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FOREWORD 

This  r e p o r t  was prepared f o r  t he  Of f i ce  of Water Research and Tech- 

nology, U.S. Department of t he  I n t e r i o r .  The P r o j e c t  Manager was Melvin 

E. Mattson, whose guidance and support  is g r a t e f u l l y  acknowledged. 

The c a p i t a l ,  ope ra t ion ,  and maintenance c o s t s  p re sen ted  i n  t h i s  re- 

p o r t  f o r  t he  membrane processes  were compiled by T. J. Larson Assoc ia t e s  

under c o n t r a c t  w i t h  t h e  Nuclear D iv i s ion  of Union Carbide Corporation. 

Corresponding d a t a  f o r  t he  s e c t i o n  on d i s t i l l a t i o n  systems was compiled by 

M r .  Gordon L e i t n e r  of L e i t n e r  and Assoc ia t e s ,  Inc. 

During t h e  course of t h i s  study, i npu t  was r ece ived  from a number of 

equipment manufacturers ,  c o n s u l t a n t s ,  and a r c h i t e c t  and engineer ing (A&E) 

f i rms.  The h e l p f u l  a s s i s t a n c e  provided by a l l  who con t r ibu ted  t o  t h i s  

r e p o r t  i s  g r a t e f u l l y  acknowledged. We wish t o  e s p e c i a l l y  acknowledge the  

h e l p  of W i l l i a m  E. Katz, I o n i c s ,  Inc. ,  who a s s i s t e d  i n  opt imizing t h e  

e l e c t r o d i a l y s i s  equipment f lowsheets  for t r e a t i n g  t h e  v a r i o u s  feedwaters  

d i scussed  i n  Sect .  3.5  of t h i s  r e p o r t .  

A l l  of us i n  t h e  d e s a l t i n g  community were stunned and saddened by the  

untimely dea th  of Ted Larson on December 24, 1981. We who had the  good 

f o r t u n e  t o  know and work w i t h  Ted w i l l  always remember him f o r  h i s  numer- 

ous c o n t r i b u t i o n s  t o  t h e  advancement of membrane d e s a l i n a t i o n  technology. 
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DESALTING SEAWATER AND BRACKISH WATERS: 
1981 COST UPDATE 

S. A. Reed 

ABSTRACT 

Th i s  i s  the  f o u r t h  i n  a s e r i e s  of d e s a l t i n g  c o s t  update 
r e p o r t s .  Cost d a t a  a r e  r epor t ed  f o r  d e s a l t i n g  seawater  by 
va r ious  d i s t i l l a t i o n  systems and by r eve r se  osmosis. Costs of 
d e s a l t i n g  f o u r  b rack i sh  waters ,  r e p r e s e n t a t i v e  of those found 
i n  the  United S t a t e s  by both  reverse  osmosis and e l e c t r o d i a l y -  
s i s  a r e  a l s o  given. Cost d a t a  a r e  presented  pa rame t r i ca l ly  a s  
a func t ion  of energy c o s t  and p l a n t  s i ze .  

c reased  by 40% during t h e  p a s t  two yea r s ,  whi le  d e s a l t i n g  by 
r eve r se  osmosis has  increased  by about 36% dur ing  t h e  same 
per iod.  Brackish water  d e s a l t i n g  by r eve r se  osmosis has  only 
increased  by about 12%, and b rack i sh  water  d e s a l t i n g  by e lec-  
t r o d i a l y s i s  i s  up by 40%. Again, the  cont inued inc rease  i n  
energy c o s t s  has  had a major impact on a l l  d e s a l i n a t i o n  sys- 
tems. 

The cos t  of d e s a l t i n g  seawater  by d i s t i l l a t i o n  has  in- 

1. [INTRODUCTION AND SUMMARY 

1.1 I n t  roduc t ion  

Approximately two y e a r s  ago, f o u r  y e a r s  ago, and a l s o  s i x  y e a r s  ago, 

cos t  d a t a  were obtained from U.S. manufacturers  of d e s a l t i n g  equipment. 

These d a t a  were used t o  e s t ima te  the  c o s t  of conversion of seawater by 

commercial d i s t i l l a t i o n  and r eve r se  osmosis systems; and brackish  waters  

by r eve r se  osmosis and e l e c t r o d i a l y s i s  systems. The f i r s t  study was pub- 

l i s h e d  i n  January 1976 a s  an Oak Ridge Nat iona l  Laboratory Report, ORNLJTM- 

5070 (Rev.).  The second r e p o r t ,  ORNL/Th-5926, which updated the  f i r s t  was 

publ i shed  i n  November 1977. The t h i r d ,  ORNL/TM-6912, which was the  second 

update,  was publ ished i n  August 1979. 

This  r epor t  updates ORNL/TM-6912 by e s t ima t ing  product water  c o s t s  

based upon second q u a r t e r  1981 i n s t a l l e d  equipment c o s t s ,  a l e v e l  f ixed  

charge r a t e ,  and energy and s i t e  development c o s t s  which a re  c u r r e n t .  The 
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water c o s t s  f o r  a l l  p rocesses  inc lude  a l l  s i t e  development c o s t s ,  i n t a k e s  

and o u t f a l l s ,  e t c .  Each c o s t  element i s  considered s e p a r a t e l y  and t h e  

assumptions a r e  given so t h a t  t h e  r eade r  may make t h e  a p p r o p r i a t e  ad jus t -  

ments t o  r e l a t e  t h e  c o s t s  p re sen ted  t o  h i s  or her  p a r t i c u l a r  case.  

1.2 Summary 

The c o s t  da t a  given i n  t h e  p r i o r  r e p o r t s  r e f l e c t e d  t h e  r a p i d  in- 

c r e a s e s  in t h e  c o s t  of f u e l  and t h e  marked e s c a l a t i o n  i n  equipment c o s t s  

and i n t e r e s t  r a t e s  on borrowed c a p i t a l  during t h e  1970s. The t r e n d  of 

i n c r e a s i n g  c o s t s  continued i n  most a r e a s  during t h e  p a s t  two y e a r s ,  a s  

r e f l e c t e d  i n  t h i s  c u r r e n t  r e p o r t .  

The c o s t  of c i v i l  works and switchgear  has  continued t o  r i s e  a t  7 t o  

9% p e r  yea r ,  and o v e r a l l  p l a n t  equipment c o s t s  f o r  d i s t i l l a t i o n  systems 

have inc reased  a t  an annual r a t e  of about 12%. It i s  i n t e r e s t i n g  t o  note  

t h a t  t h e  c o s t  of r eve r se  osmosis equipment has  remained r e l a t i v e l y  con- 

s t a n t  during 1979 and 1980, p r i m a r i l y  due t o  inc reased  competit ion.  Th i s  

c o s t  s t a b i l i t y ,  however, has been more than  o f f s e t  by a doubling of t h e  

e l e c t r i c a l  energy c o s t s ,  and i n  t h e  case of seawater r e v e r s e  osmosis, a 

doubling i n  t h e  membrane replacement c o s t ,  a s  w e l l .  Cap i t a l  c o s t s  f o r  

e l e c t r o d i a l y s i s  systems have inc reased  about 12% p e r  y e a r ,  and o p e r a t i o n  

and maintenance c o s t s  a r e  up 50% or more due p r i m a r i l y  t o  a doubling i n  

e l e c t r i c a l  energy c o s t s .  

The n e t  r e s u l t  of t h e  above i tems i s  t h a t  t he  c o s t  of d e s a l t i n g  sea- 

water by d i s t i l l a t i o n  h a s  i n c r e a s e d  by 40% during t h e  p a s t  two y e a r s ,  

while  d e s a l t i n g  by r eve r se  osmosis has  inc reased  by about 36% dur ing  t h e  

same per iod.  Brackish water  d e s a l t i n g  by r eve r se  osmosis has  only in- 

c r eased  by about 12%, and b rack i sh  water  d e s a l t i n g  by e l e c t r o d i a l y s i s  i s  

up by 40%. 
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2. BASIS FOR COST ESTIMATES 

2.1 F i n a n c i a l  Parameters 

A l l  c o s t  e s t i m a t e s  a r e  based upon second q u a r t e r  1981 d o l l a r s .  U t i l -  

i t y  f inanc ing ,  w i th  a p l a n t  l i f e  expectancy of 30 y e a r s  was used. A lev- 

e l i z e d  f i x e d  charge r a t e  of 189b was used i n  a l l  c a l c u l a t i o n s .  A r a t e  of 

11% was used f o r  i n t e r e s t  during c o n s t r u c t i o n .  

2.2 C a v i t a l  Costs  

C a p i t a l  c o s t  e s t i m a t e s  exclude c e r t a i n  s i t e  s p e c i f i c  c o s t s ,  such a s  

those f o r  t h e  purchase of land and f o r  t h e  s t o r a g e  or d i s t r i b u t i o n  of t h e  

f i n a l  product wa te r  from the  system. Costs have been included f o r  s i t e  

development, t he  c i v i l  work a s s o c i a t e d  w i t h  the e s t ab l i shmen t  of w e l l  

f i e l d s  and b r i n e  d i s p o s a l  or the  i n s t a l l a t i o n  of i n t a k e s  and o u t f a l l s ,  a s  

r equ i r ed ,  and t h e  p r o v i s i o n  of the necessary e l e c t r i c a l  switchgear.  These 

c o s t s  w i l l  vary wi th  the  s i t e  s e l e c t e d ,  b u t  a r e  included h e r e  f o r  com- 

p l e t e n e s s .  The r e f e r e n c e  cases  a r e  based upon t h e  assumption t h a t  t h e  

system would be i n s t a l l e d  i n  a c o n t i n e n t a l  U.S. l o c a t i o n  a t  a s i t e  which 

does no t  have i n t a k e s ,  o u t f a l l s ,  o r  b r i n e  d i s p o s a l ,  and which r e q u i r e s  

some, bu t  not e x t e n s i v e  s i t e  development work. 

2.3 I n d i r e c t  C a v i t a l  Costs  

A s  noted above, an i n t e r e s t  r a t e  of 11% on c a p i t a l  has been assumed 

during t h e  c o n s t r u c t i o n  period. Working c a p i t a l  was assumed t o  be 5% of 

t h e  t o t a l  d i r e c t  c a p i t a l  c o s t .  A contingency and a r c h i t e c t  and engineer- 

ing (A&E) f e e  equal t o  16% of the  d i r e c t  and o t h e r  i n d i r e c t  c a p i t a l  c o s t s  

has a l s o  been included. These r a t e s  and f e e s  a r e  considered r e a l i s t i c  and 

a p p r o p r i a t e  f o r  c o n s t r u c t i o n  programs a t  t h i s  time. 

2.4 P l a n t  Load F a c t o r  

A p l a n t  load f a c t o r  of 85% has been assumed f o r  a l l  seawater systems, 

and 95% f o r  b rack i sh  water systems. These p l a n t  f a c t o r s  a r e  representa-  

t i v e  of today ' s state-of- the-ar t  . 
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2.5 Chemical Costs  

Chemical t r ea tmen t  c o s t s  were computed using u n i t  p r i c e s  shown i n  

Table A. 

It i s  recognized t h a t  t r ea tmen t  c o s t s  w i l l  vary wi th  feedwater char- 

a c t e r i s t i c s ,  t h e  p rocess  employed, and the  system recovery.  The t r ea tmen t  

c o s t s  l i s t e d  h e r e i n  a r e  based upon t h e  feedwater composition ana lyses  and 

r anges  i n d i c a t e d ,  and a r e  considered t o  be t y p i c a l .  

2.6 Enerav Costs  

For t h e  d i s t i l l a t i o n  systems, it was assumed t h a t  e l e c t r i c i t y  would 

be generated on-si te  u s ing  steam from b o i l e r s  f i r e d  w i t h  o i l ,  h igh sulphur  

coa l ,  l o w  sulphur  coa l ,  o r  nuc lea r  steam from a dual  purpose e l e c t r i c  

s t a t i o n .  Steam and e l e c t r i c  c o s t s  were based upon t h e  v a l u e s  shown i n  

Table B. ( A  f u r t h e r  breakdown of these c o s t s  i s  shown i n  Appendix B.) 
For the  membrane p l a n t s ,  i t  was assumed t h a t  o p e r a t i o n  would be based 

upon e l e c t r i c i t y  purchased from a u t i l i t y  a t  an  a n i n t e r r u p t a b l e  commercial 

r a t e  of 5d/kWh. Th i s  i s  an  average of the c u r r e n t  commercial r a t e s  i n  

a r e a s  where membrane p l a n t s  might f i n d  use i n  t h e  United S t a t e s .  

2.7 Labor Costs  

The c o s t s  of o p e r a t i n g  and maintenance l abor  a r e  based upon i n p u t  

from equipment s u p p l i e r s  and end u s e r s .  These c o s t s  a r e  r e p r e s e n t a t i v e  of 

t h e  c u r r e n t  p r a c t i c e  f o r  systems up t o  18,925 m3/d ( 5  MGD) i n  o p e r a t i o n  i n  

t h e  c o n t i n e n t a l  United S t a t e s .  

2.8 Membrane ReDlacement 

Membrane replacement c o s t s  f o r  e l e c t r o d i a l y s i s  systems a r e  based upon 

t h e  manufac tu re r ' s  p r i c e  f o r  membrane, and a membrane l i f e t i m e  of seven 

and one-ha1 f yea r s .  

Membrane replacement c o s t s  f o r  b r a c k i s h  water  r e v e r s e  osmosis systems 

a r e  based upon c u r r e n t  (second q u a r t e r  1981) q u a n t i t y  p r i c i n g ,  and an  



5 

Table A. Chemical c o s t s  

Unit  c o s t  

$/kg $ / l b  
Chem i ca 1 

Anti f oam 2.31 1.05 
Sulphuric a c i d  (100%) 0.53 0.24 
Polyphosphate 3.98 1.81 
Sodium hexametaphosphate 0.70 0.32 
Pot a s  s i u m  pe rmangana t e 1.43 0.65 
Caust ic  (NaOH) 0.46 0.21 
Sodium s u l f i t e  0.13 0.06 
Chlorine 0.30 0.14 

Table B. Energy c o s t s  

Fuel c o s t  E l e c t r i c  c o s t  
m i l  s/kWh Steam c o n d i t i o n s  and c o s t  

O i l  - $5.50/106 Btu 
($32.00/bbl, 5.8 x l o 6  
Btu /bbl )  

Coal - $1.90/106 Btu 
(h igh  s u l f u r ,  12,900 
B t d l b  @ $45.00/ton) 

Coal - $2.30/106 Btu 
(low s u l f u r ,  8,040 
B t u / l b  @ $37.00/ton) 

Nuclear (1200 MW PWR) 
dual purpose 
($0.70/106 Btu) 

Prime, 538OC (10000F) 75.0 
$8.98/106 U ($8.50/106 Btu) 

129OC (265OF) - $2.43/106 kJ 
93OC (20O0F) - $1.54/106 U 

($5.40/106 Btu)  
Prime, 538OC - $5.70/106 Ua 53.4 

129OC - $1.53/106 U 
93OC - $0.98/106 U 

( $5.11/106 Btu)  
Prime, 538OC $5.40/106 Ua 53.2 

129OC - $1.47/106 U 
93OC - $0.92/106 kJ 

Prime, 274OC (525OF - 
$4.91/106 kJ ($4.65/106 Btu) 

129OC - $1.60/106 kJ 
93oc - $1.01/10' U 

49.3 

a Includes s t a c k  gas scrubbers. 
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assumed three-year l i f e t i m e ,  a l though t h e r e  i s  i n c r e a s i n g  evidence t h a t  

f ive-year l i f e t i m e s  can be achieved i n  w e l l  operated systems. 

Membrane replacement c o s t s  based on five-year l i f e  time f o r  seawater 

r e v e r s e  osmosis systems a r e  e s t ima ted  a t  c u r r e n t  p r i c i n g  f o r  Dupont B-10 

membrane replacement c o s t .  The Dupont B-10 was chosen a s  a s t anda rd  be- 

cause a t  t h i s  time it dominates t h e  market i n  the  s i z e  ranges of i n t e r -  

e s t .  

2 . 9  Svstem Costs  and ODeratina Costs 

System c o s t s  and o p e r a t i n g  c o s t s  were obtained by d i r e c t  c o n t a c t  w i th  

o r i g i n a l  equipment manufacturers ,  membrane s u p p l i e r s ,  c o n s u l t a n t s ,  t he  

U.S. Government, major A&E f i r m s ,  e t c .  A l l  r ecen t  r e f e r e n c e s  which dea l  

w i th  e i t h e r  c a p i t a l  or o p e r a t i n g  c o s t s  of any of t h e  t h r e e  p rocesses  were 

reviewed i n  d e t a i l  t o  ensu re  proper  cognizance was taken of each c o s t  

c o n t r i b u t i n g  f a c t o r .  
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3. DESALTING COSTS 

The fol lowing s e c t i o n s  p re sen t  the  cos t  of conversion of water  by 

d i s t i l l a t i o n ,  reverse  osmosis, and e l e c t r o d i a l y s i s .  The body of the  

r e p o r t  con ta ins  only a few f i g u r e s  showing the  r e s u l t s  of the  ana lys i s .  

Appendix A con ta ins  a s e r i e s  of t a b l e s  which provide d e t a i l s  of each 

cos t  con t r ibu t ing  item. 

3 .1  Seawater Desa l t ing  bv D i s t i l l a t i o n  

The cos t  of product water  a s  a func t ion  of p l a n t  s i z e  and type of 

f u e l  i s  presented  i n  Fig.  1 f o r  v e r t i c a l  tube evapora tors  (VTEs) and mul- 

t i s t a g e  f l a s h  evapora tors  (MSFs) using a c i d  feed  t rea tment .  For small  

p l a n t s ,  3785 m3/d (1 MGD), c o s t s  range from a h igh  of $2.35/m3 ($8.90/1000 

g a l )  using an MSF p l a n t  i n  combination wi th  an o i l - f i r e d  o r  coa l - f i red  

b o i l e r ,  t o  a low of $1.93/m3 ($7.31/1000 g a l )  using a VTE p l a n t  w i t h  coal-  

f i r e d  b o i l e r s .  A t  the  l a r g e s t  p l a n t  s i z e  considered,  378,500 m3/d (100 

MGD), product water  c o s t s  range from $1.45/m3 ($5.40/1000 g a l )  f o r  MSF 

p l a n t s  using an o i l - f i r e d  b o i l e r  and ac id  t r e a t e d  feed ,  down t o  a low of 

$1 . l l / m 3  ($4.18/1000 g a l )  f o r  VTE p l a n t s  using coa l - f i red  b o i l e r s .  

Water c o s t s  es t imated  f o r  small 3,785 t o  18,925 m3/d (1 t o  5 MGD) MSF 

p l a n t s  ope ra t ing  a t  lower temperature 88 t o  91OC (190 t o  195OF), using 

93OC (200OF) steam t o  the  b r i n e  h e a t e r  and th re sho ld  s c a l e  t rea tment ,  f o l -  

lowed a s i m i l a r  bu t  h igher  t rend.  The maximum c o s t  of water  i s  $2.66/m3 

($10.05/1000 g a l )  f o r  the 3785 m3/d (1 MGD) p l a n t  using o i l  a s  b o i l e r  

f u e l .  The lowest ca l cu la t ed  water  c o s t s  a r e  those f o r  the MED p l a n t s  

u t i l i z i n g  low temperature  steam and aluminum a l l o y  hea t  t r a n s f e r  sur face ;  

$1.82/m3 a t  3785 m3/d (1 MGD) t o  $1.15/m3 a t  37,850 m3/d (10 MGD) us ing  

subituminous coal-f i r e d  b o i l e r s  and $2 .03/m3 and $1 .31/m3 f o r  the same 

r e s p e c t i v e  s i z e s  when u t i l i z i n g  o i l - f i r e d  b o i l e r s .  

Seawater d i s t i l l a t i o n  c o s t s  a r e  shown i n  t h i s  r e p o r t  f o r  u n i t  capac- 

i t i e s  of from 1,890 m3/d (0.5 MGD) through 378,500 m3/d (100 MGD). Sev- 

e r a l  comments a r e  worthy of no te :  
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1. While t h i s  r e p o r t  i s  l i m i t e d  t o  c o s t s  of d i s t i l l a t i o n  p l a n t s  

b u i l t  and i n s t a l l e d  in t he  c o n t i n e n t a l  U.S., no d i s t i l l a t i o n  p l a n t s  w i t h i n  

t h e  s i z e  range covered by t h e  r e p o r t  have been b u i l t  and i n s t a l l e d  i n  t h e  

United S t a t e s  w i t h i n  t h e  p a s t  t e n  yea r s .  

s t a r t e d  up i n  t h e  V i r g i n  I s l a n d s  i n  1980 and 1981. These a r e  d i scussed  on 

t h e  fol lowing page. 

Three 4732 m3/d p l a n t s  were 

2 .  Because of t h e  almost t o t a l  absence of d i s t i l l a t i o n  p l a n t  bu i ld -  

ing a c t i v i t y  i n  t h e  United S t a t e s ,  t h i s  r e p o r t  n e c e s s a r i l y  draws upon d a t a  

from i n s t a l l a t i o n s  i n  o t h e r  p a r t s  of the world and from e s t i m a t e s  based on 

b e s t  a v a i l a b l e  information.  

3. Whereas m u l t i - e f f e c t  d i s t i l l a t i o n  (MED) p l a n t s  [VTE and horizon- 

t a l  tube m u l t i  e f f e c t  (HTME)I produce t h e  lowest c o s t  wa te r  u s ing  a dis-  

t i l l a t i o n  p rocess ,  i t  i s  s u r p r i s i n g  t o  note  t h e r e  have been very few of 

t hese  p l a n t s  b u i l t .  This  i s  no doubt i n  l a r g e  p a r t  due t o  t h e  predominant 

experience w i t h  MSF p l a n t s  and an o v e r a l l  r e l u c t a n c e  t o  b u i l d  a multi-  

m i l l i o n  d o l l a r  p l a n t  without  s i m i l a r  long term experience.  Perhaps due t o  

t h e  i n c r e a s i n g  competi t ion brought about by seawater r eve r se  osmosis, we 

can expect  t o  see  i n c r e a s i n g  development a c t i v i t y ,  using t h e  VTE or HTME 

process ,  e i t h e r  a lone or i n  combination w i t h  MSF i n  the  coming y e a r s .  

For t h i s  p r e s e n t  c o s t  update,  a curve has been added (Fig.  2 )  showing 

e s t ima ted  c a p i t a l  equipment c o s t s  v e r s u s  c a p a c i t y  f o r  d i s t i l l a t i o n  p l a n t s  

i n s t a l l e d  i n  a c o n t i n e n t a l  U.S. l o c a t i o n .  The c o s t s  a r e  f o r  p l a n t  equip- 

ment i nc lud ing  c i v i l  works and a l l  i n d i r e c t  c o s t s  such as  i n t e r e s t  and 

p r o j e c t  management. The need f o r  such a curve became apparent when a re- 

view of t h e  l i t e r a t u r e  r evea led  so l i t t l e  information on d i s t i l l a t i o n  

p l a n t  c a p i t a l  c o s t s .  Publ ished c o s t s  f o r  d i s t i l l a t i o n  p l a n t s  t h a t  have 

been b u i l t  a r e  o f t e n  no t  r e l e v a n t  (wi th  one except ion)  becanse they a r e  

f o r  p l a n t s  b u i l t  and i n s t a l l e d  o u t s i d e  the  United S t a t e s ,  and because they 

a r e  l i k e l y  t o  include c o s t s  f o r  such nonplant components a s  p i p e l i n e s ,  

r e s e r v o i r s ,  housing complexes, a u x i l i a r y  power p l a n t s ,  e tc .  

The curve (Fig.  2 )  was developed i n  l i e u  of merely adding i n f l a t i o n  

t o  t h e  c o s t  f i g u r e s  i n  the  previous r e p o r t s  because,  over the p a s t  s e v e r a l  
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yea r s  t h e r e  has  been an  i n c r e a s e  i n  t h e  t r u e  c o s t  of d i s t i l l a t i o n  p l a n t s .  

As noted by F. C. Woodl "...because of improved s p e c i f i c a t i o n s  and h ighe r  

performance r a t i o s ,  t h e  i n c r e a s e  ( i n  c o s t s )  i s  g r e a t e r  than those of capi- 

t a l  goods general ly . .  .I1 The "improved s p e c i f i c a t i o n s "  mainly c a l l  f o r  more 

ex tens ive  use of nonferrous m a t e r i a l s  such a s  t i t an ium,  copper/nickel ,  and 

s t a i n l e s s  s t e e l ,  a s  d i c t a t e d  by f i e l d  experience.  

Sources f o r  data  f o r  t h e  curve, i n  a d d i t i o n  t o  Ref. 1, include t h e  

f o l  1 owing : 

0 Reference 2 .  B i rke t  and Newton, provides  an e x c e l l e n t  summary of 68 

d i s t i l l a t i o n  p l a n t s  o p e r a t i n g  i n  25 l o c a t i o n s  which inc lude  d e t a i l s  

on h e a t  t r a n s f e r  su r f ace  f o r  each of t he  p l a n t s .  The amount of sur- 

f ace  i n  a MSF p l a n t  i s  r e l a t i v e l y  cons t an t  f o r  a given g a i n  r a t i o , *  

and t h e  cos t  per  pound i s  r e l a t i v e l y  unchanged w i t h  capaci ty .  By 

us ing  t h e  data  from t h i s  r e p o r t  and by using c u r r e n t  c o s t s  f o r  tub- 

ing, a l a r g e r  component f o r  c o s t s  could be f i x e d  f o r  each s i z e  of 

p l a n t  f o r  t he  g a i n  r a t i o  used i n  t h i s  r e p o r t .  

0 Reference 3 .  Hornburg and Jamjoon provide a breakdown of tender  

p r i c e s  f o r  a 2270 m3/d (600,000 GPD) MSF p l a n t ,  and t h i s  da t a  p o i n t  

c o r r e l a t e s  w i t h  Fig. 2 .  

0 Reference 4.  Hoffman provides  a t o t a l  i n s t a l l e d  p r i c e  f o r  t h r e e  4732 

m3/d h o r i z o n t a l  tubed, f a l l i n g  f i l m  m u l t i p l e  e f f e c t  d i s t i l l a t i o n  

(MED) p l a n t s .  The p l a n t s  u t i l i z e  l o w  p r e s s u r e  steam 0.24 MPa (38 

p s i )  in a thermocompressor. The r a t e d  g a i n  r a t i o  i s  10  t o  1. R e  

p o r t e d  c a p i t a l  c o s t s  a r e  approximately b1057/m3/d ($4 per  GPD). 

These p l a n t s  a r e  equipped wi th  aluminum condensers. The l i f e  of 

aluminum a l l o y  in t h i s  environment i s  y e t  t o  be demonstrated i n  t h e  

United S t a t e s .  The p o i n t  on t h e  cos t  curve i s  based on 90/10 Cu:ni 

a l l o y .  

*Gain r a t i o  ( o r  performance r a t i o ,  PR) = 0.43 kg product  water/MJ of 
steam used (1 lb/1000 B tu ) .  
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The MED process  employing aluminum a l l o y  h e a t  t r a n s f e r  tubing has  been 

developed under a ten-year J o i n t  United S t a t e s f I s r a e l  D e s a l i n a t i o n  Program 

which w i l l  culminate wi th  a t e s t  demonstrat ion of a 18,170 m3/d p l a n t  cur- 

r e n t l y  being cons t ruc t ed  a t  Ashdod, I s r a e l .  A s  noted above, I s r a e l  De- 

s a l i n a t i o n  Engineering, Ltd. has r e c e n t l y  brought on stream t h r e e  4732 

m3/d p l a n t s ,  based on t h i s  design,  i n  t h e  V i r g i n  I s l a n d s .  

To ta l  water  c o s t s ,  including c a p i t a l  c o s t s ,  a r e  shown i n  Appendix A 

(Tables  A-1 thr0ugh.A-4). These changes i n  c a p i t a l  c o s t s  t h a t  have oc- 

cu r red  s i n c e  the  1979 Cost Update r e s u l t  from the changes shown i n  Fig.  

2 ,  which include the e f f e c t  of i n f l a t i o n ,  and from the h ighe r  c u r r e n t  

r a t e s  of i n t e r e s t  during cons t ruc t ion .  

Energy c o s t s  have inc reased  a t  an a c c e l e r a t i n g  r a t e .  Since the  1979 

Cost Update, i nc rease  f o r  produced steam c o s t s  a r e  e s t ima ted  a s  fo l lows :  

Fuel 
(% i nc rease  i n  c o s t )  

B i  tum inous Sub-b ituminous Nuc 1 e a r  
coal coal  O i l  

Steam cond i t ions  
129OC (265OF) 234 152 

93OC (200OF) 
and 

156 187 

S i m i l a r l y  the  c o s t  of e l e c t r i c  power used i n  t h e  r e p o r t  has  inc reased  

about 55% s i n c e  the  1979 r e p o r t .  

The energy c o s t  f a c t o r  w i l l  have a profound impact on t h e  design of 

f u t u r e  d i s t i l l a t i o n  p l a n t s ,  most l i k e l y  l ead ing  t o  h ighe r  g a i n  r a t i o s  and 

more complicated and e l a b o r a t e  p rocess  schemes. 

3.2 Seawater Desa l t i nn  by Reverse Osmosis 

S i g n i f i c a n t  p rogres s  i n  t h e  d e s a l t i n g  of seawater by r eve r se  osmosis 

has been made s i n c e  the  l a s t  Cost Update was completed. Cur ren t ly ,  t h e r e  

a r e  -78,000 m31d (20 MGD) of capac i ty  e i t l e r  under c o n s t r u c t i o n  or i n  

ope ra t ion .  The l a r g e s t  systems include a 12,000 m31d (3.2 MGD) s p i r a l  

wound system i n  Jeddah, Saudi.Arabia;  a 12,000 m3/d (3.0 MGD) hollow f i n e  

f i b e r  system a t  Key West, F l o r i d a ;  and a 7,300 m3/d (1.9 MGD) hollow f i n e  

f i b e r  system i n  Venezuela. 
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Figures  3 ,  4 ,  and 5 have been prepared t o  show the  equipment cos t  

( e x c l u s i v e  of s i t e  c o s t s  o r  i n d i r e c t  c a p i t a l  c o s t s ) ,  t he  system o p e r a t i n g  

c o s t s  ( e x c l u s i v e  of t he  c a p i t a l  cha rge ) ,  and f i n a l l y  the water cos t  which 

inc ludes  a l l  of t he  va r ious  cos t s .  Figure 5 (Seawater Desal t ing by Re- 

ve r se  Osmosis) t hen  i s  d i r e c t l y  comparable t o  Fig.  1 (Seawater Desa l t i ng  

by D i s t i l l a t i o n ) .  

F igu re  3 shows t h a t  t he  c a p i t a l  equipment cos t  f o r  seawater r e v e r s e  

osmosis systems ranges from approximately $1450/m3/d ($5.4O/gpd) t o  $8001 

m3/d ($3.00/gpd) of i n s t a l l e d  capaci ty .  

equipment p r i c e s  i n  t h e  United S t a t e s ,  and do inc lude  i n s t a l l a t i o n . . . b u t  

do not  i nc lude  any o the r  s i t e  r e l a t e d  c o s t s .  It i s  worthy of note  t h a t  

except f o r  very small systems, the c a p i t a l  cos t  of seawater r eve r se  osmo- 

s i s  systems has  remained almost unchanged f o r  t he  p a s t  two yea r s .  A major 

c o n t r i b u t o r y  f a c t o r  t o  t h e  p r i c e  s t a b i l i t y  has been s t rong  p r i c e  competi- 

t i o n  among t h e  equipment supp l i e r s .  

These v a l u e s  a r e  based upon 

Figure 4 shows t h a t  t he  ope ra t ing  c o s t s  f o r  seawater r eve r se  osmosis 

systems vary from approximately $1 .45/m3 ($5.51/1000 g a l )  t o  $0 .85/m3 

($3.27/1000 g a l )  a c r o s s  t h e  s i z e  range of 380 m3/d (0.1 MGD) t o  19,000 

mf/d ( 5  MGD). It should be noted t h a t  t hese  ope ra t ing  c o s t s  a r e  based 

upon an  e l e c t r i c a l  energy usage of 1 0  kWhlm3 (38 kWh/lOOO g a l ) .  I f  

energy recovery were inco rpora t ed  i n t o  t h e  system, the  e l e c t r i c a l  usage 

would drop t o  no more than 5.3 kWh/m3 (20 kWh/1000 g a l ) .  A t  c u r r e n t  

p r i c i n g ,  t h i s  would r e s u l t  i n  a savings i n  ope ra t ing  c o s t  of b.24/m3 

( b . 9 0 / 1 0 0 0  g a l ) .  

ment cos t .  An a d d i t i o n a l  l i n e  has  been drawn on Fig. 4 t o  show the impact 

of energy recovery on systems of 3800 m3/d (1 MGD) o r  l a r g e r .  There i s  an  

i n c r e a s i n g  move among equipment s u p p l i e r s  t o  inco rpora t e  energy recovery 

dev ices  w i t h i n  l a r g e  r e v e r s e  osmosis systems t o  reduce water cos t s .  This  

i s  c l e a r l y  the  t r e n d  of t he  f u t u r e .  

This  savings i s  almost equal t o  the  membrane replace- 

It should be noted t h a t  the use of 1 0  kWh/m3 (38 kWh/lOOO g a l )  a s  

t h e  b a s i s  f o r  c a l c u l a t i n g  energy c o s t s  i s  a conse rva t ive  assumption. En- 

ergy usage i s  p r i m a r i l y  a f u n c t i o n  of combined pump and motor e f f i c i e n c y  
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and w i l l  vary depending on p l a n t  s i z e  and o t h e r  f a c t o r s .  Moreover, f o r  

small  c a p a c i t y  p l a n t s  of 378  m31d (100,000 gpd) o r  l e s s ,  p o s i t i v e  dis-  

placement pumps, of high e f f i c i e n c y  could be r e a d i l y  s u b s t i t u t e d .  

The major i n c r e a s e  i n  ope ra t ing  c o s t  s i n c e  t h e  l a s t  r e p o r t  i s  a t -  

t r i b u t a b l e  t o  two items: e l e c t r i c a l  energy c o s t ,  and membrane replacement 

cos t .  The c o s t  of e l e c t r i c a l  energy has doubled - from 2.56IkWh t o  5 . 0 & /  

kWh - over the  p a s t  two yea r s .  This  i tem alone has  i n c r e a s e d  water c o s t s  

by n e a r l y  $0 .26/m3 ($1 . O O / l O O O  g a l  1 . 
When t h e  preceding r e p o r t  was prepared two y e a r s  ago, i t  appeared 

t h a t  s p i r a l  wound seawater r e v e r s e  osmosis membranes o f f e r e d  s i g n i f i c a n t  

c o s t  advantages,  vis-a-vis membrane replacement, over hollow f i n e  f i b e r s  

(€IFF). Accordingly, t he  s p i r a l  p r i c i n g  was used. Except f o r  very small  

systems, t h e  development of t he  seawater market has  been dominated by 

Dupont's B-10 EFF permeators during t h e  p a s t  two yea r s .  

p r i a t e  then t o  use the  c u r r e n t  membrane replacement c o s t  f o r  h p o n t  B-10 

permeators f o r  t h i s  r e p o r t .  

s p i r a l  replacement c o s t s  which were shown i n  t h e  l a s t  r e p o r t .  I f  t he  

s p i r a l s  u l t i m a t e l y  demonstrate t h e i r  economic promise, membrane replace-  

ment c o s t s  w i l l  decrease p r o p o r t i o n a t e l y .  

It seemed appro- 

These c o s t s  a r e  roughly double t h e  p r o j e c t e d  

F igu re  5 shows t h e  water c o s t s  f o r  seawater d e s a l t i n g  by r e v e r s e  

osmosis. These inc lude  not only the  o p e r a t i n g  c o s t s ,  but a l s o  a c a p i t a l  

charge based upon equipment c o s t s  and o t h e r  c o s t s  a s s o c i a t e d  wi th  the s i t e  

and t h e  i n s t a l l a t i o n .  Water c o s t s  f o r  seawater d e s a l t i n g  by r eve r se  

osmosis va ry  from 2.39/m3 ($9.04/1000 g a l )  a t  the small system end t o  

$1.54/m3 ($5.82/1000 g a l )  f o r  l a r g e r  systems. As w i t h  Fig. 4 ,  an addi- 

t i o n a l  l i n e  has  been drawn on t h e  f i g u r e  t o  show the  s a l u t a r y  impact of 

energy recovery. In c a l c u l a t i n g  these  savings,  i t  was assumed t h a t  an  

energy recovery device would i n c r e a s e  the  equipment c o s t  by 10%. This  

assumption i s  considered t o  be conservat ive.  

3.3 Seawater Desa l t i ng  by E l e c t r o d i a l y s i s  
and F reez ing  

Desa l t i ng  seawater by e l e c t r o d i a l y s i s  and f r e e z i n g  a r e  i n  an advanced 

s t a t e  of development and one o r  both methods may become commercial w i t h i n  

t h e  next  few yea r s .  



With r ega rd  t o  e l e c t r o d i a l y s i s ,  t h e  Japanese a r e  known t o  have been 

working on t h e  development of seawater  d e s a l t i n g  by e l e c t r o d i a l y s i s  f o r  a 

number of yea r s .  There a r e  r e p o r t e d  t o  be a number of s u c c e s s f u l  i n s t a l -  

l a t i o n s  i n  Japan,  b u t  l i t t l e  economic or opera t ing  d a t a  has  y e t  been made 

a v a i l a b l e .  I n  a d d i t i o n ,  a t  l e a s t  one U.S. manufacturer ( I o n i c s )  has  been 

doing development work i n  t h i s  a r e a  which shows promise of f u t u r e  suc- 

cess .  

"nil0 d i f f e r e n t  f r e e z i n g  methods a r e  being a c t i v e l y  i n v e s t i g a t e d .  

Both methods employ a secondary r e f r i g e r a n t  w i t h  i n d i r e c t  f r e e z i n g .  They 

d i f f e r  i n  t h a t  one i s  based on use of a vacuum whi l e  t he  second o p e r a t e s  

a t  atmospheric p r e s s u r e .  .A few small  u n i t s ,  based on t h e  vacuum f r e e z i n g  

method, have a l r e a d y  been s o l d  commercially." 

"NO i n fo rma t ion  on seawater d e s a l t i n g  by e l e c t r o d i a l y s i s  or f r e e z i n g  

i s  included h e r e i n ,  bu t  i t  i s  important  t o  no te  t h a t  t h e  next r e v i s i o n  t o  

t h i s  r e p o r t  should i n v e s t i g a t e  both a r e a s  thoroughly; and i f  s u f f i c i e n t  

p r o g r e s s  has  been made, an a n a l y s i s  should be included a t  t h a t  time." 

3.4 Brackish Water D e s a l t i n g  by 
Reverse Osmosis 

F igu res  6 ,  7 ,  and 8 have been prepared t o  show, r e s p e c t i v e l y ,  t he  

equipment c o s t  ( e x c l u s i v e  of s i t e  c o s t s  or i n d i r e c t  c o s t s ) ,  t h e  system 

o p e r a t i n g  c o s t s  ( e x c l u s i v e  of t he  c a p i t a l  c h a r g e s ) ,  and t h e  wa te r  c o s t ,  

i nc lud ing  a l l  of t he  c o s t  i npu t s .  The d a t a  have been developed based upon 

a feed-water w i t h  a s a l i n i t y  i n  t h e  range of 2000 t o  5000 ppm t o t a l  dis-  

solved s o l  ids .  

F igu re  6 shows t h a t  t h e  c a p i t a l  c o s t  f o r  b r a c k i s h  wa te r  r e v e r s e  

osmosis systems v a r i e s  from $160/m3/d ($0.60/gpd) f o r  a 3,800 m3/d (1 MGD) 

system t o  $130/ma/d ($0.50/gpd) f o r  a 95,000 m3/d (25 MGD) system. 

t r e n d  of p r i c e  s t a b i l i t y  observed w i t h  seawater r e v e r s e  osmosis system has 

a l s o  been maintained f o r  b r a c k i s h  water  r e v e r s e  osmosis systems - t h e  ef- 

f e c t  of compe t i t i on  has  counterbalanced i n f l a t i o n .  

The 

F igu re  7 shows t h a t  t h e  o p e r a t i n g  c o s t s  vary from $0.24/m3 ($0.91/ 

1000 g a l )  t o  $0.18/m3 ($0.68/1000 g a l )  over  t he  same range of s i z e s .  The 
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primary a r e a  of c o s t  i n c r e a s e  s i n c e  the  l a s t  r e p o r t  has been i n  t h e  a r e a  

of e l e c t r i c a l  energy c o s t ,  which has doubled. Energy recovery i s  no t  

n e a r l y  a s  important i n  b r a c k i s h  water  systems a s  i n  seawater because 

b rack i sh  water  p l a n t s  o p e r a t e  a t  much higher  r e c o v e r i e s  a t  lower p r e s s u r e s  

than  seawater systems. A t y p i c a l  p r e s s u r e  used f o r  b r a c k i s h  water  d e s a l t -  

ing i s  400 p s i .  In c o n t r a s t ,  ope ra t ing  p r e s s u r e s  f o r  seawater p l a n t s  cur- 

r e n t l y  range from 800 t o  1000 p s i .  . A  major f u t u r e  t r end  f o r  p o t e n t i a l  

c o s t  r e d u c t i o n  i n  t h e  b r a c k i s h  water  a r e a  would appear t o  be cen te red  on 

new low p r e s s u r e  ( i . e . ,  250 p s i  maximum) membranes under development. 

F igu re  8 shows t h e  water  c o s t s  f o r  b rack i sh  water  d e s a l t i n g  by re- 

ve r se  osmosis. These inc lude  not  only the  pure o p e r a t i o n  c o s t s  from Fig.  

7 ,  bu t  a l s o  a c a p i t a l  charge based upon both the equipment c o s t  and t h e  

o t h e r  s i t e  and i n s t a l l a t i o n  r e l a t e d  c o s t s .  Water c o s t s  vary from $0.40/ma 

($1.54/1000 g a l )  t o  $0.29/ma ($1.11/1000 g a l )  a c r o s s  t h e  3,800 t o  95,000 

ma/d (1 t o  25 MGD) s i z e  range. 

In p r e s e n t i n g  c o s t s  f o r  b r a c k i s h  water d e s a l t i n g  by r eve r se  osmosis 

i n  previous r e p o r t s ,  two important  s impl i fy ing  assumptions have been u t i -  

l i z e d :  (1) t h a t  r e v e r s e  osmosis d e s a l t i n g  c o s t s  do not va ry  i n  the  range 

of 2000 t o  5000 p a r t s  p e r  m i l l i o n ;  and (2)  t h a t  a recovery of 80% can be 

achieved by r eve r se  osmosis i n  t h i s  range. The f a c t s  a r e  t h a t  an  80% re- 

covery system ope ra t ing  on 5000 ppm feedwater w i l l  r e q u i r e  nominally 

e i t h e r  20% more membrane a rea ,  o r  20% more pump discharge p r e s s u r e  t o  pro- 

duce t h e  same output  a s  a system ope ra t ing  on a 2000 ppm feed. In gener- 

a t i n g  t h e  c a p i t a l  and o p e r a t i n g  c o s t  d a t a  f o r  t h i s  r e p o r t ,  we have e l e c t e d  

t o  i n c r e a s e  t h e  pump d i scha rge  p r e s s u r e  t o  the  p o i n t  where i t  w i l l  accom- 

modate a 5000 ppm feed. This  i s  r e f l e c t e d  i n  the  energy cos t .  Under 

these  circumstances,  t he  energy c o s t s  f o r  a system ope ra t ing  on a 2000 ppm 

f e e d  a r e  conse rva t ive  by about 20%. 

With regard t o  recovery,  i t  i s  c l e a r  t h a t  not  a l l  wa te r s  a r e  capable  

of being processed t o  a l e v e l  of 80% recovery without a major p re t r ea tmen t  

system t o  preclude calcium s u l f a t e  o r  s i l i c a  scal ing.  One would e i t h e r  

have t o  o p e r a t e  a t  lower r e c o v e r i e s  w i t h  the a t t e n d a n t  h ighe r  c o s t s  of 



i n t a k e ,  o u t f a l l ,  b r i n e  d i s p o s a l ,  and chemical t r ea tmen t ,  or f a c e  the  addi- 

t i o n  of much more ex tens ive  p re t r ea tmen t .  For example, of t he  fou r  wa te r s  

l i s t e d  i n  Table C a s  t y p i c a l  b r a c k i s h  wa te r s  used t o  c a l c u l a t e  the c o s t  of 

d e s a l t i n g  by e l e c t r o d i a l y s i s ,  t he  s a f e  achievable  r e c o v e r i e s  f o r  r eve r se  

osmosis (without pre-softening) are %70%, 65%, 85%, and 75%, respectively. 

The above comments notwithstanding,  we have aga in  e l e c t e d  t o  assume 

t h a t  80% recovery i s  ach ievab le  f o r  d e s a l t i n g  by r e v e r s e  osmosis. So a s  

no t  t o  u n f a i r l y  burden t h e  case f o r  e l e c t r o d i a l y s i s ,  we have made the  same 

assumption, so t h a t  f i l t r a t i o n  c o s t s ,  chemical c o s t s ,  c o s t  of i n t a k e s  and 

o u t f a l l s ,  e t c . ,  f o r  both systems a r e  a l l  based upon r e c o v e r i e s  i n  t h i s  

range. In f a c t ,  a review of t he  c o s t  breakdowns i n  t h e  Appendix shows 

t h a t  t h e  chemical c o s t s  f o r  r eve r se  osmosis systems a r e  e s t ima ted  much 
more conservatively than those for electrodialysis. 

3.5 Brack i sh  Water Desa l t i ng  by E l e c t r o d i a l v s i s  

The e l e c t r o d i a l y s i s  r e v e r s a l  (EDR) c o n f i g u r a t i o n  of e l e c t r o d i a l y s i s  

i s  now t h e  dominant form of e l e c t r o d i a l y s i s ,  having accounted f o r  v i r -  

t u a l l y  a l l  new e l e c t r o d i a l y s i s  wa te r  d e s a l t i n g  i n s t a l l a t i o n s  i n  the  p a s t  

f o u r  yea r s .  The f i g u r e s  given i n  t h i s  s e c t i o n  a r e  f o r  EDR equipment. The 

c o s t  of convert ing b r a c k i s h  wa te r s  t o  f r e s h  by EDR i s  a f u n c t i o n  of t o t a l  

d i s s o l v e d  s o l i d s ,  water  composition, temperature,  and o t h e r  f a c t o r s .  The 

a b i l i t y  of t h e  EDR p rocess  t o  achieve high r e c o v e r i e s  on high s i l i c a  or 

calcium s u l f a t e  wa te r s  y i e l d s  s i g n i f i c a n t  economic b e n e f i t s .  The c o s t s  

which a r e  p re sen ted  h e r e  a r e  based upon t h e  fou r  d i f f e r e n t  f e e d  water  com- 

p o s i t i o n s  shown i n  Table C. The compositions g e n e r a l l y  r e p r e s e n t  t h e  

range of wa te r s  found throughout t he  United S t a t e s .  

A four-s tage e l e c t r o d i a l y s i s  system has been s e l e c t e d  t o  t r e a t  wa te r  

number 1, two-stages f o r  water  3, and th ree - s t ages  f o r  wa te r s  2 and 4 .  

A l l  systems o p e r a t e  i n  t h e  recovery range of 80 t o  87% and each i s  de- 

s igned t o  produce a product wa te r  of 500 p a r t s  p e r  m i l l i o n  t o t a l  d i s s o l v e d  

s o l i d s  (TJIS). 

Three f i g u r e s  a r e  p re sen ted  h e r e  f o r  e l e c t r o d i a l y s i s  - one showing 

c a p i t a l  equipment c o s t s  ( e x c l u s i v e  of s i t e  r e l a t e d  c o s t s ) ;  one showing 
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Table C.  Chemical composi t ions  of 
t y p i c a l  brack i sh  waters  

Chemical composi t ion  
( PPm 1 

Brackish  waters  

No. 1 No. 2 No. 3 NO. 4 

Sodium, Na 
Calcium, Ca 
Magnesium, MG 
Chloride ,  C1 
S u l f a t e ,  SO, 
Bicarbonate ,  HCO, 
Hardness a s  CaCO, 
Manganese, Mn 
Fluor ide ,  F 
Iron, Fe 
Potassium, K 
N i t r a t e ,  NO, 
S i l i c a t e ,  SiO, 

Total  d i s s o l v e d  sol i d s  

PH 
Temperature, O F  

Organics,  chemical oxygen 
demand 

886 
11 8 
72 
131 
1943 
47 3 
5 90 
1 

2 
16 
6.3 

- 
3648 

7.6 
70 
10 

125 
316 
69 
67 
90 0 
357 
1073 
0.10 

1 .o 
13 
19 

- 
1800 

7.9 
70 
7.9 

630 
116 
15 
1054 
115 
78 
354 
N i  1 
2 
0 
0 
9 
17 

207 6 

8.1 
70 

- 

900 
250 
70 
1450 
5 90 
21 0 
91 2 
0.1 

0.4 
5 
1 

- 
347 5 

7.3 
70 
7 
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opera t ing  c o s t s  ( e x c l u s i v e  of c a p i t a l  charges) ;  and one showing o v e r a l l  

water c o s t s ,  i nc lud ing  a l l  inputs .  Each of t he  f i g u r e s  inc ludes  a curve 

f o r  systems o p e r a t i n g  on each of t h e  fou r  waters .  

F igu re  9 shows t h a t  t he  c a p i t a l  c o s t  f o r  e l e c t r o d i a l y s i s  i n c r e a s e s  a s  

t h e  number of s t a g e s  inc reases .  It a l s o  shows t h a t  t he  c o s t s  vary from a 

maximum of $330/m3/d ($1.25/gpd) f o r  a small f o u r s t a g e  system, t o  a mini- 

mum of $195/m3/d ($0.74/gpd) f o r  a l a r g e  two-stage system. 

F igu re  1 0  shows t h e  ope ra t ing  c o s t  f o r  systems o p e r a t i n g  on t h e s e  

four waters .  Costs  range from $0.22/m3 ($0.84/1000 g a l )  f o r  a small  f o u r  

s t a g e  system on a d i f f i c u l t  water t o  $0.11/m3 ($0.41/1000 g a l )  for a l a r g e  

two-stage system on a r e l a t i v e l y  easy water. 

F i n a l l y ,  Figure 11 shows t h e  water  c o s t s  f o r  b rack i sh  water  d e s a l t i n g  

by e l e c t r o d i a l y s i s .  These inc lude  not  only the  pure ope ra t ing  c o s t s ,  but  

a l s o  a c a p i t a l  charge based upon a l l  o the r  inputs .  Water c o s t s  vary from 

a l o w  of $0.26/m5 ($0.98/1000 g a l )  t o  a h igh  of $0.45/m3 ($1.69/1000 

g a l ) .  

The roughly 40% inc rease  i n  water  c o s t s  over those publ ished i n  ORNL/ 

TM-6912 i s  p r i m a r i l y  a t t r i b u t a b l e  t o  two f a c t o r s :  (1) t h e  inc reased  

c a p i t a l  c o s t  r e s u l t i n g  from conversion t o  t h e  more r e l i a b l e ,  v e r s a t i l e ,  

and energy e f f i c i e n t  EDR system: and (2)  a doubling i n  s p e c i f i c  e l e c t r i c a l  

energy c o s t s .  As noted above, t he  EDR system has dominated t h e  r e c e n t  

e l e c t r o d i a l y s i s  marke t p l  ace because of i t s  many ope ra t iona l  advantages. 



26 

ORNL-DWG 82-5465A E T D  
($ /m3)  ( t / g p d )  

1.6 1 
400 I I I I 1 I 1 I 

4 S T A G E  

1 .o 3 S T A G E  

0.8 

0.6 

200 

(mgd) 0.1 0.2  0.5 1 2 5 10 2 0  5 0  400 

(rn3/day) 0.5 1 2 5 10 2 0  5 0  400 200 (x103) 
P L A N T  C A P A C I T Y  

~ j ~ ,  9 C A P I T A L  COST - BRACKIS I I  WATER UESALTIMG BY ELECTRODIALYSIS  



27 

ORNL-DWG 82-6040 
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F i g .  10. Operating c o s t  - brackish water d e s a l t i n g  by e l e c t r o -  
d i a l y s i s .  
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Fig. 11. Water cost - brackish water desalting by electrodialysis. 
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APPENDIX A 

This  appendix c o n s i s t s  of a s e r i e s  of t a b l e s  which show t h e  breakdown 

of a l l  d i r e c t  and i n d i r e c t  c a p i t a l  c o s t s ,  o p e r a t i n g  c o s t s ,  and water c o s t s  

for d e s a l t i n g  seawater and brackish water  by d i s t i l l a t i o n ,  r eve r se  os- 

mosis, and e l e c t r o d i a l y s i s ,  a s  appropr i a t e .  A l l  c o s t s  a r e  based upon cur- 

r e n t  second q u a r t e r  1981 input ,  and a l l  a r e  based upon 1981 d o l l a r s .  

Tables A-1 through A-10 show a l l  c o s t  c o n t r i b u t i n g  items. As such, 

t hese  t a b l e s  a r e  d i r e c t l y  comparable w i t h  one another.  The assumptions 

r ega rd ing  i n t e r e s t  r a t e s ,  working c a p i t a l ,  chemical c o s t s ,  energy c o s t s ,  

membrane replacement, e t c . ,  a r e  included i n  t h e  body of t he  b a s i c  r e p o r t .  

In t h i s  way, t he  c o s t  f i g u r e s  can be a d j u s t e d  t o  s u i t  a p a r t i c u l a r  case a t  

t h e  op t ion  of t he  user .  
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Table A.1. Costs  of d e s a l t i n g  seawater  in m u l t i s t a g e  f l a s h  seawater 
d i s t i l l a t i o n  p l a n t s  a c i d - t r e a t e d  f eed :  performance r a t i o  = 

12; c o n c e n t r a t i o n  r a t i o  - 2 85% p l a n t  f a c t o r  
a11 c o s t s  in thousands of d o l l a r s  

[2nd q u a r t e r  (1981) l  

Item 

P lan t  capac i ty  
[ d / d  x 10' (YGDfl 

3 .8  ( 1 )  9 .5  ( 2 . 5 )  19.0 ( 5 )  37.9 (10 )  94.6 (25 )  189.3 ( 5 0 )  378.5 (100)  

C o n s t r u c t i o n  per iod .  months 
Land r equ i r ed ,  m' s 10' 
Pt '  s 10' 

D i r e c t  c a p i t a l  c o s t s a  
S i t e  deve loplen t  and common f a c i l i t i e s ,  

g rad ing ,  roads,  fenc ing ,  l a t e ,  s e r v i c e  
bu i ld ings ,  e t c .  

In t ake  and o u t f a l l  systems 
E l a o t r i c a l  u t i l i t i e s  and swi tchgear  
Cranes 

Sub t o t  a1 

NSP d i s t i l l a t i o n  p l a n t  

To ta l  d i r e c t  c a p i t a l  c o s t s  

I n d i r e c t  c o s t s  
I n t e r e s t  d u r i n i  c o n s t r u c t i o n  
P r o j e c t  management, overhead and p r o f i t  

Subto ta l  

Working c a p i t a l  
Contingency 

To ta l  c a p i t a l  c o s t  

C a p i t a l  c o s t  b/GPD 

A n n u l  o p e r a t i o n  and maintenance c o s t  
Fixed charges  a t  18% 
WY l a b o r  
Oeneral and a d m i n i s t r a t i v e  charges  

Supp l i e s  and maintenance m a t e r i a l s  
chemical. 

(40% of l a b o r )  

Annnal c o s t s  e x c l u s i v e  of enerry 

O i l - f i r a d  b o i l e r  
Stram a t  $2.30/NNBtu 
E l e c t r i c i t y  a t  75 YilslkWh 

To ta l  annual WN c o s t  

Cost 02 water  b/m' (b /kga l )  

18  20  
8.1 1 2  
87 130 

2 85 547 

2 52 454 
143 325 
0 3 

6 80 1 ,329  

5.344 10,000 

6,024 11,329 

- -  

- -  

497 1.038 
2.259 4.248 

2.756 5.286 

439 532 
904 1 .699  

10,123 18,846 

10.12 7 . 5 4  

- -  

-- 

1,822 3,392 
170 190 
68 76 

36 54 
57 167 

2.153 3.879 
- -  

495 1 ,238  
113 2 82 

2 .761  5.399 

2.37 1.86 
(8 .90 )  (6 .96 )  

-- 

C o a l - t i r e d  b o i l a r  
B i t m i n o a s  coal 

steam a t  I 1 . 4 5 / m t u  
B l a o t r i o i t y  a t  53 .4  Yils/kWh 

To ta l  annual WN c o s t  

b a t  02 -.tar t /m'  ( i / t g a 1 )  
Snb-b i tminous  00.1 

S t a u  a t  b1.39/NNBtu 
E l e c t r i c i t y  a t  53.2 Yils/kWh 

To ta l  annual WN c o s t  

Coat of r a t e r  b/m' (b1kgal )  

Dual purpoae s t a t i o n ,  n u c l e a r  
8taam a t  h . 5 2 / m t u  
E l a c t r i o i t y  a t  49.3 YilslkWh 

Total annual WY c o s t  

Cost 02 water  b/m' ( k k g a l )  

(8 .90 )  (6 .96 )  
311 777 
82 205 

2.546 4,861 

2 .19  1 .67  
( 8 . 2 0 )  (6 .26 )  
300 750 
81 202 

2 ,534  4,831 

2 .18  1 .66  

( 8 . 1 7 )  (6 .23 )  
327 817 
74  185 

2 ,554  4,881 

2.20 1 .68  
(8 .23 )  (6 .29 )  

-- 

-- 

-- 

20 
12  
130 

809 

6 56 
506 
5 

1,976 

17,750 

- 

24 
16 
174 

1.292 

1,048 
1,025 
5 

3,370 

33,000 

- 

19,726 

1.808 
7,397 

9.205 

1,926 
2.959 

33,816 

6 .76  

- 

- 

5,907 
21 8 
87 

86 
2 86 

36,370 

4,331 
13,639 

17.970 

2.738 
5,455 

62,533 

6.25 

- 

- 

11,256 
408 
16 3 

158 
572 

6,584 

2,475 
565 

9.624 

1 .65  
(6 .20 )  

- 

(6 .20 )  
1 ,555 
410 

8,549 

1.47 
(5 .51 )  
1 ,500 
40 5 

- 

8.489 

1.46 

(5 .47 )  
1 ,635 
370 

8,589 

1 .53  
(5 .57 )  

- 

12.557 

4,950 
1,130 

18.637 

1 .61  
(5 .95 )  

(5 .95 )  
3 ,110 
820 

16,305 

1 .40  
(5 .26 )  
3 ,000 
810 

16,185 

1 .39  

(5.22 
3,270 
7 40 

- 

- 

36 
44.5 
478.5 

2 ,271  

1.846 
2 ,418  
8 

36 
52.6 
565.5 

3.698 

3,008 
4.985 
9 

42 
93.1 
1.000 

5,649 

4,603 
9,824 
35 

6,543 

77,500 

84,043 

13.867 
31,516 

45,383 

4,142 
12,606 

146,174 

5.85 

26,311 
6 81 
272 

3 96 
1,433 

29.093 
- 

12,375 
2.825 

11,700 

147,500 

159,200 

26.268 
59.700 

85,968 

7,845 
23,880 

20,111 

290.000 

310,111 

59.696 
116.291 

17 5,987 

15,555 
46,517 

276.893 

5.54 

49,840 
936 
374 

779 
2.867 

54.796 
- 

24.750 
5,650 

548,170 

5.48 

98,671 
1,746 
698 

1 ,515  
5.733 

108,363 

49,500 
11,300 

44.293 

1 .52  
(5 .71 )  

(5 .71 )  
7 ,775 
2,050 

85,196 

1 .46  
(5 .49 )  

(5 .49 )  
15,550 
4,100 

169,163 

1 .45  
(5 .45 )  

(5 .45 )  
31,100 
8.200 

38,918 

1 . 3 4  
(5 .02 )  
7 ,500 
2,025 

38,618 

1 .33  

(4 .98 )  
8,175 
1,850 

74,446 

1 .28  
(4 .80 )  
15,000 
4,050 

147,663 

1.27 
(4 .76 )  
30,000 
8.100 

73.846 

1 .27  

(4 .76 )  
16,350 
3 ,700  

16.385 

1.41 
(5 .28 )  

39,118 

1 . 3 4  
(5 .04 )  

74.846 

1 .29  
(4 .84 )  

146,463 

1 .26  

(4 .72 )  
32,700 
7 ,400  

148,463 

1 . 2 8  
(4 .79 )  

"Does no t  i nc lude  c o s t  of land .  Inc ludes  in spec t ion .  manufac turer ' s  overhead and prof  it on s h o p - f a b r i c a t e d  e q u i p l e n t  
i n s t a l l a d  on sit.. E l e c t r i c  p m e r  genera ted  on s i t e .  
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Tab le  A.2. Cos t s  o f  d e s a l t i n g  seawater  i n  m u l t i s t a g e  f l a s h  seawater  
d i s t i l l a t i o n  p l a n t s ;  non-acid f e e d  t r e a t m e n t :  performance r a t i o  = 

10; 90°C (194.F) MAX b r i n e  t empera tu re ,  85% p l a n t  
f a c t o r  a11 c o s t s  i n  thousands of d o l l a r s  

[2nd q u a r t e r  (1981) l  

I tem 
P l a n t  c a p a c i t y  

(m’/d I 10’) 

3.8 189.3 

Cons t ruc t ion  p e r i o d ,  months 
Land r e q u i r e d ,  m’ I 10’ 
Ft’ 

D i rec t  c a p i t a l  c o s t s a  
S i t e  development and common f a c i l i t i e s ,  

grading.  roads.  f enc ing .  ga t e .  s e r v i c e  
b u i l d i n g s ,  e t c .  

I n t a k e  and o u t f a l l  systems 
E l e c t r i c a l  u t i l i t i e s  and swi t chgea r  
Cranes 

Sub to ta l  

VTE o r  M.T.M.E. d i s t i l l a t i o n  p l a n t  

To ta l  d i r e c t  c a p i t a l  c o s t s  

I n d i r e c t  c o s t s  
I n t e r e s t  du r ing  c o n s t r u c t i o n  
P r o j e c t  management, overhead and p r o f i t  

Sub t o t i  1 

Working c a p i t a l  
Contingency 

T o t a l  c a p i t a l  c o s t  

C a p i t a l  c o s t  $/GPD 

Annual o p e r a t i o n  and mainteuance c o s t  
Fixed cha rge r  a t  16% 
06M l a b o r  
General  and a d m i n i s t r a t i v e  cha rges  

S u p p l i e s  and maintenance m a t e r i a l s  
Chemicals  

(401  of  l a b o r )  

Annual c o s t s  e x c l u s i v e  of energy 

O i l - f i r e d  b o i l e r  
Steam a t  $2.3O/MMBtu 
E l e c t r i c i t y  a t  7 5  MilslkWh 

T o t a l  annual  06M c o s t  

Cost of  w a t e r  $ / m s  ( $ / k g a l )  

Coa l - f i r ed  b o i l e r  
Bi tnminous c o a l  

Steam a t  $ I . ~ ~ / M M B ~ u  
E l e c t r i c i t y  a t  53.4 Mils/kWh 

T o t a l  annual  06M c o s t  

Cost of w a t e r  $ / m D  ( $ / k g a l )  
Sub-bitnminous c o a l  

Steam a t  $l.39/MMBtu 
E l e c t r i c i t y  a t  53.2 Mils/kWh 

T o t a l  annual  06M c o s t  

Cost of r a t e r  $/m’ ( $ / k g a l )  
Dual purpose s t a t i o n ,  n u c l e a r  

Steam a t  $l.52/MMBtu 
E l e c t r i c i t y  a t  49.3 Mils/kWh 

To ta l  annual 06M c o s t  

Cost of wa te r  t / m l  ( $ / k g a l )  

1 8  20 
8.1 1 2  
87,000 130,500 

285 80 9 

252 6 56 
143 506 
0 5 

680 1 ,976  

5,760 24,200 

6,440 26,176 

-- 

-- 

532 2,159 
2,419 9.816 

2,951 11 ,975  

127 515 
967 3.926 

10,485 42.592 

10.49 8.52 

-_I 

-- 

1,889 7,667 
1 7 0  218 
68 87 

36 86 
67 340 

2 ,230  8.398 
- -  

594 2 ,970  
2 94 1,262 

3,118 12,630 

2.68 2.17 
(10.05) (8 .14)  

-- 

376 1 ,878  
208 894 

2,814 11,170 

2.42 1.92 
(9.07)  (7 .20)  
360 1 , 7 9 8  
206 896 

2.796 11,092 

2.40 1.91 
(9 .01 )  (7 .15)  
3 93 1,967 
193 83 1 

2.816 11.196 

2.42 1.93 
(9.08)  (7 .22 )  

-~ 

-- 

- _ _  

aDoes no t  i n c l u d e  c o s t  of l and .  I n c l u d e s  i n s p e c t i o n ,  
manufacturer’s  overhead and p r o f i t  on shop- fab r i ca t ed  e q u i p  
meut i n s t a l l e d  on s i t e .  E l e c t r i c  power gene ra t ed  ou s i t e .  
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Table A.3. Coata of  d e r a l t i n g  seawater  i n  v e r t i c a l  tube seawater  
d i s t i l l a t i o n  p l a n t s  a c i d - t r e a t e d  f eed :  performance r a t i o  = 

12;  c o n c e n t r a t i o n  r a t i o  = 2 85% p l a n t  f a c t o r  
a 1 1  c o s t a  i n  thousands of d o l l a r s  

t2nd q u a r t e r  (1981) l  

P l a n t  c a p a c i t y  
( d / d  x 10') 

3.8 1 8 . 9  3 7 . 9  94 .6  189 .3  378.5 

I tem 

Cons t ruc t ion  p e r i o d ,  montha 
Land r e q u i r e d ,  m* x 10' 
P t *  x 10' 

Direc t  c a p i t a l  costa' 
S i t e  devrlo-ent and common f a c i l i t i e r ,  

grading.  roada,  f enc ing ,  ga t e ,  s e r v i c e  
b u i l d i n g a ,  e t c .  

In t ake  and o u t f a l l  ryetems 
E l e c t r i c a l  u t i l i t i e s  and rwi t chgea r  
Cranea 

Sub to ta l  

VTE or E.T.Y.E. d i r t i l l a t i o n  p l a n t  

T o t a l  d i r e c t  c a p i t a l  c o s t a  

I n d i r e c t  c o a t s  
I n t e r e a t  du r ing  c o n s t r n c t i o n  
P r o j e c t  management, overhead and p r o f i t  

Snbt o t a l  

lorkin: c a p i t a l  
Contingency 

T o t a l  c a p i t a l  coa t  

C a p i t a l  c o a t  $/GPO 

Annnrl Opera t ion  and maintenance coa t  
Fixed charge. a t  18% 
OhN labor 
General and a d m i n i s t r a t i v e  cha rge r  

Snppl ioa and r a i n t e n a n c e  m a t e r i a l a  
chemicals  

(401  of  l a b o r )  

Annual c o a t i  e x c l u s i v e  of energy 

Oi l - f i red  b o i l e r  
S t e u  a t  $ 2 . 3 0 / ~ t u  
E l e c t r i c i t y  a t  75 Y i l d k V b  

T o t a l  annual  OhN coa t  

Cost of  wa te r  $/ma ( $ / k g a l )  

Coa l - f i r ed  b o i l e r  
B i t w i n o u s  coa l  

S t m u  a t  tl.45/10(Btu 
E l e c t r i c i t y  a t  53 .4  Yila/kWh 

T o t a l  annual  OhN coa t  

Coat of wa te r  f/r' ($ /kga l )  
Sub-bitnminoua coa l  

S t e u  a t  t 1 . 3 9 / m t u  
E l e c t r i c i t y  a t  53 .2  Y i l r l W h  

T o t a l  annual 06N coa t  

Coat of water  j / m '  ($ / tga1 )  

Dual pnrpoae a t a t i o n ,  nuc lea r  
S t e u  a t  $ 1 . 5 2 / m t u  
E l e c t r i c i t y  a t  49 .3  YilalkWh 

To ta l  annual Ohm c o s t  

Coat of water  $/ma (LIt.g.1) 

1 8  2 0  2 4  36 40 42 
8 1 2  16 28 40 7 2  
87 130 174  304 435 7 83 

252 655 1 , 0 4 9  1 .846  3 ,008  4 ,603  
140 465 860 2 .079  4 ,161  8,036 
0 5 5 7 8 41 

677 1 ,934  3 ,211  6 , 2 0 3  10,875 18 ,329  

4 ,720  16 ,000  29 ,700  69 ,750  132,500 261.000 

5.397 17 ,934  32,911 75.953 143,375 279.329 

- _ _ - - - -  

_ _ _ _ _ _ _ . - - -  

445 1 .644  3 ,620  12.532,  26.285 53 ,771  
2 ,024  6 .725  12 ,342  28,482 53.766 104.748 

2 .469  8.369 15 ,962  41 ,014  80.051 158,519 

360 842 1 , 5 1 4  3,743 7 ,150  14 ,011  
809 2 ,690  4.937 11 ,393  21,506 41,899 

9 ,035  29 .835  55.324 132,103 252.082 493,758 

9.03 5.97 5.53 5 .28  5 . 0 4  4.94 

_ _ _ _ _ _ - - -  

- ----- 

4 

1.626 5.370 9.967 23 .779  45 ,375  88.876 
170  218 408 681 936 1,746 
68 87 363 272 374 698 

36 86 158 396 779 1 .515  
42 209 421 1 , 0 5 4  2 ,109  4 ,220  

1,942 5,970 11.117 26.182 49 ,573  97,055 

495 2 .475  4.950 12,375 24,750 49,500 
37 177 3 51 881 1 , 7 6 2  3,523 

2 .474  8 ,622  16,418 39.438 76 ,085  150 ,078  

2 .13  1 .48  1 . 4 1  1 .36  1 . 3 1  1 . 2 9  
(7 .97 )  ( 5 . 5 6 )  ( 5 . 2 9 )  (5 .08)  ( 4 . 9 0 )  (4 .84 )  

_ _ _ _ - - - -  

311 1.S15 3 ,110  7 ,775  15 ,550  31,100 
25 124 251 

2 .278  7 ,609  14 .478  34,584 6 6 , 3 7 8  130,663 

1.96 1 . 3 1  1 .25  1 . 1 9  1 . 1 4  1 . 1 2  
( 7 . 3 4 )  (4 .91 )  ( 4 . 6 7 )  ( 4 . 4 6 )  ( 4 . 2 8 )  ( 4 . 2 1 )  
300 1 .500  3,000 7 ,500  15 .000  30.000 
25 124  250 622 1 .250  2 ,500  

2 .267  7 ,594  14,367 34,304 65.823 129,555 

1.96 1 . 3 1  1 . 2 4  1 . 1 8  1 . 1 3  1 .ll 
(7 .31 )  ( 4 . 9 0 )  (4 .63 )  ( 4 . 4 2 )  ( 4 . 2 4 )  (4 .18 )  

327 1 .635  3 , 2 7 0  8,175 16 ,350  32,700 
22 115 229 578 1 ,157  2 ,316  

2 ,291  7 ,720  14,616 34,935 67 ,080  132 ,071  

1.97 1 . 3 3  1 .26  1 .20  1 . 1 5  1 . 1 4  
(7 .38 )  ( 4 . 9 8 )  ( 4 . 7 1 )  ( 4 . 5 0 )  ( 4 . 3 2 )  ( 4 . 2 6 )  

627 1 . 2 5 5  2 .508  ------ 

- _ _ _ _ - - -  

- _ _ _ _ _ _ - -  

'Does no t  i nc lude  coa t  of land.  Inc ludes  i n r p e c t i o n ,  manufac tu re r ' s  overhead and p r o f i t  on 
a h o r f a b r i c a t e d  e q n i p e n t  i n a t a l l e d  on s i t e .  E l e c t r i c  power gene ra t ed  on s i t e .  
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Table A.4. Costs  of d e s a l t i n g  seawater  i n  Y.E.D. 
a l n m i n r u t u b e d  seawater  d i s t i l l a t i o n  p l a n t s  

non-acid f e e d  t reatment '  

P l a n t  c a p a c i t y  
(m'ld x 10') 

1 . 9  3.8 7.6 19.0 37.9 

Item 

Cons t ruc t ion  pe r iod ,  months 
Land r equ i r ed ,  m' x 10' 
Ft '  x 10' 

D i rec t  c a p i t a l  c o s t s  b 

S i t e  development and common f a c i l i t i e s ,  
grading,  roads,  f enc ing ,  g a t e ,  s e r v i c e  
b u i l d i n g s ,  e t c .  

In t ake  and o u t f a l l  systems 
E l e c t r i c a l  u t i l i t i e s  and swi t chgea r  
Cranes 

Sub to ta l  

M.E.D. D i s t i l l a t i o n  P l a n t  

To ta l  d i r e c t  c a p i t a l  c o s t s  

I n d i r e c t  c o s t s  
I n t e r e s t  du r ing  c o n s t r u c t i o n  
P r o j e c t  management, overhead and p r o f i t  

Subtotal  

f o r k i n g  c a p i t a l  
Contingency 

To ta l  c a p i t a l  c o s t  

capital  $IGPD 

Annual ope ra t ion  and maintenance c o s t  
Fixed charges a t  18% 
06Y l a b o r  
General and a d m i n i s t r a t i v e  cha rges  

Supp l i e s  and maintenance m a t e r i a l s  
Chemical 6 

(4OS o f  l a b o r )  

Annual c o s t s  exc lus ive  of enersy 

O i l - f i r e d  b o i l e r  
Steam a t  $2.3OlMMBtu 
E l e c t r i c i t y  a t  75 Mils/kWb 

To ta l  annual O W  cos t  

Cost of water  $/ma ($ /kga l )  

Coa l - f i r ed  b o i l e r  
Bituminous coa l  

Steam a t  $ 1 . 4 5 / ~ t n  
E l e c t r i c i t y  a t  53.4 Mils/kWh 

To ta l  annual 0 6 M  c o s t  

Sub-bituminous coa l  
Steam a t  $ 1 . 3 9 / W t U  
E l e c t r i c i t y  a t  53.2 Mils/kWh 

To ta l  annual 061 c o s t  

Cost of wa te r  $/m' ( b l k g a l )  

Cost of water  $lis ( $ / k g a l )  

Dual purpose (hea t  consumption)' 
Temperature a t  t u r b i n e  OF 
Performance r a t i o  
x 10' B tu lyea r  

7 
1.63 
17.5 

210 

300 
120 
0 

630 

2 .so0 

3,130 

- 

- 

100 
1 ,174  

1 ,274  

55 
454 

- 

4,913 

9.83 

884 
130 
52 

50 
1 4  

1 ,130  
- 

223 
70 

1 ,423  

2.18 
(9.18) 

- 

157 
50 

1,337 

151 
49.8 

1 ,331  

2 2 9  
(8.58)  
2.30 
(8.63) 

167.9 
8.4 
130 

7 
2.84 
30.5 

260 

450 
200 
0 

910 

4 2 0 0  

5.110 

164 
1,916 

2,080 

89 
7 41 

8.020 

8.02 

1,444 
1 5 s  
62 

84 
28 

1 ,773  

- 

- 

- 

446 
140 

2.359 

2.03 
(7.60) 

313 
100  

2,186 
- 

3 00 
99.6 

2,173 

1 .82 
(7.00) 
1 .88 
(7.05)  

169.4 
8.4 
260 

- 

9 
4.86 
52.3 

3 50 

6 50 
3 50 
0 

1,350 

7 .ooo 

8,350 

- 

- 

3 44 
3,131 

3.475 

149 
1.218 

13,192 

6.60 

- 

- 

2,376 
155  
62 

140 
56 

2,788 
- 

892 
2 80 

3,960 

1.70 
(6.37) 

- 

626 
200 

3,604 

6 00 
199 

3,587 

1.54 
(5.78) 
1.55 
( 5  .EO) 

169.4 
8.4 
520 

1 8  20 
10.2 17.2 
109.0 185.0 

530 850 

850 1,250 
500 1,000 
5 5 

1,885 3,105 

13,500 25 .OOO 

15,385 28.105 

- -  

- -  

1.265 2,577 
5.773 10,539 

7.038 13.116 

3 03 56 4 
2,310 4,235 

25,046 46,020 

5.01 4.60 

- -  

- -  

4,508 8,284 
180 180 
72 72 

270 500 
140 280 

5,170 9,316 
- -  

2.230 4,460 
700 1,400 

8.100 15,176 

1.39 1.31 
(S.22) (4.90) 

- -  

1565 3130 
500 1,000 

7.235 13.446 
- -  

1.500 3.000 
498 996 

7,168 13,312 

1.23 1 .15  
(4.62) (4.29) 
1.25 1.16 
(4.67) (4 .34)  

150 170.8 
6.2 10.6 
1 ,930  2,400 

- -  

'Performance r a t i o  - 1 2 ,  750C (167.F) maximum 
Brine temperature ,  85% p l a n t  f a c t o r  
A l l  c o s t s  i n  thousands of  d o l l a r s  
(2nd q u a r t e r  - 1981)  

'Does no t  i nc lude  c o s t  of land.  Inc ludes  i n s p e c t i o n ,  manufac tu re r ' s  overhead and 
p r o f i t  on shop-fabricated equipment i n s t a l l e d  on s i t e .  E l e c t r i c  power gene ra t ed  on 
s i t e .  

'Cost of r a t e r  should be c a l c u l a t e d  according t o  steam cos t .  



Table A.5. Seawater d e s a l t i n g  c o s t s a  - Reverse osmosis:  feedwater  seawater  
(35,000 ppm TDS); 30% recovery;  85% p l a n t  f a c t o r ;  Temperature 70°F 

P l a n t  c a p a c i t y  
(m3/d x 10’) 

0.038 0.38 3 .8 11.4 18.9 

C o n s t r u c t i o n  p e r i o d  (months) 

D i r e c t  c a p i t a l  c o s t s  (81000) 
1. I n s t a l l e d  equipment c o s t  
2. S i t e  development 
3. I n t a k e  and o u t f a l l  system 
4. E l e c t r i c  u t i l i t i e s  and switchgear  

6 

70 
6 
6 

12 

T o t a l  d i r e c t  c a p i t a l  c o s t  

I n d i r e c t  c a p i t a l  c o s t s  (81000) 
5. I n t e r e s t  d u r i n g  c o n s t r u c t i o n  and s t a r t u p  
6. Working c a p i t a l  
I. Contingency - A&E f e e  

94 

1.9 
4.7 

16.1 

T o t a l  c a p i t a l  c o s t  

Opera t ing  c o s t s  ( a n n u a l )  (SIOOO) 
8. Opera t ing  and maintenance l a b o r  
9. G&A a t  40% of 0 & M  

10. Chemicals 
11. F i l t e r s  
12. Other  m a t e r i a l s  
13. E l e c t r i c i t y  a t  51ILWh 
14. Membrane r e p 1  acement 

116 .I 

4 .o 
1.6 
0.6 
0.6 
0.7 
5.9 
3.7 

T o t a l  o p e r a t i n g  c o s t s  

15. Fixed  charge  a t  18% 

T o t a l  annual  c o s t  

Cost of w a t e r ,  b / m 3  ( 8 I k g a l )  

17.1 

21 .o 

38.1 

3.28 
(12.28) 

6 9 

550 3,500 
23 142 
34 248 
66 3 80 

673 4.270 

15.1 144.2 
33.6 213.5 

115.5 740.4 

837.2 5,368.1 

15 .O 85 .O 
6 .O 34 .O 
5.6 49.6 
4.6 31 .O 
5.5 35.0 

58.9 589.5 
34.1 310.2 

129 .I 1,134.3 

150.7 966.2 

280.4 2,100 -5 

- 

~ --- 

2.41 1.81 
(9.04) (6.77) 

12 

9,600 
256 
476 
840 

11,172 
~ - -  

528 .O 
558.6 

1,961.4 

14,220 .O 

~ - -  

125 .O 
50 .O 

130.3 
93 .o 
96 .O 

1,768.4 
837.7 

3,100.4 

2,559.6 

5,660 .O 

1.62 
(6.08) 

12 

15,000 
42 8 
6 44 

1,188 

17,260 

825 .O 
863 .O 

3,031.7 

21,979.7 
-- 

145 .O 
58 .O 

217.2 
155 .o 
150 .O 

2,947.4 
1,396.1 

5,068.7 

3,956.3 

9,025 .O 

1.54 
(5.82) 

W 
m 

-- -_---_____- 
A l l  c o s t s  i n  1981 second q u a r t e r  d o l l a r s .  a 



I . 

Table A.6. Brackish wa te r  d e s a l t i n g  costs '  - Reverse osmosis:  f eedwa te r  2000-5000 
ppm TDS; 80% recovery;  95% p l a n t  f a c t o r ;  t empera tu re  700F 

P1 a n t  c a p a c i t y  
(ms/d x 10') 

3 . 8  1 1 . 4  18 .9  37 .9  94.6 

C o n s t r u c t i o n  pe r iod  (months) 

D i r e c t  c a p i t a l  c o s t s  ($1000) 
1. I n s t a l l e d  equipment c o s t  
2 .  S i t e  developnent 
3 .  I n t a k e  and o u t f a l l  system 
4 .  E l e c t r i c  u t i l i t i e s  and swi t chgea r  

T o t a l  d i r e c t  c a p i t a l  c o s t  

I n d i r e c t  c a p i t a l  c o s t s  ($1000) 
5 .  I n t e r e s t  du r ing  c o n s t r u c t i o n  and s t a r t u p  
6 .  Working c a p i t a l  
7 .  Contingency - A6E f e e  

T o t a l  c a p i t a l  c o s t  

Opera t ing  c o s t s  (annual)  (OIOOO) 
8 .  Operat ing and maintenance l a b o r  
9. G6A a t  40% of OLM 

10. Chemicals 
11. C a r t r i d g e  f i l t e r s  
12. Other m a t e r i a l s  
1 3 .  E l e c t r i c i t y  a t  5 klkllbr 
14. Membrane replacement 

6 9 9 12  15  

600.0 1 ,650 .0  2 ,600 .0  5,000.0 12 ,500 .0  
142 .O 256 .O 428 .O 513 .O 770.0  

84 .O 201.6 280 .O 448.0 896 .O 
150 .O 379.2 532.8 906 .O 1 ,920 .0  

976.0 2 ,486 .8  3 .840 .8  6 ,967 .0  16 ,086 .0  
r 

16.5 68 .1  107.2 275 .O 859.4 
48 .8  124 .3  192.0 343.4 804.3 

2.840.0 

1 ,207 .9  3 ,107 .9  4 ,802 .4  8 ,683 .1  20,589.7 

166.6 428.7 662.4 1 ,197 .7  

42 .5 
17 .O 
37.2 
15.5 

3 .O 
138.7 

62 .1  

52.5 
21 .o 
93.1  
37 .2  

8 .2  
416 .1  
158 .2  

85 .O 
34.0  

124 .1  
62 .O 
13 .O 

693.5 
232.7 

105 .0  
42 .O 

248.2 
93 .1  
25 .0  

1 ,387  .O 
465.4 

135 .O 
54.0 

620.5 
232 .O 

62.5 
3 ,650 .0  
1 ,163 .4  

T o t a l  o p e r a t i n g  c o s t s  

15 .  Fixed  charpe a t  18% 

Tota l  annual c o s t  

&st of wate r ,  &Id ( t / kg81)  

316 .O 786.3 1 ,244 .3  2,365.7 5,917.4 

217.4 559 .4  864.4 1 ,562 .9  3 ,706 .1  

533.4 1 ,345 .7  2.108.7 3 ,928 .6  9,623.5 

0 .41  0 . 3 4  0 .33  0 .30  0 .30  
(1 .54)  (1 .29 )  (1 .22)  (1 .13)  (1.11) 

~~ ~ _ _  ~~ 

A l l  c o s t s  i n  1981 second q u a r t e r  d o l l a r s .  a 



Table A.7. Brackish r a t e r  d e s a l t i n g  costs '  - e l e c t r o d i a l y s i s  - 3.8 x 10' m'ld 
f e e d r a t e r  temperature  70.F. 95% p l a n t  f a c t o r  

Fe e d r  a t e r type 
- 

1 2 3 4 

C o n s t r u c t i o n  per iod  (months) 6 6 6 6 

D i r e c t  c a p i t a l  c o s t s  ($1000) 
1. I n s t a l l e d  equipment cos t  1,250.0 1,250.0 940.0 1,060.0 
2. S i t e  d e v e l o p e n t  142.0 142 .O 142 .O 142 .O 
3. In take  and o u t f a l l  system 84 .o 84 .O 84.0 84.0 
4. E l e c t r i c  u t i l i t i e s  and swi tchgear  150.0 150 .o 96 .O 150.0 

T o t a l  d i r e c t  c a p i t a l  cos t  1,626.0 1,626.0 1,262.0 1,436.0 

I n d i r e c t  c a p i t a l  c o s t s  ($1000) 
5. I n t e r e s t  during c o n s t r u c t i o n  and s t a r t u p  34.4 34.4 25.8 29.2 
6 .  Working c a p i t a l  81.3 81.3 53 .o 71.8 
7.  Contingency - AhE f e e  278.7 278.7 214.5 245.4 

T o t a l  c a p i t a l  cos t  2,020.4 2,020.4 1,555.3 1.782.4 

Opera t ing  c o s t s  (annual)  ($1000) 
8. Operat ing and maintenance l a b o r  
9. GhA a t  40% of 06M 

10.  Chemicals 
11. F i l t e r s  
12 .  Other m a t e r i a l s  
13 .  E l e c t r i c i t y  a t  Sk/IrWh 
14.  Membrane replacement 

42.5 42.5 
17 .O 17 .O 
10.5 10.5 
15.5 15.5 

5.2 5.2 
145.1 79.7 

37 .o 37 .O 

42.5 42.5 
17 .O 17 .O 

7 .O 7 .O 
15  .5 15.5 

3.7 4.6 
95.8 178.6 
18.5 27.8 

T o t a l  opera t ing  c o s t s  272.8 207.4 200 .o 293 .O 

15.  Fixed charge a t  18% 

T o t a l  annual cos t  

363.7 363.7 279.6 320.5 

636.5 571.1 479.6 613.5 

w 
m 

. 

Cost of water ,  $/m3 ($ /kga l )  0.48 0.44 0.36 0.48 
(1.69) (1 .65)  (1.38) (1.77) 

a A l l  c o s t s  i n  1981 second q u a r t e r  d o l l a r s .  



4 . . 

Table A.8. Brackish water  d e s a l t i n g  c o s t s a  - e l e c t r o d i a l y s i s  - 18.9 x 103 m3/d 
feedwater  temperature  70°F, 95% p l a n t  f a c t o r  

Feedw a t e r  type 

1 2 3 4 
------~_____-_----__~_I_ 

Const ruc t ion  per iod  (months) 9 9 9 9 
D i r e c t  c a p i t a l  c o s t s  (61000) 

1. I n s t a l l e d  equipment c o s t  5,733.0 5.733.0 4,299.0 4.873.0 
2 .  S i t e  development 428.0 428 .O 428 .O 428 .O 

4.  E l e c t r i c  u t i l i t i e s  and swi tchgear  532 .O 532 .O 341 .O 532 .O 
3 .  In take  and o u t f a l l  system 280.0 280 .o 280 .o 280 .o 

Total  d i r e c t  c a p i t a l  c o s t  6 ,973.0 6,973.0 5,348.0 6,113.0 

I n d i r e c t  c a p i t a l  c o s t s  ( h 0 0 0 )  
5 .  I n t e r e s t  during c o n s t r u c t i o n  and s t a r t u p  236.5 236.5 177.3 201 .o 
6 .  Working c a p i t a l  348.6 348.6 267.4 305.6 
7 .  Contingency - A&E f e e  1,209.3 1 ,209 .3  926.8 1.059.1 

Tota l  c a p i t a l  cos t  8 ,767.4 8.767.4 6,719.5 7,678.7 

Operat ing c o s t s  (annual)  ~ L I O O O )  
8 .  Operating and maintenance l a b o r  
9. G6A a t  40% of O&M 

10 .  Chemicals 
11. F i l t e r s  
1 2 .  Other m a t e r i a l s  
13.  E l e c t r i c i t y  a t  ShfkWh 
14 .  Membrane replacement 

85 .o 
34 .O 
52.5 
62 .O 
23.8 

725.4 
185 .O 

Total  opera t ing  c o s t s  

15.  F ised  charge a t  18% 

Total  annual cos t  

1,167 .7 

85 .O 85 .o 85 .o 
34.0 34 .O 34.0 
52.5 35.0 35  .O 
62 .O 62 .O 62 .O 
23.8 16.7 20.7 

398.5 47 9 .o 892.9 
185 .o 92.5 139.0 

804.2 1,268.6 840.8 

1,578.1 1.578.1 1,209.5 1,382.2 

2,745.8 2,438.9 2,013.7 2,650.8 
~- ~- -_-_ 

Cost of water ,  8 / m 3  ($ /kga l )  0 -42 0.38 0 .31  0.40 
( 1  -58)  (1 .42)  (1.16) (1 .53)  

-- -----I--_--p --_-I-_____ 

a A l l  c o s t s  i n  1981 second q u a r t e r  d o l l a r s .  



Table  A.9. Brackish water d e s a l t i n g  c o s t s a  - e l e c t r o d i a l y s i s  - 37.9 x l o 3  m3/d 
feedwater tempera ture  70°F. 95% p l a n t  f a c t o r  

- 
Feedwater type 

1 2 3 4 

Cons t ruc t ion  pe r iod  (months) 12 1 2  

D i r e c t  c a p i t a l  c o s t s  ($1000) 
1. I n s t a l l e d  equipment cos t  10,901 .o 10.901 .o 
2 .  S i t e  development 513 .O 513 .O 
3 .  In t ake  and o u t f a l l  system 448 .O 448 .O 
4. E l e c t r i c  u t i l i t i e s  and swi tchgear  906 .O 906 .O 

Tota l  d i r e c t  c a p i t a l  c o s t  12,768.0 12,768.0 
-__ 

I n d i r e c t  c a p i t a l  c o s t s  ($1000) 
5 .  I n t e r e s t  dur ing  c o n s t r u c t i o n  and s t a r t u p  599.6 599.6 
6 .  Working c a p i t a l  638.4 638.4 
7 .  Contingency - A6E f e e  2,240.9 2,240.9 

To ta l  c a p i t a l  c o s t  16,246.9 16,246.9 

Opera t ing  c o s t s  (annual )  (SIOOO) 
8 .  Opera t ing  and maintenance l a b o r  
9. G6A a t  40% of 06M 

10 .  Chemicals 
11. F i l t e r s  
1 2 .  Other m a t e r i a l s  
13 .  E l e c t r i c i t y  a t  ShlkWh 
14 .  Membrane replacement 

T o t a l  ope ra t ing  c o s t s  

1 5 .  Fixed charge a t  18% 

T o t a l  annual c o s t  

Cost of wa te r ,  $ /ma ($ /kga l )  

105 .o 
42 .O 

105 .O 
93.1 
45.4 

1,450.8 
370 .O 

2,211.3 

105  .O 
42 .O 

105 .o 
93.1 
45.4 

797 .o 
370 .O 

1,557.5 

2,924.4 2,924.4 

5.135.7 4.481.9 

0.39 0.35 
(1.48) (1.30) 

1 2  

8,175.8 
513 .O 
448 .O 
582 .O 

9,718.8 
~- 

449 .I 
485.9 

1,704.7 

12,359.1 
- 

105 .O 
42 .O 
70 .O 
93.1 
31  -4 

958.0 
185 .O 

1,484 .5 

2,224.6 

3,709.1 

1 2  

9,265.8 
513 .O 
448 .O 
906 .O 

11,132.8 

509.6 
556.6 

1,951.8 

14,150.8 

105  .O 
42 .O 
70 .O 
93.1 
39.1 

1.785.7 
278 .O 

2,412 -9 

2,547.1 

4,960.0 

-~ 

0.28 0.38 
(1.07) (1.43) 

‘All  c o s t s  i n  1981 second q u a r t e r  d o l l a r s .  

c 
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Table A.lO. Brackish water  d e s a l t i n g  c o s t s a  - e l e c t r o d i a l y s i s  - 94.6 x l o3  m3/d 
feedwater temperature  70°F, 95% p l a n t  f a c t o r  

Construct ion per iod  (months) 15 

D i r e c t  c a p i t a l  c o s t s  ($1000) 
1. I n s t a l l e d  equipment c o s t  24,760.0 
2 .  S i t e  development 770.0 
3 .  In take  and o u t f a l l  system 896 .O 
4 .  E l e c t r i c  u t i l i t i e s  and switchgear  1,920 .O 

Tota l  d i r e c t  c a p i t a l  c o s t  28,346 .O 

I n d i r e c t  c a p i t a l  c o s t s  ($1000) 
5 .  I n t e r e s t  during c o n s t r u c t i o n  and s t a r t u p  1,702.2  
6 .  Working c a p i t a l  1 , 4 1 7 . 3  
7 .  Contingency - A&E f e e  5,034.5  

Total  c a p i t a l  cos t  36,500 .O 

Operat ing c o s t s  (annual)  ($1000) 
8 .  Operating and maintenance l a b o r  
9 .  G6A a t  40% of O&M 

1 0 .  Chemicals 
11. F i l t e r s  
1 2 .  Other m a t e r i a l s  
1 3 .  E l e c t r i c i t y  a t  SbIkWh 
1 4 .  Membrane replacement 

135 .O 
54 .o 

262.5 
232 .O 
103 .O 

3,683.3  
925 .O 

Total  opera t ing  c o s t s  5,394.8  

1 5 .  Fixed charge a t  18% 

Total  annual c o s t  

Cost of water ,  $/m3 ($ /kga l )  

6,570.0  

11 ,964 .8  

0.36 
( 1 . 3 8 )  

15 

24,760 .O 
770 .O 
896 .O 

1,920 .O 

28,346 .O 

1,702.2  
1 ,417 .3  
5 ,034 .5  

36,500 .O 

135 .O 
54 .O 

262 .5 
232 .O 
103 .O 

1,992.5  
925 .O 

3,704.0  

6 ,570 .0  

- 

~~ ~ 

10,274.0  

0 .32  

15  

18 ,570  .O 
770 .O 
896 .O 

1 , 2 3 0  .O 

21,466 .O 

1 , 2 7 6 . 7  
1 ,073 .3  
3 ,810 .6  

27,626.7 

135 .O 
54 .O 

175 .O 
232 .O 

70.3  
2 ,395  .O 

462.5 

3 ,523 .8  

4,972.8 

8,496.6 

0 .26  
( 1 . 1 8 )  ( 0 . 9 8 )  

15  

21,046 .O 
770 .O 
896 .O 

1,920 .O 

24,632 .O 

1,446.9  
1 ,231 .6  
4 ,370 .0  

31,680.5 
- 

135 .O 
54 .O 

175 .O 
232 .O 

87.4 
4 ,464 .3  

695 .O 

5,842.7 

5 ,702 .5  

11 ,545 .2  

0 .35  
( 1 . 3 3 )  - -I- 

a A l l  c o s t s  in 1981 second q u a r t e r  d o l l a r s .  



4 



4 3  

APPENDIX B 

The Engineer ing Analys is  Sec t ion  of the  ORNL Engineering Technology 

Div i s ion  es t imated  the  c o s t  of prime steam and e l e c t r i c i t y  f o r  mid-1981 

from new nuclear ,  coa l  and o i l - f i r e d  p l a n t s  l oca t ed  on the  Gulf Coast.  

Table B . l  shows t e c h n i c a l  and economic parameters  used i n  the  ana lys i s .  

The c a p i t a l  c o s t s  a r e  f o r  a p l a n t  coming i n t o  ope ra t ion  i n  mid-1981. 

These c o s t s  a r e  based on r e c e n t  c o s t  models rece ived  from United Engineers  

and Cons t ruc tors  i n  t h e  case of the  coa l  and nuc lea r  p l a n t s .  Both coa l  

p l a n t s  have f lue-gas  desu lphur i za t ion  (FGD) systems. The investment c o s t  

e s t ima te  f o r  the  o i l - f i r e d  p l a n t  i s  based on the  c o s t  of p l a n t s  r e c e n t l y  

completed o r  near ing  completion. Nuclear f u e l  c o s t s  a r e  based on c u r r e n t  

p r i c e  l e v e l s  f o r  t he  c o s t  components. The o i l  p r i c e  i s  approximately mar- 

k e t  f o r  No. 6 o i l .  The coa l  p r i c e s  were de r ived  from recen t  d e l i v e r y  

p r i c e s  of coa l  i n  the  Gulf a rea .  

The power gene ra t ion  c o s t s  a r e  g iven  i n  Table  B.2. The v a l u e s  shown 

r e p r e s e n t  c o s t s  from a new p l a n t  and t h e r e f o r e  do no t  r e f l e c t  t he  average 

c o s t  of energy from the  e n t i r e  g r id .  

The Engineer ing Analys is  Sec t ion  a l s o  ma in ta ins  a d a t a  f i l e  on t h e  

h i s t o r i c  c o s t  of f u e l s  used by e l e c t r i c  u t i l i t i e s  throughout t he  United 

S t a t e s .  The average cos t  of f u e l s  for U.S.  e l e c t r i c  u t i l i t i e s  i s  shown i n  

Fig.  R . l  f o r  1970-1982. Note t h a t  t h i s  i s  not  t h e  same a s  the  v a l u e s  pre- 

sen ted  i n  Table  B . l  f o r  p l a n t s  l oca t ed  on t h e  Gulf Coast.  
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Table B . l .  Technical and economic 
parameters  

P l a n t  s i z e ,  MW(e) 
Nuclear 
Coal 
O i l  

Locat ion 

Capacity f a c t o r ,  % 

Heat r a t e s ,  Btu/kW(e) 
Nuclear 
Bituminous coal  f i r e d  p l a n t  
Sub-bi tuminous coal f i r e d  p l a n t  
O i l  f i r e d  p l a n t  

Year of p l a n t  s t a r t u p  

Fixed charge r a t e  on c a p i t a l ,  % 

Capi t a l  investment, $/kW( e )  
Nuclear 
Bituminous coal  
Sub-bituminous coal 
O i  1 

Fuel p r i c e s ,  $ / lo6  Btu 
O i l  ($/Bbl) 
Bituminous coal  ( $ / t o n )  
Sub-bituminous coal  ( & t o n )  
Nuclear 

1 x 1200 
2 x 600 
2 x 600 

Gul f coa s t 

70 

10,600 
9,900 
10,400 
9,200 

M i  d-19 81 

18 

1,250 
930 
860 
7 50 

5.50 (32)  
1.90 (46) 
2.30 (37) 
0.70 
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Table B.2. Power generat ion c o s t s  
( m i l  1 s/kWh) 

Bituminous Sub-bituminous 
O i  1 coal  coal  Nuclear 

Capita l  investment 22 .O 27.3 25.2 36.7 
O&M 2.5 7.3 4.1 5.2 
Fae 1 50.5 18.8 23.9 7.4 

Total  
M i  11 s/kWh 75 .O 53.4 53.2 49.3 
S/GJ 8.98 5.70 5.40 4.91 
$/lo6 Btu 8.50 5.40 5.11 4.65 
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