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SECTION 1 

INTRODUCTION AND SUMMARY 

This r e p o r t  presents the r e s u l t s  o f  a mass p roduc t ion  and 

maintenance cost  assessment o f  an Advanced Solar Concentrator. Th is  

e f f o r t  was performed by Acurex Corporat ion under con t rac t  t o  the Je t  

P ropu ls ion  Laboratory (JPL). 

The ob jec t  of t h i s  assessment was t o  est imate the  product ion,  

i n s t a l l  a t i  on, ope ra t i  o m  and mai ntenance costs o f  t h e  Advanced Sol ar 

Concentrator p r e l  i m i  nary design a t :  

0 Product ion r a t e s  of lo2, lo3, lo4, l o 5  and l o 6  

cmcen t ra to r s  per year 

0 Concentrator aper ture diameters of 5, 10, 11, and 15 meters 

0 Various r e c e i  verlpower conversion package weights. 

The design o f  the c e l l  u l  ar g lass subst ra te  Advanced Sol ar 

Concentrator i s  shown i n F igure  1-1. This  p r e l i m i n a r y  design i s  based on 

an advanced concent ra tor  concept developed by JPL. The concent ra tor  i s  an 

11 meter diameter, two-axis t rack ing ,  parabo l i c  d i sh  so l a r  concentrator.  

-The r e f l e c t i v e  sur face o f  t h i s  design cons is ts  of inner  and outer  groups 

o f  m i r r o r  g l a s s / c e l l u l a r  g lass gores. The gores are at tached as s imply  

supported overhung beams t o  a r i n g  t r uss  support s t r u c t u r e  t o  form a 

complete bu t  p h y s i c a l l y  discont inuous r e f l e c t i v e  s u r f  ace. There are f i v e  

s t r u c t u r a l  support subsystems; the gore support, a quadripod rece i ve r  





support,  a  counterwe ight  support ,  a  t r i p o d  c e n t e r  pedes ta l  and a  t i l t e d  

pyramid d r i v e  s t r u c t u r e .  E l e v a t i o n  mo t ion  i s  produced by a b a l l  screw and 

azimuth mo t ion  by  a c h a i n  and sprocket  p e r i m e t e r  d r i v e .  The f ounda t i on  

c o n s i s t s  of c o n t r e t e  p i e r s  f o r  t h e  c e n t e r  p e d e s t a l  and a  r a i s e d  s t e e l  

t r a c k  a l s o  on c o n c r e t e  p i e r s .  

A complete p r e l i m i n a r y  des ign  d e s c r i p t i o n  o f  t h e  Advanced S o l a r  

Concent ra tor  i s  con ta ined  i n  Reference 1. 

The o b j e c t i v e  of t h i s  c o s t  assessment e f f o r t  was accompl ished u s i n g  

a  "bot tom up" o r  d e t a i l e d  c o s t i n g  approach. The c o s t  e lements making up 

t h e  t o t a l  i n s t a l l e d  c o n c e n t r a t o r  c o s t  and ope ra t i ons  and maintenance c o s t s  

were oroken down i n  d e t a i l .  T h i s  c o s t i n g  approach, as d e s c r i b e d  i n  t h e  

c o s t  methodology sec t i on ,  p r o v i d e s  a  h i g h  l e v e l  o f  accuracy as each 

es t ima te  i s  made f o r  a  d e t a i  l e d  c o s t  element o f  t h e  c o n c e n t r a t o r .  

A key p a r t  of t h e  c o s t  a n a l y s i s  approach was u s i n g  q u a l i f i e d  

subcon t rac to rs  t o  p r o v i d e  " rea l -wor ld "  c o s t  es t ima tes  f o r  those e lements 

of t h e  c o n c e n t r a t o r  f o r  which t h e r e  e x i s t e d  r e l a t e d  exper ience.  P ioneer  

Eng ineer ing  and Manufac tur ing  Company p rov ided  t h e  c o s t  e s t i m a t e s  f o r  

p r o d u c t i o n  of t h e  s t r u c t ~ r e  and d r i v e  components. P ioneer  has e x t e n s i v e  

r e l a t e d  exper ience i n  c o s t i n g  h i g h  p r o d u c t i o n  r a t e  manufactured p a r t s .  

Newbery Cons t ruc to rs  IJC. prov ided  t h e  cos t  es t ima tes  f o r  i n s t a l l a t i o n  o f  

t h e  concen t ra to r .  Newbery has e x t e n s i v e  genera l  s i t e  work and 

c o n s t r u c t i o n  exper ience w i t h  s p e c i f i c  r e l a t e d  exper ience i n  t h e  f i e l d  

e r e c t i o n  o f  t r a n s m i s s i o n  towers which a re  l a r g e  space frame s t r u c t u r e s  

l i k e  p o i n t  focus s o l a r  concen t ra to rs  are.  

Fo r  purposes of t h i s  mass p r o d u c t i o n  c o s t  a n a l y s i s ,  c o s t  i s  d e f i n e d  

as t h e  cos t  of merchandise p l u s  t h e  amor t ized c o s t  o f  c a p i t a l  equipment. 

T y p i c a l  bus iness  expenses which are  n o t  i nc luded  as c o s t  i n  t h i s  



assessment a re  s e l l i n g ,  resea rch  and development, gene ra l  and a d m i n i s t r a t i v e ,  

i n t e r e s t ,  and income t a x  expenses. P ro f  i t  i s  a l s o  n o t  i nc luded .  D e t a i l e d  

c o s t  es t ima tes  were made i n  1980 d o l l a r s  and sca led  back t o  1978 and 1975 

d o l l a r s ,  u s i n g  a p p r o p r i d t e  s c a l i n g  f a c t o r s  a t  t h e  s u m a r y  l e v e l  on l y .  

Caut ion  inust be emphasized about comparing c o s t  es t ima tes  made 

d i f f e r e n t  a n a l y s t s  whether t hey  a re  f o r  i d e n t i c a l  o r  d i f f e r e n t  system 

designs -- they  cannot  be compared w i t h  any c e r t a i n t y  -- u n d e r l y i n g  cos t  

assurnptiorls made by t h e  c o s t  a n a l y s t  may t o t a l l y  d i c t a t e  t he  q u a n t i t a t i v e  

c o s t  e s t  irnate. Comparison of c o s t  es t ima tes  o f  cornpet i n g  designs, f o r  

example, should o n l y  be aade when a  s i n g l e  unbiased a n a l y s t  h:s p e r f c m e d  

a s ide-oy-s ide c o s t  a n a l y s i s  employing a  t o t a l l y  c o n s i s t e n t  s e t  o f  

assumptions. 

The t o t a l  i n s t a l l e d  c o s t  f o r  t h e  Advance3 So1,r Concent ra tor  i n  

1978 d o l l a r s  i s  es t ima ted  a t  512,562 o r  1133.3 p e r  square meter  of g ross  

dpe r tu re  area. A summary of t h e  c o s t  by major  c o s t  breakdown element i s  

presentea i n  Table 1-1. 

These c o s t s  have been developed based on conceptua l  l e v e l  

p roduc t i on ,  sh ipp ing ,  and i n s t a l l a t i o n  p lans  as desc r i bed  i n  t h e  f o l l o w i n g  

paragraphs. 

The conceptua l  p roduc t  i o n  approach developed f o r  t h e  Advanced S o l a r  

Concent ra tor  a t  t h e  100,000 p e r  y e a r  p r o d u c t i o n  r a t e  i s  desc r i bed  i n  

Sec t i on  3. I n  summary, t h e  p r o d u c t i o n  approach i s  as f o l l o w s :  

a R e f l e c t i v e  Panels -- The r e f l e c t i v e  pane ls  a re  assembled from 

purchased g l a s s  components. T h i s  i s  accomplished i n  a  s i n g l e  

p l a n t  l o c a t e d  ad jacen t  t o  a  g l a s s  manufac tur ing  p l a n t .  The 

f i n i s h e d  pane ls  a r e  shipped t o  r e g i o n a l  f i n a l  assembly 



Tab le  1-1. Advanced Concent ra tor  Cost  Summary 
( p e r  c ~ ~ e n t r a t o r  @ 105 u n i t s l y r ,  11 m a p e r t ~ ,  e )  

Cost Element 

P roduc t i on  Costs -- 
1000 R e f l e c t i v e  Panels - 
2000 Dr i ves  

E l e c t r i c a l  and C o n t r o l  
S t r u c t u r e  

500U Fac to ry  Assembly - 
T o t a l  F a c t o r y  Costs 

I n s t a l l a t i o n  Costs 

7000 I n s t a l l a t i o n  - 
7100 S i t e  P r e p a r a t i o n  

Foundat ion : n s t a l  l a t  i o n  
7300 - S i t e  Assembly 

;o ta l  I n s t a l  l e d  Costs 

O ~ e r a t i o n s  and Maintenance Cost! 

8000 O ~ e r a t i o n s  and Maintenancc - -. 
8100 Operat ions  

Scheduled Maintenance 
Unscheduled Mai ntenance -- 

T o t a l  O&M Costs 



f a c i l i t i e s  l o c a t e d  near t h e  s o l a r  energy system i n s t a l l a t i o n  

s i t e s .  

a Dr ives ,  E l e c t r i c a l ,  and C o n t r o l  -- These components a r e  

purchased p a r t s .  They a re  shipped by  t h e  vendors t o  t h e  

r e g i o n a l  f i  nal assembly f a c i l i t i e s .  I n  ac tua l  implementat ion,  

these p a r t s  may be made in-house, b u t  w i t h i n  tCle scope o f  t h i s  

study,  i t  was decided t o  r e  . on  vendor quotes t o  p rov ide  cos t  

es t imates .  I t  i s  a n t i c i p a t e d  t h a t  t h e  economics would not  be 

s i g n i f i c a n t l y  d i f f e r e n t  f o r  in-9ouse manufacture a t  t h e  103,000 

u n i t s  per year p r o d u c t i o n  r a t e .  

a S t r u c t u r e  -- The s t r u c t u r e  subassemblies o f  t h e  concen t ra to r  

are  f a b r i c a t e d  a t  r e g i o n a l  p l a n t s  o f  approx imate ly  20,000 u n i t s  

pe r  year capac i t y .  These p l a n t s  are  t o  be l o c a t e d  c l o s e  t o  t h -  

areas i n  which t h e  concen t ra to rs  w i l l  be i n s t a l l e d .  These 

r e g i o n a l  s t r u c t u r a l  s t e e l  f a b r i c a t i o n  p l a n t s  are  c ~ l  ocated w i t h  

t h e  cor,centratov f i n a l  assembly f a c i  1  i t i e s .  

a F i n a l  Assembly -- The va r ious  elements o f  the  concen t ra to r  a re  

assembled a t  t h e  r e g i o n a l  f i n r ?  assembly p l a n t ,  l o c a t e d  next  t o  

t h e  s t r u c t u r e  f a b r i c a t i o n  f a c i l i t y .  I n  t h i s  f a c i l i t y  t h e  

concen t ra to r  i s  v i r t r r a l l y  f u l l y  assembled, be fc re  a i r s h i p p i n g  

t o  t h e  i n s t a l l a t i o n  s i t e .  A l l  e:ments which a t t a c h  t o  the  

pedesta l  ( s t r u c t u r e ,  r e f l e c t i v e  pane ls ,  d r i v e s ,  c o n t r o l s )  a re  

assembled i n  the  f a c t o r y  t o  save on expensive f i e l d  l abo r .  

The s h i n p i n g  approach descr ibed i r! Sec t ion  4 i s  s h i p p i n g  f u l l y  

assembled concen t ra to rs  (except  f o r  t h e  pedesta l  and t r a c k )  t o  t h e  s i t e  by 

a i r  ( a i r s h i p  o r  h e l i o c o p t e r ) .  By u s i n g  a i r s h i p p i n g ,  f i e l d  a s s m b l y  :abor 

i s  kep t  t o  a  mi  nimun and t a t a l  i m t a l  l e d  c o s t  i s  re iuced .  



The i n s t a l l  a t i  on p l an  descr ibed i n Sec t ion  5 addresses s i t e  

preparat ion,  foundat ion i n s t a l l  a t i o n  and s i t e  assembly costs.  - Wi th  t he  

a i r sh i pp ing  approach, i n s t a l l a t i o n  costs are 33 percent o f  t h e  t o t a l  

i n s t a l l e d  concentrator ccs t .  Wi th  comnon c a r r i e r  sh ipp ing  and s i t e  

assembly o f  piece par ts ,  t h e  i n s t a l l a t i o n  cos t  element would be 

approximately 50 percent o f  the t o t a l  i n s t a l  l e d  cost .  A i r s h i p p i  ng was 

se lected because i t  prov ided t h e  lowest t o t a l  i nstal ' led concent ra tor  cost .  

The operat ions and maintenance costs as descr ibed i n  Sect ion 6 are 

est imated t o  be $167 per concentrator per year. 

Costs were scaled as a  f u n c t i o n  of p roduc t ion  r a te ,  aper ture 

diameter, and rece ive r  weight f rom the  cost  estimates developed i n  t he  

5  de ta i l ed  e f f o r t  ( a t  11 meter diameter, 10 u n i t s  per year and 1350 kg 

r ece i  ver/power conversion weight)  . The s c a l i n g  i s  discussed i n  

Sect ion 7. The r e s u l t s  q u a n t i f y  the cost  reduct ions poss ib l e  through the 

economics o f  h igh product ion r a tes  and show t h a t  11 meters i s  t h e  minimum 

cost aperture s i z e  f o r  t h i s  p a r t i c u l a r  design concept. S i g n i f i c a n t  

changes i n  receiver/power conversion weights had on ly  a m a l l  impact on 

i n s t a l l  ed concentrator costs .  

The pre l i rn i  nary design i s  on ly  one i t e r a t i o n  i n  the e v o l u t i o n  o f  an 

Advanced Solar Concentrator; the re fo re ,  t h e  cos t  analys is  presented i n  

t h i s  r epo r t  on ly  i nd i ca tes  where e f f o r t  should be expanded t o  achieve cos t  

reduct ions r a t  her than p rov i d i ng  absolute and nonchangi ng va l  ues. Over 

_ t he  course o f  our desiqn and cost  analys is  e f f o r t s  we have i d e n t i f i e d  a  

number o f  po ten t i  a1 cost reduc t ion  areas. Recomnendati ons r e1  a t i v e  t o  

each area are discussed i n  Sect ion 8. The maJor cost  reduct ions can be 

categor ized as f 01 1 ows: 



a S p e c i f i c a t i o n  Requirements -- Operat iona l  and s u r v i v a l  w i  nd 

loads are major d r i v e r s  i n  t he  design o f  v i r t u a l l y  a l l  

components o f  t he  concentrator.  ' The p r o b a b i l i t y  o f  

encounter ing t h e  governing wind loads i s  extremely low, and can 

be reduced by u s i  ng wind screens and account ing f o r  mutual wind 

b lock ing.  

e Concept Redesign -- Two areas of redes ign t h a t  can 

s i g n i f i c a n t l y  reduce t h e  i n s t a l l e d  cost  o f  t h e  system are t h e  

mount and founda t ion  assembly and the  counterweight assembly. 

Whi le t h e  wide base per imeter  mount system provides t he  

l i g h t e s t  weight concent ra tor ,  i t  requ i r es  s i g n i f i c a n t  s i t e  

p repara t ion  and founda t ion  i n s t a l l a t i o n  labor .  A more mate r i  a1 

i n t ens i ve  design us ing a s i n g l e  pedestal mount al lows f o r  low 

cost  s i t e  p repara t ion  and founda t ion  i n s t a l l  a t  i o n  and would 

most l i k e l y  r e s u l t  i n  a  lower t o t a l  i n s t a l l e d  cost .  

Counterweight systems, a1 though a l low ing  f o r  reduced e l e v a t i o n  

d r i v e  motor requirements and low p a r a s i t i c  opera t ing  power, 

r e s u l t  i n  h igher  1 i f e  cyc l e  cost  concent ra tors  than  

noncounterweighted systems. 

e M a t e r i a l s  Technology -- Two areas of ma te r i a l  technology 

development have t h e  p o t e n t i a l  f o r  reduc ing t he  cos t  o f  the  

c r i t i c a l  r e f l e c t i v e  panel component. A f u l l  s i ze  mono l i t h i c  

c e l l u l a r  g lass core, formed t o  rough contour would e l im ina te  

t h e  50 percent o f  the  ma te r i a l  r equ i r ed  and t he  labor  

operat ions o f  bonding and t r imn ing  m u l t i p l e  smal l  s i ze  c e l l u l a r  

g lass blocks.  The development of la rge,  ' r igh s t reng th  

temperable m i r r o r  glass sh2ets would a l low wider r e f l e c t i v e  



panels, and therefore ,  fewer panels per concentrator w i t h  the  

attendant reductions i n  attachnent hardware, supporting 

s t ruc ture  and the number o f  ind iv idua l  al igrment operat ions.  



SECTION 2 

COST METHODOLOGY 

The methodology used t o  est imate the costs f o r  mass implementat ion 

o f  t h e  Advanced Concentrator i s  descr ibed i n  t h i s  sect ion.  F i ve  key 

elements were developed t o  e s t a b l i s h  a s t r u c t u r e  f o r  organiz ing,  

conducting, and r e p o r t i n g  t h i s  cost  analys is  task.  

These elements are described i n  the f o l l o w i n g  paragraphs: 

Sect ion 2.1 Cost Analys is  Approach 

Sect ion 2.2 Assurnpti ons 

Sect ion 2.3 Cost Breakdown S t ruc tu re  

Sect ion 2.4 Cos t i  ng "Flow" 

Sect ion 2.5 Cost D e f i n i t i o n s  

2.1 COST ANALYSIS APPROACH 

Because the  accuracy o f  the cos t  est imates depends on the  l e v e l  o f  

d e t a i l  used i n  developing them, i t  i s  important t o  be as d e t a i l e d  as i s  

reasonable. Therefore, t o  o b t a i n  an accurate cost  est imate,  y e t  remain 

w i t h i n  a reasonable scope, de ta i l ed  cos t i ng  was performed a t  a s i n g l e  

produc+ion r a t e  (100,000 u n i t s  per year) ,  aperture s i z e  (11 meter 

d i  m e t e r ) ,  and rece i  ver/power convorsi  on weight (1350 kg). Scal i ng 

r e l a t i o n s h i p s  were used t o  develop costs a t  other product ions ra tes ,  

aper ture s izes , and rece i  verlpower conversion package wei ghts. A1 1 

d e t a i l e d  cost  est imates were made i n  1980 d o l l a r s  and were sca led back, 



~ s i l ~ g  a p p r o p r i a t e  i n f l a t i o n  f a c t o r s  t o  1978 and 1975 do1 

l e w l  on ly .  The d e t a i l e d  c o s t i n g  i s  based on t h e  p r e l i m  

developed f o r  t h e  concen t ra to r  except f o r  t h e  des ign f o r  

,)ore "b lank"  which i s  taken from t h e  de ta ' l ed  design. A 

l a r s  a t  t h e  summary 

i n a r y  des ign 

t h e  r e f l e c t i v e  

complete 

d e s c r i p t i o n  o f  t h e  Advanced S o l a r  Concentrator  i s  conta ined i n  Reference 1. 

A key p a r t  of t h e  c o s t  a n a l y s i s  approach used i n  conduct ing t h i s  

s tudy was t o  use t h e  s e r v i c e s  o f  q u a l i f i e d  subcont rac tors .  The i n t e n t  was 

t o  o b t a i n  r e a l  wor ld  c o s t  es t imates f o r  elements o f  t h e  cor lcent ra tor  f o r  

which r e l a t e d  exper ience ex is ted .  The two elements o f  t h e  concen t ra to r  

f o r  which present  day exper ience cou ld  be r e l a t e d  were p roduc t ion  o f  t h e  

s t r u c t u r e  and d r . d e s  and the  i n s t a l l a t i o n  a c t i v i t i e s .  

The subcont rac tors  se lec ted  t o  conduct the  c o s t  analyses of these 

t w o  elements were: 

e S t r u c t u r e s  and Dr i ves  Product ion Cost Est imates -- Pioneer 

Engir ieer ing and Manufactur ing Co. Pioneer has ex tens ive  

r e l a t e d  exper ience i n  t h e  c o s t i n g  o f  h i g h  p r o d u c t i o n  r a t e  

manufactured p a r t s  and fami 1 i a r i t y  w i t h  s o l a r  energy 

techno log ies .  Pioneer has performed many manufactur ing 

eng ineer ing and c o s t  s t u d i e s  f o r  customers such as Ford, 

Chrysler ,  General Motors, t h e  Department o f  T ranspor ta t i oa ,  and 

) thers .  The i r  r e l a t e d  s o l a r  exper ience was gained i n  a  

manufactur ing c o s t  a n a l y s i s  f o r  Boeing f o r  t h e i r  h e l i o s t a t  

des ign and a  d e t a i l e d  mass p roduc t ion  c o s t  a n a l y s i s  f o r  JPL of 

t h e  Test  Bed Concent ra tor  p ro to types  i n s t a l l e d  a i  t he  Edwards 

.Lest s i t e .  

@ I n s t a l l a t  i o n  Cost Est imates -- Newbery Const ruc tors ,  Inc .  

Newbery has ex tens ive  genera l  s i t e  work and c o n s t r u c t i o n  



experience. The i r  Phoenix, Ar izona l o c a t  i o n  g ives  them 

f a m i l i a r i t y  w i t h  costs  i n  t he  geographical area i n  which t he  

concent ra tors  would 1  i k e l y  be i n s t a l  led. The i r  experience w i t h  

f i e l d  e r e c t i o n  o f  t ransmiss ion towers g ives  them experience 

w i t h  the  unions most l i k e l y  t o  be i n s t a l l i n g  s o l a r  concent ra tors  

and a  present day knowledge o f  cons t ruc t i on  a c t i v i t i e s  compardble 

t o  e rec t i on  o f  l a r g e  pa rabo l i c  d i s h  concent ra tors .  Transmission 

towers are l a rge  space frame s t r uc tu res  and have a  great  deal of 

s i m i l a r i t y  t o  so l a r  concent ra tors  as f a r  as hand1 ing, foundat ion 

i n s t a l  1  a t  im, and assembly requirements a re  concerned. 

2.2 ASSUMPTIONS 

The bas ic  assumptions used i n  conduct ing t h i s  s tudy were: 

S t ruc tu re  f a b r i c a t i o n  and f i n a l  concent ra tor  assembly p l a n t ( s )  

l oca ted  i n  U.S. Socthwest 

100 m i l e  maximum sh ipp ing rad ius  f rom f i n a l  assembly p l a n t  t o  

f i e l d  s i t e  ( i m p l i c a t i o n s  regard ing p l a n t  capzc i t y  are discussed 

i n  t he  p roduc t ion  p lan)  

100 concent ra tors  per  f i e l d ,  10 rows o f  10 on 80 f o o t  centers  

The i n f l a t i o n  f a c t o r s  used t o  sca le  the  costs  i n  1980 d o l l a r s  t o  

1978 d c l l a r s  are as f o l l o w s :  

e Production, shipping, operat ions and maintenance -- 9.5 percent 

per year 

@ I n s t a l  1  a t  i on  -- 18 percent per  year  

The i n f l a t i o n  f a c t o r s  used t o  sca le  t he  costs  i n  1980 d o l l a r s  t o  

1975 d o l l a r s  are as f o l l ows :  

Production, shipping, operat  i on  and maintenance -- 49 percent 

over t he  pe r i od  (8.3 percent annual average) 



I n s t a l l a t  i o n  -- 50 p e r c e n t  o v e r  t h e  p e r i o d  (8.3 p e r c e n t  annual 

average) 

The r a t e  f o r  p roduc t i on ,  sh ipp ing ,  ope ra t i ons ,  and maintenance i s  based on 

d a t a  i n  t h e  U.S. Department o f  Labor Bureau of Labor S t a t i s t i c s  Producer 

P r i c e  Index (Reference 2). The i n f l a t i o n  r a t e  f o r  i n s t a l l a t i o n  i s  based 

on ou r  exper ience f o r  i n s t a l l a t i o n  c o s t s  o f  p a r a b o l i c  t r o u g h  s o l a r  

c o i l e c t o r  systems over  t h e  p a s t  2 years.  

2.3 COST BREAKDOWN STRUCTURE 

A  c o s t  breakdown s t r u c t u r e  (CBS) was developed t o  o rgan ize  t h e  

d e t a i l e d  c o s t  es t ima te  elements. A  numer ica l  index  was assigned t o  each 

c o s t  element o f  t h e  concen t ra to r .  T h i s  CBS p resen ted  i n  Table 2-1 serves  

as t h e  b a s i s  f o r  a l l  d e t a i l e d  c o s t i n g  r e p o r t e d  here. 

2.4 COSTING FLOW 

A f l o w c h a r t  of t h e  c o s t  e s t i m a t e  b u i l d u p  i s  i l l u s t r a t e d  i n  

F igu re  2-1. As t h e  c h a r t  shows, t h i s  i s  a  bot tom up c o s t i n g  approach, i n  

which requ i rements  and c o s t s  f o r  m a t e r i a l s ,  1  abor, equipment, and overhead 

are  es t ima ted  f o r  each element o f  t h e  CBS and sumnarized upwards t o  y i e l d  

c o s t s  a t  t h e  v a r i o u s  l e v e l s  o f  breakdown and u l t i m a t e l y  a t  t h e  o v e r a l l  

summary l e v e l .  On ly  t h e  surmary c o s t  e s t i m a t e  has been sca led  u s i n g  t h e  

a p p r o p r i a t e  s c a l i n g  r e l a t i o n s h i p s  t o  o b t a i n  c o s t  es t ima tes  a t  t h e  v a r i o u s  

product  i o n  ra tes ,  ape r tu re  s izes ,  and r e c e i v e r  weights.  

2.5 COST DEFINITIONS 

For purposes o f  t h i s  mass p r o d u c t i o n  c o s t  assessment, c o s t  i s  

d e f i n e d  as t h e  c o s t  o f  merchandise p l u s  t h e  amor t ized c o s t  o f  c a p i t a l  

equipment. Typ i ca l  business expenses wh ich  a r e  n o t  i n c l u d e d  as c o s t  i n  

t h i s  assessment a re  s e l l i n g ,  resea rch  and development, gene ra l  and 







admin is t ra t ive,  i n t e r e s t ,  and income tax  expenses; prof  i t  i s  a lso  not  

incuded. 

Each o f  these i tems i s  def ined w i t h  respect  t o  a t y p i c a l  

manufacturing company's income o r  earning statement as shown i n  Table 2-2. 

The terms are def ined as f o l l ows :  

Sales -- This  revenue represents t he  t o t a l  sales of merchandise 

t o  customers. I t  i s  the  s e l l i n g  p r i c e  o f  a product  t imes the 

number o f  product  u n i t s  so ld  

Other revenues -- These may inc lude  items such as r e n t a l  

income, i n t e r e s t  earned, e tc .  

Cost o f  Merchandise -- This  category of  expense represents the 

d i r e c t  and i n d i r e c t  cos t  t o  produce the merchandise. I t  i s  

composed o f  cornpensat i on  i nc l ud ing  f r i n g e s  t o  employees working 

d i r e c t l y  i n  the  manufactur ing process, a l l  raw ma te r i a l  and 

purchased p a r t s  u s ~ d  t o  produce the  merchandise, and fac to ry  

overhead. Factory overhead represents a l l  f a c t o r y  costs of an 

i n d i r e c t  nature;  i t  includes such items as i n d i r e c t  labor,  

i n d i r e c t  ma te r i a l ,  f ac i  1 i t y  leasing, and inven to ry  ccsts .  

I n d i r e c t  l abor  i s  t he  compensation pa id  t o  supervisory,  q u a l i t y  

inspect i on  and assurance, manufactur ing engineer ing,  p lanning,  

exped i t i ng  and t o o l  and equipment maintenance personnel. 

I n d i r e c t  ma te r i a l  inc ludes these items purchased by the company 

t h a t  do no t  end up i n  the  product.  For example, manufactur ing 

suppl ies  and o ther  consumablez such as l i g h t ,  heat, and power. 

F a c i l i t y  l eas ing  i s  the r e n t a l  cos t  of t he  land and b u i l d i n g  i n  

which the  product i s  manufactured. Inven to ry  cos t  i s  t he  value 



Tab le  2-2. T y p i c a l  Manuf a c t u r i  ng Company Income Statement 

REVENUES 
Sales 
Other  revenues 

EXPENSES 
Cost o f  merchandi 

D i r e c t  l a b o r  
D i r e c t  m a t e r i  a1 
F a c t o r y  overhead 

I ndi  r e i t  1 abor 
I ndi r e c t  m a t e r i  a1 
Fac i 1 i t y  1 eas ing  c o s t  
I n v e n t o r y  c o s t  

Amor t ized C a p i t a l  equ ipnent  
S e l l i n g  

S e l l i n g  l a b o r  
~ d v e r t i  s i  ng 
Etc .  

Research and developnent  
R&3 l a b o r  
R&D m a t e r i a l  

General and admi n i  s t r a t  i ve 
Sal a r i  es o f  genera l  managersladmi n i  s t r a t i  ons 
Insurance 
P r o p e r t y  taxes  
Etc .  

I n t ~ r e s t  

INCOME BEFORE TAXES 

INCOME TAX 

NET INCOME 



o f  t h e  ma te r i a l  t h a t  must be kept i n  stock t o  a l l ow  a smooth 

manufactur ing f low.  

0 Amortized Cap i ta l  Equipment -- This  i s  an expense r e f l e c t i n g  

us ing  up t he  usefulness o f  c a p i t a l  equipment which produces the  

product  . 
0 S e l l i n g  Expenses -- Those operat ing expenses which are incur red  

f o r  the purpose of s e l l i n g  and d i s t r i b u t i n g  t he  product 

e Research and Development Expenses -- Those expenses associated 

w i t h  t he  development of new products 

a General Admin is t ra t i ve  Expenses -- Those expenses associated 

w i t h  t he  genera1 management o f  the  business 

e I n t e r e s t  -- The cost o f  f i nanc ing  the  bu%iness 

e Income Tax -- The t a x  t h a t  i s  r e l a t e d  t o  the income repor ted 

f o r  the  per iod  



SECTION 3 

PRODUCTION P  LAN 

This sec t i on  discusses p roduc t ion  p l  ans and p roduc t ion  cost 

estimates. T h e o v e r a l l  p roduc t ionapproach  i s  presented i~ - t i o n  3.1. 

Sections 3.2, 3.3, and 3.4 present s p e c i f i c  plans and cost  la tes  f a r  

t h e  r e f l e c t i v e  panels, purchased par ts ,  and t he  s tee l  s t r uc tu re ,  

respec t i ve ly .  

3.1 OVERALL PRODUCTION APPROACH 

The o v e r a l l  product ion approach fo r  the Advanced Solar Concentrator 

a t  t he  100,000 u n i t  per year p roduc t ion  r a t e  i s :  

a Ref1 e c t i v e  Panels -- The r e f l e c t i v e  panels are assembled from 

purchased glass components. Th is  i s  accomplished i n  a  s i ng l e  

p l a n t  located adjacent t o  a  glass manufacturing p l an t .  The 

f i n i s h e d  panels are shipped t o  reg iona l  f i n a l  assembly 

f a c i l i t i e s  loca ted  near the so la r  energy system i n s t a l l a t i o n  

s i t e s .  

a Dr ives,  E l e c t r i c a l ,  and Contro l  -- These components are 

purchased par ts .  They are shipped by t he  vendors t o  the  

r ez i ona l  f i n a l  assembly f a c i l i t i e s .  I n  actua l  implementation, 

these pa r t s  may be made in-house, but  w i t h i n  t h e  scope o f  t h i s  

study, i t  was decided t o  r e l y  on vendor quotes t o  prov ide cost  

estimates. I t  i s  an t i c i pa ted  t h a t  the  ecomnics would not be 



s i g n i f i c a n t l y  d i f f e r e n t  f o r  in-house manufacture a t  t h e  100,000 

u n i t  per year p r o d u c t i o n  r a t e .  

r S t r u c t u r e  -- The s t r u c t u r e  subassemblies o f  t h e  concen t ra to r  

are  f a h r i c a t e d  a t  r e g i o n a l  p l a n t s  o f  approx imate ly  2C,000 u n i t s  

per  year capac i ty .  These p l a n t s  are  t o  be - l oca ted  c l o s e  t o  t h e  

areas i n  which t h e  concen t ra to rs  w i l l  be i n s t a l l e d .  These 

r e g i o n a l  s t r u c t u r a l  s t e e l  f a b r i c a t i o n  p l a n t s  are  co loca ted  w i  ,h 

t h e  concen t ra to r  f i n a l  assembly f a c i l i t i e s .  

r F i n a l  Assembly -- The va r ious  elements o f  t h e  concen t ra to r  are  

brought  toge the r  a t  a  reg ion51 f i nal  ~ s s e d l y  p l a n t  , l o c a t e d  

next  t o  t h e  s t r u c t u r e  fab r i ca+ . ion  f a c i l i t y .  I n  this f a c i l i t y ,  

t h e  concen t ra to r  i s  v i r t u a l l y  f u l l y  assembled, b e f o r e  

a i r s h i p p i n g  t o  t h e  s i t e .  A l l  elements which a t t a c h  t o  t h e  

pedesta l  ( s t r u c t u r e ,  r e f l e c t i s l e  panels,  d r i v e s ,  c o n t r o l s )  a re  

assembled i n  t h e  f a c t o r j  t o  save on expensive f i e l d  l a b o r .  

r Shipp i  ny -- The f u l l y  assembled concen t ra to r  (except  f o r  

pedesta l  and t r a c k )  i s  shipped t o  t h e  s i t e  by  a i r s h i p  o r  

h e l i c o p t e r .  By u s i n g  a i r s h i p p i n g ,  f i e l d  assembly l a b o r  i s  kept  

t o  a  minimum, and t o t a l  i n s t a l l e d  c o s t  i s  reduced. 

Tab le  3-1 presents  a  surmary of t h e  cos t  es t imates  developed f o r  

t h e  i n a i v i d u a l  p r o d u c t i o n  p lans.  These p lans  are  presented i n  t h e  

f o l l o w i n g  sec t i ons .  

3.2 REFLECTIVE PANELS PRODUCTION PLAN 

T h i s  p l a n  de f i nes  t h e  requirements and cos ts  f o r  p r o d u c t i o n  of t h e  

r e f 1  e c t i  ve panels,  o r  gores, f o r  t he  Advanced So lar  Concent ra tor .  

Based on t h e  p r e l  i m i  nary  concen t ra to r  design, 20 i nner and 40 o u t e r  

gores are  r e q u i r e d  per concen t ra to r .  Each gore c o n s i s t s  o f  a t h i n  



Table 3-1. Production Cost Sumnary 
(per concentrator @ 105 unitslyr ,  11 m aperture) 

1000 Reflective pane;s 
D r i v e s  - 

300C Electrical and control - 
4000 Structure 

Production Costs 

- 
5000 Factary assembly - 

$/CC~I-IC 

I 



backs i l  vered m i  r r o r  g lass r e f  1  ec to r  f l e x e d  t o  a  parabo lo ida l  shape and 

cont i nuously bonded t o  a  precontoured c e l l  u l  ar g lass core. An unsi  1 vered 

sheet glass spar cap i s  bonded l o c g i t u d i n a l l y  along t h e  backside of t h e  

gore for added s t rength.  A l l  nonre f lec t i ve  surfaces are p ro tec ted  f rom 

envirormental  damage w i t h  a  conformal coa t ing  app l ied  -a t  t h e  f a c t o r y .  

The c e l l u l a r  g lass core i s  machined t o  shape f rom a  gore blank. 

The gore blank i s  made up o f  18 inches x  24 inches x  4 inches c e l l u l a r  

g l  ass blocks adhesi ve l y  bonded together .  The p r e l  i m i  nary design gore 

b lank was made up o f  13 blocks.  Dur ing de ta i l ed  design o f  t h e  r e f l e c t i v e  

panel ,  a  gore blank was designed which requ i red  o n l y  7.5 b locks,  thereby 

sav ing 40 percent i n  m a t e r i a l  costs  ( o r  approximately $1300 per 

concent ra tor ) .  I n  add i t i on ,  a  24 inner  gore/40 outer  gore c ~ n f  i g u r a t i o n  

was shown t o  be super ior .  I t  was t he re fo re  decided t o  use t he  de ta i l ed  

design gore blank and the 24/40 con f i gu ra t i on .  However, the o v e r a l l  

p r o d ~ l c t i o n  p l an  i s  based on t he  p re l im ina ry  design, as i t  o f f e r s  

s i g n i f i c a n t  cost  savings, i s  the best ava i l  able design, and does not 

s i g n i f i c a n t l y  a f f e c t  t he  ba l  snce o f  t h e  concent ra tor .  

The f o l l o w i n g  presents a  sumnary o f  the p roduc t ion  p l an  f o r  the  

panels. The panel ma te r i a l  requirements and costs,  t he  process f low,  t he  

labor  requirements and costs ,  equipment, and f a c t o r y  overhead are each 

discussed. 

Ma te r i a l  Requirements and Costs 

To devel op the mater i a1 requ i  rements f c r  product i on o f  a  p a r t  i c u l  ar 

i tem, a make-or-buy ana lys is  i s  conducted. Th is  make-or-buy analys is  

consi  & r s  the opt ions for purchase o r  f a b r i c a t i o n  of components. These 

cons iderat ions re1  ate  t o  t h e  economic and techn ica l  feas i  b i  1  i t y  o f  maki ng 

components i &house versus purchasi ng f rom an outs ide supp l ie r .  Since no 



company p resen t l y  manufactures r e f l e c t i v e  c e l l u l a r  g lass panels, i t  was 

decided t h a t  t he  gores would be f ab r i ca ted  in-house. The g lass components 

o f  the  panels w i l l  be p ~ r c h a s e d  as these ma te r i a l s  a re  suppl ied by 

e x i s t i n g  supp l i e r s  who have t h e  experience and f a c i l i t i e s  t o  make them a t  

less  cost  than  would be poss ib l e  by t he  concent ra tor  p roduc t ion  company. 

The ma te r i a l  requirements and costs as developed f o r  t h e  r e f l e c t i v e  

p a w l s  are 1 i s t e d  i n Table 3-2. The i n i t i  h; u n i t  requirements per 

concentrator were der ived f rom t h e  design in fo rmat ion .  Y i e l d  and scrap 

f a c t o r s  were used where appl icab le ;  the  y i e l d  f a c t o r  covers expected 

process waste such as f o r  t h e  adhesive dur ing  gore blank bonding; the 

scrap f a c t o r  covers breakage, loss,  and damsge o f  cmponents dur ing  

product ion.  These f a c t o r s  were app l ied  t o  determine t h e  t o t a l  ma te r i a l  

requ i red  per, concent ra tor  praduced. Costs per u n i t  were app l ied  t c  

determi ne t h e  t o t a l  m a t e r i a l  cos t  per concentrator.  U n i t  ce l1 l l l  ar g lass 

cost  est imates were suppl ied by P i t t sbu rgh  Corning Corporat ion and sheet 

glass costs by Corning Glass Works. 

Process F low  - 

Having determined which items t o  buy and which t o  make, a 

product ion process f l ow  was developed t o  detern ine requirements f o r  

f a c t o r y  labor ,  equipment, f a c i l i t i e s ,  and f a c t o r y  overhead costs.  The 

panel p roduc t ion  f a c i l i t y  envis ioned f o r  t he  100,000 concent ra tors  per 

year r a t e  i s  a h i g h l y  automated f a c i l i t y ,  making extens ive use o f  r obo t i c s  

t o  perform the  r e p e t i t i v e  tasks necessary t o  manufacture t he  gores. 

The process f l o w  i s  shown schemat ica l ly  i n  F i gu re  3-1. These 

process steps are based on p r e l  imi  nary assessments f o r  m a t e r i a l s  whose 

process technology i s  s t i l l  under development. The p roduc t ion  process 

cons is ts  o f  t h e  f o l l o w i n g  steps: 
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Saw b locks -- The c e l l u l a r  g lass  b locks a re  a u t m a t i c d l l y  f e d  

t o  saws and sawed i n t o  t he  var ious shapes which a re  t o  be 

bonded toge ther  t o  make up the  gore blank. 

Bond blocks - The sawed pieces have adhesive appl ied,  a re  

loaded i n t o  bonding f i x t u r e s  by robots,  and a re  cured i n  a 

microwave oven t o  form adhesively bonded gore blanks. 

Machine Gore Blank Back -- The back of t he  gore blank i s  

machined t o  shape by numerical l y  c o n t r o l  l e d  cu t t e r s .  

Bond Spar Cap -- The spar cap (back g lass  sheet )  i s  bonded t o  

the  baik o f  t he  machined gore blank back. The spar cap w i l l  

now p rov ide  a hardpoin t  f o r  mounting the gore i n  f i x t u r e s  f o r  

l a t e r  steps i n  .7e process. 

Machine Gore Blank Face -- The gore blank i s  loaded i n t o  a 

f i x t u r e ,  us ing  a vacuum chuck on the spar cap scrface f o r  t he  

face machining operat ion.  Large numer ica l l y  c o n t r ~ : ' 4  c u t t e r s  

machine t he  face o f  t he  gore t o  the requ i red  parabo lo ida l  shape. 

Bond M i r r o r  Surface -- The gore blank i s  loaded i n t o  a f i x t u r e  

f o r  the  bonding operat ion and adhesive i s  appl ied.  The m i r r o r  

sheet (shipped c u t  t o  shape) i s  pu t  i n  p lace  and fo rced  down on 

t he  gore face  v i a  a ram and a rubber faced p lug.  The bond i s  

cured i n  an oven. 

Bond Attachment Hardware -- The gore attachment hardware i s  

adhesively bonded t~ the  spar cap and t o  t he  c e l l u l a r  g lass 

subst ra te .  

Apply Coating -- An edge seal  i s  app l ied  t o  the  m i r r o r  sheet 

and a p r o t e c t i v e  cover i s  appl ied t o  p r o t e c t  i t  dur ing  



shipment. The exposed c e l l u l a r  g l a s s  areas of t h e  gore  a re  

sprayed w i t h  t h e  conformal c o a t i n g  and cured i n  an oven. 

9. Ship -- The f i n i s h e d  gores a re  loaded i n t o  reusab le  sh ipp ing  

c r z d l e s  f o r  shipment t o  r e g i o n a l  assembly p l a n t s  v i a  r a i l  o r  t r u c k .  

Labor, Equipment, and Overhead Requirements and Costs - 

Based on t h e  process f l ow  developed f o r  t h e  gores product ion,  

f a c t o r y  l abor  and equipment needs were es t imated and costed.  

Table 3-3 ihows t h e  requirements f o r  l a b o r  a p p l i c a t i o r ~ ,  equipment 

costs,  f a c i  1  i t y  space, and i ~ d i r e c t  m a t e r i a l  expenses which were es t imated 

f o r  each o f  the  p roduc t ion  process steps. Supervisory l a b o r  and 

warehousing c o s t s  a re  included. These requirements were then used t o  

e s t  imdte t o t a l  labor ,  equipment and overhead cos t  f o r  r e f l e c t i v e  panel  

product ion.  A summary of these c o s t s  a re  shown i n  Table 3-4. 

Sutnrcary 

The summary o f  p roduc t ion  c o s t s  f o r  the  gores i s  shown i n  Table 

3-5. This summary shows t h a t  t h e  dominant c o s t  f o r  p roduc t ion  of t h e  

panels i s  f o r  m a t e r i a l s .  Only 6 percent  o f  t h e  c o s t s  are  due t o  

nonmater ia l  i tems. 

Of t he  m a t e r i a l  costs, the dominant cos t  i s  f o r  the  c e l l u l a r  g lass  

b locks used t o  make t h e  gore blanks.  Since approximately 50 percent  of 

t h e  g lass  i s  ground away i n  the  process o f  shaping t h e  gore blank,  t h e r e  

i s  a  p o t e n t i a l  cos t  r e d u c t i o n  by a d d i t i o n a l l y  i n v e s t i g a t i n g  schemes t o  

reduce the  c e l l u l a r  g lass  requ i red  t o  c r e a t e  the  gore b lank.  

3.3 PURCHASED PARTS 

The components f o r  t h e  d r i v e s  (CBS 2000) and t h e  e l e c t r i c a l  and 

c o n t r o l  (CBS 3000) subsystems w i l l  be purchased from appropr ia te  vendors 

and shipped t o  r e g i o n a l  f i n a l  assembly f a c i l i t i e s .  



Table  3-3. Gores Produc t ion  Labor, Equipment, Space, and I d i r e c t  
M a t e r i  a1 s Breakdown 
(Q 105 u n i t s l y r ,  11 m aper ture ,  1980s) 

Operat i on 

Saw 
Bond b locks 
Machi ne back 
Bond hardback 
Mach i ne f ace  
Bond face  
Bond hard p a i n t  
Package 
A i s l e s  and o f f i c e s  
Warehouse 

T o t  a1 

Me na 
Requi red 
per  S h i f t  

15 
13 
15 
6 

21 
4 8 

7 
51 
2 5 
15 - 

Tot  a1 
Men 

45 
39 
4 5 
18  
63 

144 
21 

153 
45 
4 0 - 

61 3 

Wain tenance and o t h e r  downtime inc luded  
e f f i c i e n c y  f a c t o r s .  

C a p i t a l a  
Equipnent 

(SK) 

1,080 
2,622 
1,040 

31 5 
2,520 
4,801 
1,276 
1,540 
1,200 
1,100 

17,494 

I n d i r e c t  
M a t e r i  a1 s 

( S K I Y ~ )  

80 
7 8 

2 60 
5 5 

1,080 
161 

28 
100 
175 
100 

2,117 

i n  l a b o r  and equipment 



Table  3-4. Gpres P r o d u c t i o n  Normate r ia l  Cost Summary 
(@ 103 u n i t s l y r ,  11 m aper ture ,  1980s) 

Labor ( D i r e c t )  
613 peop le  @ $12 K / y r  averagea 

Tool  i nq and equipment 
$1/,494 K @ .20 C R F ~  

Overhead 
-rent - space, taxes,  u t i l i t i e s ,  e t c .  

73 k f t 2  $5.40/yr k 1200 k f t  8 $2.50/yr 

I n d i r e c t  m a t e r i a l s  

I nventory  
15 days @ $3665/conc @ 23%/yr 

F r i n g e  b e n e f i t s  
(0.21 x 613 peop le  x 12 Klyr) 

M i s c e l l  aneous 

OH cos t  

aAverage of workers ever t h r e e - s h i f t  o p e r a t i o n  
bcaP i t a l  recovery  f a c t o r .  



Table  3-5. R e f l e c t i v e  Panels Cost  Sumnary 
(pe r  c o n c e n t r a t o r  @ l o 5  u n i t s l y r ,  11 rn aper tu re ,  1980s) 

I - 1000 R e f l e c t i v e  pane ls  1 $3665 1 $74 1 $166 1 $3905 1 
I 

M a t ' l  

a~qu ip rnen t  and overhead cos ts .  

To develop these es t imates ,  P i  cneer ( t h e  s t r u c t u r e  and d r i v e s  

s u b c o n t r a c t o r )  and Acurex surveyed v a r i o u s  f i r m s  t o  o b t a i  n  c o s t  es t ima tes  

T o t a l  Labor 

f o r  t h e  components. Vendors were requested t o  supp ly  t h e  es t ima tes  a t  a  

Burdena 

100,000 concen t ra to rs  per  year  p r o d u c t i o n  r a t e .  

3.3.1 Drive; 

The c o s t  es t ima tes  and sources f o r  t h e  d r i v e  components are  1  i s t e d  

i n Tab le  3-6. 

3.3.2 E l e c t r i c a l  and C o n t r o l  

The c o s t  es t ima tes  and sources f o r  t h e  e l e c t r i c a l  and c o n t r o l  

components are  l i s t e d  i n  Tab le  3-7. 

3.4 STRUCTURAL STEEL PRODUCTION PLAN 

The p r o d u c t i o n  p l a n  f o r  t h e  s t r u c t u r a l  s t e e l  components o f  t h e  

Advanced So la r  Concent ra tor  was developed by Pioneer.  To p r o v i d e  an 

accu ra te  c c ~ t i n g ,  based on d e t a i l e d  work, and s t i l l  keep t h e  scope 

manageable, P ioneer  used a  c o s t  d r i v e r  techn ique.  Th i s  techn ique i nvo l  ves 

t h e  d e t a i l e d  a n a l y s i s  o f  a  p o r t i o n  o f  t h e  elements t o  be cos ted  wh ich  i s  

judged t o  be r e p r e s e n t a t i v e  o f  t h e  t o t a l .  The c o s t s  a re  t h e n  sca led  
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upwards by an appropr ia te  means t o  est imate t he  costs  f o r  t he  o v e r a l l  

assembly. 

For t he  concentrator,  the  cost  d r i v e r  element se lected was the  gore 

support  r i n g ,  and t h e  means used t o  sca le  t h e  costs  upward t o  represent 

the  t o t a l  was t o  sca le  by d o l l a r s  per pound o f  s t ee l .  - 
The steps taken by Pioneer r o  perform the  d e t a i l e d  analys is  o f  the 

gore support r , ing were: 

0 Conduct manuf a c t u r i  ng prate< , analys is  (p roduc t ion  p lan)  

0 Est imate ma te r i a l  costs  

0 Est imate labor t ime requ i red  fo r  each process 

0 Calcu la te  labor  cos t  

0 Apply va r i ab l e  burden ra tes  

I n  the product ion p l an  developed by Pioneer, t he  s t r u c t u r e  

f a b r i c a t i o n  p l an t  i s  a  h i g h l y  automated f a c i l i t y  us ing robo t i c s ,  automatic 

f i x t u r e s  and automatic welders t o  perform the  many r e p e t i t i v e  tasks.  

Corten s tee l  was se lected as the ma te r i a l  t o  be used f o r  the s t r u c t u r e  

elements. Corten i s  a  weathering s t z e l  which forms i t s  own p r o t e c t i v e  

oxide coa t ing  upon exposure t o  the elements. This e l im ina tes  the need f o r  

p a i n t i n g  a t  t he  f ac to r y ,  touchup p a i n t i n g  a f t e r  i n s t a l l a t i o n ,  and pe r i od i c  

r e p a i n t i n g  i n  the f i e l d .  The s l i g h t  e x t r a  cost  o f  Corten (about 2 cents 

per pound) i s  o f f s e t  by t h e  savings i n  f a c t o r y  p a i n t i n g  alone. 

The work f low developed by Pioneer f o r  the gore support r i n g  i s  

shown i n  F igure 3-2. I n  t h i s  work f low,  t h e  L o r t e n  i s  rece ived as sheet 

stock a n d r o l l e d  t o  tube in-hause. The gore r i n g  i s  assembled i n 4 5 '  

segnents and then assembled i n t o  the  complete gore s ~ p p o r t  r i n g .  

Pioneer developed a  d e t a i l e d  work element breakdown based on t h ~ s  

work f low.  This breakdown was used t o  develop d e t a i l e d  est imates of  t he  



? R a w  stock stores (hours c o i l )  

To roll formers 

0 RDll form 6 c u t  t o  l e n g t h  \ 

8 Second c u t  one end 
Move o p e r a t i o n s  au tomat i c  
as p a r t  o f  equipment 

Ftrst c u t  o p p o s l t e  end 

0 Secono c u t  o p p o s i t e  end 

8 Bundle 

To s t o r e s  

P Stores 

0 To subassembly 

6 Subassembly -- p l a n e  ( 4 5 "  segment) 

6 To subassembly 

6 Subassembly -- i n s i d e ,  o u t s i d e ,  bo t tom p l a n e  ( 4 5 "  segnen t )  

1 
To rubassembl y  

6 T i e  bars,  s t r u t s ,  t o  i n s i d e ,  o u t s i d e ,  bo t tom p lane  assembly 

Q l o  assembly 

8 F i n a l  assy  - -  e i g h t  45' segments I n t o  complete gore s u p p o r t  

To i n s p e c t i o n  an0 touchup 

F i n i s h  s t o r e s  

Permanent s t o r e s  

Temporary s t o r e s  

0 i n s p e c t  

F igure  3-2 .  Work f l o w  -- Gore Suppur t  R i n g  



manufactur ing d i r e c t  l abor  requirements and costs. Pioneer then  appl ied 

va r i ab l e  and f i x e d  burden costs t o  the  work elements based on t h e i r  

experience inmanufac tu r ing  engineer ing and cost ing.  Table 3-8 l i s t s  t he  

elements included i n  va r i ab l e  and f i x e d  burden. 

Table 3-9 presents a  sumnary of t h e  cos t  estimate5 f o r  t h e  

s t ruc tu re .  Included i s  the cost  f o r  the  counterweights although they are 

not manufactured i n  t h e  s t r uc tu re  p lan t .  The counterweights are p r t  s t  

concrete and are de l i ve red  d i r e c t l y  t o  the  f i e l d  s i t e .  They are inc luded 

i n  t he  s t r uc tu re  costs  as they are an i n t e g r a l  p a r t  o f  t h e  s t r u c t u r e  

design. 

3.5 FACTORY ASSEMBLY 

The concentrator i s  shipped t o  the s i t e  as an assembled u n i t  under 

the o v e r a l l  p r o d u c t i ~ n  approach. Spec i f i ca l l y ,  t h i s  means t h a t  t he  

concentrator i s  shipped as a completed t r ack  r i n g ,  a  completed pedestal ,  

and a completed concentrator assembly compris ing t h e  remai n ing elements 

i nc l ud ing  the s t r uc tu re ,  dr ives,  and gores, mounted and al igned. The 

f a c t o r y  assembly task (CBS 5000) addresses t h e  mounting and a l i g n i n g  o f  

the gores on the gore r i n g  and the f i n a l  f a b r i c a t i o n  o f  t he  concentrator 

ascembly. 

The f i n a l  assembly f a c i l i t y  i s  a  h i g h l y  automated p l a n t  located 

next t o  t he  s t r uc tu re  p lan t .  The dr ives,  e l e c t r i c a l ,  and con t ro l  

components and gores are shipped t o  the f o c j l  i t y  f o r  i n t e g r a t i o n  w i t h  the 

s t ruc tu re .  

The gores are mounted t o  and a l igned w i t h  the  gore support r i n g  a t  

a  la rge  automated mounting s ta t i on .  The s t r u c t u r e  ( i n c l u d i n g  t he  gore 

r i n g  w i t h  gores mounted), d r i ves ,  e l e c t r i c a l ,  and c o n t r o l  elements are 

assembled on wheeled car ts .  The wheeled c a r t s  p rov ide  a temporary 



Table 3-8. Variable and Fixed Burden Elements 

Var i able burden i ncl ~ides: 
Off a1 l ~ s s e s  
Setup charges 
Manuf acturi ng scrap 
Perishabie protection tools . 
Inbound f re igh t  
Operating u t i l i t i e s  
Operati ng suppl i es 
L i  ne i nspection 
Materi a1 hand1 i ng 
Producti on i nventory cost 

Fixed burden includes: 
Indirect 1 abor ( a l l  support) 
Indirect materi a1 
Taxes 
I murance 
Depreci at i on (bui 1 di ng ,  equipment ) 

- 

Table 3-9. -Structure Cost Sumnary 
(per concentrator @ lo5 units/yr ,  11 rn aperture, 1980%) 

4000 Structure - 
4100 Gore support ring - 
4200 - 
thru Balance o f  structure and track 
4600 - 

Mater i a1 Labor Burden 

$152 

381 - 

$533 

a ~ ~ : u d e s  precast concrete counterweights delivered di rect ly  t o  f i e l d  
s i t e  @ $535. 



pedestal  on which t h e  concentrato.  ': assembled and a  means of movins the  

concent ra tor  t o  t he  s tag ing  area where i t  i s  p icked up f o r  a i r  shipment t o  

t h e  s i t e .  The ca r t s  are moved about by t r a c t o r  un i t s .  The f i n a l  assembly 

s t a t  i o n  has automated mate r i  a1 hand1 i ng equipment t o  speed assembly o f  the  

1 arge s t r u c t u r e  elements. 

I n  the  stow pos' t ion,  t he  e l e v a t i o n  ac tua to r  s h a f t  extends w e l l  

beyond t h e  s t ruc tu re .  I t w i l l  t he re fo re  be mounted i n  t h e  f i e l d ,  and a  

shor t ,  temparary t iedown shaf t  used f o r  f a c t o r y  assembly and shipping. 

A sumnary o f  the  d i r e c t  l abor  and burden costs f o r  t h e  f a c t o r y  

assembly tasks i s  l i s t e d  i n  Table 3-10. 

Table 3-10. Factory  Assembly Cost Sumnary 
(per concentrator B 105 u n i t s l y r ,  11 m aperture,  19805) 

I..-- / Ma te r i a l  j Labor ! Burden To ta l  

5000 Assembly j __  

( -- 5100 Gores mount i ng/al  i gni ng ( 0 1 $23 1 $100 1 $123 
I / 5200 F i  nal assembly 

I 

- 0 

0 

- 2 2 

$4 5 

- 83 I - 105 

$183 $228 



SECTION 4 

SHIPP ING PLAN 

An i n t e g r a l  p a r t  of t h i s  mass p roduc t ion  p l an  f o r  the  concentrator 

i s  t he  use o f  air;hips ( n o n r i g i d  types, a lso  known as b l imps)  t o  sh i p  t h e  

concentrator.  This sec t i on  reviews the reasons f o r  s e l e c t i  ng t h i s  

i nnovat ive sh ipp ing  technique and t h e  est imate o f  i t s  cost .  

4.1  SHIPPING TRADE-OFF 

For l a rge  s t r uc tu res  t o  be i n s t a l l e d  i n  t he  f i e l d  t he re  e x i s t s  a  

t r ade -o f f  between f a c t o r y  assembly, sh ipp ing and s i t e  assembly costs.  To 

m i  nimize sr t e  assembly cost ,  one should automate f a c t o r y  assembly and sh ip  

t he  l a rges t  assemblies poss ib le .  To minimize sh ipp ing  costs,  one should 

break the s t r u c t u r e  down as much as poss ib l e  t o  sh ip  as l i t t l e  " a i r "  as 

poss ib le .  To minimize t o t a l  i n s t a l l e d  costs,  one must choose t h e  apprcach 

which r e s u l t s  i n  the  lowest t o t a l  o f  f a c t o r y  assembly, shipping, and s i t e  

assembly costs.  

The standard comnercial sh ipp ing method t o  d e l i v e r  the Advanced 

Solar Concentrator t o  t he  s i t e  would be e i t h e r  r a i l  or  t ruck .  However, 

bo th  have approximately the same sh ipp ing  s i z e  l i m i t s  and both would 

r equ i r e  considerable s t r uc tu re  breakdown and f i e l d  assembly labor .  It i s  

s i ze ,  not  weight, t h a t  i s  the  c o n s i r a i n t  i n  sh ipp ing the  concentrator i n  a  

manner whi ch mi nimi zes f i e l  d 1 abor . 



A i r sh ipp ing  v i a  he l i cop te r  o r  a i r s h i p  i s  e s s e n t i a l l y  a  no-size 

l i m i t  sh i pp i  ng method. Such an a i r s h i p p i  ng opera t ion  would i nvo l ve  the  

a i r c r a f t  p i c k i n g  up a  v i r t u a l l y  complete concent ra tor  a t  a  reg iona l  

assembly p l a n t  and a i r l i f t i n g  i t  t o  the  f i e l d  s i t e .  

To i n v e s t i g a t e  which sh ipp ing  method r e s u l t s  i n  t h e  lowest t o t a l  

i n s t a l l e d  cost ,  a  t rade-o f f  was performed. Costs f o r  f a c t o r y  assembly and 

s i t e  assembly were est imated based on Acurex experience. Costs f o r  t r uck  

sh ipp ing were est imated based on a  t r u c k  f l e e t  owned by t he  concent ra tor  

p roduc t ion  company. Costs f o r  sh ipp ing  by he l i cop te r  and a i r s h i p  were 

est imated us ing in fo rmat ion  i n  a  r e p o r t  on p o t e n t i a l  c i v i l  markets f o r  

a i  r sh i?s  prepared f o r  NASA by Booz-All  en (Ref e ren ie  3 )  and i nformat i  on 

ob ta i  ned through comnunicati ons w i t h  Goodyear Aerospace. 

This p r e l  i m i  nary t r ade -o f f  developed t h e  f 01 1  owing conclusions: 

r He1 i copter sh ipp i  ng of assembled concentrators r e s u l t s  i n 

h igher  t o t a l  i n s t a l l e d  cost  than t r uck  sh ipp ing when present 

he l i cop te r  char te r  costs are used. He1 i cop te r  sh ipp ing can be 

canpet i  t i v e  us ing  a  dedicated f l e e t  owned by the  concent ra tor  

product i on company. 

0 A i r sh ips  o f f e r  cost  reduct ions beyond he l i cop te r s  due t o  lower 

f u e l  and powerpl ant mai ntenance costs .  

0 Airshipment o f  assembled concent ra tors  r e s u l t s  i n  lower t o t a l  

i n s t a l l e d  cost  than  t r uck  shipment. 

4 .2  . TECHNICAL FEASIBILITY OF AIRSHIPPING 

I n  one sense, a i r sh i ps  can be considered a  I 9 3 0  technology as most 

cu r ren t  work r e l i e s  heav i l y  on development which took p lace a t  t h a t  t ime. 

A i r sh i ps  were used by t he  Navy up t o  the e a r l y  1960's f o r  p a t r o l  and 

reconnaissance missions , Present ly ,  the on l y  ope ra t i  ng U. S. a i r sh i ps  are 



a  f l e e t  of th ree  Goodyear promot ional  bl imps. However, t h e r e  i s  cu r re r l t l y  

a  ser ious r e v i v a l  o f  i nteres; I n  t h e  use o f  a i r sh i ps .  

Heavy - l i f t  he l i cop te r s  are c u r r e n t l y  used commercial ly i n  t he  U.S. 

f o r  logging, const ruct ion,  t ransmiss ion toker  e rec t ion ,  and s e r v i c i n g  off 

shore o i l  p l  atforms. Goeing-Vertol arfd S i  korsky are bo th  c u r r e n t l y  

market ing c i v i l i a n  versions o f  m i l i t a r y  heavy-1 i f t  he l i cop te r s  t o  meet t he  

expanding c i v i l  demand. 

The cur ren t  i n t e r e s t  i n  a i r sh i ps  stems from t h e i r  advantages over 

he l i cop te r s  i n  f u e l  costs and powerpl ant maintenance. Since t he  1  i f t i  ng 

capac i t y  comes i n  t o t a l  or i n  p a r t  from the a i r s h i p ' s  buoyant f o r c e  and 

not from engines, t he  f u e l  use i s  s i g n i f i c a n t l y  reduced, powerplant 

maintenance costs are lower as the engines are not as h e a v i l y  loaded, and 

engines can be smal ler .  A i rsh ips  can be b u i l t  w i t h  present technologies 

i n  l i f t i n g  capac i t i es  up t o  500 tons, compared t o  the  h e l i c o p t e r ' s  

capac i t y  o f  approximately 10 t o  20 tons. Th is  opens up many new markets 

f o r  a i  rshipment , i ncl  ud i  ng t r anspo r t  and r i  ggi  ng o f  heavy oversized 

equipment such as powerplant components. 

A i r s h i p  development i s  c u r r e n t l y  ac t i ve  a t  the  s tudy l e v e l .  NASA 

has funded and i s  fund ing  several  s tud ies on a i r s h i p  design f o r  cargo and 

passenger a i r s  h i p  markets. The con t rac to rs  conduct i  ng these s tud ies 

i nc l  ude Boei ng , Goodyear Aerospace, and Booz-All  en. The Prov i  nce of 

A l be r t a  M i  n i s t r y  o f  T ranspor ta t ion  has c m i s s i  oned a  s tudy by Goodyear on 

t h e  f e a s i b i l i t y  o f  us ing a i r s h i p s  t o  meet cu r ren t  and p ro j ec ted  

t r a n s p o r t a t i o n  needs (Reference 4 ) .  The U.S. Navy and Coast Guard have 

shown i n t e r e s t  i n  the  use o f  modern a i r sh i ps  f o r  submarine p a t r o l  and 200 

m i l e  f i s h i n g  l i m i t  r egu la t i on .  



There i s  c u r r e n t l y  a  p ro to type  a i r s h i p  development p r o j e c t  under 

way. The Piaseck i  A i r c r a f t  Corp. i s  under con t rac t  t o  the U.S. k p a r t m e n t  

o f  t he  I n t e r i o r  t o  cons t ruc t  a  h e a v y - l i f t  l ogg ing  a i r s h i p  us ing a surp lus 

Navy a i r s h i p  envelope and f o u r  Navy Sikorsky S-61 he1 i cop te r s  as 

propul  s i  on and con t ro l  u n i t s .  

4.3 AIRSHIPP I N G  COST ASSESSMENT 

This sec t i on  discusses the  cost  est imates f o r  opera t ion  o f  a  

candi date a i r s h i p  f o r  d e l i v e r i n g  assembled so i  a\ concent ra tors  f r a n  

reg iona l  f ~ n a l  assembly f a c i l i t i e s  t o  the f i e l d  s i t e s .  The assembled 

concentrator elements would be c a r r i e d  i n  a  sh ipp ing  c rad le  t o  d i s t r i b u t e  

the load over the s t r uc tu re .  With the p r e c i s i o n  hover c a p a b i l i t i e s  

o f f e red  by modern propal  s i on  and con t ro l  technologies,  the  a i r s h i p  would 

be ab le  t o  p ick  up and drop o f f  the concentrators w i thou t  land ing and w i t h  

a minimum o f  ground assistance. A i r  speed would be kept below 8G km/hr 

when loaded t o  keep below the wind s p e c i f i c a t i o n  f o r  the concentrator.  An 

a1 t e r n a t i v e  a l low ing  higher t ranspor t  v e l o c i t i e s  would be t he  use of an 

aerodynamic shroud which would p r o t e c t  the concent ra tor  wh i l e  reduc i  ng 

drag. The a i r s h i p  concept se lected as t he  candidate f o r  sh ipp ing the  

assembled concent ra tor  u n i t s  i s  a  type s i m i l a r  t o  t h a t  shown i n  

F igure 4-1. I t s  p ropu ls ion  and con t ro l  w i l l  be provided by combination 

r o t o r / p r o p e l l e r  engi ne u n i t s  t o  prov ide ho r i zon ta l  and v e r t i c a l  t h r u s t  o r  

by vectorab le  engine modules which can be o r i en ted  t o  p rov ide  t h r u s t  i n  

the  des i red d i r e c t i o n .  

The costs f o r  purchase and opera t ion  of t h i s  a i r s h i p  were est imated 

us ing cos t i ng  formulas developed by Booz-Allen i~ market study o f  c i v i l  

markets f o r  h e a v y - l i f t  a i r sh i ps  (Reference 3) .  Table 4-1  l i s t s  the cost 





Table 4-1. Cost Elements in  Airship Costing Formulas 

Development cost (including ce r t i f i ca t ion)  

Flyaway cost versus quantity produced ( i  ncl udi ng a1 1 product i on 
associated costs)  

Spare costs 

Vehicle depreciation 

Insurance costs 

He1 i urn replenishment 

Fl i g h t  crew cost 

Mai ntenance 1 abor costs 

Mai ntenance materi a1 costs 

Burden on direct  1 abor 

Fuel and oil costs 

Operations support cost 

- - Buildings, equipment, vehicles, storage f a c i l i t i e s  

-- Ground support equipnent 

- - Ground hand1 i ng and moor i ng f ac i 1 i t  i es and equ 

-- Operations support mai ntenance and  mai ntenance 

- - Real es ta te  taxes 

-- Operations support operating costs 

-- Operations support s taf f  costs 

i pmerit 

burden 



elements i n c l u d e d  i n  these fonnulas.  The i n p u t s  t o  t h e  formulas  used f o r  

t h i s  c o s t i n g  were: 

25 t o n  usefu l  c a p a c i t y  ( 5  concen t ra to rs  @ 9650 pounds per 

concen t ra to r  ) 

140 m i l e  round t r i p  t o  d e l i v e r  concent ra tor -  (average round t r i p  

t o  d e l i v e r  w i t h i n  100 m i l e  r a d i u s )  

2000 hours o f  o p e r a t i o n  per year 

80 k i l a n e t e r s  per hour speed t o  s i t e ,  150 k i l o m e t e r s  per  hour 

speed r e t u r n i n g  

5 minutes o f  hover t ime  a t  each end 

2.3 hour round t r i p  t ime  

23 a i r s h i p s  r e q u i r e d  t o  se rv i ce  a  100,000 per year concen t ra to r  

p r o d u c t i  on r a t e  

Cos t i  ng performed assuming a i r s h i p  p r o d u c t i o n  r u n  o f  25 

Based on these i n p u t s ,  t h e  costs  f o r  a i r s h i p  o p e r a t i o n  were 

es t imated and are l i s t e d  i n  Tdble 4-2. The t o t a l  es t imated sh ipp ing  cos t  

per concent ra tor  i s  $962 i!980$). Th is  t o t a l  cos t  o f  a i r s h i p p i n g  cou ld  be 

j u s t i f i e d  by a  savings o f  o n l y  42 hours i n  f i e l d  l abor  ( a t  $23 per hour, 

loaded) or a  6 man crew working f o r  one day. As t h e  i n s t a l l a t i o n  s e c t i o n  

w i l l  d iscuss,  t h e  savings i n  f i e l d  l abor  i s  more than  s u f f i c i e n t  t o  

j u s t i f y  t h i s  approach. 



Tab1 e 4-2.  A i rsh ip  Cost Estimates (1980%) 

a Cap i t a l  cos t  $10.1 m i l i i o n  ( i n c l u d i n g  a l l  support 
equipnent and f a c i l i t i e s )  

r F i ~ ~ e d  annual cos t  $1070/f l i g h t  hour (deprec ia t ion ,  i nterest ,  
i nsurance) 

I . Var iab le  cos t  S 9 6 5 / f l i g h t  hour ( f u e l  & o i l ,  maintenance) 

1 0  T o t a l c o s t  S2055/f 1 i ght hour 

a Shipping cost per $962/concentrator 
concentrator 



SECTION 5 

INSTALLAT I O N  PLAN 

T h i s  s e c t i o n  d iscusses t h e  i n s t a l l  a t i o n  p l d n  and cos t  es t imates  

prepared by Newbery Cons t ruc to rs .  Newbery has wide expe r ience  i n  

c o n s t r u c t i o n  i n  t h e  U.S. southwest and i n  t ransmiss 'on  tower e r e c t i o n ,  a  

t y p e  o f  c o n s t r u c t i o n  s i m i l a r  t o  t h a t  o f  a p o i n t  f o c u s  s o l a r  c o n c e n t r a t o r .  

The r e s u l t s  w i l l  be presented here a t  t h e  s m a r y  l e v e l .  

The assumptions used i n  deve lop ing  t h e  p l a n  were: 

e 100 concen t ra to rs  per f i e l d  

e 10 rows o f  10 concen t ra to rs  on 30 f o o t  cen te rs  

e F i e l d s  l o c a t e d  i n U . S .  southwest 

e S i t e  i s  f l a t ,  w i t h o u t  r a v i n e s  o r  h i l l s  

Based on t h e  types  of c o n s t r u c t i o n  t a s k <  i n v o l v e d  and an expressed 

i n t e r e s t  by t h e  I n t e r n a t i  onal  Brotherhood o f  E l e c t r i c a l  Workers-Outside 

L i n e  Cons t ruc to rs  i n  o b t a i n i n g  j u r i s d i c t i o n  over such work, t h e y  were 

s e l e c t e d  as t h e  b a s i s  f o r  p r o d u c t i v i t y  and l a b o r  r a t e s  f o r  t h e  

i n s t a l l  a t  i o n  c o s t  es t ima tes .  

Equipment r e n t a l  r a t e s  used i n  t h e  p r e p a r a t i o n  o f  t h i s  es t ima te  

were d e r i v e d  f r o m  t h e  "Rental  Rate B lue  Book f o r  C o n s t r u c t i o n  Equipment" 

(Reference 5 ) .  The r e n t a l  ra te ,  a r ?  used a l t hough  t h e  equipmerlt w i !  1 be 

owned by t h e  concen t ra to r  canpany. Ren ta l  r a t e s  r e f l e c t  t h e  c o n t r a c t o r ' s  

cos ts  o f  owning and m a i n t a i n i n g  t h e  va r i ous  p ieces  o f  equipment. Blue 



Book monthly est imates f o r  equipment r e n t a l  are based on a  r egu la r  s h i f t  

o f  8 hours per day, 40 hours per week, 176 hours per month, f o r  a  t o t a l  o f  

22 working days per 30 day per iod.  Hour ly  r e n t a l  r a t e s  used i n  t h i s  cost  

er t imace were a r r i v e d  a t  by us ing  t h e  Blue Book monthly r e n t a l ,  d i v ided  by 

176 hours, p l us  operat  i ng and mai ntenance costs.  

The cos t  sumnary breakdown f o r  the i n s t a l l a t i o n  tasks i s  shown i n  

Table 5-1. The t o t a l  cost  shown f o r  i n s t a l l a t i o n  

concent ra tor  (19898). The f o l l o w i n g  sec t ions  w i  1  

greater  det a i  1  . 
5.1 SITE PREPARATION 

The s i t e  p repara t ion  task addresses survey 

i s  85,730 per 

discuss t he  plans i n  

ng, c l e a r i n g  o f  brush, 

and p repara t ion  o f  t h e  t o p s o i l  f o r  founda t ion  i n s t a l l  a t ion .  The t o t a l  

cost  f o r  s i t e  p repara t ion  i s  $1762 per concer i t rator (1980s). The s i t e  

p repara t ion  costs and t h e  scope o f  work proposed by Newbery were compared 

t o  actua l  s i t e  p repara t ion  costs f o r  cons t ruc t i on  jobs i n  which Acurex i s  

a c t i v e l y  involved. The est imated costs are cons is ten t  w i t h  those jobs.  

This est imate was a lso compared t o  a  JPL study on s i t e  p repara t ion  costs 

f o r  so l a r  t h e m a i  power p l an t s  (Reference 6 ) .  The cost  est imated f o r  t he  

Advanced Concentrator ($9170/acre, 1980s) f a1 1 s  w i  t n i  n  the lower p a r t  o f  

t h e  range o f  t h e  s tudy 's  est imated costs,  which va r i ed  f rom $8,000 t o  

$62,175 per acre (19798).  

The de ta i l ed  cost  est imates suppl ied by Newbery f o r  1  abor, 

equipment, and m a t e r i a l s  f o r  s i t e  preparat ion,  a long w i t h  t h e  d e t a i l s  on 

the  assumptions used i n  prepar i ng them, are presented i n  Appendix A. 

5.2 FOUNDATION INSTALLATION 

The foundat ion i n s t a l l a t i o n  task covers the i n s t a l l a t i o n  o f  the 

cast - in-p lace re i n fo r ced  concrete p i e r s  f o r  the  t r ack  and pedestal .  The 



Table 5-1. I n s t a l l a t i o n  Cost Sumnary 

(per concent ra tor  @ 105 u n i t s l y r ,  11 m aperture,  1980s) 

7108 S i t e  p repara t ion  - 
7200 Foundation i ns ta l 1  a t i  on - 
7300 S i t e  assembly - 

Mater i  a1 Labor 

$ 754 

1283 

840 

$2874 

Equipment Tot a1 



a c t i v i t i e s  covered are d r i l l i n g  o f  t he  holes, p l a c i n g  o f  t h e  rebar  cages, 

and pour ing of the concrete. The t o t a l  cos t  f o r  the foundat ions i s  

est imated t o  be $2870 per concent ra tor  or  $590 per cub ic  ya rd  (cyd) o f  

concrete (1980s). This compares t o  actua l  costs f o r  Acurex so la r  

i n s t a l l a t i o n s  w i t h  re in fo rced  c a s t - i  n-pl  ace concrete p i e r s  o f  $400/cyd and 

$605/cyd (Cool i dge, Arizona i r r i g a t i o n  system and Sherman, Texas 

i ndus t r i  a1 process heat system, r espec t i ve l y ,  i n  19808). The Advanced 

Concentrator costs occur i n  the  h igher  p a r t  of the  range due t o  the  

arrangemsnt o f  t he  p i e r s ,  i .e., t h e  12  p i e r s  f o r  t h e  t r ack  arranged i n  a 

c i r c l e  w i t h  the  3 p i e r s  f o r  the  pedestal  i n  the  center .  The c i r c u l a r  

arraqgement adds t o  t he  cost by r e q u i r i n g  more t ime f o r  accurate l o c a t i n g  

of the p i e r s  and d i f f i c u l t y  o f  access f o r  r e p o s i t i o n i n g  o f  i n s t a l l a t i o n  

equipment. Large au tana t i c  equipment Has considered bu t  f o r  i n s t a l l a t i o n s  

o f  100 u n i t s  per f i e l d ,  the equipment would have t o  be moved o f t e n  and the 

setup and teardown expenses outweigh the  cost  bene f i t s .  

The d e t a i l e d  cost  est imates f o r  the foundat ion i n s t a l l  a t i o n  are 

p rov i  ded i n Appendix B. 

5.3 SITE ASSEMBLY 

The s i t e  assemblj task covers the mounting o f  the a i rsh ipped 

s t r u c t u r a l  elements t o  t h e  foundat ions,  us ing he1 i cop te r s  f o r  movement o f  

components a t  the  s i t e ,  and the  f i n a l  hookup o f  d r i ves  and con t ro l  

components. Receiver/power conversion i n s t a l l a t i o n  i s  not p a r t  o f  the  

concentrator i n s t a l l a t i o n .  

Newbery, which has experience i n  t ransmiss ion tower e r e c t i o n  us ing 

he l i cop te rs ,  developed t he  d e t a i l e d  cost  est imates f o r  these tasks, which 

are shown i n  Appendix C.  The t o t a l  cost  i s  $1098 per concentrator (19808). 

Th is  inc ludes 36 hours o f  f i e l d  labor  over a  pe r i od  o f  t ime o f  6.5 hours. 



The f i e l d  assembly procedure f o r  t h e  concen t ra to r  i s  as f o l l o w s :  

The t h r e e  elements o f  t h e  concent ra tor ,  t r a c k  assembly, 

pedesta l ,  and concen t ra to r  assembly would be a i r s h i p p e d  t o  the  

s i t e  and p laced i n  a  laydown area 

The t r a c k  w i t h  cha in  assembly mounted i s  c w r i e d  t o  t h e  

f o u n d a t i o n  by a smal l  he1 i c o p t e r ,  landed on the  f o u n d a t i o n  

b o l t s ,  and t i g h t e n e d  down 

The pedesta l ,  w i t h  t h e  azimuth bear ing  and c o n t r o l  boxes 

mounted, i s  c a r r i e d  by t h e  same smal l  h e l i c o p t e r  and mounted i n  

the same manner 

The concent ra tor  assembly, compr is ing the  remainder o f  the  

concent ra tor ,  i s  mounted i n  t h e  same manner, t o  t h e  azimuth 

b e z r i  ng, by a  1  arger c a p a c i t y  he1 i c o p t e r  (8500 pounds) 

The d r i v e s  are a l ready mounted t o  t h e  concent ra tor  assembly. 

However, t h e  e l e v a t i o n  ac tua to r  s h a f t ,  which i s  not mounted i n  

t h e  f a c t o r y  due t o  c learance problems when sh ipp ing  i n  t h e  

stowed p o s i t i o n ,  must be a t tached i n  the f i e l d  and t h e  azimuth 

d r i v e  cha in  p laced on t h e  d r i v e  sprockets  and t i gh tened .  

The counterweights dre l i f t e d  i n t o  p lace and at tached 

The c o n t r o l s  are connected f rom t h e  pedestal  t o  t h e  

concen t ra to r  assembly and t o  the  f i e l d  w i r i n g  t o  complete the 

s i t e  assembly 

The concent ra tor  i s  f u n c t i o n a l l y  checked 



SECTION 6 

OPERATIONS AND MAINTENANCE 

This sec t i on  discusses the requirements and costs f o r  opera t ing  and 

ma in ta i n i ng  the  concentrator.  The analys is  i s  based on costs  unique t o  

the concentrator;  t h a t  i s ,  costs  f o r  mai ntsnance o f  roads, s i t e ,  and other  

f i e l d  r e l a t e d  items are not included. 

The est imated annual costs f o r  opera t ion  and mai ntenance o f  a  

s i ng l e  concent ra tor  are sumnarized be: ow: 

Operat i  on 

Scheduled mai ntenance 

Unscheduled mai ntenance 

Cost per year (19808) 

8  8  

159 

3 2 

To ta l  $199 per concentrator 

per year 

The corresponding costs  per 100 u n i t  f i e l d  and per u n i t  aper ture area are: 

a Cost (19808) per 100 u n i t  f i e l d  -- $199,000 per f i e l d  per year 

2 2 Cost (19808) per m aper ture area -- $2.09 per m per year 

6.; OPERATIONS 

Operat ing costs  are l i m i t e d  t o  p a r a s i t i c  e l e c t r i c  power 

requirements. Table 6-1 describes t h e  p a r a s i t i c  power, annual hours o f  

opera t ion  and t o t a l  annual energy use. 



Table  6-1. P a r a s i t i c  Energy Requirements 

The annual hours of o p e r a t i o n  f o r  t h e  azirntith and e l e v a t i o n  d r i v e s  

were developed as f o l l o w s :  

a A l l  motors s teppe r - t ype  ( s t a r t  and r u n  c u r r e n t s  equa l )  

Azimuth 

r 130' average t r a v e l  t r a c k i n g  per  day 

r 180' t r a v e l  r e t u r n i  ng t o  morn i  ng p o s i t i o n  per  day 

r 300 days o p e r a t i  on pe r  year 

r 20 percent  o t h e r  use f a c t o r  ( f o r  c l ean ing ,  maintenance) 

r 10' per mi n  slew r a t e  

E l e v a t i o n  

Pa ras i  t i c  Power Use 

r Azimuth d r i v e  
motor  (1 /5  hp)  

r E l e v a t i o n  d r i v e  
motor  (1 hp)  

15' d i s h  r o t a t i o n  a t  wake-up 

90' average r o t a t  i o n  t r a c k i  ng 

15' t o  r e t i r e  each day 

300 days of o p e r a t i o n  per  day 

60 stow c y c l e s  per  year  (due t o  c louds,  h i g h  w inds)  

6- 2 

Annual Energy Use 
( kW-h r l y r )  

32 .4  

70.5 

Power 
(kW) 

0.15 

0.75 

I 

O p e r a t i o n  
( h r s  /yr ) 

21 6 

94 



a 180' t o t a l  t r a v e l  pe r  r t o w  c y c l e  

a 20 percent  o the r  use f a c t o r  ( f o r  c lean ing,  maintenance) 

a l o o p e r  m i n s l w  r a t e  

Based on t h e  above assunptions, the  azimuth d r i v e  operates f o r  216 

hours per year and t h e  e l e v a t i o n  d r i v e  operates f o r  9 4  hours per  year. 

The annual c o s t  o f  p a r a s i t i c  poder i s  $7.64 per  year based on a 

present  d e l i v e r e d  e l e c t r i c  energy cos t  o f  $0.04 per  kW-hr and a y e a r l y  

consumption o f  191 kW-hr . 
6.2 SCHEDULED MAINTENANCE 

Scheduled mai ntenance i s  performed t o  mai n t a i  n performance and 

prevent  f a i l u r e  o f  t h e  concent ra tor .  The elements of t h e  scheduled 

mai ntenance p l a n  are presented i n Table 6-2. The es t imates o f  1 abor, 

m a t e r i a l ,  and f requency of scheduled mai ntenance opera t ions  are based on 

component d u t y  cyc 1 es , vendor i nformat i on, and Acurex exper ience . A 

loaded labor  r a t e  o f  $16 per hour was assumed. 

The annual and 5-year scheduled maintenance costs  were es t imated a t  

$153 per  year and $32 per every 5 years  f o r  an average annual scheduled 

maintenance cos t  o f  $159 per year (19808). The r e f l e c t i v e  panel c l e a n i n g  

cos t  i s  t h e  major scheduled maintenance cost  element. The development o f  

the  r e f l e c t i v e  panel c l e a n i n g  cos t  es t imate  i s  presented below. 

R e f l e c t i v e  Panel Cleaning Costs 

Two types o f  c l e a n i n g  a c t i v i t i e s  are  r e q u i r e d  f o r  t h e  

concent ra tor .  Regul a r l y  scheduled opera t ions  are r e q u i r e d  t o  remove 

normal dust  accumulation. Unscheduled c l e a n i  ng i s  r e q u i r e d  i n t h e  event 

o f  muddy r a i n s  ( 1  i g h t  r a i n  on a dus ty  s u r f  ace) which cause an imnediate 

and s i g n i f i c a n t  l o s s  i n  su r face  r e f l e c t a n c e .  For the  purpose o f  t h i s  cos t  

assessment, unscheduled c l e a n i n g  i s  r e p o r t e d  i n  t h e  scheduled maintenance 





cost breakdown element, because the  two types o f  c lean ing  are i n t e r a c t i v e  

( f o r  example, both use t h e  same c leaning equipment and an unscheduled 

c leaning rep1 aces a  scheduled c leaning) .  

The annual cost o f  unscheduled and scheduled c!eaning o f  t he  

r e f l e c t i v e  panels i s  dependent on the frequency o f  c lean ing  and the  number 

o f  f i e l d s  served by a  s i ng le  se t  of c lean ing equipment. The optimum 

c lean i  ng frequency and sets  o f  c lean i  qg equipment per f i e l  d  were 

determined by an economic t r ade -o f f  between t h e  f ou r  app l i cab le  cost  

e l  ernents , namely: 

a Cost c f  c lean i  ng 1 abor and ma te r i a l  

a Amortized cost  of equipment 

a Cost o f  energy loss due t o  o r d i  nary dust blri ldup re f l ec tance  

degradat ion 

a Cost o f  energy loss  due t o  muddy r a i  n  r e f l ec tance  degradat ion 

The development o f  each o f  these cost  items and t he  r e s u l t s  o f  t he  

economic t rade-o f f  are developed i n  the f o l l o w i n g  paragraphs. 

The cost f o r  l abor  and ma te r i a l s  t o  c lean  t h e  concentrator was 

estimated based on the r e s u l t s  o f  Sandia s tud ies (Reference 7 ) .  The 

Sandia r e s u l t s  were ex t rapo la ted  based on t he  concent ra tor  r e f l e c t i v e  

2 surface area (approximately 1200 f t  ) .  

The recomnended c leaning procedure i s :  

0 Fog on a  deionized ( D I )  water/detergent 40 : l  mix  ( 3  ga l  D l  

water and 0.075 gal  detergent per concent ra tor )  

a Allow detergent mix t o  thoroughly  wet sur face 

0 Rinse w i t h  h igh  pressure power spray D I  water (15 ga l  01 water 

per concent ra tor )  



The m a t e r i a l  and labor  cos ts  per concent ra tor  c l e a n i n g  a re  sumnarized i n  

Table 6-3. Autm~ated  c lean ing  equipment w i l l  be used a l l o w i n g  t h e  

c l e a n i  ng o p e r a t i  on t o  be performed by one man. 

A t  a  c lean ing  r a t e  o f  16 minutes per concent ra tor ,  : '10 u n i t  f i e l d  

can be se rv i ced  i n approximately 2 i  worki  ng hours. Wi th  t h e  cons i  c ierat ion 

o f  f i e l d - t o - f i e l d  t ransmi t ,  one s e t  o f  c lean ing  equipment can s e r v i c e  one 

100 u n i t  f i e l d  i n  approximately 1 elspsed t ime  week. 

The cost  o f  1  

$5.20 (1980%). 

The c lean ing  

storage tank:, f o r  D I  

abor and m a t e r i a l s  per c lean ing  per concent ra tor  i s  

equipment w i  11 be s e l f  -powered and mobi 1  e, have 

'water  and detergent mix, and a  movable extens ion arm 

w i t h  spray heads at tached. The est imated i n i t i a l  cos t  o f  the  c lean ing  

system equipment i s  $60,000 w i t h  a  10 year 1  i f e .  Operat ions and 

maintenance costs  f o r  the equipmen: w i l  l be $4,000 per year.  The annual 

equipment cost  based on c a p i t a l  recovery f a c t o r  o f  0.149 i s :  

a Cap i ta l  investment recovery  ($60,000 x  0.149) = $ 8,940 

a Operat i  ons and mai ntenance = 4,000 

a Year ly  amortized equipment cost  = $12,940 

a Year ly  amortized equipnent cost  per = $129.40 

concent ra tor  f o r  a  100 u n i t  f i e l d  se rv i ced  

by a  dedicated se t  of c lean ing  equipment 

Studies a t  Sandi a  (Reference 8) have developed a c o r r e l a t i o n  

between average r e f l e c t a n c e  loss  and c lean ing  frequency. Th is  data i s  

presented i n F igu re  6 -1  as average loss o f  r e f l e c t a n c e  versus c l e a n i  ng 

cyc le .  

Sandia r e p o r t s  t h a t  a  muddy r a i n  ( l i g h t  r a i n  on dust  accumulation) 

w i l l  cause an imnediate 40 percent degradat ion o f  r e f l e c t i v i t y  and w i l l  



Tab le  6-3. Cost p e r  C lean ing  p e r  Concen t ra to r  
(@ l o 5  u n i t s l y r ,  11 m aper ture ,  19801) 

M a t e r i a l  -- 
e Deion ized water  

18 gdl @ S0.01/gal 

e Detergent  
0.075 g a l  @ f101gal  

T o t a l  . l a t e r  i a l  c o s t  

so. 18  

SO. 75 

S0.93 lc lean i  ng/ 
c o n c e n t r a t o r  

Labor T i  me 

e Spray de te rgen t  m i x  2 m i n  

e Detergent  m ix  dwe l l  t ime  + m i n  

e Rinse 6 m i n  

e Equipment t r a n s i t  and se t -up  1% mi n  

Time sub to t  a ?  10 mi n  

e 20% f a c t o r - t m k  f i l l i n g ,  i n t e r f i e l d  t r a n s i t  2 m i n  

0 75% f i e l d  l a b o r  e f f i c i e n c y  -- 4 m i n  

Time t o t a l  16 m i n  

I T o t a l  Labor Cost = (16/60 h o t i r ) ( $ 1 6 l h o u r )  = 14.27/cleaningiconcentrator ' 

/ T o t a l  Labor + M a t e r i  a1 Cost  = S5.201cleani n g l c o n ~ e n t r a t o r  I 
I 

1 man o p e r a t i o n  
loaded l a b o r  r a t e  f l 6 / h o u r  



F i g u r e  6-1. Loss o f  Average R e f l e c t a n c e  ve r sus  Time 

6-8 

1.0 1.25 1.50 
Cledninc; cyc l c  (months) 



occur about t h ree  t imes a  year. I t was assumed t h a t  concent ra tors  would 

be cleaned on a  24 hour per day bas is  i n  response t o  a  muddy r a i n .  

P r e l  i m i  nary performance and economic analyses u s i  ng nomi nal  va l  ues 

p lace a  cost  of energy f rom the rece iver /generator  a t  approximately $4400 

per concentrator per year. The cos t  of l o s i n g  one percent i n  r e f l ec tance  

on an average annual bas is  i s  t he re fo re  $44 per concent ra tor  per year. 

The economic t r ade -o f f  f o r  f i n d i n g  t h e  optimum c  

and number o f  f i e l d s  served by a  s i n g l e  set  o f  c lean ing  

minimize t he  y e a r l y  cost  o f  c lean ing r e f l e c t i v e  panels 

Table 6-4. 

Cledning per iods o f  one h a l f  month t o  two months 

l ean i  ng frequency 

equipment t o  

i s  presented i n  

(concent ra tor  

c lean ing  frequencies o f  6 t o  24 t imes per year)  were inves t iga ted .  For 

any choice of c lean ing per iod,  t he re  e x i s t s  a  maximum l i m i t  on t h ?  number 

o f  f i e l d s  which can be r e a u l a r l y  serv iced by a  s i n g l e  set  o f  c lean ing 

equipment. For a  c lean ing pe r i od  of once per month a  maximum o f  f ou r  100 

u n i t  f i e l d s  can be serv iced by a  s i ng le  se t  o f  c lean ing  equipment. Cases 

where less than the maximum number o f  f i e  

c lean ing  equipment were a1 so i nves t i ga ted  

case i n  the mat r i x  were developed. 

Ids  are serv iced by one set  o f  

. The cost  o f  c lean ing f o r  each 

The y e a r l y  cost  o f  c lean ing labor  and ma te r i a l  i s  $5.20 times the 

t o t a l  number o f  c leanings per year. Since one unscheduled c leaning w i l l  

rep lace one scheduled cleaning, the  t o t a l  number o f  c lean ings per year i s  

12 d i v i ded  by the  c leaning pe r i od  i n  months. 

The amortized y e a r l y  cost  o f  equipment i s  s imply  $129.40 d i v i ded  by 

t h e  number o f  100 u n i t  f i e l d s  serv iced by a  s i n g l e  se t  o f  c lean ing 

equ i p e n t .  





The y e a r l y  cos t  o f  t h e  energy l o s s  f rom o r d i n a r y  dust  b u i l d u p  i s  

the average r e f l e c t a n c e  over t h e  c lean ing  p e r i o d  (see F i g u r e  6-1) t imes 

t h e  cos t  o f  energy ($44 percerrt re f l ec tance  l o s s  per  concen t ra to r  pe r  

year 

The y e a r l y  cos t  ( c )  of the energy l o s t  f rom muddy r e i n  i s  the  

average response t ime ( t ) ,  which i s  a  f u n c t i o n  o f  t h e  number o f  100 u n i t  

f i e l d s  se rv i ced  by a  s i n g l e  s e t  o f  c lean ing  equipment (n) ,  t imes t h e  

y e a r l y  cos t  (K) of t h e  40 percent  re f l ec tance  l o s s  p e r  concen t ra to r .  The 

a p p l i c a b l e  r e l a t i o n s h i p s  are as f o l l o w s :  

t = 
100(conc/ f  -- i e l d )  x 16(mi n lconc) x n ( f  i e l d s )  Boo n(mi n) 

2 

C = 0.56 n(days) x 4.81($/conc/dayj 
x 3(occur rences/yr )  = 8.08 x n ( $ / c o n c l y r )  

The r e s u l t s  o f  t h i s  economic t r a d e - o f f  show t h a t  a  c lean ing  p e r i o d  

o f  one month and 4 f i e l d s  se rv i ced  per  s e t  o f  c l e a n i n g  equipment produce 

the minimum t o t a l  cos t  o f  r e f l e c t i v e  panel c l e a n i n g  i n c l u d i n g  the  cost  o f  

energy loss  due t o  r e f l e c t a n c e  degradation. Other impor tant  r e s u l t s  from 

t h i s  t r a d e - o f f  are as f o l l o w s :  

e The c l e a n i n g  cos t  i s  not s t r o n g l y  dependoti. on the  c lean ing  

p e r i  ?d w i t h i n  t h e  range o f  0.5 t o  1.5 months 

e A t  any c l e a n i n g  p e r i o d  above 1 month, t h e  minimum c l e a ~ i  ng cos t  

i s  ob ta ined  w i t h  f o u r  100 u n i t  f i e l d s  be ing  s e r v i c e d  by a  

s i  ng le  s e t  of c l  eani  ng eaui  pment 

W i t h i n  t h e  c lean ing  p e r i o d  range o f  0.5 t o  1.5 months, t h e  

cleaning cos t  i s  not s t r o n g l y  dependent on the  number of f i e l d s  

se rv i ced  by a  s i n g l e  s e t  o f  c lean ing  equipment 



The c l e a n i n g  approach f o r  t h e  r e f l e c t i v e  panels i s  t h e r e f o r e :  

0 Imnediate response t o  muddy r a i n s  

0 Scheduled c l e a n i n g  once pe r  month 

0 Each unscheduled c l e a n i n g  w i l l  r ep lace  one scheduled c lean ing  

0 One s e t  of c l e a n i n g  equipnent se rv i ces  f o r  .every f o u r  f i e l d s  o f  

100 concen t ra to rs  each 

0 A t o t a l  of 12 c l e a n i  ngs a  year .  

The annual c lean ing  cos t  breakdown f o r  a  s i n g l e  concen t ra to r  i s :  

Component - Cos t / c lean i  ng Cos t l yea r  - 

Labor $4 .?7 $51.24 

M a t e r i  a1 s  $0.93 $11.16 

Equ i pment SL. 70 532.35 

T o t a l  $7.90 $94.75 

6 . 3  UNSCHEDULED MAINTENANCE 

The unscheduled maintenance p l a n  se lec ted  f o r  the concent ra tor  i s  

t h e  repa i r -upon- f  a i l u r e  approach. No p e r i o d i c  r e p l  acement of components 

i s  performed and they  a re  o n l y  r e p l  aced upon f a i l u r e  o r  imi nent f a i l u r e  

as detec ted through p e r i o d i c  i nspect ion 

A p r e l i m i n a r y  economic a n a l y s i s  i n d i c a t e d  t h a t  t h e r e  was a  cos t  

advantage t o  t h e  r e p a i  r -upon-f  a i  1  u r e  approach due t o  two mai n  f a c t o r s .  

The use o f  h igh  r e l i a b i l i t y ,  l ong  l i f e  components i n  a  low d u t y  c y c l e  

manner means t h e i r  f a i l u r e  r a t e  w i l l  be ve ry  low over t h e  nominal 30 yea-  

l i f e  of the concent ra tor .  Also, because o f  f i e l d  m o d u l a r i t y ,  t he  cost  

i m p l i c a t i o n s  r e l a t i v e  t o  f i e l d  performance or damage due t o  any s i n g l e  

oncen t ra to r  f a i l u r e  are smal l .  



Average f a i l u r e  r a tes  of t h e  cmponents over t h e  l i f e  o f  t he  

concent ra tor  are needed t o  est imate the  costs f o r  r e p a i r  and replacement. 

and r e l a t e d  Acurex 

est imated f o r  a 30 

Based on component duty  cycles,  vendor i nf  ormati on, 

experience, the averace r e p l  acement r a t e s  have beer, 

year concent ra tor  1 i f e .  

The est imated component r e p l  acement f requenc 

and equi p e n t  costs,  and annual unscheduled mai n ten 

ies ,  labor ,  ma te r i a l ,  

ance costs  are 

presented i n Table 6-5. The t o t a l  annual i zed unscheduled mai ntenance cost  

i s  $32 per concentrator per year.  

Note t h a t  the t o t a l  annual cost  of unscheduled maintenance under 

t he  r e p a i r  upon f a i l u r e  approach i s  low. A doubl ing i n  expected f a i l u r e  

r a t e s  would r e s u l t  i n  a cost  increase of on l y  $32 per concent ra tor  per 

year. 





SECTION 7  

COST SCALING 

Re1 a t  i o n s h i p s  as a  f u n c t ' o n  o f  a 2 e r t u r e  d i  m e t e r ,  p r o d u c t i o n  r a t e  

and r e c e i  ver/power conve rs ion  package wei gh t  were developed t o  s c a l e  t h e  

c; 
d e t a i l e d  cos t  es t ima tes  ( a t  11 meter  d iameter ,  10" u n i t s  per  year r a t e  

and 1350 kg r e c e i v e r  per  power conve rs ion  we igh t ) .  S p e c i f i c a l l y ,  t h e  c o s t  

f o r  t he  concen t ra to r  was t o  be es t ima ted  a t :  

0 Aper ture  d iameters of 5, 10, 11, 15 me te rs  

3 
0 P r o d u c t i o n  r a t e s  of 10.. l o3 ,  l o4 ,  l o5 ,  and l o 6  u n i t s  

per yea r  

0 Receiver lpower ~ o n v e r s i  on package we ights  as 1  i s t e d  i n 

Tab le  7 - 1  f o r  t h e  var ious a p e r t u r e  d iameters 

7.1 OVERALL SCAL ING RESULTS 

The combined e f f e c t s  o f  ape r tu re  d i a ~ e t e r  and p r o d u c t i o n  r a t e  

v a r ~ a t i o n s  are shown i n  F i g u r e  7-1. These r e s u l t s  show t h a t  t h e  11 meter  

d iameter  i s  t h e  optirnurr ape r tu re  s i z e  f o r  t h i s  p a r t i c u l a r  des ign  c o ~ c e p t .  

Other des ign  concepts,  i .e.,  d i f f e r e n t  f o u n d a t i o n  o r  counterwe ight  

approaches may b,- most cos t  e f f e c t i v e  a t  o t h e r  a p e r t u r e  d iameters.  Th i s  

f i g u r e  q u a n t i f i e s  t h e  economies o f  s c a l e  r e a l i z e d  a t  h i g h  p r o d u c t i o n  r a t e s .  

The e f f e c t  of rece i ve r l power  conve rs ion  we'ght v a r i a t i o n s  i s  t o  

change t h e  m o u n t  o f  s t e e l  and conc re te  r e q u i r e d  f o r  t h e  concen t ra to r .  A 



Table  7-1. Recei ver/Power Convers ion  Package P h y s i c a l  P r o p e r t i e s  
f o r  Var ious  Concen t ra to r  Ape r tu re  Diameters 

Concen t ra to r  
Aper t u re  

Diameter  D (m) 

Package D m .  
D ia .  x Length  

(cm) 

"ack age 
Mass 
( k g )  

Center o f  
Mass f r o m  

Foca l  P o i n t  
(cm) 





50 percent  decrease i n  r e c e i  ver/power conve rs ion  we igh ts  r e s u l t s  i t! a  

4 percent  decrease i n  concen t ra to r  c o s t  a t  an 11 meter  a p e r t u r e  d iameter  

5 and 10 u n i t s / y e a r  p r o d u c t i o n  r a t e .  A 100 pe rcen t  i n c r s a s e  i n  we ight  

r e s u l t s  i n  a  7.5 p ~ r c e n t  i nc rease  i n  cos ts .  

7.2 APERTURE DIAMETER SCALING 

The des ign  o f  t h e  concen t ra to r  was eva lua ted  a t  each of t h e  

a p e r t u r e  d'amete;s o f  i n t e r e s t  t o  determi  ne weights,  s i zes ,  o r  o the r  

f i g u r e s  o f  m e r i t  f o r  t h e  c o s t  elements o f  t he  concen t ra to r .  Components 

and subsystems were r e s i z e d  as requ i red ,  bu t  no des ign  changes were 

a l lowed.  To account f o r  the  cascading e f f e c t  o f  changes i n  component 

weights,  t h e  des ign  a t  each a p e r t u r e  d iameter  was e v a l u a t e d  s e r i a l l y ,  t h a t  

i s  i t  was eva lua ted  i t ;  t h e  same o rde r  i n  which l oads  cascade th rough t h e  

concen t ra to r .  The order  o f  e v a l u a t i o n  was 

1. R e f l e c t i v e  pane ls  

2. S t r u c t u r e  

3. D r i v e s  

4. E l e c t r i c a l  and c o n t r o l  

5. Foundat ions 

The d e t a i l e d  c o s t i n g  wds used t o  develop c o s t  f a c t o r s  t o  be a p p l i e d  

t o  t h e  f i g u r e s  o f  m e r i t  f rom t h e  des ign  e v a l u a t i o n .  For  example, t h e  cos t  

per pound o f  s t r u c t u r e  was a p p l i e d  t o  t h e  s t r u c t u r e  we ights  a t  each o f  t he  

a p e r t u r e  d i  m e t e r s  t o  e s t i m a t e  t h e  s t r u c t u r e  cos ts .  T h i s  approach was 

used f o r  t he  p roduc t i on ,  sh ipp ing ,  and i n s t a l l a t i o n  c o s t s .  

7.3 PRODUCTION RATE SCALING 

V a r i a t i o n s  i n  cos ts  w i t h  changes i n  p r o d u c t i o n  r a t e  were addressed 

v i a  a p p l i c a t i o n  o f  a  t y p i c a l  exponen t i a l  c o s t  e q u a t i o n  which descr ibes  t h e  



v a r i a t i o n  i n  c o s t  as a  f u n c t i o n  o f  p r o d u c t i o n  r a t e  and a  f a c t o r  which 

r e f l e c t s  t h e  t y p e  o f  c o s t  b e i n g  sca led .  The c o s t  e q u a t i o n  i s  as f o l l o w s  

- l o g  n 
Y Cost a t  X pe r  y e a r  = (Cost  a t  Y p e r  year ) (p)  105 2 

where n i s  t h e  f a c t o r  f o r  t h e  p a r t i c u l a r  t y p e  o f  c o s t  . (O < n c  1). 

For m a t e r i a l  c o s t s  f o r  p r o d u c t i o n  and i n s t a l l a t i o n  a  95 pe rcen t  

f a c t o r  was used. 

r a t e  da ta  ga thered 

c o s t i n g .  

P r o d u c t i o n  

h i s  f a c t o r  was v a l i d a t e d  by a c t u a l  c o s t  vs. p r o d u c t i o n  

f o r  some concen t ra to r  components d u r i  ng t h e  d e t a i l e d  

abor, equipment, and overhead expenses were sca led  

u s i n g  an 85 pe rcen t  c o s t  f a c t o r .  T h i s  produces a  g r e a t e r  v a r i a t i o n  i n  

cos ts  t h a n  t h e  95 pe rcen t  f a c t o r  and r e f l e c t s  t h e  g r e a t e r  impact  which 

p r o d u c t i o n  r a t e  changes have on l a b o r ,  equipment, and f a c i l i t y  

e f f i c i e n c y .  The use of t h i s  f a c t o r  f o r  these cos ts  i s  comparable t o  t h e  

v a r i a t i o n  shown f o r  t h e r e  same types of c o s t s  i n  t h e  General Motors 

he1 i o s t a t  cos t  a n a l y s i s  conducted f o r  SERI (Reference 9 ) .  

Sh ipp ing  and i n s t a l l a t i o n  cos ts  he re  m o d i f i e d  u s i n g  a  95 pe rcen t  

f a c t o r  as p r o d u c t i o n  r a t e  changes have a  l e s s e r  e f f e c t  on t h e i r  

a p p l i c a t i o n  e f f i c i e n c y .  

7.4 RECEIVER/POWER CONVERSION WEIGHT SCALING 

The v a r i  a t i  on i n  r e c e i  ver ipower convers ion  package we ight  was 

assessed by e v a l u a t i n g  t h e  changes i n  t h e  11 meter- a p e r t u r e  d iameter  

des ign  and c o s t s  a t  t h e  10' u n i t s  e r  year  p r o d u c t i o n  r a t e  as t h e  weight  

was v a r i e d  f r o m  1350 kg t o  b o t h  675 kg  and 2700 kg w i t h  t h e  p h y s i c a l  

parameters l i s t e d  i n  Tab le  7-1. The r e s u l t s  o f  t h i s  assessment are as 

f o l l o w s :  



T o t a l  
Rece ive r  I n s t a l l e d  Pe rcen t  

Weight (kq) Costs (1980 $1 Change 

The e f f e c t  of r e c e i  ver/power conve rs ion  we igh t  changes would be 

d im in i shed  as t h e  p r o d u c t i o n  r a t s  decreases f r o m  t h e  10' u n i t  per  year 

r a t e ,  s i  nce t h e  concen t ra to r  cos ts  becunes l e s s  m a t e r i  a! i n t e n s i v e  a t  

lower p r o d u c t i  OR r a t e s .  

As a p e r t u r e  d iameter  changes, s t r u c t u r e  c o s t s  change a t  a  f a s t e r  

ra';e t h a n  t o t a l  cos ts ;  however, conc re te  c o s t s  change a t  a  s lower  r a t e  

than  t o t a l  cob t .  The net e f f e c t  due t o  r e c r  ;ver/power conve rs ion  w e i ~ h t  

v a r i  a t i  sns a t  d i f f e r e n t  a ~ e r - t  ~r d i  aineters i s  t h e r e f  o re  expected t o  be 



SECTION P 

RECOMNENDAT IONS 

Since the  p r e l i m i  nary  des ign  i s  b u t  w e  i t e r a t i o n  i n  t h e  e v o l u t i o n  

o f  t h e  Advanced So la r  Concent ra tor  system, t h e  cos t  a ~ i a l y s i s  p resented i n 

t h i s  r e p o r t  shou ld  bc viewed as an i n d i c a t i o n  o f  where e f f o r t  shou ld  be 

expended t o  achieve cos t  r e d u c t i o n s  r a t h e r  t h a n  ss p r o v i d i n g  abso lu te  and 

nonchangi ng values.  Uver t h e  course o f  t h e  des ign  and c o s t  a n a l y s i s  

e f f o r t s ,  seve ra l  p o i e n t i  a1 c a s t  r e d u c t  ;on areas have been i d e n t i f i e d .  

These areas are c a i e g o r i z e d  and are  d iscussed as f o l l o w s :  

0 S p e c i f i c a t i o  . k :qu'rer,ients -- wind l o a d  s p e c i f i c a t i o n s  

0 Redesign -- wide base carouse l  rnount l foundat ion  and 

-cunterwe i  $t a s s m S ? y  

e M a t e r i a i s  1 e c h n ~ l q . y  -- t u i  l s i z e  m o n o l i t h i c  cel1u:ar  g lass  

s u b s t r a t e  and l a r g e ,  h i g h  s t r e n g t h  ternperable sheet  g lass  

o Foundat i  ?n I n s t a l l  a t i o n  T e c h n o l o u  -- automated :e\.hniques f o r  

b o r i n g  holes,  p i  acement o f  t h e  r e b a r  and c rncrc - te  p c w i n g  

S p e c ; f i c a t i a n  Requirements 

Since o p e r a t i n g  and s u r v i v a l  wind loads are  m a j w  d r i i 3 r s  i n  t h e  

des ign  o f  v i r t u a l l y  a l l  cmponents  o f  t h e  concen t ra to r .  t h e ? r  s p e c i f i e d  

va lues  must be c r i t i c a l l y  eva lua ted  t o  de termi  rie tr,; appropr ia teness  of 

t h e  r e q u i r e m e ~ t  The p r e l  i m i  ?ary  des ign  o f  thi-: i ' ~ a n ~ e 3  Lcnrerlt; a t o r  i s  

based on meet ing  t h e  o p e r a t i o n a l  performance spec i f  i c s t f  or, ~i 51 kd 



thermal  through a 22 c n  diameter r e c e i v e r  aper tu re  w i t h  an 845 y/mZ 

d i r e c t  normal i f i s o l a t i o n  under a 50 km per hour wind a t  t h e  wors t  angle o f  

a t tack .  S u r v i v a l  s p e c i f i c a t i o n  requirements are a wind speed o f  80 km per 

hour a t  t h e  worst  angle o f  a t t a c k  ( w h i l e  s lew ing  t o  stow) and a 120 km per 

hour wind speed i n  t h e  ztowed p o s i t i o n .  

A b r i e f  rev iew o f  n a t i o n a l  wind speed s t a t i s t i c s  i n d i c a t e s  t h a t  

speeds of 50 km per hour are t y p i c a l l y  met o r  exceeded l e s s  than  0.5 

percent  o f  t h e  hours i n  a year. Account ing f o r  t h e  f i n i t e  p r o b a b i l i t y  

t h a t  t k e  wind vector  w i l l  be near the worst  case ang ls  c f  a t t a c k  and t h e  

f a c t  t h a t  l e s s  t h ~ l  30 percent  o f  t h e  annual h o w s  t y p i c a l l y  have 

i n s o l a t i o n  l e v e l s  s c f f i c i e n t  f o r  c c l l e c t o r  system operat ion,  y i e l d s  an 

ex t remely  1 ow prc '  7 i t y  o f  -2ncountering t h e  s p e c i f i e d  opera t iona l  debign 

c o r d i t i n n s .  

For the Advanced Concentrator  p r e l  i m i  nary design, the  o p e r a t i  ng 

wind s p e c i f i c a t i o n  mpacted l i t t l e  more t h a n  t h e  f i n a l  d i s h  diameter.  

Th is  i s  due t o  the  f a c t  t h a t  the s lew-to-stow su rv  

concent ra tor  i n  t h e  worst  angle o f  a t t a c k  p o s i t i o n  

and d r i v e  design. Again, the p r o b a b i l i t y  o f  exper 

i s  low. The p r o b a b i l i t y  i s  f u r t h e r  reduced by t h e  

i v a l  wind speed w i t L  +he 

governed t h e  s t r u c t u r e  

i e n c i n g  such a c o n d i t i o n  

f a c t  t h a t  a stow 

cornand i s  g iven a t  a wind speed o f  50 km per hour. 

Should t h e  80 km per hour s p e c i f i c a t i o n  be re laxed ,  t h e  120 km per 

e the  dominant l o a d  f o r  much of 

i nd screen fences i n  t h e  1 ayout 

t h i s  requirement t o  a l so  be 

hour stowed s u r v i  \.a1 wind speed may becon 

t h e  concent ra tor .  The i n c o r p o r a t i c ?  s f  w 

o f  c o l l  ec to r  s y s t e m  may reasonably a1 1 ow 

reduced. 



Any r e d u c t i o n  i n  component weight  due t o  decreased d e s i g r  wind 

loads has the  a d d i t i o n a l  cascadi  ng b e n e f i t  o f  reduc i  ng dead loads on o the r  

concen t ra to r  components. 

Concept Redesiqn 

Two areas o f  the  Advanced Solar  Concentrator  p ~ e l i m i  nary  des ign 

which c o u l d  p o t e n t i a l l y  be s i g n i f i c a n t l y  improved through redes ign  were 

i d e n t i f i e d .  The f i r s t  area i s  the  two-ax is  t r a c k i n g  mount and f o u n d ~ t i o n  

design, and t h e  second i s  t h e  d r i v e  system counterbalance scheme. 

Whi le  a wide base per imeter  d r i v e  approach a l lows t h e  use o f  

low-cost  c h a i n  and sprocket  azimuth d r i v e  components and prov ides a  

l i g h t - w e i g h t  mount s t r u c t u r e ,  i t  r e q u i r e s  a s i g n i f i c a n t  amount o f  on s i t e  

l a b o r  and equipment t o  i n s t a l l  t h e  foundat ions and assemble t h e  

concent ra tor .  A more m a t e r i a l  i n t e n s i v e  des ign us ing  a  s i n g l e  l a r g e  

diameter suppor t  pedestal  w i t h  a  t u r r e t  azimuth d r i v e  prov ides t h e  

p o t e n t i a ;  f o r  a l cwer  i n s t a l l e d  system cos t .  The b e n e f i t s  o f  reduced s i t e  

p r e p a r a t i o n  requirements and reduced f i e l d  equipment and l a b o r  cos ts  more 

than  o f f s e t  t h e  a d d i t i o n a l  p r o d u c t i o n  c a t s  f o r  t b '  heav ier  pedesta l  and 

d r i  ve components. 

The use o f  counterweights t o  reduce elevation d r i v e  component loads 

. . : j e l i e v e d  L, have a  negat ive  cos t  impact. While p a r a s i t i c  o p e r a t i n g  

power can be reduced through the  use o f  the counterweights,  gl 2d design 

p r a c t i c e  r e q u i r e s  t h a t  t h e  d r i v e  components be s i zed  t o  w i ths tand  des;av 

l o a d  c o n d i t i o n  w i t h  no counterweights i n  p lace.  Th is  w i l l  prevent the 

c a t a s t r o p h i c  f a i l u r e  mode o f  cascading s t r u c t u r a l  f a i l u r e s  due t o  t h e  l o s s  

of a  counterweight  through a  separate component f a i l u r e .  Only s t a t i c  

e s t r a i n t  capabi ~ i t y  i s  requ i red ,  bu t  t h e  aggregate e f f e c t  o f  reduc ing  

, i v e  ~ o t o r  requirements and p a r a s i t i -  o p e r s t i n g  power cos ts  i s  more than 



outweighed by t h e  a d d i t i o n a l  cos ts  of t he  counterwe ights  and t h e i r  o n - s i t e  

i n s t a l l a t i o n .  

A r e e v a l u a t i o n  o f  t he  p r e l i m i  nary  des ign  t o  i n c o r p o r a t e  these  

des ign  changes c o u l d  p o t e n t i a l l y  o f f e r  a  s i g n i f i c a n t  r e d u c t i o n  i n  t h e  

i n s t a l l e d  c o s t  of the concen t ra to r .  

M a t e r i a l s  T e c h n o l r ~ ~  -- 
The key eiement o f  t h e  Advanced Concent ra tor  i s  c l e a r l y  t h e  

c e l l u l a r  g l  ass lmi  r r o r  g l a s s  r e f l e c t i v e  gores. The ase o f  t hese  ; a r g e l y  

s e l f  s u p p o r t i  ng pane ls  has a l lowed a  s i g n i f i c a n t  r e d u c t i o n  i n  t h e  we igh t  

and hence c o s t  o f  t h e  s u p p o r t i n g  s t r u c t u r e .  The mass p r o d x t i o n  cos t  o f  

t h e  r e f l e c t i v e  pane ls  account f o r  42 percen t  o f  t h e  t o t a l  f a c t o r y  

concen t ra to r  c o s t .  Two areas o f  m a t e r i a l  t e c h n o l o ~ y  development have t h e  

p o t e n t i a l  f o r  reduc ing  t h i s  c o s t  element. These are  s t r u c t u r a l  c e l l u l a r  

g lass  deve1ctpmer.t and h i g h  s t r e n g t h ,  l argc sheet ,  t h i n  m i r r o r  g lass  

deve1 opment . 
Due t o  c u r r e n t  manu fac tu r i ng  l i i i ~ i t a t i o n s ,  t h e  c e l l u l a r  g lass  

m z t e r i a ?  i s  l i m i t e d  t o  24 inches x 18 inches x 4 i nches m o n o l i t h i c  

b locks .  I n  o rde r  t o  o b t a i n  t h e  f u l l  s i z e  co re  b lank  r e q u i r e d  f o r  a  

r e f l e c t i v e  pane l ,  7.5 b l o c k s  must f i r s t  be zdhes i ve l y  bonded. The 

development o f  a  f u l l  s i z e  m o n o l i t h i c  c o r e  b l a n '  c o u l d  e l i m ' n a t e  t h i s  

f a b r i c a t i o n  s'ep the reby  r e d u c i n g  l a b o r  and t o o l i n g .  The development o f  

f a b r i c a t i o n  techn iques p l l o w i  ng h o t  sagging, p ress  f o r m i n g  o r  foar t i  ng t o  

shape c o u l d  e l  im i  na te  t h e  c u r r e n t l y  p lanned contour  g r i n d i n g  o p e r a t i o n .  

Higher s t r e n g t h  c e l l u l a r  g lass  o r  t h e  development o f  c o n t r o l  1  a b l e  

d e n s i f i e d  f a c e  s k i n s  c o u l d  s i g n i f i c a n t l y  improve t n e  s t r u c t u r a l  e f f i c i e r c y  

of +.he gore ck . j n  thereby  a l l o w i n g  reduced we ight  w i t h  i t s  b e n e f i c i a l  

cascading e r f  e c t  on t h e  balance o f  t h e  concen t ra to r .  



The sheet g lass development area holds promise f o r  reduc ing costs  

through t he  f a b r i c a t i o n  o f  l a rge  h igh  s i r e n g t h  temperable glass sheets. 

The cur ren t  gore design i s  const ra ined t o  a maximum w id th  o f  approxima:ely 

33 inches. Th is  l i m i t a t i o n  i s  due t o  t he  combinat ion o f  memu,-ane and 

bending stresses due t o  t he  compound panel curvature.  Higher s t r eng th  

glass would a l low the use of wider panels thereby reduc ing the  number o f  

attachment po i  nts and t h e  r e s u l t i n g  suppor t ing s t r uc tu re ,  number o f  

i n d i v i d u a l  a l ig rment  operat ions and number o f  components t o  be 

inven to r ied .  The development of t h i  nner m i r r o r  g lass sheets would a lso  

a l low s l i g h t l y  increased gore wid ths due t o  reduced bending stresses, bu t  

t h e  i ncreased handl ing d i f f i c u l t y  may not warrant t h e  same degree o f  

mphas is  as the h igh s t r eng th  glass should rece ive.  

Foundation I m t a l  l a t i o n  Technology 

Foundation i n s t a l l  at  i o n  labor  cost ,  which i s  a s i g n i f i c a n t  p o r t i o n  

o f  t h e  t o t a l  i n s t a l l e d  concentrator cost ,  can be d rama t i ca l l y  reduced 

through the use of automated :2 i  nforced concrete founda t ion  i n s t a l  1 a t i o n  

equipment. The increased cost of  equipment, assuming e f f e c t i v e  

u t i l i z a t i o n  and t r a n s p o r t a t i o n  between so la r  system f i e l d s ,  can be low on 

a per u n i t  bas is  a t  very h igh p roduc t ion  ra tes .  E f f e c t i v e  equipment 

u t i l i z a t i o n  requ i res  i n s t a l l a t i o n s  g r e a t l y  exceeding the  109 u n i t s  per 

f i e l d  assuned f o r  purposes of t h i s  study. 

The aut.omated equi w e n t  would consi s t  of easi  1 y moved motor i  zed 

p la t fo rms  which d r i l l  t h e  holes, p lace preconst ructed rebhr cages i n  the  

ho les and pour the concrete. For e f f e c t i v e  u t i  1 i z a t i o n ,  the  equipment 

would have t o  i n s t a l l  mcmy fourda t ions  per day. 

I t  i s  recornended t h a t  JPL consider each o f  these f a c t o r s  i n  t h e i r  

c o n t i  nui ng developrent o f  advanced po i  n t  focus ing  so l  ar co .at-ratcrs. 
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APPENDIX A 

D E T A I L E D  S I T E  PREPARATION COST ESTIMATES 



S i t e  P r e p a r a t i o n  Assumptions 

0 Assumed t e r r a i n  t o  be f l a t ,  w i t h o u t  r a v i n e s  o r  h i l l s ,  w i t h  

l i g h t  b rush  cover  

Assumed d u s t  and n o i s e  abatement o rd inance i s  i n  e f f e c t  

Assumed s o i l  c o n d i t i o n s  t o  be "sandy loam,! a damp m i x t u r e  

c o n s i s t i n g  o f  f i n e  sand and s i l t  w i t h  c l a y  p a r t i c ' - s  not 

exceedi  ng 25 pe rcen t  

0 Es t ima te  i s  based on t h e  concen t ra to r  f i e l d  area of 880 f e e t  x  

880 f e e t  and a p l a n t  laydown, assembly and s to rage  area o f  

250 f e e t  x  250 f e e t  

0 Topso i l  s t r i p p i n g ,  s t o c k p i l i n g ,  r e p l a c i n g  and compact ion i s  

based on a c u t t i n g  Q p t h  o r  f i l l  f r o m  o r i g i n a l  ground and 

f i  nished grade e l e v a t i o n  o f  1.0 f o o t  f o r  t h e  concen t ra to r  f i e l d  

and 0.25 f o o t  f o r  t h e  p l a n t  area 

0 Measurement o f  volume f o r  e a r t h  work i s  b a s m  on bank measure 

q u a n t i t i e s  except  f o r  l o a d i n g  and h a u l i n g  t o  d i sposa l  o f  

non-usable and excess m a t e r i a l s  which have a 35 pe rcen t  s w e l l  

f a c t o r  

0 Cut, f i l l  and compact ion l e n g t h  o f  hau l  i s  based on  maximum 

average o f  1000 f e e t  and r e t u r n  o f  s t o c k p i l e d  mater  i a l s  a t  

50 pe rcen t  f o r  b lade and com?action. A l l  m a t e r i a l s  a re  assumed 

t o  be a v a i l a b l e  w i t h i n  t h e  s i t e  and aggregates w i l l  not have t o  

be hau led i n. 

0 No al lowance has been made f o r  s w w  removal,  dewa te r i  ng o r  

i nclemerrt weather delays,  nor has dumping f e e s  o r  p e r m i t s  been 

i n c l  uded 

PRECEDING PAGE EWSiF NOT %a<! , . 



0 I t  is  assuned t h a t  the grading contractor will complete the 

f i e l d  in  quarter i ncrements t o  allow for i ns'all a t  ion of 

foundations 

Production i s  based on the 50 mi rmte hour formula fo r  1 abor and 

equipnient 



Site Preparation Installat ion Labor - 
(100 concentrators/f ield,  11 m aperture, 1980s) 

Project manager 

Layout engi neer 

Rod & chairman 

Grade checker 

Scraper operators 

Activity 

I 

Grader operator 

Dozer operator 

Roll er/compac tor 
operator 

Wheel loader 
operator 

Mechanic/servi ce 

Water truck 
dr i ver 

Dump truck 
Or i vpr  

Laborers 

Time 
required 

(hrs l f ie ld)  

Subtotal ! ! 3392.00 18 i 33.92 1 21.15 717.39, 
job expense @ 0.051% i 36.59 I i 

Men 

I 

I 

Tot a1 s ' 3392.00 18 33.92 
i 

__i 
I 

22.23 : 753.96 j i 

Manhoursl 5 per f per 
required conc 

i 
manhour I cGnc 



S i t e  P r e p a r a t i o n  I n s t a l l a t i o n  M a t e r i a l  
7 

(100 c o n c e n t r a t o r s / f  i e l d ,  11 m aper ture ,  1980%) 

A c t i v i t y  

Grade s takes - f l  ags- 
streaniers & misce l laneous 

UTILITIES 

Con t rac to rs  p l  ant 

Q u a n t i t y  
- 

2.5 mos 

M o b i l i z a t i o n /  
derobi  1  i za t  i on 
move i n - o u t  
con t rac ted  cos ts  i 9 loads 
- __IC 

Tot a1 s 

f per  u n i t  ' 
S per  
f i e l d  

165.00 

412.5C 

$ per 
conc 

1.65 

4 13 



Si te  Preparatian Ins ta l la t ion Equipment 

(100 concentrators/fi eld, 11 m aperture, 1980s) 

1 

Off ice t r a i l e r  1 

Pickup truck 1 

Fuel & service truck 1 

/ Surveyor's vehicle 1 
i ! 

I 
i 1 1 ~ ~ ~ r n ~ ~ ~ ~ ~ r a d e r -  i 1 1 1 

I 

I 
Elevati ng scrapers 1 3  , 

i 

I D-8 dozer 
I 

1 
I I 

- 

Time 
required 

unit , $ per unit $ per cr  nc 

2.5 mos 

10.0 wks 

18.0 days 

40.0 hrs 

80.0 hrs 

320.0 hrs 

840.0 hrs 

264.0 hrs 
I 

I 
264.0 hrs I 15.40/hr , I 4C.66 I Roll er/compac tor 

I 
1 I 

1 Water truck 1 I ; 280.0 hrs 
1 / Dump trucks 1 2 80.0 hrr 

! 
Subtotal I 

1 
1 935.97 1 I i I I 
i 47.73 i 

I Total 



APPENDIX 6 

DETAILED FOUNDATION INSTALLAT!ON 

COST ESTIMATES 



Foundation i n s t a l l a t i o n  Labor Costs 

(100 concen t ra to r s / f i e l d ,  11 m aperture,  1980s) 

A c t i v i t y  

Foreman 

Journeyman 

Groundnan 

Crane 
oper a t  or  

Equipment 
operator 

J/L we1 der 

Subtotal  
Job expense @ 0.051% 

Tot a1 

f per cyd 262.28 
- 

Men 
requ i r ed  

1 

1 

2 

1 

1 

1 

Yanhours 
per conc 

14.00 

10.83 

16.94 

3.75 

3.00 

6.00 

$ per  
manhour $ per conc 



Found; t i o n  I n s t a l  l a t i o n  Ma te r i a l  Costs 

(per concent ra tor  @ 100 concen t ra to rs / f  ield,  11 m aperture, 1980%) 

A c t i v i t y  

Aggregates f o r  base 

10 f o o t  rebdr cage I---- / 17 f o o t  rebar cage 

6SK 3000 p s i  concrete 

Weldir~g rod  

To ta l  

$ per  cyd 

& s per 6ni.t 

I 
0.437lcyd I 8.451 cyd 

$ ?er conc -7 



Foundation Instal l a t ion  Equipment Costs 

(per concentrator @ 100 concentrators/field, 11 m aperture, 1980%) 

[ Vibrator 

Quantity 
(un i t s )  

1 

4 

$ per hr 
per unit 

Time 
required 
per unit 

( hrs 1 

6.70 

6.70 

Crane 

We1 der 

Subtot a1 
Job expense @ 0.051% 

to t  a1 

$ per cyd 

- -- - 

$ per conc 

1 

1 

3.75 

6.00 



APPENDIX C 

DETAILED S ITE  ASSEMBLY COST ESTIMATES 



S I T E  ASSEMBLY COST ESTIMATES 

(per  concentrator a t  100 concen t ra to r s l f  i e l d ,  11 rn aperture, 19808) 

Track - 
Labor - 

11 man-hours a t  823 per  hour 

Equipment 
A i r  comwessor. toraue wrenches 
2 hours' a t  87.51 hour 

Pedestal 

Labor - 
6.5 man-hours 

Equipment 
A i r  compressor, torque wrenches 
1 hour 

S t ruc tu re  

Dr ives 

Labor - 
6 man-hours 

Equipment 
A i r  compressor, torque wrenches 
1 hour 

Labor 
4 man-hours 

Equipment 
A i r  cornwessor. toraue wrenches 
0.5 hour 



Counterweiqhts 

i abo r  
7 man-hours 

-lift 
1 hour a t  $21 per  hour 

E l e c t r i c a l  and Control  

Labor 
7 man-hours 

Equipment 
2 man hand auaer 
2 hours a t  $0:85/hour 

Mate r ia l s  
( F o r g r o u n d  rod enc lusure)  

Clay p i p e  (8 "  x 4 ' )  w i t h  s t e e l  cover ( 2 )  
Aggregat eslsand 

Checkout -- 
Labor - 

2 man-hours 

A i r  Crane 
F a c k  ( 8  min ea.) 
-(1500 l b  capac i ty  he l i cop te r  a t  $153 per hour)  

Pedestal ( 5  min each) 
-0 l b  capac i ty  he l i cop te r  a t  $150 per hour! 

Concentrator Assembly (10 min each)  - 
(8500 I b  capac i t y  he l i cop te r  a t  8850 per  hour)  

l o t a l  S i t e  Assemby Cost 




