engineering work; p rocurement  effor t  and construction 

direct ion which a r e  normal ly  included under  the effort within Indirect  (8 100). 

The  cos t s  a r e  t o  provide f o r  s i t e  p repara t ion  and fo r  a l l  mater ia l s  and 

equipment a s  wel l  a s  fo r  t he  subcontracted effort  neces sa ry  to t ranspor t ,  

fabr icate ,  assemble,  ins ta l l  and checkout ma te r i a l s  and equipment a t  the 

commerc i a l  plant s i t e .  



T a b l e  5-2. Techn ica l  Desc r ip t ion  Land P r e p a r a t i o n  

Land I m p r o v e m e n t  and P r e p a r a t i o n  

1450 fenced a c r e s  

Rough g r a d e  and c l e a r  

Land d r a i n a g e  - 37 ,000  l i n e a r  f t  ditching, 35 t o  24 i n  c u l v e r t s  
. . 

Sani ta ry  s e w e r  dra inage,  piping - 3, 500 l i n e a r  f t  24 i n  c o n c r e t e  
pipe, 11 50 l i n e a r  ft 10 i n  c a s t  i r o n  pipe  
. . 

W a t e r  supply l ine  - 4, 500 l i n e a r  f t  12 in  sched  40 pipes  ( c o s t  
under  4500.229) 

Sidewalks and c u r b s  - 1,750 l i n e a r  fit  c e m e n t  walkways 

S u r f a c e  pa rk ing  a r e a s  - 1 , 1 0 0  sq  yd - 6 in  b a s e / 2  in  bi tuminous 
c o v e r  

Fenc ing  - 35,000 l i n e a r  f t  

Landscaping 

F i r e  p ro tec t ion  - 1 , 0 0 0  l i n e a r  f t  8 i n  p ipe  

Seven hydran t s  and va lves  and f i t t ings 

Yard  l ighting - 150 road  f ix tu res  - 270 y a r d  f ix tu res  

Roads  - 47,800 sq  yd - 12 i t 1  b a s e  with 2 i n  bi tuminous c o v e r  





5.3. 1 Building Cos t s  

S tea rns -Roger  h a s  es t ima ted  s t r u c t u r e s  c o s t s  a s  shown below: 

T i t l e  

Turb ine  bldg 

Admin bldg 

C i r  and s e r  w a t e r  ph  

Warehouse  

Maintenance  bldg 

Wate r  t r e a t  equip bldg 

Sewage t r e a t  bldg 

T h e r m a l  s t o r a g e  

Cont ro l  bldg 

Aux gen bldg 

R e c u r r i n g  (mil l ion) 

M a t e r i a l  ~ a b o r  

$1.30 $0. 86 

0. 66 0 .44  

0 . 0 0  0 .00 

0. 52 0 . 3 5  

0. 00 0 .00  

0. 19 0. 13  

0. 00 0. 00 

0. 32 0 . 0 0  

0 .00  0. 00 

0..04 0 . 0 0  

T o t a l  

To ta l  $ 3 .  03 $1.78 $4.81 

T h e r e  i s  no sewage t r e a t m e n t  building and t h e  contr 'ol building is ac tua l ly  

p a r t  of t h e  admin i s t ra t ion  building. A m o r e  deta i led  descr ip t ion.  o f t h e s e  

fac i l i t i e s  i s  given in  T a b l e  5-3, including t h e  s q u a r e  footage f o r  e a c h  faci l i ty.  

5. 3. 2 Buildings Funding 

Funding and schedule  f o r  all buildings i s  indica ted  i n  F i g u r e  5-5. Con- 

s t ruc t ion  s t a r t s  39 months  p r i o r  to  IOC and m u s t  b e  completed  within a 

17-month  period.  The  funding peaks  a t  $2. 3 mi l l ion  i n  t h e  l a s t  half of 1989. 

Detai l  funding by building is provided i n  T a b l e  5-4. 

5. 3. 3 Costing Methodology - - -. 

Costing is based on S t e a r n s -  Roger  exper ience  wi th  s t r u c t u r e s  f o r  power  

p lan t s  of t h i s  s i z e  and ut i l izes  c u r r e n t  indus t ry  e x p e r i e n c e  concerning d o l l a r s  

p e r  s q u a r e  foot  appl icable  in  t h e  d e s e r t  southwest  for '  e a c h  of v a r i o u s  t y p e s  o f  

buildings requ i red .  Building c o s t s  a r e  developed f r o m  t h e  l i s t  of buildings,  
. . 

which ind ica tes  type  and s q u a r e  footage. % Other  m a j o r  cons t ruc t ion  accoun ts  

(i. e: , ear thwork,  concre te ,  and painting) a r e  e s t i m a t e d  and p r o r a t e d  t o  t h e  

buildings based  on many p rev ious  power  plant  c o s t  r e la t ionsh ips  f o r  uni ts  of 

t h i s  s i ze .  ' 



Table  5 - 3 .  Technical  Descr ipt ion Buildings 

~dmin i s t r a t ion /Techn ica l  Building 

60 x 90 x 2 2  ft  me ta l  siding, two s to r i e s ,  insulated heated and a i r  
conditioned. Two s t o r i e s  - 10,800 sq  ft 

Turb ine-Genera tor  Building 

85 x 150 x 80 ft me ta l  siding, two main  s to r i e s ,  insulated,  heated and 
ai r -cooled (evaporat ive  coo le r s ) .  Control  room and computer  room a i r  
conditioned. Two s t o r e s  - 25, 500 sq ft 

~ a i n t e n a n c e / A s  s e m b l y / ~ a r e h o u s e  Building 

90 x 150 x 20 f t  me ta l  siding, single s to ry ,  high bay assembly  a r e a ,  
insulated,  heated and ai r -cooled (evaporat ive  c o ~ l e s s )  , Qne s t o r e  - 
13 ,500  sq P t  

O the r  Fac i l i t i es  and Si te  Improvements  

Th i s  CBS i t e m  includes  the  following s t ruc tu re s :  

1. Diese l -genera tor  building 30 x 45 f t .  One s to ry  - 1,350 sq ft 

2. Water  t r ea tmen t  building 50 x 60 x 25 ft.  One s to ry  - 3, 000 sq ft 

3 .  Cla r i f i e r  c lea rwel l  enclosure  30 x 70 x 8 ft.  One s to ry  - 
2 ,100  sq f t  

4. T h e r m a l  s to r age  shed 23 x 43 ft .  One s to ry  - 989 sq ft 
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Table  5-4. Detail  Funding by Building ($ Millions) 

Title 1988 1989 1989 1990 1990 1991 

Turb ine  building 0.00 

Admin building 0.00 

C i r  ser water  pump house 0 .00  

Warehouse 0. 00 

Maintenance building 0 .00  

Water  t r e a t  eq  building 0.00 

Sewage t r ea tmen t  building 0. 00 

T h e r m a l  s torage  shed 0. 00 

Control  huilding 0. 00 

Aux gen building 0.00 
- - - - - -  

Grand Total  0.00 1 .53  2.31 0 . 9 8 .  0.00 0.00 

5.4 COLLECTOR EQUIPMENT (4190.1) 

This  element includes a l l  i t ems  rela ted to  the  cen t r a l  r ece ive r  helio- 

s t a t s  and cont ro l le rs  and includes reflective surfaces ,  backing and support  

s t ruc tu re s ,  foundations and s i t e  preparat ions ,  d r ive  units, protective 

 enclosure^, packing containers ,  and lightning protection. Also included a r e  
, . 

field control lers ,  heliostat  control lers ,  control  s e n s o r s  and all heliostat  

f ield communications and power wiring. Costs a r e  to  provide fo r  the l abo r  

and ma te r i a l  required t o  fabr icate ,  deliver,  assemble ,  f ield preparat ion,  
.1' ' ' 

including foundation excavations, and w i r e  t renching, ,  install ,  align, cal i -  

b r a t e ,  and checkout 23,414 heliostats.  976 field processorn /cont ro l le rs ,  

and 22,448 heliostat  cont ro l le rs .  



5 . 4 . 1  Scope of Work Detai l  

Additional deta i l  on  t he  scope of work i s  included below: 
. . 

product ion Support 

1. Provide  l ia ison planning support  t o  manufacturing.  

2. Accomplish r e p r e a t  r e l e a s e  of fabr icat ion and a s sembly  planning 

I paper .  . 

Industr ia l  Engineering 

1. Provide  sustaining analyses  of deta i ls ,  subassembl ies ,  and a s s e m -  

bl ies  t o  es tab l i sh  equipment loads,  need da tes  and a l t e rna t e  

production methods. 

Tooling 

1. Provide  tool  l i a i son  support  to  manufacturing. 

2. A s s u r e  continued production to  specification tooling conformance.  

,, . . 
~ a n u f a c t u r i n ~  

1. Fabr i ca t e  and subassemble  components of the  hel ios ta t  i n  accordance  

with planning paper  and schedules. 

2. Fabr i ca t e  and a s semble  the  field p r o c e s s o r s  and hel ios ta t  con- 

t r o l l e r s  in accordance with planning paper  and schedules.  

3 .  Provide  dirkct  supervis ion o v e r  contract  h i r e s  at  the . ins ta l la t ion 

~ u a l i t ~  Assurance  

1. P e r f o r m  neces sa ry  inspection and t e s t  to ass 'ure  ha rdware  

conformance.  

2. ' P rov ide  inspection coverage a t  the  i'nstallation s i t e  to  a s s u r e  

conformance' t o  d'rawings and specifications.  

3 .  P e r f o r m  neces sa ry  inspection/calibration of spec ia l  "out-of-spec" 

monitoring equipment. 



MSK (Contract  H i r e s )  

1. P e r f o r m  as sembly  of the hel ios ta ts ,  heliostat  instal lat ion,  heliostat  

a r r a y  con t ro l l e r  instal lat ion,  focusing, alignment, and s y s t e m  

checkout in  accordance  with MDAC supervis ion direction.  

2.  P e r f o r m  excavation, trenching,  and o the r  s i t e  p repara t ion  in  

accordance  with MDAC supervis ion direction.  

Logis t ics  Support 

1. Provide  susta ining Site Activation Mater ia l  Availability Control  

(SAMAC) effort t o  support  instal lat ion and checkout activit ies.  

2. Prov ide  susta ining engineering to reso lve  support  problems.  

3 .  Provide  management  of the  on-s i te  s y s t e m  installat ion activit ies,  

t o  include s i t e  activation planning and coordination with the  cus tomer .  

Fac i l i t i e s  

1. Update, a s  neces sa ry ,  facil i ty c r i t e r i a  drawings,  calculations,  ' and 

specifications to  re f lec t  production requi rements .  

2. Develop cos t  e s t ima te s  and finalize faci l i t ies  packages f o r  s i t e  

plant moves. 

3.  Direc t  s i t e  plant construct ion pro jec t s  and any modifications and 

r ea r r angemen t s  to  exist ing plant a r e a s  for  cost  reduction purposes .  

4. P r o c u r e  and e n s u r e  t imely  del ivery of identified support  equipment 

requi red  a t  the  installat ion si te.  

5. 4. 2 Collector Equipment Cos ts  

McDonnell Douglas Astronaut ics  Company with a s s i s t ance  Esom Stearns -  

Roge r  and A. D. Li t t le  has  es t imated cos t s  a s  follows: 



T i t l e  M a t e r i a l  

Reflect ive unit 

Dr ive  unit 

S e n s o r l c a l  equ ip  

Cont ro l l ins t  equ ip  

Foundation and s i t e  p r e p  

Design eng t s t  and plan 

P a c k  cont  and t r a n s  

F ie ld  a s s y  ins t  and c / o  

Lightning p ro tec t ion  

T o t a l  (4190. 1) 

F i r s t  C o m m e r c i a l  

L a b o r  To ta l  

$4.49 $32.96 

3.73 44.74 

0 . 0 0  0 .10 

0 . 3 4  5. 03 

0 .00  7 . 7 3  

1 . 7 4  1 . 7 4  

0. 52 0.77 

13. 64 14.  56 

0 .00  0 . 0 0  

Nth P lan t  

T h e  c o s t s  shown a r e  f o r  a n  open-loop con t ro l  s y s t e m .  The  Nth plant 

r e p r e s e n t s  a production r a t e  of 60, 000 he l ios ta t s  p e r  y e a r  ins ta l led  a t  a r a t e  

of approx imate ly  15 ,  600 he l ios ta t s  p e r  yea r .  Although t h e  f a c t o r y  r a t e  is 

a l m o s t  n ine  t i m e s  and t h e  ins ta l la t ion  r a t e  two t i m e s  that  f o r  t h e  f i r s t  com-  

m e r c i a l  plant, t h e  ful l  c o s t  reduct ion potential  i s  probably  signif icantly 

g r e a t e r  than  that  r epresen ted ,  f o r  r e a s o n s  to  be d i scussed  l a t e r .  Addi- 

t ional  c o s t  de ta i l  is provided i n  Tab le  5-5, and Tab le  5-6 p rov ides  a b r i e f  

t echn ica l  desc r ip t ion .  

5.4.  3 F i r s t  C o m m e r c i a l  Co l lec to r  Equipment  Funding 

R e p r e s e n t a t i v e  f i r s t  c o m m e r c i a l  plant  co l l ec to r  funding and schedu le  

a r e  shown i n  F i g u r e  5-6. P r o c u r e m e n t  and production ef for t  s t a r t s  56 months  

p r i o r  to  IOC and r u n s  t o  6 months p r i o r  to IOC. Checkout s t a r t s  1 8  months  

p r i o r  to  IOC and r u n s  12 months  s o  that  t h e r e  i s  s o m e  o v e r l a p  wi th  on-s i t e  

a s s e m b l y  and ins ta l la t ion .  A s  spent  funding peaks  at $32 mil l ion  i n  t h e  l a s t  

half of 1988, i t  r e m a i n s  a t  bas ica l ly  tha t  l e v e l  i n . t h e  f i r s t  half of 1989 and 

then t a p e r s  off i n  t h e  l a s t  half. P e a k  r e q u i r e m e n t s  o c c u r  somewhat  o v e r  

2 y e a r s  a l t e r  p r o c u r e m e n t  s t a r t s .  

5.4. 4 Cost  Methodology 

Costing i s  based on McDonnell Douglas As t ronau t i cs  Company exper ience  

conccrning the design, manufacture ,  and t e s t ing  of s t r u c t u r a l - m e c h a n i c a l ,  



Table 5-5. Collector Cost Detail (Page  1 .of 2) 
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Table  5-6. Technical  Descr ipt ion Collector Subsystem 
(Page  1 of 2) 

Ref lector  - 6 sandwiched panels composed of float g lass ,  polystyrene and 
shee t  s tee l ,  then  connected to  the  m i r r o r  backing s t ruc tu re  

Reflective su r f aces  1 ,187.  5 l b s  

a Reflective su r f ace  a r e a  400 ft2 

a Second s u r f a c e  m i r r o r  0.125 in  

e Po lys ty rene  rigid foam c o r e  2 in  

Galvanized shee t  s t e e l  (26 gage) 0.020 i n  

M i r r o r  backing s t r u c t u r e  1 ,108 .  3 l b .  

a C r o s s  beams  - 11-gage channels 2 15. 50 in  - 14 in deep 

a Torque  tube 206. 25 i n  -- 10.75 i a  d ia  

a Dr ive  attachment fitting Low carbon s t ee l  

Heliostat  support  s t ruc tu re  508. 5 lb  

a Pedes t a l  108 in  - 20 in  dia 

Dr ive  - Cons is t s  of an orb idr ive  elevation and azirnuth/axis 

Azimuth/elevation dr ive  actuators  

a Drive ra t io  

a Input d r ive  45 : 1 

a Output d r ive  961:l  

a Fina l  d r ive  ra t io  43,245:l  

Actuator nlotor 42 f rame,  230 VAC, 
3-phase, 4 pole, 60 Hz 

a Power  

a Horsepower  rating 18. 6 (114) 

Power  distr ibution equipment and wir ing 240 V 60 Hz 



Table.5-6.  Technical  Description Col lector  Subsystem 
(Page  2 of 2) 

Posi t ion indicators  

A s e n s o r  (encoder) on the dr ive  output - 4 bit 

Incrementa l  encoder on dr ive  input (motor) - 1 bit 

Control / ins t rumentat ion equipment 

Heliostat  cont ro l le r  

Digital mic rop roces so r  

Drive motor  control ler  

a Communication interface 

Field  cont ro l le r  

1 p e r  24 hel iosta ts  

High speed digital microprocessor  

Mas te r  control  in terface 

e Heliostat  control  in terface 

e Command calculation and .formatting 

Signal distr ibution equipment and wiring 

Digital data  bus 

r Interface master / f ie ld/hel iosta t  cont ro l le rs  

Foundation 

Reinforced p r e c a s t  concre te  - 2 . 4  cu yd 

Weight - 9, 750. 0 1b 

Pa.cking containers  

Mi,rrnr panels - ! 2  p e r  container - 160 reusablc  rcquircd 

Drive unit - 1 p e r  pallet  - 1000 reusable  required 
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electr ical-  mechanical, and electronic  equipment, Stearns-  Roger exper ience 

. on trenching, concrete  work and installatioh, and A. D. Lit t le exper ience in  

designing high-rate 'production facil i t ies.  Es t ima to r s  used 1977 industr ia l  

equipment, mater ia l ,  and l abo r  cos t s  reflecting appropria te  fabrication,  

assembly  and installation locations. Essent ia l ly ,  the  scope of work (Sub- . 
section 5.4..1), the programmat ic  concepts indicated i n  Section 3 and the 

available pilot plant drawings w e r e  used t o  s i z e  and refine the labor  hour s  

and ma te r i a l  dol lar  es t imates  and appropria te  l abo r  r a t e s  w e r e  applied. 

Specific methodology i s  descr ibed below. . 

5 .4 .4 .1  Procedure .  F i r s t  commerc i a l  manufacturing cos t s  a r e  based on 

f i r s t  cost  es t imates  while Nth plant es t imates  have been determined f r o m  the 
, . 

r e sou rce  requi rements  called out in a heliostat  basel ine production facil i ty , 

des,igned by , the  A. D. Lit t le Company. Installation cost  methodology and 

labor  r a t e s  a r e  the  s a m e  for  both f i r s t  and Nth plants, and unlike pilot, no 

visibility o r  s c r a p  f ac to r s  have been applied. 

5 .4 .4 .1 .1  First Commercial .  ' F i r s t  commerc i a l  manufacturing cos t s  have 

been developed f r o m  a detailed es t imate  of f i r s t  unit l abo r  hours  and ma te r i a l  

do l la rs  taken f r o m  engineering drawings and schemat ics  by experienced 

manufacturing e s t ima to r s .  The e s t ima to r s  worked with MDAC manufacturing 

and industr ia l  engineers  to  in te rpre t  drawing implications, and applied 

industry-wide fabrication and assembly  unit 100 labor  a tandards  and vendor 

quotes fo r  average  ma te r i a l  cos t s  for  .1,760 units in  a r r iv ing  at a bas ic  

estimate.  Results w e r e  ra ised to  f i r s t  unit cos t s  and then brought back down 

an 87% cost  reduction curve  (CRC) f o r  l abo r  and a 95% cu rve  f o r  mater ia l s .  

The CRC has  been employed i n  a manner  that  p ro jec t s  the  average  unit cost  

of t he  23,414 units produced between unit number  1 ,760  and unit number  

25,174 which p re sumes  a cost  reduction hiatus during the  Demonstration 

Plant(s)  phase of tihe program. The CKC procedure  has  a bas ic  effect of 

.discounting pilot plant mater ia l s  costs by 2 1 %. 

, . . . .  . ., 
j . .  

, Thee'sitarida;ds h o u r  b a s 6 . k u s t  be ad j i s ted  to .provide l o r  all the  e x t r i  

ilivolvemerit required to prbduce .ha.rdware. ~ d d i t i o n a l ' h o u r s  h a v e  been 

added to  the  s tandards ,  base  t o  ;ccqunt f o r ,  special  p rocesaes  (pas  sivating, 



painting, etc.  ), inefficiency, lead supervision,  rework,  l iaison,  and 

personne l  fat igue ancl delay. Also, o ther  d i r ec t  cos t s  f o r  manufacturing 

support ,  including quality a s su rance ,  tooling subsistence,  sustaining planning, 

i ndus t r i a l  engineering,  cost  control  and "free" stock (nuts and bolts) have 

been  cons idered .  Cos ts  fo r  t he se  e lements  a r e  applied using s tandard 

pr ic ing f ac to r s  developed f r o m  MDAC experience.  

Nth Commerc ia l .  The Nth commerc i a l  manufacturing cos t s  have 

been  developed f r o m  re sou rce  loads identified with t he  basel ine  production 

faci l i t ies  designed for the purpose of fabricating and assembling the  MDAC 

heliostat .  Ope ra to r  and support  posit ions requi red  for  each i t e m  of produc- 

tion equipment o r  responsibi l i ty  within the production faci l i t ies  w e r e  identified, 

counted, and c lass i f ied  by ski l l  in  o r d e r  to accumulate  staffing by CBS a s  well 

a s  ove ra l l  staffing. These  r e su l t s  w e r e  factored to account for personnel  

fat igue and delay f r e e  stock ancl tooling subsistence.  Also,  s ince equiprxient 

r equ i r emen t s  n e c e s s a r y  to m e e t  the production r a l e  l lavt :  bee11 fac t s rcd  to 

allow for downtime, the number  of posit ions staffed have been inc reased  and 

i n  effect manning and total annual hours  worked a r e  t ied d i rec t ly  to equipment 

operat ion t ime and plant output. Thus,  average  labor hours  p e r  CBS i t e m  a r e  

s imply t he  resul t  of dividing annual manhours  worked by the annual output. 

All staffing that  could not be d i rec t ly  identified with a hardware  i t em and i s  

not included in  the burden factor  has been allocated over  a l l  CBS elements.  

Ma te r i a l  c o s t s  have been der ived in  a manner  s imi l a r  to that  employed 

for  the f i r s t  c o m m e r c i a l  plant except that  the cos t  of the 25, 174th unit has  

been used a s  the  average  m a t e r i a l  cos t  pe r  unit f o r  the  Nth plant. This  r e su l t s  

i n  about a 26% basing discount on the ave rage  pilot plant cos t  f o r  ma te r i a l s .  

However,  a considerable  amount of ma te r i a l s  that  c ame  in  a s  p rocessed  

p a r t s  on pilot a r e  fabr icated in-house on Nth and a r e  costed at  r aw  ma te r i a l  
1 

pr i ce s  s ince  t he  l a b o r  i s  a l ready  covered.  

5. 4. 4. 1 .  3 Transpor ta t ion  and Field  Installat ions.  " Transporta t ion,  founda- 

t ion excavations, w i r e  trenching,  foundations, and heliostat  p roce ' s sor  a n d .  
i 

cont ro l le r  instal lat ion and checkout a r e  a l l  based on the  r e s o u r c e  loading 



technique. ' Using a breakdown and analysis  of the  SRE experience,  the 

necessary  activities, equipment, c rews  and t imel ines  have been established. 

The t imel ines  implicit ly allow fo r  basic  field efficiencies s ince they a r e  

based on actual  experience.  However, an additional fac tor  covering personnel  

fatigue and delay ha's been added. 
. . 

This  p roces s  was accomplished direct ly  for  f i r s t  commerc ia l ,  but fo r  

the  Nth plant, the  r e s o u r c e  loads developed fo r  pilot plant installation w e r e  

unitized and c a r r i e d  down a 9770 CRC to the hours  of unit number 25,174. 

This  was t rea ted  a s  the average  cost  of Nth'plant installation. Since the 

s a m e  methods w e r e  loaded f o r  both pilot plant and f i r s t  commerc ia l ,  this 

p rocedure  is intended to  por t ray  at l eas t  a minimum in  methods irnprove- 

ment by the t i m e  the Nth plant i s  installed. 

These  r e su l t s  have been overlayed by level-  of- effort manloads covering 

field supervis ion,  logis t ics ,  and the technic a1 support  associated with for  

e lectronics  installation, cal ibrat ion and.checkout. The manloads were  

developed f o r  pilot plant by- the discipline involved and rela ted to f i r s t  and 

Nth commerc i a l  using a 97% CRC applied in  the s a m e  manner  a s  for  in-plant 

production. 

Transpor ta t ion  for .bo th  f i r s t  and Nth i s  based on the A. D. Li t t le  effort. 

They est imated the n i m b e r  of d r i v e r s  and handlers  based on an analysis of 

average  daily ha rdware  quanti t ies,  t r uck  capaci t ies ,  and t r ave l  distances 

and holding t ime. Also, packaging and handling equipment charac te r i s t ics  

w e r e  considered.  The  s a m e  hours  w e r e  used f o r  both f i r s t  and Nth plants.  

The analysis  of foundation cos t s  have been per formed by Stearns-Roger  

af ter  examining 3 6  al ternat ive foundations and methods of installation. They 

base  foundation mater ia l s  on cu r r en t  quotes f o r  concre te  and r eba r ,  assuming 

a loca l  batch plant. The  indicated installed cos t  r e l i e s  on a spec ia l  i t em of 

equipment designed by Stearns-Roger  that  p laces  the  preformed foundation. 



The s i te  plant move cos ts  have been estimated by MDAC Facili t ies 

Engineering. Hours and mater ia l  for  moving the s i te  plant a r e  directly 

estimated f r o m  floor space, amount and type of equipment, and typical .. 

disassembly, moving, and reinstallation requirements. Design, surveil- 

lance, and s i t e  preparation involved in moving the s i te  plant a r e  based on 

factors.  

5 .4 .4 .1 .4  Labor and Overhead Rates. Manufacturing labor ra tes  a r e  based 

on Bureau of Labor s tat is t ics  data on average hourly earnings of production 

workers  in  five representative United States cit ies a s  well a s  actual rates  

paid by MDAC and other  manufacturers at  volume production facilities in 

o ther  cities. A ra te  presentative of lower cost western city ra tes  has been 

selected. . , . 

. Manufacturing *burden, fringe .and G ,and A ra tes  have been projected at  

those experienced a t  MDAC's TIC0  facility in  Florida. This plant employs 

a work force  in numbers approximating the requirement .range of the Nth and 

f i r s t  commercial  production facilities. The plant i s  dedicated to the output 

of a single product l ine worth approximately $2,000 per  unit produced at a 

r a t e  of f r o m  36,000 to  60,000 units per  year.  The plant also produces 

.special electronics .support equipment in l e s s e r  numbers. 

The MDAC cadre  at the installation s i te  is costed at current  Huntington 

Beach remote s i te  kates. Contract labor ra tes  a r e  based o n  a current  

Stearns-Roger survey of ~ a r s t b w  a r e a  journeyman t rade  contracts covering 

base  rates ,  fringes, employment taxes, funds, foreman differential, and 

subsistence. These ra tes  have been weighted by skills requirements and 

factored by typical generial  contractor overhead rates .  

5.4.4.2 Source of Estimates.  The source of est imates have been basically 

addressed in the preceding discussions. Except for  f r e e  stock (nuts and 

bolts), concrete  and rebar ,  a l l  material  pr ices  a r e  based on supplier quotes 



f o r  1 ,760  units. F r e e  stock i s  based on a h i s tor ica l  fac tor  while concre te  

and r e b a r  a r e  based on nondiscounted vendor quotes.' Quotes f o r  ce r t a in  high 

cost  i t ems  w e r e  obtained f r o m  the following suppl iers :  

, I tem 

F o a m  

M i r r o r s  

Steel  
. , Castings 

Drives  

Concrete  

Wire  

Bearings 

Supplier 

Dow 

Binswanger, Buchmin 

U. S. Steel, ,Republic Steel, Tubesales ,  ~ a i s  e r  

Lincoln, Dayton, Golden State,  Steel  .Casting 

Grow Geur, Compudrive Corporation 

Local Batch 

Okonite, Square  "D" 

Marlin Rockwell (TRW), Kaydon, Timken 

In addition, continual discussions have been held with many of t hese  

suppl iers  along with o thers  such a s  the  ~ o r d  Glass  ~ i v i s ' i o n ,  LOF Glass ,  

P P G  Glass, Guardian Glass,  Sheldahl and Kaiser  Steel  concerning volume 

production costs .  

All l abo r  es t imates  a r e  based on judgments and s tandards  applied by 

experienced e s t ima to r s . i n  var ious  a r e a s  of exper t ise .  Separate  e s t ima to r s  

w e r e  employed in  deriving sheet  metal  fabrication,  machining and mechanical  

assembly,  e lectronic  fabrication and assembly,  fact i l i t ies ,  logis t ics  and 

field installat ion hours .  Stearns-Roger  e s t ima to r s  w e r e  employed to  e s t i -  

mate  foundation and trenching cost 's,  while A. D. Lit t le employed an 

experienced manufacturing and industr ia l  engineering t e a m  to de te rmine  Nth 

plant tnoving req  uirernents. . 

5.4.4.3 Driving Assumptions and Scenarios.  Severa l  major  i s  sues  a r e  of 

special  important to  the  costing resu l t s  that  have been presented.  They 

involve the specific configuration o i  s y s t e m  and col lector  subsys tem ha rd -  

.,ware, the marke t  for  col lectors ,  and the projected production and ins  ta l la-  

tion scenar ios .  Of course ,  a l l  of t hese  i s s u e s  a r e  highly in te r re la ted ,  and 

at t imes ,  it i s  difficult to  distinguish between cause  and effect. 



5.4.4.3.  1 Hardware.  The collector hardware for  the commerc ia l  plant is 

assumed identical ':in design a s  that projected fo r  the pilot plant, except that 

an open-loop control  sys t em has been costed and the number of processor  

integrated circui ts  a r e  presumed cut f r o m  over  100 on pilot plant to l e s s  

than 20 on the commercial .  Although, in accordance with costing ground- 

ru les ,  i t  is unlikely that fur ther  potential cost  savings hardware  changes, 

such a s  noninverting heliostats,  f i r s t  surface m i r r o r s ,  and others  would 

not b e  considered during the  evolution f r o m  pilot plant through demonstration 

plants and on into commerc ia l  applications. 

The impact of the open-loop sys tem i s  that it requi res  no sun sensor ,  

s enso r  poles, wiring and foundations, and no tracking m i r r o r  and associated 

support s t ruc tu re  a r e  needed. .This  sys tem does . requi re  500 more  heliostats 

and proportional e lectronics  than would be required fo r  a closed-loop system. 

However, the s a m e  position sensor  is adequate f ~ r  ei ther  closed-loop o r  

open-loop systems.  The Orbidrive i s  also assumed adequate. The net impact 

of the  open loop, a s  costed, i s  a somewhat lower commerc ia l  plant invest- 

ment cos t  pe r  square  meter .  The cut in integrated circui ts  reduces assembly 

costs .with only a sma l l  i nc rease  in average cost  p e r  integrated circuit. 

One other important impact is that of the s ix hour the rma l  s torage capa- 

bility. This capability requires  a so lar  multiple of 1 .  7 ve r sus  a multiple 

of 1 .4  with only 3 hours  of s torage baselined. F o r  f i r s t  commercial ,  the 

ex t r a  0.3 in so la r  multiple adds approximately 3,800 more  heliostats o r  

$16 million in collector cos ts  alone, when scaled on a 9370 cost  reduction 

curve .  

5 .4 .4 .3 .2  Market. The projected market  f o r  co11ectors over  . the next 20 to 

30 y e a r s  has  had a significant impact on costing resul ts .  The projections 

a r e  based on Sandia documentation published at the s t a r t  of 197.7 tempered 

by e a r l i e r  ERDA projections.. The basic scenario calls for  a win of a pilot 

plant in 1978 a s  well  as a demonstration plant in the f i r s t  par t  of the 1980s. 

F i r s t  commerc ia l  s t a r t s  in the l a t t e r  par t  of 1986 following a brief hiatus 

in  col lector  production. Production of the Nth plant occurs  in the mid-1990s 

and a s sumes  market  sharing with competitors. 



This  s cena r io  l eads  t o  s e v e r a l  important  cos t  assumptions.    he f i r s t  

is that  t he  win of pilot and demonstrat ion plants will  allow investment in a l l  
9 

nonrecur r ing  cos t s  p r i o r  t o  commencement  of commerc i a l  production. Any , 

nonrecur r ing  cos t s  wil l  be  allowed only if m o r e  than counterbalanced by 

r e c u r r i n g  cos t  savings. Remaining production. capi ta l  is amort ized within 

t he  overhead r a t e s ,  so  that  no nonrecurr ing expense i s  shown f o r  the  f i r s t  

o r  Nth c o m m e r c i a l  plants. 

The  assumption of competition in  the  1990s m a r k e t c a u s e s  Nth plant 

r a t e  production to  occu r  at  a l a t e r  date than could otherwise  be achieved, 

and a l so  impl ies  a lower  r a t e  of production. Were i t  not f o r  this  marke t ,  

interplay,  the  assumed Nth plant 60,000 unit annual output r a t e  might ' b e  

s u r p a s s e d  by the end of 1990 and a higher Nth plant r a t e  considered.  

As projected,  the  1990s marke t  scenar io  grea t ly  l imi t s  the  extent of 

bas ic  industry  ve r t i ca l  integration. The r a t e  does allow a significant degree  ' 

of automation both in  the p roces ses  and in the t r ans fe r  of hardware  which 

el iminates  a g r e a t  deal  of factory labor .  However, th is  marke t  suggests  

that  s a l e s  may be sp read  ove r  a mult is ta te  a r e a  s o  that  installation, genera l  

cont rac tor  o r  work  fo rce  commonality may not be realized to  any g rea t  

deg ree  f r o m  t i m e  to  t ime  o r  between cus tomers  o r  locations. This  is 

cur ren t ly  a typical  si tuation associated with power plant installations. 

The impact  is that ,  a s  with balance of plant i t ems ,  v e r y  l i t t le  installat ion 

cost  reduction is presumed between pilot and Nth commerc i a l  plant. Obvi- 

ously, changes in  the  assumed marke t  cha rac t e r i s t i c s  could have a substan- 

t i a l  impac t  on cos t  projections,  and i t  may be that  MDAC1s assumptions a r e  

conservat ive considering the future  perspect ive of e lec t r ica l  energy produc- 

tion and demand. 

5.4.4. 3 .  3 F~ .aduc t i an  and I~~a ta l l a t i on .  13aatd e n  hardware and marlcot 

implications,  a conceptual production and installat ion scenar io  has  been 

defined ( s e e  Volume 111, Book 1 of the  PDR).  Essentially,  the costed plans 

ca l l  f o r  two faci l i t ies  - a main plant where  a l l  major  assembl ies  a r e  manu: 

factured and a llmobile'l  s i t e  plant where  the  major  assembl ies  a r e  trucked 

by MDAC-employed d r ive r s  t o  be final  assembled into heliostats.  Although 



conceptual; specif ics  have been developed on machines,  jigs, and other  

equipment, t he i r  footprints and implied plant s ize ,  position manning and 

supervis ion,  quality control  points and manning, and o the r  r e sou rces  in 

appropr ia te  numbers  and l i nes  to  a s s u r e  the projected output requirements ;  

Welding, bonding and o ther  assembly  operat ions  f o r  Nth faci l i t ies  a r e  mostly 

automated and a r e  semiautomated f o r  ini t ia l  faci l i t ies .  Nth faci l i t ies  a lso 

f ea tu re  automatic l ine  t r a n s f e r  equipment. 

The s i t e  plant is located adjacent t o  the  col lector  f ield and a s  hel iosta ts  a r e  

completed, they a r e  moved and mounted on foundations using a ' spec ia l ly  

rigged l if t  t ruck.  Special  equipment i s  a l so  employed to  align and ca l ib ra te  

t he  heliostats.  Under this  concept, the  s i t e  plant mus t  be moved to  each  new 

installation. However, the  high cos t  of t ransport ing the l a r g e  fuily a s s e m -  

bled hel iosta ts  long dis tances  over  public roads a r e  saved, and i t  is des i rab le  

t o  do as much assembly  in  a factory environment a s  possible, a l so  f o r  cos t  

uavirlge i-eaao~ls. 

The main and s i t e  plant work fo rce  i s  re la t ively unskilled with only 

about 10 to  1570 of the .workers  requiring p r i o r  training. No special ,  d i r ec t  

charging, analysts  such a s  manufacturing, industr ia l ,  logist ics,  quality o r  

faci l i ty  engineers  are.employed and such se rv i ces  will b e  obtained on a 

consult ing bas i s  when and if necessary.  Also, the  na ture  of many of the  

m a ~ h i n e / ~ o s i t i o n s  i s  such that one machinist can  ope ra t e  two machines and 

i n  o the r  a r e a s  where  nonconforming i t ems  a r e  visually obvious an  ope ra to r  

a l so  may be  responsible  f o r  "go/no"-go" inspections. These  policies have 

the  effect  of minimizing both the total  l abor  fo rce  as wel l  as the average  

wage r a t e  and a r e  possible  because of the l a r g e  amount of production spec  

tooling, numer i c  control ,  and automation. . 

Detai ls  of the  Nth plant conceptual production scenar io  a r e  par t icu la r ly  

impor tan t  because they provide a solid f r a m e  of re fe rence  f o r  supporting the  

feasibi l i ty  of achieving low collector costs  pe r  squa re  m e t e r  using r e s o u r c e  

load cost ing methods. Correla t ion to  pilot plant production detai ls  a l so  

provides  a check on f i r s t  commerc i a l  plant costing. However, a s  c losely 

as the  detai ls  and the cos t s  may t ie,  the  scenar io  is s t i l l  only a basel ine 



scenario which pegs costs at $90 per square meter only if the concept 

endures. The lat ter  not only depends on the market and hardwgre config-. 

uration but also on whether o r  not there may be an even better  way to 

produce, transport, and install the hardware. 

. .  . ;' ' . .  . 

Depending on the results of further studies, other scenarios may become 
4 

attractive. Typically, i t  may be less  costly to ship half section heliostats 

f rom the main production facility directly to the point of installation where 

an .automated piece of equipment completes the installation. With this 
A 

concept, a main assembly.plant might be integrated with glass and mi r ro r  . 

production were the volume i s  great enough. In another case, it may be 

.economic to locate various par ts  of the main plant in different sections of 

the country. Also, production, procurement, transportation and handling, 

, installation, o r  alignment and calibration methods may be improved o r  

become more mechanized. 

The potential combinations a r e  numeroua. Adding the possibility of 

further savings in materials, which i s  by fa r  the largest  cost area,  due to 

alternative's, competition, process changes, supplier control o r  vertical 

integration, i t  i s  clear  that the projected cost of the Nth heliostat field 

should be considered a peg point for  even lower cost goals.. 

. . 
5. 4. 5 Collector Cost Reduction 

The preceding discussion has provided an indication of why commercial 

collector costing results have turned out as  they have. Further insight may 

be gained through a co,mparison with SRE and pilot plant cost data. 

Figure 5-7 shows collector cost per  square meter for  each phase of the . 

program except the demonstration plant. The SRE costs a r e  cleansed 

approximations of actual recurring costs for  the inverting heliostat and 

do not include installation charges. 

. . .  t 

The chart  shows dramatic changes in the labor versus material rela- 

tionship which goes from something over 2 to 1 labor to material down to 
' 

1 to 2 .6  labor to material. This change i s  even greater  than it  appears 
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Figure 5-7. Collector Cost Reduction 



because seve ra l  buy. i t ems  such a s  torque tubes and pedestals a r e  made 

"in-houset1 f o r  the  Nth plant. The r ea sons  fo r  this  change may be logically 

explained f r o m  SRE through Nth commercial .  

5.4. 5. 1 SRE to  Pi lot  Plant. The SRE inverted heliostat  was produced in a 

typical  prototype manner  using soft tools and experiencing a l l  the usual 

delays and f i r s t  t i m e  production problems.  The na ture  of prototype produc- 

tion, if not t r i a l  and e r r o r ,  i s  a t  l e a s t  one of a close, informal  and slow 

association between engineers and manufacturing personnel.  Fu r the r  

mater ia l s  may not come in on t i m e  o r  they may come in' totally "out of spec,  " 
and setup t i m e s  and vendor tools must  be allocated over  only a few units, 

Often i t e m s  mus t  be  reworked causing additional setup o r  changes in tooling. 

Finally, a g rea t  dea l  of t ime  may be spent in working out the specific method 

f o r  actually accomplishing par t icu la r  manufacturing operation. 

The pilot plant e s t ima te s  have been developed in typical  pricing fashion 

with vendors submitting quotes f o r  the  en t i re  quantity and l abo r  based on a 

going operation. The l a t t e r  i s  achieved by using s tandards  f o r  production of 

the 100th unit (some f i r m s  use  unit 500) which a r e  c a r r i e d  back up the  cost  

reduction curve  t o  a synthetic f i r s t  unit cost .  The synthetic is intended to  

be f r e e  of prototype problems,  and r ep re sen t s  what the  cost  would be  if the 

init ial  unit w e r e  a s  designed on checked out tooling with a l l  

mater ia l s  conforming and available on schedule. 

The  resu l t  s e r v e s  a s  the peg point fo r  estimating cos t s  of producing on 

a going production l ine  at  the des i red  quantity down the cost  reduction curve.  

As such, the  synthetic f i r s t  unit cost  f o r  pilot plant i s  only about 2570 of 

actual  SRE labor  costs ,  and applying no rma l  CRC techniques for  1760 units, 

the  average  pilot plant l abor  cost  i s  l e s s  than 10% of SRE labor.  This 

quantity i s  well  within the confidence l imi t s  fo r  applying cos t  reduction 

curves .  

5.4. 5.2 Pi lot  Plant t o  F i r s t  Commercial .  As indicated in Section 5.4 .4 .1 ,  

collector cost  resu l t s  for  f i r s t  commerc i a l  a r e  the resu l t  to  some  extent of 

going to open-loop control, and mainly, of extending the pilot plant ma te r i a l  



and synthetic f i rs t  unit costs  down separate curves to the average cost 

between units 1760 and 25,174. These quantities a r e  also well within the 

range of CRC confidence and the results may be supported logically. 

By definition, the cost reduction curve arithmetic ally declines rapidly 

and then levels out as  higher production volumes a r e  reached. proceeding 

into volume production, the curve represents the results that may be 

achieved with various degrees of tooling sophistication, experience, produc- 

tion line improvements, overhead amortization, process changes, produc- 

tion design improvements and other cost reduction drivers. Production 

facilities a r e  designed to incorporate f rom the s tar t  as  many cost saving 

features as may be imagined and economically justified by the ultimate as  

well as near-term volume, so that as  in the case  of the f i rs t  commercial 

cost reduction does not just happen but is planned f rom the s tar t  causing 

rapid cost reduction as volume approaches planned rate production. 

Table 5-7 shows changes in tooling concepts between pilot and first  com- 

mercial  and, as  indicated, tooling. i s  well on i t s  way to automation. Full 

automation will proceed as  expected sales a r e  confirmed. 

5:4. 5.3 F i r s t  to Nth Commercial. Nth commercial costs nearly reflect 

the advantages of a highly automated line, as  shown in Table 5-7, where 

capital leverage become significant and the labor force i s  minimized. The 

reduction in labor is actually more than i s  apparent because certain impor- 

tant buy items have become make items. This also lowers material costs 

because such items a r e  now costed at raw material prices rather than the 

much higher processed cost. The overall results and causes already have 

been discussed and the only point that should be repeated is that the Nth 

plant cost represent a specific conceptual scenario that will survive only 

if a better one does not exist. 

5.5 RECEIVER AND TOWER SYSTEM (4190.2) 

This element comprises all items related to the receiver including the 

tower and platform, receiver unit, r i se r  piping, downcome r piping, insula- 

tion and foundation and si te  preparation. Costs a r e  to provide for the labor 



Table 5-7. Production P r o c e s s  Changes 

Pi lot  Plant F i r s t  Commerc ia l  Nth Commerc i a l .  

Reflector Mechanical  p r e s s  bonding Mechanical p r e s s  bonding Mechanical  p r e s s  .bonding 
semiautomat ic  fully automatic 

Reflector Support Roll fo'rmed channel hand Roll  formed channel Roll fo rmed channel fully 
S t ruc ture  spot welded semiautomat ic  spot automatic spot welded 

welded 

Drive Sys tem N/C machining single N / C machining N/C machining 

Single operations Multiple operat ions  Auto l ine  t r a n s f e r  

Pedes t a l  S e m i a ~ t o m a t l c  fusion Automatic fusion Automatic fusion 
welding .. welding welding 

Elec t ron ics  semiautomat ic  inser t ion Semiautomatic inser t ion  Semiautomatic inser t ion 

 low solder  Flow so lder  Flow sol 'der '  

F ina l  Assembly On s i te  

P r o c e s s e s  Batch 

On s i te  

Batch 

Automatic l ine  t r a n s f e r  

On s i te  

Automatic l ine  t r ans fe r  



and  m a t e r i a l  r e q u i r e d  t o  fabr ica te ,  de l ive r ,  a s s e m b l e ,  ins ta l l ,  checkout,  

and ac t iva te  one  r e c e i v e r  equipment  se t ,  including t e s t  h a r d w a r e  and 

p r e p a r a t i o n  of all ins ta l la t ion ,  maintenance  and opera t ing  ins t ruc t ions .  

5. 5. 1 R e c e i v e r  and T o w e r  Equipment  C o s t s  

C o s t s  have been e s t i m a t e d  by Roclcetdyne Divisioll of Roclcwell 

In te rna t iona l  and S t e a r n s - R o g e r .  Inc-. to  be a s  follo\vs: 

T i t l e  

R e c e i v e r  unit 

SLeat~l  geueralur 

R i s e  and h o r i z  piping 

Downcomer  and h o r i z  piping 

T o w e r  and p l a t f o r m  

Foundat ion and s i t e  p r e p  

Des  eng t e s t  and plan  

To ta l  (4190.2) 

M a t e  r i a l  Labor  

Addit ional  cost  d e t a i l  is provided i n  Tab le  5-8, and Tab le  5 -9  p r o v i d c ~ l  a 

t e c h n i c a l  desc r ip t ion  of t h e  cos ted  i t e m s .  

5, 5 .2  R e c e i v e r  and T o w e r  Equipment  Schedule,  Funding and Impor tan t  
D r i v e r s  

R e c e i v e r  schedu le  and funding in fo rmat ion  is shown on F i g u r e  5-8. 

P r o d u c t i o n  s t a r t s  61 months  p r i o r  t o  IOC; t h i s  schedule  r e s u l t s  i n  funding 

tha t  p e a k s  at  $7. 6 mi l l ion  i n  the  f i r s t  half of 198 8. 

T h e  61-month f a b r i c a t i o n  and cons t ruc t ion  per iod is based  on f low t i m e  

a n a l y s i s  of ' r e c u r r i n g  t a s k s  ut i l izing speci f ica t ions  f r o m  prev ious  c o m m e r -  

c i a l  des ign  effort .  At the  beginning of the  p r o g r a m  a 6-month pe r iod  wi l l  b e  

u t i l ized f o r  a rev iew of p r i o r  s o l a r  t h e r m a l  power  plant  e x p e r i e n c e  and 

modif ica t ions  and incorpora t ion  of des ign  f e a t u r e s  t o  update the  c o m m e r c i a l  

p lan t  design.  It is expec ted  tha t  t h e  o v e r a l l  s y s t e m  r e q u i r e m e n t s  wi l l  b e  



Table 5-8. Receiver.Cost Detail 
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Tab le  5-9. Technical  Descr ipt ion Receiver  and 
Tower  Equipment (Page  1 of 2) 

' 

Reee lve i .  UII~L A ~ u e ~ s l b l ~  

Diamete r  

Height 

Number  of a b s o r b e r  panels 

Exposed  su r f ace  

A b s o r b e r  P a n e l  

Height 

Width 

Weight 

Number  of tubes  

Tube OD 

Tube ID 

Tube  m a t e r i a l  

Surface coating 

Insulation 

T h e r m a l  expansion 

Absorptivity,  min 

P e a k  heat  flux, MW / m  
2 

Outlet t empera tu re ,  "C ( O F )  

Inlet t empera tu re ,  OC (OF) 

2 
Outlet p r e s s u r e ,  MN/m (psia) 

Inlet p r e s s u r e ,  M N / ~ ~  (psia) 

84 ft 

8. 0 f t  

14, 5'00 lb  

17 0 

0. 5 i n  

0. 269 in 

Incoloy 800 

P y r o m a r k  

Blown, closed po re  F G  

Sliding channels 

0 . 9  

0. 85 

5 1  6 /349 (9'60 /660) 

218/104 (425/220) 

1.0. 4 (1, 500) 

13. 8 (2, 000) 



Table 5-9. ~ e c h d i i a l  ~ e s c r i ~ t i o n  ~ e c e i v e i  and ' 

Tower Equipment (Page 2 of 2) 
. . . - 

" > .  
. . , . , .  , 

R i s e r  Piping 

P ipe  ASTM A106C carbon  s teel ,  10 in 
diameter ,  schedule 160 

Supports Variable  spring, constant, and 
rigid pipe guides 

Downcorn er Piping 

P ipe  
" .  

ASTM A335P22 ch rome  molly, 
13. 5 in  diameter ,  schedule 160 

Suppo r t  s Variable  spring, constant and rigid,  
' ' rigid pipe guides 

Insulation 

R i s e r  

Downcomcr 

Tower and P la f form 

Tower 

Eleva tor  

c a g e d  . ladder  

P l a t fo rms  

3.5 in  thick 

5.5 i n  th ick 

. ' 12,038 cu yd concrete  

790 f t  

2 
50 tons  s tee l ,  5000 f t  grating,  
1500 l i nea r  f t  handrai l  

Airc  ra f t  light e Strobe 

Foundation and Site P repa ra t ion  

Earthwork 45,813 cu  yd tota l  

Foundation 10,908 cu  yd concrete  
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f rozen  by the middle of the  f i r s t  y e a r  and that  component and subsys tems  

. specification c a n  be wri t ten with RFQs going to  the vendors  and subcon- 

t r a c t o r s  by the  thi rd  quar te r .  F r o m  this  point is will  t ake  approximately * 

4 months before  vendors  and suppl ie rs  can  be under contract .  The only 

!exception to th i s  is the Incoloy 800 tubing f o r  the abso rbe r  which r equ i r e s  

r e l e a s e  to  the  vendor within 8 months a f te r  con t rac t  go-ahead. 

5. 5. 3 Receiver  and Tower  Equipment Costing Methodology 

The  costing methodology incorpora tes  theaapproach used by the  Rocket- 

dyne Division of Rockwell International f o r  the  r ece ive r  unit along with the  . 

approach used by Stearns-Roger ,  Inc. f o r  the  tower,  r i s e r  and downcomer 

piping, and foundation. 
* .  

5. 5,. 3 .  1. Overa l l  Procedure .  Costing of the  r ece ive r  unit is based on 

Rocketdyne exper ience concerning the  design, manufacture,  and t e s t  of the  

sub sys t em r e s e a r c h  exper iment  and Engineering and Manufacturing Depar t -  

ment exper t i se  on s i m i l a r  t asks .  Es t ima te s  used 1977 equipment, mate r ia l ,  

and labor  cos t s  reflecting appropria te  fabrication,  assembly,  and ins ta l la-  

tion at  the  SCE Coolwater Station in  Bars tow,  California.  Es t ima te s  w e r e  

made f r o m  detailed equipment, pa r t s ,  and ma te r i a l s  l i s t s ,  quotations f r o m  

established vendors  and up-to-date catalog pr ices .  All  l abo r  c o s t s  re f lec t  

c u r r e n t  wage r a t e s  at  Rocketdyne for  appropria te  cost  c en t e r s ,  which a r e  in  

agreement  with r a t e  l eve l s  approved by the  United States Government.  

In-field cos t s  f o r  construction a r e  based on today's  prevailing r a t e s  in  the  

Bars tow area .  

Costing of the  tower,  r i s e r  and downcomer piping, and foundation i s  

based on Stearns-Roger  exper ience in the construct ion and installat ion of 

piping network concre te  foundations, and s t ruc tu ra l  s t ee l  work. Es t ima te s  

w e r e  general ly  based on h i s to r ica l  f a c t o r s  such a s  composite values  p e r  

cubic ya rd  for cancre te  and ear thwork and a percentage of the piping s y s t e m  

f o r  r i se r /downcomer  support  s t ruc tures .  Field l abo r  cos t s  f o r  construct ion 

ref lect  today's prevail ing r a t e s  i n  the  Bars tow a rea .  
* !, 

1 



5. 5.3. 2 Sources of Est imates.  All valves, controls, and components which 

are t o  be purchased were  based ei ther  on vendor quotes o r  on catalog price 

lists. Raw material ,  pr imar i ly  Incoloy 800 tubing, was based on quotes 

f r o m  Huntington ~ l l o y ,  Inc. , the only supplier of Incoloy 80.0 in  the United 

States. Manufacturing costs  were  based very  strongly on experience with 

SRE and on Manufacturing Department knowledge of learning curves with 

which they a r e  able to est imate reduction in costs  for  a given product a s  the 

production level  increases.  Construction cos ts  for  the receiver  s tructure,  

as well  a s  mounting the absorber  panels on the structure,  were  based on 

es t ima tes  provided by Rocketdyne' s Facili t ies and Indust r i a l  Engineering 

Department. They utilized the 1976 edition of P r o c e s s  Plant Construction 

Est imating Standards published by Richardson 'Engineering Services, Inc., 

and the  Es t ima to rs  Piping Manhour Manual published by Page  and. Nation. 

5. 5.3 .3  Driving Assumptions/Scenarios. Fabrication cos ts  for  absorber  

panels reflect the application of a high- speed s e a m  welding technique devel- 

oped during SRE panel fabrication. This technique is ten t imes  fas te r  than 

previous pract ice and received the ASME code s tamp in October 1976. 

5. 5.4 Receiver Cost Reduction 

pi lot  plant rece iver  panel cos ts  reflect actual experience on panels 

produced during the Subsystem Research Experiment (SRE) phase of the 

contract. The SRE cos t s  were  adjusted to eliminate known rework effort 

o r  problem a reas  inherent in  a r e s e a r c h  environment and fur ther  reduced 

by 10% to  a r r ive  at pilot plant costs. However, these reduced cos ts  still 

reflect l imited production experience and probably represent  the upper 

portion of a cost band when projected out for  commercial  production. The 

more  detailed industrial  engineering, production planning, and tooling 

certification expected with a production run should enable a fur ther  cost  

reduction f r o m  that shown for  the f i r s t  commercial  plant. 

An a r e a  of potential cost savings has  been identified with respect  to 

both pilot and commercial  plants. This is in  the a r e a  of the utilization of 

Section I of the ASME Boiler Code a s  the driving document governing design 

and fabrication of the receiver.  This document considers  Incoloy 800 a s  a 



nonferrous alloy. As  such, it is required that  1 . 7  m m  (0.065 in) be added 

to  the wal l  th ickness  after. one calculates  that w h i c h i s  neces sa ry  t o  have 

the requi red  hydraulic s t r e s s  in  the  wall.:. : A s  such, th i s  effectively. doubles , 

the wal l  th ickness  required f o r  a g i ~ e n ~ p a s s a g e  size.  As a net  resul t ,  we 

have had to  include approximately twice the '-metal  in the  r ece ive r  as would . 

be neces sa ry  if Incoloy 800 was not subject  t o  thie requirement.  (As a . 

mat t e r  of interest ,  s ta in less  s t ee l s  and low-alloy s tee l s  a r e  not subject  

to  th i s  requirement . )  . . 
. L. . 

The pilot plant and f i r s t  commerc i a l  plant rece iver  designs re ta in  th i s  

boi ler  code requirement  which is reflected in higher absorber  panel and 

piping costs .  However, f o r  the Nth commerc i a l  plant i t  could be assumed 

that  th i s  requi rement  does  not apply to  Incoloy 800 and the design might be 

revised t o  incorporate  thin wall  tubing and fewer  tubes  of g r e a t e r  d iameter .  

This  design change could r e su l t  i n  a cost .reduction . - in  both ma te r i a l  and 

labor  of approximately $0.9 million. In addition, the  Nth commerc i a l  plant 

design could be revised to  u se  low-alloy s t ee l  in place of Incoloy 800 f o r  the 

r ece ive r  piping. This design change r e su l t s  in a reduction in  ma te r i a l  cos t  

of approximately $0.8 million. 

An additional a r e a  causing cost  i nc rease  i,s the requi rement  f o r  

10,000-cycle fatigue life. This  is calculated in .accordance with Section VIII, 

Division.2, of the ASME Boiler  Code and a s  such is quite conservat ive and 

requires cooling to  a g r e a t e r  l eve l  than would b e  required if one used l e s s  

str ingent design c r i te r ia .  These proy;isiong,were incorporated into 

Section VIII based on experience i n  the nuclear  industry.  It is suggested . 

that  safety requirements  inherent  in  the  nuclear  industry  a r e  in  no way 

applicable t o  a so l a r  t he rma l  power plant. This  requi rement  was  re ta ined 

in  the pilot plant and f i r s t  commerc ia l  plant r ece ive r  designs with associated 

higher  costs .  However, f o r  the Nth commercial .plant ,  the design changes . 
de~cr i .had  in  the preceding paragraph eliminated the need fo r  th i s  fatigue l i fe  

requirement  and the result ing cos t  savings: are included in the  dol lar  

reductions identified above. I 



A th i rd  a r e a  of cos t  reduction, p r imar i ly  associated with the commerc i a l  

plant, is s imply the learn ing  cu rve  that  one would enjoy a f te r  building the 

f i r s t  c o m m e r c i a l  plant, result ing in  a lower  cost  of l abo r  p e r  panel when 

building the  Nth c o m m e r c i a l  plant. This  learning curve  effect, combined 

with s i m i l a r  learning i n  field e rec t ion  effort, could resu l t  in  a reduction 

i n  l abo r  cost .  

Commerc i a l  plant tower,  r i s e r ,  downcomer, and foundation c o s t s  

r e f l ec t  the  one-of- a-kind approach general ly  used by the construction 

indus t ry  i n  es t imat ing pro jec t  costs .  Lf a number  of identical  commerc i a l  

p lan ts  w e r e  built in  the  s a m e  gene ra l  a r e a  within a reasonable  t ime  period, 

t he  resu l t ing  economies  of multiple plant activity could r e su l t  in  a substan- 

t i a l  cos t  reduction f r o m  the f i r s t  commerc i a l  plant to  the Nth plant. 

5 .6  THERMAL STORAGE EQUIPMENT ( 4190 .3 )  

The  t h e r m a l  s torage  equipment e lement  includes the heat  s to rage  

equipment portion of the cen t r a l  r ece ive r  plant including the t h e r m a l  s to rage  

unit,  heat  exchangers ,  ins t rumentat ion and cont ro l  units, foundation and 

s i t e  preparat ion,  and associated piping, valves,  fittings, and pumps. Cos ts  

are to  provide f o r  the  l abo r  and ma te r i a l  requi red  to  fabr icate ,  deliver,  

assemble ,  install ,  checkout, and activate one t h e r m a l  s torage  equipment 

s e t  and associated mater ia l s .  Also included a r e  any t e s t  hardware  and 

prepara t ion  of installat ion,  maintenance, and operating instructions.  

5. 6. 1 The--ma1 Storage Equipment Costs  -- 
Cos t s  have been es t imated  by Rocketdyne Division of Rockwell 

Internat ional  and McDonnell Douglas Astronautics Company a s  follows: 

Recur r ing  (million) 

Ti t le  

T h e r m a l  s torage  unit 
Circulation equip 
Heat exchangers  
I n s t r  ,and cont ro l  
Foundation and s i te  p r e p  
D e s  eng tst and plan 

Tot a1 

Mater ia l  Labor  Total  



Additional cost  detail  is provided by Table 5-10. Table 5-11 is a brief 

technical  description of the costed i tems.  

5. 6 ;  2 T h e r ~ n a l  Storage . . -. . . . - Equipmellt . . , , - .. . . . -. . . - - . . . . schedule,  Funding. . . -. . - -. - and Important ~ r i ' v e r s  

The fulldillg and schedule f o r  this  elenlent i s  provided in F igure  5-9, 

which indicates that c o l ~ s t r u c t i o l ~  begins 55 111ont11s p r io r  to  IOC. The f i r s t  

12 months involves establishing detailed design specifications and writing, 

r e l ea se .  receipt ,  and evaluation of R F P ' s  f o r  equipment TSV tanlts and the 

p r ime  installation subcontract. Purchase  of 111ajo I- 1.ost and long-lead-time 

i t e m s  is initiated at  the beginning of the second yea r  and i s  completed within 

3 months. During the f i r s t  qua r t e r  of the second y e a r  detailed designs sub- 

mitted by vendors will be evaluated and approval will  be given fo r  initiation 

of fabrication. On-site construction will begin a t  the middle of the second 

y e a r  when all, ear thwork a s  well a s  the rece iver  tower  is completed.  On-site 

tank construction will be initiated at the be'ginning of the third  y e a r  and will 

l a s t  approximately 12 months. Fil l ing of the four  t he rma l  s torage  unit tanks 

will  occur  during the f i r s t  half of the fourth y e a r  with init ial  subsys tem 

checkout occurr ing during the second half of the four th  year .  All s y s t e m s  

will  be installed by the mid-point of the fourth  y e a r  and TSS e l ec t r i ca l  and 

control  checkout will be initiated and completed during the second half of 

the fourth  year .  The remaining 12 months p r io r  to  IOC will involve indivi- 

dual subsys tem checkout and integrated sys t em checkout. Beginning with 

the second half of the fifth year,  operat ions  consist ing of bed conditioning 

and par t iculate  removal  f r o m  the the rma l  s torage unit will occur  whenever 

s t e a m  is available f r o m  the remaining portion of the  plant. During the fifth 

y e a r  checkout period a l l  instrumentation and controls  will  be integrated and 

operated with appropria te  software under command of the m a s t e r  control ler .  

Peak  funding o c c u r s  in  the l a s t  half of 1989, a t  $4. 7 million. The funding 

load re f lec t s  the fact  tha t  construction i s  p r imar i ly  completed f o r  the  t h e r m a l  

s torage subsys tems  a t  the mid-point of the  fourth  year .  F r o m  th is  point to  

IOC p'r imarily involves checkout and intermit tent  operat ion depending upon 

the availability of steam. Important d r i v e r s  on th i s  schedule are the lead 

t imes  required f o r  the ma te r i a l  and installat ion of the four  t h e r m a l  s torage  

tanks, purchase of the  heat  exchanger units, and the  installat ion of the 

piping and control  systems.  The schedule ' i s  based on the fact  that  the s i te  

constru.cti.nn and installat ion of equipment cannot begin until the tower  is 

completed at the end of the  f i r s t  half of the third  year .  
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Table 5-10. Thermal Storage Cost Detail 
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Table  5-1 1. Technical 'Descr ipt ion T h e r m a l  Storage 
Equipment ( P a g e  1 of 2) 

Asselnbly Descr ipt ion 

T h e r m a l  F o u r  ident ical  units;  e ach  a cyl indr ical  tank, axis  ver t ical ,  

s t o rage  insta l led above ground, 27.6 m(90. 5 ft) d iameter  by 

. ' unit 18. '3 m(60.0 ft) high; 10,900 m3 (386,000 ft3, '2,890,000 
6 gal)  volume; each  containing 20.3 x 10 kg(22,300 ton) of 

g ran i te  rock  and c o a r s e  s i l i ca  sand (approximately 2:l , 

6 rock:sand b'y volume) ' and  2.2 ,x 10 l i t e r s  (583,000 gal) of 

Ca lo r i a  HT43 .heat t r a n s f e r  fluid, Fluid t empera tu re  , 

range: 232 to 31.6OC (450 t o  600 OF). Fabr ica ted  of ASTM 

A537-70 Grade B s t ruc tu ra l  s t ee l  by field-welded 

construction 

Ullage . starage =nd cont ro l  pf ullage gas  with compres sed  g a s  

a '. .maintenance s torage  at 1.20 M P a  (175 psia);  tank press 'u re  control, 

unit venting., i n s e r t  g a s  (nitrogen) control, volatile vapor  

recovery  and control  

Fluid Full-flow, continuous f i l t ra t ion with dual 80-mesh f i l t e r s  

maintenance ' in  main fluid l ine  ups t r eam of pump; periodic dist i l lat ion 

unit with vacuum disti l lat ion unit i n  s ide- .s t ream to remove . . 
* .  

polymerized mater ia l s ;  periodic fluid makeup 

Desuperhea te r  Direct-contact  mixing chamber  with wa te r  injected through 

multiple atomizing nozzles  into.  superheated s team;  single 

unit: ten  nozzle^ 

The r ma1 F ive  identical  exchangers  in  paral le l ;  each  is TEMA 

s torage  type DFU, with removable U-tube bundle, 2 shel l  pa s ses ,  

hea t e r  6 tube passes ;  s team/water  on tube side;  1, 672 m 2 

2 (18,000 f t  ) heat t r ans fe r  area p e r  exchanger;  ca rbon  

s t ee l  



Table  5- 11. Technical  Description The rma l  Storage 
Equipment (Page 2 of 2) 

Assemblv  Description 

S t e a m  F ive  modules i n  parallel .  Each  tnodule consiets  of t h r e e  

gene ra to r  s epa ra t e  s tages  in s e r i e s  consist ing of feedwater  p rehea te r ,  

boi ler ,  and superhea te r ;  s t e a m l w a t e r  on she l l  s ide;  carbon 

steel .  

P r e h e a t e r  is s t ra ight  tube, floating head, counterflow. 
2 2 

exchanger with 435 m (4684 f t  ) heat  t r a n s f e r  a r e a  

p e r  exchanger  

Roiler is horizontal  U-tube ket t le  boi ler  with 1204 m 
2 a .  

2 (12,948 f t  ) heat  t r a n s f e r  a r e a  p e r  exchanger 

Swperheater i a  horizontal  U-tube, crossf low exchanger 
2 2 with 594 m (6389 f t  ) heat  t r a n s f i r  a r e a  pe r  e&changkr 

F lu id  Five identic al pumps in pa r  allel; centrifugal, high 

charg ing  t empera tu re  type, with single-speed e l ec t r i c  motors ;  

l n n p  pump each  pump has  flow of 260 kgIs(600 Ib i s ) ;  and 0.19 MWe 

(260 hp) motor  input at  maximum charging rate ( 5 1  MWt) 

Fluid F i v e  identical  pumps in  p a r  allel; centrifugal,  high- 

ex t rac t ion  t empera tu re  type, with single- speed e l ec t r i c  motors ;  

loop pump each  pump h a s  flow of 216 kg/s(490 lb/s) ,  0.19 MWe 

(250 hp) *motor input a t  maximum extract ion r a t e  (57 MWt) 

* 
Required input motor  power;  not ful l  motor capacity 



Figurc 5-9. Theiltlal Storage Equipment Summary Chart 
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5.6.3 Thermal  Storage Equipment Costing Methodology 

The costing methodology incorporates the approach used by the Rocket- 

dyne Division of Rockwell International f o r  al l  elements other than the s team 

genera tor  portion of the heat exchangers along with the approach used by  

McDonnell Douglas Astronautics Company f o r  the s t eam generator heat 
- 

exchangers. , . . . t . *  

5. 6.3. 1 Overall  Procedure. Costing is based on Rocketdyne Division 

experience with the design, manufacture, and testing of the subsystem 

r e  s e a r c h  experiments and the facility engineering department experience 

on s imi la r  construction projects.  Es t imates  used 1977 industrial, equip- 

ment, material ,  and labor cos ts  reflecting appropriate fabrication and 

assembly and installation at  a deser t  s i te  s imi lar  to the SCE Coolwater 

Station a t  Barstow. Es t imates  were  made f r o m  a detailed equipment, parts, 

and mater ia ls  l is t ,  quotations f r o m  established vendors, and up to date 

catalogue prices.  The tank construction and sys tem installation phase ' 

beginning at the mid-point of the third year  includes in-house engineering 

a s  well a s  field engineering to coordinate and supervise the field installa- 

tion. Engineering checkout commences at the beginning of the fifth year,  

with cost  pr imar i ly  incurred by field operating personnel. Technical 

support of operations is included f o r  the t ime period beginning the middle 

of the sixth year. Engineering effort has  been man loaded fo r  each task  
based on experience with s imi lar  field construction projects. 

Engineering cos ts  were  based on current  wage ra tes  at Rocketdyne f o r  

appropriate cos t  centers  which a r e  in agreement with cos ts  in the power 

plant construction industry. Subcontractor cos ts  reflect appropriate A&E 

burden and fee factors.  Construction cos t s  a r e  based upon today's prevailing 

c ra f t  r a t e s  in the Barstow area. 

Fabrication costs  of the s team generator heat exchangers a r e  based on 

a cos t  estimating relationship derived f r o m  vendor quotes f o r  severa l  s izes  

and an ea r l i e r  estimating manual curve. Appropriate indirect and field 

labor  fac tors  were  applied to these cos ts  based on historical experience. 



5.6.3 .2  Sources  of Es t imates .  Rocketdyne's Faci l i ty  Engineering 

Department utilized a 1976 edition of the P r o c e s s  Plant Construction 

Est imat ing Standards  published by Richardson Engineering Services  Inc. , 
' IEst imators  Piping Man-Hour. Manual, " published by Page and Nation, 

and the "Elec t r ica l  Tradebook, I '  published by Biddle T rade  Publishing Co. 

f o r  e l ec t r i ca l  and mechanical  cost  and installation. Vendors w e r e  contacted 

f o r  e s t ima te s  on the fabrication of the t he rma l  s torage  hea te r  and s t e a m  

gene ra to r  heat  exchangers,  the t he rma l  s torage  tank, pr incipal  control  

valves, the fluid c i rculat ion pumps, and the desupe rhea te r .  Heat exchanger 

p r i ce  quotations  ere obtained f r o m  Southwestern Engineering, The rm-  

xchanger  Co., Wiegmann and Rose, Industr ia l  Fabricat ing Co. and Yuba 

Heat T rans fe r  Corp. The rma l  s torage  tank quotations were  obtained f r o m  

Pi t t sburg  Des Moines Co. and Pacif ic  Fab r i ca to r s .  The FMU f i l t e r  and 

distillation uni ts  w e r e  pr iced f r o m  vendors  supplying identical  o r  s i m i l a r  . 

components. Hand valves, rel ief  valve=, check valves,  t r ansduce r s ,  and 

miscellaneous fluid component p r i c e s  w e r e  obtained f r o m  c u r r e n t  catalogues. 

Electronic  control lers ,  switching, and s ignal  conditioning subassembly 

units w e r e  based on cos t s  of a s i m i l a r  control  and instrumentation.  subsys-  

t e m  built t h r e e  y e a r s  ago by Rocketdyne and updated with appropria te  cos t  

escalation.  

5. 6.3. 3 Driving Assumptions/Scenarios.  The 66- month fabrication and' 

construction period f o r  the t he rma l  s torage  subsys tem is based on coordina- 

t ion with the o ther  major  subsys tems  (heliostat  and rece iver )  which a r e  the  

pr incipal  d r i v e r s  f o r  establishing p r o g r a m  schedule. At the beginning nf 

the p rog ram a 6-month period will be utilized f o r  a review of p r i o r  so l a r  

t he rma l  power plant experience and modifications and incorporat ion of 

design f ea tu re s  t o  update the  commerc i a l  plant design. It is expected that  

the  overa l l  sy s t em requi rements  will be f rozen  by the middile of the f i r s t  

y e a r  and that  component and subsysterllu specificatioil c an  be wri t ten with 

RFQs going to the  vendors  and subcontractors  by the third  quar te r .  F r o m  

th i s  point it will take approximately 4 months before vendors  and suppl ie rs  

can  be under  contract .  Components and subsys tems  that  requi re  detailed 

design work  by vendors  will  c0ntain .a  review period p r i o r  to  initiation of 

vendor fabr icat ion or  installation. Site installat ion and construction cannot 



begin before  the completion of e a r t h  work which is a t  the middle of the  

second year .  It is expected that  the  four  TSU tanks will  be e r ec t ed  and all 

m a j o r  components and piping s ta l led by the middle of the fourth  year .  The 

cont ro l  sys t em insta l la t ion checkout will  occu r  during the fourth  year .  The 

e torage  unit t anks  will  be  fi l led with rock/sand s torage  medium and the hea t  

t r a n s f e r  fluid during the l a t t e r  pa r t  of the fourth  y e a r  and the f i r s t  p a r t  of 

the  fif th year .  Sys t em checkout will  occur  during the  fifth year ,  beginning 

with  t h e r m a l  e torage subsys tem only. Complete integration testing with 

o t h e r  ma jo r  subsys tems  wil l  begin the l a t t e r  pa r t  of the fifth y e a r  into the 

s ix th  y e a r  and t o  the  beginning of IOC. After  filling the t h e r m a l  s torage  

unit  with s torage  medium and the checkout of the controls,  the  bed condi- 

tioning can  begin any t i m e  that  s t e a m  is available f r o m  the heliostat  

r e c e i v e r  subsystems.  It i s  planned that  complete functional operat ion will  

be  achieved by the end of the fifth y e a r  to  provide uninterrupted integrated 

s y s t e m  t e s t s  during the f i r s t  half of the  sixth year.  

5. 6.4 T h e r m a l  Storage 

Cos t  reduction i n  the  commerc i a l  plant will  depend to  a g r e a t  extent on 

the  experience with the  pilot plant operation and the scope of l abora tory  

testing.  F o r  the  mos t  pa r t  the commerc i a l  plant is made of s tandard com-  

merc ia l ly  available components and i t  is not expected that the  p r i ce  of these  

wil l  b e  lower  by the usage  r a t e  of the s o l a r  t h e r m a l  e l ec t r i ca l  power genera-  

t ion sys tems .  'l'he g r e a t e s t  potential f o r  cost reduction insthe the rma l  

s to rage  subsys t em is i n  the construction of the t h e r m a l  s torage  units, the 

construct ion and use  of the input and output hea t  exchangers  and the  long 

t e r m  experience to  be  gained with the heat  t r ans fe r  fluid. E s t i m a t e s  f o r  

the  nth commerc i a l  plant ref lect  a reduction of approximately $1. 0 million 

f r o m  the f i r  st c o m m e r c i a l  plant result ing f r o m  economies  of multiple plant 

procurement .  

5. 6.4. 1 T h e r m a l  Storage Unit Cos t  Savings. Reduction of t h e r m a l  s torage  

unit cos t  can  be achieved through thinner  wal l  tank designe, simplified 

dis t r ibut ion manifold design, and cos t  saving rockisand  installation. A s  

presen t ly  designed the the rma l  s torage  unit tank wal l  is quite thick to  

withstand the loads  thought t o  be imposed by the rock  and sand. P re sen t ly  



established design procedures  resu l t  in wal l  th icknesses  more  than adequate. 

and may be over ly  conservative in establishing tank designs. It i s  anticipated 

that  pilot plant s t r e s s  r e su l t s  and furthe; analyses  will provide be t te r  insight 

into tho comlnercial  tank design and it possibly 'might resu l t  i n  thinner  wall  

lower  cos t  tank. The re  is adequate t ime  'at this 'point  to conduct component 

o r  model tes t ing ' to  ver i fy  the s t r e s s e s  that  will resu l t  f r o m  the pilot plant 

operation and provide new, more .p rec i se  modeling of the s t r e s e  pat tern f o r  

commerc i a l  plant design. 

A second i t em of cost  saving with the therulal  s to rage  unit a r e  the dis-  

tribution manifolds a t  the top and bottom of the bed. As designed f o r  

the SRE sys t em the re  a r e  approximately 10 inZ f o r  each  hole which ove r  a 

wide range of flows gave no indication of s t ra t i f ied flow. The manifold f o r  
2 

the pilot plant will be designed with 40 i n  p e r  hole and i t  is fe l t  a t  th i s  point 

of t ime  that  th is  will  be adequate f o r  the fluid distribution. However, t h e r e  

is some  indication that the rocks and sand enhance fluid diffusion and d is t r i -  

bution and i t  is possible, i n  the commerc i a l  plant that  the  distribution mani- 

folds may be  fu r the r  simplified. It is expected that  engineering labora tory  

t e s t s  in th i s  a r e a  will be v e r y  fruitful  and the re  is adequate t ime  to  provide 

detailed information p r i o r  t o  construction of the  commerc i a l  plant manifolds. 

The third  a r e a  of possible cos t  reduction i n  the  TSU is in the loading 

procedure and void f ract ions  of the solid s torage  media. The SRE was  loaded 

slowly to  ensu re  uniform distribution and good packing density and was  on 

the conservat ive s ide to  provide the most  favorable  environment f o r  the 

thermocline.  It is possible in the  pilot and commerc i a l  plant the packing of 

the bed can  be done in  a much s imp le r  fashion with resul tant  cos t  savings. 

The commerc i a l  plant will be built a t  a sca le  leve l  that  will  allow fur ther  

economics  with the construction and installat ion of loading equipment and 

loca l  quarrying that  will save both loading and t ransporta t ion cos t s .  It is 

expected that  l abora tory  t e s t s  with var ious  s i z e s  of rock and sand should 

resu l t  in  reduced void f ract ion providing a fu r the r  saving on the amount of 

fluid required.  Experience with multimodal packing of solid rocket  propel- 

l an ts  indicate that  void f ract ions  below 2570 a r e  readi ly  achievable with l i t t le  

o r  no inc rease  in cost. 



5. 6 . 4 . 2  Heat Exchanger  Cos t  Savings. The the rma l  s torage subsys tem 

p resen t ly  cor i tdns  hea t  exchangers  of equal ' s iae  f o r  both charging and 

ex t rac t ing  heat  f r o m  the  t h e r m a l  s torage  subsystem.  This' faci l i ta tes  high 

flexibil i ty in  opera t ion  by providing s t eam to the turbine while simultaneously 

receiving st;am f r o m  the rece iver .  Th i s  type of sys t em captures  the maGi- 
- I  ,-.. ,..- - . . - . 

m u m  amount of sblar energy  but r equ i r e s  a duplicate s e t  of heat  exchangers.  

During operat ion of the  pilot plant 'exper ience will be gained a s  t o  the value 

of having both s e t s  of hea t  exchingers and i t  may be possible  that  a signifi- 

can t  cos t  saving in  th i s  a r e a  could be' ichieved by reducing the flexibility of 

the plant with thk u s e  of only one sdt  of heat  exchangers;  however, before 

t h i s  c a n  be determined a se r i e s .o f  cos t  tradeoffs based on operating experi -  

ence wil l  be  needed t o  identify any pot'ential coet benefite. 

The  second sou rce  of ' cos t  saving in the heat exchanger a r e a  i s  the design 

potential  of designing and fab$icating 'heat exchangers  that will  r equ i r e  z e r o  

maintenance during (-.he 30-year plant life, Sinee cori*osiu~l effects a r e  not 

expected to  be a predominant fac tor  in heat  exchanger life, it is possible that 

detailed s t r e s s  analysis  and model testing may evolve designs that  will  mini- 

mize  t h e r m a l  s t r e s s e s  which a t  th is  t ime  a r e  identified a s  the  main sou rce  

of maintenance. ' .  Industry experience h a s  shown that  heat  exchanger mainte- 

nance is quite kxpensive and approaches the c o d  of new heat rxchongero in 

many c a s e s  eve ry  5 t o  10 yea r s .  The use  of heat  exchanger configurations 

and design f ea tu re s  tha t  minimize t h e r m a l  s t r e s s e s  during s t a r tup  and 

shutdown may produce significant benefits in reducing heat exchanger 

nia i l r le~la~lce.  

5.6.4. 3 Operational Cost  Savings. ' It  i s  expected that  exper ience with the 

pilot  plant will r e su l t  in  significant c o ~ t  savings on the ~ o m m c r e i a l  p l a d  

through reduction in operating personnel  by providing tnore automatic oper- 

at ion plus  the identification of improvements  that can  be achieved in  high 

maintenance a reas .  Reduction of operating personnel  i s  bes t  achieved by 

providing t roublefree  automatic operation, where possible, with a minimum 

of downtime and outage. The so l a r  t he rma l  plant should ult imately enjoy a 

h igher  reliabil i ty than i t s  fo s s i l  fue l  o r  nuclear  counterpar t  s ince a downtime 

o c c u r s  each  day during e a r l y  morning hours  which allows r epa i r  and 



. . I' . . 

maintenance to prevent udscheduled obtage. <It is 'expected that detailed 

maintenance records  will be kept on the pilot plant to provide maintenance 

procedures on the commercial plant that will result  in  a maximum of ontime 

availability. Operating personnel can be minimized by providing trouble- 

f r e e  operation and providing comprehensive diagnostic and repai r  procedures 

in  th=-mas te r  control memory that will identify potential prdblem a r e a s  and 

sources of fai lures based upon continuous monitoring and prescribed diagnostic 

operatio.nal programs accessible fo r  immediate integration. Components 

deteriorating in performance may be identified before on-line fai lure occurs  

and can be repaired, adjusted o r  replaced during the normal ,downtime f r o m  
. . 

midnight to 6 AM. In a plant a s  complex a s  electr ical  power, generation 

sys tems diagnostic t ime can be decreased through a memory bank of 

sources of fai lure that will rapidly pinpoint failed components o r  more  impor- 

tantly, predict a possible failure and thus enable a component to be replaced 
. . 

before on-line failure occ'urs. 

5.7 THERMAL STORAGE MATERIAL (4190.4) 

This element includes the organic and inorganic heat storage materials .  

Costs provide the labor and material  required to procure ,the mater ia ls  a n d  

install  the storage material  in  the thermal  storage subsystem. 
. I  

5 .7.1 Thermal Storage Material Costs and Technical Character is t ics  

Costs provided by the, Rocketdyne Division of Rockwell International a r e  
. , 

shown below: 

. . Recurring (million) 
Title - Material  Labor Total 

Inorganic mater ia l  $0.68 $0.00 - $0.68 

Organic mate r i a l  2; 65 0.00 2.65 

Delivery . 0; 64 . 0.00 . 0.64 

Handling at si tc  . 0.93 0.00 0.93 

Total $4; 90 $0.00 $4.90 



T h e s e  c o s t s  cover  8,800 m 3  (2,330,000 gal)  of Calor ia  HT43, and  
6 81. 1x10 kg (89,300 ton) of graded r i v e r  g rave l  and sand approximately in a 

2: 1 ra t io  of rock to sand by volume. 'I'he r i ve r  g rave l  i s  nominally 25 mm 

( 1 in)  in  s i ze ,  and the sand i s  a c o a r s e  s i l ica  grade nominally 1 .5  mm (11 16 

in)  i n  s ize .  The Calor ia  HT43 i s  a readi ly  available product f rom the Exxon 

Corporat ion and has  been proved successful  meeting the t he rma l  s torage  

subsys tem requi rements  of the commerc i a l  plant in the SRE sys t ems  and 

l abo ra to ry  tes t s .  

5.7. 2 The rma l  Storage Mater ia l  Schedules, Funding, and Important  Dr ivers  

The  funding indicated i n  F igure  5- 10 shows cos t  peaking in  the  f i r s t  and 

l a s t  qua r t e r  of the fourth y e a r  and the f i r s t  qua r t e r  of the fifty y e a r  during 

the per iod  of filling the t he rma l  s torage  unit with rock and heat t r ans fe r  

fluid. P r o c u r e m e n t  s t a r t s  37 months  p r io r  to  IOC, continues for i 9  months,  

and i s  not c r i t i ca l  a s  f a r  a s  lead  t ime  and supply a r e  concerned. Contact 

with the  supplier indicates  that  they m a y  have to produce this m a t e r i a l  over  

a per iod  of t i m e  on the  o r d e r  of 6 to 9 months; LuL delivelty cdu be ~iidcldt: 1 ~ 0 r l l  

s to rage  a s  needed in  the  requi red  filling. It i s  anticipated that the Calor ia  

will be hauled on s i te  by r a i l  c a r  and i t  i s  anticipated that filling will be rapid 

and  demurrage  cha rges  will be l i t t le  o r  zero.  

5 . 7 . 3  T h e r m a l  Storage Mater ia l  Cos t ing  Methodology 

The  costing approach used by the Rocketdyne Division of Rockwell 

Internat ional  i s  descr ibed  in  the following paragraphs.  

5 .7 .3 .1  Overal l  Procedure .  Cost f o r  the s torage  medium w e r e  established 

by contacting suppl ie rs  of the required material .  
. $ 

5.7 .3 .2  Sources  of Es t imates .  The source  of cos t  with the Calor ia  HT43 . . 

was  suppl ier  Exxon Corporat ion which quoted a pr ice  of $0. 86 p e r  gallon a t  

Houston. The Ca lo r i a  HT43 h a s  been in  production f o r  s e v e r a l  y e a r s  and 

is available f o r  del ivery i n  l a rge  quantities f r o m  i t s  Houston facility.  h he 
cos t  of the  rock and sand is based upon local  supply within 50 mi les  of the 

anticipated location of the commerc i a l  plant and i s  b a s e d  upon a $3 'per  ton 

q u a r r y  p i r ce  f o r  rock  plus  $12 p e r  ton qua r ry  pr ice  of the sand. 



Figure 5-90. Thermal Storae Material Sl~mmary Chart 
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5.7. 3.3 Driving ~ s s u m p t i o n / S c e n a r i o s .  The u s e  of the Calor ia  HT43 in 

r o c k  bed is based  upon economics  derived f r o m  p r i o r  analysis  and t e s t s  

dur ing the SRE p rog ram.  These  studies and t e s t s  showed the use of th i s  

combination r e s u l t s  in  the mos t  economic s torage  of t he rma l  energy f o r  

t he  requi red  conditions, is readi ly  available in l a r g e  quantities,' and can  be 

sca l ed  and uti l ized in a wide range of s i z e s  with the bes t  potential f o r  

l as t ing  th i r t y  y e a r s  with a minimum of maintenance. 

5 . 7 . 4  Cos t  Reduction-SRE to  Pilot  P lan t  through Commerc ia l  Justif ication 

The u s e  of se lec ted  s torage  medium was based on the most  economic 

approach t o  s tor ing energy  a t  the t empera tu re  conditions required based 

upon todays technology and available mater ia ls .  Cost  reductions can be 

achieved through t h r e e  tasks.  k'irse, the availalvllity of lower  cus l  sturdge 

mate r i a l  would be  a d i rec t  cos t  saving fo r  the  commerc ia l  plant. Secondly, 

the  availability of a heat  t r a n s f e r  fluid that  would requi re  a lower  degree  of 

f luid replenishment  because of degradation a t  the 6 0 0 ° F  operating t empera -  

t u r e  would a l so  resu l t  in cos t  savings. A th i rd  route to  cos t  saving in  the 

t he rma l  s to rage  medium would be to reduce the void f ract ion with a higher  

packing densi ty  of the low-cost solid medium thus reducing the fluid inven- 

tory. The l a t t e r  cos t  savings can be significant and v e r y  possibly achievable 

through advanced bed packing techniques that  may involved multi modal 

packing beyond the bf modal packing that  was  used on the SRE and is pre-  

sently anticipated f o r  the pilot plant sys tem.  Bed packing f o r  SkE achieved 

a void f ract ion between 28 and 30%. By using a wider  graded range of solid 

mater ia l  the bed packing can  be  reduced significantly well  below the 25% 

value. It is expected that  th i s  could be achieved with engineering labora tory  

t e s t s  of va r ious  s i z e  par t ic les .  However, t h i s  testing must  be done in 

concer t  with the manifold hold spacing and sizing to provide p rope r  f luids 

distribution without par t iculate  contamination of the manifold system.  T h e r e  

is adequate t ime  between the p re sen t  and the design period fo r  the commer -  

c i a l  plant t o  investigate improved media  packing that  should r e su l t  in  
. '  . 

significant cos t  savings fo r  the  c o m m e r c i a l  plant. 

$ 



5.8 TURBINE PLANT EQUIPMENT (4300) 

This  e lement  includes the turbine generator ,  supply and exhaust,  headers ,  

condensing equipment, cooling equipment, wa te r  circulating equipment, 

wa te r  t rea tment  equipment, instrumentation and controls,  and connective 

piping and insulation. Not included in  th i s  element a r e  surveys,  design and 

o ther  engine,ering work, p rocurement  effort  and construction direction,  

which a r e  normally  included under  the  Indirect  effor t  (8100). Costs  a r e  t o .  

provide f o r  s i t e  preparat ion,  f o r  all ma te r i a l  and equipment, and f o r  the 

subcontracted l abo r  and s e r v i c e s  neces sa ry  to  t ranspor t ,  fabricate,  a s s e m -  

ble, ins ta l l  and checkout ma te r i a l s  and equipment at  the f i r s t  commerc i a l  

si te.  

5. 8. 1 Turbine P lan t  Equipment Costs  

The cos t s  shown below have been est imated by Stearns-Roger:  

Recur r ing  (million) 

Ti t le  Mater ia l  Labor  Tot a1 

Turbine gene ra to r  $13.01 $1.14 $14.15 

Hea r  rejection. s y s  3.18 0. 65 3. 83 

Condensing s y s  " 0. 30 0.02 0.32 

Feed  heating s y s  2. 03 0 .14  2 .  16 

Water c i r l t r e a t  2.24 0. 14 2.38 

Tot a1 $20.76 $2.09 $22.84 

Detailed eos t s  a r e  provided in  Table 5-12 and the equipment is 

descr ibed in  Table 5-13. 

5.8.2 Turbine Plant  Equipment Funding 

F igu re  5-11 shows Turbine P lan t  ~ ~ u i ~ m e n t  funding and schedule. This  

e lement  s t a r t s  60 months p r io r  t o  IOC and continues ove r  the en t i re  period.  

Peak  funding ie $7.4 million i n  the f i r s t  half oE 1989. 





Table 5-13. Technical  Descr ipt ion Turbine Plant  
Equipment (Page 1 of 2) 

Turbine Genera tor  

P 12,000 kW, 1,465 ps i a  - 950 O F ,  single automatic admission,  
condensing. Also included is: 

Lube oi l . f i l ter  and pump s e t  - 15 gpm 

Lube oi l  f i l t e r  

Lube oi l  pur i f ie r  - 15 gpm, centrifuge sepa ra to r  

Lube oi l  t r a n s f e r  pump - 50 gpm, g e a r  type 

Condenser hot well  pumps - 1,850 gpm, 280 TDH, ' ve r t i ca l  
installat ion 

Condenser vacuum pumps - 12.51 SCFM, 1 in HGA mech. vac. 

Lube oi l  s torage tank - 6,000 gal, 2 compar tment  

Turbine gland s e a l  drain  tank - 3 f t  dfa, 6 f t  height 

Turbine dra ins  tank - 3 f t  dia, 5 f t  height 

1, 800 kW diesel  genera tor  s e t  

Equipment foundations (cost  under  4,103. 1) 

Turbine Supply Header 

Main s t r e a m  line f r o m  rece ive r  (excluding downcomer piping on tower) 
to  turbine. 

Condenser /Cooling Equipment 

2 
Shell and tube, water-cooled condenser,  with. 1.35,000 f t  cooling 
surface.  

Feedwater  Equipment 

Condensate t r a n s f e r  pumps - 300 gpm, horizontal  installat ion 

Receiver  feedwater  pumps - 6,300 RPM, 2,500 hp 

Booster  pumps 



Table  5-13. Technical  Description Turbine P l a n t  
Equipment (Page  2 .of 2) 

Feedwa te r  Equipment (Continued) 

Condensate s torage  tanks - two - 100,000 ga l  

F l a s h  tank 

Low-pressure  feedwater  hea te r  - s ta in less  s tee l  

High-pressure  feedwater  hea t e r  - carbon  s t ee l  

Deaerating hea t e r  

Wate r  Ci rcu la t ingITrea tment  Equipment 

Deminera l izcr  caus t ic  feed pump (4) - .  . , 

Deminera l izer  acid feed pump (2) 

Deminera l izer  caus t ic  s to rage  tank - 6, 000 ga l  
. . 

Makeup demine ra l i ze r  sand f i l t e r s  

Feedwater  chemica l  feed tanks and pumps 

Makeup demine ra l i ze r s  - 100 g p m  

lnline demine ra l i ze r s  - 1, 800 gpm 

Raw wa te r  c l a r i f i e r  

Inst rumentat ion and Control  

Minicomputer,  digital  and analog controls ,  control  panels and 
miscellaneous ins t ruments  and controls .  

Piping 

Piping s y s t e m  requi red  in  the turbine-generator  subsys tem o ther  than 
headers .  

The r ma1 1n.sulation 

T h e r m a l  insulation and lagging required f o r  the  turbine-generator  
subsys tem piping. sys t ems  and equipment. , 
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5. 8. 3 Costing Methodology 

Costing i s  based on Stearns-Roger  experience with power plants of 

t h i s  s i z e  and ut i l izes  c u r r e n t  industr ia l  equipment, ma te r i a l  and l abo r  

c o s t s  reflecting the  Bars tow area.  Es t ima te s  w e r e  made f r o m  the equip- 

ment  l i s t  which defines the scope of work. Quotes w e r e  obtained o r  cata- 

logs  consulted f o r  equipment and ma te r i a l s  and s i t e  fabrication,  assembly,  

and installat ion h o u r s  and dol la rs  es t imated  based on experience and d e s e r t  

Southwest l abo r  ra tes .  F r o m  these  costs ,  the c o s t s  of the  o ther  ma jo r  

construct ion accounts (1. e. , earthwork, concrete ,  piping, painting, and 

insulation) a r e  p ro ra t ed  based on previous power plant relationships f o r  

uni ts  of t h i s  size.  Cos ts  of instrumentation and control  were  es t imated  

sepa ra t e ly  using typical  equipment p r i c e s  and experience on installation. 

5.9 ELECTRIC P L A N T  EQUIPMENT (4401) 

Th i s  e lement  includes power conditioning, s ta t ion se rv i ce  equipment 

switchboard,  power and cont ro l  wiring, power distribution, protective 

equipment and instrumentation,  controls  and communications. Not included 

i n  t h i s  e lement  a r e  surveys ,  design and o ther  engineering work, procure-  

ment  act ivi t ies  and s i t e  construction directionewhich & r e  normally  included 

unde r  the  Indirect effort Y8100). Cos ts  a r e  t o  provide f o r  s i t e  preparation,  

f o r  all ma te r i a l  and equipment, and f o r  the subcontracted l abo r  and se rv i ces  

n e c e s s a r y  to  t ranspor t ,  fabr icate ,  assemble,  inktall, and checkout ma te r i a l s  

and equipment a t  the  commerc i a l  si te.  . , 

, P .  



5. 9. 1 E l e c t r i c  P lan t  Equipment Cos t s  

S t e a r n s  -Roger  h a s  es t ima ted  c o s t s  a follows: 

R e c u r r i n g  (mi l l ion)  

~ r a n s m i s s i o n  plant 

Switc hgear  

Stat ion s e r v i c e  e q  

swi tchboards  

P r o t e c t i v e  eq  

E l e c  STR wir ing 

P o w e r  wir ing 

M a t e r i a l .  .Labor: To ta l  

To ta l  

A detai led c o s t  is provided i n T a b l e  5-14 and the t echn ica l  d e s c r i p t i o n  

of th i s  equipment is provided in T a b l e  5-15. 

5. 9. 2 E l e c t r i c  .P lan t  Equipment  Funding 

E l e c t r i c  plant equipment  schedule  and funding a r e  shown i n  F i g u r e  5-12. 

T h e  schedule  shows act iv i ty  s t a r t i n g  44 months  p r i o r  to  IOC and continuing 

f o r  30 months.  Funding * .  peaks i n  the  f i r s t  half of 1990 a t  $1. 6 million. 

5.9. 3 Costing Methodology 

Costing is based on S tea rns -Roger ,  exper ience  with power plants  of t h i s  

s i z e  and uti l ized c u r r e n t  i n d u s t r i a l  equipment, m a t e r i a l  and l a b o r  c o s t s  

ref lec t ing the B a r s t o w  a r e a  plant location. E s t i m a t e s  w e r e  m a d e  f r o m  the  

equipment  l i s t  which de f ines  the scope  of work. Quotes w e r e  obtained o r  

ca ta logs  consulted f o r  equipment and m a t e r i a l s  and s i t e  fabricat ion,  a s s e m b l y ,  

and ins ta l l a t ion  hours  and d o l l a r s  e s t ima ted  based o n  e x p e r i e n c e  and d e s e r t  

southwest  l a b o r  r a t e s .  F r o m  t h e s e  cos ts ,  the  c o s t s  of the  o t h e r  cons t ruc t ion  

accoun ts  (i. e . ,  ear thwork,  concre te ,  painting, e l e c t r i c  s t r u c t u r e s  and con-  

t a i n e r s ,  wiring, and ins t rumenta t ion)  a r e  p r o r a t e d  based  on m a n y  previous  

power plant c o s t  r e la t ionsh ips  f o r u n i t s  of t h i s  s i ze .  



Table 5-14.  Electric Plant Equipment Cost Detail 

66 K6S SERIES  *410!116e DATE J ??/09(231 

SUBTOTAL @ I O O  167 - 117'  ' . - .. .- .I  84 44 0 1 8  i- . . - - - - - . - . . - - - - -  . - - -  - ., -. ---. -.-..--. .-.,-. .... 



T a b l e  5- 15. Techn ica l  Desc r ip t ion  E l e c t r i c  P lan t  Equipment 

Switchgear  4, 160 V swi tchgear  and m o t o r  con t ro l s ,  
d i s t r ibu t ion  panels  - 22-5 kV, 1, 200 A, 

. . 250 MVA c i r c u i t  b r e a k e r s  . . 

Station Serv ice  Equipment 

I 

P r o t e c t i v e  Equipment  

J 

E l e c t r i c a l  S t r u c t u r e s '  and 
Wiring Conta ine rs  

P o w e r  and Cont ro l  Wir ing 

Main  power t r a n s f o r m e r  115-13.2 kV 
-Auxi l iary  power t r a n s f o r m e r  

13.2-4. 16 kV 
115-13.2 kV t r a n s f o r m e r s  
Oi l - f i r ed  s t e a m  g e n e r a t o r  

8 t 
Station b a t t e r y  and b a t t e r y  c h a r g e r  : 

1 

G e n e r a t o r  c i r c u i t  b r e a k e r  cubic le  
G e n e r a t o r  s u r g e  protec t ion cubic le  
G e n e r a t o r  ground cubic le  

L 
, 9 

Cable t r a y s ,  duct  banks, manholes  . 

Wiring and conduit f o r  power plant 

Ins t rumenta t ion,  M a s t e r  Ins t rumenta t ion,  wiring,  in-plant  -. 
.Control and Communicat ions  communicat ion 





5. 10 MASTER CONTROL (4402) 

T h i s  e l e m e n t  inc ludes  in tegra t ion and software,  c o m p u t e r s  and p e r i p h e r a l  

equipment,  m a n u a l  c o n t r o l s  and displays ,  s igna l  in te r face  unit, c o m p u t e r  

i n t e r f a c e  unit, and communica t ions  wiring.  C o s t s  are t o  provide f o r  the  

l a b o r  a n d  m a t e r i a l  r e q u i r e d  to  des ign,  f abr ica te ,  a s s e m b l e ,  de l iver ,  instal l ,  

checkout, and both ac t ive  and suppor t  accep tance  t e s t  f o r  one m a s t e r  con t ro l  

se t ,  including instal lat ion,  maintenance ,  and opera t ing  ins t ruct ions .  

5. 10. 1 M a s t e r  Control  C o s t s  

C o s t s  e s t i m a t e d  by MDAC and Rocketdyne and S tea rns -Roger  a r e  p r e -  

sen ted  a s  follows: 

T i t l e  

Compute r  

P e r i p h e r a l  e q  

C t r  panel  and board  

I n t e r  e q  s i g  & co  

Sof tware  D &D 

Sof tware lhdwr  t e s  

H a r d w a r e  des ign  

Control  wi r ing  

F ie ld  i n s t  & C/  

Total  

R e c u r r i n g  (mi l l ions )  

M a t e r i a l  L a b o r  

$0.04 $0.00 

0.04 0.00 

0 .05 0.00 

0.34 0.00 

0.00 0.00 

0.00 0.21 

0.00 0.00 

0.77 0. 13  

0.00 0.20 

$1.24 $0. 54 

To ta l  

F i g u r e s  5-13 provides  a s c h e m a t i c  upon which t h e s e  c o s t s  are based.  

Addition, m i n o r  so f tware  modif ica t ions  f o r  spec i f i c  s i t e s  is covered  under  

so f tware /  h a r d w a r e  t e s t .  

5. 10. 2 M a s t e r  Cont ro l  2'unding 

Schedule and funding f o r  th i s  s u b s y s t e m  a r e  shown i n  F i g u r e  5-14. P r o -  

duction begins  34 months  p r i o r  t o  IOC and continues f o r  27 months.  



Figure 513. Commercial Plant Master Control Architecture 



Figure 5.14. Plant Master Control Summary Chart 
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5. 10. 3 Cos t  Methodology 
Genera l ly ,  h a r d w a r e  and test c o s t s  a r e  based  on MDAC exper ience  in  

e l e c t r o n i c s  s y s t e m s  and are based  on pilot plant e s t i m a t e s .  T h e s e  e s t i m a t e s  

used 1977 i n d u s t r i a l  equipment,  m a t e r i a l  and l a b o r  c o s t s  ref lec t ing appro'- 

p r i a t e  fabr ica t ion,  a s s e m b l y ,  and ins ta l la t ion  locat ions  and have been m a d e  + 

with  a n  equ ipment  list d e r i v e d  f r o m  the  s c h e m a t i c  shown i n  F i g u r e  '5- 13. 

This list, a long wi th  s o m e  p r e l i m i n a r y  da ta  handling r a t e s ,  w a s  employed 

i n  a s e a r c h  f o r  equipment  and a s s o c i a t e d  cos t s .  S o f t w a r e l h a r d w a r e  t e s t  was  

manloaded  a c c o r d i n g  t o  t h e  r e q u i r e d  t a sks .  T h e s e  r e s u l t s  w e r e  fac to red  in 

a c c o r d a n c e  w i t h  complex i ty  judgments  provided by MDAC e l e c t r o n i c  e n g i n e e r s  

and  s o f t w a r e  spec ia l i s t s .  F ie ld  ins ta l la t ion  has  been e s t i m a t e d  f o r  c o m m e r -  

c i a l  p lants  d i r e c t l y  f r o m  MDAC Logis t i c s  provided manloads ,  and wir ing c o s t s  

w e r e  a l s o  e s t i m a t e d  d i r e c t l y  fo r  c o m m e r c i a l  by MDAC and the  s u b c o n t r a c t o r s .  

5 .11 MISCELLANEOUS P L A N T  EQUIPMENT (4500) 

T h i s  e l e m e n t  inc ludes  the f ield cornrr.~uni cat ions,  t r a n s p o r t a t i o n  a d  

handling equipment ,  fu rn i sh ing  and f ix tu res  and o t h e r  main tenance  and s e r v i c e  

equipment .  Not included i n  t h i s  e l ement  a r e  s u r v e y s ,  des ign  and o t h e r  

eng ineer ing  work,  p r o c u r e m e n t  ac t iv i t i e s  and site cons t ruc t ion  d i rec t ion  which 

are included u n d e r  t h e  Ind i rec t  e f fo r t  o r  under  o t h e r  s u b s y s t e m  e lements .  

CusLs are  t o  provide  f o r  site prepara.ti.on, f o r  a l l . m a t e r i a 1  anrl r r l~ t ipment ,  
' L  

and  f o r  the  l a b o r  and s e r v i c e s  n e c e s s a r y  t o  t r a n s p o r t ,  fabr ica te ,  a s s e m b l e ,  
' I 

ins ta l l ,  and checkout m a t e r i a l s  and equipment  a t  the  plant s i te .  < 

... 
5. 11. 1 Misce l l aneous .  P l a n t  Equipment C o s t s  

C o s t s  have been  e s t i m a t e d  by S t e a r n s - R o g e r  and MDAC as  follows: 

R e c u r r i n g  (mi l l ion)  

T i t l e  M a t e r i a l  L a b o r  To ta l  

T r a n s  & l i f t ing e q  $1.90 $0.28 $2 .18  

A i r  & w a t e r  s e r  0 .39 0 .06  0 .45  

Communicat ions  eq 0 .01  0.00 0 .01 

F u r n i s h i n g s  & fix 0. 57 1). 00'. 0. 57 

T o t a l  

T a b l e  5-16 provides  a d e s c r i p t i o n  of t h i s  equipment.  



Table  5-16. ,Techn ica l  Desc r ip t ion  Miscel laneous  P l a n t  Equipment  

. . 
Communicat ions  . 
e , j  

Publ ica t ions , '  s ignal  lights, : r ad io  equipment  

~ r a n s ~ o r t a t i o n  Lnd Handling 

Turb ine  r o o m  c r a n e  
M i s ~ e l l a n e o u s  lifting equipment 
R e c e i v e r  panel  s h i p  and handling f ix ture  
Ref lec to r  s l i ~ g  
Seg. t r a n s p o r t e r  t r u c k  
Specia l  field ins ta l la t ion  and main tenance  r i g  
Shipping con ta ine rs  - v a r i o u s  
Segment lifting device  

Furn i sh ing  and F i x t u r e s  ~ 

I 

L a b  equipment 

Env i ronmenta l  Control  

10 a c r e ,  l ined evapora t ion  pond 

O t h e r  Equipment  . . 

B e a r i n g  cooling w a t e r  pumps ( 2 )  
Po tab le  w a t e r  pumps (2)  
S u m p  pumps 

- F i r e  pumps ( e l e c t r i c  m o t o r  and d i e s e l  engine-dr iven)  - 1, 500 gpm, 
200 hp 

Jockey  pump ( f i r e  h e a d e r  p r e s s u r e  main tenance)  - 50 gpm 
B e a r i n g  cool ing w a t e r  head t ank  ( 1) 
Po tab le  w a t e r  s t o r a g e  t ank  ( 2 )  - 6,000 gal  
S e r v i c e  a i r  c o m p r e s s o r  - 350 SCFM, 100 ps ig  
I n s t r u m e n t  air c o m p r e s s o r s  ( 2 )  - 250 SCFM, 100 ps ig  
Pntahla  w a t e r  . f i l t e r  
I n s t r u m e n t  a i r  d r y e r  
Po tab le  w a t e r  c h l o r i n a t o r  
Sewage t r e a t m e n t  plant - 4, 000 gpd a e r a t i o n  unit  
Bear ing  cooling w a t e r  heat  exchangcrs  
S e r v i c e  a i r  r e c e i v e r  
I n s t r u m e n t  air r e c e i v e r  
Oi l  t tk i l l~~i l t ; '~  
Ionizat ion fac i l i ty  
Hel ios ta t  ma in tenance  o v e r r i d e  unit 
R e c e i v e r  tube f lush  equipment  
Hel ios ta t  c leaning vehicle - 5, 000 ga l  
R e c e i v e r  scaffold 
Misce l l aneous  ropes ,  cables ,  s p a n n e r s ,  p la t forms,  sa fe ty  gea r ,  d r i l l s ,  

etc .  



5. 11. 2 Miscel laneous P lan t  Equipment Funding 

Miscel laneous plant schedule and funding a r e  shown in  F igu re  5-15. 

As  indicated, the  effor t  s t a r t s  40 months p r io r  to  IOC and 16 months i s  

al lowed f o r  procurement ,  manufacture,  de l ivery  and installation. Funding 
- .  

peaks a t  $1. 6 mil l ion i n  the f i r s t  half of 1988. 

5. 11. 3 Costing Methodology 

Costing i s  based on S tearns -Roger  exper ience concerning equipment fo r  

power plants of th is  s i z e  and on MDAC and Rocketdyne exper ience in  e s t ima t -  

ing the  additional equipment re la ted to the nonconventional portion of the plant. 

E s t i m a t o r s  used 1977 indus t r ia l  equipment, mate r ia l ,  and labor  cos t s  

re f lec t ing  appropr ia te  fabrication,  a s sembly  and installat ion locations.. 

E s t i m a t e s  were  made  f r o m  the equipment l i s t  which defines the scope of 
I r 

'work. Quotes were  obtained o r  cata logs  consulted fo r  equipment and 

m a t e r i a l s  re la t ing t o  the  conventional portion.of the  plant. 

Equipment cos t s  re la ted  t o  the  nonconventional portions of the plant we re  

ma in ly  es t imated  f r o m  design concepts. Based 'on pre l iminary  drawings, 

de ta i l  e s t ima te s  were  made  using quotes, catalogs and manufacturing e s t i -  , 

mat ing  judgment using de t a i l  es t imat ing procedures  fo r  l abor  t o  fabr icate  . 

spec i a l  equipment. 

5. 12 QUALITY ASSURANCE AT THE INSTALLATION SITE (7000) ' 

1V8 quality ass i i rance  c o s t s  a r e  indicated becaulse the  effor t  involved is 

dis t r ibuted within o ther  CBS costs .  S tearns -Roger  e s t i m a t e s  that  Quality 

Assu rance  a t  the construct ion s i t e  general ly  amounts  to IT0 of the d i r ec t  

construct ion labor  o r  27'0 of the engineering. Quality i s  mainly a s s u r e d  , 
I 

before  the  hardware  r e a c h e s  the s i t e  and m a y  amount of anywhere f r o m  5 to 

20% depending on the ha rdware  and the "hardness"  of tooling. Of course ,  

f inal  quality i s  a s s u r e d  through the considerable  amount of subsys tems  and 

s y s t e m  checkout and s t a r t u p  effor t  that  has  been costed in other  CBS 

e lements .  . . L- ' . . 

M ,. . . 
5. 13 DISTRIBUTABLE AND INDIRECTS COSTS (8000 and 8100) 

' Thi s  e lement  includes construct ion facil i t ies,  constrGktion equipment, 
rr 

construct ion se rv ices ,  A & E  serv ices ,  s o l a r  in tegrator ,  construction manager ,  

s tar tup,  and o ther  cos t s .  



Plgure 5-15. Miscellanwous Plant Equipnier~t Summary Chart 
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The c o s t s  charged  to  t h i s  e lement  a r e  to provide for  the labor ,  m a t e r i a l  

and equipment r equ i r ed  to design, specify, contract ,  support  construction, 

manage,  t r a i n  for ,  act ivate ,  checkout, and support  the checkout p rogram for 

the  conventional portion of the plant and to  general ly  manage systems.  

5. 13. 1 Dis t r ibutable  and Ind i rec t s  

Cos t s  of t h i s  e lement  a s  es t imated  by Stearn-Roger  and MDAC a r e  a s  

follows: 

T i t l e  

Dis t r ibu tab les  

Ind i r ec t s  

To ta l  

Recu r r ing  (mill ion) 

Mater ia l  Labor  Total  
- i 

$2.91 $ 5. 19 $ 8. 10 ' 

0.00 17. 50 17. 50 

$2.91 $22. 69 $25. 60 

Table  5-17 provides  detailed cost ,  and Table 5-18 provides a m o r e  

deta i led descr ip t ion  of t he se  costs .  No cos t  i s  shown fo r  8040. 2, "Insurance; 

Construct ion Equipment  and Autos", because th i s  cost  i s  covered under 8040.4, . - 

I1Construction Equipment." Taxes  a r e  covered i n  labor r a t e s  o r  not 

applicable.  

5. 13. 2 Dis t r ibutable  and Ind i rec t s  Cset Funding 

The schedule and funding fo r  th i s  e lement  a r e  shown on Figuse 5-16. 

The  effor t  . > t a r t s  67 months  p r io r  to  IOC and continues throughout the pro-  

duction effort.  T h i s  span  is requi red  t o  cover  indirect  effort,  but the d i s -  

t r i b u t a b l e ~  a r e  funded ove r  a s h o r t e r  span  beginning jus t  before the s t a r t  of 

field construction.  

5. 13. 3 Cost  Methodology 

Costing i s  based on S t ea rns  -Roger  exper ience  concerning indirect  cos t s  

fo r  power plants of t h i s  s i ze  and uti l izing c u r r e n t  industr ia l  equipment, 

m a t e r i a l  and labor  cos t s  ref lect ing the ~ a r s t o w  a r e a  for  the  f i r s t  commerc i a l  

plant a s  well a s  MDAC exper ience.  Cos t  ana lys i s  of recen t  conventional 

plants has  been made  t o  de te rmine  appropr ia te  exper ience f ac to r s  and the 

r e su l t s  applied to the d i r ec t  field cos t  t o  ea t imate  construct ion facil i t ies,  
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Tnhle 5-17. Distributables and Indirects Cost Detail (Page 2 of 2) 
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Table  5-18. Distributables and Ind i rec t s  (Page  1 of 2)  

Construction Management 

Th i s ,  CBS i t e m  includes: 

2. Contracts  adminis t ra t ion 
, - . ' 3 .  Engineering interpreta t ion ' 

4. Source inspection ( m a t e r i a l s  and manufactured i t ems )  
5. Quality Assu rance  (of on s i t e  construct ion)  

% .  

6. Labor  Relations 
7. Safety Inspection 
8. Scheduling (and updating) 
9. Accounting (computer ,  cost  control, cos t  t rend forcasting,  etc. ) 

10: Mater ia l  Accountability and Control  
I 1. As  -built drawings 

Construction Fac i l i t i es  

Included i n  th i s  -CBS i t e m  a r e :  

1. T e m p o r a r y  buildings 
2. T e m p o r a r y  ear thwork  and foundations 
3. T e m p o r a r y  piping and. e l ec t r i ca l  
4. P lan t  cleanup 

. .  . 5. T e m p o r a r y  uti l i t ies 
.. . 

Construction Equipment 

Included in  this  CBS i t em a r e :  

1. Con t r ac to r ' s  construction equipment 
2. Smal l  tools 
3. Gas and o i l  
4. Construct ion equipment maintenance 

Construct ion Serv ices  

Included i n  t h i s  CBS i t e m  a r e :  

Cons t ruc to r ' s  field supervis ion and accounting 
F ie ld  engineer  
Securi ty  
Mater ia l  receiving and warehousing 
Safety and f i r s t  aid personnel 
Telephone and te legraph 
F ie ld  office supplies and equipment 
Al l - r i sk  insurance  
Pay ro l l  t axes  and insurance 
P e r m i t s  



T a b l e  5-18. Dis t r ibu tab les  and Ind i rec t s  ( P a g e  2 of 2 )  

11. G e n e r a l  experldable suppl ies  
12. Safety equipment  and supp l ies  
13. O p e r a t o r  T r a i n i n g  
14. Purcha.sed Ut i l i t ies  

A r c h i t e c t  and Engineer ing  S e r v i c e s  

Included in t h e s e  CBS i t e m s  a r e  engineer ing management ,  p r e l i m i n a r y  and , 

de ta i l ed  des ign  s e r v i c e s ,  speci f ica t ions  and p r o c u r e m e n t  of m a t e r i a l s  and 
equipment .  

P l a n t  S t a r t u p  

T h e s e  CBS i t e m s  include ini t ial  plant s tart i ip.  

T h i s  i t e m  inc ludes  in i t i a l  inves tment  s p a r e s  fo r  a l l  s u b s y s t e m s .  
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equ ipmen t  and s e r v i c e s  costg,  and t ra in ing  and s t a r tup  cost. In addition 

p r e l i m i n a r y  t r a in ing  r equ i r emen t s  f o r  the  nonconventional e lements  we re  

eva lua ted  and cos ted  based  on e s t i m a t o r  judgment. A &F construct ion man-  

a g e m e n t  and s t a r t u p  c o s t s  a r e  a l s o  based on exper ience fac tors  while so l a r  

in tegra t ion  con t r ac to r  c o s t s  we re  manloaded by task.  Spa re s  were  es t imated 

based  on S t ea rns -Roge r  exper ience  on plants of s i m i l a r  s i ze  for  the conven- 

t iona l  por t ion of the  pilot plant and on pre l iminary  fa i lure  r a t e  data fo r  the  

unconventional por t ion of the  plant. Spa re s  requi rements  fo r  the l a t t e r  type 

of equipment  w e r e  de te rmined  f o r  e a c h  important  potential fa i lure  i t em and 

the  r e su l t i ng  quanti ty extended by unit c o s t s  determined in  costing the  

equipment  s u b s y s t e m s  in  o r d e r  to  obtain a cost  figure. Spa re s  cost  for  the 

conventional equipment  w e r e  de te rmined  using exper ience f ac to r s  applied to 

h a r d w a r e  cost.  

5. 14 CONTINGENCY (8300) 

No contingency i s  es t imated  for  the commerc i a l  system.  MDAC has  

m a d e  a "best  e s t i m a t e t 1  of these  costs ,  and notwithstanding inflation, there  

m a y  be  a s  much  r e a s o n  to  believe they will go down a s  go up considering 

the  possibi l i ty  of cos t  saving due t o  design improvements  o r  breakthroughs 

o r  t o  p rog rammat i c  innovation. Th i s  di f fers  f r o m  pilot .plant where  t he re  i s  

not sufficient  t i m e  to  fully exper ience such changes. The e s t ima te s  should 

be  t r ea t ed  m o r e  a s  a t a r g e t  o r  goal a t  th is  time. based on good advanced 

e s t ima t ing  technique and one which Amer ican  industry  should be able tu  

r e a c h  and quite possibly underrun.  

5. 15 ANNUAL OPERATIONS AND MAINTENANCE (1000, 2000, AND 3000) 

Th i s  e lement  includes  the effort  and follow-on s p a r e s  neces sa ry  to 

ope ra t e  and main ta in  the  s y s t e m s  and subsys tems  over  a '  1-year .per iod.  



5. 1. 5. 1 Operat ions  and Maintenance Costs.  Costs  f o r  the s y s t e m s  operation, 

have been es t imated by Rocketdyne Stearns-Roger ,  and MDAC, a r e  a s  

follows: 

Recu r r ing  (mil l ion)  

T i t l e  

Oper  & maint  

T e s t  prog tech  s u  

Spa re  pa r t s  
. . 

Total  

E P G  & MC 

Collector 

Rece iver  

T h e r m a l  s t o r a g e  

Total  s p a r e s  

Mater ia l  Labor  Total  

$1.74 

0.00 

1. 24 

Typical  staffing is shown in*Table  5-19 and is based on advice provided 

by Southern California Edison and a n  ana lys i s  of spec ia l  maintenance r equ i r e -  

men t s  by MDAC logis t ics  and supported by the  subcontractors .  

5. 15. 2 Sys tem Operat ion Funding 

Funding for  t h i s  phase of the p rog ram has  been level  loaded s ta r t ing  

eight months a f t e r  IOC and continuing for  12 months. The level  of funding 

i s  $1. 5 mil l ion p e r  semiannual  period, as shown in  F igure  5-'17. 

5. 15. 3 .  Cost Methodology 

Costing is base'd on utility exper ience  on conventional plants and on 

pre l iminary  fa i lu re  r a t e  data  and FMEAs for the unconventional portion of the 

plant a s  well  a s  MDAC exper ience in t imelining operational activit ies.  F o r  

unconventional equipment maintenance requirements ,  fa i lure  r a t e s  we re  

employed to  e s t ima te  the  number  of plant-wide fa i lu res  per  yea r  for e a c h  

impor tan t  potential fa i lure  item. Es t imates  of the average  t i m e  requi red  to 

locate  the  fa i lure ,  to  remove  and replace the i t e m  and r e tu rn  have been 

extended by the fa i lu res  pe r  yea r  to a r r i v e  a t  expected hours  pe r . yea r .  



Table  5-19. Technical  Descr ipt ion Operat ion Manload 
-- - 

5 days  7 days  

Senior  Ope ra to r  

Ass i s tan t  Ope ra to r  

P lan t  Engineer  

E l e c t r i c a l  Technician 

S t ruc tura l /Mechanica l  Technician 

Elec t romechanica l  Technician 

Mechanica l /E lec t r ica l  Technician 

Heavy Equipment Ope ra to r  

Rigger  

Cleaner  

5 Day Pe r sonne l  38 

7 Day Pe r sonne l  11 x 715 = 

Total  5 Day Bas i s  

M a s t e r  Control  Maintenance - Serv ice  Contract  

Consumable8 - Washing Solution 

Support  - Covered in Labor  Ra te s  
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Also,  preventative maintenance hours  per  i t em have been es t imated  by 

Effect iveness  Engineer ing consider ing fa i lure  r a t e s  and FMEAs and conven- 

t ional  plant exper ience on boi ler  tube. A s imi l a r  ba s i s  was used to  es t imate  

r e p a i r  cos t  f o r  replaced and' ikpa i rab le  par ts .  

Heliostat  dleaning cos t  has  been another  a r e a  of i n t e r e s t  and has  been 

e s t ima ted  by defining requi red  equipment and manpower to operate  the equip- 

m e n t  and t imelining the  effort,  a ssuming  use  of the r e sou rces  and a par t icular  

c leaning frequency. The  r e su l t s  m a y  be d i rec t ly  converted to annual labor,  

m a t e r i a l  equipment, and ficilities cost. 

The  r e su l t s  of the  above ana lys i s  fo r  each  subsys tem have been complied 

and integrated with the functional manning e s t ima te  for  a conventional plant 
, . 

to  determin'e plant staffing requirements .  In  addition, a n  allowance for  contract  

l abo r  support  t o  handle m i n o r  nonrecur r ing  modifications and construction 

prob lems  dur ing the ini t ia l  phase has  been included a s  a percentage of O&M 

and o ther  t e s t  operat ions  phase costs .  

Spa re s  were  es t imated  based on S tearns -Roger  exper ience on plants of 

s i m i l a r  s i z e  f o r  the conventional portion of the plant and on pre1imina.t.y fail.nre 

r a t e  data  f o r  the unconventional portion of the plant. Spares '  r equ i rements  for  

the  l a t t e r  type of equipment were  determined for  each im.portant potential 

f a i l u r e  i t e m  and the  resul t ing quantity extended by unit cos t s  determined in  

cost ing the  equipment subsys t ems  in  o r d e r  to  obtain a cost  figure. Spa re s  

c o s t  fo r  the conventional equipment we r e  determined using exper ience f ac to r s  

applied t o  hardware  cost .  

The  m a s t e r  con t ro l  maintenance contract  i s  based on  published quotes fo r  

monthly maintenance on each  i t e m  of equipment. Additional cos t s  for  this ' 

i t e m  p r io r  to the  operat ion phase a r e  included in the m a s t e r  control  invest-  

m e n t  costs .  Washing. solution cos t s  a r e  based on vendor quotes. 



PLANT PERFORMANCE DATA 

The purpose of th is  section i s  to  provide detailed performance e s t ima te s  

fo r  the basel ine  commerc i a l  sy s t em in  d i r ec t  response  to  the Sandia cost  and 

performance da ta  request  l e t t e r  of December  15, 1976. The baseline com-  

m e r c i a l  s y s t e m  which se rved  a s  a re fe rence  f o r  these  performance predictions 

was one ra ted a t  100 MWe with a s o l a r  multiple of 1.7 and a 6-hour s to rage  

capability ( a t  a 70 MWe net oukput). A detailed discussion of the baseline 

commerc i a l  s y s t e m  is contained in  Volume 11, Section 3. 

6.1 COLLECTOR FIELD PERFORMANCE ' , 

The ove ra l l  performance of a col lector  field .can be expressed  a s  the 

product of a geomet r ic  performance factor  and a n  optical  o r  attenuation factor.  
0 .  

The geomet r ic  factor  includes considerat ions  of field cosine, blocking and 

shadowing between adjacent heliostats ,  blocking and shadowing resul t ing f rom 

senso r  posts (if closed-loop control  i s  used) and the tower, and r ece ive r  

spil lage resul t ing f r o m  heliostat  flexure, guidance, and alignment e r r o r s .  

The overa l l  geometr ic  f ac to r . fo r  var ious  sun elevation and azimuth angles  i s  

shown in F igu re  6-1. Only physically possible sun locations a r e  t r ea t ed  which 

a r e  bounded . . by the ,li,ght dashed l i n e s  labeled winter  so l s t i ce  and s u m m e r  
. . 

solst ice.  Implicit  in  th is  f igure  i s  a constant r ece ive r  in tercept ion fac tor  of 

0. 958. This  value . was . a r r i v e d  a t  by using the following he.liostat e r r o r  

budget: . . 

. Surface f lexure  ( lp) 2. 88 m r a d  

a Guidance ( f la t  e r r o r )  fO. 6 m r a d  

a Alignment(1cr) 2. 50 m r a d  

with a l l  Gaussian dis t r iuut ions  t runcated a t  2 and assuming  a 3 point ver t i ca l  . .. 

a i m  s t ra tegy  on the r ece ive r  of 0, f .6 m. Although the  intercept ion f ac to r  was  

defined . for  . a n  equinox no0.n operating point, f u r the r  analysis  has  indicated that  

i t  holds a t  a reasonably constant ave rage  level  throughqut the  year,  with some 

minor  discrepancies  occur r ing  a t  low sun elevation angles.  Excluding the  

heliostat f lexure  e r r o r  defined' above which accounts  foi. hel ios ta t  panel-to- 

panel variat ions in  re f lec ted .beam accu racy  due t o  s t r u c t u r a l  deflection, no 

additional e r r o r  was incltided f o r  su r f ace  waviness of the  individual g lass  

paaels. Such waviness e r r o r s  depend on the qual i ty  of the  g iass  and the  panel 
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fabr icat ing techniques and equipment. Since t h i s  e r r o r  i s  in  genera l  fa i r ly  

s m a l l  f o r  panels of acceptable quality, i t  was  ignored fo r  th is  exerc i se .  On- 

going investigations a r e  concerned with the nature  of sur face  waviness e r r o r s  

and methods t o  minimize the i r  effects. 

The r e su l t s  of a s'e'parate beain ' in tercept ion ana lys i s  c a r r i e d  out fo r  the  

baseline pilot plant configukation a r e  shown in  Table 6-1. When extended to  

the commerc i a l  system,  thdse r e s u l t s  a r e  somewhat opt imis t ic  s ince  the 

overa l l  interception factor  f o r  the .commerc ia1  r ece ive r  i s  general ly  2 percent  

lower than the  corresponding pilot. pla'nt value.' In using the  da ta  p resen ted  

i n  Table  6-1, a root-sum-squared sutnxnatio~l p roces s  should be applied to  

a l l  en t r i e s  to  es t imate  the actual  'spillage. The summation p roces s  should 

include a l l  en t r i e s  in the  co1um.n labeled "Independent of Wind and T e m p e r a -  

ture"  plus those wind and t empera tu re   related quant i t ies  a t  the wind speed and 

t empera tu re  level  of in teres t .  . 

As backup ma te r i a l  f o r  the spil lage analysis  presented ii Table  6-1, a 

s u m m a r y  of the detailed heliostat  e r r o r  analysis  i s  presented on the  five 

pages which make u p  Table  6-2. The f i r s t  two of these  pages t r e a t s  e r r o r s  

which would be common t o  both a 'closed-loop ( b e a m  senso r )  con t ro l  s y s t e m  

o r  a n  open-loop (computer )  control  system.  The thi rd  page of the tabulation 

t r e a t s  e r r o r s  which would be expected if the c losed loop senso r  control  

concept we r e  employed. By contras t ,  the  e r r o r s  anticipated f i r  two different 

open-loop control  concepts a r e  shown on the fourth and fifth pages of the  

table. The concept analyzed on page 4 employs a position s e n s o r  on the  out-  

put d r ive  devices  while the data t r ea t ed  on page 5 cor responds  to  a s y s t e m  

which employs a d r ive  mo to r  revolution counter. 

The col lector  field optical o r  at tenuation factor  which make  up the second 

par t  of the overa l l  col lector  field performance es t imate  include hel ios ta t  

reflectivity, a tmospher ic  attenuation and the impac t  of d i r t  accumulat ion and 

washing cycles  on the m i r r o r  surface.  The commerc i a l  s y s t e m  hel ios ta t  

reflectivity of 0. 94  was assumed for  a newly installed heliostat .  Based on 

data gathered during the  heliostat  SRE t e s t  program,  a n  addit ional penalty of 

1,370 was imposed to r ep re sen t  a n  ave rage  unwashed condition. Thus,  a n  



T a b l e  6-1. Closed-Loop Track ing  A c c u r a c y  and Spillage 

P e r c e n t  E pil lage (+a):: 
Accuracy  Ind. of 
( m r )  wind and Winds ( m l p )  T e m p e r a t u r e  (OC) 
A ~ /  ~1::::: r e f  

E r r o r  s o u r c e  a ( r m s )  t e m p  0 3. 5 8 12 0 .15  , 2 8  3 5 '  

1. T o w e r I R e c e i v e r  0.410. 1 0. 1 0 0 0 . 1  0.-2 0 .1  0.1 , 0. 1 0. 1 

2. S u r f a c e w a v i n e s s  1.0/1.O 0. 6 0 0 0 0 0, 0 0 0 ,  

0.810.8 0. 5 0 0 0 0 0 0 - 0  0 . 3.  Specu la r  
D i s p e r s i o n  

t 

4. Sur face  Bending . - .  

A. Grav i ty  
h) 

0.7/0.7 0.4 0 0 0 0 . O  0 0 0 -  ' 

P 
Q, 

E . Winds 0. 610.8 0 0 . O  0.2 0.5 0 0 0 0 * 

C. T e m p e r a t u r e  0.711.0 0 0 0 0 0 1.5 . 0 . 6  0 0 

5. M i r r o r  1.011.0 0. 6 0 0 0 0 0 0 0 .  0 
Alignment 

6, Control  0.810.8 0.3 0 0 0 . 2  0.4 0 0 0 . .  0 , ,  

Dynamic  s  

7. S e n s o r  0,711.2 0 .4  0 0 0.2 0. 5 0.2 0.2 0.2 0.2 - 
*NOTE: Spil lage d o e s  not have a n o r m a l  d is t r ibut ion 

$<:%RE da ta  h a s  been used t o  e s t a b l i s h  t h e s e  numbers .  



Table  6-2. Reflected Beam E r r o r s  Common to Both 
Closed and Open ~ o o p ( 1 )  ( P a g e  1 of 2) 

Azimuth Elevation 
E r r o r  s o u r c e  ( m r ) o ( r m s )  ( m r ) o  ( r m s )  Subsystem Requirement Comment 

A. Wind and t e m p e r a t u r e  0.410.2 0 Tower  movement caused hy des ign  St ruc ture  ana lys is  indicates 
environment winds and t e m p e r a t u r e  that  the hending at 26 mph will 
sha l l  not move the tower in the I,e 1 in. 
horizontal  d i rec t ion  m o r e  than 
2 in ( l o )  o r  f 4 in (95%). 

B. Foundation 

2. Surface  waviness 

3. Specular d ispers ion  

0.210. I  0.210 1 The  foundation shall  be con-  
s t ruc ted  in such a manner  that 
the degree  o f  sinkage o r  foundation 
t ime c r e e p  will not cause  the center  . 
of the tower  to move m o r e  than I  in 
(10)  o r  f 2 in 195V.) in the horizontal 
and ver t ica l  direction between 
alignment periods. 

Af ter  mounting glass,  slopc l r o m  ltascd upon SRF. tes t  data. 
normal shall  l ~ c  l e s s  than 0. 6 m r .  
( l a ) .  

l lcforc g lass  i s  mounted, Y5'!:, of ltascd upon S R E  tes t  data. 
reflected beam sha l l  I,c within 
4 rnr. 

4. Surface  bending 

A. Gravity 0. 5 

B. Winds 0. 6 
(Static 26 mph) . 

C. T e m p e r a t u r e  
( 60°+1040F) 

5. Mirror  allgnrnenr I. 0 I. 0 

6. Refraction 0 0 . 3  
( H e l i u a l a l / ~ ' e s s i v t r )  

- - 
Total  (RSS) 2. 1 2.2 

Ilcnding from gravity shall  not Itased upon a s t r u c t u r e  ana lys is  
causc  slopc m o r e  Lhan shown. program INASTRAN) and s o l a r  

puwrt  collrctidn syatem model 
ICONCENI. 

Same 

Same figure 

AfLcr #nnt,u~~Li~t~ I I I ~ I I V I ,  L I I c ~  t i~~i ' inal  
of c;ach m i r r o r  normal sha l l  I)c 
wlthln 0. 5 m r  110) of deliircd 
normal.  

Environmental  

P;Near/far r e f e r s  to the l o c a t i ~ n  o f  the heliostat  with respec t  to  rece iver  



Table  6 - 2 .  Reflected Beam E r r o r s  Common to  Both 
Closed and Open LOOP( 1) ( P a g e  2 of 2) 

Azlmuth Elevation 
E r r o r  source ( m r ) a  ( r m s )  (mr )  a ( rm8)  Subqystem Requirement Comment 

I. Control system N e a r l F a r  Near lFa r  

A. No winds 0.3 0.2 a .  Motor pulse granularity shall Based upon SRE data. Includes 
not be more than 2 revlpulse. effect of hysteresis. backlash. etc. 

B. Signal granularity 0.2 0.2 b. AID converter shall be at  least  
8 bltm. 

C. Windm 0.7 0.4 Backlash of 1 m r  Baaed upon SRE data and Monte Carlo 
slmulatlons. Wlnds of 2016 mph. 

2. Sensor  

A. Alignment 0. 510.2 0. 510. 2 
B. Foundation movement 0.2 1.0 FOUndotlOn shall melntain p l e  tn Based Upon SHE data, has some 

between alignment vertical dlrectlon within 1 m(o) temperature effects in data. 
between alignment periods. 

C. Mvvamsrit eauscd by Pole bending frequency shall be May require a lttgl~sr ddla aattnpls 

a. Winds 0. I 
0. 210. I greater  than 2 Hs. F ~ l t e r  ahall rate than 2 scconda. 

reduce oaclllation by a t  least  a 
b. Temperature 0.1 0.710.4 factor  of 4. 

n. S l n p  n r rn r  0. Z 0.2 The sensor  slooo shall be t 0.023'1 
V (Y5%) of the nominal value. 

6. Intercept 0. I 0. I A t  0 vnltag. rsadin8, ths  hanm 
e r r o r  shall be less  than i 0.2 m r  
( Q = k )  

F. Rotation 0. I 0 .1 Rotatlon axis  of oeneor ohall havo 
coupllng e r r o r  less  than 0. I m r  
(10). 

3. Alignment of aensor  0.5 0.5 
."(..". 

Total  (RSS) n7n 

1. Control syatam 

A. No wlnds 

B. Signal pranularlty 

C. Winds 

a, nrf,,e"his.. 
(Sun to heliostat) 

3. Command 
(After  allpnment nee 
e r r o r  budget for com- 
mand calculation) 

4. Pedestal  foundation 

Movement between 
alignments 

5. nenamg Irom arlve 
to m i r r o r  s t ructure 

6. Pedestal  deflection 
from winds 

Total (RSS) 

a. Single ulse to motor shall not 
result rn more than 2 rev. 

b. 13 bit accuracy on drlve uutpul 
location. 

Compliance not less  than 130.000 
In-lbldeg. Backlash l e s s  than 1 mr.  

Goflwavr ~slr .a t ios  nzadsl ahall ha 
accurate  within 0.4 mr .  

Alignment method iha l l  be 
accurille lo  less  than 0 . 8  mr .  

Foundation will not allow pedeatal 
to move more  than 0.75 m r  ( 10) in 
a 4 month period. 

Baaed upon SRE data. Includes 
effect of hysteresls, backlash, etc. 

Based upon SRE data and Monte 
Carlo simulation. Winds of 
2016 mph. o = 90". P = 135' 

naqvivea .oBw&ra ta  D%IovIBII 
atmospheric refractions model. 
Errnr hasad u p n  radar  rcfract,inn 
models. Could use one sun trucker. 

Baeed upon SRE data over  four 
month data. Clueations on measure-  
ment accuracy of data. 

nasea  upon atruecure analysts 
program (NASTRAN) 

1. Control system 

A. No winds 0.8 0.8 Backlash l e s s  than 1 m r  Based upon SRE data. Includes 
effect  of hyateresia. 

B. Sensor granularity 0. 1 0.2 One revolution counter 

C. Winds 3. 9 I. 8 Compliance not less  than 130.000 Based upon SRE data end Monte 
in-lbldeg. Backlash l e s s  than Carlo simulation. Winds of , 
2 mr .  ' 2016 mph. a =  90°.8 = 135O 

2. Refraction 0. I 0.4 Software refraction model shall be Requires sohware to calculate 
(Sun to hsl lor tr t )  ncct8rats within n. 4 m r .  atmoepheric refraction model. 

E r r o r  based upon radar  refraction 
models. Model urould not require 
meaaurament nf atmnnpherie 
conditions. 

3. Command ' 2.4 2 .4  Alignment method shall be accurate  
(After  alignment see  to l e s s  than 1 mr.  
e r r o r  budget lor com- 
mand calculation) 

4. Pedestal  foundation 1.5 1. 5 Foundation wlll not allow pedestal Based upon SRE data over  four 
movement between to move more  than 0.75 m r  ( l a )  months. Some question a s  to ' 

alignment In a 4 month period. accuracy of measuremente. 

3. Bandlng frunl drlve t o  0. 3 0. 6 
m i r r o r  s t ructure 

0.6 6. Pedestal  deflectlon 0.6 Based upon structure analysla 
from winds program (NASTRAN) 

7. C.ravltatlona1 0 0 . 1  Cravltatlonal moment shall ba Software wlll have to calculate 
nroment known wlthin i 27% (20). pravitattonal moment and com- 

pensatr, ~lmvetinn mmmand. - - 
Total (RSS) 5.0 3. 6 



effective reflectivity of 0.91 was a s sumed  i n  s iz ing the  c o m m e r c i a l  sys tem.  

The a tmospher ic  attenuation factor  appropr ia te  fo r  the  commerc i a l  s y s t e m  

depends on the local  nature  of the environment, par t i cu la r ly  wate r  vapor and 

ae roso l  content in the a i r .  Analysis c a r r i e d  out using the  LOTRAN I1 c o m -  

puter code indicated that a n  average  t ransmi t tance  factor  of 0.953 would ex i s t  

a s suming  a subarc t ic  winter environment and a 50 k m  (31  mi le )  visible range. 

Combining the reflectivity and a tmospher ic  at tenuation effects  into a common 

optical  factor,  a value of 0. 867 would be an appropr ia te  adjustment  fac tor  to  

the previously d i scussed  geometr ic  factors .  

F r o m  a col lector  field operational standpoint,.  the hel ios ta ts  would be 

activated in the morning a s  soon a s  they a r e  capable of making a positive 

energy  contribution to the sys t em even in  the f o r m  of a net component heatup. 

In theory, the hel ios ta ts  could be activated a s  soon a s  the  sun  c r o s s e s  the  

horizon. In reali ty,  a s e r i e s  of f ac to r s  make such  a n  e a r l y  s t a r tup  somewhat 

factitious. These  fac tors  include the general ly  poor isolation a t  low sun 

angles, excess ive  blocking and shadowing between adjacent heliostats ,  and 

natural  obstruct ions  which occur  in  the surrounding t e r r a in .  Cur r en t  e s t i -  

m a t e s  indicate that  t he se  .factors should l o se  t he i r  significance by the  t ime  

the sun  r eaches  a 10 'sun elevation angle.. It  ha s ,  been a s sumed  in  a l l  MDAC 

commerc i a l  sye tem performance predictions tha t  the  r ece ive r  on the ave rage  

will be  producing dera ted  s t e a m  by a 15O sun elevation angle. Star tups  p r io r  

t o  th is  t ime  will depend to  a great: extent on local  insolation a n d t e r r a i n  

conditions f o r  the se lec ted  site. 

6.2 RECEIVER PERFORMANCE 

An es t imate  of r ece ive r  radiation l o s s  a s  a function of incident power on .. 

the absorbing s u r f a c e s  is shown in  F igu re  6-2 f o r  both ra ted and dera ted  

s t e a m  conditions. The t rend  of increas ing  radiation l o s s  with increas ing  

incident power o c c u r s  because of the higher me ta l  sur face  t e m p e r a t u r e s  that  

result .  The  560 MWt upper l imit  on incident power is a col lector  field limit. 

L a r g e r  power loads could be accommodated by the r ece ive r  although repeated 

cycling a t  the  higher level  would begin to  compromise  tube life.' The  l imi t  

shown for  dera ted  s t e a m  operat ion is due t o  a Sandia imposed constra int  on 

the t h e r m a l  s to rage  charging ra te .  A s  f a r  a s  the r ece ive r  is concerned,  
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incident power in excess  of the 560 MWt could be handled by the panels 

although insufficient water  flow would be a l imiting factor before , the  full 
. .  . 

560 MWt level  was' reached. 

An es t imate  of the convective heat l o s s  f o r  both rated and derated r ece ive r  

s t e a m  operat ion i s  shown in F igure  6-3. Since neither forced 'or  natural  con- 

vection dominates, the indicated values represen t  a root-sum-squared oper -  

ation of the two convection components. These  es t imates  a s s u m e  the maximum 

design point power i s  incident on the recei .ver surface.  F o r  a 50% incident 

power level, the indicated convective l o s se s  should be:'multiplied by 0. 953 to 

account for  the slightly cooler  average  sur face  tempera ture  which occurs  due 

to  the lower incident power level. 

The t h e r m a l  power l o s s  through the main  s t e a m  lines a r e  shown in  . 

Figu re s  ,6-4 and 6-5 for  the main  s t e a m  downcomer and horizontal distr ibution 

line to  t h e r m a l  s to rage  respectively.  The main  s t eam downcomer was 

a s sumed  to be 45.7 c m  (18  in) in d i ame te r  with a 5-112-in layer  of calcium 

si l icate  insulation. A downcomer length of 275 m (900 ft) was assumed which 

includes some  expansion provisions. The s t eam line running f rom the base  

of the tower  to  the t he rma l  s to rage  charging heat exchanger was assumed to 

be 30. 5 c m  ( 12 in) in  d i ame te r  with a 10. 2 c m  ( 4  in) l ayer  of calc ium insula- 

tion. A tota l  running length of 76. 2 m (250 ft) was a l so  assumed.  

6.3 MASS FLOW RATE AT TUR,BINE BUILDING AS A FUNCTION O F  POWER 

The re la t ionships  between m a s s  flow and the rma l  power a t  the turbine 

building a r e  shown for 'bo th  dera ted  and ra ted s t e a m  operation in  F igure  6-6. 

.The inlet  to  the tu rb ine  building was a s sumed  to  be synonymous with a point 

a t  the base  of the tower,  just  ups t r eam of the tee, which s epa ra t e s  turbine 

and t h e r m a l  s to r age  s team.  A location a t  the actual  inlet to  the turbine 

building, downs t ream f r o m  the t ee  would never  exper ience a dera ted  s t eam 

flow condition. The s'olid portions of the two l ines  indicate the  anticipated 

operating ranges  pract ical  fo r  the  c o m m e r c i a l  rece iver .  The lower l imi t s  

of the two (sol id)  l ines  a r e  somewhat a r b i t r a r y  s ince  they depend on detailed 

operational behavior of t h e  control  valves a s  well  a s  the exact  p r e s s u r e  d rop  

and hydrostat  effects of the  c o m m e r c i a l  rece iver .  
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The top pa r t  of the dera ted  s t e a m  curve appears  dashed since i t  exceeds 

the dera ted  s t e a m  operat ional  limitation established by Sandia (charging r a t e  

fo r  t h e r m a l  s to rage  sha l l  be 5070 of the maximum power absorbed by the 

r ece ive r  o r  the difference in  thermal  power between the design sys t em so la r  

mult iple  and a '  s o l a r  multiple of 1.0). In reality, f rom a r ece ive r  standpoint, 

t he re  is no reason  why the rece iver  could not be operated to  the top of the 

dashed l ine which would correspond to  the flow limitation established for  rated 

s team.  The the rma l  s torage  charging equipment, of course ,  would have to be 

s ized  to  accommodate  the higher derated s t e a m  flow rate.  

6.4 THERMAL STORAGE CHARGING EFFICIENCY 

The the rma l  s torage  charging efficiency can  be determined by subtracting 

the s u m  of the heat  l o s s e s  which occur  for  the charging equipment f r o m  the 

t h e r m a l  energy available for .  charging. The s teady s ta te  heat l o s s e s  for  the 

charging components (hea t  exchangers  and piping) were  es t imated to be 

0.04 MWt when the components a r e  a t  t he i r  normal  operating tempera ture .  

Making the conservat ive assumption that  the heat l o s s  was constant for  a 

24-hour period, the  tota l  dai ly  loss  would be 0.96 MWHt. Assuming a l so  that 

sufficient energy  en te red  the s torage  tank t o  fully charge the unit to 1, 891 

MWHt (see Section 2, Volume V for detailed tank sizing assumptions),  the 

charging efficiency on that  day would be 99.9570. If the tanks were  l e s s  than 

fully charged during the 24-hour period of interest ,  a lower efficiency would 

o c c u r  due to the constant equipment t h e r m a l  loss  which r ep re sen t s  a constant 

d r a i n  on tho tho rms l  cncrgy* 

6.5 GROSS THERMAL ELECTRIC CYCLE EFFICTENCY 
- The g r o s s  cycle efficiency of the t h e r m a l  e l ec t r i c  conversion a s  a function 

of m a s s  flow i s  shown in F igu re  6-7 for  both operating f r o m  rece ive r  s t e a m  

and  t h e r m a l  s torage s t e a m  exclusively. This  data  a s s u m e s  a turbine back 

p r e s s u r e  of 6.35 c m  Hg (2 -1 12  in  Hg). The maximum and minimum flow 

r a t e s  permitted fo r  the turbine a r e  shown in the figure. The minimum value 

is approximate  s ince the turbine comes  up f r o m  z e r o  flow during a s t a r tup  on 

e i t h e r  r ece ive r  o r  t he rma l  s torage  s team.  However, a slightly derated s t e a m  

condition would be used up to  about the 2570 power level, 
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6 .6  NET THERMAL ELECTRIC CONVERSION EFFICIENCY (FROM 
K E C E I V E K )  

'l 'he net t h e r m a l  e l e c t r i c  convers ion efficiency for  operation d i rec t ly  f rom 

r e c e i v e r  s t eam and operat ion f rom the rma l  s to rage  s t e a m  i s  shown in F ig-  

u r e  6-8 fo r  an a s s u m e d  2-112 in. 'Hg turbine back p r e s s u r e  which cor responds  

to  a 23OC (73°F) wet bulb tempera ture .  Since the s y s t e m  uses  wet cooling for  

heat  rejection,  the turbine back p r e s s u r e  and result ing net cycle efficiency 

depend on the ambient  wet bulb tempera ture .  Appropriate multiplying f ac to r s  

f o r  higher  values of wet bulb which a r e  to be applied to the values shown in  

F i g u r e  6-8 a r e  contained i n  the following tabulation. 

Ivlultiplying Factors 

Operation f r o m  Operation f r o m  
Wet Bulb T e m p  Rece iver  Steam T h e r m a l  Storage Steam 

c 23°C (73°F) 0. lL 1.0 

The  cu rves  exclude considerat ion of the paras i t i c  loads l is ted i n  the 

f igure.  In general, these  would affect  the  r ece ive r  s t e a m  curve  although the  

t h e r m a l  s to rage  curve  could be influenced by these  if the sys t em were  ope ra -  

t ing i n  the intermit tent  cloud mode. The maximum and min imum power out-  

puts a r e  a l s o  indicated. These  values correspond tg the maximum and 

min imum flow r a t e s  defined fo r  the turbine in F igure  6-7. Again, a s  was 

d i s cus sed  in  F igu re  6-7, the indicated min imum values a r e  approximate.  

6.7 NET THERMAL ELECTRIC CYCLE EFFICIENCY (FROM THERMAL 
STORAGE) 

(See Section 6. 6) 

6.8 MAXIMUM RATE O F  CHANGE O F  TURBINE GENERATOR OUTPUT 

. T h e  max imum recommended r a t e  of change of turbine genera tor  load i s  

shown in  F igu re  6-9, based on data taken f r o m  Westinghouse turbine s t a r tup  

ins t ruc t ions  for 100 MW non-reheat  units. These cu rves  a s s u m e  that  the 

inlet  t empera tu re  of the s t e a m  i s  held constant with load changes occur r ing  
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Figure 6-8.. Net Thermal Eledric Conversion Efficiency [Commercial Turbine) 
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only a s  a  r e s u l t  of changes  in  m a s s  flow. I t  is s e e n  tha t  a n  ins tan taneous  

change of 22270 i n  load is accep tab le  dur ing  n o r m a l  opera t ion .  Using t h i s  

curve ,  t r a n s i t i o n s  between r e c e i v e r  and  t h e r m a l  s t o r a g e  s t e a m  with the  

r e su l t ing  change in  load could be  m a d e  i n  2 2  min,. Under e m e r g e n c y  c o n -  

di t ions,  load changes  could be m a d e  a t  a  s igni f icant ly  f a s t e r  r a t e ,  p a r t i c u l a r l y  

dur ing  a tu rb ine  t r ip .  T h e s e  c u r v e s  a r e  to  be  used dur ing  n o r m a l  tu rb ine  

opera t ing  pe r iods  and exclude t u r b i n e  s t a r t u p  per iods .  

6.9 AUXILIARY POWER REQUIRED T O  CHARGE THERMAL STORAGE 

T h e  a u x i l i a r y  power r e q u i r e m e n t s  t o  c h a r g e  t h e r m a l  s t o r a g e  a s  a  

function of power a t  the  s t o r a g e  in le t  a r e  shown i n  F i g u r e  6-10. T h i s  c u r v e  

inc ludes  not only the  t h e r m a l  s t o r a g e  cha rg ing  pumps,  which c o n s u m e  750 kW 

a t  a  cha rg ing  r a t e  of 255 MWt, but a l s o  a l loca ted  va lues  of the  r e c e i v e r  feed 

pump and the  co l l ec to r  field. 

6.10 AUXILIARY POWER REQUIREMENTS F O R  RECEIVER F E E D  PUMPS 

T h e  a u x i l i a r y  power  r e q u i r e m e n t s  f o r  the  r e c e i v e r  feed pumps a s  a  

function of pe rcen t  of m a x i m u m  flow a r e  shown i n  F i g u r e  6-11. T h e  c u r v e  

a s s u m e s  tha t  the  two p a r a l l e l  half capac i ty  pumps  a r e  tu rned  down toge the r .  

' I f  t h e y  w e r e  tu rned  down sequential ly,  a  s l ight  jog w.ould o c c u r  a t  the  point 

where  the  f i r s t  pump w e r e  tu rned  comple te ly  off and the  second pump w e r e  

opera t ing  a t  i t s  d e s i g n  flow. 

6.11 AUXILIARY POWER REQUIREMENTS F O R  T H E  COLLECTOR F I E L D  

T h e  a u x i l i a r y  power  r e q u i r e d  t o  o p e r a t e  t h e  co l l ec to r  field on  a s t e a d y  

s t a t e  b a s i s  is 350 kWe. Since the  AC m o t o r s  on the  he l ios ta t s  o p e r a t e  f o r  

only a few 60 -cycle  pu l ses  a t  a  t ime ,  a t  any  one t i m e  m o s t  he l ios ta t s  would 

not be  d rawing  power. T h e  350 kWe r e p r e s e n t s  the  t i m e  a v e r a g e  o v e r  the  

field. 

RECEIVER S T A R T U P  TIME TO DERATED STEAM 

T h e  t ime ' . to  s t a r t  the r e c e i v e r  and begin cha rg ing  t h e r m a l  s t o r a g e  depends  

on the  insola t ion  level ,  t he  sun  locat ion  which inf luences  co l l ec to r  field 

eff iciency,  and the  p r e h e a t  s t a t u s  of the  piping and heat  exchanger  components .  

F o r  a  w a r m  s t a r t  condit ion on a n  equinox morn ing ,  cha rg ing  of t h e r m a l  
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Figure 811. Auxiliary Power Requirements for the Receiver Feed Pump (Commercial System) 



s t o r a g e  could be init iated approximately  18 m i n  a f t e r  acquisi t ion of the sun. 

F o r  a hot s t a r t  condition, the  s t a r tup  t i m e  ,could be shor tened to  approximately  

15 t o  17 min. F o r  a noon s tar tup,  the t ime  to  init iate charging of t h e r m a l  

s to r age  could be considerably sho r t e r  due to  the higher insolation and col lec-  

t o r  field efficiency. 

6.13 TIME REQUIRED TO PRODUCE TURBINE GRADE STEAM 

As i n  the c a s e  of a r ece ive r  s tar tup,  the t ime  to  go to ra ted r ece ive r  

s t e a m  depends on the insolation, the col lector  field efficiency, and the 

tu rb ine  conditions ( t empera tu re  and accelerat ion/ loading ra te ) .  I n  general ,  

if the r ece ive r  is being used a s  the p r i m a r y  sou rce  of s t e a m  to  s t a r t  the 

sys tem,  the r a t e  a t  which the  turbine can  be ramped i s  l imited by the turhin.e, 

'l'his effect  i s  i l lus t ra ted  i n ' F i g u r e s  6- 12  through 6-14 which depict  cold, 

wa rm,  and hot s y s t e m  s t a r t u p  using r ece ive r  s team.  If t h e r m a l  s to r age  . 

s t e a m  is used as the p r i m a r y  source  of power to s t a r t  the  turbine, the 

r e c e i v e r  would be ramped  up a s  fas t  a s  available t h e r m a l  power pe rmi t s  

subject  t o  t h e r m a l  s t r e s s  l imitations.  F igu re s  6-15 and 6-16 depict  a s y s t e m  

s t a r t u p  using t h e r m a l  s to r age  s t e a m  to power the turbine and rapid r ece ive r  

ramping  f o r  both a w a r m  and hot s t a r t u p  condition. In  th i s  case,  a t ransi t ion 

t i m e  of 10 t o  20 min  could be anticipated assuming  sufficient insolation i s  

available.  

6.14 TIME TO START THE TURBINE FROM THERMAL STORAGE 

The  t ime  requi red  t o  s t a r t  the turbine f r o m  t h e r m a l  s to rage  depends on  

the  ini t ia l  t h e r m a l  s ta tus  of the  turbine. F igu re s  6-15 and 6-16 show such a 

s t a r t u p  fo r  a w a r m  and hot turbine condition. F o r  a w a r m  s t a r t  condition, 

% 72 m i n  would be requi red  whereas  fo r  a hot s t a r t  condition, ~ 4 3  min  would 

be required.  In  e i t he r  case ,  the s t a r tup  i s  a s sumed  complete once the 70% 

load point has  been reached s ince that r ep re sen t s  the maximum turbine output 

level  when operat ing f r o m  t h e r m a l  s to r age  s team.  

6.15 TIME LAGS INVOLVED IN SWITCHING TURBINE OPERATING MODE 

In o r d e r  to e s t ima te  t i m e  periods required t o  switch turbine operat ing 

modes ,  t h r ee  f ac to r s  we re  considered.  These  were  turbine valve t r ave l  t ime, 

recommended t i m e  r a t e  of change of turbine load, and s y s t e m  capabil i ty to  

v a r y  s t e a m  rate. F r o m  the standpoint of valve t r a v e l  t ime, they can  be 
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e x e r c i s e d  f rom a full open to  full closed position in  a ma t t e r  of seconds and 

the re fo re ,  impose an  insignificant constra int  on turbine switchover t ime.  

F r o m  the standpoint of recommended t ime  r a t e  of change of turbine load, 

F i g u r e  6-9 i l lus t ra tes  Westinghouse recommendations for  the i r  100 MW 

nonreheat  turbines .  Separa te  curves  a r e  shown depending on whether load 

is inc reased  o r  decreased .  Implicit  i n  these  curves  i s  the assumption of 

constant  inlet s t e a m  tempera ture .  If variat ions in  inlet t empera ture  were  

included, fami l ies  of cu rves  would be produced for  var. ous changes i n  s t eam 

t empera tu re .  In  general ,  if s t eam t empera tu re  is reduced during e i ther  a 

load increas ing  o r  dec reas ing  event', the t ransi t ion t ime  i s  reduced below 

tha t  indicated o n ' F i g u r e  6-9. 

Data pertaining to  the abil i ty of the balance of the sys t em to  provide 

s t e a m  a t  r a t e s  of change of flow which a r e  compatible with the ' turbine 

operat ing l ines  shown in  F igu re  6-9 i s  somewhat sketchy a t  th is  time. In 

o r d e r  to develop such  data, a detailed design of the commerc ia l  sy s t em , 

ha rdware  and flow control  e lements  would be required to  s e rve  a s  the bas i s  

of a detailed t r ans i en t  ana lys i s  of the system.  Since this  i s  beyond the scope 

of c u r r e n t  design act ivi ty  only ce r t a in  qualitative s ta tements  can  be made 

concerning the balance of the system.  F i r s t ,  the key e iement  in  the control  

of switchover t ime  i s  the t h e r m a l  s to r age  subsystem. Assume no change in  

insolation on the  rece iver ,  the dynamic cha rac t e r i s t i c s  of the charging side 

heat  exchangers  control  the  r a t e  a t  which changes in receiver  s t e a m  flow to  

t he  tu rb ine  could be made.  On  the extract ion s ide  of thermal  storage,  the 

operat ional  dynamics  of the  s t e a m  genera tor  control  r a t e s  of change in 

admis s ion  s t e a m  flow. As  a resul t ,  the cu r r en t  design concept for  the t he rma l  

s to r age  heat exchangers  is to  maintain them in a hot standby condition where  

a ful ly  operat ional  t empera tu re  is maintained. This  would minimize the 

effects  of heat exchanger  t h e r m a l  m a s s  on heat exchanger responsiveness .  . 

F o r  the presen t  t ime,  i t  is a s sumed  that  a l l  heat exchangers could respond 

f r o m  a hot standby to  full  flow condition i n  a controlled manner  i n  t h r e e  to  

f ive minutes.  F r o m  th i s  assumption,  the l inear  plot shown in  F igu re  6-17 was 

established.  Th i s  number  will m a t u r e  a s  data i s  accumulated on a complete 

t h e r m a l  s to rage  t e s t  such a s  to be ca r r i ed  out in  the pilot plant. 



Figure 817. Assumed Dynamic Characteristics of Thermal Storage Heat Exchangers (Commercial Sy~tem) 



Based  on the  preceding discussion,  the following e s t ima te s  have been have 

f o r  t he  pa r t i cu l a r  mode  switches under concern. 

A. The t i m e  requi red  to  t ransi t ion from' exclusive use of r ece ive r  s t eam 

to  operat ion f r o m  both r ece ive r  and t h e r m a l  s to rage  s t e a m  depends on the 

magnitude of t he  shif t  i n  s t e a m  flow and turbine load change involved. F o r  

m i n o r  changes  i n  f low and load, <2570, a t ransi t ion of %1 m i n  would be 

expected with t h e  heat  exchangers  being the  l imiting factor. F o r  l a rge  changes 

i n  turbine load, the  no rma l  t ransi t ion t ime  would be limited by the l ines  shown 

i n  F i g u r e  6-9. 

B. The t i m e  requi red  t o  t rans i t ion  f r o m  operating exclusively on r ece ive r  

s t e a m  to  operat ing exclusively  on s to rage  s t e a m  will  be genera l  be l imited by 

the  r e sponse  c h a r a c t e r i s t i c s  of the heat  exchangers  assuming a min imum 

decay  o c c u r s  i n  turbine load (100 to 70 MWe). The charging heat exchanger 

would have to be capable of transit ioning to  accept  lOODJo of r ece ive r  output 

while the s t e a m  genera tor  would have to accept  the complete turbine load. 

F i g u r e  6-17 ind ica tes  that  a t rans i t ion  t ime  of 3 to 5 min  would be anticipated. 

C. T i m e  requi red  to  t rans i t ion  f r o m  operating exclusively on s to rage  

s t e a m  to  operat ing exclusively  on r ece ive r  s t eam would be the inverse  of the 

p r o c e s s  d i scussed  in  B. Since the a s sumed  r a t e  of change of heat exchanger 

duty i n  independent of the d i rec t ion  of change ( i nc rease  o r  dec rease  in duty), 

the  s a m e  3 to 5 m i n  t rans i t ion  t ime  d i scussed  in  B would be appropria te  fo r  

t h i s  t ransi t ion.  

D. The t i m e  lag  assoc ia ted  i n  switching f r o m  charging t h e r m a l  s to rage  

t o  d i scharg ing  t h e r m a l  s to r age  o r  vice' v e r s a  is essent ia l ly  z e r o  s ince these  

a r e  complete ly  independent operat ions  a s  f a r  a s  the t h e r m a l  s to rage  operation 

is concerned.  Simultaneous operat ion of the two loops is possible and 

ant ic ipated fo r  per iods  of in termit tent  cloudiness. T ime  lag effects associated 

with changes  in  heat  exchanger  duty could be made  negligibly sma l l  by the 

p rope r  t i m e  phasing of the activation and deactivation of the two loops. 

6.16 FEASIBILITY O F  SIMULTANEOUS CHARGING AND DISCHARGING 
O F  THERMAL STORAGE 

The  t h e r m a l  s to r age  is capable of simultaneous operation of the charging 

and d i scharg ing  loops and will be  one of the key f ea tu re s  t o  operat ion during 

intermit tent ly  cloudy per iods  where  a the r m a l  s to rage  buffering function i s  

required.  



6.17 ENERGY REQUIREMENTS T O  STARTUP AND SHUTDOWN T H E  
TURBINE 

A. An e s t i m a t e  of the  t h e r m a l  e n e r g y  requ i red  to  s t a r t  the  tu rb ine  

exclus ively  f r o m  r e c e i v e r  s t e a m  is shown in  F i g u r e  6-13. Dur ing the  

s t a r t u p  period, approx imate ly  181 MWH of t h e r m a l  e n e r g y  is consumed with 

59. 2 MWhe &ing produced by the  genera to r .  Dur ing a typical  shutdown 

per iod ( a s s u m e d  t o  be  15  m i n  b e c a u s e  of s imul taneous  change of load and 

t e m p e r a t u r e ) ,  43.  3 MWh of t h e r m a l  e n e r g y  is consumed  with 14.2 MWhe 

being produced by the genera to r .  

B. The t h e r m a l  e n e r g y  used in  accompl i sh ing  a w a r m  tu rb ine  s t a r t  

f r o m  t h e r m a l  s t o r a g e  s t e a m  is shown in  F i g u r e  6-15. Dur ing tha t  period,  

151 MWh of t h e r m a l  e n e r g y  is consumed  with 37. 3 MWhe being produced by 

the  genera to r .  Dur ing a typical  shutdown period, approx imate ly  41.4 MWh 

of t h e r m a l  power would b e  consumed with approx imate ly  10. 6 MWhe being 

produced by the  genera to r .  

C. F o r  the  MDAC sys tem,  the p r i m a r y  r e q u i r e m e n t  f o r  e n e r g y  t o  

main ta in  a w a r m  shutdown condition is fo r  tu rb ine  sea l ing  s t e a m  which 

amounts  to  a t h e r m a l  power  d r a i n  of approx imate ly  0 .96 MWt. Minor  s t e a m  

flows would be in t roduced into the  d e a e r a t o r  and high p r e s s u r e  h e a t e r s  with a 

cor respond ing  t h e r m a l  power d r a i n  of $0.02 MWt. The  c u r r e n t  plan is to  

d r a w  th i s  power f r o m  the  low t e m p e r a t u r e  s ide  of the c a l o r i a  tank whenever  

possible,  reducing the  c a l o r i a  t e m p e r a t u r e  i n  the p r o c e s s  f r o m  232OC (450°F) 

t o  149°C (300°F). No e f fo r t  would be  m a d e  to  p reven t  t h e  r e c e i v e r  t e m p e r a -  

t u r e  f r o m  decaying t o  a n  ambien t  condition un less  a f r e e z i n g  s i tua t ion w e r e  

to  occur .  At tha t  t ime ,  a f r e e z e  protec t ion flow o r  a GN2 purge  would be  

ini t iated depending on the  period of t i m e  o v e r  which the  r e c e i v e r  would be  

clown ( a  flow would be mainta ined fo r  s i m p l e  overnight  protec t ion w h e r e a s  a 

GN2 purge  would be used  f o r  extended downtime per iods) .  

D. The amount  of s t o r a g e  capac i ty  tha t  would be  requ i red  t o  provide 

equipment protec t ion would be z e r o  s i n c e  e n e r g y  d r a w n  f r o m  the  t h e r m a l  

s t o r a g e  tank would be at a t e m p e r a t u r e  below tha t  useful  f o r  making  

a d m i s s i o n  g r a d e  s t e a m  f o r  tu rb ine  operat ion.  

E. The  t i m e  and t h e r m a l  e n e r g y  n e c e s s a r y  t o  execu te  a cold tu rb ine  

s t a r t  is shown i n  F i g u r e  6-12 f o r  s t a r t i n g  with r e c e i v e r  s t eam.  Consider ing 

the  period f r o m  ini t ia l  turbine  r o l l  t o  fu l l  tu rb ine  load, 240 m i n  of e lapsed  



baune would b e  requi red .  During th i s  period, 560 MWHt of t h e r m a l  energy  

~ v ? u l d  be r equ i r ed  f r o m  .the r e c e i v e r  while 184 MWHe would be produced f rom 

. . .-- the' gene ra to r .  

6.18 THERMAL STORAGE HEAT LOSS 

T h e  impac t  of ambien t , t empera tu re  and s to rage  unit capacity on the heat 

l o s s  f r o m  the  t h e r m a l  s t o r a g e  tank(s )  ove r  a typical  24-hour period i s  shown 

i n  F i g u r e  6-18. Data  developed in  support  of th i s  f igure assumed t h r e e  basic  

s t o r a g e  configurations.  T h e  s ix  hour. configuration consiste-d of four s to rage  

tanks, e a c h  27.4 m (90 ft) i n  d i ame te r  and 18. 3 m (60 ft) high. The th r ee  

hou r  configurat ion included two of the previously defined tanks while the 

0. 5 hou r  configurat ion a s s u m e d  a single s to rage  tank 17.9 m (58. 6 ft) in  

d i a m e t e r  and 13.4  m ( 4 4  f t )  high. All s y s t e m s  were  assumed to  follow the 

s a m e  b a s i c  duty cyc le  defined by: 

A. Changc o toragc  at a constant r a t e  for seven  hours 

B. Maintain  a fully charged hold condition f o r  one hour 

C. Discharge  the  s to r age  ove r  a period of 6, 3, o r  112 hour a s  

a p p r o p r i a t e  

D. Maintain  a hold condition (fully discharged s ta te )  fo r  the balance of 

the  7.4-hn~rr period. 

I n  viewing the  resu l t s ,  the  0.5-hour s to rage  c a s e  exper iences  the highesl 

heat  l o s s  because of i t s  l a r g e  sur face  a r e a  t o  volume ratio. Since the th ree  

and 6-hour c a s e s  a s s u m e  identical  t ankbs ize ,  the  minor  difference i s  due lu 

the longer  period of t ime  the tanks for the  6-hour c a s e  were  maintained a t  a 

h igher  ave rage  t e m p e r a t u r e  due to  the extended d i scharge  period.. 
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Appendix A 

COLLECTOR SUBSYSTEM 

CONCEPTUAL DESIGN FOR A COMMERCIAL 
COLLECTOR MANUFACTURING PLANT 

A. 1 COMMERCIAL PLANT MANUFACTURING SUMMARY FOR T H E  
COLLECTOR ASSEMBLY (HELIOSTAT) 

T h i s  sec t ion  s u m m a r i z e s  a conceptual  plan f o r  a c o m m e r c i a l  plant 

opera t ion  f o r  the  manufac tu re  of the  heliostat .  T h i s  plan w a s  developed by 

MDAC with the  a s s i s t a n c e  of the  A r t h u r  D. L i t t l e  Company. The  plan con-  

t a i n s  a d i s c u s s i o n  and d e s c r i p t i o n  of the  manufac tu r ing  concept  which u s e s  a 

Main Manufacturing P l a n t  fo r  de ta i l s  and s u b a s s e m b l i e s  and a Si te  P l a n t  f o r  

f ina l  a s s e m b l y  opera t ions .  T h i s  plan w a s  s i z e d  f o r  a s t e a d y  s t a t e  condit ion 

fo r  production of 60,000 he l ios ta t s  p e r  y e a r  a t  the  Main  Manufacturing P l a n t  

with a n  in i t ia l  s t a r t u p  r a t e  of 15, 000 he l ios ta t s  p e r  yea r .  T h e s e  r a t e s  

provide capac i ty  to  produce he l ios ta t s  i n  suppor t  in  in i t ia l  c o m m e r c i a l  power 

plants, build to  a s t eady  s t a t e  production, and provide f o r  f u r t h e r  growth 

e i t h e r  through plant expansion o r  addit ional  plants. Steady s t a t e  production 

of 60,000 he l ios ta t s  pe r  y e a r  a t  the Main  Manufactur ing P l a n  located  in  the 

southwest  suppor t s  mul t ip le  Site  P l a n t s  a l s o  located  in  the southwest .  Si te  

P l a n t s  a r e  s i z e d  to the  r e q u i r e m e n t s  of the s i z e  of P o w e r  P lan t  being 

s e r v i c e d ;  howe'ver, b a s i c  s iz ing has  been  a s s u m e d  t o  b e  a s i t e  which r e q u i r e s  

21,400 he l ios ta t s  to  be  ins ta l led  o v e r  a period o f ' l 8  months.  

A. 1. 1 Main  Manufactur ing P lan t  

T h e  m a i n  manufac tu r ing  plant F i g u r e  A-1  m e a s u r e s  approx imate ly  500 
2 by  900 f t  and r e p r e s e n t s  450,000 ft of manufac tu r ing  and c o v e r e d  s t o r a g e  

space .  T h i s  plant s i z e  d o e s  not include space  r e q u i r e m e n t s  f o r  off ices,  
2 which m a y  to ta l  a n  addit ional  50, 000 f t  . T h e  plant is designed f o r  opera t ion  

on a 5-day 2-shif t  bas i s ,  which a l lows f o r  production cons t rac t ion  to  30, 000 

(one shift),  if approximate .  When opera t ing  at des ign  capacity,  t h e r e  a r e  

approx imate ly  940 producGon and suppor t  w o r k e r s  of va r ious  s k i l l s  and sk i l l  

l e v e l s  employed a t  the plant on both shif ts ,  not including superv i s ion  and 

a d m i n i s t r a t i v e / c l e r i c a l  staff.  The  plant is des igned t o  fabr ica te  and a s s e m b l e  

helio'stat s u b a s s e m b l i e s  to the point a t  which they  c a n  be shipped t o  t h e  s i t e  

plant loca t ion(s )  f o r  f ina l  a s s e m b l y  and t r a n s f e r  to  the ins ta l la t ion  s i te .  
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Figure A-I . Main Manufacturing Plant 



Basical ly ,  the  manufactur ing plant c o n s i s t s  of four  f a b r i c a t i o n / a s s e m b l y  

a r e a s ,  a s  follows: 

a Ref lec to r  s u r f a c e  a s s e m b l y  a r e a  

a Support  components  f ab l f in i sh  a r e a  

a Machine s h o p / d r i v e  a s s e m b l y  a r e a  

a E l e c t r i c a l / e l e c t r o n i c s  a s s e m b l y  a r e a .  

T o  suppor t  t h e s e  a s s e m b l y / f a b r i c a t i o n  a r e a s ,  s t o r a g e  a r e a s  fo r  i n - p r o c e s s  

m a t e r i a l s  and f inished goods a r e  es tab l i shed  i n  c l o s e  p rox imi ty  to  the  a p p r o -  

p r i a te  work  locations.  

A. 1. 1. 1 Ref lec to r  Sur face  A s s e m b l y  A r e a  
2 

T h e  r e f l e c t o r  a s s e m b l y  a r e a  occup ies  approx imate ly  160,000 ft of s p a c e  

(380 by 420 ft) and r e q u i r e s  300 people on two sh i f t s  t o  produce 360,000 

ref lec t ive  panels  ( 6  p e r  hel ios ta t ) .  Within th i s  . a r e a  of the  plant, th.e following 

opera t ions  occur :  

a F a b r i c a t i o n  of 114 by 85  in  backshee t s  f r o m  galvanized s h e e t  m e t a l  

in  coi l  fo rm.  

a Lamina t ion  of foam c o r e  and backshee t  a t  8 work  s ta t ions ,  F i g u r e  A-2. 

Cur ing  of the  bonding adhes ive  is accompl i shed  in  4 c o m p r e s s i o n  con- 

v e y o r s  which a l s o  t r a n s f e r  t h e s e  f o a m l s t e e l  s h e e t s  to  the  f ina l  l a m i n -  

a t ion  s ta t ions .  

a Lamina t ion  of f o a m l s t e e l  s h e e t s  with m i r r o r e d  glass' a t  15 w o r k  

s ta t ions ,  F i g u r e  A-3. A similar c u r e  p r o c e s s  i n  5 c o m p r e s s i o n  

conveyors  in  t r a n s i t  t o  edge sea l ing  s t a t ions  and packaging. 

G l a s s  handling is accompl i shed  by au tomat ic  equipment which m o v e s  g l a s s  

shipping f r a m e s  f r o m  the receiving a r -ea  to the 15 work  s ta t ions ,  w h e r e  e a c h  

g l a s s  panel  is mechan ica l ly  (vacuum)  . removed f r o m  the  shipping fr 'ame.  

T r a n s f e r  f r o m  w o r k  s t a t ions  to  c o m p r e s s i o n  conveyor  i s  by m e a n s  of air 

cushion conveyors .  T r a n s f e r  f r o m  the  end of the c o m p r e s s i o n  conveyor  t o  

shipping f r a m e s  is accompl ished by vacuum t r a n s f e r  monorai l .  
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A. 1. 1. 2 Support Components. This  portion of th is  plant i s  app.roximately 
2 135,000 ft in s i z e  (900 by 150 ft). T h e r e  a r e  197 worke r s  manning th r ee  

opera t ions  for  two sh l t t s  t o  produce the  foilowing pa r t s  aiiiiually: 

8 60,000 torque tubes  

8 240,000 c r o s s  beams  

8 60,000 pedesta ls  

Operat ions  c a r r i e d  out in th is  a r e a  include the following: 

8 Fabr ica t ion  of c r o s s  beams  on a s h e a r l r o l l  f o r m  line which i s  fed 

f r o m  co i l  s tock  s l i t  to s i z e  which is straightened, sheared,  punched 

and formed to  tho deoirod ahapo. 

8 Welding of pads to c r d s s  beams,  co l l a r s  to torque tube, co l la r  and 

base  t o  pedestal.  This  occu r s  at dedicated MIG welding stat ions,  

F igu re  A - 4  i s  typical. 

8 Finishing l ine compr ised  of a wheelabrator,  F igure  A-5, vapor 

deg rease r ,  F i g u r e  A-6, wash, dry,  d ip  prime, d r y  tunnel, f inish 

paint, and f inal  dry,  F igu re  A-7. 

P a r t s  a r e  picked up  a t  the var ious  s ta t ions  and c a r r i e d  through the finish 

l ine  operat ions  to  the  packaglng/shipping stat ions.  At these  locations the 

p a r t s  a r e  offloaded, palletized a s  necessary ,  and shipped. 

A. 1. 1. 3 Machine ShopIUrive Assembly.  '19he machine shop (66, UUU f t2) and 
2 d r i v e  a s sembly  (17,000 ft ) a r e a s  provide neces sa ry  operat ions  t o  produce 

60,000 d r ive  units  fo r  the heliostats ,  Al l  machining operat ions  required on 

d r ive  unit cas t ings  and s t e e l  stock components a r e  included and r equ i r e  a 

to ta l  of 298 worke r s  f o r  two shifts. The machining operat ions  a r e  divided 

into five a r e a s ,  each  equipped and dedic,ated t o  produce a specific par t  o r  

g roup  of parts .  

The dr ive  a s s e m b l y  a r e a  cons i s t s  of work stat ions,  F igu re  A-8,  a s s e m -  

bling sequential ly the azimuth and elevation dr ive  housings which a r e  then 

brought together fo r  painting, f inal  a s sembly  and testing. T r a n s f e r  between 

the  a s sembly  a r e a  and ' the  paint line i s  accomplished by.continuous monorai l  

which a l s o  c a r r i e s  the d r ive  units through the paint line, F igu re  A-9.  A 

tota l  of 6 3  people a r e  requi red  t o  m a n  th i s  operation. . 
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Figure A-5. Wheslabrator for Large Parts 
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Flgure A*. Drive Unit Assembly Area 



MASK PARTS HANG PARTS SPRA' BOOTH W ~ T H  &'~ER.FALL 
(2) POSITION €LECTROSRATIC 
MANUAL SPRAY 

DRYING TUNNEL 

SPRAY BOOTH WITH WATER FALL 
(2) POSITION ELECTROSTATIC 
MANUAL SPRAY 

Figure A-9. Paint Line for Castings and Small Parts 

DRYING TUYNEL UNLOAD'PARTS 

760 PARTSIDAY CONVEYOR' SPEED 3FTlMlN 



A. 1. 1. 4 ~ l ~ c t ' r i ~ a l / ~ l e ~ t r o n i c A s s e m b l ~ .  T h i s  a r e a  occupies  approx imate ly  
2 6000,ft  , F i g u r e  A-10, and ' r e q u i r e s  a to ta l  of 63 people to  annual ly  produce:  . 

e 60, 000 hel ios ta t .  c o n t r o l l e r s  

, 2, 500 field-pro,ce's 'sors 

60, 000. sens.ors.  

A s s e m b l y  opera t ions  a r e  such  that  only one shif t  is n e c e s s a r y ,  which 

p e r m i t s  extens ion of w o r k  schedule  t o  p a r t i a l  second o r  ful l  second shift, if  

n e c e s s a r y .  

A s s e m b l y  t a k e s  place a t  40 work  s t a t ions  and is m a n u a l  with the  except ion 

of the wave s o l d e r  opera t ion  following P I C  board  component stuffing. 

The  p r o c e s s  inc ludes  a 24-hour env i ronmenta l  t e s t  of a l l  P I C  b o a r d s  

following complet ion and p r i o r  to  f inal  a s s e m b l y  into enc losures .  Also  

included is a w i r e  h a r n e s s  fabr ica t ion  opera t ion  a t  which a l l  wir ing r e q u i r e d  

in  the  con t ro l  e n c l o s u r e s  as wel l  a s  between the  e n c l o s u r e s  and the  d r i v e  unit 

a r e  manufactured.  

A. 1. 2 Si te  Manufactur ing P lan t  

E a c h  Site P lan t  m e a s u r e s  240 by 320 ft o r  a  to ta l  of 76, 800 ft2, F i g u r e  

- 1 1  The  nominal  a s s e m b l y  capac i ty  of each '  Si te  P lan t  is 60 hel ios ta t  units  

p e r  day, 14, 300 units  pe r  y e a r  o r  22, 400 uni ts  i n  a n  18 month  a s s e m b l y  

period.  By design, e a c h  Site P l a n t  is to  be located  adjacent  t o  t h e  ins ta l la t ion  

s i t e  to reduce  the  f inal  t r a n s p o r t  r e q u i r e m e n t  fo r  fully a s s e m b l e d  hel ios ta ts .  

Based on the  cons t ruc t ion  na tu re  of the ins ta l la t ion  w o r k  the  Site P lan t  i s  

designed to  o p e r a t e  on one shif t ;  the  s a m e  shif t  a s  is worked by. the  ins ta l la t ion  

and cons t ruc t ion  c r e w s .  If a  decis ion i.s m a d e  to  o p e r a t e  the  Site P l a n t  on 

two shif ts ,  the  a s s e m b l y  capacity,  s i z e  o r  s t o r a g e  r e q u i r e m e n t s  of th i s  plant 

will  be affected. 

F o u r  bas ic  a s s e m b l y  opera t ions  t ake  place in the  Si te  Plant .  They  

include: 

A s s e m b l y  of the  c r o s s  b e a m s  t o  the  to rque  tube. 

A s s e m b l y  of the c r o s s  b e a m s  and t o r q u e  tube t o  the  re f l ec t ive  panels. 
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Figure A-11. Site Manufacturing Plant I 



A s s e m b l y  of t h e  d r i v e  uni ts  and wir ing  h a r n e s s e s  to  the pedes ta l .  

0 ,  A s s e m b l y  of the  r e f l ec t ive  a r r a y  and s u p p o r t s  t o  the  d r i v e  and 

p d e s t a l .  

A. 1.2. 1 A s s e m b l y  of the  C r o s s  B e a m s  t o  the  T o r q u e  Tube.  T h e  c r o s s  

b e a m s  and t o r q u e  t u b e s  a r e  a s s e m b l e d  on t h r e e  w o r k  tables ,  F i g u r e  A-12. 

T h e  four  c r o s s  b e a m s  a r e  loose ly  a s s e m b l e d  onto the to rque  tube. T h e  pads 

o n  t h e  c r o s s  b e a m s  a r e  then  positioned on s c r i b e d  spo t s  on the  work  t ab le  

and locked down. The  t o r q u e  tube is ro ta ted  unti l  t he  c e n t r a l l y  mounted 

c o l l a r s  lock  into a given posi t ion in  a  holding jig a t  the  c e n t e r  of the table .  

When t h e  e n t i r e  a s s e m b l y  h a s  been  locked up, the  yokes of the  b e a m s  wil l  be 

i m p u l s e  welded t o  the  f lange and e n d s  of the  t o r q u e  tube. Af te r  welding, the  

a s s e m b l y  wi l l  be  hois ted  f r o m  the  w o r k  table  on  a m o n o r a i l  and e i t h e r  s t o r e d  

i n  t h e  overhead  o r  moved  t o  a  r e f l ec t ive  a r r a y  a s s e m b l y  w o r k  table.  

A. 1. 2. 2 A s s e m b l y  of the  C r o s s  B e a m s  and Torque  Tube t o  the  Ref lec t ive  

P a n e l s .  T h i s  a s s e m b l y  a r e a  c o n s i s t s  of s i x  w o r k  t ab les  which a r e  used to  

bond the  a s s e m b l y ,  F i g u r e  A-13. O p e r a t o r s  a t  t h e s e  s t a t ions  r e m o v e  l h e  

r e f l e c t i v e  panels  f r o m  t h e i r  shipping A - f r a m e s  a t  s t a t ions  i m m e d i a t e l y  

a d j a c e n t  t o  the  w o r k  t a b l e s  and l ay  t h e m  on  the  w o r k  s u r f a c e  i n  p r e d e t e r ~ n i n e d  

pos i t ions .  Mechan ica l  a i d s  a r e  provided f o r  the  movement  of the panels  and 

t h e i r  e x a c t  posi t ioning on  the  work tables .  One of the  to rque  tube-beam 

a s s e m ' b l i e s  i s  t h e n  posi t ioned o v e r  the  work  s u r f a c e  and panels ,  bonding 

a g e n t  appl ied  to 2 4  e x a c t  posi t ions on the back  s u r f a c e s  of the  panels ,  and the  

two s t r u c t u r e s  m a t e d  and locked together .  T h i s  s u b a s s e m b l y  i s  then lef t  t o  

c u r e  f o r  a  p r e d e t e r m i n e d  per iod  while the  c r e w  a s s e m b l i e s  o t h e r  a r r a y s .  
\ 

A. 1. 2. 3 A s s e m b l y  of the  D r i v e  Units and Wir ing  H a r n e s s e s  t o  the  P e d e s t a l .  

T h i s  a s s e m b l y  ac t iv i ty ,  F i g u r e  A-14, c o n s i s t s  of the following s t eps :  

' l ' r a n s p o r t  of the  pedes ta l s  and d r i v e  a s s e m b l i e s  t o  the work stat ion,  

Mounting of the  d r i v e  unit t o  the top  r ing  of the  pedestal ,  

Mounting of t h e  d r i v e  cab le  r e t r a c t o r  and junction box, 

At tachment  of cab le  c l a m p s  t o  the  pedes ta l  and shaf t  housing, 

Connect ion  of the comple te  wi r ing  h a r n e s s ,  

A powered check  of both d r i v e  e l e m e n t s ,  
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Figujre A-12. Site Plant, Beamrrorque Tube Assembly Station (Typical) 
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Figure A-13. Site Plant, Array AssembPi Station (Typicdl 



Figure A-14. Elevation Drive Motor Power and Control Wiring 



A s s e m b l y  and s e a l i n g  of the  d r i v e  r a i n  sh ie lds ,  and 

T r a n s p o r t  of the  s u b a s s e m b l y  t o  the  f ina l  a s s e m b l y  stat ion.  

A. 1. 2 .4  A s s e m b l y  of the  Ref lec t ive  A r r a y  and Suppor t s  to  the  D r i v e  and 

P e d e s t a l .  T h e  l a s t  o p e r a t i o n  within the  Si te  P l a n t  o c c u r s  a t  s i x  f ina l  a s s e m b l y  

s t a t ions .  T h r e e  addi t ional  c r e w s  a t  t h e s e  s i x  s t a t ions  p e r f o r m  the  f inal  s t e p s  

i n  t h e  h e l i o s t a t  a s s e m b l y  p r o c e s s .  T h e s e  a r e :  

' o  Obtain,  t r a n s p o r t  and r o t a t e  a r e f l ec t ive  a r r a y  and s t r u c t u r e  f r o m  

one  of the  a r r a y  a s s e m b l y  w o r k  t a b l e s  and posi t ion it o v e r  a pedes ta l  

and d r i v e  s u b a s s e m b l y  a t ' t h e  f inal  a s s e m b l y  stat ion.  

$I hAat,~ t . h ~  t n r q 1 1 ~  t i i h ~  r n l l a r s  w i t h  the  e levat ion  d r i y g  mount ing  feet 

and rngslnt the array to  the drive.  
Mount the  s e n s o r  r e f l e c t o r  and i t s  suppor t s .  

Touch  u p  paint ing of the  comple ted  hel iostat .  

T r a n s p o r t  of the  he l ios ta t  t o  a holding posi t ion f o r  movement  t o  the  

s i t e  o n  a s p e c i a l  vehicle.  

None of t h e  a c t i v i t i e s  in the Site  P l a n t  r e q u i r e  speci .al  f ab r i ca t ing  o r  

a s s e m b l y  equipment .  

T h e  p r e c e d i n g  s e c t i o n  h a s  d i s c u s s e d  the  manufactur ing ,  concep t s  and 

p r o c e s s e s  envis ioned i n  the  ' s t e a d y  s t a t e '  o r  the  Nth c o m m e r c i a l  plant, with 

y e a r l y  p roduc t ion  c a p a c i t y  of 60,000 o r  m o r e  he l ios ta t s .  The  f irst  c o m m e r -  

c i a l  plant,  with a c a p a c i t y  of approx imate ly  21, 000 he l ios ta t s  p e r  year ,  would 

i n c o r p o r a t e  s o m e  of the  au tomated  techniques  of the  Nth plant w h e r e  t h e s e  

p rove  c o s t  e f f e c t i v e  and r e t a i n  s o m e  of the  pilot plant p r o c e s s e s  w h e r e  

i n c r e a s e d  a u t o m a t i o n  is not c o s t  effect ive.  F o r  ins tance ,  au tomat ic  welding 

of the  pedes ta l  b a c k  and t o p  p la te  would b e  s i m i l a r  to  if not iden t i ca l  t o  the  

Nth plant  p r o c e s s .  
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