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k t  I. Summary /r 
J\ 

Dur ing  t h e  p e r i o d  from November 11-21, 1978, a  Uni ted  S t a t e s  d e l e g a t i o n  1: v i s i t e d  t h e  S o v i e t  Union f o r  a , m e e t i n g  of t h e  J o i n t  U.S.-U.S.S.R. 
C o o r d i n a t i n g  Committee on S c i e n t i f i c  and T e c h n i c a l  Coopera t ion  i n  t h e  

I' F i e l d  of Thermal Power P l a n t  Heat R e j e c t i o n  Systems and t o  p a r t i c i p a t e  
I i n  a j o i n t  sympocium on the same s u b j e c t .  Table  1 p r e s e n t s  t h e  agenda 

of t h e  v i s i t .  

The U.S. d e l e g a t t o n  was a s  f o l l o w s :  

J. Neal, Ac t ing  A s s i s t a n t  D i r e c t o r ,  D i v i s i o n  of F o s s i l  F u e l  
U t i l i z a t i o n ,  U.S. Department of Energy, and U.S. Chairman 
o{ t h e  J o i n t  Committee 

W. Savage,  ~ c t i n ~  C h i e f ,  Advanced Systems E v a l u a t i o n  Branch, 
Advanced Systems and M a t e r i a l s  P roduc t ion  D i v i s i o n ,  U.S. 
Department of Energy 

J. Lewin, Union Carb ide ,  Oak Ridge N a t i o n a l  Labora to ry  and 
U.S. I n t e r p r e t e r  

J. Maulbetsch,  E l e c t r i c  Power Research I n s t i t u t e  

G. Englesson,  Uni ted Engineers  and C o n s t r u c t o r s ,  Inc .  

The S o v i e t  p e r s o n n e l  c o n t a c t e d  a r e  l i s t e d  i n  T a b l e  2. It shou ld  be 
n o t e d ,  however, t h a t  t h e  p r i n c i p a l  members of t h e  S o v i e t  d e l e g a t i o n  
were a s  f o l l o w s :  

V. I. Sav in ,  M i n i s t r y  of Power and E l e c t r i f i c a t i o n  and U.S.S.R. 
Chairman of t h e  J o i n t  Committee 

R. Minasyan, T e p l o e l e c t r o p r o e c t  

G. Ageev, T e p l o e l e c t r o p r o e c t  

L. G a l p e r i n ,  T e p l o e l e c t r o p r o e c t  and S o v i e t  I n t e r p r e t e r  

Dur ing  t h i s  v i s i t ,  meet ings  were h e l d  w i t h  p e r s o n n e l  of t h e  f o l l o w i n g  
o r g a n i z a t i o n s  and a t  t h e  f a c i l i t i e s  no ted  below: 

o  Razdan, Armenia dry  coo led  power p l a n t  

o  T e p l o e l e c t r o p r o e c t  (TEP), Moscow 

I o  M i n i s t r y  of Power and E l e c t r i f i c a t i o n  (Moscow and Len ingrad)  



. .. 
' o B'. E. Vedeneev All-Union I n s t i t u t e  of Hydraul ic  .Engineering 

(VNIIG), Leningrad 
. . 

o Mosenergo Cogenerating P l a n t  21 (Moscow) 

* .  . .. It should be noted t h a t  a l though the  J o i n t  Committee t i t l e  r e f e r s  on ly  t o  

Heat Re jec t ion  Systems, t h e  program of coopera t ion  had been expanded t o  
. . .. ' . i nc lude  cogenera t ion  (concurrent  product ion of e l e c t r i c i t y  and process  

, . . steam o r  thermal energy f o r  d i s t r i c t  hea t ing )  and b e n e f i c i a l  u se s  of power 
p l a n t  r e j e c t  (waste)  hea t .  . . 

The fol lowing i s  a  b r i e f  summary of d a t a  ob ta ined  a s  a  r e s u l t  of the"  
meetings,  symposium, and f a c i l i t y  v i s i t s .  

1. The Sovie t  Union has  been reducing f u e l  use pe r  Kwh of power 
genera ted 'wi th  a  consumption i n  1970 of 348 g ( o i l )  pe r  kwh, 
334 g/Kwh i n  1 9 7 7 ,  and 325 g / ~ w h  i n  1978. The Sov ie t s  d i d  
s t a t e ,  however, t h a t  they have not  reached t h e  b e s t  U.S. 
performance of 305 g l ~ w h .  To a 1  e l e c t r i c a l  energy produced 5 i n  t h e  U.S.S.R. was 1150 x 10 Kwh i n  1977. 

2. I n  1976, about  25% of t he  e l e c t r i c  energy i n  t h e  U.S.S.R. was 
produced by p l a n t s  ope ra t i ng  i n  t h e  cogenera t ion  mode. This  
represen ted  60,000 MWe o r  about 114 of t h e  e l e c t r i c a l  power 
produced by a l l  c e n t r a l  s t a t i o n  power p l a n t s  (240,000 W e ) .  
Approximately 65% of t h e  popula t ion  g e t  h e a t  from c e n t r a l  
sources ,  e i t h e r  cogenera t ion  o r  b o i l e r  p l an t s .  The h e a t  
u t i l i z e d  from t h e  power p l a n t s  was about 4  b i l l i o n  g i g a j o u l e s  
(4 BGJ) i n  1976 o r  about 40% of t h e  a v a i l a b l e  low l e v e l  hea t .  
The plan f o r  1980 i s  t o  have 77,000 MWe of cogenera t ing  
capac i ty  and t o  u t i l i z e  5  B G J  of thermal  energy. 

3. Consider ing t h e  c o s t  of f o s s i l  f u e l s  i n  t h e  Western U.S.S.R., 
nuc lear  cogenera t ion  of e l e c t r i c i t y  and h e a t  apears  most eco- 
nomic. Both 500 MWe and 1000 MWe Pres su r i zed  Water Reactors  
(PWR's) a r e  being considered f o r  cogenera t ion  wi th  one t u r b i n e  
employed a t  t h e  lower r a t i n g  and two a t  t h e  h igher .  Both 
condensing and e x t r a c t i o n  t u r b i n e s  a r e  being considered and 
a r e  des igna ted '  TK-500 and T-500, r e spec t ive ly .  Maximum 
e x t r a c t i o n  hea t  va lues  a r e  considered a s  450 g i g a c a l o r i e s l h r .  
f o r  t he  500 MWe p l a n t  and 900 f o r  t h e  1000 MWe p lan t .  Both 
two-unit and four -uni t  power s t a t i o n s  a r e  being considered.  
From 1990 onward, i t  looks l i k e  t h e  1000 MWe PWR w i l l  be 
"best" f o r  d i s t r i c t  hea t ing  cogenera t ion  use.  Two 1000 MWe 
cogenera t ing  u n i t s  can meet t he  demands of 250,000 people.  



4. A 500 M W t  r e a c t o r  i s  being considered f o r  only supply ing  hea t  with 
no concurrent  product ion of e l e c t r i c i t y . *  Hot water  would be hea ted  

0 
t o  150 C a t  t h e  h e a t  r a t e  of 430 g i g a c a l o r i e s  pe r  hour. It should 
be noted t h a t  containment w i l l  be u t i l i z e d  and t h a t  t h e  S o v i e t s  a r e  
t h ink ing  of l o c a t i n g  t h e s e  p l a n t s  w i t h i n  2-3 km from l a r g e  populated 

. . a reas .  

5. '1n a  d i s t r i c t  h e a t i n g  system, p ip ing  c o s t s  comprise 70-802 of t h e  
hea t  d i s t r i b u t i o n  system and about 40-50% of t h e  amount r equ i r ed  
f o r  cons t ruc t ion  of t h e  cogenerat ion p l a n t .  For l a r g e  p ipes  
ca r ry ing  ho t  water  f o r  d i s t r i c t  hea t ing ,  2000 tons  of s tee l  a r e  
requi red  pe r  k i lometer .  The l o c a t i n g  of t h e  500 M W t  r e a c t o r  nea r  
populated a r e a s  ( s e e  i t e m  4  above) g r e a t l y  reduces t h e  amount of 
p ipe  requi red  and lowers systems c a p i t a l  cos t .  

6 .  The s o v i e t  Union is  bu i ld ing  a  wet /dry cooled power p l a n t  a t  
Esfahan i n  I r an .  This  p l a n t ,  c o n s i s t i n g  of f o u r  200 MWe-units, 
w i l l  employ dry cool ing  . towers capable  of p a r t i a l  ope ra t i on  i n  
a  wet /dry mode. These towers.  a r e  e s s e n t i a l l y  a  dry tower w i t h i n  
a  dry tower. The major o u t e r  s e c t i o n  ope ra t e s  f o r  base  cool ing  
and t h e  i nne r  s e c t i o n  ope ra t e s  f o r  peaking. A t  very high ambient 
temperatures ,  water  is  sprayed i n  t h e  peaking dry s y s t e m  f o r  a i r  
humid i f i ca t i on  purposes and improved cool ing  c a p a b i i i t y .  

7. Four dry cool ing  towers a r e  i n  ope ra t i on  a t  t h e  Razdan, Soviet  
Armenia, power p l an t .  Two a r e  r a t e d  a t  200 MWe and two a t  210 MWe 
(approximately 350-400 M W t  of hea t  r e j e c t e d  by each tower).  A 
d e t a i l e d  d i s cus s ion  of t h e  Razdan cool ing  towers is given i n  Refer-  
ence 1. It was noted t h a t  twice  each yea r  t h e  cool ing  s u r f a c e s  a r e  
c leaned by blowing of f  by t h e  use  of o l d  a i r c r a f t  jet engines  (of 
which t h e r e  appears  t o  be a  s u r p l u s )  any m a t e r i a l  which has  c o l l e c t e d  
on them; however, without  c l ean ing  over  a  two-year per iod ,  only a  1% 
l o s s  i n  power p l a n t  e f f i c i e n c y  occurred. The t u r b i n e s  a r e  capable  
of ope ra t i on  up t o  12" Hg back pressure .  It should be noted t h a t  
t h e  b o i l e r s  a t  Razdan can be f i r e d  wi th  n a t u r a l  gas or  r e s i d u a l  o i l .  
It was a l s o  noted t h a t  t h e  n a t u r a l  gas supply i s  " in t e r rup t ab l e "  
s i n c e  i t  is obtained from I r an .  

8. The S o v i e t s  have had a  greenhouse i n  ope ra t i on  f o r  7 y e a r s  which 
a l s o  is  used f o r  condenser cool ing.  Condenser cool ing  water  flows 
over t h e  roof of t h e  greenhouse i n  a  l a y e r  6-8 cm. t h i c k  and i s  
taken by downcomers back t o  t h e  condenser. The water  , l aye r  provides  
both i n s u l a t i o n  and hea t  f o r  t h e  greenhouse and hea t  r e j e c t i o n  t o  
t h e  atmosphere. 

*See Appendix B ,  "Cogeneration Nuclear Power S t a t i o n s  and B o i l e r  
S t a t i o n s  - Problems and Future  Outlook" by V. Tatarnikov,  et a l .  



9. The Sov ie t s . have  found t h a t  domestic f i s h  product ion  can be 
i nc reased  from 100 Kglha f o r  a  n a t u r a l  l a k e  t o  600 Kglha f o r  ponds 
u s ing  c o n t r o l l e d  temperatures  and feeding.  By t h e  use  of f i s h  
indigenous t o  I n d i a  and t h e  U.S., they b e l i e v e  t h a t  t h i s  r a t e  can 
be  r a i s e d  t o  1000 Kglha. It is planned t o  grow 2000 tonnes p e r  year  
of f i s h  at t h e  Kursk nuc l ea r  power p l a n t  u s i n g  ponds employing power 
p l a n t w a s t e  hea t .  This  w i l l  be  t h e  f i r s t  f i s h  r a i s i n g  system t o  be  
employed where t h e r e  is  a  cont inuous c o n t r o l  of power p l a n t  condi- 
t i o n s  t o  m e e t  f i s h  product ion  condi t ions .  F i sh  farming is a l s o  
provided f o r  a t  Unit  2  a t  t h e  Chernobyl F i s h  S t a t i o n .  

'10. The func t ions  of t h e  B. E. Vedeneev All-Union I n s t i t u t e  of Hydraul ic  
Engineer ing (VNIIG) i n  Leningrad have been r epo r t ed  i n  prev ious  
documents (e. g. , ERDA' 77-77). V N I I G  i s  a  b a s i c  research  i n s t i t u -  
t i o n  wi th  ?bout 2000 personnel  (about one-half be ing  engineers  and 
s c i e n t i s t s ) .  There a r e  a  number of branches (e -g . ,  Krasnoyarsk i n  
S i b e r i a ,  Narva i n  Es ton i a ) .  There are a  t o t a l  of about 30 labora-  
t o r i e s .  I n  Leningrad t h e  t o t a l  s t a f f  is about 1500. One a r e a  of 
i n v e s t i g a t i o n  a t  p r e sen t  is t u r b i n e  runners  i n  t h a t  they a r e  
a t tempt ing  t o  s e l e c t  m a t e r i a l s  r e s i s t a n c e  t o  c a v i t a t i o n  s i n c e ,  
f o r  pumped s t o r a g e  a p p l i c a t i o n s ,  t h e  runner  must a c t  a s  both a  
pump and a  t u rb ine .  

11. A d e t a i l e d  d e s c r i p t i o n  of t h e  Mosenergo Cogenerat ing P l a n t  21 
i s  given i n  Reference 2. P l a n t  No. 21 provides  e l e c t r i c  power 
and space'  h e a t i n g  f o r  1.5 m i l l i o n  people  i n  t h e  c i t y  of Moscow- 
The p l a n t  is o i l - f  i r e d  and c o n s i s t s  of s i x  100 MWe u n i t s  and two 
250 MWe u n i t s ,  a l l . . c a p a b l e  of ope ra t i ng  i n  a  cogenera t ion  o r  f u l l  
condensing mode. Maximum hea t  capac i ty  is 3,800 g i g a c a l o r i e s l h r  
of which 2200 g i g a c a l o r i e s l h r  i s  provided by 14 peak b o i l e r s  
r equ i r ed  a t  temperatures  below O'C. The average p l a n t  hea t  
r a t e  i n  1977 was 207 gm/Kwh ( r e f e r ence  f u e l :  7000 kcal./Kg o r  
12,600 B / lb )  o r  168 Kg/gigacalor ie .  The gene ra t i ng  c o s t  was 
0.052 RIKwh (Q7.5 mils1Kwh) o r  3 .63Rlgigacalor ie  (2$1-.50/10~ BTU) .* 

A t  t h e  meeting of t h e  J o i n t  Committee, i t  was agreed t h a t  a  j o i n t  
symposium would be h e l d  i n  October 1979 i n  Washington, D O C .  I n  o rde r  
t o  conserve t i m e  a t  t h e  October 1979 symposium, summary papers  would 
be  given v e r b a l l y  r a t h e r  t han  a t t empt ing  t o  p re sen t  an  e d i t e d  ve r s ion  
of t h e  complete paper.  These summary papers  would be exchanged i n  
August of 1979 and complete papers  exchanged a t  t h e  symposium. This  
procedure would a l low a  longer  t i m e  f o r  t e c h n i c a l  d i s cus s ions  dur ing  t h e  
symposium. 

*U.S. c o s t  e q u i v a l e n t s  a r e  based on a  commercial exchange r a t e  of $1.56 
p e r  r u b l e  (R). 



Appendices A and B p r e s e n t  t h e  U.S. and U.S.S.R. papers  r e s p e c t i v e l y  a s  
given a t  t h e  j o i n t  symposium i n  Razdan. It should be emphasized t h a t  
due t o  t i m e  l i m i t a t i o n s ,  ve rba l  p r e s e n t a t i o n s  were e s s e n t i a l l y  synopses 
of t h e  papers  bu t  complete papers  were exchanged. 

Appendix C p r e s e n t s  d e t a i l e d  informat ion  on t h e  Razdan Power P lan t  a s  
obtained from a brochure d i s t r i b u t e d  during t h e  p l a n t  v i s i t .  The 
o r i g i n a l  document con ta ins  p i c t u r e s  of t h e  p l a n t  which a r e  not  included 
i n  t h e  Appendix. 

Appendix D is  taken from a Sovie t  brochure on the  Armenian power g r i d  
and power p l a n t  f a c i l i t i e s  (nuc lear ,  f o s s i l ,  hydro).  It is  included 
f d r  i n £  ormation purposes. 

Note: The conclus ions  and comments contained i n  t h i s  r e p o r t  a r e  based 
p r imar i ly  on t h e  r e s u l t s  of p l a n t  v i s i t s ,  v e r b a l  p r e s e n t a t i o n  of 
'papers  and comments by  Sovie t  personnel.  The reader  is  r e f e r r e d  
t o  t h e  Sovie t  papers  (Appendix B) i f  t h e r e  is  any misunderstanding 
with comments g iven  h e r e i n  concerning v e r b a l  p r e s e n t a t i o n s  of 
those  papers.  



11. R e s u l t s  of T e c h n i c a l  Meetinps and t h e  Symposium 

A. Power P l a n t  Heat D i s s i p a t i o n  Systems 

The major p o r t i o n  of t h e  Razdan Power S t a t i o n  i n  Armenia, 
U.S.S.R., is dry  cooled.  T o t a l  d e s i g n  power o u t p u t  f o r  t h e ,  
p l a n t  employing n a t u r a l  d r a f t  d ry  c o o l i n g  is 820 MWe. Fou'r dry 
' towers  a r e  employed, two r a t e d  a t  200 MWe and two a t  210 MWe. 

These towers a r e  of welded s t e e l  f rames covered w i t h  c o r r u g a t e d  
aluminum s h e e t s .  Th i s  t y p e  of c o n s t r u c t i o n  was u t i l i z e d  due t o  
e a r t h q u a k e  hazards .  

It shou ld  be no ted  t h a t  t h e  f i r s t  c a p a c i t y  a t  Razdan was 320 M W e  
cooled by small e v a p o r a t i v e  towers.  These a r e  s t i l l  i n  o p e r a t i o n  
and t h e  t o t a l  p l a n t  c a p a c i t y  is  1140 MWe w i t h  360 g i g a c a l o r i e s  of 
h e a t  a v a i l a b l e  from t h e  c o g e n e r a t i n g  t u r b i n e s  of t h e  o l d  p l a n t .  ' 

The p l a t e l f i n  t y p e  c o o l i n g  s u r f a c e s  were u t i l i z e d  (Hungarian 
. . 

Heller-Forgo t y p e )  w i t h  c o o l i n g  p a n e l s  l o c a t e d  around t h e  
p e r i p h e r y  a t  t h e  b a s e  of t h e  d ry  towers.  C o n t r o l  of a i r  
f low i s  main ta ined  by motor o p e r a t e d  l o u v e r s .  The c o o l i n g  
p a n e l s  a r e  15m h igh .  The towers  a r e  120m h i g h  and have a , 

bas~e ' .d iamete r  of 108m.and a  top  d iamete r  of 60m. A complete  
d e s c r i p t i o n  of t h e  Razdan Power P l a n t  and c o o l i n g  sys tem is  
g iven  i n  Appendix C.  D e t a i l s  concerning tower d e s i g n  and 
c o n s t r u c t i o n  a r e  g i v e n  i n  Refe rence  1. 

S i n c e  a  problem of i n t e r e s t  t o  t h e  U.S. d e l e g a t i o n  was t h e  
e f f e c t  on c o o l i n g  performance of p a r t i c u l a t e s  c o l l e c t i n g  on 
t h e  dry  c o o l i n g  s u r f a c e s ,  d a t a  were o b t a i n e d  on t h e  e f f e c t  . ,  

of c l e a n i n g .  It is normal p r a c t i c e  t o  blow of f  by u s e  of 
a i r c r a f t  jet e n g i n e s  any material which h a s  c o l l e c t e d  on t h e  
c o o l i n g  s u r f  a c e s  t w i c e  each  y e a r .  However, w i t h o u t  such  c l e a n i n g  
over  a two y e a r  p e r i o d  (1971-73,), only  a  1% l o s s  i n  power p l a n t  
e f f i c i e n c y  occurred.  It was b e l i e v e d  t h a t  s u r f a c e  f o u l i n g  might 
be a problem due t o  t h e  f a c t  t h a t  a  cement p l a n t  is l o c a t e d  n e a r  
t h e  power p i a n t .  

Upon 'en t ry  i n t o  t h e  o p e r a t i n g  c o o l i n g  towers ,  f low v e l o c i t y .  .,. 
a t  t h e  i n t e r n a l  f a c e s  of t h e  c o o l i n g  p a n e l  was ve ry  n o t i c e a b l e .  
S i n c e  i t  was snowing h e a v i l y  o u t s i d e  a t  t h e  t ime,  a  f i n e  w a t e r  
mist. was a l s o  a p p a r e n t  due t o  m e l t i n g  on t h e  h e a t  t r a n s f e r  s u r -  
f a c e s .  As would be expec ted  t h e r e  was no a p p a r e n t  a i r  v e l o c i t y  
a t  t h e  c e n t e r  of t h e  b a s e  of t h e  tower. E x t r a  c o o l i n g  p a n e l s  
a r e  s t o r e d  i n s i d e  t h e  b a s e  a r e a  f o r  replacement  a s  needed- It. 
was i n d i c a t e d ,  however, t h a t  t h e  replacement r a t e  is  very low- 

Another p o i n t  concern ing  t h e  Razdan P l a n t  shou ld  be  noted.  The 
b o i l e r s  can be f i r e d  w i t h  n a t u r a l  gas  o r  r e s i d u a l  o i l -  The 



n a t u r a l  gas  supply is o b t a i n e d  f rom I r a n  and i t  is c o n s i d e r e d  
a s  " i n t  e r r u p t a b l e .  " 

The S o v i e t  union i s  b u i l d i n g  a  we t /d ry  cooled power p l a n t  a t  
Esfahan i n  I r a n .  T h i s  p l a n t ,  c o n s i s t i n g  of f o u r  200 MWe unTt,s, 
w i l l  employ d ry  c o o l i n g  towers c a p a b l e  of p a r t i a l  o p e r a t i o n  
i n  a '  w e t l d r y  mode. These towers  a r e  e s s e n t i a l l y  . a  d ry  tower 
w i t h i n  a  d ry  tower. The major o u t e r  s e c t i o n  o p e r a t e s  f o r ,  
b a s e  c o o l i n g  and t h e  i n n e r  s e c t i o n  o p e r a t e s  f o r  peaking.  For  

0 examgle, t h e  major d ry  s e c t i o n  o p e r a t e s  up t o  30.5 C .  From 
30.5 t o  3 2 . 5 ' ~  t h e  peak ing  d r y  s e c t i o n  is brought  on.  l i n e .  '' 
Above 3 2 . 5 ' ~  a  w a t e r  s p r a y  is  s t a r t e d  on t h e  peak ing  s e c t i o n  
f o r  a i r  h u m i d i f i c a t i o n .  The c o n v e n t i o n a l  approach of d e l u g i n g  
t h e  dry  s u r f a c e s  w i t h  w a t e r  i s  n o t  used (such as was planned 
a t  Ivanovo)  s i n c e  t h e  d e s i g n  group f o r  t h e  Ivanovo de luge  w e t /  
d r y  c o o l i n g  towers  s a i d  t h a t  a  w a t e r  f i l m  cannot  be formed 'on 
t h e  Forgo (Hungarian) p l a t e / £  i n  s u r f a c e s .  The gap between t h e  
f i n s  is about  3.5 mm and " t h e r e  i s  n o t  s u f f i c i e n t  s p a c e  f o r  a i r  
and water ."  Opening up t h e  f i n  p i t c h  causes  . l o s s  of performance 
when o p e r a t i n g  i n  t h e  dry  mode. The Ivanovo de luge  dry  c o o l i n g  
towers  a r e  no t  i n  o p e r a t i o n  a s  y e t .  

I The c l i m a t i c  c o n d i t i o n s  a t  Es fahan  a r e  a s  fo l lows :  

I Average a n n u a l  t empera tu re  . 16. 1°C 

I Maximum tempera tu re  40°C + 
Minimum tempera tu re  -10.4OC 

I R e l a t i v e  Humidity @ 40°C 10% 

With t h e  h u m i d i f i c a t i o n  sys tem i n  o p e r a t i o n  a t  40°C, t h e  power 
p l a n t  l o s e s  l e s s  t h a n  5% i n  ou tpu t .  Water f low r a t e  i n  ,44 
c u b i c  mete r s  p e r  hour.  

A d e t a i l e d  d i s c u s s i o n  of t h e  Esfahan sys tem is  g iven  i n  a  paper  
i n  Appendix B ,  "A System of Heat Removal f o r  a n  E l e c t r i c  Power 
S t a t i o n  Located i n  a  Dry S u b t r o p i c a l  Climate." 

The S o v i e t s  have had a  greenhouse i n  o p e r a t i o n  f o r  7 y e a r s  which 
a l s o  is  used f o r  condenser  c o o l i n g .  Condenser c o o l i n g  w a t e r  
f lows  over  t h e  roof of t h e  greenhouse i n  a  l a y e r  6-8 cm. t h i c k  
and is t a k e n  by downcomers back t o  t h e  condenser.  The w a t e r  
l a y e r  p r o v i d e s  bo th  i n s u l a t i o n  and h e a t  f o r  t h e  greenhouse and 
h e a t  r e j e c t i o n  t o  t h e  atmosphere.  Problems a r e  a l g a e  growth 
and t h e  l a c k  of need f o r  t h e  w a t e r  l a y e r  i n  t h e  summer. 
Greenhouse t empera tu res  a r e  i n  t h e  range of 1 5 ' ~  t o  25 '~ .  The 



presen t  greenhouse system does no t  have s u f f i c i e n t  s u r f a c e  a r e a s  
t o  f u l l y  m e e t  t h e  condenser r equ i r ed  AT and a spray system may 
be incorpora ted .  Fu r the r  in format ion  on t h i s  system is given i n  
a Sov ie t  paper  i n  Appendix B.  

The S o v i e t s  a r e  now b u i l d i n g  a 6,000 sq. m. greenhouse near  
Kashira.  It i s  hoped t h a t  t h i s  i n s t a l l a t i o n  w i l l  answer 
whether t h e  roof cool ing  concept should be used i n  o t h e r  
i n s t a l l a t i o n s .  

B. Fue l  U t i l i z a t i o n  and Copeneration 

The Sovie t  Union has  been reducing f u e l  u se  pe r  Kwh. of power 
genera ted  w i t h  a consumptio'n i n  1970 of 3483 ( o i l )  p e r  Kwh., 
334g/Kwh. i n  1977 and 325glKwh. i n  1978. The S o v i e t s  d i d  
s t a t e ,  however, t h a t  they have not  reached t h e  b e s t  U.S. 
performance of 305g/Kwh. .These f u e l  r a t e s  do not  cons ider  ' 

any c r e d i t  f o r  cogenerat ion.  For t h e  Mosenergo Cogenerating 
P l a n t  21 i n  Moscow, t h e  h e a t  r a t e  i n  1977 based on c r e d i t  f o r  
hea t  u t i l i z a t i o n  f o r  d i s t r i c t  h e a t i n g  was 207g/Kwh. ( r e f e r ence  
f u e l  of 7000 Kcal/Kg o r  12,600 B / lb )  o r  168 Kg/g igaca lor ie -  

Planning of a l a r g e  d i s t r i c t  h e a t i n g  system f o r  a c i t y  t akes  
from 10-15 y e a r s  wi th  5-7 y e a r s  f o r  t h e  major i n i t i a l  construc-  

, t i o n  s t age .  It was noted by t h e  S o v i e t s  t h a t  t h e  major a r e a s  
of research  i n  cogenera t ion  a r e  t h e  fol lowing:  

1. Improving e f f i c i e n c y  of t h e  p l a n t  and r e l i a b i l i t y  of t h e  
d i s t r i b u t i o n  g r id s .  

2. J o i n t  ope ra t i on  of s e v e r a l  sou rces  of hea t  supply on t h e  
same g r i d  system. 

3- Operat ion of t h e  cogenerat ion system. 

4. Decreasing t h e  amount of s teel  p ip ing  used i n  t h e  d i s t r i b u -  
t i o n  system. About 2000 tons  o£' s teel  p i p e  a r e  r equ i r ed  
from a l a r g e  cogenera t ing  d i s t r i c t  h e a t i n g  p l a n t .  

5 .  Decreasing t h e  use  of s i n g l e  p i p e  (no r e t u r n )  systems. 

6- Improving p i p e  l ay ing  wi thout  tunne ls .  

7- Improving p ip ing  suppor t  s t r u c t u r e  and equipment f o r  
' l a y i n g  and jo in ing  p ipes .  

I n  1976, about 25% of t o t a l  e l e c t r i c  energy i n  t h e  U.S.S.R. 
was produced by "cogenerating" t u rb ines .  This  represen ted  
60,000 MWe o r  about one f o u r t h  of t h e  e l e c t r i c a l  power produced 



by a l l  c e n t r a l  s ta td ionc  power, p l a n t s  .(240,000 MWe). About ,65% of 
t h e  popula t ion  ge t  h e a t  f r o m . e i t h e r  cogenera t ing  p l a n t s  o r  b o i l e r  
p l a n t s .  The h e a t  u t i l i z e d  from t h e  power p l a n t s  was about  4  
b i l l i o n  g iga jou le s  ( 4  BGJ) i n  1976 o r  about 40% of t h e  a v a i l a b l e  . 

low l e v e l  hea t .  The p l a n  f o r  1980 is  t o  have 77,000 MWe of 
cogenera t ing  t u r b i n e s  and t o  u t i l i z e  5  B G J  of thermal  energy. 
The e f f i c i e n c y  of energy use  u s ing  cogenera t ion  is about 70%. 
According t o  t h e  S o v i e t s ,  t h e  U.S.S.R. and France have t h e  
lowest cogenera t ion  hea t  r a t e s .  Tota  e l e c t r i c a l  product ion 4 i n  t h e  U.S.S.R. i n  1977 was 1150 x 10 Kwh. 

Consider ing t h e  c o s t  of f o s s i l  f u e l s  i n  t h e  western U.S.S.R., 
nuc l ea r  cogenera t ion  of e l e c t r i c i t y  and hea t  appears  most 
economic. Both 500 MWe and 1000 MWe PWRs a r e  being considered 
f o r  cogenera t ion  wi th  one t u r b i n e  employed a t  t h e  lower r a t i n g  
and two a t  t h e  h igher .  Both condensing and e x t r a c t i o n  t u r b i n e s  
a r e  being cons idered  and a r e  des igna ted  TK-500 and T-500 
r e spec t ive ly .  These t u r b i n e s  would have t h e  fo l lowing  gene ra l  
c h a r a c t e r i s t i c s :  

I n l e t  Steam p r e s s u r e  
Speed 
Steam r a t e  t o  t u r b i n e  

60 kglcm 2 

3000 xpm 
3200 tonnes lh  

Maximum e x t r a c t i o n  h e a t  va lues  a r e  considered a s  450 
g i g a c a l o r i e s / h r .  f o r  t h e  500 MWe p l a n t  and 900 f o r  t h e  1000 MWe 
p l a n t .  Both two-unit and four-uni t  power s t a t i o n s  a r e  being 
considered.  For a  c i t y  demand of 1500-6000 g i g a c a l o r i e s / h r .  
t h e  nuc l ea r  u n i t s  could provide 60% of t h e  h e a t  and t h e  peak 
demand ( a d d i t i o n a l  40%) would be picked up by f o s s i l  p l a n t s .  
The nuc l ea r  p l a n t s  would be l o c a t e d . " a t  a  cons iderab le  d i s t ance"  
from populated a r e a s  according t o  t h e  Sov ie t s . "  For s team 
e x t r a c t e d  f o r  i n d u s t r i a l  p rocesses ,  however, t h e  d i s t a n c e  t o  
t h e  i n d u s t r i a l  u s e r  cannot exceed 7.km i f  t h e  d e l i v e r e d  s team 
is  t o  be equa l  t o  or  b e t t e r  t han  13 atmospheres a t  235'~. 

I n  t h e  l a r g e  nuc l ea r  p l a n t s  used f o r  cogenera t ion ,  a  three-loop 
. sys tem ( reac tor /main  h e a t  exchanger, main h e a t e r  exchanger1 
t u r b i n e  e x t r a c t i o n  steam, secondary hea t  exchanger lgr id  loop)  i s  
u t i l i z e d  t o  prevent  any r a d i o a c t i v e  contamination. Add i t i ona l ly ,  
t h e  p re s su re  i n  t h e  g r i d  loop is g r e a t e r  than  t h a t  i n  t h e  t u r b i n e  
loop. I n  t h e  event  t h a t  r a d i o a c t i v i t y  might pos s ib ly  be r e l ea sed  
t o  t h e  g r i d  loop,  automatic  shut-off va lves ,  au tomat ic  dumping of 
e x t r a c t i o n  steam, and au tomat ic  g r i d  shut-off va lves  a r e  provided. 

From 1990 onward, i t  looks l i k e  t h e  1000 MWe PWR w i l l  be  "best" 
f o r  d i s t r i c t  h e a t i n g  cogenera t ion  use. Two 1000 MWe cogenera t ing  
u n i t s  can meet t h e  demands of 250,000 people.  



In  t h e  c o n s t r u c t i o n  sequence f o r  a  cogenera t ion  p l a n t  i n  a  c i t y ,  
t h e  d i s t r i b u t i o n  system is cons t ruc t ed  f i r s t  and s e p a r a t e  "heat 
only" b o i l e r s  are used t o  qu ick ly  meet t h e  d i s t r i c t  h e a t i n g  
demands. These b o i l e r s  a r e  t hen  phased out  o r  used f o r  peaking 
o r  s tandby a f t e r  t h e  cogenera t ing  p l a n t  is  completed. I n  a  
d i s t r i c t  h e a t i n g  system, p ip ing  c o s t s  comprise 70-80% of t h e  
hea t  d i s t r i b u t i o n  system and about 40-50% of t h e  amount r equ i r ed  
f o r  c o n s t r u c t i o n  of t h e  cogenera t ion  p l an t .  For t h e  l a r g e  p ipes  
used i n  t h e  d i s t r i b u t i o n  systems (diameters  of 1400 mm t o  1000 mm) 
l a r g e  t unne l s ,  which a l s o  may con ta in  o t h e r  u t i l i t y  l i n e s ,  a r e  
used i n  c i t i e s .  These t unne l s  a r e  pre-cast  r e in fo rced  concrete .  
With p ipe  d iameters  between 1000 mm and 500 mm r e in fo rced  "foamed" 
conc re t e  i s  used f o r  t h e  d i s t r i b u t i o n  system tunne ls .  Up t o  
500 mm, p i p e s  a r e  no t  u sua l ly  l a i d  i n  t unne l s  bu t  bu r i ed  a f t e r  
wrapping wi th  bitumen. In su l a t ed  overground p i p e s  a r e  used i n  
some i n d u s t r i a l  a r e a s  and f o r  overpasses .  

A 500 M W t  r e a c t o r  is  be ing  considered f o r  on ly  s u  p ly ing  h e a t  and g 
no e l e c t r i c i t y .  Hot water  would be heated t o  150 C a t  t h e  h e a t  
r a t e  of 430 g i g a c a l o r i e s  pe r  hour. This  p l a n t  a l s o  employs t h r e e  
loops wi th  i nc reas ing  p r e s s u r e  a s  one goes t o  t h e  g r i d  loop. The 
second loop has  p rov i s ions  f o r  water  cleanup. Water flow r a t e s  
i n  t h e  t h i r d  loop a r e  10,000 tonnes per  hour. 

The 500 M W t  r e a c t o r  is  planned f o r  c lose- in  l o c a t i o n  t o  c i t i e s .  
The S o v i e t s  c la im t h e  fol lowing:  

1. "Absolute" s a f e t y  i n  case  of a  l o s s  of cool ing  acc iden t .  

2. Complete exc lus ion  of r a d i o a c t i v i t y  going i n t o  the g r id .  

3. Better QA and s a f e t y  assurance  because of low power. 

They a l s o  noted t h a t  t h e  p r e s s u r e  v e s s e l s  can be  b u i l t  i n  
sma l l e r  shops. Containment w i l l  be  u t i l i z e d  and t h e  S o v i e t s  
a r e  t h ink ing  of l o c a t i n g  t h e s e  p l a n t s  w i t h i n  2-3 km from l a r g e  
populated a r ea s .  This  l o c a t i o n  w i l l  g r e a t l y  decrease  t h e  
amount of s teel  r equ i r ed  f o r  d i s t r i b u t i o n  system p ip ing  and 
lower c a p i t a l  investment.  By use of t h e s e  u n i t s  a  f u e l  economy 
o£ 800,000 tonnes per  yea r  of r e f e r ence  f u e l  (12,600 B/lb)  can 
be  achieved. 

A l l  sma l l  condensing s team t u r b i n e  p l a n t s  have been r e t r o f i t t e d  
wi th  back p r e s s u r e  t u rb ines .  P l a n t s  of 25-100 MWe were converted 
and t h e  S o v i e t s  a r e  now cons ider ing  mod i f i ca t i on  of 150-300 MWe 
t u r b i n e s  f o r  cogenerat ion.  A s p e c i a l  o rgan iza t ion  does t h e s e  . 

modif ica t ions .  These mod i f i ca t i ons  may involve  removal of t h e  
l a s t  LP s t a g e s  o r  a  f a l s e  s h a f t  fo r '  t h e  LP tu rb ine .  The Sov ie t s  
have a l s o  s t anda rd i zed  t h e i r  cogenera t ion  t u r b i n e s  i n  the. range 



of 50-250 Mwe and have r e c e n t l y  in t roduced  a  175 MWe t u r b i n e  
f o r  t h i s  purpose. Information on t h e s e  t u r b i n e s  is  given i n  
Table  I1 of D r .  Popov's paper ,  "Cogeneration E l e c t r i c  Power 
S t a t i o n s  on F o s s i l  Fue ls"  ( see  Appendix B). 

The c o n t r o l  and ba lanc ing  of t h e  d i s t r i b u t i o n  system appears  t o  
be t h e  major problem r e l a t e d  t o  d i s t r i c t  hea t ing  i n s t a l l a t i o n s  
i n  a c i t y -  I11 a d d i t i o n  t o  t h e  primary hea t  source ,  stand-by 
b o i l e r s  must be provided i f  t h e  main p l a n t  is o f f - l i ne .  These 
must be brought i n t o  ope ra t i on  on schedule  t o  prevent  a  drop i n  
system f lows o r  temperatures .  Stand-by b o i l e r s  a r e  provided 
when main p l a n t  d i s t r i c t  h e a t i n g  loads  of 300 g i g a c a l o r i e s / h r .  
o r  more a r e  employed. For c o n t r o l  of a  d i s t r i c t  hea t ing  
system, in format ion  on water  cond i t i ons  is t r ansmi t t ed  by 
au tomat ic  measuring devices  t o  d i spa t che r s .  

During a  v i s i t  by two members of t h e  U.S. de l ega t ion  t o  ~ o s e n e r ~ o  
Cogenerat ing P l an t  (Moscow Heat ing P l a n t )  No. 21, d i s cus s ions  
were h e l d  with:  

N. M. Grigor iev ,  D i r e c t o r  
G. V. Lugovoy, Chief Engineer 
M r .  Antonov, D i r e c t o r ,  Mosenergo Grid System 
P. D .  Chernaiev, Chief Engineer,  Mosenergo 

A d e t a i l e d  d e s c r i p t i o n  of t h e  p l a n t  is a v a i l a b l e  i n  t h e  
Committee's p rev ious  t r i p  r e p o r t  of February 1977 ( s ee  Reference 
2 ) .  A b r i e f  summary is  included he re  f o r  e a s e  of re fe rence .  . 

P l a n t  No. 21 provides  e l e c t r i c  power and space hea t ing  f o r  1.5 
m i l l i o n  people  i n  t h e  c i t y  of Moscow. The p l a n t  is o i l -£  i r e d  
and c o n s i s t s  of s i x  100 MWe u n i t s  and two 250 MWe u n i t s  a l l  
capable  of ope ra t i ng  i n  a  cogenera t ion  o r  f u l l . c o n d e n s i n g  mode. 
One more 80 MWe u n i t  is planned. Maximum hea t  capac i ty  is 
3,800 g i g a c a l o r i e s  /h r .  of which. 2200 g-ca lor ies  /hr.  is provided 

0 
by 14 peak b o i l e r s  requi red  a t  temperatures  below 0  C.. $ I  

The h e a t  d i s t r i b u t i o n  system is closed-loop c i r c u l a t i n g  h o t  .water  
a t  a  r a t e  of 45,000 m3/hr. Load is c o n t r o l l e d  by vary ing  supply 
temperature  (T supply = 150°C, p  ' =  14 atm, @ T amb = -25OC). , 

Return temperature  is  7 0 ' ~  (p = 1 112 atm). The main d i s t r i b u -  
t i o n  l i n e  is  20 km of 1.2 m diameter  p ipe-  Local  d i s t r i b u t i o n  
i s  i n  0.5'm p ipes .  . . 

P l a n t  No. 21 s u p p l i e s  20-25% of t h e  Moscow d i s t r i c t  h e a t i n g  
requirement.  The new 80 MWe u n i t  w i l l  provide low p re s su re  
s team t o  i ndus t ry  ad j acen t  t o  t h e  power p l an t .  The u n i t  is  
planned f o r  s t a r t -up  i n  e a r l y  1980. 



C. ~ e n e f  i c i a l  Uses of Waste Heat , 

As  noted i n  s e c t i o n  B above, greenhouse hea t ing  by means of a  
water f i l m  has  been used a s  a  means of decreas ing  power p l a n t  
cool ing  water  temperatures.  I n  most cases ,  however, greenhouse 
hea t ing  has  been conducted us ing  condenser d i scharge  water  (of 
t h e  o rde r  of 40 '~)  i n  a i r  cooled h e a t  exchangers where the  warm 
a i r  is de l ive red  t o  t h e  greenhouse growimg area .  Greenhouse 
concepts and waste h e a t  u t i l i z a t i o n  f o r  a g r i c u l t u r a l  purposes 
a r e  presented i n  both t h e  U.S. and Sovie t  papers g iven  a t  t h e  
symposium ( s e e  Appendices A and B). 

Fish r a i s i n g  us ing  power p l a n t  waste h e a t  was d iscussed  i n  some 
d e t a i l .  The Sovie ts  have found t h a t  domestic f i s h  product ion 
can be  increased  from 100-kg/ha f o r  a  l a k e  t o  600 kg/ha f o r  
ponds using con t ro l l ed  temperatures  and feeding. By t h e  use of 
f i s h  indigenous t o  I n d i a  a n d ' t h e  U.S., they b e l i e v e  t h a t  t h i s  
r a t e  c a n , b e  r a i s e d  t o  1000 kglha. A t  t h e  Chernobyl's nuc lea r  
power s t a t i o n  No. 2, i t  was es t imated  t h a t  an inc rease  i n  
cool ing  pond a r e a  t o  t ake  advantage of f i s h  r a i s i n g  us ing  
waste h e a t  w i l l  r e s u l t  i n  a  sav ings  of 2-112 mil l io 'n  rubles .  
Maintaining cons tan t  @and temperature (e.g., 23'~) r e s u l t s  i n  
a  reduced time f o r  f i s h  t o  reach ma tu r i t y  by a  f a c t o r  of 2-3. 
For example, t h e  12-18 yea r  per iod  f o r  s turgeon t o  reach 
matur i ty  i s  reduced t o  4-8 years .  

It i s  planned t o  grow 2000 tonnes per  year  of f i s h  a t  t h e  Kursk 
.nuclear  power p l a n t  using ponds employing power p l a n t  waste  
hea t  [Carp (1500 t o n s ) ,  i c t a l u r u s  (300 t o n s ) ,  t r o u t  (150 t o n s ) ,  
and s turgeon p lus  o t h e r  spec i e s ] .  This  w i l l  be t h e  f i r s t  f i s h  
r a i s i n g  system t o  be employed where t h e r e  is  a continuous c o n t r o l  
of power p l a n t  cond i t i ons  t o  meet f i s h  product ion condi t ions .  
Also, an e s s e n t i a l l y  c losed  system w i l l  be  used. There w i l l  be 
greenhouse yeas t  r a i s i n g  e n t e r p r i s e s ,  and mushroom farming en te r -  

. p r i s e s .  The wastes  from f i s h  farming w i l l  b e  used t o  improve 
yeas t  y i e l d ;  and f o r  mushroom and greenhouse f e r t i l i z a t i o n .  The 
yeas t  can be used f o r  f i s h  food al though a d d i t i o n a l  feed  w i l l  be 
required.  

D. Other Data of I n t e r e s t  

Although r epor t ed  i n  previous documents, a  b r i e f  summary of t h e  
All-Union I n s t i t u t e  of Hydraulic Engineering (VNIIG) is  included 
here.  V N I I G  i s  e s s e n t i a l l y  t h e  b a s i c  research  arm f o r :  

o  Hydrodynamic i n v e s t i g a t i o n s  of cool ing  r e s e r v o i r s  and 
water bodies  f o r  cool ing.  

o  Hydrodynamic power s t o r a g e  (pumped s t o r a g e ) .  
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o Spray ponds and f l o a t i n g  spray  modules. 

o Water i n t akes .  

o Pumps and d ischarge  systems. 

o F i sh  p r o t e c t i o n  devices  a t  power p l a n t  i n t akes .  

I n  a d d i t i o n  t o  problems r e l a t e d  t o  flow of water  and e x t r a c t i o n  
of power from i t ,  t h i s  i n s t i t u t e  is now re spons ib l e  f o r  s o l i d  
waste  d i s p o s a l  r e sea rch  and conceptual  design. P r i n c i p a l l y  
t h i s  means ash  d i s p o s a l  i n  s l u r r i e s .  

I 

S t a f f i n g  a t '  p r e sen t  i s  about 2000 wi th  about one-half being 
engineers  and s c i e n t i s t s .  There a r e  a number of branches 
(e.g., Krasnoyarsk i n  S i b e r i a ,  Narva i n  Es tonia ) .  There a r e  
a t o t a l q o f  about 30 l a b o r a t o r i e s .  I n  Leningrad t h e  t o t a l  s t a f f  
i s  about 1500. A brochure ( i n  Engl i sh)  on t h e  a c t i v i t i e s  0.f 
V N I I G  was ob ta ined  during t h e  v i s i t .  

Large models of hyd rau l i c  systems (e.g., i n t a k e s  and o u t l e t s )  
a r e  cons t ruc ted  wi th  a r e a s  of 500-1000 sq. meters i n  o r d e r  t o  
decrease  problems of scale-up. The thermal  regime of t h e  a r e a  
being modeled is  i n v e s t i g a t e d .  It was i nd i ca t ed  t h a t  t h e  
s u r f a c e  l a y e r  temperature  d i s t r i b u t i o n  can be  modeled w e l l .  

I n  a qu ick  walk-through of t h e  hyd rau l i c  l a b s ,  i t  was noted 
t h a t  t u r b i n e  runners  f o r  pumped s t o r a g e  systems were being 
inves t i ga t ed .  They a r e  cons ider ing  both s t a i n l e s s  s teel  and 

' , epoxy r e s i n s .  I n  t h e  a r e a  of polymerics,  bo th  s o l i d  polymeric 
and coated metal  b lades  a r e  under study. They wish t o  have 
d a t a  on m a t e r i a l s  most r e s i s t a n t  t o  c a v i t a t i o n  s i n c e  c a v i t a t i o n  
is  a problem when t h e  runner has  t o  a c t  both a s  a pump and a 
turb ine .  

One p o i n t  should be noted concerning nuc lear  energy cen t e r s .  
The S o v i e t s  i n d i c a t e d  t h a t  they p lan  t o  b u i l d  a c e n t e r  w i th  
seven 1000 MWe r e a c t o r s  each employing two n a t u r a l  d r a f t  
cool ing ' . towers .  The planned l o c a t i o n  of t h i s  energy c e n t e r  
was no t  def ined.  
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AGENDA OF'.'VI s IT OF u . s . 

DELEGATION TO THE U.S.S.R. 

November 10, 1978 
. . 20: 00 Departure  from Washington, 

D.C., by Pan American F l t .  '66 . 

f o r  F rank fu r t ,  by L. H. 342 
t o  Moscow on 11th  

Sat . ,  November 11, 1978 

Sun., November 12, 1978 

Mon., November 13, 1978 

18: 45 A r r i v a l  i n  Moscow, Hotel  

9: 00 Departure  f o r  a i r p o r t  
Domodedovo 

F l i g h t  t o  Erevan ... 
.. i . i t .  

  an ding i n  Erevan - d r i v e  
d i r e c t l y  t o  Razdan a r e a  

Lunch 

Hotel  

Supper 

Opening of t h e  Symposium 
In t roduc to ry  speech - 

V. I. Savin 
Reports  

Lunch 

V i s i t  t o  t h e  Razdan Power 
P l a n t  

Hotel 

9 ;.,. : ;; 
19: 30-21:OO Dinner 

Tues., November 14, 1978 10: 00-14: 00 T r i p  t o  Garni  and Gegard 

15: 00-17: 00 Afternoon s e s s i o n  

18: 00-19: 30 Evening s e s s i o n  

19: 30 Hotel 

21:OO Supper 
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Wed., November. 15, 1978 10: 00-13: 00 Msrning s e s s i o n  

13:OO-15: 00 Lunch 

15:OO-17:OO Clos ing  . s e s s ion  . . .  

17:OO-19:OO Free time . ,. . 

19: 00-22: 30 Dinner 

Thurs., November 16, 1978 10: 00-13: 00 Meeting of t h e  
Coordinat ion Committee 

13: 00 Departure  f o r  Erevan 

14:OO-15:OO Hotel  

15: 00-16: 00 Lunch 

16: 00-19: 00 Si t e see ing  

20: 00-21: 00 Dinner 

F r i . ,  November 17, 1978 5: 30 Departure  f o r  a i r p o r t  

7: 15 F l i g h t  t o  Leningrad 

. . .  9:55 '  andi in^ i n  Leningrad 

11:OO-12:OO Hotel  

12: 00 Departure  f o r  t h e  Vedeneev 
Research I n s t i t u t e  

12: 30-13: 00 ,. Meeting with,  t h e  D i r e c t o r  

13:OO-14: 30 Lunch 

14: 30-18: 00 Technical  d i scuss ion .  
Labora to r i e s  

18: 00-19: 00 Supper 

20: 00-23: 00 Theat re  
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S a t . ,  November 18, 1978 

Sun., November 19, 1978, 

Mon., November 20, 1978 

10: 00-1 1: 00 S i t e s  ee ing  

11 : 00-13: 30 Hermitage 

13: 30-15: 00 Lunch 

19: 30 

Tues., ~ovembef  21, 1978 6: 00 

Piskarev  Memorial 

Free t ime 

Dinner 

~ e ~ a r t u r e  f o r  t h e  
rai lway s t a t i o n  

T r i p  t o  Moscow 

A r r i v a l  i n  Moscow 

Hot e l  Ukraine 

Rest 

S i t e s e e i n g  

Lunch 

Free t ime 

Theat r e  

Departure  f o r  t h e  Minis t ry  
of Power and E l e c t r i f i c a t i o n  

Closing s e s s i o n  of t h e  
Coordinat ion Committee. 
Signing of mutual documents. 

V i s i t  t o  Power P l a n t  21 - 
Englesson and Maulbetsch 
only 

Dinner 

Departure  f o r  t h e  a i r p o r t  
and f l i g h t  t o  Washington 
v i a  F rank fu r t  and New York, 
Pan Am 67 
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Savin, Vyacheslav Ivanovich - Deputy d i r e c t o r  of O f f i c e  f o r  Design 
ind Development of Minenergo 
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a s s i s t a n t  t o  R. Minasyan, TEP, Moscow 
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Paper No. 1 

TVA'S PROJECTS ON AGRICULTURAL USES OF WASTE HEAT' 
I ,  . .  . . .  . . ': ;p.:.; , , ,. 

' .  * 
z 

C. E. Fladewell, I,. L. ~chrends, E. R. ~urns;.'.. ' 

J. J. Maddox, D. A. Hays, and R. S. pile2 . 

Tennessee Valley Authority ' 

Division o f  Agricultural Developnicnt 

Introduction 

A major concern of the Tennessee Valley Authority ('L'VA) is to 

ensure efficient use of resources, especially energy, in the Tcncessee 

Valley region in achieving optimum economic dcvelopnicnt \.lithout clc~radlti~ 

the environment. As part of this effort, TVA is exploring nany uses f ~ r  

the low-grade heat energy (waste heat) contained in the large quailtities 

of power plant condenser cooling effluent. This paper describes only 

the agricultural activities of TVA to develop ways to use waste heat; 

and they have been underway since the early 1970's. The agricultural 

waste heat pilot-scale research and development projects facilities are 
. I 

located at the National Fertilizer Development Center, \luscle Shoals, 

Alabama. The primary objectives of the agricultural effort are to . :  

(1) identify potential agricultural uses of waste heat, (2) develop and 
. .. . 

test technologies and management criteria for more productive uses ; 

(3) demonstrate technologies in commercial-scale production facilities, and 

1. To be presented at a joint U.S.-USSR symposium, November 1978, 
in the Soviet Union, sponsored by the U.S.-USSR Joint Cooperating 
Committee on Scientific and Technical Cooperation in the ~ i e l d  of Thermal 
Power Plant lleat Rejection Sys'tems. 

2. C. E. Madewell, Program Manager (Agricultural Economist); 
L. L. Behrends, Project Aquatic Animal Specialist; Dr. E. R. Burns, 
Greenhouse Project Coordinator (Horticulturist); Dr. J. J. !{addox, 
Livestock Waste Recycling Project Coordinator (Plant Physiologist): 
Dr. D. A. Mays, Soil Heating project Coordinator (~gronomist); and 
R. S. Pile, Project Agricultural Engineer. 
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( 4 )  hr'o\;ide ' tectinica1"assistance For commercial application. Tunding 

for the work 1x1s becn primarily Fcdcral, appropriatcd illrougl~ TVA, 1,nt 

some fundinghas been provided from the U.S. Environmental Protection 

Agency and from the U. S. Department of Energy through Oak Ridge National 

Laboratories (ORNL) . 
More than 80 percent of the electrical energy produced in the 

United States is generated by power plants utilizing steam power tech- 

nology [ 7 ] .  Only 35 to 40 percent of the heat energy consumed by these 

power plants eventually ends up as electricity, with the remaining 60 to 

65 percent being returned to the environment as "waste heat." Typically, 

such waste heat is embodied in the large quantities of cooling water 

necessary to condense the steam in the electricity production cycls. In 

many instances, this water must be cooled before it is released to 

rivers to avoid potential thermal pollution. Using this low-level 

energy from power plant condenser discharge water in food production and 

other beneficial processes could have a major impact on energy develop- 

ment and conservation, food production, and thermal pollution in the 

Tennessee Valley, the Nation, and the world. The application of appro- 

, 
priate integrated power plant and waste heat use systems technologies 

could reduce required cooling capacities and, consequently, reduce 

capital requirements and operating costs for conventional power plant 

cooling systems. Overall economic development compatible with the 

environment would also likely be improved. 

The potential benefits of waste heat utilization are great, but 

there are a number of hurdles to be overcome. These include: (1) temper- 

ature, quantity, and quality variations of waste heat with respect to 



power plant design and site characteristics,, ( 2 )  selection and modifi-d. 
, , :  

cation of existing agricultural productiol~ technology and developinp, ncw 

technology where needed, (3) development of power 'interfacing 

technology for existing power plants and allowance for such systems in 

new power plant designs, ( 4 )  development of appropriate waste treatment 

systems, (5) development of systems yielding products free from chemical 

or radioactive contamination, and (6) development of overall systems 

which are economically efficient. 

I Agricultural waste heat research and development projects under 

I investigation or being planned for investigation by TVA independently or 

I cooperatively with other institutions include.use of waste heat: 

(1) in greenhouses, (2 )  in aquatic systems fertilized with livestock 

waste, ( 3 )  for soil heating and irrigation, (4) in environmental control 

for livestock housing, (5) for crop drying, and (6) in food processing. 

A multidisciplinary team approach is taken on each agricultural waste 

heat project. 

Other significant.waste heat projects which are a part of the 

overall TVA interdivisional waste heat research and development effort 

I but not covered in this report are: (1) Callatin catfish project [ 8 ] ,  

( 2 )  utilization of power plant waste heat for sewage sludge digestion- 

technical feasibility and economic feasibility [9, 101, (3) technical 

assessment of industrial and rcsidcnrinl use ol' power pla11t wnstc I~cat 

[ll], (4) TVA Watts Bar waste heat park, and (5) waste heat use 

, workshop. 

The remainder of this report is an overview of the TVX waste heat 

agricultural effort. 



Waste Heat Use in Srecuhouses 

'Tlrc objectives of Llris project arc to tlcvclop ;111tl LCS t ;r11 C-IIV irvr~- . . 

mental control system utilizing waste Iieat, evaluate and adapt horticul- 

tural and floricultural crop production systems compatible with 111c 

resulting environment, and make economic evaluations of these systems. 

A pilot-scale waste heat greenhouse using simulated condenser effluent 

for heating has been operated at the TVA National Fertilizer Development 

Center since 1973. Numerous tests of the environmental control capa- 

bility of a direct-contact heat exchange system using water at Urowqs 

Ferry condenser discharge temperatures were conducted. Systems for 

producing vegetable and ornamental crops in the humid environment were 

tested. Cost comparisons were made to establish potential economic 

ad"antages of waste heat systems. Only a brief summary of the engi- 

neering, horticultural, and economic analyses conducted is included in 

this report. For further information, see waste heat greenhouse progress 

reports I and I1 [I, 4, 61. 

Engineering tests have shown the direct-contact heat exchanger is 

capable of maintaining near optimum temperatures for year-round tocato 

and cucumber production. Night temperatures above 14" C were maintained 

during the coldest weather experienced with water temperatures of 21" C 

and flow rates of 0.0936 rn3/sec. *ha. Outside temperatures during these 

tests dropp'eti to -19' C in Ji~rlurrry 1976. 

The unique characteristic of the waste heat greent~ousc environment 

is the 80- to 100-percent relative humidity. Yields of tomatoes and 

cucumbers in this humid environment were comparable to those achieved in 

well-managed commercial greenhouses. Annual yields of more than 314 

metric t/ha of tomatoes were produced at conventional planting densities. 



Y i c l t l s  o r  330 111i.tr . i~ t / l ~ a  wcrc  a c l ~ i e v c d  i n  o t l ~ c ~ r  c!sl)i'r i ~ l l c n t s  C V ; I  L ~ I ; I L  i 11); 

- .  

11igl1-tlensity p l a n t i n g s  of s e l e c t e d  c u l t i v a r s .  'The y i e l d  p o t c n t . l ; ~ l  f o r  

cucumbers  was even  g r e a t e r ,  w i t h  a n n u a l  y i e l d s  e x c e e d i n g  448 n e r r i c  t l h a .  

P l a n t  d i ' s e a s e s  a s s o c i a t e d  w i t h  t h e  h i g h  r e l a t i v e  h u m i d i t y  were  t l ~ e  most 

s e r i o u s  p r o d u c t i o n  p rob lems  i d e n t i f i e d .  D i s e a s e s  were  c o n t r o l l e d  h y  

m a i n t a i n i n g  a r i g i d  f u n g i c i d e  s p r a y  program and u s i n g  good s a n i t a t i o n  

and  c u l t u r a l  p r a c t i c e s .  

The i n i t i a l  i n v e s t m e n t  f o r  t h e  w a s t e  h e a t  s y s t e m  was $ 6 , 3 8 8  h i g h e r  

t l ~ a n  a  c o n v e n t i o n a l  s y s t e m  f o r  a  223 "I' g r e e n h o u s e .  t !owever,  t i l e  w a s t e .  

h e a t  s y s t e m  showed a n  o v e r a l l  c o s t  a d v a n t a g e  of $980 p e r  ; c a r ,  which  

p r o j e c t s  t o  a  $44,0OO/ha a d v a n t a g e  a n n u a l l y .  

The c o n s t r u c t i o n  o f  a  w a s t e  h e a t  power p l a n t  t i e - i n  and a  0 .2 -ha  

w a s t e  h e a t  g r e e n h o u s e  .is a l m o s t  comple t ed  a t  i ' V i 1 ' ~  Drowns F e r r y  : : uc l ea r  

P l a n t  t o  f u r t h e r  r e f i n e  and d e m o n s t r a t e  i.:aste I , e a ~  s y s t e m s  on a c c c a e r -  

c i a 1  s c a l e .  ' ihe b a s i c  g r e e n h o u s e  d e s i g n  was d e v e l o p e d  f o r  .TVA Sy t h e  

E n v i r o n m e n t a l  R e s e a r c h  L a b o r a t o r y  o f  t h e  U n i v e r s i t y  o f  ; ' irizona unde r  

c o n t r a c t  w i t h  ORNL. S t e p s  t o  r e d u c e  t h e  h i g h e r  c o s t  og t i . l e 'was t e  h e a t  

s y s t e m s ,  s u c h  a s  e l i m i n a t i n g  t h e  f ' i b e r g l a s s  r e c i r c u l a t i o n  a t t i c ,  h a v e  
. . 

been  i n c l u d e d  i n  t l le  d e s i g n  of  t h e  Browns F e r r y  greenhozse. :  . 

The Browns F e r r y  g r e e n h o u s e  w i l l  be s u b d i v i d e d  i n t o  t h r e e  o p e r a -  
, .. . . , .  . > 

. . 
t i o n a l  z o n e s .  Two z o n e s  w i l l  b e  h e a t e d  w i t h  systems d e s i g n e d  t o  ' u se  

. . 

c o n d e n s e r  e f f l u e n t  from t h e  p l a n t .  T h e  t h i r d  zone w i l l  b e  c o n v e n t i o n a l l y  

h e a t e d  and  used  a s  a  s t a n d a r d  f o r  c o m p a r i s o n .  One of  t h e  was. te  licat 

z o n e s  w i - 1 1  u s e  a s y s t e m  similar t o  t h e  o n e  t e s t e d  i n  t h e  p i l o t  f a c i l i t y .  
' 1  

The o t h e r  w a s t e  h e a t  zone  w i l l  u t i l i z e  a new h e a t  exchange ,  s y s t e m  d e s i g n e d  

t o  u s e  l a r g e  volumes  o f  c o n d e n s e r  e f f l u e n t .  



The t h r e e  sys tems  w i l l  be compared Tor env i ronmenta l  c o n t r o l  

c a p a b i l i t y ,  c r o p  p r o d u c t i o n ,  energy use  and c o n s e r v a t i o n ,  c a p a c i t y  L O  

d i s s i p a t e  h e a t  from condenser  e f f l u e n t ,  and o v e r a l l  economic f e a s i -  

b i l i t y .  I n  a d d i t i o n ,  o p e r a t i o n  of t h e  g reenhouse  w i l l  e n a b l e  TVA f o  

i d e n t i f y  and r e s o l v e  problems of  i n t e r f a c i n g  commercial  was te  h e a t  u s e s  

w i t h  power p r o d u c t i o n .  Environmental ,  l e g a l ,  and s o c i a l  q u e s t i o n s  o f  

p roduc ing  food n e a r  n u c l e a r  p l a n t s  w i l l  a l s o  b e  a d d r e s s e d .  

Greenhouse p r o d u c t i o n  is  energy  i n t e n s i v e  .' The amount of  l ~ e a t  

ene rgy  r e q u i r e d  f o r  greenhouse  v e g e t a b l e  and o rnamenta l  p r o d u c t i o n  

v a r i e s  w i t h  t h e  l o c a t i o n ,  type  house ,  ene rgy  c o n s e r v a t i o n  n e a s u r e s ,  and 

t h e  c r o p  be ing  produced.  For example,  i n  K n o x v i l l e ,  ' i 'cnnesses, a p p r o s i -  

ma te ly  14,600 G J / h a * y r  i s  r e q u i r e d  t o  h e a t  a  g l a s s - g l a z e d  greenhouse  f o r  

v e g e t a b l e  p r o d u c t i o n .  A double - l ayer  p o l y e t h y l e n e  house ,  d e s i g n e d  t o  

c o n s e r v e  energy ,  r e q u i r e s  abou t  8 ,900  GJ / I i aoyr .  Assuming an a v e r a g e  

h e a t  r equ i rement  of  approx imate ly  1 3 , 0 0 0  G J / h a * y r ,  t h e  h e a t  r e q u i r 2 n e n t  

f o r  t h e  3,776 ha  of g reenhouses  i n  t h e  U.S. (1974 Census of r l g r i c u l t u r e )  

i s  abou t  5.0 x  l o 7  G J ,  e q u i v a l e n t  t o  approx imate ly  7 .6  x  10' b a r r e i s  of 

o i l  p e r  y e a r .  

Growth of  t h e  greenhouse  i n d u s t r y  h a s  been r e s t r i c t e d  by t h e  

i n c r e a s e d  c o s t  and l i m i t e d  a v a i l a b i l i t y  of f o s s i l  Euels .  I n  som2 a r e a s ,  

h i g h  f u e l  c o s t s  have caused  a  d e c r e a s e  i n  v e g e t a b l e  greenhouse  a c r e a g e .  

I n  Ohio, t h e  l e a d i n g  greenhouse  v e g e t a b l e  p r o d u c t i o n  a r e a  i n  t h e  U . S . ,  

a c r e a g e  dropped from 197 ha i n  1974 t o  135 ha i n  1977 (American V e g e t a b l e  

Crower, Novernbcr 1377) .  According t o  L11e same s u r v e y ,  g r c ~ ~ ~ l l o u s c  vc!;c- 

t a b l e  a c r e a g e  i n  t h e  U.S. dropped from a b o u t  526 ha t o  443 ha.. On t h e  
? .  

o t h e r  hand,  growth of  t h e  bedding p l a n t  and o rnamenta l  i n d u s t r y  h a s  

c o n t i n u e d .  Bedding p l a n t  greenhouse  a c r e a g e  i n c r e a s e d  from 647 t o  

1 ,006  h a  from 1974 t o  1977. 



1)cvcloplncnt o f  Ccchnology t o  u s e  power p l a n t  w q s t e  I ~ c a t  j s  i . s p c c t c ~ ~ l  

t o  s t i m u l a t e  g rowth  .in t h e  g r e e ~ ~ h o u s c  i n d u s t r y .  1.f w a s t e  I1ca.t .is m ; l t l ~ ?  

a v a i l a b l e  a t  a n  e c o n o m i c a l  c o s t ,  t h e  a c r e a g e  c o u l d  d o u b l e  w i t h i n  f i v e  

y e a r s .  Use o f  w a s t e  h e a t  i n  50 p e r c e n t  o f  t h e  expanded a c r e a g e  would 

r e s u l t  i n  c o n s e r v a t i o n  o f ' a b o u t  3 .8  x 10' b a r r e l s  o f  o i l  a n n u a l l y .  

R e c y c l i n g  N u t r i e n t s  From L i v e s t o c k  !lanure 
by A q u a t i c  ~ 1 g r i c u l t ~ : r e  

The m a j o r  o b j e c t i v e s  o f  . t h i s  p r o j e c t  are  t o :  

( 1 )  Develop  a method t h a t  u s e s  w a s t e  h e a t  t o  enhance  n u t r i e n t  

r e c y c l i n g  3ys tcm3 u s i n g  manurc:, f rom c o n f i n c d  l i v c o t o c k  

p r o d u c t i o n  t o  grow a q u a t i c  a n d / o r  t e r r e s t r i a l  p l a n t s .  

( 2 )  Develop  t h e  c u l t u r a l  c o n d i t i o n s  r e q u i r e d  t o  grow s e l e c t e d  

a q u a t i c  o r g a n i s m s  ( e .  g. , f i s h ,  c l a m s ,  and  o t h e r  h e r b i v o r o u s -  

f i l t e r  f e e d i n g  o r g a n i s m s )  t o  consume p l a n t s  g royn  from live- 

s t o c k  manure and  e n h a n c e  t h i s  p r o d u c t i o n  w i t h  w.aste h s a t .  

( 3 )  E v a l u a t e  t h e  p o t e n t i a l  o f  t h e s e  o r g a n i s m s  ( p l a n t  and an in l a l )  

a s  f e e d s t u f f s ,  l i v e s t o c k  f e e d  s u p p l e m e n ~ s ,  S s i t  minnows, o r  

o t h e r  h i g h e r  v a l u e  u s e s .  

( 4 )  blalte economic e v a l u a t i o n s  o f  t h e  w a s t c  h e a t  systems v l ~ c r e  

a p p r o p r i a t e ,  

(5 )  I d e n t i f y  and  r e s o l v e  p r o b l e m  of  i n t e r f a c i n g  l i v & t o c k  w a s t e  

r e c y c l i n g . w i t h  w a s t e  h e a t  and  power p r o d u c t i o n .  

( 6 )  P r o v i d e  t c c l ~ ~ l i c a l  a s s i s ' t a n c c  t o  commercicll 11scr-s O F  uclstcl 

h e a t .  

v a r i o u s '  a s p e c t s  o f  t h i s  p r o j e c t  have  been  t e s t e d  by .TVA a t  t ! ~  

? lusc l e  S h o a l s  f a c i l i t i e s  s i n c e  1970  [ 3 ] .  



P o l l u t i o n  a s p e c t s  o f  l i v e s t o c k  manures  I ~ a v e  become il majo r  conce rn  

i n  a g r i c u l t r ~ r e ,  and manure d i s p o s a l '  p rob lems  have  -become more cvi.clcnt 

clue t o  t h e  i n c r e a s e  o f  c o n f i n c d  l i v e s t o c k  f e e d i n g  o p c r a t i o l ~ s  and p o l ~ t ~ l a -  

t i o n  g rowth  i n  tlre u n i t e d  S t a t e s .  L i v e s t o c k  w a s t e  c o n t a i n s  p l a n t  

n u t r i e n t s  t h a t  enhance  p r o d u c t i v i t y  on  a g r i c u l t u r a l  l a n d  and  c a n  b e  used  

t o  p r o v i d e  o r g a n i c  and  i n o r g a n i c  r e q u i r e m e n t s  f o r  a q u a c u l t u r a l  p r o d u c t i o n .  

The b i o l o g i c a l  r e c y c l i n g  work i s  d e s i g n e d  t o  u t i l i z e  two w a s t e  

p r o d u c t s - - l i v e s t o c k  waste and  w a s t e  h e a t  c o n t a i n e d  i n  power p l a n t  d i s -  

c h a r g e  water--and r e c o v e r  p a r t  o f  t h e  w a s t e d  e n e r g y  a s s o c i a c r d  w i t h  

t h e s e  r e s o u r c e s .  One method o f  r e c o v e r i n g  t h i s  p o t e n t i a l  e n e r g y  i s  by 

c o n v e r t i n g  t h e  v a l u a b l e  n u t r i e n t s  ( n i t r o g e n ,  p h o s p h o r u s ,  and  p o t a s s i u m )  

c o n t a i n e d  i n  l i v e s t o c k  waste t o  s i n g l e - c e l l  p r o t e i n  (SCP) u s i n g  a q u a t i c  

s y s t e m s .  R e s e a r c h e r s  h a v e  found t h a t  a q u a t i c  p l a n t s  s u c h  a s  a l g a e  have  

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

m e c h a n i c a l l y ,  and c h e m i c a l  h a r v e s t i n g  t e c l ~ n i q u e s  c a n  l i m i t  t h e  u s e f u l n e s s  

o f  t h e  p r o d u c t .  T h i s  p r o j e c t  i s  d e s i g n e d  t o  overcome t h e s e  h u r d l e s  by 

u s i n g  a q u a t i c  a n i m a l s  s u c h  a s  f i s h  a n d / o r  c l ams  as " b i o l o g i c a l  harvesters" 

o f  t h e  SCP. The h a r v e s t e r s  c o u l d  b e  u sed  a s  a s o u r c e  o f  h i g h - p r o t e i n  

f i s h  m e a l  f o r  l i v e s t o c k  f e e d  o r  o t h e r  h i g h e r  v a l u e  u s e s .  The u s e  o f  

warm w a t e r  is  e x p e c t e d  t o  h e l p  o p t i m i z e ,  a c c e l e r a t e ,  and e x t e n d  produc-  

t i o n  t i m e  i n  t h e  r e c y c l i n g  s y s t e m .  

A l g a e  I n v e s t i g a t i o n s  

I n i t i a l  e f f o r t s  were made t o  i d e n t i f y  a l g a e  t h a t  grow " n a t u r a l l y "  

as  a r e s u l t  o f  o r g a n i c  w a s t e  f e r t i l i z a t i o n  and  i n o r g a n i c  w a s t e  E e r t i l -  

i z a t i o n .  A l g a e  grown o n  b o t h  s t a b i l i z e d  s w i n e  waste and  i n o r g a n i c  

f e r t i l i z e r  waste ( h y d r o p o n i c  n u t r i e n t  media)  f rom a g r e e n h o u s e  p r o d u c i n g  

t o m a t o e s  i n  s a n d  c u l t u r e  e x h i b i t e d  d i f f e r e n c e s  i n  t h e  r a t i o  o f  a l g a e  



. . ' .  . .  
s p e c i e s  and c o n c e n t r a t i o n s  a c h i e v e d .  I n o c u l a t i o n s  o f  a l g a e  wcrc  t a k e n  

from one-year -o ld  c u l t u r e s  g rowing  i n  n d i . l u t c  sw.inc la f :oor~  c . f f l u c n ~  

c o n s i s  t i n s  m a i n l y  o f  ~ s ~ i l l a t o r i a  ( b l u e - g r e e n )  and  -0ocys  t i s  ( g r e e n )  

s p e c i e s .  O o c y s t i s  e l l i p t i c a  was t h e  p r i n c i p a l  g r e e n  a l g a  s p e c i e s  i n  

s e d i m e n t  and s u s p e n s i o n  o f  s w i n e  waste-grown m a t e r i a l ,  w h i l e  ' l i c r a c t i n i u m  

p u s i l l u m  was t h e  p redominan t  g r e e n  a l g a  i n  s u s p e n s i o n  o f  t h e  n u t r i e n t -  

grown a l g a e . '  Green a l g a e  were  more a b u n d a n t  i n  t h e . p l a n k t o n  t h a n  s e t t l e d  

s o l i d s  o f  b o t h  t h e  n u t r i e n t - g r o w n  (65  p e r c e n t )  and t h e  swi,ne waste-grown 

a l g a e  (79  p e r c e n t ) .  

B lue -g reen  a l g a e  dominan ted  i n  t h e  s e d i m e n t  of  b o t h  s w i n e  v a s t e -  

grown a l g a e  ( 6 3  p e r c e n t )  and n u t r i e n t - g r o w n  a l ~ a e  (57 p e r c e n t ) .  

O s c i l l a t o r i a  w a s  t h e  most  p r e v a l e n t  b l u e - g r e e n  a l g a  ( 1 5 . 6  ~ e r c e n t )  

e x d e p t  i n  p l a n k t o n  o f  s w i n e  w a s t e  c u l t u r e s  where  Lyngbya ( 4 . 7  p e r c e n t )  

domina t ed .  C e l l  d e n s i t i e s  were  - > 2 . 0  .x 10'' c e l l s / ? ,  e x c e p t  i n  s u s p e n s i o n  

s a m p l e s  oE n u t r i e n t - g r o w n  a l g a e  where  c o n c e n t r a t i o n s  were  - 5 . 0  x lo7  

c e l l s / l l .  Dia toms c o m p r i s e  l e s s  t h a n  1 p e r c e n t  of  t h e  t o t a l  p o p u l a t i o n .  

A wide  v a r i a t i o n  i n  t h e  a l g a l  p o p u l a t i o n  a s  a r e s u l t  o f  c u l t u r a l  E e r t i l i t y  

p r a c t i c e ' s  s h o u l d  b e  a n t i c i p a t e d .  A t t e m p t s  t o  c u l t u r e  more d e s i r a b l e  

s p e c i e s  o f  a l g a e  w i t h  s w i n e  manure h a v e  n o t  been  s u c c e s s f u l ,  s u c h  as 

S p i r u l i n a  and  h i g h  t e m p e r a t u r e  t o l e r a n t  C h l o r e l l a .  The h i g h e s t  r a t e  o f  

g rowth  was a c h i e v e d  i n  s h a l l o w  p o o l s  ( 1 3  cm) w i t h  c o n t i n u o u s  a g i t a t i o n  

b u t  w a s  su1,:ject t o  w ide  v a r i a t i o n  of  d i u r n a l .  t c m p e r a t u r c s .  Under 11.igI1 

l i g l ~ t  i n t e n s i t i e s ,  28" t o  30" C w a t e r ,  and  c o ~ l t i ~ ~ u o u s  a g i t a t i o n ,  l i t t l e  

d i f f e r e n c e  e x i s t e d  be tween 20-cm- and  40-cm-deep c u l t u r e s .  C u l t u r e s  

were  l o a d e d  w i t h  s e t t l e d  swine  manure t o  ?M3-N c o n c e n t r a t i o n  of  S t o  1 0  

ppm. C u l t u r e s  w i t h  5-day g rowth  p e r i o d s  o r  e q u i v a l e n t  wace r  r e t e n t i o n  

t i m e s  h a v e  p roved  t o  b e  t h e  most  r e l i a b l e  f o r  p r o d u c i n g  h i g h - d e n s i t y  



1)oriocl wcrc n'pprox.imn tc.1 y 100 nig/P. o f  ash-Frcc tlry w c . i  p,l~t , :~ntl c : l * J  I 

counts are generally several hundred million per liter . 
Two species of green algae, Rirchneriella lunaris and Kirc1l:ieriella 

contorta, initially dominated (94 percent) the populations in 1976. 

However, population changes were experienced, and the dominant green 

algae population evolves to Oocystis elliptica and other Oocystis 

species with the onset of cool temperatures. During.summertime; 

Scenedesmus sp. have dominated. These 5-day growth periods have pro- 

duced total dry matter accumulation rates equivalent to 12-30 g/m2/day 

with water temperatures of 25" to 30" C, although brief periods of 

higher growth rates have been experienced. High plt (8 to 10) associated 

with these algae cultures may present culture management problems for 

fish production. 

Fish Investigations 

silver amur ( ~ ~ ~ o ~ h t h a l m i c h t h ~ s  molitrix) fish are being investi- 

gated as a potential "harvester" for phytoplankton growl1 from swine 

manure. This Asiatic carp can reach 18 to 20 kg (40-45 pounds) in pond I 
culture, filters suspended particulate matter, and actively feeds in 

waters high in algal biomass. Growth of the silver carp was investigated 

in a 1976 study.. Fish weighing 2 g each were stocked into eight 3.66-m- 

diameter by 76-cm-deep 'tanks at rates equivalent to 28,bOO fish pcr lla' I 
or 3 fish per m2 of water 'surface. Fish were fed phytoplankton (dry 

weight basis) daily at rates of 2, 4, 16, and 32 percent of the fislics' 

initial live weight. An 80-percent survival rate and 250-percent net 

gain in 2.5 months of growth were observed at the 32-percent feeding I 
rate. Algal sele'ctivity and digestibility for these fish are pooriy. 



undcrs  toot1 and nlily be i m p o r t a n t  Cor o p t i m i z i n g  f i s h  growth.+ ,tl)issc~lvc!tl 
' * '  

oxygen (DO) remained s u f f i c i e n t  i n  t h e  f i s h  t a n k s  , th rough  t h e  n i g h t ,  and 

oxygen s a t u r a t i o n  was obse rved  w e l l  i n t o  t h e  e a r l y  morning h o u r s  on ' some  

o c c a s i o n s .  Ammonia n i t r o g e n  remained low i n  t h e  f i s h  t anks .  ( < l  ppm). 

During t h e  summer of  1977,  a  p o l y c u l t u r e  of  s i l v e r  c a r p ,  b ighead 

c a r p ,  ( A r i s t i c h t h y s  n o b i l i s )  , and t i l a p i a  (Saro the rodon  n i l o t i c a )  was 

e v a l u a t e d  f o r  ' the  f i s h e s '  p o t e n t i a l  t o  grow and s u r v i v e  i n  swine manure 

f e r t i l i z e d  waters. E a r l y  r e s u l t s  were  v e r y  p romis ing  w i t h  s i l v e r  c a r p  

a l o n e ,  bu t  b e t t e r  r e s u l t s  have been ach ieved  w i t h  t h e s e  t h r e e  s p e c i e s  i n  

p o l y c u l t u r e .  Growth and s u r v i v a l  of  t h e  t i l a p i a  were b e t t e r  than  s i l v e r  

c a r p  o r  b ighead c a r p  i n  swine manure f e r t i l i z e d  w a t e r ;  however, s t o c k i n g  

d e n s i t i e s  were d i f f e r e n t  f o r  t h e  t h r e e  f i s h e s .  l j a s t c r i a l . d i s e a s e ,  

a l k a l i n e  pH, and g a s  embolism have been i d e n t i f i e d  as  p o t e n t i a l  problems 

i n  c u l t u r i n g  t h e s e  f i s h  b u t  a r e  minimal when a p p r o p r i a t e  management 

p r e c a u t i o n s  a r e  t aken  [ 2 ] .  

S i l v e r  c a r p  and t i l a p i a  were  p o l y c u l t u r e d  a t  33" C and conpared 

w i t h  no-heat c u l t u r e s  i n  J u l y  and August 1977 w i t h  maxinuo dayt ime 

unheated w a t e r  t e m p e r a t u r e s  of 27" t o  30" C. There  was l i t t l e  d i f E e r -  

e n c e  i n  growth between f i s h e s  when t e s t e d  a t  t h e s e  t e rnpera td res ,  bu t  

f i s h  growth w a s  s l i g h t l y  b e t t e r  i n  hea ted  w a t e r .  Exper iments  w i l l  b e  

con t inued  t o  e v a l u a t e  t h e  f u l l  b e n e f i t  of  u s i n g  w a s t e  h e a t  t o  e1sv; i te  

w a t e r  t e m p e r a t u r e s .  N u t r i t i o n a l  q u a l i t y  of  t h e  a l g a e  r a t h e r  than cjuclntity 

may l imit f i s h  ~ r o w t h  d u r i n g  summer months [ 2 ] .  

' . E v a l u a t i n g  S u b s u r f a c e  S o i l  Hea t ing  and I r r i g a t i o n  

.Us ing  was te  h e a t  f o r  h e a t i n g  s p i l  t o  ex tend  growing s e a s o n s  ,and 

improve c r o p  p r o d u c t i o n  e f f i c i e n c i e s  is b e i n g  i n v e s t i g a t e d - b y  TVA's . . , 



Soils and Fertilizer Research Branch at Euscle Shoals, Alabama.. Experi- 

ments were begun in 1970 in small. Field plots us.ing huriccl cl.cctrtc 

cables as the heat source [ 5 ] .  Heat conductivity .. is the most important 
- .  - .  

soil characteristic influencing soil warming because it determines the : 

rate of heat movement.away From a heat source. . Soil moisture content 

and bulk density are the primary factors affecting heat conductivity' of . . 

soils; mineralogical composition is relatively unimportant. Several . ' 

crops have been grown with combinations of.heat or no heat and irrigation 

or no irrigation. sweet corn, string beans, and sunmer squash planted 
. . 

in early April'emerged earlier and exhibited more rapid early growth, 

earlier maturity,'and greater yields due to soil heating, either with or 

without irrigation. With beans or black-eyed peas planted in mid- 

summer,. no benefit resulted from heating; and yields were often decreased ' 

without irrigation. ' Little benefit 'was noted from' soil warming on 

turnips, rye, and ryegrass planted in the fall unless seeding was delayed 

until the weather was so cold that'germination would not occur on unheated 

plots. In tests run with soybeans, cotton, and corn, only cotton showed 

a yield increase of possible economic potential. 

A new soil heating research facility, including a plastic green- 

house heated only with buried pipes, was constructed at Muscle Shoals iq 
- . .  

the spring of 1975. Residential water heaters are used to heat water, 

which is circulated through the soil in closed systems of polyethylene 

pipe and -copper tubing. Simulated water temperature regimes being 

tested are representative of the TVA Browns Ferry Nuclear Plant, designed. 

for once-through coolingwith reservoir water, and the proposed Hartsville 

~uciear Plant, being designed for continuous cooling tower operation. 



The llartsville plant is expected^ to produce condenser discharge 

water from 38O to 49" C, depending upon the season. Tests usiug simu- 

lated Hartsville water resulted in soil temperatures about go C higher 

at the 7.6- and 15.2-cm depth than the Browns Ferry water. These tests 

indicate that Hartsville water will heat greenhouse soil to acceptable 

temperatures for plant growth in the 15.2-cm and deeper layers. However, 

surface layers may be too cool for good seed and air temper- 

atures were too low for satisfactory'winter growth of most warm-season . .  

species. 

In winter greenhouse tests, broccoli, cauliflower, .and Bibb lettuce 

all produced larger heads and greater yields on soil heated with the 

simulated Hartsville water; Great Lakes head lettuce produced larger 

heads on the cooling soil. 

Controlling Livestock Housing Environment 

Plans are to utiliz'e results from the operation of TVA's waste heat 

greenhouse environmental control system as a basis for designing an 

environmental control system for a livestock production Facility. 

A TVA assessment of current knowledge on the effects'of temperature 

control for livestock housing has been initiated with emphasis directed 

at potential heating applications that could utilize power plant reject 

heat. The two production applications offering the greatest potential 

appear to be broiler production and swine farrowing and brodding [ 7 ] .  

The air temperatures required for these uses appear to be'con~patible 

with power plant cooling water temperatures. This assessmenf .will be 

completed in September 1978, and plans for further involvement in this ,. 

application of waste heat utilization will then. be filialized. 



Crop Drying 

A g r i c u l t u r a l  c rop  d ry ing  r e q u i r e s  over  3.8 x  .loG m3 of  l i q u e f i e d  

petroleum (LP) g a s  annual ly .  About 60 pe rcen t  of t h i s  t o t a l  is used f o r  

d ry ing  corn  and a n  a d d i t i o n a l  30 percent  f o r  f  lue-cured tobacco. E i t h e r  

high- temperature ,  high-speed p roces se s  o r  low- temperature  p'rocesses 

u s i n g  a l a r g e  volume of a i r  over  an  extended per iod  of  time a r e  u s e d . f o r  
. . 

g r a i n  drying.  I n t e r e s t  i n  low-temperature d ry ing ,  u s ing  air tempera- 

t u r e s  from lo t o  8' C above ambient,  h a s  been s t imu la t ed  by inc reased  

f o s s i l  energy. c o s t s .  cons ide rab l e  r e s e a r c h  has  been d i r e c t e d  toward 

development o f  s o l a r  energy ' systems f o r  supply ing  h e a t  i n  low-temperature 

d r i e r s ;  much of t h e  technology developed f o r  s o l a r  energy systems may 

a l s o  prove economically adap tab l e  t o  was te  h e a t  app l i ca ton .  

Grain d ry ing  r e q u i r e s  about  0.04 t o  0.05 XJlkg per poinf of mois ture  

removed i n  convent iona l  d ry ing  systems. Th i s  can b e  reduced cons ide rab ly  

by us ing  s o l a r  energy, and t h e  use  o f  waste  h e a t  could o f f e r  similar o r  

g r e a t e r  r educ t ions  i n  energy use.  Temperatures made a v a i l a b l e  by e f f i -  

c i e n t  waste  hea t  systems would be  comparable t o  those  used i n  low- 

temperature  dry ing .  Use would .be s e a s o n a l ,  w i t 1 1  d ry ing  occu r r ing  For 

on ly  a  s h o r t  per iod  each yea r ;  and i t  would lend i t s e l f  t o  i n t e g r a t i o n  

w i t h  o t h e r  u s e s  s i n c e  maximum d ry ing  pe r iods  would n o t  normally occur  ' 

dur ing  maximum h e a t  requirements  o r  o t h e r  u se s ,  and requi rements  f o r  

c o n s t a n t  hea t  a r e  no t  c r i t i c a l .  

Our r ecen t  assessment of crop d ry ing  wi th  powcr p t a n t ' w a s t e  11c;lt i n  

t h e  U. S. d i d  n o t  r e v e a l  any r e s e a r c h  p r o j e c t s  o r  s t u d i e s  add re s s ing  t h i s  

p o t e n t i a l  u se  [ 7 ] .  Our p l ans  a r e  t o  Fur ther  i n v e s t i g a t e  t he  p o t e n t i a l  

of waste hea t  used i n  c rop  d ry ing  ... E f f i c i e n t  h e a t  exchange systems 

u s i n g  waste h e a t  need t o  be  developed and eva lua ted .  



Food Processing 

'I'lli. food procc!nslng :Ln?uskry accoutltn Cor i111Oul: 5 pcrccllt o l  ~ 1 1 c  

~a t i o n ' s  annual energy consump t ion.  considering the  importance of 

va in ta in ing  t h e  U.S. food supply, the  increas ing world dependence on 

U.S. food production, and the  c r i t i c a l  s l ~ o r t a g e s  estimated f o r  f o s s i l  

f u e l s ,  i t '  is  apparent t h a t  o the r  forms and/or sources of ,energy"for the  . 

food processing s e c t o r  should be sought. 

' 
. The usage of f u e l s  and energy consumption p a t t e r n s  vary considerably . . 

among types of food processing p lan t s .  A WA food processing assessment 

of  U.S. waste heat  l i t e r a t u r e  showed no p i lo t - sca le  o r  commercial p r o j e c t s  

using power p lan t  r e j e c t  heat ;  however, a study of waste hea t  f e a s i b i l i t y  

s imulat ion systems showed t h a t  an in teg ra ted  waste heat  system (green- 

house, food processing, and ponds) suggested economic promise. l,!aste 
. . .  

hea t  u s e ' i n  food processing needs t o  be f u r t h e r  researched a t  the  

f e a s i b i l i t y  s t a g e  f o r  s p e c i f i c  app l i ca t ion  [ 7 ] .  Our plans f o r  f u r t h e r  

work on food processing a r e  uncqrtain a t  t h i s  time. 
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ABSTRACT 

The t echn ica l  and economic f e a s i b i l i t y  of  wet/dry cooling towers f o r  water 
conservation was evaluated.  Results  on economic opt imizat ion of wetldry 
tower systems f o r  1000-MWe power p l a n t s  a r e  presented. 

Resul ts  a r e  given a s  the  Tota l  Evaluated Cost (TEC) of  the  cool ing system. 
Separa te  c o s t  components inc lude i n i t i a l  c a p i t a l  c o s t ,  opera t ing expenses, '  
and p e n a l t i e s  f o r  the  cooling system opera t ion  c a p i t a l i z e d  over,  t h e  l i f e t i m e  
of  the  p lan t s .  

For the a n a l y s i s ,  optimized wet and dry  cooling towers a r e  the  reference  
systems. The wetldry 'system has s e p a r a t e  wet and dry  mechanical d r a f t  

' 

towers. Costs a r e  r e l a t e d  t o  t h e  make-up requirement expressed a s  a per- . 

centage of  the  water required by a wet system. 

The major conclusions a r e :  1 )  wetldry cooling tower systems can be designed 
t o  prpvide a s i g n i f i c a n t  economic advantage over dry  cooling,  y e t  c l o s e l y  
match t h e  dry rower's a b i l i t y  t o  conserve water, and 2 )  where water i s  a v a i l -  
a b l e ,  wet cool ing w i l l  continue t o  be the  economic choice i n  most circum- 
s t ances  . 



INTRODUCTION 

The increas ing use of evaporative (wet) cooling towers t o  d i s s i p a t e  power . 
p l an t  waste heat  1oads.has focused on one of the  major inherent  charac te r i s -  
t i c s  of such devices,  namely, the  consumptive water use. Consumptive water 
use, because of i t s  cumulative impact, i s  evolving a s  a major environmental 
concern i n  a l l  p a r t s  of the  United S t a t e s .  For t h i s  reason, f ede r a l ,  s t a t e  
and regional  agencies i n  the  .U.S. previously have advocated the  use o f . d ry  
cooling f o r  u t i l i t y  p l an t  app l ica t ions .  I n  response t o  requests  from these  
agencies ,  numerous evaluat ions  have been performed which have indicated:  
1)  the  use of dry  cooling with high back pressure  tu rb ine  would considerably 
inc rease  the  c o s t s  of  cons t ruc t ion  and opera t ion  of steam e l e c t r i c  power 
p l an t s ;  2 )  t h e i r  use would r e s u l t  i n  a s i g n i f i c a n t . 1 0 ~ ~  of capaci ty  during 
the  same high temperature condit ions when most u t i l i t i e s  experience t h e i r  
peak e l e c t r i c a l  demand; and 3)  t h e  l o s s  of  capaci ty  and peak demand a r e  co- 
inc iden t  with the  time t h a t  the  environmental impact of consumptive water 
use i s  most severe. 

The l o s se s  of capaci ty  and energy and t he  assoc ia ted  economic pena l t i e s  f o r  
a d ry  tower system can s i g n i f i c a n t l y  be reduced by the  use of an  evaporative 
cooling tower t o  a s s i s t  t he  dry tower. The combined wet and dry towers a r e  
termed wet/dry towers. The app l i c a t i ons  of wet/dry towers a l s o  permit the use 
o f  conventional low back pressure  turbines  ins tead  of high back pressure  
turbinbs.  These high back pressure  tu rb ines ,  which a r e  normally assoc ia ted  
with dry cooling app l ica t ions ,  a r e  commercially ava i l ab l e  only f o r  f o s s i l  
p l an t s  i n  the  U.S. 

When compared t o  wet towers the wetldry towers w i l l  s i g n i f i c a n t l y  re- 
duce the  water consumption f o r  cooling purposes. The reduction of water 
consumption, however, i s  achieved a t  the  expense of higher c a p i t a l  and 
economic penal ty  cos t s .  

Since the water problem i n  the U.S. was projected to  impact on power p lan t  
s i t i n g  and energy growth, the former U. S . Energy Research and Development 
Administrat ion (ERDA) and the  U.S. Environmental P ro tec t ion  Agency (EPA) 
have sponsored two separa te  but complementary s t ud i e s  (1,2) .  The purpose 
o f  these  s t ud i e s  was t o  determine the  f e a s i b i l i t y  of using wet/dry tower 
systems t o  reduce the  power p lan t  water consumption. 

The ERDA study d e a l t  with nuclear p l an t s ,  whereas the EPA study was d i r ec t ed  
a t  mine-mouth coa l - f i r ed  p lan t s  i n  t he  coal  r i c h  Western United S t a t e s .  
This paper summarizes the  method of economic evaluat ion,  the  design approach, 
and t h e  r e s u l t s  obtained i n  these two s t ud i e s  and a subsequent study f o r  the  
Ca l i fo rn ia  Resources Conservation and Development Commission (CRCDC) ( 3 ) .  
The ERDA study was previously summarized i n  Reference 4. 

METHOD OF ECONOMIC ANALYSIS 

The method used i n  the economic analyses (1,2,3)  i s  a f ixed source-fixed 
demand method a s  i l l u s t r a t e d  i n  Figure 1. A reference plant  i s  assumed t o  
be of f ixed heat  source,  and the re  i s  a f ixed demand f o r  i t s  output .  I t  i s  
aga ins t  t h i s  f ixed demand t h a t  the l o s s  of p lant  performance fo r  each cooling 



. . 

system i s  measured. I n a b i l i t y  t o  meet t h i s  demand. tiiil be charged a s  a pen- , 
, , 

a l t y  cos t  which i s  t o  .be added t o  t h e  c a p i t a l  c o s t  &f .the cooling system.' 
Other penal ty  cos t s  inc lude t h e  c o s t  of supplying make-up water and cool ing 
system maintenance cos t .  The make-up water penal ty  i s  of s p e c i a l  s i g n i f i c a n c e ,  
s i n c e  a v a i l a b i l i t y  of water i s  a primary concern of t h i s  study. The sum o f  
t h e  penalty c o s t s  and c a p i t a l  c o s t  of a  cool ing system i s  c a l l e d  t h e  t o t a l  
evaluated c o s t  (TEC). The na tu re  of these  c o s t s  i s  such t h a t  an optimlim; ' i .e .  
minimum t o t a l  evaluated c o s t  system can be i d e n t i f i e d  a s  shown i n  Figure 2. 

The cooling system eva lua t ion  involves s i z i n g  and cos t ing  a . c o o l i n g  system, 
determining i t s  thermal "performance, water consumption, a u x i l i a r y  power and 
energy needs.and o t h e r  requirements during a t y p i c a l  annual cycle.  The 
performance information i s  used t o  assess t h e  economic p e n a l t i e s  which w i l l  
accrue  over the  l i f e t i m e  of t h e  p lant .  F ina l ly ,  from a series of designs 
which meet c e r t a i n  design c r i t e r i a  and a s p e c i f i c  water consumption require-  
ment, the  minimum c o s t  cooling system i s  se lec ted .  The major components o f  
a  cool ing system included i n  t h e  a n a l y s i s  a r e  those shown t o  the  r i g h t  of 
Sec t ion  BB i n  Figure 3. 

DESIGN AND OPERATION OF WET/DRY TOWER SYSTEMS 

A number of  poss ib le  arrangements e x i s t  f o r  combining s e p a r a t e  wet and dry 
towers i n t o  wet/dry towers .which can conserve make-up water while e f f i c i e n t l y  
r e j e c t i n g  t h e  power p l a n t  waste heat .  Many of these  wet/dry towers have 
been descr ibed i n  t h e  l i t e r a t u r e  (5,6,7). Several  o f  t h e  proposed arrange- 
ments have been designed f o r  c o m e r c i a l  app l i ca t ions .  one which has been 
o f fe red  by a manufacturer and purchased by a major u t i l i t y  f o r  power p l a n t  
a p p l i c a t i o n  i s  t h e  s e r i e s  flow (water) mechanical d r a f t  towe,r system. This 
system combines separa te  mechanical d r a f t  wet and dry  towers i n t o  a n  opera- 
t i o n a l  system by means of a  cool ing water c i r c u i t , w h i c h  flows f i r s t  through 
t h e  dry tower and then t h e  w e t  tower. The separa te  wet and dry towers, 
however, can be designed t o  sha re  common s t r u c t u r e  elements, such a s  t h e  two 
wetldry tower systems purchased by the  Publ ic  Service  Company of New Mexico 
f o r  i t s  two 450 MWe coa l - f i r ed  un i t s .  These two u n i t s  are' scheduled t o  be 
opera t iona l  i n  1979 and 1981. A schematic diagram of the  wetldry tower being 
c o n s t r u c t e d . a t  the  San Juan S ta t ions  i s  .shown i n  Figure 4. 

An a l t e r n a t e  des ign of series flow wet/dry tower system i s  t h e  one which has 
been s tud ied  ex tens ive ly  i n  t h e  t h r e e  s t u d i e s  mentioned e a r l i e r  (1,2,3) .  I n  
t h i s  a l t e r n a t e  design,  t h e  wet and dry towers a r e  both func t iona l ly  and 
s t r u c t u r a l l y  separa ted;  the  towers a r e  connected together  through.pipel ines .  
The schematic diagram i s  shown i n  Figure 5. 

The approach used i n  References 1-3 f o r  the  design of a wetldry cooling tower 
i s  a s  follows: The dry tower i s  s i zed  t o  r e j e c t  t h e  e n t i r e  hea t  load a t  a  
low ambient temperature while maintaining t h e  t u r b i n e  back p ressure  wi th in  
s p e c i f i e d  l i m i t s .  The performance of  t h e  dry tower i s  then evaluated a t  the  
peak ambient temperature condi t ion  t o  determine t h e  maximum hea t  r e j e c t i o n  
capac i ty  of the  dry tower without exceeding t h e  s p e c i f i e d  l i m i t i n g  back 
pressure .  This information i s  then used t o  s i z e  the  w e t  he lpe r  tower needed 
t o  r e j e c t  the  remaining heat  load a t  t h i s  ambient temperature. 



For t h i s  cooling system, dry cooling i s  the basic  heat  r e j ec t i on  mechanism, 
and wet cooling i s  used t o  provide supplementary heat  r e j ec t i on  when neces- 
sary.  The dry tower i s  designed t o  operate  continuously during the  year;  
and provisions a r e  included t o  shut  down wet c e l l s  i f  they a r e  not needed 
a t  low ambient temperatures. Two d i f f e r e n t  modes of operat ion analyzed i n  
References 1 and 2 a r e  described below: 

1. Mode S1 

The f i r s t  mode i s  termed t h e  S l  mode (S f o r  s e r i e s ) .  The mai'n ob jec t ive  of 
t h i s  mode i s  t o  operate  t he  wet helper  tower as  l i t t l e  a s  p r a c t i c a l l y  possi-  
b le .  This mode of operat ion i s  i l l u s t r a t e d  schematically by means, of turbine  
back pressure  c h a r a c t e r i s t i c  of a wetldry system operated i n  t h i s  mode (Fig- 
ure  6 ) .  During the  peak summer ambient temperature, both the wet.and dry 
towers a r e  operating a t  f u l l  capacity a s  indicated by point  1. As the am- 
b i e n t  temperature f a l l s ,  the  wet c e l l s  a r e  turned o f f  i n  succession to main- 
t a i n  t he  turbine  back pressure  e s s e n t i a l l y  constant  a t  t he  wet tower design 
value. When point  2 i s  reached, all of the  wet c e l l s  have been shut  down, 
and the  dry tower handles the  e n t i r e  heat  load. The back pressure curve .  
between po in t s  1 and 2 i s  o f  a saw-tooth nature,  which r e s u l t s  from the  
i n t e r m i t t e n t  operations of the  wet towers c e l l s  a s  the  ambient temperature 
f a l l s .  This operat ional  mode requires  continuous feedback.contro1.s f o r  the  
opera t ion  of t he  wet towers. Most new s t a t i o n s  a r e  being designed with 
s u f f i c i e n t  computer capacity t o  provide f o r  t h i s  add i t iona l  measure of s t a -  
t i o n  control .  

2. Mode S2 

The second mode of operat ion represents  a system operating with much l e s s  
con t ro l  of the  wet tower. The turbine  back pressure  c h a r a c t e r i s t i c  r e su l t i ng  
from the  operat ion of a wetldry system i n  t h i s  mode i s  i l l u s t r a t e d  i n  Figure 
7. I n  t h i s  mode, a l l . t h e  wet c e l l s  a r e  operated continuously u n t i l  the  dry 
tower design temperature i s  reached (point  2 ) .  As the  ambient temperature 
decreases,  the  tu rb ine  back pressure  i s  allowed t o  f a l l .  When the  ambient 
temperature drops t o  t h e  po in t  where the dry tower can r e j e c t  the  e n t i r e  heat  
load without exceeding the  tu rb ine  design back pressure ,  the  wet tower i s  
turned o f f  completely (point  2). As t he  ambient temperature passes through 
t h i s  po in t ,  an apparent instantaneous jump i n  back pressure  occurs. However, 
i n  r e a l i t y ,  t h i s . t r a n s i t i o n  would occur over a long enough time span so a s  
not  t o  c r ea t e  any damaging thermal shock to  the tu rb ine  and associa ted equip- 
ment. Turbine manufacturers have indicated t h a t  changes i n  back pressures  

. o f  t h i s  magnitude occur da i l y  during the  operating l i f e  of the  turbine. 

~ e t / d r y  cooling systems operat ing i n  t he  S 1  mode a r e  more water conservative 
a t  the expense of g r ea t e r  energy consumption than the  same system operating 
i n  the  S2 mode. Conversely, systems operating i n  the  S2 mode a r e  more energy 
conservative a t  the  expense of higher water consumption. For the same water 
usage, the  r e s u l t s  i n  References 1 and 2 have shown t h a t  the  systems designed 
t o  operate  i n  S 1  mode a r e ,  i n  general ,  l e s s  cos t ly .  



' WETIDRY TOWER SYSTEM DESIGNS AND COSTS . - - .  . . ,  .* . . 
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Typical  design and c o s t s  of wet/dry tower systems f o r  water  conservat ion  from 
References 1-3 a r e  presented i n  t h i s  sec t ion .  The wet and d ry  tower systems 
a r e  designed t o  opera te  wi th  convent io 'ml  low back p ressure  tu rb ines  wi th  a 
maximum opera t ing  back pressure  of 5  in-HgA (127.8.m-HgA). The dry  tower .  
systems a r e  designed f o r  both t h e  conventional  low back p ressure  tu rb ines  and 
t h e  high ba6k pressure  t u r b i n e s ;  the  l a t t e r  a r e  assumed t o  have a  maximum 
opera t ing  back pressure  of  15 in-HgA (381 mm-HgA). The d a t a  presented f o r  
the  wet/dry tower systems a r e  f o r  t h e  S1 o p e r a t i o n a l  mode; t h e  make-up water  
requirements of t h e s e  systems a r e  expressed a s  percentages o f  t h e  annual  
make-up requ i red  by t h e  r e fe rence  wet tower sys tem. .  

The design and c o s t s  of wet/dry tower systems s i z e d  f o r  var ious  make-up water  
requirements and t h e  r e fe rence  wet and dry  tober systems f o r  a  nominal 1000- 
MWe c o a l  f i r e d  p l a n t s  a r e  shown i n  Tables 1 and 2. The comparable r e s u l t s  
f o r  a  nominal 1000-MWe nuclear  p l a n t  a t  the  same s i t e  a r e  given i n  Tables 3 
and 4. The ambient temperature v a r i a t i o n  of t h e  s i t e  i s  shown i n  Figure 8. 

Tables 1 and 3 show t h e  summaries of t h e  major design da ta  f o r  t h e  wet /dry  
cool ing  systems of the  f o s s i l  and nuclear  p lan t s .  Included i n  t h i s  t a b l e  a r e  
t h e  tower s i z e  and opera t ing  mode, the  'maximum opera t ing  back pressure ,  t h e  
gross  genera to r  ou tpu t ,  t h e  condenser o r  tower h e a t  load a t  t h e  maximum back 
p ressure ,  t h e  h e a t  load d i s t r i b u t i o n  between t h e  wet and dry  towers a t  t h e  
maximum back p ressure ,  and t h e  annual water  make-up f o r  t h e  tower systems. 

These data  i n d i c a t e  t h a t  dry cool ing  tower systems of manageable s i z e  can be 
designed f o r  u t i l i t y  a p p l i c a t i o n  by peak shaving the  hea t  load wi th  evapora- 
t i v e  h e l p e r  towers. The number of  dry c e l l s  needed f o r  t h e  wet ldry  op t ion  
a r e  comparable t o  o r  l e s s  than t h a t  r equ i red  f o r  t h e  dry  coo l ing  system us ing 
t h e  high back p ressure  turbine .  The da ta  a l s o  show t h a t  t h e  c a p a c i t y  d e f i -  
c i t s  of 120 MWe and 154 MWe f o r  the  f o s s - i l  and nuclear  p l a n t s  r e s p e c t i v e l y  
can be reduced by more than 69 MWe and 108 W e ,  even with the  wet ldry  system 
r e q u i r i n g  two percent  make-up f o r  the  f o s s i l  p l a n t  and 1 percent  make-up f o r  
t h e  nuc lea r  p l a n t .  

Tables 2  and 4  show t h a t  t h e  c o s t s  of wet/dry system range between t h e  dry  
and t h e  wet systems. The c o s t s  of t h e  wet ldry  systems decrease monotonically 
a s  the  make-up requirement increases .  The t o t a l  evaluated  c o s t s  f o r  a l l  o f  
t h e  wet /dry  systems a r e  skgnif  i c a n t l y  h igher  than t h e  c o s t s  of t h e  wet system, 
but  s i g n i f i c a n t l y  lower than the  c o s t s  of t h e  d ry  system. 

The c a p i t a l  and penal ty  c o s t  components f o r  t h e  hea t  r e j e c t i o n  s y s t e m  a r e  
l i s t e d  i n  Tables 2  and 4. The d i r e c t  c a p i t a l  c o s t s  .are c o s t s  f o r  equipment 
and i n s t a l l a t i o n .  The i n d i r e c t  c o s t  i s  25 percent  of t h e  t o t a l  d i r e c t  cap i -  
t a l  c o s t  and covers engineering,  cons t ruc t ion  management, contingency, e t c .  
The penal ty  c o s t s  include six major components: capac i ty  l o s s ,  power f o r  
tower f ans  and c i r c u l a t i n g  water  pumps, replacement energy, f an  energy and 
c i r c u l a t i n g  water  pumping energy, cool ing  system maintenance, and make-up 
wa t'er . 



The c a p a c i t y  l o s s  duev t o  t h e  i n e f f i c i e n c y  of  t h e  h e a t  r e j e c t i o n  system and 
t h e  power r e q u i r e d  f o r  the , , fans  and pumps a r e  a s s e s s e d  a t  t h e  peak ambient  
t empera tu re  i n  e v a l u a t i n g  t h e  c a p a c i t y  and a u x i l i a r y  p a r e r  p e n a l t i e s .  These 
p e n a l t y  c o s t s  r e p r e s e n t  t h e  c a p i t a l  c o s t  of  e l e c t r i c  g e n e r a t i o n  equipment 
e l sewhere  i n  t h e  u t i l i t y  system (assumed t o  be  s i m i l a r  ba se  load  u n i t  a s  t h e  
proposed p l a n t  i n  t h i s  a n a l y s i s )  t o  provide  t h e  c a p a c i t y  needed t o  meet t h e  
f i x e d  demand. - 

P e n a l t y  c o s t s  f o r  replacement  energy  and f o r  f a n  and c i r c u l a t i n g  pump energy  
are t h e  e n e r g y ' c o s t s  which w i l l  a c c r u e  ove r  t h e  l i f e t i m e  o f  t h e  p l a n t .  

The c o o l i n g  system maintenance p e n a l t y  i s  t h e  c o s t  charged t o  a  c o o l i n g  sys -  
t e m  f o r  s e r v i c e s  which i n c l u d e  p e r i o d i c  maintenance and replacement  o f  p a r t s .  
I t  i s  c a l c u l a t e d  on t h e  b a s i s  o f  pe rcen tages  of  t h e  c a p i t a l  c o s t s  o f  t h e  
major  equipment and r e p r e s e n t s  t h e  c a p i t a l i z e d  c o s t  o f  maintenance ove r  t h e  
p l a n t  l i f e t i m e .  . 

PLANT PERFORMANCE 

An example of  t h e  p l a n t  performance of  a  we t ld ry  system f o r  a  nominal 1000 
MWe n u c l e a r  power p l a n t  i s  shown i n  F i g u r e  9 f o r  a  10 p e r c e n t  make-up wet ldry  
tower system o p e r a t i n g  i n  t h e  S1  mode (1) .  The performance shown i n c l u d e s  
t h e  g r o s s  and n e t  p l a n t  o u t p u t  ( g r o s s  ou tpu t  - coo l ing  a u x i l i a r y  power re- 
qu i r emen t ) ,  t u r b i n e  back p r e s s u r e ,  and make-up f low r a t e  ove r  a n  annual  cyc l e .  

When t h e  w e t  and d r y  towers a r e  o p e r a t i n g  t o g e t h e r ,  t h e  t u r b i n e  back p r e s s u r e  
i s  main ta ined  n e a r  i t s  d e s i g n  v a l u e  o f  4 .5  i n  HgA (114.3 mm HgA), and t h e  
g r o s s  p l a n t  o u t p u t  ( W e )  i s  a t  i t s  lowes t  va lue .  The w e t  tower modules are 
g r a d u a l l y  t aken  o u t  o f  s e r v i c e  a s  t h e  ambient t empera ture  dec reases .  The d r y  
tower t a k e s  ove r  comple te ly  when i t  i s  a b l e  t o  c a r r y  t h e  p l a n t  h e a t  l o a d  
wh i l e  ma in t a in ing  t h e  t u r b i n e  back p r e s s u r e  a t  o r  below t h e  d e s i g n  va lue .  A t  
t h i s  p o i n t ,  a l l  t h e  w e t  towers  a r e  o u t  o f  s e r v i c e ,  and no water i s  r e q u i r e d  
a s  shown by t h e  make-up curve.  When t h e  d ry  tower o p e r a t e s  a l o n e  and i n  
response  t o  t h e  f a l l i n g  d r y  bu lb  tempera ture ,  t h e . c a p a c i t y  o f  t h e  d r y  tower 
system i n c r e a s e s ,  r e s u l t i n g  i n  lower back p r e s s u r e  and . g r e a t e r  g r o s s  and n e t  

. ' p l a n t  o u t p u t s .  The g r o s s  p l a n t  ou tpu t  i n  F igu re  9 r e f l e c t s  t h e  back p r e s s u r e  
v a r i a t i o n  a s  d e s c r i b e d  above. 

WATER USAGE AND COSTS 

One o f  t h e  c r i t e r i a  used i n  t h e  d e s i g n  o f  a n  optimum we t ld ry  tower i s  t h e  
annual  make-up requirement .  The. annual  make-up i s  t h e  summation o f  t h e  water  
usage d u r i n g  each  increment  o f , a n  ambient t empera ture  cyc l e .  S ince-  most 
s t r eams  g e n e r a l l y  have a low s t ream flow i n  summer o r  f a l l  when t h e  coo l ing  

I tower make-up r e q u i r e m e n t s ' a r e  t h e  h i g h e s t ,  i t  i s  impor tan t  t o  de te rmine  t h e  
wa te r  usage requi rements  on a  monthly o r  a  d a i l y  b a s i s  du r ing  t h e  annual  
c y c l e .  

' Figu re s  10 and 11 show t h e  t o t a l  amount o f  make-up r equ i r ed  f o r  each month 
d u r i n g  a  t y p i c a l  annual  c y c l e  f o r  coo l ing  systems designed t o  s e r v e  a  1000 
MWe f o s s i l  p l a n t  and a  1000 MWe n u c l e a r  p l a n t ,  r e s p e c t i v e l y ,  a t  San Juan,  



New Mexico. F igures  12 and 13  show t h e  maximum make-up flow r a t e  dur ing  each 
month f o r  t h e  two p l a n t s .  ~ l t h o u g h  t h e  annual  percentage  make-up i s  sma l l ,  
t h e  maximum flow r a t e  can  be l a r g e .  For example, even f o r  t h e  one pe rcen t  
make-up system, t h e  maximum make-up flow r a t e  i s  a lmost  one t h i r d  o f  t h a t  
r equ i r ed  by t h e  wet system. This  i s  t o  be expected s i n c e  t h e  wet/dry system 
r e q u i r e s  about  a  t h i r d  of  t h e  wet c e l l s  needed f o r  t h e  wet tower. The maxi- 
mum month ly , requi rement ,  however, i s  l e s s  t han  t e n  pe rcen t  of t h e  wet system 
requirement. '  The in fo rma t ion  g iven  i n  F igu res  9-12 can  be used t o  de te rmine  
whetber s t ream flow c o n d i t i o n s  match t h e  make-up requi rements ,  o r  t o  s i z e  t h e  
r e s e r v o i r  o r  impoundment neces sa ry  f o r  s t a t i o n  ope ra t ion .  

As mentioned e a r l i e r ,  t h e  water  p e n a l t y  i s  of s p e c i a l  s i g n i f i c a n c e  when 
making c o s t  comparisons o f  wet and. wet ldry  cool ing  system a l t e r n a t i v e s .  The 
water  p e n a l t y  c o s t  should i n c l u d e :  1 )  t h e  water  purchase c o s t ,  2)  t h e  capi -  
t a l  c o s t  o f  water  t r ea tmen t  f a c i l i t i e s ,  such a s  c l a r i f i e r s  and water  t r ea tmen t  
chemica ls ,  3)  t h e  c a p i t a l  and o p e r a t i n g  c o s t  of water  supply  which inc ludes  
make-up ( i n t a k e  s t r u c t u r e )  pumps, p i p e l i n e s  and a s s o c i a t e d  s t r u c t u r e s ,  and 4) 
t h e  c o s t  o f  blowdown d i s p o s a l .  I n  Table 2,  t h e  water  p e n a l t y  c o s t  f o r  t h e  
f o s s i l  p l a n t  i n c l u d e s  the  f i r s t  t h r e e  i tems l i s t e d  above whereas i n :Tab le  4 ,  
t h e  water  p e n a l t y  c o s t  i nc ludes  e s s e n t i a l l y  only  i t e m  3. As a r e s u l t ,  t h e  
pe rcen t  d i f f e r e n c e s  i n  t o t a l  eva lua t ed  c o s t  between t h e  wet ldry  systems and 
t h e  r e f e rence  wet tower system can be seen  t o  be h ighe r  f o r  t h e  f o s s i l  p l a n t  
d a t a  i n  Table 2 than  t h o s e  f o r  t h e  n u c l e a r  p l a n t  i n  Table 4 .  

The e f f e c t  of water  p e n a l t y  c o s t  on t h e  economic comparison, f o r  t h e  wet ldry  and 
wet tower systems i s  b e s t  i l l u s t r a t e d  i n  Table 5. Table 5 p r e s e n t s  t h e  c o s t  

, d a t a  of  wet and wet ldry  tower systems f o r  t h e  broposed 1000 MWe Sundeser t  
n u c l e a r  s t a t i ~ n  a t  Bly th ,  C a l i f o r n i a .  The water  p e n a l t y  c o s t s  i n  t h i s  t a b l e  
i n c l u d e  a l l  o f  t he  aforementioned i tems.  The r e s u l t s  show t h a t ,  wi th  t h e  
i n c l u s i o n  o f  t he  f u l l  c o s t  of water ,  t he  economic impact of  t h e  use o f  wet/ 
d r y  coo l ing  t o  conserve water  may be s i g n i f i c a n t l y  reduced b u t  remained - 
s u b s t a n t i a l .  

The p e r t i n e n t  tower system des ign  d a t a  and evapora t ion  (make-up) r a t e s  f o r  
t h e  wet and wet ldry  tower systems f o r  Sundesert  a r e  g iven  i n  Tables  6 and 
7. 

ECONOMIC FEASIBILITY OF WETIDRY COOLING SYSTEMS FOR WATER CONSERVATION 
. a  

S t u d i e s  sponsored by ERDA ( I ) ,  EPA ( 2 )  and t h e  C a l i f o r n i a  S t a t e  Energy 
Commission ( 3 ) ,  .from which t h e  d a t a  on wet ldry  systems f o r  water  conse rva t ion  
have been c i t e d ,  have concluded: 

1. ~ e t l d r y  coo l ing  systems can be designed t o  provide  a s i g n i f i -  
can t  economic advantage over  d ry  coo l ing  y e t  c l o s e l y  match 
t h e  d r y  tower ' s  a b i l i t y  t o  conserve water .  A wet ldry  system 
which saves  a s  much a s  99 pe rcen t  of t h e  make-up r equ i r ed  
by a  wet tower can  ma in t a in  t h a t  economic advantage. There- 
f o r e ,  f o r  power p l a n t  s i t e s  where water  i s  i n  s h o r t  supply ,  
wet ldry  coo l ing  i s  t h e  economic choice  over  d ry  cool ing .  
Even when water  supply i s  remote from t h e  p l a n t  s i t e ,  t h i s ,  
advantage holds .  



2. Where water i s  avai lable ,  wet cooling w i l l  continue to  be 
the economic choice i n  most circumstances. Only i f  resource 
l imi ta t ion  o r  environmental c r i t e r i a  make water costs ex- 
cessive,  can wetldry cooling become economically on par with 
wet cooling. 

3. The economic advantage of wetldry cooling over dry cooling 
reduces the need fo r  fur ther  development of high back pres- 
sure turbines for  nuclear power plant applications. 

4 .  The dry surfaces needed for  wetldry options a re ,  i n  general, 
l e s s  than tha t  required for  the dry cooling systems using the 
high back pressure turbines, but remain la rge  i n  s ize.  There- 
fore ,  the development of improved dry surfaces should be con- 
tinued fo r  use i n  wetldry cooling. 
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Net Plant Output = Gross Output - I 
Cooling System 
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Figure 1 Ambient Temperature Duration and Corresponding Plant Per-formance 
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Figure 2 Schematic Diagram o f  ~ c i n o m i c  . 
Trade-offs of  Capital and Penalty Costs 



STEAM - - A  
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Figure 3 Power Generation and Waste Heat Rejection - Pressurized 
Water Reactor (PWR) With Evaporative Cooling Tower 



Figure 4 Integrated ~ e t / ~ r y  Cooling Tower 



Figure 5 Series-Water Flow Wet/~ry Tower I 
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Annual. C u ~ ~ u l s t i v c  Duration '(YPAI) 

* Figure  6 Typical Turbine Back Pressure  Var ia t ion  of  a 
Wet/Dry Tower System Operating i n  S1 ~ d 4 e  

. Figure 7 Typical Turbine Back Pressure  Var ia t ion  o f  a 
Wet/Dry Tower System Operating i n  S2  Mode 
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Figure 8 Temperature Duration Curves: San Juan, New.Mexico (Farmington, IW) 
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Figure 1 0 .  Total.Make-up Requirement for Each Monthly Period 
for a 1000 MWe Fossil Plant at San Juan, New Mexico 
Mechanical Series Operating in S1 Mode 

NOTE: curves are drawn through the discrete points to facilitate visual observation 



Figure 11 Total .  Make-up Requi rernent for Each, Monthly Period 
for a 1000 MWe Nuclear- Plant a t  San Juan,. New Mexico 

'Mechanical Series  Operating i n  S1 Mode 

NOTE:' Curves are drawn through the d i scre te  points to f a c i l i t a t e  v i sua l  observation 
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Figure 12 Maximum Make-up Flow Rate for  Each Monthly Period 
for a 1000 MWe F o s s i l  Plant a t  San Juan, New Mexico 
Mechanical Series  Operating i n  S1 Mode 

NOTE: Curves are drawn through the d i scre te  points t o  f a c i l i t a t e  v i sua l  observation 



Figure 13 Maximum Make-up Flow Rate for Each Monthly Period 
' 

for a 1000 MWe Nuclear P l ~ n t  a t  San Juan, New Mexico 
Mechanical. Series Operating i n  S1 Mode 

NOTE: Curves are dram through the discrete points to  f a c i l i t a t e  visual observation 



. . TABLE 1 ! 
I 

MAJOR DESIGN DATA FOR THE'OPTIMIZED COOLING TOWER SYSTEMS FOR A 1000 MWe F O S S I L  PLANT 

SITE: SAN JUAN, NEW MEXICO BASE OUTPUT: 1039 W e  MT/l)RY WPE: HECIUINICAL SERIES ( S l )  

+ Il-lllgh Back Pressure Turblne , 

' L-Oonventiotnal LOU Back Pressure Turbine 
4 Percentage o f  annual make-up required by optimlned wet tower . . 



TABLE 2 

BASE COOLING SYSTEM COST AND MAKE-UP WATER PENALTY COST COMPONENTS 
FOR A 1000 MWc FOSSIL PUNT 

SIT":  SAN JUAN, NEW MEXICO YEAR: 1985 WETIDRY TYPE: MECHANICAL SERIES ( S l )  

* Bare -ling Syrtmn - Coolleg 
symtan ulthouc uka-up  a d  
uacar creaonent f a e i l i c i e m ~  

Capital  -me: 

CDoling lbwr 

Codanre r  

Circulat ing Wacar System 

e l e c t r i c  ~ q ~ i p a t  

Ind i rec t  Coat 

ro ta1  ~ap i t .1  & s t  of  
Baa8 -ling Symtamc. 

P 8 ~ l C 9  Coat: 

Capacity Loam 

Po-r f o r  M r  Pms 6 
Circulat i -  Water Pmpm 

Replacumat epargp 

Pan EM- 6 U r c u l a t i n g  
Vacer Pmpleg Energy 

b o l l =  ~ y a t a m  ~ a i e t a ~ ~ ~ a  

l b t a l  Penalty Cost of 
u s e  m o l i e g  Spmtann 

Make-up Water Penalty Cost: 

W e - u p  Vacar Purcluma b 
Treamenc Coat 

Capital Coat f o r  W e - u p  
water  upp ply ~ a c i l i c i e ~  

Power m d  Energy Cart f o r  
Pumpieg Hake-up Water 

l b t a l  W e - u p  Yatar Panalty 
D 8 C  

Total Evalwtad Opat of the 
m p l e c e  -ling Syrtan 

+ Parcantag8 of armwl make-up required by o p t b l r d  ve t  w r  +r I n c l u d l q  25% d i r e c t  c a p i t a l  cost 
81 l d i r a c t  c a p i t a l  coat 

Uach. 
DY (HI* 

39.07 

11.26 

7.86 

5.36 

15.88 

79.43 

57.54 

11.16 

29.62 

9.23 

3.91 

111.46 

0.00 

O.OO 

0.00 

0.00 

190.89 

Uach. 
Dry (L)* 

95.58 

14.46 

U.51 

12.45 

33.75 

168.75 

24.27 

23.37 

0.49 

17.45 

8.15 

73.73 

0.00 

0.00 

0.00 

0.00 

242.48 

Mach. 
Wet , 

12.39 

10,U 

6.50 

1.52 

7.63 

38.17 

6.68 

5.12 

2.23 

4.23 

1.81 

19.87 

6.92 

9.46 

0.76 

15. 12 

73.16 

2 

60.20 

12.07 

11.70 

9.81 

23.65 

117.23 

24.01 

15.18 

4.68 

12.19 

5.64 

61.50 

0.10 

5.50 

0.18 

5.78 

184.51 

W.Lu-up 
s e t i a a  

20 

41.84 

10.12 

9.16 

6.62 

16.92 

86.66 

14.30 

11.22 

8.54 

8.62 

4.19 

46.88 

1.00 

7.76 

0.38 

9.14 

140.68 

ParcmUga 
n a c h ~ n i u l  

10 

47.27 

10.81 

10.26 

7.60 

18.98 

94.92 

19.37 

12.17 

8.04 

9.52 

4.71 

53.81 

0 .U 

7.00 

0.30 

7.78 

156.51 

Requir-t+ 
~ . t / ~ r p  

30 

38.11 

10. 14 

9.40 

6.01 

15.91 

79.57 

9.64 

10.99 

7.00 

8.51 

4.04 

10.18 

1.47 

8.32 

0.45 

10.24 

130.00 

40 

34.43 

9.66 

8.82 

5.29 

14.55 

72.75 

9.64 

9.82 

7.98 

7.82 

3.75 

39.01 

1.98 

8.59 

0.50 

11.07 

122.83 
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TABLE 3 . . - ' ,  

MAJOR DESIGN DATA FOR THE OPTIMIZED COOLING TOWER SYSTEMS FOR A 1000 ~ l ~ e  NUCLEAR :PLANT 

i .  

4 

I 
h) .r . 

' 

I 

I tem 

Number of Tower Cel l s ,  
Wet Towerf~ry  Tower 

Mode of WetIDry Tower 
Opera t i  on 

Maximum Operating Back 
Pressure Pmx, in-HgA 
(m-HgA) 

Gross Plant Output a t  
P,,, m e  

Heat Load a t  p lo9 
, Brulhr (lo12 8:; 

Heat Load Distr ibution 
a t  Pmx, (Wet TowerIDry 
Tower) , % 

Annual Make-up Water 
for  [Jet Towers, lo8 ga l  
( lo6  m3) 

* Il-lligh Back Pressure Turbine 

L-Conventional Low Back Pressure Turbine 

, 1 ' 
i 

~ - 

SITE : SAN JUAN, NEW MEXICO BASE OUTPUT: 1094 NWe WET/ DRY TYPE : MECHANICAL SERIES (SI) 
I 

Mech. 
Dry (HI* 

01175 

- 

13.09 
(332.5) 

939.8 

7.62 
(8.04) 

O . O /  
100.0 

0.0 
(0.0) 

1 

Mech . 
Dry (L) ' 

01431 

- 

5.03 
(127.8) 

1047.5 

7.26 
(7.65) 

0.01 
100.0 

0.0 
(0.0) 

Mech. 
Wet 

3210 

- 

3 ;30 
(83.8) 

1082.2 

7.14 
(7.53) 

100.0/ 
0.0 

47.02 
(17.80) 

Percentage Make-up Requirement I 

1% 

91263 

S l  

5.00 
(127.0) 

1048.2 

7.25 
(7.65) 

33.41 
66.6 

0.494 
(.187) 

-- 

Ser ies  

20% 

181138 

S 1 

4.50 
(114.3) 

1059.5 

7.22 
(7.61) 

69.6/ 
30.4 

9.11 
(3.45) 

I 

Mechanical 

10% 

15/170 

S 1 

5.00 
(127.0) 

1048.4 

7.25 
(7.65) 

57.81 
42.2 

4.57 
(1.73) 

Wet/Dry 1 

30% 40% j 

211119 251102 

I 
S 1 

4.00 
(101.6) 

1069.9 

7.18 
(7.57) 

78.2/ 
21.8 

14.19 
(5.37) 

I I 

S1 I 
1 

4.00 
(101.6: 

1069.9 

I 
1 7.18 

(7.57) 

81.7/ 
18.3 

18.78 
( 7 . 1 1  



TABLE 4 - 
~ J V K  UWLLAL ANU ~ENAL'L'Y WYT CUWUNEN'l'S FOR OPTIMIZED COOLINl> TOWER SYSTEMS FOR A 1000 MWe NUCLEAR P U N T  ( $ l o 6 )  

SITE: SAN JUAN, NEW MEXI.CO PRICING YEAR: 1985 WET/ DRY TYPE : MECHANICAL SERIES (S 1) 

Circu lat ing  Water System 

E l e c t r i c a l  Equipment 

Total  Capital  Cost 

Penalty Cost : 

Auxil iary Power 

Replacement Energy 

Auxi l iary Energy 

Make-up Water 

Cooling System Maintenance 

Total  Penalty 

Total Evaluated Cost 



- TABLE 5 

MJOR CAPIIAL AND PENALTY COST n C V t Q ~ N E ~ ~ ~  PER UNIT 
FUR TIE WETIDRY AND WET COOLING SYSTDIS ($lo6) 

SUNDESERT NUCLFAR P M T  

SIIZ: Blythe. O i l i f .  W - W  I M  SIlZ:  010' YMBI 1985 

Note: llcot Rcjcct ion Syctcm " circular in^ Watcr SysLem 1.n Uc:crct~cc 2. 
. . 

* 111cludcs p l p c l i n c s ,  pumps, motorla and nssocinccd s t ruccurce  o f  tltc Itcnc r e j e c t i o n  system. 

r 

Tower System 

A n n e 1  Make-up Quanti ty  

C e p i t a l  Cost: 

b o l i n g  a v e r  

CDndenrer . 
~ r c u l a t i n g  Water ~ y s t m *  

E l e c t r i c  ~ ~ u i ~ r n e n t  

I n d i r e c t  Bst 

T o t a l  Cap i ta l  Coat of  Heat 
Re jec t ion  Systcn 

P e n a l t y  Cost: 

Capaci ty : a ss  

' 

. Wet 

1002 

21.688 

19.088 

14.975 

3.004 

14.689 

73.144 

13.906 

19.126 

-3.018 

13.616 

6.488 - 
50.118 

6.000 

53.873. 

12.588 . 

16.087 

88.948 

212.510 . 

. Power f o r  Tover"Fans and 
C i r c u l a t i n g  Water Pumps 

Replacanent Energy 

Fan ~ n e r g y  6 C i r c u l a t i n g  
Water Pumping Energy 

Cooling System Maintenance 

Tota l  Pens l ty  Cost o f  neat  
Rejection Systcm 

Watcr P e ~ l t y :  

Nakc-up Water Purchase Cost 

Make-up Water Treeanent Cost 
(CRpital 6 O p c r ~ t i u n )  - 

Hake-up Uater Supply Cost 
( F a c i l i t y .  Pumping Power L 
Energy) 

Blowdovn Cost 
(So la r  Eveporntion Pond) 

% t o 1  water pena l ty  m a t  

l i t 0 1  Evaluoced Cost of  t h e  . ' 

Compl.cte Coolins Systcm 
; 

5% 

84.611 

. 20.135 

23.374 

13.854 

'35.493 

177.467 

60.290 

43.657 

21.849' 

30.225 

12.564 

168.585 

0.323 

10.202 

8.061 

0.926 

19.512 

365.564 

30% 

63.820 

17.021 

15.712 

9.980 

26.633 

133.166 

34.890 

35.217 . 

25.097 

24.081 

10.237 

129.522 

1.773 

22.565 

9.675 

4.991 

39.004 

301.692 

'!a 

', 54.732 

16.227 . 
14.437 

8.498 

23.474 

117.368 

34.890 

31.199 . 

25.7% 

21.836 

9.479 

123.158 ' 

2.447 

27.662 

11.367 

8.526 

50.002 

290.528 

WetlDry 

10% 

80.295 

19.094 

22.070 

13.142 

33.651 

168.252 

47.790 

202 

73.458 

19.094 

22.969 

12.160 

31.920 

159 601 

I !4-890 
42.403 

21.741 

28.559 

12.240 

152.733 

0.655 

13.449 

8.622 

, 1.858 

24.584 

345.569 

41.864 

18.738 

27.859 

12.287 

135.638 

1.172 

17.986 

9.481 

3.340 

31.979 

327.219 
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TABLE 6 

SWY OF MAJOR DESICN DATA PER UNIT FOR THE OPTIMIZED COOLING mwm SYS&S 
SUNDESERT NUCLEAR PLANT 

, SITE: ~ l y t h e ,  Cal i f .  FAKE-UP INTAKE SITE: OTO BASE OUTPUT:' 1023 .k  a t  2.5 HgA 

. . 

To::er. Systk.. 

Anncl~l t:ske-up Quanti ty 

1 ;nber '  of Tower ~ e i l s . ,  
Xet Tcr;er/Dry Tower 

~ n r f e c e  Area o f  Tower, 
Acres 
. - 

Kaxirnum Operating Back 
~ t e s s u r ' e  Paax, in-HgG 

Gross  lent. Output a t  
FEU, ElKe 

Heat Load a t  Pm,, lo9 . 

~ t u / h r *  

Heat Load D i s t r i b u t i o n  
a t  P,,,, (Wet ~ower /Dry  
Tower), % . . . . . 

, , 

Annual Make-up Water f o r  ' 
h'et Towers, 103 ac re - f ee t  

* A cons t an t  auxill;.ry h e a t  load of  2.16 x lo8 Btu/hramust be added , to each ind i ca t ed  value. 

I Wet 

1007. 

43 

2.60 

3.'17 

1009.2 

6.49 

lOO.O/O.O 

14.18 

5% 

131221 

9.90 

5.00 

962.8 

6.65 

51.3148.7 

. . 

0.7'6, 
. 

. . 

10% 

171203 

9.43 

4.50 

975.3 
. I 

6.60 

, 63.3/36.7 

. . 
- - .  

- . 1.55 

.Wet/Dry * 

20% 

211178 

8.63 

4.00 

988.2 

6.56. 

75.4/24.6 

. 2.77 

. .  30% 

251 145 

7.50 

4.00 

988.2 . 

6.56 

79.4120.6 

4.19 

. . 

40% 

28/ 115 

6.44 

4.00 

988.2 

6-56 

82.8/.17.2 

,5.78 
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. TAELE 7 

EVAPORATION (MAKE-UP) RATES PER &IT FOR ~ I D R Y  AND COOLING SRfWS, CPU * 
SWDESE3T hTXLZM P U H T  

SITE: Blythe. Ca l i forn ia  

Pet 

100% 

9143.1 ( 9796.3) 

9751.0 (10447.6) 

1 0 0 ~ 9 . 1  (10767.6) 

10932.2 (11713.3) 

11393.3 (12207.3) 

11923.8 (12775.7) 

12398.4 (13284.1) 

12409.6 (13296.2) 

12238.4 (13112.8) 

-11317.5 (12126.1) 

10235.4 (10966.6) 

9362.6 (10031.5) 

13209.3 (14153.0) 
4 

Ti-.-er Sys:ea 

A-.xc: ?:a:;e-L'p 
Ccar.:l:y 

Jar.ctry 

Yel.rc6ry 

\:nrch 

, A?rll 

?(a y 

: : r.e 

J c l  y 

A c g ~ s t  

Se?:e=5er 

'Ccrc5er 

S - m e d e r  

Crce-3.r 

:.:an 1 x 3  

We:/Dry 

SZ 

0 (0) 

0 (0)  

0 (0). 

0 (0)  

0 (0) 

864.8 ( 928.7)  

2730.3 (2925.3) 

2320.0 ,(2485.8) 

. 926.8 ( 993.0)  

0 (0 )  

0 (0) 

0 (0) 

6379.2 (6835.0) 

207. 

0 (0) 

0 (0) 

0 (0) 

. 1076 .0  (1152.9) 

2641.5 (2830.'2) 

4389.0 (6702 ;6) 

5832.0 (6248.7) ' 

5 s s z . s  (5969.1) 

4291.8 (4598.L) . 
1563.6 (1653.6) 

0 (0) . . 

0 (0)  

9273.7 (9936.2) 

1 0% 

0 (c) 

0 (0) 

0 ( 0 ) '  

0 (0) 

766.4 ( 821.1) 

2649.7 (2626.8) 

4293.7 (4600.4) 

3947.4 (4229.4) 

2631.6 (2819.6) 

0 (0) 

0 (0)  

0 (0) 

7862.2 (8423.9) 

30% 

0 (0) 

276.6 ( 296.4)  

1144.0 ( 1225.7)- 

2940.8 ( 3150.9)  

'.126.0 ( 4420.8)  

5821.1 ( 6237.0) 

7209.3 ( 7724.4) 

6626.7 ( 7100.1)  

5899.6 ( 6311.6) 

3522.9 ( 3774,6) 

914.2 ( 979.5) 

0 (0) 

10042.1 (10759.5) 

40% 

1015.0 ( '1087.5) 

1949.5 ( 2088.8) 

2575.5 ( 2759.5) 

4182.4 .( U81:2)  

5362.1 ( 5745.2) ' 

6671.7 ( 7148.3) 

7984.0 ( 8554.4) 

7838.9 ( 8398.9) 

6801.1 ( 7287.0) 

'1923.9 ( 5168.5) 

2733.1 ( 2928.4) 

1327.9 ( 1422.7) . 
10579.9 (11335.8) 



TABLE 7 (cont ' d )  

MONTHLY AVERAGE DRY BULB AND WET BULB TDPERATURES. OF * 

* The mean maximum dry an'd wet bulb temperatures for: tile month of Ju ly  are:  DB = 108.0°~, WB 80.0'~. 

I 
h) 
w 
t 

Month 

Dry Bulb 

Wet Bulb 

Jan. 

51.4 

43.4 

Feb. 

58.4 , 

46.0 

Mar. 

63.1 

50.0 

Apr . 
73.6 

54.4 

May 

80.2 

59.0 

June 

87.7 

64.0 

July* 

94.7 

69.0 

Aug. 

93.0 

65.4 

Sept. 

. 88.6 

59.7 

Dct. 

76.4 

32.5 

Nov. 

62.6 

45.0 

Dec. 

53.1 

42.*5 
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Abstract  

For presentat ion a t  US/USSR Seminar on Heat Reject ion Systems 

September 1978 

COMPARATIVE COST STUDY OF VARIOUS WET/DRY 
COOLING CONCEPTS THAT USE AMMONIA AS THE . 

INTERMEDIATE HEAT EXCHANGE FLUID 

by B. M. Johnson 
R. D. Tokarz 
0. J .  Braun 
R. T. Allemann 

A number of advanced concepts f o r  wet-dry coo l ing  systems f o r  power 
generating p l  ants have been studied. for  t h e i r  techn ica l  feas i  b i  1 i t y  and 
economic p o t e n t i a l .  These studies are p a r t  o f  an ongoing e f f o r t ,  supported 
by both the U.S. Department o f  Energy and the E l e c t r i c  Power Research 
I n s t i t u t e ,  t o  increase the f l e x i b i l i t y  o f  p l an t  s i t i n g  and reduce the  
break-even cost  of water a t  which power companies would choose t o  conserve 
water through the use o f  some d ry  coo l ing.  

The use o f  ammonia as a heat t ransfe ' r  medium between the steam condenser 
of the generator tu rb ine  and the a i r -coo led heat re . jec t ion~svstem has been 
shown t o  be cost  e f f e c t i v e  i n  ea r l  i e r  s'tudies which were reported i n  the 
previous symposium. This paper summarizes the conceptual design and costs 
of four d i f f e r e n t  advanced dry/wet concepts, which combine the use o f  amnonia 
w i t h  evapora t i ve 'coo l ing  t o  augment capac i ty  on hot  days, and compares them 
t o  a s ta te -o f - the -a r t  i n tegra ted  dry/wet c i r c u l a t i n g  water system. A l l  a re  

" mechanical d r a f t  systems. 

The four concepts u t i l i z i n g  amnonia are: 

a The HOTERV p l a t e  f i n  heat exchanger w i t h  deluge augmented coo l ing  
arranged i n  v e r t i c a l  stacks on the per iphery of c i r c u l a r  towers. 

The H ~ T E R V  p l a t e  f i n  heat exchanger w i t h  deluge augmented coo l ing  
arranged i n  hor i zon ta l  A-frames beneath the fans. 

The separate channel augmented tower (SCAT) which embodies the use 
o f  ch i  pped-f i n a1 uminum heat exchange surface augmented w i t h  water 
f lowing i n t e r n a l l y  through channels i s o l a t e d  from, bu t  adjacent to ,  
the  condensing ammonia. 

The augmenting amnonia condenser (AAC) arrangement which uses a 
s i m i l a r  chipped-f in heat exchanger as above, but  i s  augmented by 
a separate water-cooled condenser close-coup1 ed t o  a conventional 
evaporative cool i n g  tower. 



These are compared'with the h t e g r a t e d  dry/wet tower c u r r e n t l y  being , 

constructed a t  the Publ ic  Service Company o f  New Mexico's San Juan Un i t  3  
s t a t i o n  a t  Farmington, New Mexico, a  550 MWe mine-mouth p lan t .  

The comparable cost  o f  the f i v e  concepts, i .e., the sum o f  the 
est imated c a p i t a l  cost  and the cap i t a l  i zed  operat ing cost  (obtained by 
d i v i d i n g  the annual operat ing costs by the  annual f i x e d  charge r a t e  o f  
18%) are as fo l lows: 

. Capi ta l  i zed Compara b l  e  
Estimated Operating Capi ta l  Cost 

Capi ta l  Cost Cost Estimate Estimate 
Heat Reject ion Concept ( $  M) ( $  M) ( $  M) 

Ver t i ca l  HOTERV Tower 24.8 3.1 27.9 

Hor izonta l  H ~ T E R V  Tower 21.6 3.1 a >  . 24.7 

SCAT Tower 21.5 3.0 

Augmenting NH Condenser 3 19.8 4.1 

In tegrated DryIWet 23.4 9.6 

These r e s u l t s  i nd i ca te  t h a t  theoannnonia d r y  coo l ing  systems, augmented 
e i t h e r  by deluging the surface ( i f  the surface con f igu ra t ion  f a c i l  i t a t e s  
t h i s )  o r  by a  separate water-cooled condenser close-coupled t o  an evapora- 
t i v e  tower, have po ten t i a l  cost  advantages ranging from 25 t o  29% under 
condi t ions imposed by the San Juan s i t e .  

A program t o  demonstrate an amnonia d r y  coo l ing  system, us ing both 
types o f  surface described here, and using both the deluge approach and the 
augmented condenser, i s  being undertaken by the E l e c t r i c  Power Research 
I n s t i t u t e .  , 
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1. PURPOSE OF THIS WORK 

Dry coo l ing  o f  thermal power p lants ,  by which the heat from the 

power cyc le  i s  re jec ted  d i r e c t l y  t o  the a i r ,  has been used i , r i  a,few 

i so l a ted  ' instances throughout the world f o r  the past 15 years. Very, few 

i n s t a l l a t i o n s  are  i n  operation' i n  the U.S. a'l though i t  i s  being 

given increased considerat ion f o r  new l a rge  power s ta t ions.  ' ~ i ~  cool inp 
. . 

i s  a more c o s t l y  op t ion  than once-through o r  evapora'tive coa l ing,  but  

there are a few loca t ions  now, and there w i l l  be fa.r more in': the future., 

a t  which once-through and a1 1 -wet evaporative cool i n g  towers. c'annot be 

used because o f  the increased compet i t ion f o r  e x i  s ' t ing water iupp l  i e s  

among 'growing populat ions, ag r i cu l t u re  and indust ry .  E a r l i e r  stud'ies 

a t  Ba t t e l  l e ,  P a c i f i c  Northwest ~ a b o r a t o r i e s ,  have shown t h a t '  considerable. 

incent ives e x i s t  f o r  development o f  an advanced concept. which makes use 



o f  amnonia as an in te rmed ia te  heat t r a n s f e r  f l u i d  i n  a  process which . .  . . ,  . 
, ,  . . 

p rov ides  augmented c o o l i n g  by evaporat ion.  

This paper sumar'izes t h e  conceptual design and cos ts  of f o u r  

d i f f e r e n t  c o n f i g u r a t i o n s  f o r  such a  system and compares them t o  a  s t a t e -  

o f - t h e - a r t  i n t e g r a t e d  dry/wet  c i r c u l  a t i n q  water system.' A1 1  are  mechanical 

d r a f t  systems. 

These s tud ies  a r e  p a r t  o f  an ongoing e f f o r t ,  supported by both  

.the U. S. Department o f  Energy and t h e  E l e c t r i c  Power Research I n s t i t u t e ,  

t o  increase t h e  f l ' e x i b i l  i t y  o f  p l a n t  s i t i n g  and reduce t h e  break-even c o s t  

o f . w a t e r  a t  which power companies would choose t o  conserve water through 

use o f  some d r y  cool  ing .  

1.2 Incen t i ves  f o r  Drv/Wet Cool ing 

P rov id ing  some c a p a b i l i t y  f o r  augmented c o o l i n g  v i a  water evapora- 

t i o n  t o  d r y  cooled heat r e j e c t i o n  systems has been shown t o  be h i g h l y  

cos t -e f fe ' c t i ve .  I t  i s  probable t h a t  i n  t h i s  count ry  most dry-cooled 

systems f o r  l a r g e  power p l a n t s  w i l l  have some evapora t ive  c o o l i n g  c a p a b i l i t y  

i nc luded  i n  t h e  system t o  avo id  e i t h e r  o f  t h e  c o s t l y  a l t e r n a t i v e s  o f  ( 1 )  b u i l d i n g  

excess ive l y  l a r g e  systems t o  prov ide  adequate heat r e j e c t i o n  fo r  peak power 

p r o j e c t i o n  du r ing  the  h o t t e s t  summer days, o r  ( 2 )  buying power f rom o t h e r  

sources d u r i n g  peak demand per iods  on t h e  h o t t e s t  days. With some evapora t ive  

c o o l i n g  capab i l  i t y  t he  dry/wet system.can be b u i l t  so as t o  use whatever water 

i s  a v a i l a b l e  f o r  c o o l i n g  and thus minimize t h e  requ i red  s i z e  o f  t h e  h igh-  

p r i c e d  d r y  c o o l i n g  system. How t o  bes t  p rov ide  t h i s  evapora t ive  c o o l i n g  

c a p a b i l i ' t y  w i t h  t h e  ammonia system was one o f  t h e  purposes o f  t h i s  work. 

7 .  R. D. Tokarz,.et.  al., "Comparative Cost Study o f  Four Wet/Dry Cool ing 
Concepts t h a t  use Amnonia as the  In termedia te  Heat Exchange Flu id,"  
PNL-2661, B a t t e l  l e  Paci f i  c  Northwest Laborator ies,  May 1978. 
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1.3 Incent ives 'for Usinq Ammonia 

The use of ammonia as a  heat t rans fe r  medium between the steam 

condenser o f  the  turbine-generator and the a i r -coo led heat r e j e c t i o n  system 

has been shown t o  be cost  e f f ec t i ve  i n  e a r l i e r  studies which were repor ted 
1  

i n  the previous symposium. The use of ammonia o f f e r s  a t  l e a s t  four 

advantages lead ing t o  reduct ion i n  system costs. These are: 

1. Reduced pumping power i n  the t ranspor t  loop; 

2.  El im ina t ion  o f  the' temperature range o f  the t ranspor t  

loop as a  temperature increment betwe'en the ambient 

d r y .  bul  b  and the condensing steam temperature; 

3. The a b i l i t y  t o  use high performance surfaces on the 

amnonia s ide o f  the steam condenser/ammonia rebo i  1  e r  

t o  reduce the condenser terminal  temperature d i f ference,  

and l a s t l y ,  

4 .  No need t o  prevent freeze up. 

2. BASIS OF COMPARISON' 

The comparisons o f  the various concepts were performed on the 
i 

basis o f  "comparable c a p i t a l  cos t "  def ined as the sum of the est imated 

I c a p i t a l  cos t  o f  the i n s t a l l a t i o n  plus the cap i t a l i zed  operat ina cost .  

This l a t t e r  t e n  i s  j u s t  the operat iAg cost  d iv ided  by the innuai  f ixed- 

charge r a t e  o f  18 percent. The designs have no t  been optimized i n  the 

sense t h a t  they would y i e l d  the lowest bus bar cost  o f  e l e c t r i c i t y .  

A t  the t ime the study was i n i t i a t e d  the dry/wet design o.pt imizat ion code 

was n o t  completed. Instead, each design s a t i s f i e s  a  set  l i s t  of . 

design parameters, . p a r t i c u l a r l y  w i t h  respect t o  heat re jec t . ion capabil  i t y  

'~dvanced Dry and DrylWet Cooling Towers, B.M. Johnson, Ba t te l le -Pac i f i c  
Northwest Laboratory, Richland, WA. Prepared f o r  Presentat ion a t  the  USIUSSR 
Symposium on Dry and Wet/Dry Heat Reject ion Systems, Washington, D.C., Sept 1977 



a t  a spec i f i c  ambient temperature, which was estab l ished so as t o  requ i re  

a predetermined amount o f  water each year f o r  augmented cool in^. 

Capi ta l  costs included a l l  engineering, const ruct ion and mater ia l  

costs associated w i t h  the coo l ing towers, condenser, water treatment 

equ'i pment and re1  ated p i  p ing and pumps. Construct ion costs included the 

con t rac to r ' s  p r o f i t  and overhead, but  excluded any esca la t ion o r  contingencies. 

Operating costs included the cost  o f  a u x i i  i a r y  power f o r  pumps and fans, 

maintenance, and water treatment. 

C red i t  was taken f o r  improvements i n  p l an t  heat r a t e  associated w i t h  

lower back pressures made possib le by the advanced designs. However, no 

c r e d i t  was taken f o r  increases i n  load t ha t  would be made poss ib le  

by back pressures lower than the design values o f  the reference p lan t .  

To assure the v a l i d i t y  o f  the comparisons, every e f f o r t  was made t o  

use un i f o rm i t y  i n  the conceptual designs and cost  est imat ion o f  each concept. 

A l l  estimates were prepared by an archi tect-engineer subcontractor (a)  

from preconceptual design descr ip t ions prepared f o r  each concept. A l l  

design descr ip t ions used a common reference p l an t  loca t ion ,  the Sa? Juan 

U n i t  3 o f  the 'Pub1 i c  Service Company o f  New Mexico. . This p l  ant  was 'selected 

as the reference p l an t  Tor t h i s  study because a p l a n t  w i t h  in tegrated dry/  

wet coo l ing  towers i s  c u r r e n t l y  under design and const ruct ion a t  t h i s  loca t ion .  

As a r e s u l t ,  adequate s i t e  data 'were a1 ready avai 1 able on which t o  base the 

preconceptual designs of the advanced a l t e r n a t i v e s ,  i nc lud ing  

meteor01 ogy , 

fue l  costs, 
. . 

( a )  S&Q Engineering Corporation 
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, A .  

water a v a i l  ab i  1  i t y  and qua1 i t y  , 

o n s i t e  c o n s t r u c t i o n  costs,  

t r a n s p o r t a t i o n  cos t s ,  

power costs,  and 

s i t e  c h a r a c t e r i s t i c s .  

Each of t h e  dry/wet  systems was conceptual ly ,designed and est imated 
' 

us ing  t h e  same procedure, i n c l u d i n g  the  i n teg ra ted  wet /dry.concept  used i n  

t h e  reference p l a n t .  No c o s t  o r  d e t a i l  design in fo rmat ion  was obta ined 

from t h e  u t i l i t y  about t h e  i n t e g r a t e d  wet /dry concept, so i t , $0,. was . 

designed and costed on t h e  <amp bas is  as t h e  o the r  four .  This 

c o s t  comparison study appl i e s  o n l y  t o  t h e  re ference p l a n t  design cond i t ions ;  

Other s i . tes would have d i f f e r e n t  cond i t i ons  t h a t  cou ld  markedly a f f e c t  t he  

r e s u l t i n g  comparison. , , 

2.1 Conceptual Design Bases 

The conceptual designs o f  t h e  th ree  c o o l i n q  tower concepts were 

based on performance requirements es tab l i shed  by the  Pub l ic  Serv ice Company 

of New.Mexico f o r  t h e  San Juan U n i t  3. These requirements a re  l i s t e d  below. 

1. The heat r e j e c t i o n  c a p a b i l i t y  o f  t h e  c o o l i n g  system . s h a l l  

be about 2.5 x  l o 9  Btu /hr  over  a  y e a r l y  cyc le .  

2. The cool  i n g  system s h a l l  accommodate t h e  meteoro log ica l  p r o f i  1  e  

o f  Farmington, New ~ e x i c o  (Table 1 ) .  

3 .  The t u r b i n e  s h a l l  be operated a t  o r  below a  back pressure of 

4.5 i n .  Hg a t  an ambient temperature o f  9 5 ' ~  o r  below. Above 

95O~,  t h e  t u r b i n e  back pressure s h a l l  be a1 lowed t o  increase 

t o  a  maximum o f  5.0 i n .  Hg. 



Table 1. Meteoro loq ica l  P r o f i l e  a t  Farminaton, NM 

, Dry Bulb A i r  Wet Bulb Air Hours per  
Temperature, OF Temperature, OF Year 



4. The maximum amount of water ava i l ab l e  annual ly  f o r  consumptive 

use i s  1900 a c r e - f t  o r  5.12 x  109 lb ,  which i s  about 20% t h a t  

consumed by a1 1  -wet tower of s imi  1  a r  r a t j  ng.. .. . 

5. The maximum instantaneous f l ow r a t e  of consumptive water due 

t o  evaporat ion s h a l l  be 2.0 x  l o 6  l b / h r  (4000 gpm). 

The San Juan River  was assumed t o  be the source o f  water tb the 

p l an t .  Water treatment requirements f o r  closed-loop r e c i  r c u l  a t i n g  systems 

associated w i t h  dry towers were assumed t o  inc lude  demineral izat ion,  vacuum 

deaeration, cor ros ion i n h i  b i  t ion,and pH con t ro l  (pH 8.5). Open loop systems 

used, i n  wet  a r ~ d  wet ldry  towers were iissumed t o  requ i re  1 ime-soda sof tening 

(s ide  stream), scale i n h i b i t i o n  and b i o f o u l  i n g  con t ro l .  Del ugeate t r e a t -  

ment t o  maintain, a  Lang l ie r  s a t u r a t i o n i n d e x  o f  zero o r  s l i g h t l y  negat ive 

was assumed. 

3. ALTERNATIVES CONSIDERED 

The four cool i r ig  concepts p r i n c i p a l l y  s tud ied ' u t i l i z e  the ammonia 

l i qu id -vapor  phase change t o  t r ans fe r  heat from the steam tu rb ine  o u t l e t  

t o  the coo l ing towers. These concepts are compared w i t h  the conceptual 

design of the i n t eg ra ted  dry/wet cool i n g  tower o f  a  con f igu ra t ion  s i m i l a r  

t o  t h a t  being constructed a t  Farmington, New Mexico'. This design and 

cost  est imate were developed w i thou t  ob ta in ing  design d e t a i l s  o r  costs 

from e i t h e r  the owner o r  manufacturer o f  t h a t  system. Consequently a l l  

systems were est imated by the same method and from s i m i l a r  data base. 

However, the ammonia systems' designs had n o t  undergone the ex ten t  of 
. \ 

eng ineer ing 'op t im iza t ion  s tud ies  inherent  i n  a  c o m e r c i a l  system. 



- .  
3.1 Amnonia Heat ~ ra -nspo r t  System 

The fo l low ing  i s  a  b r i e f  desc r ip t ion  o f  the s a l i e n t  features of the 

ammonia heat t ranspor t  system. 

The.ammonia heat t ranspor t  system f o r  power p l an t  heat r e j e c t i o n  

i s  f u n c t i o n a l l y , s i m i l a r  i n  many respects t o  the " d i r e c t "  system i n  which 

the exhaust steam from the l a s t  stage o f  the tu rb ine  i s  ducted d i r e c t l y  

t o  an a i  r -coo l  ed' condenser. The p r i nc i pa l  d i f fe rence  i s  the ex i  stence of 

a  steam condenser/ammonia r e b o i l e r  i n  which ammonia i s  "subst i tu ted"  f o r  

steam as the  medium f o r  t ranspor t ing  heat from the tu rb ine  t o  the tower" '  

(heat  s ink ) .  I n  a l l  respects the amnonia system, w i t h  vapor moving from 
. . . . 

t he  r e b o i l e r  t o  the a i r -coo led condenser and l i q u i d  r e tu rn i ng  t o  the 

r e b o i l e r ,  w i l l  f unc t ion  and respond t o  load changes i n  the same manner 

as the  d i r e c t  system. Figure 1  i s  the process f l ow  sketch. 

~ x h a u s t  steam from the l a s t  stage o f  the  tu rb ine  i s  condensed 

i n  the  condenser/reboi ler located d i r e c t l y  below the turb ine.  Instead of 

water c i r c u l a t i n a  through the tubes, l i q u i d  amonia i s  bo i led  as i t  i s  
. 

pumped through the tubes under pressure, se t  by the operat ing temperature 

i n  the  condenser. The f l ow  r a t e  o f  ananonia i s  set  t o  y i e l d  a  vapor q u a l i t y  

emerging from the tubes vary ing from 50 t o  90%. This two-phase mixture i s  

passed through a vapor - l i qu id  separator from which the vapor i s  sent t o  the 

a i r -coo led condenser, wh i le  the 1  i q u i d  i s  combined w i t h  the ammonia condensate 

from the d ry  tower and recycled back through the condenser l reboi ler .  



Table 2. Design Parameters 

Vert ical 
HOTtRU. 

SCAT Tower 
Gcsiqn 

225 d id x 56 
h i  gtl 

55'Fo 

Aug~lcn t lng HI13 
Condcnset -- Tower 

Tower size ( f t )  

In t e q r ~ t e d  Yct/Dry 

482 x 138 x 55 high 259 d ia x 56 
hlyh 

205 x 220 x 57 
high 

170 d la x 56 
hlgh 

Tarnr Design Terrp. 

Design ITD. degrees 

I(cl#r o f  Towan 

R d e r  o f  Brndles 

Dilamsionr 

67 dry. 32 wet 

2 

87 dry. 32 wet. 90 day. 30 wet 

.47.6 ft x 8 ft 
x 6 in. 

41.6 f t  x 8 f t  
x 6 in. 

50 ft x 12 ft. 
x 7.2 in. 

48 ft x.72 f t  x 
10 in. 

I Total Surface h a ,  
ft 

Frontal Area, f t2  

Tube OD. inches , 

. . 
Ffn Ocslgn R e c t ~ g u l  a r  Rectangular In tegra l  

Plate Plate 
S?ngle Leg 

Urapped 

Fln Olamnsions 

Fins Per Inch 

Tube Haterial  

Fin W e r i a l  

Tube Geomtry 

6 in. deep 6 in. deep 0.707 in'. high 
7.87 ft high 7.87 f t  high 12 in. deep 

0.707 in. hlgh 
12 in. deep 

. . 

10.6 

2.25 round 

9 9 10.6 . .. 
A l d n m  A1 rrrnlnum A1 urn1 num' 

10 

Adml r a l  ty  

Alminun 

Equilateral 

Alumlnum, ' 

Aluminum Alumlnum A1 umlnum 

~ectangul'ar 
A1 igned Channels 

. . 
NA . 

Staggered k w s  Staggered Rows Rectangular 
A1 1 gned Channe 1 s 

2.36 2.36 N A Transfer Tube Pitch, 
Inches 

He8t Transfer 
b f f i c i m t  Btu/hr- 
r t$-or  

Frontal Velocity/ 
Internal '  Velocity, 
ft/rec. 

A l r  Flaw. l b /h r  - Dry 

A i r  Flow. lb /h r  - 
A i r  Mass Flow kte. - 

lb/hr-f t2 - Yat - 
b o l l n g  Uater Flow, GPH 

A i n i d e  neat Excnange ePi 
Total AP, Inches HZ t 

HP Per Fan - p 
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The vapor from the vapor-1 i q u i d  separator f lows t o  the d r y  tower 

under the d r i v i n g  fo rce  o f  the pressure d i f f e rence  between these two 
* - - 7 . - 

components created by the temperature d i f f e rence  and the associated vapor 

pressure o f  the amnonia,. 

The steam condenser i s  composed o f  ho r i zon ta l  tube bundles. w i t h  
..: . 

steam condensation on the she l l  side, and anhydrous ammonia evaporation 

on the tube side. Design tube s ide maximum pressure i s  350 psig,,l350F. 
* 

Tubes are aluminum w i t h  the f o l  l o v i n g  dimensions: 

tube leng th  50 ft 

tube OD 1  i n .  

tube gauge. 12 BWG 

tube p i t c h  1.5 i n .  

t o t a l  number o f  tubes 15,100 

The tube i s  enhanced on the outs ide f o r  condensation and on the i ns i de  

fo r  bo i  1  i n g  w i t h  p r o ~ r i e t a r y  Union Carbide CompanyILi nde enhanced condensation 

surface. The tubesheets a re  aluminum and the  condenser i s  equipped w i t h  

impingement p ro tec t ion  where necessary. 

The a i r  removal sect ion of the condenser i s  s ta in less  s tee l .  

The performance and cos t  o f  t h i s  component are s i g n i f i c a n t  uncer ta in t ies  

* i n  t h i  s  study. The cos t  a1 g o r i  t h s  developed f o r  computer op t im iza t ion  studies 

on the  basis o f  laboratory  data ind icated i t s  cos t  would be very near l y  s i m i l a r  

t o  t h a t  o f  a  conventional t u rb i ne  condenser. The estimate developed by the 

a r ch i t ec tu ra l  engineer and used i n  t h i s  study, r e f l e c t e d  the lack o f  f i r m  
L 

data from s i m i l a r  equipment. The a r ch i t ec tu ra l  engineer estimated the equip- 

r p n t  t o  be 50% more c o s t l y  than a  conventional condenser. 



The p ip i ng  f o r  the system consi 'sts of vapor t ranspor t  p ip ing,  

vapor d i s t r i b u t i o n  pip ing,  condensate c o l l e c t i o n  p ip ing ,  and condensate 

re tu rn  pip ing.  Associated w i t h  t h i s  system are pumps f0.r condensate 

re tu rn  and reboi  l e r  c i  r c u l  a t ion,  a combination vapor separator/reboi 1 e r  

supply tank, and ammonia storage tanks. The vapor separator/reboi l e r  

supply tank i s  loca ted  as c lose t o  .the steam condenser/ammonia r e b o i l e r  

e x i t  as possible. The upper po r t i on  of the tank acts  as a cyclone 

separator t o  remove l i q u i d  ammonia c a r r i e d  over i n  the vapor leav ing  

the reboi  l e r .  The lower po r t i on  of the-  tank acts  as a r ese rvo i r  f o r  

supplying the r e b o i l e r  i n j e c t i o n  pumps and a lso  provides system surge 

capaci ty.  The lower po r t i on  of t h i s  tank has su f f i c i en t  volume t o  contain 

the inventory  of two tower quadrants if i t  becomes necessary t o  evacuate 

them for  maintenance o r  i n  case of leaks. The mate r ia l  f o r  a1 1 p i p i ng  and 

tanks i s  carbon s tee l .  

Each o f  the two condensate r e t u r n  pumps would have a capaci ty o f  

10,000 gpm a t  27 ft NH3 TDH. Each o f  the two condenser r e c i r c u l a t i o n  

pumps would have a capac i ty  o f  20,000 gpm a t  30 f t  N H ~  TDH. The d ra i n  

and f i l l  pump would have a capac i ty  o f  2500 apm a t  50 ft NH3 TDH. 

Excess storage capaci ' ty would be provided by ten 7750-gal pressure 

tanks. These tanks w i l l  s to re  the e n t i r e  quan t i t y  o f  amnonia if i t  becomes 

necessary t o  evacuate the system f o r  maintenance o r  i n  case of emergency. 

Prov is ion i s  made f o r  a n i t rogen  purge system t o  f lush the a i r  from 

the system before f i  11 i n g  i t  w i t h  amnonia t o  prevent t he  poss ib i  1 i t y  of 

s t ress cor ros ion cracking o f  t h e  s tee l  components. The t o t a l  volume of the 

system i s  approximately 50.000 ft3. Vents are located a t  the h ighest  

p o i n t  i n  each quadrant from which amnonia vapor can be evacuated a f t e r  

the' quadrant has been drained and iso la ted.  The vents are piped t o  a 

f l a r e  s t a t i o n  on top of the tower. 
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3.2 HOTERV P la te  F in  Heat Exchanger w i t h  Deluge ~ u ~ m e n t a t i o n " '  *': " 
-1 'I - 

.The i n i t i a l  coo l ing tower arrangement using the HOTERV p l a t e  f i n  

exchangers was round towers w i t h  fans across the top and the heat 

exchangers around the per iphery .  Previous studies had shown t h i s  t o  

be a  cos t  e f f ec t i ve  conf igurat ion f o r  long f in - tube exchangers. However, 

as the r e s u l t  of. the ensuing cost  est imate for  the towers, i t  was con- 

cluded t h a t  i t  was no t  a  good arrangement f o r  the HOTERV bundles arranged 

hor i zop ta l  l y  t o  accomnodate del ug'ing. A second conf igurat ion was scoped 

out  and est imated i n  which the heat exchangers were arranged as A frames 

on a  plane below the f ins.  Figures 2  and 3 show these two arrangements. 

With the v e r t i c a l  per iphera l  arrangement, three towers 260 ft i n  

diameter and 56 f t  h igh ( t o  the fan deck) are needed. The coo l ing tower 

i s  designed t o  operate as a  completely d ry  system when the ambient temper- 

a tu re  . i s  below 55°F. Above t h i s  temperature, a  por t ion  of the heat 

exchanger surface i 's deluged w i t h  water on the outs ide o f  the p l a t e  f i ns  

t o  increase heat r e j e c t i o n  capab i l i t y .  I n  t h i s  way sensible heat ing of 

the a i r  i s  augmented by heat t ransfer  t o  the a i r  through evaporation of. the 

deluge water. The tower design temperature i s  based upon the maximum 

use o f  ava i lab le .  water f o r  augmentation (1900-acre f t )  w i t h  minimum amount 

o f  heat exchange surface area. 

The a i r f l o w  through each tower i s  induced by 19 fans ( 2 8 - f t  diameter) 

mounted a t  the top of the tower s t ruc ture .  The heat exchanger bundles 

(240.tubes/bundle) are arranged around the per iphery o f  the towers. No 

louvers f o r  a i r  con t ro l  t o  prevent freezing of the amnonia are  required. 

However, passive louvers are located beneath each fan t o  prevent back 

f low o f  a i r  when a p a r t i c u l a r  fan i s  o f f .  For a i r f l o w  con t ro l ,  one o r  



more fans can b e . s t a r t e d  < a  . . o r  stopped. P r c t e c t i o n  of t h e  heat  exchangerl 
. . . " 

' . 
sur faces i s  p rov ided by h a i l  screens mounted d i r e c t l y  t o  t he  face  o f  each 

bundle. Table 2  g ives  s p e c i f i c  i n f o r m a t i o n  on a l l  o f  t h e  c o o l i n g  tower 

systems a t  design p o i n t  c o n d i t i o n s .  

The HOTERV heat  exchangers a r e  47.6 f t (15 m) long,  7'.8 f t  (2.3 m) h igh,  

and 5.9 i n .  (15 cm) deep i n  the  d i r e c t i o n  o f  a i r f l o w .  There a r e  16 bundles/ 

tower quadrant , 96 bundles/tower, and 288'bundles t o t a l .  The bundles a re  

s loped a t  a  5 degree ang le  t o  promote dra inage o f  t h e  condensed amnonia. 

They a r e  a l s o  canted forward t o  promote un i fo rm de lug ing  of t h e  p l a t e  f i n s  

d u r i n g  wet ope ra t i on .  

A1 1 o f  t h e  vapor t r a n s p o r t  p i p i n g  1  i e s  above grade. The main vapor 

l i n e  t r a n s p o r t s  ammonia vapor from t h e  vapor separa tor  t o  t he  general area 

o f  the  c o o l i n g  towers through a  48- in .  d iameter  p ipe  approximate ly  1000- f t  

long.  The p i p i n g  then s p l i t s  i n t o  success ive ly  small p ipes l e a d i n g  t o  

each tower and subsequently t o  tower quadrants, bundle groups and e v e n t u a l l y .  

i n d i v i d u a l  bundles. The condensed ammonia 1  i q u i d  d r a i n s  t o  a "co l1  e c t i o n  

header runn ing  around t h e  i n s i d e  pe r iphe ry  o f  t he  tower. .The main r e t u r n  

l i n e  i s  18 i n .  i n  d iameter .  

The deluge system i s  capable o f  augmenting the  e n t i r e  h e a t  exchanger 

sur face,  a l though t h e  maximum design wet area i s  probably l e s s  than 67%. 

Augmentation o f  t he  p l a t e - f i n  sur faces i s  accompl ished by a1 l ow ing  an 

approximate water  f low r a t e  b f  2  gpm per  1  i n e a l  f t  o f  heat  exchanger t o  

I 
i r un  down t h e  p l a t e  f i n s .  A small  p e r f o r a t e d  p ipe  header adds water  above 

each bundle t o  make up f o r  t he  deluge water evaporated i n  t h e  prev ious  

bundle. The deluge p i p i n g  f o r  each tower c o n s i s t s  o f  



two ,deluge pumps ( v e r t i c a l  sump), . .  . , . : ? : .  . .  , ,  . . . I 7  b t  

deluge storage sump, 

d i s t r i b u t i o n  piping,- and- A . - 

deluge d i s t r i b u t i o n  headers and splash p la tes .  

The deluge pumps w i l l  have a capac i ty  of 1200 gpm a t  80 ft o f  H20 (two 
. . 

pumps per tower). The suct ion s ide o f  the v e r t i c a l  sump pump w i l l  be 

imnersed i n  a c i r c u l a r  concrete channel t h a t  catches a l l  the  water f a l l i n g  
I 

from the tube. bundles and serves as a storage sump when the tower i s  

operat ing dry .  Polyethylene o r  PVC i s  used throughout. Maximum ins tan-  

taneous consumptive use r a t e  i s  approximately 4000 gpm. The maximum 

r e c i r c u l a t i o n  r a t e  t o  the top  o f  the  towers i s  7200 gpm, although the  

maximum an t i c i pa ted  i s  about 4500 gpm, w i t h  add i t i ona l  makeup being added 

a t  each o f  the f i v e  layers  o f  heat exchanger i n  the v e r t i c a l  arrangement. 

Water treatment w i l l  cons is t  o f  s u l f u r i c  a c i d  add i t i on  t o  con t ro l  pH t o  

7.6-7.8' and blowdown (800 gpm) t o  mainta in a s u f f i c i e n t l y  low d isso lved 

s o l i d s  concentrat ion.  The blowdown w i l l  undergo l ime  sof tener  treatment, 

and the e f f l u e n t  from the  treatment p l a n t  w i l l  be recycled i n t o  the deluge 

system. Sludge from the sof tener  (85 gpm) w i l l  be discarded t o  the e f f l uen t  pond. 

The hor i zon ta l  arrangement of the  H ~ E R V  heat exchangers d i f f e r  

e s s e n t i a l l y  on ly  i n  the tower con f igu ra t ion .  Each of the two requ i red 

towers i s  205 ft by 230 f t  and 57 f t  t o  the  fan deck. The h o r i z o n t a l l y  

arranged bundles are 35 f t  above the ground t o  provide adequate area' 

f o r  a i r  f low. Twenty e i gh t  fans (28 ft diameter) a re  used. 

The A frames o f  the  heat exchanger bundles a re  t i 1  ted a t  50 as i n  

the  v e r t i c a l  design t o  promote drainage o f  the  amnonia. 



The t o t a l  r e c i r c u l a t i o n  f l ow  o f  the deluoe system i s  higher, 'a.bou't' 

20,000 gpm because the bundles are no t  v e r t i c a l l y  stacked t o  provide a 

means o f  water f l ow down the stack. 

The savings i n  t h i s  arrangement accrue from the' need f o r  on ly  two 

towers. Table 2 l i s t s  the s i g n i f i c a n t  design parameters which are very 

. s i m i l a r  t o  those o f  the v e r t i c a l  arrangement. 

Separate Channel Augmented Tower 

The heat exchanger i n  t h i s  concept i s  an adaptat ion of the Cur t i ss -  

Wright surface comprising i n t e g r a l  f i n s  chipped from an extruded m u l t i -  

p o r t  aluminum tube. Addi t iona l  coo l ino i s  provided by the separate channel 

hugmented tower (SCAT) system, which uses selected channel s w i t h i n  each 

mult ichannel tube as water channels. (F igure 4)  When water i s  pumped 

through there channels, increased cool i ng  o f  the ammonia occurs by heat 

t ransfer  t o  the water. The heated water i s  piped t o  a wet coo l ing  tower, 

located e i t h e r  i ns i de  the d ry  tower ( t h i s  design) o r  outs ide.  The basic 

design parameters f o r  the SCAT system are the same as the previous two concej ts.  

The tower can r e j e c t  the design heat load wi thout  the use o f  any water a t  a 

tu rb ine  e x i t  temperature o f  1300F, an ambient temperature o f  550F, and an 

80F temperature drop across the condenser/reboi ler and the ammonia t ranspor t  

1 ines. 

Each o f  the quadrants o f  the two towers can be operated a l l  d r y  o r  w i t h  

add i t i ona l  SCAT coo l ing  using the wet tower. The a i r f l o w  through each tower 

i s  induced mechanical ly w i t h  34 fans (28 ft diameter) mounted a t  the top 

of the tower s t ruc tu re .  The 50 ft by 12 ft x 1 ft ( i n  the d i r e c t i o n  o f  

a i r  f l ow)  heat exchanger bundles (80 tubes/bundle) are  arranged v e r t i c a l l y  

around the per iphery o f  the towers. 



Ammonia vapor enters a t  the top and saturated liquid ammonia 

emerges a t  t h s  bottom. Figure 5 shows the cross-section of the tubes. 

For the purpose of sizing the tower, the f ins over the backportion of 

the tube where the water channels are located were not included in the 

calculation of heat transfer to the a i r  during wet operation b u t  were 

included in the calculation for  pressure drop.  For enhanced cooling, 

water i s  run through five alternating channels in the rear ( re la t ive  to 

airflow) of the SCAT tube and then through the wet tower for cooiing. 
. . 

The t;mperature rangc G I  th is  water, the overall heat.transf2r coefficient,  
. ,  , 

and the effectiveness of th i s  section of the bundle for  heat transfer are 

calculated independently of any interaction w i t h  the airflow over the 

tube. This i s  justified by the fact  that the a i r  and the cooling water 

would be a t  approximately the same average temperature in th is  part of the 

bundle and the presence of the a i r  would neither add nor subtract from the 

cooling action of the circulatina water. Table 2 l i s t s  the significant 

design parameters of the tower. 

The wet tower which provides cooling of the circulating SCAT water 

i s  located concentric and within the d r y  tower structure. A portion of 

the a i r  drawn t h r o u g h  the heat exchanger i s  taken on t h r o u g h  the wet 

packing and exhausted by the wet tower fans. The res t  of the a i r  i s  

exhausted by the dry-only fans arranged in the annular region between 

the respective peripheries of the wet and d r y  towers. When the tower i s  

operated a t  less, than ful ly enhanced cooling capacity, sections of the 

wet packing are not wetted; none are wetted during all-dry operation 

(below 550F). The tower i s  designed for  a 67.5O~ wet bulb and 113.60F 



d r y  bu lb  f o r  a i r  i ns i de  the d r y  towkr. A water range o f  17.80F and an 

approach o f  22.50F i s  used w i t h  i n l e t  water a t  107.8 and o u t l e t  a t  900F. 

Up t o  170,000 gpm of c i r c u l a t i n g  water through the SCAT channels i s  

provided by 16 pumps ( 2  per quadrant i n  each tower). Very c lose coup1 i n g  

e x i s t s  between the heat exchangers and the wet tower. E ight  inch  poly-  

ethylene l i n e s  ca r r y  water up through heat exchanger and then t o  the tower. 

Water treatment i s  the same as fo r  the in tegrated wet ldry  system although 

a smal ler  quan t i t y  i s  needed. 

3.4 Auqmenting NH3 Condenser 

The concept o f  using a water-cooled ammonia condenser f o r  augmented 

coo l ing,  located a t  the  dry  tower and c lose coupled w i t h  a wet tower, was 

selected f o r  the f o l  lowing reasons: 

1. Less design uncer ta in ty  than w i t h  a t u rb i ne  condenser cooled 

by both water and ammonia; 

2. Close-coupling the amonia  condenser and wet tower was bel ieved 

t o  more than o f f s e t  the increased equipment s i ze  and cost  

resu l  t i n g  from the loss i n  temperature dif ference. 

The condensers ( f o u r  f o r  each tower) funct ion i n  p a r a l l e l  w i t h  the 

d r y  tower t o  maintain the pressure i n  the amonia.  Since the operat ion 

of the d r y  tower i s  unaf fected by the operat ion o f  the condenser ( un l i ke  

the del  uge approach), evaporative cocll i ng  i ; cot  subs t i tu ted  for  d.*y 

cool i n g  and the d r y  tower can be somewhat smal l e r  f o r  the same water .  . 

a l lotment.  L i ke  the in tegra ted  tower, described i n  Section 3.5, i t  i s  

designed f o r  an ambient temperature o f  3 5 ' ~  ( ITD=870F) r a the r  than 550F 

(ITD=67OF) fo r  the o ther  three systems. 



. . .  

Placement, spacino, and general con f igu ra t ion  i s  s i m i l a r  t o  the SCAT 

towers. However, the higher design ITD and simpler tube con f igu ra t ion  

r e s u l t  I n  a smaller tower. The heat exchanger bundles (80 tubeslbundle) 
4 

I 

are arranged around the per iphery o f  the towers as shown, and the water- 

cooled conde'nser ( f o u r  i n  each tower) are hung w i t h i n  the annular space 

between the per iphery of the d ry  and wet towers. The enhancement coo l ing  

water i s  pumped from the center basin t o  the top header of each o f  the 

condensers, passes down and back up through the coo l in? tubes and out  the 

top header t o  the wet tower i n l e t  d i s t r i b u t i o n  box. 

The heat exchangers are bundles o f  m u l t i p o r t  f inned channels 50 ft x 

12 ft x 7.2 i n .  ( i n  the d i r e c t i o n  o f  a i r f l o w )  o f  the i n teg ra l  chipped-f in 

type manufactured by Curt iss-Wright .  Each bundle cons is ts  o f  80 tubes 

50 ft long. 

Table 2 summarizes the design parameters f o r  the d r y  tower. 

The e i gh t  water-cooled condensers are tube- in-she l l  pressure vessels 

designed f o r  350 ps i  a t  1500F w i t h  ammonia on the she l l  side. Each i s  8 f t  

i n  diameter and contains 875 U-bend aluminum tubes 1 i n .  i n  diameter 50 f t  

long. Maximum f l ow  through each i s  25,000 gpm. The wet tower which provides 

coo l ing  f o r  the c i r c u l a t i n g  water i s  i n t eg ra l  w i t h  the  d ry  tower and i s  

located concent r ic  w i t h i n  t h i s  s t r uc tu re  essen t i a l l y  the same as w i t h  the 

SCAT concept. The water system i s  c l ose l y  s i m i l a r  t o  SCAT exc.ept t h a t  

s l i g h t l y  more water i s  used. 

3 .5  I n  teqrated DrylWet Cool i n g  Tower Concept 

This heat r e j e c t i o n  concept i s  c u r r e n t l y  planned f o r  use i n  the San 

Juan U n i t  3. .It was included i n  t h i s  s t udy to  provide a basis f o r  cornparins' 



these a l t e r n a t i v e  concepts t o  previous design concepts and t o  each other.  

To assure the v a l i d i t y  of the  comparisons, t h i s  system was conceptual ly  I 

designed and est imated using the same bases as ' t he  o ther  concepts, i . e .  , 
. ' .  

w i thout  reference ' t o  ac tua l  cos t  f i gu res  and design d e t a i l  s. 

The condenser coo l i ng  water i s  t ransmi t ted t o  the coo l ing  towers v i a  

a 96- in  diameter concrete p i p i n g  system and c i r c u l a t e d  by three 73,000 gpm 

(77 TDH) v e r t i c a l  we1 1 pumps. Two rec tangular  cool i n g  'towers house both the 

a i r - coo led  heat exchange surface, which i s  composed of spiral-wrapped 

finned t u b e s ' t i l t e d  25 degrees from hor i zon ta l  and the wet tower packing. 

The hot  water from the condenser passes f i r s t  through the d ry  sect ion and then 

f lows d i r e c t l y  i n t o  the wet towers. The coo l ing  tower i s  designed t o  operate as 

l a completely d r y  system a t  temperatures below 350F by t u rn i ng  o f f  the  fans 

above the wet po r t i on  of the tower. A sketch i s  shown as F igu re '6 .  

There are  10 heat exchanger u n i t s  per tower, two u n i t s  i n  each bay. 

The spiral-wrapped f i n  tubes are  1 i n .  i n  diameter, o f  Admiral ty  metal,  

w i t h  the t h i n  (0.018-in.) aluminum f i n  wound as a s i ng l e  l e g  'wrap around 

the tube. They are  arranged i n  a staggered e q u i l a t e r a l  close-packed 

spacing three rows deep. 

A t o t a l  of  25 'nduced d r a f t  fans were spec i f i ed  f o r  each tower, 20 

i n  the d ry  sect ion and 5 i n  the  wet sect ion.  Louvers have n o t  been 

spec i f i ed  a1 though they may be requ i red f o r  a i r f l o w  con t ro l  dur ing .high 

winds and fo r  equa l i z ing  f l ow i n t o  each bay t o  avoid l o c a l  freezing. 

The conventional steam .condenser contains 28,500 admi ra l t y  metal 

tubes 1 i n .  i n  diameter and 35 f t  long. : 



4. BASES FOR COST ESTIMATES 

A11 cost d a t a  developed by the architect/engineerinq firm reflect  

construction as of mid 1976 and thus include no contingency or escalation. 

The preconceptual designs which have been developed and evaluated in 

th i s  report are n o t  the optimal design for each system, i . e . ,  they are not 

designs which have been coordinated with the design and sizing of the 

steam supply.to give the lowest cost of busbar e lect r ic i ty .  Instead, 

they are designs which f i t  a stipulated set  of conditions with respect t o  

ambient temperature and heat rejection capability. 

Optimization studies of dry  ( a n d  drylwet) systems general 1 y compare 

the "operating. costs" of a1 ternative systems i n  terms of several "penalty 

costs" which represent the incremental increases in plant operating costs ' 

resulting from the use of the d r y  cool i n g  system i n  re1 ation t o  a reference 

system w i t h  a once-through flow of cool ing water. Included in the 1 i s t  

of penalty costs may be those for ( a )  an energy penalty because during 

hot weather the plant cannot export as much eneray as the reference p l a n t .  

( b )  a capacity penalty because reserve generating capacity must be 

available t o  make u p  for the deficiencies of the dry  cooled p l a n t ,  (c) .  

a make-up water penalty which reflects  the cost of any water treatment 

unique to the subject plant. 

An "optimized" desi qn represents a trade-off between a 1 arger-si zed 

cool ing system which has small energy and capacity penalties and a smaller- 

sized cooling system which has larger penalties. 

With the present comparison of five systems there were no such trade- 

offs involved in the designs. All were sized to meet stipulated parameters 



Table 3. Operatinq Cost Summary 
. ( d o l l a r s )  

Augrnen t i ng 
Ve r t i ca l  Hor izonta l  SCAT Ammonia In tegrated 
H'dterv H'dterv -. Tower Condenser WetIDry 

Hours o f .  6 640 

Operation 1::; 4 426 

C i r c u l a t i o n  Pump 38 500 
Primary F l  u i d  

C i r c u l a t i o n  Pump . 10 100 
Augmenting Cool i no  
Water 

Water Treatment 79 000 .79 000 89 000 105 900 105 000 

Fan Power 588 900 571 600 435 400 433 300 798 009 

Capacity Penal ty 83 300. , 84 700 95 600' 98 000 184 000 
(Annual i zed)  

Fuel Sav ingc red i t -235  000 -235 900 -235 000 -55 000 - 55 600 
Due t o  Reduced 
Back Pressure 

TOTAL 564 800 558 400 534 400 750 100 1 725 400 



of in le t  temperature difference, heat rejection capability and annual water 

rate.  Thus, the gross plant output i s  approximately the same from a plant 

equipped with each cooling system. However, the total penalties would 

di f fer  with each design, depending on the characteristics of each with 

respect to:  1.) the power required for fans and water/amonia rec.i rcul ating , 

2 )  the capacity penalty for th is  power, and 3 )  water treatment and pumping 

power required for the enhanced (evaporati ve) cool ing system. 

I n  addition, t he re . i s  a negative energy penalty which arises from 

increased output in cold weather which differs  in each case. All plants 

have been designed to reject the stipulated heat l o a d  a t  a particular, 

design ambient temperature. A t  temperatures below th i s ,  the plant i s  

capable of operating a t  rated output with lower fuel consumption because 

of higher turbine efficiency (lower back pressure). Credit i s  'taken for 

fuel savings from the higher plant efficiency. The three alternatives 

using deluge cooling are designed t o  a higher ambient temperature (550F 

vis-a-vis 350F for the other two)  because a large dry tower i s  required 

to compensate for the dry'capability taken out of service as i t  i s  

converted t o  evaporati ve cool i ng .by del uging . Thi s has the compensati ng 

effect  that the plant can operate a t  a lower back pressure in the winter 

and thus use s l  ightly less fuel.  

I n  sumnary, i n  th is  study the differences in "penalties" among the 

various a1 ternati ves are accounted for by evaluating five "operating" 

cost terms and a sixth capital cost term. Those six cost terms are: 



power f o r  t h e  main c i r c u l a t i n g  system, 

power f o r  t h e  fans, . 
water t rea tment  opera t i ng  costs,  

power f o r  pumping deluge water,  d 

fuel savings r e s u l t i n g  from the  c a p a b i l i t y  t o  operate a t  lower 

than t h e  reference t u r b i n e  back pressure a t  temperatures below 

t h e  design ambient, and 

c a p i t a l  c o s t  of peaking reserve c a p a b i l i t y  t o  prov ide  a u x i l i a r y  

power t o  t h e  c o o l i n g  system. 

To combine these "opera t ing"  and o t h e r  pena l t y  cos ts  w i t h  t h e  c a p i t a l  

cos ts  o f  t h e  p l a n t ,  t h e  former are  " c a p i t a l i z e d "  by d i v i d i n g  by an 

annual f ixed-charge r a t e  of 18% and adding them t o  t h e  c a p i t a l  cos t .  

Water t rea tment  would i nc lude  sca le  i n h i b i t i o n  by pH adjustment 

and. b i o f o u l  i n g  c o n t r o l  w i t h  c h l o r i n e .  Blowdown would be t r e a t e d  by 1  ime 

s o f t e n i n g  t o  remove d i sso lved  s o l i d s  w i t h  r e t u r n  o f  t he  e f f l u e n t  and 

d r y i n g  o f  t h e  sludge. I n  a d d i t i o n  p rov i s ion 'wou ld  be made t o  supply 

demineral i zed  water from zeol i t e  so f teners  t o  f l u s h  t h e  deluged sur faces.  

The main d i f f e r e n c e s  i n  c o s t  a r e  due t o  t h e  cos t  o f  b i o f o u l i n g  c o n t r o l .  

A l l  ope ra t i ng  cos ts  a r e  sumnarized i n  Table 3. 

5. RESULTS 

TO fac i r l  i t a t e  comparison of t h e  t o t a l  cos ts  o f  t h e ,  f i v e  d ry lwe t  

systems a  "comparative c a p i t a l  c o s t "  was used which i s  defined as the  

sum o f  the  est imated bas ic  c a p i t a l  c o s t  ( i  e . ,  t h e  est imated c o s t  



Table 4. Capi ta l  Cost Estimates 

(Thousands of Do1 1 a rs )  
Aug . 

V e r t i c a l  Hor i  zon . SCAT Ammoni a ~ n t e g r a t e d  
HOTERV HOTERV - Tower Cond. We t l  Dry 

STEAM CONDENSER 2,653 2,653 2,653 - 2,653 - 1,740 
. . 

COOLING TOWER 

Dry Tower 
St ruc tures  1,905 

Piping-NH3 - 308 

Heat Exchangers 5,824 . 

Pumps/Pi p ing- 305 ' . 
'420 

Augmented 
Ammonia Cond. - - - - - - 1,562 

Wet Tower . - - - - 263 309 1,078 ' 

Fans 1,205 1,186 1,070 880 2,646 

15 Vents & F l a i r  10 - - - - 
- .  10 - 10 

Subtotal  9,612 8,105 - 8,073 - 6 950 A 10 307 

MAIN COOLING SYSTEM 

Pumps/Piping 
Vapor 309 

~ u m p s / ~ i p i n g  Liq.  422 

Pumps-Reboi l e r  1.59 : - . 159 159 159 -- 
VaporILiq. Sep. 31 0 31 0 - . - - - - 31 0 - '  31 0 

Subtotal  - 1,200 - 1,077 - 1,084 1 ,084 1,951 

STORAGE/FILL/DRAIN 780 780 780 780 86 
. % 

' 211 143 143 143 
- - 

COVER GAS 

WATER TREATMENT 562 628 545 545 45 1 

BUILDINGS 52 5 2 - 52 52 

COMPLETE SUBTOTAL : .' 17,334 14,994 14,963 13,840 16,584 

CONTRACTORS OH & PROFIT 3,329 2,998 2,948 2,631 2,921 

ENGRG & COST MGMT 4,132 3,598 3,582 3,394 3,902 

TOTAL CAPITAL COST. , ' 24,795 - 21 590 A 21,493 19,765 .. - 23,407 

(Without Contingency 
. and Escalat ion.)  



w i  t h o u t  e s c a l a t i o n  and cont ingency)  and t h e  c a p i t a l  i z e d  annual' o p e r a t i n g  

cos t .  Th is  l a t t e r  c o s t  i s  j u s t  t h e  es t imated  annual o p e r a t i n g  c o s t  (sum- 

mar'ized i n  Table 3 )  d i v i d e d  by t h e  annual f i x e d  charge r a t e -  o f  18 ,percent.  

C a p i t a l  Costs o f  A1 t e r n a t i v e s  

The subsystem c a p i t a l  cos ts  o f  ' t h e  f o u r  amnonia systems and t h e  

i n t e g r a t e d  wet /d ry  system a re  l i s t e d  i n  Table 4 .  The i n t e g r a t e d  dry/wet  

concept i s  cons idered  a  base l i ne  f o r  comparison because i t  represents  

c u r r e n t  p r a c t i c e .  .The San Juan P l a n t  U n i t  3  i s  c u r r e n t l y  be ing  cons t ruc ted  

w i t h  a  h e a t ' d i s s i p a t i o n  system o f  t h i s  type.  The es t ima te  o f  t h e  i n t e g r a t e d  

dry /wet  concept was performed w i t h o u t  t h e  b e n e f i t  o f  p r i o r  knowledge o f  

ac tua l  c o n s t r u c t i o n  cos ts  of San J u n i t  U n i t  3  t o  p u t  a l l  es t imates  on t h e  

same r e l a t i v e  b a s i s  and may or 'may n o t  correspond t o  ac tua l  cos ts .  

5.2 Comparative Costs 

The comparable cos ts  o f  t h e  four .  concepts p lus  t h e  s t a t e - o f - t h e - a r t  

i n t e g r a t e d  Wet/Dry a r e  l i s t e d  i n  Table 5 .  

Table 5. Sumnary o f  Comparative Cap i ta l  Costs 
(do1 l a r s )  

Basic  C a p i t a l  i zed Comparabl e  
Coo l ing  Tower Concept C a p i t a l  Cost Operat ing Cost C a p i t a l  Cost 

I n t e g r a t e d  dry /wet  23,407,000 9,586,000 3'2,993,000 

V e r t i  c a l  HOTERV tower 24,795,000 3,138,000 27,933,000 

H o r i z o n t a l  HOTERV tower 21,590,000 3,102,000 24,692,000 

SCAT. tower 21,493,000 2,969,000 . 24,,462,000' . 

Augmenting Ammonia 
Condenser 19,765,000 4 , I  67,000 23,932,000 



The costs presented i n  t h i s  paper a re  approximate i n  nature.  

None o f  the concept designs were f u l l y . o p t i m i z e d ~ f r o m  the standpoint  

o f  a1 1, parameters involved.  However, a1 1 designs and estimates were 

a r r i ved  a t  u t i l i z i n g  the same bases and uni form procedures. It i s  n o t  

an t i c ipa ted  t h a t  exhaustive op t im iza t ion  would change the r e l a t i v e  

ranking o f  the concepts w i t h  regard t o  comparative cap i t a l  costs. 

The amnonia systems were found t o  have p o t e n t i a l l y  lower cap i t a l  

and operat ing costs than comparable c a p i t a l  cos t  f o r  the in tegra ted  

concept considered i n  t h i s  base study. Although the  ammonia systems requ i re  

(1 ) an armonia rebo i l e r ,  which may be somewhat more complex and expensive 

than ,a simple condenser, and ( 2 )  a complex pressurized ammonia f i l l  and 

d ra i n  system, the amnonia systems have a number o f  important 

cost  advantages associated w i t h  the evaporation-condensation heat t r ans fe r  

system. Among these advantages i s  the enhanced heat t ranspor t  from the 

r e b o i l  e r  t o  the cool i n g  tower. Only small pumps are requ i red t o  r e tu rn  

the  ammonia t o  the r e b o i l e r  and t o  provide forced rec i r cu la t i on .  Water t r e a t -  

ment costs are a lso l ess  because o f  the need f o r  t r e a t i n g  smaller quan t i t i e s  

o f  water. Moreover, the cost  o f  the  ammonia condenser/reboi ler was conserva- 

- t i v e l y  est imated t o  be s i g n i f i c a n t l y  greater  than a conventional t u rb i ne  

condenser but  the re  i s  reason t o  question t h a t  estimate. 

Operating costs fo r  the a m n i a  systems are subs tan t i a l l y  less  than 

the in tegra ted  concept because 1 ) 1 ess power i s  requ i red t o  operate r e c i  r- 

c u l a t i o n  pumps and.fans; and 2 )  the capac i ty  penal ty  i s  lower because 

1 ess generat ing capac i ty  must be provided i n  ieserve. , 



LAYOUT O F  STEAM PLANT W I T H  AMMONIA 

F i g u r e  1 - Sketch o f  Dry/Wet Systenl Using Ammonia 
as  t h e  Heat T r a n s f e r  Medium . - ---- 



Figure 2 HOTERV Heat Exchanaers with Deluqe 
Augmentation Vert ical  Arrangement 



Figure 3 - HOTERV Heat Exchangers with Deluqe 
Augmentation Horizontal Arrangement 
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P L A N  

Figure 4 - SCAT Tower Using Curtiss-Wright Heat Exchangers 
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CROSS S E C T I O N  

Figure 6 -. Integrated Dry/Wet Cooling Tower 



Paper No. 4 

"Waste Heat U t i l i z a t i o n  from Faci li t i e s H  

by J. Clark,  Jr. and I. A. Boulogiane 
Art.hur D. L i t t l e ,  I n c .  

I. It~TRODUCTION . 

I n  1977, t he  Energy Research and Development Adminis t rat ion, .  now t h e  Un i ted  

Sta tes  ~ e p a r t m e n t  of  Energy (DOE), i n i t i a t e d  a  p r o j e c t  t o  i n v e s t i g a t e  and 

evaluate t h e  f e a s i b i l i t y  o f  economical ly recover ing  and u t i l i z i n g  l a r g e  

q u a n t i t i e s  o f  energy c u r r e n t l y  r e j e c t e d  a t  var ious  f e d e r a l l y  owned f a c i l  i- 

t i e s .  Funded by DOE, four con t rac to rs  s tud ied  s i t e s  i n  f o u r  d i f f e r e n t  

s t a t e r ,  each surrounded by d i f f e r e n t  soc ia l ,  economic, and i n s t i t u t i o n a l  

env i  ronments ., 

The con t rac to rs  were asked t o  rev iew a1 1  poss ib le  appl i . ca t ions  (exc lud ing  

i n - p l a n t  dse) i n c l  uding e l e c t r i c a l  generat ion, use i n  process i n d u s t r i e s ,  

use  f o r  /' i n d u s t r i a l  and commercial heat ing  and coo l i ng  purposes, and a g r i -  
. . 

c u l t u r a l  and aquacu l tu ra l  uses. For each o f  t h e  poss ib le  uses considered 

t h e  volume o f  use and cond i t i ons  o f  use were described. Technical f e a s i -  

b i l i t y  was es tab l i shed  based on the  s t a t e - o f - t h e - a r t  technology.' The tech- 

n i c a l  l y  feasi.ble s o l u t i o n s  o f  s i g n i f i c a n t  s i z e  were then evaluated f o r  

economic f e a s i b i l i t y ,  t a k i n g  i n t o  account market demand. f o r  t h e  goods and 

serv ices  i n  quest ion, and c a p i t a l  and energy cos ts  a t  t h e  t ime t h e  p r o j e c t s  

cou ld  be implemented. Various combinations and orders  o f  use were de te r -  

mined, and a  bes t  system o f  use was proposed by t h e  con t rac to rs  f o r  each 

of t h e  s i t e s .  They considered l e v e l  o f  use, c o s t  e f fec t i veness ,  f i n a n c i a l  

v i a b i l i t y ,  and socioeconomic cons idera t ions  t o  combine the  a p p l i c a t i o n s  

proposed by each as t h e  "best" system o f  uses. Once the  requirements o f  

such systems were determined, t h e  con t rac to rs  evaluated resources needed 



. . * .  
c I "  I 

imp1 ement these app l i ca t i ons .  Th i s  inc luded determinat ion  o f  m a t e r i a l ,  

labor ,  s i t e ,  water and t r a n s p o r t a t i o n  a v a i l a b i l i t y ,  c a p i t a l  requiremehts 

-and costs, and technology requirements. 

The con t rac to rs  a l so  i d e n t i f i e d  t h e  agencies, i n s t i t u t i o n s ,  bodies, o f f i -  

c i a l s ,  and organ iza t ions  o r  companies t h a t  would need t o  be invo lved i n  

implementing t h e  system, o r  who m igh t  l o g i c a l l y  p a r t i c i p a t e  i n  t h e  program 

f o r  t he  u t i l i z a t i o n  o f  waste heat  i n  t h e  f u t u r e .  They descr ibed t h e  k i n d  

o f  o rgan iza t i ona l  body t h a t  should be es tab l ished,  a long w i t h  a program t o  

implement such an o rgan iza t i on .  Each c o n t r a c t o r  submitted recommendations 

f o r  programs f o r  imp1 ement i n g  the  p r o j e c t s  recommended f o r  u t i l  i z i n g  waste 

energy now being r e j e c t e d  a t  a p a r t i c u l a r  s i t e .  The systems and c r i t e r i a  

used a r e  described i n  Sect ion  11. The b e n e f i t s  accru lng  t o  DOE.from t h e  

s tud ies  and t h e  s i t e  s p e c i f i c  candidate systems a r e  descr ibed i n ' s e c t i o n  I 1 1  

o f  t h i s  paper. 

11. SYSTEMS AND CRITERIA CONSIDERED 

Th is  s e c t i o n  discusses t h e  gener ic  c l a s s i f i c a t i o n  o f  the, waste heat recovery 

systems considered, and t h e  techn ica l  and economic c r i t e r i a  used t o  screen 

a p p l i c a t i o n s  w i t h i n  these gener ic  uses. 

A. Waste Heat Recovery Systems 

The t h r e e  gener ic  c l a s s i f i c a t i o n s  o f  waste heat recovery systems considered 

for  use a t  f ede ra l  f a c i l i t i e s  genera t ing  subs tan t i a l  amounts o f  waste heat 

were d i r e c t  use o f  heat, use o f  heat pumps t o  increase temperature, and power 

convers ion f o r  p roduc t i on  o f  e l e c t r i c i t y .  



Type 1 : D i r e c t  Use o f  Heat . 

 valuations of t h i s  t ype  of  appl i c a t i o n  inc luded most o f  t h e  a g r i c u l t u r a l  

and aquacu l tu ra l  systems, low temperature i n d u s t r i a l  uses and d i s t r i c t  

heat ing.  

Type 2: Heat Pump Boosted Heat 
. . 

The low temperature heat sources can be increased i n  temperature by means 

o f  a heat pump system. If temperatures can be economical ly increased t o  

the  250'-300' F range, t he  poss ib le  use o f  waste heat i n  i n d u s t r i a l  pro-  

cesses i s  g r e a t l y  increased and expanded. Thus, the  focus f o r  t h i s  k i n d  

of a p p l i c a t i o n  was on use i n  process i n d u s t r i e s .  

Type 3: Power Conversion 

The waste heat sou'rces can 'be used t o  d r i v e  organic Rankine cyc le  engine- 

generators t o  produce e l  e c t r i c i  t y .  Th i s  appl i c a  t i o n  has t h e  advant.age o f  

r e s u l t i n g  i n  a r e a d i l y  d i s t r i b u t a b l e  and- usable energy form w i t h  a minimum 

o f  i n s t i t u t i o n a l  problems. Generat ion o f  e l e c t r i c i t y  i n  t h i s  manner i n -  

vo lves h i g h  equipnent and low and s t a b l e  energy cos ts  as compared t o  lower 

equipment cos ts  b u t  h igher ,  and increas ing ,  energy cos ts  f o r  f o s s i l  f ue led  

e l e c t r i c  generat ing systems. As cos ts  o f  f o s s i l  f u e l  increase f u r t h e r ,  t he  

economic comparison f o r  the  use o f  waste heat becomes more favorab le .  

B. Technical C r i t e r i a  

Several o f  t he  c r i t e r i a  considered i n  t h e  screening process were: 

~ o t a l  and Percentaqe Amounts o f  Waste Heat Used 

A p p l i c a t i o n s  t h a t  a r e  p o t e n t i a l l y  l a rge -sca l  e users, which may o r  may n o t  
. . 

.permi t  re-use, o r  p a r t i a l  use, o f  waste,heat  as p a r t  o f  a cascade o f  uses 



were ranked. 

Load Factor  . a 

A1 1 t h e  a p p l i c a t i o n s  considered f o r  us ing  ' the  waste heat sources r e q u i r e  

l a r g e  c a p i t a l  ou t l ays  i n  heat exchangers, p fp ing ,  and mechanical equipment. 

Therefore,' t he  economic v i a b i l i t y  o f  a p p l i c a t i o n s  requ i res  us ing  t h e  waste 

heat  source f o r  a h igh  f r a c t i o n  of t he  t ime du r ing  t h e  year and a t  c lose  

t o  f u l l  capac i t y  o f  t h e  heat d i s t r i b u t i o n  system. An impor tan t  c r i t e r i a  

used i n  r a t i n g  p o t e n t i a l  a p p l i c a t i o n  was the  load f a c t o r ,  de f ined as: 

Load Factor  = heat use du r inq  year  
maximum heat use du r ing  year  

where t h e  "maximum heat use du r ing  year "  i s  t h a t  which cou ld  be prov ided 

w i t h  t h e  equipment i n s t a l l e d  assuming cont inuous use fo r  365 days a year .  

e Temperature Level of Heat Use 

The lowest  c o s t  heat i s  t h a t  which can be d e l i v e r e d  t o  a func t i on  and used 

a t  a temperature a t  which i t  i s  a v a i l a b l e  w i t h o u t  the  need for' temperature 

boost ing  v i a  a heat  pump; For t h a t  heat  which must be boosted i n  tempera- 

t u r e  by a heat  pump t h e r e  i s  s t i l l  a s i g n i f i c a n t  advantage i n  being a b l e  

t o  u t i l i z e  heat  a t  as c lose  a temperature t o  the  source temperature as 

poss ib le .  Therefore, t h e - a p p l i c a t i o n s  were r a t e d  according t o  t h e i r  tem- 

p e r a t u r e  l e v e l  requirements. 

4 Equipment Complexity and Cost 

A wide range of system c o n f i g u r a t i o n s  were considered w i t h  va ry ing  degrees 

of system complexi ty  and cos t .  The s imp les t  arrangements a r e  those if 

which heat  i s  merely t rans fe r red  f rom one p o i n t  t o  another w h i l e  t he  most 

complex a r e  the, power cyc les  which r e q u i r e  soph is t i ca ted  thermo-mechanical 

subsys tems and, of ten, l a r g e  coo l  i n g  towers. 

The r e l a t i v e  complex i ty  .o f  t he  system op t i ons  were ranked s ince  c c h p l e x i t y  

shows up d i r e c t l y  i n  system cos t .  



4 Operations and Maintenance Cost 

The operat ions and maintenance cos ts  of t he  system opt ions  a r e  u s u a l l y  r e -  

l a  t ed  t o  t h e  aforementioned equipment complexi ty  i $sue. The more cornp; ex 

t h e  equipment, t he  more maintenance i t . u s u a . 1 1 ~  requ i res ;  thus, t he  r e l a t i v e  

O&M requirements of t he  system opt ions  were considered i n  t h e  rank ing  process. 

Technology Status 

Two technology s ta tus  is-sues were considered i n  eva lua t i ng  each a p p l i c a t i o n  

op t ion .  

(1 )  The s ta tus  o f  t he  equipment requ i red  t o  u t i l i z e  the  waste heat 

source, such as t h a t  o f  t h e  low temperature engines and heat  pumps 

requ i red  of t he  more soph is t i ca ted  system arrangem-enti, and 

(2 )  The s t a t u s  o f  t he  appl i c a t i o n  i t s e l f  p a r t i c u l a r l y  i n  regard  t o  

a p p l i c a t i o n s  which a r e  n o t  now commercial ly widespread such as 

methanol from coa l  o r  -several of the  aquacul t u r a l  systems being 

considered. 

App l i ca t i ons  f o r  which the  technology s ta tus  i s  we1 1 de f inhd had. an advan- 

tage over those f o r  which the re  a r e  ser ious quest ions regard ing  performance 

and cos t .  The r e l a t i v e  technology s ta tus  of the  a l t e r n a t i v e s  considered 

was, therefore,  one of t he  rank ing  c r i t e r i a  used t o  screen app l i ca t i ons .  

m Enerqy Value Added 

As a p r a c t i c a l  mat te r ,  t he re  i s  l i t t l e  i n c e n t i v e  t o  l o c a t e  an opera t ion  i n  

c l o s e  p r o x i m i t y  t o  the  waste heat  source i f  energy, i n  a form prov idab le  by 

t h a t  source, i s  o n l y  a smal l  p o r t i o n  of opera t ing  costs.  The screening 

process favored those a p p l i c a t i o n s  where energy i s  an impor tan t  f a c t o r  i n  

p roduct ion  costs. 

J P o t e n t i a l  A p p l i c a t i o n  Size (energy use) 

There a r e  two i ncen t i ves  t o  f a v o r  a p p l  i c a t i o n s  which can . use . r e l a t i v e l y  

la rge '  amounts of the  waste heat. 



(1 )  There a r e  c e r t a i n  economies of sca le  associated w i t h  t h e  d i s t r i - .  

b u t i o n  and convers ion of heat which r e s u l t  i n  l a r g e r  systems being 

more economical than smal le r  ones, and \ 
( 2 )  There i s  psycho log ica l  m e r i t  i n  proposing appl  i c a t j o n s  which e i t h e r  

s i n g u l a r l y  o r  i n  combinat ion w i t h  o the rs  can use a s i g n i f i c a n t  per-  

centage of t he  energy conta ined i n  t he  waste heat  stream.. 

e Use of Na tu ra l  Resources 

A p p l i c a t i o n s  c a l l i n g  f o r  major resources which were n o t  a v a i l a b l e  a t  o r  near 

a p a r t i c u l a r  s i t e  were r e j e c t e d .  Water i s  probably t h e  most necessary r e -  

source, s ince  i t  i s  r e q u l r e d  i n  l a r g e  q u a n t i t i e s  f o r  many o f  t he  aquacul t u r a l  

and i n d u s t r i a l  opera t ions  considered, and f o r  c o o l i n g  purposes. The e x t e n t  

t o  which water use c o n s t i t u t e d  a problem a t  each s i t e  was addressed s p e c i f i -  

c a l l y  e a r l y  i n  the eva lua t i on  process. 

The techn ica l  screening process r e s u l t e d  i n  a successive reduc t i on  of a p p l i -  

c a t i o n s  c a r r i e d  forward f o r  economic and o the r  eva lua t i on .  

C .  Economic, F inanc ia l  and S o c i o - P o l i t i c a l  C r i t e r i a  

A f t e r  app ly ing  the  techn ica l  c r i t e r i a  t o  the  heat  recovery opt ions,  i n c l u d i n g  

n a t u r a l  resource a v a i l a b i l i t y  and use, and s e l e c t i n g  candidate uses, the  con- 

t r a c t o r s  conducted a s i  t e - s p e c i f  i c  eva lua t i on  o f  t h e i r  economic v i a b i  1 i t y .  

They documented both  the  p r o j e c t s  t h a t  met t h e  economic c r i t e r i a ,  and those 

re jec ted ,  a f t e r  they: 

1. I d e n t i f i e d  the  products o f  the  en te rp r i ses  p,roposed and what i s  known 

about the market f o r  these products bo th  w i t h i n  and ou ts ide  o f  the  

regions.  

2. Def ined the  cap i  t a l  cos ts  

(a)  For the  e n t e r p r i s e  

(.b) For t he  waste hea t  d e l  i .very components 



3. I d e n t i f i e d  the  employment prov ided by the  en te rp r i se ,  i n c l u d i n g  

the  waste heat  d e l i v e r y  system, and t r a n s l a t e d  t h i s  t o  l a b o r  f o r c e  

requirements and a v a i l a b i  1  i ty. 

4. Described the  raw m a t e r i a l s  needed and t h e  a v a i l a b i l i t y . ,  

5. Described the  l and  'requirements, i n c l u d i n g  p r o x i m i t y  t o  source. 

6 .  Analyzed t h e  economic impact o f  t h e  a v a i l a b i l i t y  of t he  waste 

heat  i n c l u d i n g :  

(1 )  The cos ts  i n c u r r e d  i f  the  e n t e r p r i s e  d i d  n o t  have the  waste heat, 

i .e . ,  obta ined energy from t h e  lowest  cos t  a l t e r n a t i v e  source. 

(2)  The e x t e n t  of dependence on the  waste heat. What would happen t o  

t h e  e n t e r p r i s e  i f  waste heat  was n o t  a v a i l a b l e ?  Was the re  a  need 

f o r  standby a l t e r n a t i v e  sources o f  energy? 

Using t h e  above in format ion,  they went t o  eva lua te  quest ions such as: 

1. If t h i s  e n t e r p r i s e  were i n  p lace  today would i t  have an economic ad- 

vantage because of i t s  use of waste heat? 

2. If not, what f u t u r e  developments a r e  needed f o r  i t  t o  have,an advan- 

tage? Are the re  b a r r i e r s  t h a t  need t o  be e l im ina ted? 

3.  Are the  assumptions made regard ing  costs,  l i f e  of t he  p r o j e c t ,  e t c .  

c o n s i s t e n t  w i t h  normal p r a c t i c e ?  Have the  e f fec ts  of f u r t h e r  escala-  

t i o n . i n  cons t ruc t i on ,  energy and opera t ing  costs been f u l l y  taken 

i n  t o  account? 

4.  How i s  the  economic f e a s i b i l i t y  o f  the  a p p l i c a t i o n  af fected by the  

t i m i n g  o f  i t s  implementat ion? W i l l  i t  be more f e a s i b l e  i n  5 years, 

10 years? 

5. How s e n s i t i v e  i s  the  use proposed t o  the  temperature and q u a n t i t y  of 

waste heat  a v a i l a b l e ?  What a l t e r n a t i v e s  should be explored o r  con- 

s  i dered? 

6. How much' energy would t h e  f a c i  1 i ty  use t h a t  would otherwise be wasted , 



o r  would have t o  be prov ided from another source? What would be the  ' 

est imated savings i n  BTU1s? 

Once t h e  economic screening was completed, t h e  con t rac to rs  documented t h e i r  

"bes t  system" and i nc luded  i n  t h e i r  r e p o r t s  t he  var'ious requirements t o  imple-  

ment i t . They then def ined , t he  l i m i t i n g  fac to rs  and t h e  a c t i o n  needed t o  

deal  w i t h  them. 

D. Reqional Economic and Other Factors Considered 

I n  a d d i t i o n  t o  the   project-specific economic eva lua t i on  described above,'each 

c o n t r a c t o r  i d e n t i f i e d  the general economic base of the s i t e  s tud ied .  The uses 

recommended by them were then reviewed and evaluated by DOE personnel consider-  

i n g  s i t e - s p e c i f i c  in fo rmat ion  about t he  economy, l e g a l  s o c i o - p o l i t i c a l  fac tors ,  

l a b o r  f o r c e  and wages, resource a v a i l a b i  1 i t y ,  i n f r a s t r u c t u r e ,  topography, c l i -  

m a t i c  and o the r  cond i t i ons .  The growth p o t e n t i a l  f o r  commercial en te rp r i ses  . ' 

was evaluated,  and c o n s t r a i n t s  were i d e n t i f i e d .  The b e n e f i t s  of implementing 

the  p r o j e c t  were a l ' s b o u t l i n e d .  i 

The c o n t r a c t o r s '  e labora ted  on land ava i  l a b i  1  i t y  f o r  i n 'dus t r i a l  process, a g r i -  

c u l t u r a l  o r  aquacul t u r a l '  appl i c a t i o n s .  They described both  pub1 i c l y  and p r i -  

v a t e l y  owned s i t e s  i n  - terms of s i ze ,  p r i c e  and d is tance,  from the federal  f a c i l -  

i t y .  They a l s o  considered r e s t r a i n t s ,  l e g a l ,  topography, serv ices  and zoning. 

The c o n t r a c t o r s  repo r ted  on c u r r e n t  i ndus t r y ,  products, and markets. They 

descr ibed what t he  area can f u r n i s h  i n  terms of i n d u s t r y  serv ices ,  and support 

serv ices ,  and the l i nkage  requ i red  t o  l o c a l  governments and spec ia l  i n t e r e s t  

groups. The con t rac to rs  i d e n t i f i e d  what i s  a v a i l a b l e  i n  terms o f  f i n a n c i a l  

ass is tance,  taxes and tax  r e l i e f  o r  i ncen t i ves ,  t r a i n i n g  and o the r  incent ives ,  
, . 

and c h a r a c t e r i r e d  c b n u n i  t y  a t t i t u d e s  toward business. 



E. I n s t i t u t i o n a l  D e f i n i t i o n  

The formal rev iew of s o c i o - p o l i t i c a l  environment and the  p a r t i e s  t h a t  would be 

c l o s e l y  i nvo l ved  i n  t he  implementat ion o f  t h e  economical ly  and t e c h n i c a l l y  

f e a s i b l e  p r o j e c t s  i nvo l ved  the  cons ide ra t i on  of var ious  federal  and s t a t e  laws 

and regu la t i ons ,  and l oca l /mun ic ipa l  government r e s t r i c t i o n s .  Representat ives 

o f  government agencies, p o l i t i c i a n s ,  o the r  c l o s e l y  i nvo l ved  p a r t i e s :  bankers/ 

f i n a n c i e r s ,  suppliers/consumers, l a b o r  union, business and comnunity leaders, 

env i ronmenta l i s ts  and conservat ion. is ts ,  media representa t ives ,  consumer and 

m i n o r i  t y  groups, h i s t o r i c a l  s o c i e t i e s ,  and o thers  were in te rv iewed.  

The agencies, i n s t i t u t i o n s ,  bodies, o f f i c i a l s ,  o rgan iza t ions  o r  companies t h a t  

w i l l  be i nvo l ved  i n  implementing the  system a re  many, and the  i n t e r r e l a t i o n -  

sh ips a r e  complex. The con t rac to rs  descr ibed the  k i n d  of o r g a n i z a t i o n  o r  body 

needed t o  proceed w i t h  a  program t o  implement t he  system, and i t s  r o l e .  They 

i n d i c a t e d  what f a c i l i t a t i v e  ac t i ons  the  Department o f  Energy would need t o  

take t o  i n v o l v e  the  p laye rs  i d e n t i f i e d ,  i n c l u d i n g  l e g a l  and/or r e g u l a t o r y  

changes. The recommendations inc luded d e s c r i p t i o n s  of new i n t e r f a c e  r e l a t i o n -  

sh ips  t o  be establ ished.  

F. Work Program 

The f i n a l  p a r t  of the study prov ided the  Department of Energy w i t h  recommen- 

da t ions  f o r  a  program of work t h a t  should be undertaken i n  the  n e x t  phase, 

and a  t ime tab le  fo r  t h e  work recomended. 

The b e n e f i t s  accru ing  t o  DOE and some s i t e  s p e c i f i c  r e s u l t s  a r e  descr ibed i n  

t he  n e x t  sec t ion .  

111. BENEFITS ACCRUING TO DOE AND SITE SPECIFIC RESULTS 

A number of t he  b e n e f i t s  app ly  t o  a1 1 four  s tudies,  o r  a r e  the  product  o f .  the 

four  s tud ies .  

C e r t a i n l y  one of t h e  bene f i t s  i s  t he  development o f  a  b e t t e r  understanding 



o f  i ssues  and c r i t e r i a  i n v o l v e d ' i n  us ing  t h e  waste heat  p r e s e n t l y  being 

r e j e c t e d .  Bas ica l  ly ,  i n  determin ing t h e  b e n e f i t s  from developing uses 

f o r  waste heat, t h e  r e l e v a n t  comparison should be aga ins t  t h e  c o s t  o f  

t developing a d d i t i o n a l  su.pplies o f  o t h e r  sources o f  energy--not w i t h  f u t u r e  

average energy cos ts .  Also, as t h e  cos ts  i nvo l ved  i n  u t i l  i z i n g  waste heat  

a re  <near l y  a l l  c a p i t a l  cos ts  (ope ra t i ng  cos ts  a r e  min imal) ,  i t  i s  o f  v i t a l  

importance t o  proceed q u i c k l y  with developmental and demonstrat ion p r o j e c t s .  

Delays w i l l ,  because of  i n f l a t i o n  of  c o n s t r u c t i o n  costs,  subs tan t i a l l y  a f f e c t  

t h e  c o s t  of such p ro jec ts .  Once completed, t h e  cos ts  o f  an e l e c t r i c  gen- 
. , 

e r a t i o n  o r  heat  pump i n s t a l l a t i o n  a re  f o r  a l l  pract i .ca1 purposes frozen, 

w h i l e  t h e  opera t ing  c o s t  o f  a l t e r n a t i v e  i n s t a l l a t i o n s  w i l l  con t inue t o  i n -  

crease because o f  con t i nu ing  esca la t i on  i n  f u e l  cos ts .  

Study r e s u l  t s  i n d i c a t e  t h a t  a1 though t.he genera t ion  o f  e l e c t r i c  power us ing  

t h e  Rankine c y c l e  approach, and the  enhancement o f  t h e  temperature o f  water 

using'  a  heat pump, a re  ' technical  l y  f e a s i b l e  t h a t  t h e  processes need t o  be 

demonstrated on a  sca le  adequate t o  eva lua te  performance and pe rm i t  ' f u r t h e r  
' 

development and improvement o f  t h e  techno1 ogy. Such demonstrat ions would be 

o f  g rea t  va lue  i n  encouraging t h e  u t i l i z a t i o n  o f  waste heat a t  many o t h e r  

i n s t a l l a t i o n s  i n  t h e  Un i ted  States.  

' A c t u a l l y ,  if use o f  waste heat r e s u l t s  i n  cos ts  equal t o  those associated 

w i t h  t h e  use o f  a1 t e r n a t i v e  energy sources, these s t i l l  would be a  b e n e f i t  

t o  t h e  Un i ted  Sta tes  from t h e  conservat ion o f  a l t e r n a t i v e  f u e l  sources. 

Consider ing t h e  problem o f  o i l  imports  and t h e  cos ts  o f  developing i n c r e -  

mental  supp l ies  o f  o t h e r  f u e l  resources, t h e r e  i s  j u s t i f i c a t i o n  f o r  pro-  

v i d i n g  some l e v e l  o f  subsidy t o  waste heat  u t i l i z a t i o n  p r o j e c t s  ( a t  l e a s t  



During the course of the four studies, there have been independent assess- 

ments of the universe of poss ib le  uses o f  waste heat. The contractors 

have taken i n t o  account the condi t ions and resources a t  the spec i f i c  

p l a n t  locat ions and evaluated a  wide va r i e t y  of possib le approaches and 

designs. This needed t o  be done as the amounts of energy represented by 

the  waste heat re jec ted a t  federal '  f a c i l i t i e s  i s  too great  not  t o  be 

.:horoughly studied. The studies have provided basic data on analysis and 

evaluat ion of po ten t i a l  uses t h a t  were not  selected for  fur ther  study, as 

we l l  as those t h a t  were. Uses t ha t  were not  selected for  possib le i m -  

plementation can be f u r t he r  assessed i n  the f u tu re  and c r i t e r i a  var ied 

as appropriate. I t  i s  important t ha t  the analyses are on the record so 

t h a t  fu ture  studies can be f a c i l i t a t e d  wi thout  s t a r t i n g  a t  the beginning 

each time. 

The studies general ly  agree t ha t  d i r e c t  uses of waste heat ( a t  14O0- 

150" F) fo r  i n d u s t r i a l  process Furposes i s  no t  economically feasible. ~ e c -  

ommendations fo r  d i r e c t  use focus on greenhouse appl ica t ions and aqua- 

cu l ture ,  where f u r t he r  development i s  needed. The major uses otherwise 

are concerned w i t h  e l  e c t r i c  power generation (Ranki ne Cycle) , enhance- 

ment of feedwater heat (through a  heat pump) f o r  a  conventional e l e c t r i c  

generating s ta t ion ,  and upgrading water o r  steam temperatures by heat 

pumps t o  serve a  va r i e t y  o f  i n d u s t r i a l  'process users. Thus, the studies 

have.focused attentio,n on appl ica t ions which have the greatest  economic 

po ten t i a l  and f o r  which demonstration of and improvement i n  techno1 ogy 

would be of great  value. The r e s u l t s  a l so  vary by s i t e .  



I n  pa r t i cu l a r ,  one study of use of the waste heaf rg jec ted  a t  one 

federa l  i n s t a l l a t i o n  produced an i n te res t i ng  concept i n  which a  se l f -  

powered heat pump (which would u t i l i z e  a  substant ia l  amount o f  waste 

heat)  would be used t o  heat the feedwater for  a  1,000 I& coa l - f i r ed  

e l e c t r i c  generating stat ion. .  The indus t r ies  served by the generating 

s t a t i o n  would use no f u r t h e r  waste heat from the federal f a c i l i t y ,  

b u t  would be designed t o  take f u l l  advantage of cogeneration t o  con- 

serve,energy. The d i r e c t  uses recommended inc lude greenhouses and a  

novel aquacultural pro jec t ,  as well' as a  nuniber o f  possib le i n d u s t r i a l  

process uses. The waste heat used would be substant ia l  and savings i n  

a l t e r n a t i v e  fuel suppl ies of s i g n i f i c a n t  amount. There a lso would be 

substant ia l  economic benef i ts  t o  be derived by the economy of the region 

from increased employment and the r e s u l t i n g  income. 

A second study describes one p ro jec t ,  e l e c t r i c  power generation based 

on the Rankine Cycle, which would recapture p a r t  o f  the waste energy 

from several reactors a t  a  federal. p ro jec t .  The power produced would be 

used t o  meet the e l e c t r i c  power needs of the p ro jec t .  This would per- 

m i t  the savings o f  substant ia l  amounts of a l t e r n a t i v e  sources o f  energy 

( the  study estimates' an energy equivalent  saving fo r  each reactor  of 

500,000 bar re ls  of o i l ) .  A second po ten t i a l  use envisioned the use of 

a  gas-turbine d r i ven  heat-pump t o  produce higher temperature water and 

steam t o  serve a  combina'tion of appropr iate indust r ies .  This. would use 

an amount of waste heat w i t h  an energy equivalent  saving o f  over one 

m i l l i o n  bar re ls  of o i l  a  year. Substant ia l  benef i ts  t o  the regional  

economy would r e s u l t  from increased employment. D i r e c t  uses would i n -  

c lude greenhouses and aquacul t u r a l  developments, again w i t h  bene f i t s  t o  

the economy and t o  improvements i n  technology. 



A major p o t e n t i a l  use of t h e  waste heat  r e j e c t e d  by a  t h i r d  federa.1 

f a c i  1  i ty  i s  i n  1  arge sca le  gre~nhouse operat ions.  The greenl;ouse in- 

d u s t r y  i s  w e l l  developed i n  t h e  reg ion.  A s i z a b l e  greenhouse develop- 

ment would r e s u l t  i n  s u b s t a n t i a l  savings of energy as w e l l  as a i d  t h e  

reg iona l  economy and permi t  expansion of t he  i n d u s t r y  t o  b e t t e r  serve 

t h e  reg iona l  market fo r  greenhouse products.  Other d i r e c t  uses recom- 

mended, a  lumber predryer  and an a l f a l f a j g r a i n  dryer ,  a l so  would serve 

and bene f i t  t h e  l o c a l  economy and prov ide a  demonstrat ion o f  t h e  use 

o f  waste heat which could be r e p l i c a t e d  elsewhere. 

The study of t he  o p p o r t u n i t i e s  f o r  use of waste heat a t  the  fou r th  

f a c i l i t y  came up w i t h . a  d i f f e r e n t  concept of a  heat pump i n s t a l l a t i o n .  

Instead of a  gas- turb ine  .d r iven heat pump, o r  a  self-powered heat pump, 

t h e  heat pump i n  quest ion would be d r i v e n  by purchased e l e c t r i c  power. 

The output  of t h e  heat  pump could be used, according t o  t h i s  s i t e ' s  

con t rac to r  repo r t ,  i n  a  t e x t i l e  f i n i s h i n g  opera t ion  and f o r  o the r  i n -  

d u s t r i a l  purposes. Th is  r e p o r t  a l s o  considers as poss ib le  uses of 

a v a i l a b l e  waste heat  a  coa l -c lean ing operat ion,  a  methanol p lan t ,  and 'a 

pu lp  and paper i n s t a l l a t i o n .  The coal  c lean ing p l a n t  may be a  va luab le  

way .of ' reducing the  sulphur content  o f  reg iona l  coa l  reserves, w h i l e  

a  methanol p lan t ,  i f  i t  proves t o  be feas ib le ,  would s u b s t i t u t e  coa l  

f o r  n a t u r a l  gas as a  feedstock. The use of waste heat i n  the ~ r o c e s s ,  

if appropr iate,  w i l l  s u b s t i t u t e  waste heat  fo r  o the r ,energy  sources. A 

pu lp  and paper operat ion,  i f  feas ib le ,  would draw on reg iona l  resources 

and have considerable value f o r  t h e  economy. 



The above study a l s o  has devoted considerable e f f o r t  t o  s tudy ing the  oppor- 
,. 

t u n i t i e s  t o  use waste heat  f o r  d i s t r i c t  heat ing.  The data c o l l e c t e d  i n . t h e s e  

s tud ies  i s  n o t  on l y  of va lue f o r  t h e  present  study, b u t  w i l l  be of considerable 

'use i n  . f u t u r e  s tud ies  where such a use o f  waste heat  i s  being analyzed and eval -  

uated. The study a l s o  d e a l t  w i t h  modest p ro jec tsus ing  d i r e c t  heat  f o r  green- 

houses and aquacul t u r a l  development purposes. A Tab1 e, Proposed Uses, 1 i s  t s  those 

uses t h a t  t h e  cont rac tors  r e c o m n d e d  f o r  near-term implementation. 

I m p l i c a t i o n s  f o r  t h e  Future 

F i n a l l y ,  perhaps t h e  g rea tes t  value o f  t h e  f o u r  s tud ies  i s  t h a t  they have 

shown t h a t  t he re  a r e  many advantages and benef i ts  t o  be gained by tak ing  

water a t  140"-150°F and r a i s i n g  i t s  temperature o n l y  as h i g h  as 250" t o  

350°F. The technology i s  o l d  from. a conceptual s tandpoint .  What' i s  

needed i s  a demonstrat ion o f  the  technology on a sca le  l a r g e  enough t o  

con f i rm  t h e  techn ica l  success o f  new designs and r e l a t e d  c o s t  p ro jec t i ons .  

Underscoring the long-term importance of such i n s t a l l a t i o n s  i s  the  f a c t  

t h a t  once completed and i n  operat ion,  cos ts  a re  l a r g e l y  f rozen.  Mean- 
\ 

wh i le ,  t h e  out look  fo r  a l t e r n a t i v e  sources of energy over the  long-term 

i s  one o f  a cont inu ing esca la t i on  i n  costs.  While these t rends and condi-  

t i o n s  work t o  c o n t i n u a l l y  improve the  economic f e a s i b i l i t y  o f  t he  use of 

waste heat, there  i s  a l s o  the under ly ing  cons ide ra t i on  t h a t  much energy 

i s  a v a i l a b l e  i n  waste heat  and t h a t  use of such heat, wherever ava i l ab le ,  

.conserves t h e  U.S. energy supply and i s  a d e s i r a b l e  end i n  i t s e l f ,  even 

a t  a n e t  cos t .  



. . . . TABLE . .  , , ,  . . . . . . . . .  . .  . < .  

PROPOSED USES . , . : . . . . . , . 

D i r ec t  Use 

Ag r i cu l t u ra l  - Greenhouses ( i n c l  uding mushroom houses, A1 fa1 fa /  
g ra in  drying, lumber pre-dry ing) 

Aquaculture - f i n f i s h ,  clams, crayf ish ,  prawns 

D i s t r i c t  heat ing 

Process ' Industry Appl i cat ions 

T e x t i l e  f i n i s h i n g  

Coal c leaning 

~ u l  p' and paper 

Methanol p l a n t  

West corn m i l l i n g  

Soybean o i l  m i l l i n g  

A1 kal i e s  and ch lo r ine  . 

Nylon p i an t  

Weaving m i  11 s 

T e x t i l e  f i n i s h i n g  

Styrene p l an t  

Butadiene p l  ant  

Power Conversion . 

a ' 

Openlopen steam heat pump t o  produce 15 and 25 ,ps ig  steam f o r  

de l i ve r y  t o  an i n d u s t r i a l  s i t e ,  using a pump dr i ven  by purchased 

e l e c t r i c  power. 

a Self-powered heat pump t o  del i v e r y  350" feedwater t o  a coal -f i r e d  , 

1,000 Mw generating s ta t i on .  

a Rankine Cycle process t o  generate e l e c t r i c  power. 

Gas-turbine d r i ven  heat pump t o  u t i l i z e  waste heat from one reactor  ' 

t o  increase water temperature t o  250°F, w i t h  p a r t  o f  the steam 

passed by the 850°F exhaust o f  the gas turbines t o  produce a 

higher pressure steam (500°F). 

- 1  5- 
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AESTMCT 

The i n c r e a s i n g  s c a r c e n e s s  of o i l  and ncllural g a s  p rov ides  t h e  impetus t o  

uncover techniques  of conserv ing  t h e s e  s c a r c e  f u e l s .  Methods t o  conserve  

t h e s e  s c a r c e  f u e l s  inc lude :  1) development and u t i l i z a t i o n  of t e chno log ie s  

t h a t  o p e r a t e  a t  e f f i c i e n c i e s  t h a t  are h ighe r  than  t h o s e  which a r e  i n  c u r r e n t  u s e ,  

2) u s i n g  t h e  waste  hea t  from t h e  g e n e r a t i o n  of e l e c t r i c i t y  f o r  space  h e a t i n g  
'* , . 

and/or  coo l ing ,  and 3 )  implementat ion of t e c h n o l o g i e s  t h a t  employ non-scarce 

f u e l s  and/or  renewable energy r e s o u r c e s .  Coal and r e s i d u a l  o i l s  a r e  less s c a r c e  
\ 

f u e l s ;  and renewable energy r e s o u r c e s  i nc lude  s o l a r  energy,  wind power, urban 

s o l i d  and l i q u i d  was tes ,  and bio-mass. 

Reducing t h e  consumption of t h e s e  s c a r c e  r e s o u r c e s  w i l l  i nvo lve  t h e  imple- 

menta t ion  of systems which c o n s i s t  of bo th  new and c u r r e n t l y  a v a i l a b l e  compo- 

nents .  The novel  i n t e g r a t i o n  of t h e s e  cumponents i n t o  systems t o  match t h e  

a v a i l a b l e  r e s o u r c e s  i s  neces sa ry  t o  conserve  s c a r c e  f u e l s .  Many c u r r e n t ,  emerg- 

i ng ,  and advanced t echno log ie s  need t o  be examined i n  o r d e r  t o  p r o v i d e , e n e r g y  

conserv ing  system des igns .  Among t h e  components which have p o t e n t i a l  f o r  imple- 

menta t ion  in t h e s e  systems a r e  D ie se l  engines ,  advanced g a s  t u r b i n e s ,  i n c i n e r a -  

t i o n  techniques ,  p y r o l y s i s  u n i t s ,  s o l a r  c o l l e c t o r s ,  tfiermal s t o r a g e  d e v i c e s ,  hea t  

recovery  equipment, hea t  pumps, and e l e c t r i c a l  s t o r a g e . d e v i c e s ,  A d i s c u s s i o n  of , 

technology o p t i o n s  i s  p re sen t ed  i n  t h i s  paper .  

A group of systems which employ t h e s e  technology o p t i o n s  i s  examined i n  t h e '  

paper.  From ' t h e s e  s t u d i e s  i t  is  e v i d e n t  t h a t  t h e r e  a r e .  o p t i o n s  t o  t h e  conven- 

t i o n a l  means of meeting t h e  e l e c t r i c a l  space  hea t ing  and c o o l i n g ,  and m i s c e l l a -  

I ' neous energy needs  of an  urban community. Many of t h e s e  systems a r e  bo th  economic 



and energy conserv ing .  I t  is  a l s o  c l e a r  t h a t  t h e  use  of con3uni ty  energy s y s t e n s  

whether they  a r e  d i s t r i c t  hea t ing  and c o o l i n g ,  t o t a l  energy o r  s e l e c t i v e  energy 
- .. 

. - .-.- . 

systems,  can ' r educe  t h e  amount of s c a r c e  f u e l s  needed t o  supply t h e  energy needs 

. . 
of t h e  community. Compared t o  an' a l l - e l e c t r i c ,  convent iona l  system, upwards of 

40 and '  50 percent  of s c a r c e  f u e l  energy can be saved. 

The main problem faced  by a  des igne r  of energy systems i n  an urban .environ- 

ment i s  what ,kind of system t o  choose and what t e chno log ie s  t o  i n c o r p o r a t e .  The 

u s e  of i n t e g r a t e d  systems i s  con t ingen t  upon many f a c t o r s  i nc lud ing  energy sav- 
I 

. i n g s ,  i n i t i a l  c o s t s ,  f u e l  c o s t s ,  r e f u s e  d i s p o s a l  c o s t s ,  system r e l i a b i l i t y  and 

m a i n t a i n a b i l i t y ,  r e l i a b i l i t y  of f u e l  source  and c e r t a i n t y  of t h e  e s t i m a t e d , e n e r g y  

demand in t h e  community. F u r t h e r ,  one must g i v e  c o n s i d e r a t i o n  t o  t h e  i n s t i t u t i o n a l  

, ' .  , 

problems of e s t a b l i s h i n g  an  independent system i n  . an  urban environment.  ' It i s  

e s s e n t i a l  t o  cons ide r  a l l  of t h e s e  f a c t o r s  when cons ide r ing  an i n t e g r a t e d  energy 

?;.st em. 



TECHSOLOGY OPTIOXS FOR ERERGT SYSTENS 

Energy s y s ~ e m s  a r e  composed of components such a s  prime movers, e l e c t r i c .  

g e n e r a t o r s ,  c h i l l e r s ,  b o i l e r s  and o t h e r  components. What f o l l o w s  i s  a  v e r y  . 
. . 

b r i e f  review of t h e  types  of components which a r e ,  o r  wi l l .become,  a v a i l a b l e  f o r  
3 ,  

u s e  i n  energy systems,  and t h e i r  c h a r a c t e r i s t t c s .  For s i m p l i c i t y ,  t hey  w i l l  be 

d i s cus sed  i n  o r d e r  of t h e  t ime  frame of t h e i r  commercial a v a i l a b i l i t y .  These 

a r e :  1 )  c u r r e n t  t e c h n o l o g i e s  which can be ob t a ined  from s e v e r a l  manbfac tu re r s ;  

2)  emerging t echno log ie s  which would be a v a i l a b l e  commercially by 1985; and 3) 

advanced t echno log ie s  which a r e  now under  development and could  be expected t o  

be a v a i l a b l e  a f t e r  1985. 

Curren t  Technologies  

A p a r t i a l  l i s t i n g  of t h e  v a r i o u s  energy system components a v a i l a b l e  f o r  u s e  

i n  an urban energy system i s  shown i n  Table  1. It is  easy  t o  s e e  t h a t  one can  

have a  wide, l is t  of cho ices  i n  meet ing t h e  energy demands of a  community no 

m a t t e r  what t h e  d i s t r i b u t i o n  is  between e l e c t r i c a l  and thermal  load .  

Among t h e  prime movers one can choose e i t h e r  Diesel eng ines ,  g a s  t u r b i n e s  

(s imple and r e g e n e r a t i v e  c y c l e ) ,  s team-turb ines  o r  coqbhed-cyc l e  p l a n t s .  The 

n e t  e l e c t r i c a l  e f f i c i e n c y  of a  combined-cycle p l a n t ,  which h a s  a  g a s  t u r b i n e  w i th  

a  s team-turbine bottoming c y c l e ,  can range  from 35-45 p e r c e n t  and could  be q u i t e  

a t t r a c t i v e  i n  urban systems. D ie se l  engine-generator  e f f i c i e n c i e s , * w h i c h  v a r y  

accord lng  t o  engine  s i z e  and speed,  v a r y  from about  23-40 pe rcen t .  Gas t u r b i n e s  

e f f i c i e n c i e s  can v a r y  from 15-35, depending on s i z e  and c y c l e  chosen. Although 

g a s  t u r b i n e s  have r e l a t i v e l y  low e f f i c i e n c i e s ,  t h e  p o s s i b i l i t y  e x i s t s  of u s i n g  

t h e  recovered hea t  from t h e  exhaust  g a s  s t ream a s  was done i n  t h e  combined-cycle 

p l a n t .  Steam tu rb ine -gene ra to r  e f f i c i e n c i e s  v a r y  from 18 t o  35 pe rcen t .  The 



cho ice  of prime mover i s  dependent upon t h e  needs of t h e  system.- Many l a r g e r  

systems which have l a r g e  thermal  t o  e l e c t r i c a l  load  r a t i o s  have a  tendency t o  

u s e  steam t u r b i n e s  wh i l e  sma l l e r  systems use  Diesels f o r  r e l i a b i l i t y  and b e t t e r  

e f f i c i e n c y  . i n  t h e  s m a l l e r  s i z e  ranges .  

Other  components which can  appear  in t h e  c e d t r a l  p l a n t  of  an  urban energy 

system inc lude  compressive and a b s o r p t i v e  c h i l l e r s ,  b o i l e r s  and thermal  s t o r a g e .  

Compressive c h i l l e r s ,  which can  have c o e f f i c i e n t s  of performance '(COP) ove r  4.0,  

can  be  d r i v e n  by an e l e c t r i c  motor o r  d i r e c t l y  by one of t h e  above prime movers. 

The was te  hea t  from t h e  prime movers can be used i n  a b s o r p t i v e  c h i l l e r s .  The 

s i n g l e  e f f e c t  a b s o r p t i o n . c h i l l e r  h a s  a  COP of about  0.6, wh i l e  t h e  double  e f f e c t  

machine which r e q u i r e s  h ighe r  q u a l i t y  steam has  a COP of about  1 .0 .  B o i l e r s  

u s u a l l y  can be opera ted  between 50-85 pe rcen t  e f f i c i e n c y  depending on t h e  opera-  

t i o n  of t h e  b o i l e r .  Thermal s t o r a g e  o f f e r s  an  a t t r a c t i v e  a l t e r n a t i v e  e s p e c i a l l y  

i n  systems which have a  low thermal  t o  e l e c t r i c a l  demand du r ing  one  p a r t  of t h e  

day w h i l e  t h e  r e v e r s e  i s  t r u e  a t  a n o t h e r  t ime of day. 

S o l i d  waste  i n c i n e r a t i o n ' w i t h  hea t  recovery  o f f e r s  an e x c e l l e n t  way of  re- 

ducing t h e  s c a r c e  f u e l  requirement  wh i l e ,  a t  t h e  same t ime,  meet ing t h e  thermal  

needs  of  t h e  community. Upwards of  1 0  pe rcen t  of t h e  energy needs  of a  community 

can be  provided by t h i s  method. However, t h e  amount of was te  needed t o  economi- 

c a l l y  u s e  t h i s  system u s u a l l y  r e s t r i c t s  i t s  u s e  t o  r a t h e r  l a r g e  communities which 

n o t  o n l y  u s e  a l o t  of energy but  produce enough s o l i d  was te  a s  ;ell .  

Thus, t h e r e  a r e  a  s i g n i f i c a n t  number of components a v a i l a b l e  today t o  put  

t o g e t h e r  economical and energy conserv ing  community energy systems.  But what is  

p o t e n t i a l l y  a v a i l a b l e  in' t h e  f u t u r e  which may make t h e s e  systems more a t t r a c t i v e ?  . 



Emerging Technologies  

There a r e  many t echno log ie s  which a r e  c u r r e n t l y  under  deve1opmen.t and 

I demons t ra t ion  which a r e  expected t o  be  a v a i l a b l e  i n  t h e  per iod  betweewnow and 

1985. A p a r t i a l  l i s t i n g  of  t h e s e  t echno log ie s  i s  g iven  i n  Table  2 .  These 

seem t o . h a v e  p o t e n t i a l  f o r  being inc luded  i n  urban energy systems.  

The f i r s t  t h r e e  t echno log ie s ;  Fue l  Cells, Closed Cycle Gas Turb ines ,  and 

Organic Rankine Cycle ~ n ~ i n ' e s  o f f e r  s i g n i f i c a n t  promise f o r  urban energy sys tems .  

Fuel  c e l l s ,  f o r  example, can be  designed t o  v a r y  t h e  e l e c t r i c a l  e f f i c i e n c y  up t o  

as much a s  70 pe rcen t .  The c u r r e n t  models have maximum e f f i c i e n c i e s  of  about  

38 pe rcen t  and,  l i k e  i n t e r n a l  combustion eng ines ,  t h e  r e j e c t e d  hea t  can be  r e -  

I covered t o  he lp  meet t h e  thermal  needs.  The f u e l  c e l l  i s  q u i e t  and non-po l lu t i ng  

I but  i n  i t s  p r e s e n t  v e r s i o n  u s e s  n a t u r a l ' g a s  a s  a  f u e l .  Given t h e  a p p r o p r i a t e  

p re t r ea tmen t  of t h e  gases  from p y r o l y s i s  o r  c o a l  g a s i f i c a t i o n  p l a n t s ,  t h e r e '  

should be g r e a t e r  f l e x i b i l i t y  i n  f u e l  source .  

Closed c y c l e  gas  t u r b i n e s  a r e  a t t r a c t i v e  because they  may a l l ow  t h e  u s e  of 

f u e l s  which a r e  no t  s c a r c e .  The c lo sed  c y c l e  g a s  t u r b i n e  may be ~ o n s i d e r e d ~ t o  

be  an e x t e r n a l  combustion engine .  Thus, it  should be  p o s s i b l e  t o  u s e  c o a l ,  o r  

1 ,  i t s  p roduc t s ,  a s  hea t  sou rces  a n d ' r e l i e v e  t h e  engine  of i t s  dependence on h igh  

1 q u a l i t y ,  more s c a r c e ,  f u e l s .  

The o rgan ic  Rankine c y c l e  t u r b i n e  o f f e r s  a  method of producing s h a f t  power 

from r e l a t i v e l y  low tempera ture  exhaust  g a s e s  from i n t e r n a l  combustion engines  

and i n c i n e r a t i o n  u n i t s .  F u r t h e r ,  and they  may be  i ts  most a t t r a c t i v e  a p p l i c a -  

t i o n ,  it, can  be  used t o  o b t a i n  s h a f t  power from s o l a r  thermal  c o l l e c t o r s .  Thus, 

t h e  engine  o f f e r s  a  s i g n i f i c a n t  f l e x i b i l i t y  f o r  u s i n g  r e l a t i v e l y  low g rade  temp-. 

e r a t u r e  sources .  



The Annual Cycle Energy System (ACES)  c u r r e n t l y  under development and test  

i n  Tennessee . 'o f fe rs  a  un ique  method of energy conse rva t ion  f o r  t h e  i n d i v i d u a l  

b u i l d i n g  by s t o r i n g  "cold" dur ing  t h e  w i n t e r  and "heat" du r ing  t h e  summer wh i l e  

u s i n g . a  h e a t  pump. The system i s  c u r r e n t l y  being t e s t e d  i n  a  s i n g l e  f ami ly  r e s i -  

dence b u t ,  i n  p r i n c i p l e ,  t h e  concept  could  be  extended t o  l a r g e r  b u i l d i n g s  and 

perhaps c o r n u n i t i e s  i f  enough space  f o r  s t o r a g e  were a v a i l a b l e .  During t h e  
. 

win te r  t h e  hea t  pump e x t r a c t s  hea t  from t h e  water  and i t  f r e e z e s ;  i n  t h e  summer 

water  is  passed through t t e  c o i l s  i n  t h e  i c e  s t o r a g e  b i n  and c i r c u l a t e d  th rough 

t h e  house f o r  coo l ing .  It is  es t imated '  t h a t  t h i s  system could  s ave  up t o  50 per -  

c e n t  o'f t h e  energy needed t o  meet h e a t i n g ,  coo l ing  and ho t  water  needs .  

S o l i d  waste  p y r o l y s i s  o f f e r s  a  t e chn ique  f o r  meet ing t h e  f u e l  requi rements  

of t h e  community wh i l e  a l s o  s o l v i n g  t h e  land  f i l l  problem. Pyrolysis u n i t s  can 

p o t e n t i a l l y  be  b u i l t  in r e l a t i v e l y  sma l l  s i z e s  and t h e i r  p roduct  g a s ,  which i s  

u s u a l l y  of low-Btu c o n t e n t  ga s ,  can be  used a s  f u e l  i n  D i e s e l  eng ines ,  g a s  t u r -  

b i n e s ,  f u e l  c e l l s  and be  mixed wi th  more h igh  q u a l i t y  g a s  and piped around t h e  

community f o r  o t h e r  u se s .  A s  w i t h  i n c i n e r a t i o n , ' u p w a r d s  of 1 0  pe rcen t  of t h e  

t o t a l  'energy needs can be  m e t  i n  t h i s  manner. S i m i l a r l y ,  methane p roduc t ion  from 

s o l i d  o r  l i q u i d  was te  can o f f e r  some s i g n i f i c a n t  advantages  e s p e c i a l l y  i f  t h e  

product  g a s  h a s  a  h igh  Btu va lue .  

The a p p l i c a t i o n . o f  s o l a r  thermal  energy t o  urban systems can be a t t r a c t i v e  

f o r  water  hea t ing  and i n  con junc t ion  w i t h  t h e  o rgan ic  Rankine c y c l e  engine  can 

supply  u s e f u l  s h a f t  power. Development of lower c o s t  c o l l e c t o r s  and more e f f i -  

c i e n t  systems could he lp  s o l a r  p l a y  a  b i g g e r  r o l e  i n  urban systems.  

Coal convers ion  p roces se s ,  a long  w i t h  c o a l  combustion in b o i l e r s ,  p o i n t s  t h e  

way t o  u s i n g  a less s c a r c e  f u e l  i n  an urban  energy system. Of  cou r se ,  one must 



c o n s i d e r  t h c  anount  of p o l l u t a n t s  w h i c ? ~  m a y  be  r e l e a s e d  i f  thc : ie  u n i t s  a r e  l o c a t e d  

c l o s e . t o ,  o r  i n ,  t h e  community t h e y  s e r v e .  The a t m o s p h e r i c ,  f l u i d i z e d  bed c o a l  

combust ion s y s t e n  o f f e r s  a  method f o r  u s i n g  c o a l  and e l i m i n a t i n g  t h e  e m i s s i o n  

of  s u l f u r  p r o d u c t s .  

. . .  . 

Advanced T e c h n o l o g i e s  

I n  t h e  p o s t  1985  p e r i o d  a  h o s t  o f  t e c h n o l o g i e s  a r e  e x p e c t e d  t o  become c o m e r -  

c i a l l y  a v a i l a b l e .  Most of t h e s e  t e c h n o l o g i e s ,  of whick a  p a r t i a l  l i s t  i s  g i v e n  
. . 

i n  T a b l e  3 ,  a r e  c u r r e n t l y  in t h e  e a r l y  i n v e s t i g a t i v e  phase  of t h e i r  development .  

For  t h i s  r e a s o n ,  t h e s e  w i l l  n o t  be  d i s c u s s e d  in d e t a i l  h e r e .  S u f f i c e  i t  t o  s a y  

t h a t  t h e s e  new t e c h n o l o g i e s  w i l l  b o o s t  t h e  e f f i c i e n c y  of  e n e r g y  c o n v e r s i o n  a n d ,  

i n  some, w i l l  a l l o w  a  b r o a d e r  a p p l i c a t i o n  o f  non-sca rce  f u e l s ,  s u c h  a s  c o a l ,  

u r b a n  wastes , .  and s o l a r  e n e r g y .  " . .> , .. . 



AYALY S I S  OF IKTEGRATED ESERGY SY STE?IS 

I Th i s  paper p rov ides  t h e  a n a l y s i s  of s e v e r a l  d e s i g n s  of i n t e g r a t e d  encrgy 

I systems.  Included i n  t h e s e  systems a r e  a f u e l  c e l l  based system, a  hea t  pump 

c e n t e r e d  system, and a  Diesel eng ine  based system. The a d d i t i o n  of a  p y r o l y s i s  

u n i t  which employs t h e  r e f u s e  frcm t h e  s i te ,  w i t h  t h e  D i e s e l  engine  based system, 

is  a l s o  examined. Thermal s t o r a g e  is  used i n  a l l  t h e s e  systems. These systems 

a r e  compared wi th  a  conven t iona l  system and w i t h  each  o t h e r  i n  terms of s c a r c e  

f u e l  consumption. 

These s t u d i e s  involved t h e  c o n c e p t u a l i z a t i o n  of each system, an  assessment  
I 

of  annual  system performance, and a n  i n i t i a l  assessment  of t h e  l i f e  c y c l e  c o s t i n g  

f o r  each  system. T h i s  e f f o r t  is  no t  in tended  t o  be  a  complete  eng inee r ing  f e a s i -  

b i l i t y  a n a l y s i s .  The scope  i s  l i m i t e d  a s  fo l l ows :  1 )  t h e  concepts  employed 

h e r e i n  were genera ted  by u s i n g  eng inee r ing  judgements (no system op t  imiza t  i o n  

h a s  been employed), 2) t h r e e  concep t s  were s e l e c t e d  f o r  each  of t h e  two commui- 

t ies  cons idered  (an exhaus t ive  s t u d y  of a l l  p o s s i b l e  t echno log ie s  was n o t  con- 

duc t ed ) ,  and 3) no g r i d  connec t ion  was employed, u n l e s s  t h e  g r i d  was t h e  pr imary 

sou rce  of energy f o r  t h e  system. . 

The two types  of communities which were focused on a r e :  

1. a 115-acre r e g i o n a l  shopping c e n t e r ,  and 

2. a  planned 725-acre new community (commercial/residential) , i n c l u d i n g  

t h e  shopping c e n t e r .  

S e v e r a l  concepts  of i n t e g r a t e d  energy systems which meet t h e  energy demands f o r  

bo th  t h e  shopping c e n t e r  and c o m e r c i a l / r e s i d e n t i a l  a r e a s  were examined. These 

systems,  which employ c u r r e n t ,  emerging and advanced t echno log ie s  have been 

eva lua t ed  w i t h  r ega rd  t o .  p o t e n t i a l  energy s a v i n g s  and l i f e - c y c l e  c o s t s .  



For t h e  shopping c e n t e r ,  the annual  e l e c t r i c a l  consumption f o r  t h e  

l i g h t i n g  of t h e  mall  and t enan t  b u i l d i n g s  i s  52%, and t h e  energy consu&::ion 

f o r  hea t ing  and coo l ing  r e p r e s e n t s  48 pe rcen t  of t h e  t o t a l .  For depa r t r .=n t  

s t o r e s  i n  t h e  s h o p p i n g . c e n t e r ,  t h e  annual  energy demand f o r  l i g h t i n g  and HVAC 
" .  

appears  t o  be  n e a r l y  equa l .  The annual  energy consumed a t  t h e  shopping c e n t e r  

is as fo l lows:  

HVAC 
7 

4.8 x 1 0  kWh/year 

For t h e  e n t i r e  commerc i a l / r e s iden t i a l  a r e a ,  l e s s  t h e  s h o p p i n g , c e n t e r ,  
P 

36 pe rcen t  of t h e  energy demand i s  f o r  non-HVAC u s e  wh i l e  64 pe rcen t  i s  f o r  t h e  

HVAC system. The annual  energy consumed in t h e  commerc i a l /~ re s iden t i a l  a r e a  ( l e s s  

I t h e  shopping c e n t e r )  is: 

HVAC 
7 

8.8 x 1 0  kWh/year 

I Hence, t h e  t o t a l  annual  energy used a t  t h e  e n t i r e  complex is  around 2.38 x 

8 8 8 
10 kWh. Of t h i s  1 .02 x 1 0  kwh a r e  used f o r  non-HVAC whi l e  1 .36 x 1 0  kWh a r e  . 

I r equ i r ed  t o  s a t i s f y  ' t h e  HVAC demands. 

Energy Systems f o r  t h e  Shopping Center 

Due to .  t h e  c u r r e n t  energy p i c t u r e  in t h e  United S t a t e s ,  concep t s  w h i c h - w i l l  

p rovide  bo th  energy and l i f e - c y c l e  c o s t  s av ings  wh i l e  meet ing t h e  energy r e q u i r e -  

ments of communities have e x c e l l e n t  p o t e n t i a l  f o r  development and implementation. 

Three  such concepts  have been examined f o r  bo th  t h e  shopping c e n t e r  and t h e  e n t i r e  

complex. These t h r e e  concep t s  are: 

1. A system which employs a  bank of D i e s e l  engine-genera tors  t o  meet t h e ,  

e l e c t r i c a l  demand of t h e  shopping c e n t e r .  The was te  h e a t  from t h e  



engines  i s  used f o r  space  h e a t i n g  and c o o l i n g  a t  t h e  shopping c e n t e r ,  

. and t h e  excess  was te  h e a t  ha s  p o t e n t i a l  t o  augment t h e  space  condi- 

t i o n i n g  requi rements  i n  t h e  sur rounding  c o m m e r c i a l / r e s i d e n t i a l  a r e a s .  

2. A hea t  pump cen te r ed  system which u t i l i z e s  e l e c t r i c a l l y ,  o r  prime mover, 

d r i v e n  h e a t  pumps t o  meet t h e  HVAC load  of t h e  shopping c e n t e r .  Th i s  

can  be  an  a l l - e 1 e c t r . i ~  system i n  t h e  s t r i c t  s ense ,  b u t  i t  h a s  p o t e n t i a l  

f o r  energy . s a v i n g s  because a  h e a t  pump o p e r a t e s  w i t h  a  COP g r e a t e r  than  

, u n i t y .  

3.  A system which employs f i r s t  g e n e r a t i o n ,  phosphoric  a c i d ,  f u e l  c e l l s  a s  

t h e  prime movers t o  meet t h e  e l e c t r i c a l  demands of t h e  shopping c e n t e r . .  

The waste  hea t  from t h e  f u e l  c e l l s  i s  used f o r  space  h e a t i n g  and coo l ing  

a t  t h e  shopping c e n t e r  i n  a  manner s i m i l a r  t o  t h e  D i e s e l  eng ines .  

Each i n t e g r a t e d  energy system has  been designed t o  meet t h e  peak e l e c t r i c a l ,  

h e a t i n g . a n d  coo l ing  power requi rements  i n  t h e  cou r se  of a  y e a r .  

An a p p l i c a t i o n  of c u r r e n t  technology is  r ep re sen t ed  by t h e  D i e s e l  eng ine  

c e n t e r e d  power system. The emerging technology a p p l i c a t i o n  . i nvo lves  t h e  u s e  of 

h e a t  pumps, w h i l e  t h e  emerging t o  advanced technology system employs f u e l  c e l l s  
. , 

as he  prime mover t o  supply e l e c t r i c a l  power a s  w e l l  as thermal  energy t o  meet 

hea t  ing  and coo l ing  demands. 

Each of  t h e s e  t h r e e  b a s i c  systems can be  employed in a  h o s t  of ways. Tech- 

n o l o g i e s  such a s  energy g e n e r a t i o n  from s o l i d  was tes ,  s o l a r  energy u s e ,  co ld  from 

snow removal f o r  summer c o o l i n g ,  and d i u r n a l  thermal  s t o r a g e  can be  employed t o  ' 

r educe  f u e l  c o s t s  and improve energy sav ings .  The o p t i o n s  of  u s i n g  s o l i d  was t e s  
i 

and s t o r a g e  have been examined and a r e  b r i e f l y  d i s cus sed .  



The s tudy  of t h e s e  t h r e e  i n t e g r a t e d  energy systems f o r  both t h e  shopping 

c e n t e r  and t h e  e n t i r e  complex w i l l  demons t ra te  t h a t '  c o n s i d e r a b l e  energy and 

c o s t  s av ings  can be  ach ieved .  The energy conse rva t ion  p o t e n t i a l  of s o l i d  waste  

u t i l i z a t i o n  and thermal  s t o r a g e  was a l s o  cons idered  i n  each c a s e .  

These t h r e e  systems a r e  assumed t o 7 u s e  d i f f e r e n t  sou rces  of ene.rgy. The 

systems and t h e i r  pr imary f u e l  sou rces  a r e  l i s t e d  i n  Table  4 .  

The D i e s e l  and f u e l  c e l l  based systems have t h e  e l e c t r i c i t y  and hea t  g e n - '  ' 

e r a t e d  a t  a  c e n t r a l  l o c a t i o n ,  and r e q u i r e  d i s t r i b u t i o n  systems.  The hea t  pumpc 

cen te r ed  systems employ g r i d  e l e c t ' r i c i t y  and can have i n d i v i d u a l  hea t  pumps f o = '  

each b u i l d i n g  o r  be  l o c a t e d  in a c e n t r a l  l o c a t i o n  wi th  a  d i s t r i b u t i o n  system. 

Decis ions  f avo r ing  one system over  t h e  o t h e r s  a r e  con t ingen t  upon many. f a c t o r s  -- 

. such  a s  energy sav ings ,  c o s t s ,  system r e l i a b i l i t y ,  a v a i l a b i l i t y  of t h e  f u e l  , . - 

source ,  and environmental  c o n s i d e r a t  i ons .  

I n  o r d e r  t o  conduct t h e  s t u d i e s ,  some des ign  and component c h a r a c t e r i s t i c s  

and c o s t  numbers had t o  be  assumed. Table  5  summarizes t h e s e  d e s i g n  and c o s t  

parameters .  During t h e  w i n t e r ,  t h e  e l e c t r i c i t y  used f o r  l i g h t i n g  s u p p l i e s  most 

of  t h e  hea t ing  r e q u i r e n e n t s  w h i l e ' t h e  shopping c e n t e r  ,is i n  o p e r a t i o n .  The exces s  
. . .  . . 

. . 
hea t  r e s u l t i n g  from l i g h t i n g  is  removed w i t h  t h e  c i r c u l a t i o n  of o u t s i d e  a i r ;  

however, du r ing  t h e  summer t h i s  r e s u l t s  in an added coo l ing  load .  

Es t ima te s  of  annual  energy requi rements  a r e  made i n  t h e  fo l l owing  manner: 

Over a yea r  a t  t h e  shopping c e n t e r ,  t h e  amount of h e a t i n g  r e q u i r e d  is  equa l  t o  

50' des ign  days  wh i l e  t h e  amount of c o o l i n g  is  equa l  t o  75 d e s i g n  days.  For t h e  

commerc i a l / r e s iden t i a l  a r e a s  t h e  annual  h e a t i n g  requi rement  i s  e q u i v a l e n t  t o  
. - 

t h a t  of 66 des ign  days ,  and t h e  annual  c o o l i n g  i s  equ iva l en t  t o  about  1 5  des ign  
. . 

< .  

days.  



The r e s u l t s  of t h e  performance and c o s t  s t u d i e s  f o r  t h e  shopping c e n t e r  

a r e  conta ined  i n  Table  6. For t h e  shopping c e n t e r ,  t h e  f u e l  c e l l  and Diesel 

based systems r e s u l t  i n  l a r g e r  f u e l  s av ings  and a  l a r g e r  annual  r e t u r n  t han  does 

t h e  hea t  pump cen te r ed  system; a l t hough  a l l  t h r e e  systems show energy and c o s t  

s av ings  when compared t o  t h e  convent iona l  a l l - e l e c t r  i c '  system. 

A s  an  example, F ig .  1 i l l u s t r a t e s  t h e  energy gene ra t i on  and consumption 

p r o f i l e s  f o r  a  w in t e r  de s ign  day us ing  t h e  f u e l  c e l l  based system. The i n t e r n a l  

hea t  gene ra t i on  a t  t h e  shopping c e n t e r  i s  more than  adequate  t o  meet t h e  space  

h e a t i n g ,  except i n  t h e  e a r l y  bus ines s  hours  and o f f  hours .  Hence, most of t h e  

hea t  recovered from t h e  prime mover du r ing  t h e  bus ines s  hours  can be p laced  i n  

s t o r a g e  and e x t r a c t e d  when t h e  demand exceeds g e n e r a t i o n ,  a s  i l l u s t r a t e d .  

An a d d i t i o n a l  o p t i o n  a v a i l a b l e  f o r  hea t  and p o s s i b l y  u s a b l e  f u e l  i's s o l i d  

was te  ( i . e . ,  r e f u s e ) .  A t e chn ique  t o  e x t r a c t  t h e  energy from s o l i d  waste  and 

u s e  i t  i n  e i t h e r  Diesel eng ines  o r  f u e l  c e l l s  i s  p y r o l y s i s .  The was te  genera ted  

a t  t h e  shopping c e n t e r  r e s u l t s  i n  about  7.8 t ons lday  of e s s e n t i a l l y  Type 0 t r a s h  

w i t h  a  h e a t i n g  v a l u e  of 8500 B t u l l b .  A p y r o l y s i s  u n i t  could  p rov ide  about  3 x 

10'~ Btu lyea r  of f u e l  which could be used i n  t h e  Diesel engines .  lnclud;ng t h i s  

p y r o l y s i s  f u e l  i n  t h e  Diesel based system reduces  t h e ' o u t s i d e  f u e l  consumption 

and i n c r e a s e s  t h e  o v e r a l l  thermal  e f f i c i e n c y  of ' t h e  system a s  shown i n  Tab le  7. 

Energy Systems f o r  t h e  Shopping Cen te r /Comerc i a l /~e s iden t i a l  Areas  

The t o t a l  annual  load  f o r  t h e  shopping ce~ter lcomercia l lres ident ia l  com- 

8  8  8 
p l e x  is 2.38 x 1 0  kwh; 1.02 x 1 0  f o r  non-HVAC ( e l e c t r i c )  and 1.36 x 1 0  f o r  

HVAC. Fuel  c e l l ,  Diesel engine ,  and hea t  pump based systems have been examined '. 

t o  meet t h e  t o t a l  energy demands of  t h e  complex. 



A s  i n  t h e  shopping c e n t e r ,  energy  . s y s t e n s  have been d e s i g n e d  t o  n e s t  t h e  

peak e l e c t r i c a l ,  h e a t i n g ,  and c o o l i n g  r e q u i r e m e n t s .  The D i e s e l  e n g i n e  and f u e l  

c e l l  pr ime mover sys tems  have been c o n c e p t u a l i z e d  t o  o p e r a t e  independen t  o f  t h e  

g r i d ,  a l t h o u g h  t h e s e  two sys tems  cou ld  be augmented by a  g r i d  c o n n e c t i o n .  The : 
I h e a t  pump c e n t e r e d  system i s  f e d  by t h e  ,grid s i n c e  i t s  incoming energy  i s  e l e c -  

t r i c i t y ,  a l t h o u g h  a n  a t t r a c t i v e  a l t e r n a t i v e  i s  t o  d r i v e  t h e  h e a t  pumps w i t h  a 

I D i e s e l  e n g i n e .  The r e s u l t s  of t h e  performance and c o s t  s t u d i e s  f o r  t h e  e n t i r e  , .  

: .  
development a r e  shown i n  T a b l e  8. It is  s e e n  t h a t  a l l  t h r e e  c a n d i d , a t e  s y s t e m s  

< .  

show b o t h  energy and c o s t  s a v i n g s  when compared t o  t h e  c o n v e n t i o n a l  sys tem.  As 

was t h e  c a s e  f o r  t h e  shopping c e n t e r  o n l y ,  t h e  f u e l  c e l l  and Diesel e n g i n e  based 

sys tems  r e s u l t  in g r e a t e r  a n n u a l  f u e l  s a v i n g s  t h a n  d o e s  the .  h e a t '  pump c e n t e r e d  

system. 

O v e r a l l  sys tem economics i n c l u d e d  t h e  d e t e r m i n a t i o n  o f  t h e  added c a p i t a l  

and o p e r a t i n g  and main tenance  c o s t s  compared t o , a  c o n v e n t i o n a l ,  a l l - e l e c t r i c  

sys tem.  The e f f e c t  of t a x e s ,  d e p r e c i a t i o n  and i n t e r e s t  c o s t s  were  n o t  f a c t o r e d  

i n t o  t h e  s t u d y  s i n c e  t h e s e  cou ld  b e  s t r o n g l y  a f f e c t e d  by t h e  f i n a n c i a l  s t r a t e g y  

employed. 

It s h o u l d  be  n o t e d  t h a t  b o t h  t h e  f u e l  c e l l  and ~ i e s e l  e n g i n e  based sys tems  

d e s c r i b e d  employed h e a t  pumps i n ,  i n d i v i d u a l  b u i l d i n g s .  Use of  h e a t  pumps i n  . . 

b o t h  t h e s e  sys tems  showed t remendous g a i n s  i n  energy  s a v i n g s  when compared t o  

sys tems  which d i d  n o t  employ h e a t  pumps. 



CONCLUSIONS AXD SLr?l?lARY 

From t h e  d i s c u s s i o n s  on technology  o p t i o n s  and t h e  s tudy  of t h e  Diesel, 

hea t  pump, and f u e l  c e l l  based systems,  it  is e v i d e n t  t h a t  t h e r e  a r e  o p t i o n s  t o  

t h e  convent iona l  means of meet ing t h e  e l e c t r i c a l  space  h e a t i n g  and c o o l i n g ,  and 

mi sce l l aneous  ene rgy .needs  of an  urban  community. Many of t h e s e  systems a r e  

b o t h  economic and energy conserv ing .  It i s  a l s o  c l e a r  t h a t  t h e  u s e  of community 

x ~ e r g y  systems, whether  t hey  a r e  d i s t r i c t '  h e a t i n g  and c o o l i n g ,  t o t a l  energy o r  

s e l e c t i v e  energy systems can r educe  t h e  amount of s c a r c e  f u e l s  needed t o  supply  

t h e  energy needs of t h e  community. Compared t o  an  a l l  e l e c t r i c ,  conven t iona l  

system upwards of 40 and 50 pe rcen t  of s c a r c e  f u e l  energy can be  saved mainly 

because of t h e  was te  hea t  usage  from e l e c t r i c a l  g e n e r a t i o n .  

The main problem faced  by a d e s i g n e r  of energy systems i n  an  urban envi ron-  

ment i s  what k i n d , o f  system t o  choose and what t e c h n o l o g i e s  t o  i n c o r p o r a t e .  The 

u s e  of  i n t e g r a t e d  systems i s  con t ingen t  upon many f a c t o r s  i nc lud ing  energy sav- 

i n g s ,  c a p i t a l  c o s t s ,  f u e l  c o s t s ,  r e f u s e  d i s p o s a l  c o s t s ,  system r e l i a b i l i t y  and 

m a i n t a i n a b i l i t y ,  r e l i a b i l i t y  of f u e l  sou rce  and c e r t a i n t y  of  t h e  es t imated  energy 

demand in t h e  community. F u r t h e r ,  one must g i v e  c o n s i d e r a t i o n  t o  t h e  i n s t i t u -  

t i o n a l  problems of e s t a b l i s h i n g .  an independent system i n  an urban environment.  

It i s  e s s e n t i a l  t o  c o n s i d e r  a l l  ,of t h e s e  f a c t o r s  when c o n s i d e r i n g  an  i n t e g r a t e d  

energy  system. 



TABLE 1. PARTIAL LISTINC OF CURREYT TECHNOLOGIES 

DIESEL ENGINES CENTRAL CHILLERS 

GAS TURBINES BO'ILERS 

STEAM TURBINES 

8 COMBINED CYCLE 
PLANTS 

8 ELECTRICAL GENER- 
AT ION 

HEAT PUMPS 

8 THERWL STORAGE 
. ., 

SOLID WASTE 
INCINERATION 



FUEL CELLS 

CLOSED CYCLE GAS 
TUKB IN ES 

ORGANIC RANKINE 
CYCLE ENGINES 

ACES 

ELECTRIC COMPRESSED 
AIR STORAGE 

SOLID WASTE 
PYROLYSIS 

METHANE PRODUCTION 

0 SOLAR THERMAL 

@ COAL GASIFICATIOS 
AND LIQUEFACTION 



TABLE 3. PARTIAL LISTING OF ADVANCED TECHXOLOGIES 

ADVANCED RANKINE CYCLE 

MINT0 WHEEL 

8 STIRLING ?ZNGINES - .  

8 ELECTROCHEMICAL STORAGE 

@ ADVANCED FUEL CELLS 

' SOLAR PHOTOVOLTAICS 



"TABLE 4 .  THREE BASIC INTEGRATED ENERGY SYSTEPiS AND 

THEIR FUEL' SOLTRCE 

SYSTEM FUEL 

- - -- - 

@ DIE'SEL ENGINE SYSTEY DIESEL FUEL O I L  

0 HEAT PUlP CENTERED SYSTEF1 ELECTRICITY FROM GRID 

9 FUEL CELL SYSTEM NATURAL GAS. 



TABLE 5. ASSUPIF'TIOVS AND DESICK CHARACTERISTICS 

1. Cos ts  

A. Shopping Center  Z.lc/kWh 
B. Balance of Complex 3.0c/kWh 

*C. # 6  Fuel  O i l  $1.94/mi?lion Btu - "  ' ' , 

D. N a t u r a l  Gas $1 .42/mi l l ion  Btu 

2. Design C h a r a c t e r i s t i c s  

. < 
. , 

A. Peak ' ~ O ~ - H V A C  (MW) 

Shopping Center  - 12 . 5  bn.! 
Balance of Complex - 14.'9 ?n\' 

. , E n t i r e  Complex - 23.0 FnJ ,. . 

B. Maximum ~ e s i n n  HVAC Loads - 
( ~ t u / f t .  ?) ( i . e . ,  Design Day) 

Cooling Heat ing 

Shopping Center  Mall  
and Tenant ~ u i l d i n ~  57.0 22.0 

Shopping Center  
Department S t o r e s  55.0 20.0 

Comrnerc i a l  50 .0  40.0 
R e s i d e n t i a l  20.0 50.0 

3 .  Component C h a r a c t e r i s t i c s  

A. D i e s e l  Engines  

E l e c t r i c a l  . E f f i c i e n c y  - 34% 
Recoverable  Heat - 36% 
Waste Heat - 30% 

B. Fue l  C e l l  

E l e c t r i c a l  E f f i c i e n c y  - 38% 
Recoverable  Heat - 46% 
Waste Heat - 16%. 

C. Heat Pump - COP = .2.0 (Avg.) 

* 
$6 O i l  = 155,000 ~ t u / g a l  = 6.45 g a l / m i l l i o n  Btu, 
25 $.30 g a l  = $1.94/mi l l ion  Btu. 



TABLE 6. PERFORht4NCE AND COSTS FOR FUEL CELL, 9IESEL, AND HE4T PU?P BASED 

SYSTEMS VS. THE CONVENTIONAL SYSTEM FOR THE SHOPPING CENTER 

FUEL CELL DIESEL HEAT PUMP 

Annual ~ l e c t r i c i t ~  3 .75  x 1 0  7 
3.72 x 1 0  

7 
. 5 . 3 2 ~ 1 0  

7 

Consumed (klJh) 

Annual Fue l  Consumed (Btu) 3.49 x 1 0  11 4.34 x 1 0  
11 

6.05 x 1 0  
11 

Annual Energy Cost ($) 4.56 x i 0  
5 

8.22 x 1 0  
5 

1.12 x 1 0  6 

Annual Fuel  Savings ( ~ t u )  43.5 x 1 0  
11 

Annual Fue l  Savings (%) 5 5 

5 Energy Cost Savings ($)  , 9.52 x 1 0  , 

Incrementa l  C a p i t a l  3 ,79  x 1 0  6 

c o s t  ($1 

Incrementa l  O/M Cost ($) 8.17 x 1 0  
4 

Annual Savings ($)  8.70  x 1 0  
5 

Annual Return (%) , 23.0 

Payback (Year) 4.36 



TABLE 7 .  ' INCREASES Ih' OVERALL THERWL EFFICIERCY BY INCLUDING 

PYROLYSIS FUEL I N  DIESEL BASED SYSTEY 

- 

, . SYSTEM 

DIESEL GENERATOR AND 
PYROLYSIS 



TABLE 8. PERFOR'VUIVCE AND COSTS FOR FUEL CELL, DIESEL, AYD HEAT PL?P 

CENTERED .SYSTEMS VS. THE COhlrEXTIOXAL SYSTEX FOR THE SHOPPIXG 

CEMTER, COMMERCIAL, AND RESIDENTIAL DET!ELOPYE?:T 

F E L  CELL DIESEL HEAT PU?P 

8 .  ' 8 i 
Annual E l e c t r i c i t y  1 .39 x 1 0  1 . 3 9 . ~  1 0  1.97 x ' *  1 0  I i 

Consumed ( WJh) 
i 

Annual Fuel  C o n s u m e d ( ~ t u )  1 . 4 5  x 1 0  
12  

1.58 x 1 0  
12 

2.24 x 1 0  
12 j '  

I 

6 
Annual Energy Cost ($ )  2.06 x 1 0  3.07 x 1 0  

6 6 
5 .91  x 1 0 .  

12  
Annual Fue l  Savings (Btu) 1.27 x 1 0 '  1.14 x 1 0  

12 
0.68 x 1 0  

1 2  

Annual Fue l  Savings (%) 54 51.6 18.9 

6 
4.63 x 1 0  

6 
1 . 2 6 ' ~  1 0  

6 
Energy Cost Savings ($)  5.11 x 10. 

Incrementa l  C a p i t a l  14.77 x 1 0  
6 

13.58 x 1 0  
6 '6 

6.36 x 1 0  
c o s t  ($1 

Incrementa l  O / M  Cost ($) 5.00 x 1 0  
5 

1.39 x 1 0  
6 

0.35 x 1 0  
5 

4 .61  x 1 0  
6 

3.24 x 1 0  
6 

1.22 x 1 0  
6 

Annual Savings ($ )  , 

Annual Return (%) 

Payback (Year) 3.2 4.2 5.2 



bn-WAC D d  . - -.- Heating D d  -- - - - - Heat Recovered from bn-HVAC Electrical Generation 

~ u t  Supplld by Storage ' .  
. . .  . , 

-1 B U ~  ~ u p p l i u i  for Storage . 

0 2 4 6  8 10 12 2 4  6  8 1 0  1 2  
a.m. TIME OF DAY p.m. 

Fig. 1.  POWER GENERATION AND CONSUMPTION PROFILES 

FOR A PEAK WINTER DAY WITH TEE F'UEL CELL 

BASED SYSTEM 
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1. INTRODUCTION 

Among the various atmospheric effects attributed to the operation 

of the cooling towers and ponds of large power stations is that of pre- 

cipitation modification. '   he important characteristics of such cooling 
systems vis-a-vis the conventional once-through co~ling system is that the 

waste heat is dis.charged directly into the atmosphere in both sensible and 

latent forms. This discharge represents a persistent perturbation In the 

lower atmosphere, which under certain conditions could upset latent instabil- 

ities and trigger rainfall storms or enhance the intensity of naturally 

occurring precipitation events. It should be emphasized that we feel'that it 

is the persistent nature of the perturbation, rather than its magnitude, 

that is the possible origin of precipitation enhan~ement.~ For a modern, 

four-unit power plant with an electrical capacity of about 3,000 MWe, the 

estimated atmospheric discharge is about 5,000 MWt and 50,000 gals per min 

of water; these amounts are small compared with the energy and moisture 

associated with even a moderately sized thunderstorm. The magnitude of 

the perturbation could potentially become important, however, if the concept 

of "energy centers" with electrical capacikies exceeding 10,000 MIJe, becomes 

a reality in the f ~ t u r e . ~  Such a concept is currently being copsidered, 

especially for future nuclear plants tp insure n u c l e a r , n o n p r o l i f e r a t i o n .  

. The U.S. Department of Energy (DOE) has established a program called 

METER (Meteorological Effects of Thermal Energy Releases) to investigate 
I 

the atmospheric effects of cooling towers and ponds. 9 Effects being invest i- 

gated include drift deposition, fog and icing, shadowing, and precipitation 

modification. As part of this nationwide program, the Oak Ridge ~ational 

Laboratory (ORNL) is studying precipitation modification from large cooling 

towers. 5 ,  Y For that purpose, the Bowen Electric Generating Plant (Plant 

Bowen) in Northwest Georgia has been chosen as a test site. This 3,200-MJe 



c o a l - f i r e d  power p l a n t  of t h e  Georgia  Power Company u s e s  f o u r  n a t u r a l - d r a f t  
. . 

c o o l i n g  towers  and is t h e  l a r g e s t  of U.S. power p l a n t s  hav ing  c o o l i n g  towers  

a s  t h e  s o l e  c o o l i n g  method. completed i n  t h e  e a r l y  1 9 7 0 1 s ,  i t  i s  s i t u a t e d  

abou t  40 m i  NW o f  t h e  c i t y  o f  A t l a n t a  i n  a  b road  v a l l e y  amidst  g e n t l y  r o l l i n g  

h i l l s .  

The O W L  a c t i v i t i e s  p r e s e n t l y  i n c l u d e  b o t h  c l i m a t o l o g i c a l ,  and f i e l d  
C 

s t u d i e s .  E x t e n s i v e  u s e  h a s  been made of t h e  U.S. N a t i o n a l  Weather S e r v i c e  

(NWS) d a t a  accumulated o v e r  s e v e r a l  decades  i n  Northwest Georgia .  Apar t  

from p r o v i d i n g  p r e l i m i n a r y  i n d i c a t i o n s  of p r e c i p i t a t i o n  m o d i f i c a t i o n  e f f e c t s ,  

t h e s e  d a t a  have a i d e d  i n  t h e  g e n e r a l  u n d e r s t a n d i n g  o f  t h e  c l i m a t o l o g y  i n  t h e  

v i c i n i t y  o f  P l a n t  Bowen and have paved t h e  way f o r  t h e  f i e l d  s t u d i e s  c u r r e n t l y  

underway. These f i e l d  s t u d i e s ,  employing a  dense  network of r a i n  gauges and 

w i n d s e t s ,  a r e  expec ted  t o  p r o v i d e  t h e  s t a t i s t i c a l  d a t a  b a s e  n e c e s s a r y  t o  

e s t i m a t e  t h e  p l a n t ' s  e f f e c t  ( i f  any)  on p r e c i p i t a t i o n .  



2. CLIMATOLOGICAL STUDIES W1TI.I hWS DATA 

The National Weather Service (hwS) collects meteorological data at a 

number of Fey stations across the country. Most of these stations are located 

on major airports. This network of NWS stations is augmented by the Coopera- 

tive Network which is operated by volunteer observers who record one or more 

meteorological variables and report them to the NWS. The nleteorological 

variables, monitored at the above NWS stations, include temperature and 

humidity, wind speed and direction, precipitation amount, etc. Those of 

the Cooperative Network generally record precipitation. Figure 1 displays 

the NWS and Cooperative Networks in Northwest Georgia. Fifty-nine of these 

stations within a 60-mi radius from Plant Bowen were selected for climatol- 

ogical studies. These stations, operating continuously or intermittently, 

have provided daily rainfall amounts since 1949. Surface wind data from the 

two NWS stations (Atlanta and Rome Airports) have also been included in the 

analysis as well as upper-air wind data from the Athens Airport about 90 mi 

E of Plant Bowen. 

2.1 Data Quality Evaluations 

1n dealing with precipitation data from the Volunteer Network, it is 

important to recognize that these data are collected by a great number of 

individuals over a long period of time and with different instruments. 

Because of the wide variety of possible errors associated with such data 

acquisition, we carried out a careful preliminary evaluation of the quality 
. . 

of the obtained data. This consisted of two parts: field visits and analy- 

tical tests. The field visits .were undertaken primarily to assess the expos- 

ure and quality of the instruments themselves. As a result of these field 

visits, several of the original 59 stations were dropped because of poor 

exposure. 

The analytical method known as. "double was then used to 

determine whether extraneous occurrences (e. g. , a change of rain loca- 

tion exposure) caused a consistent departure of the recorded data from the 

long-term mean. Data from another nearby station with dependable records 

were used as a basis for comparison. Thus, we designate the recorded rainft!l 
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Fig. 1. Map of Northwest Georgia depicting the National Weather Senrice 
(NWS) and Cooperative Network stations. The stations within the circle are.. 
used for the climatological study. 



amo'unt ,from a  g i v e n  r a i n  gauge s t a t i o n  X a s  Xi where i = 1 , 2 ,  ..., N and i 

i s  t h e ' c o n s t a n t  t ime  i n t e r v a l  o v e r  which t h e  d a t a ' a r e  recorded  ( e . g . ,  d a i l y ,  

monthly,  e t c . ) .  From a  c o l l e c t i o n  o f  t h e  above d a t a ,  we c r e a t e d  t h e  f o l -  
- lowing cumula t ive  r e c o r d  

where j = 1 , 2 , .  . . , N  (X1 = 0 ) .  

S i m i l a r l y ,  f o r  a  s t a t i o n  Y we have 

Now assume t h a t  s t a t i o n  X i s  t h e  dependable  o n e , a n d  Y i s  t h e  q u e s t i o n a b l e  

one.  By e l i m i n a t i n g  j from X and Y we p l o t  t h e  r e l a t i o n s h i p  Y = f ( X )  on 
j j ' 

a  c a r t e s i a n  c o o r d i n a t e  frame. The r e s u l t  w i l l  b e  a  s e r i e s ' o f  d a t a  p o i n t s  i n  

t h e  f i r s t  q u a d r a n t .  I f  t h e  s t r a i g h t  l i n e  segments t h a t  b e s t  approx imate  con- 

s e c u t i v e  groups  o f  p o i n t s  ( i . e . ,  t h e  l e a s t  s q u a r e s  f i t s )  h a v e . a p p r o x i m a t e l y  

e q u a l  s l o p e s ,  t h e n  we can conc lude  t h a t  s t a t i o n  Y h a s - a c c e p t a b l e  d a t a .  I f  

an obvious  change i n  t h e  s l o p e  i s  e v i d e n t  a f t e r  some 'point , . 'we c a n  conc lude  

t h a t  a f t e r  t h e  t ime  cor responding  t o  t h a t  p o i n t  t h e  c o n t i n u i t y  o f  t h e  r e c o r d  

was s e v e r e d .  I n  t h a t  c a s e ,  we e i t h e r  c o n s i d e r  t h e  r e c o r d  a s  b e i n g  composed 

of t w o ' d i f f e r e n t  r e c o r d s  from two d i f f e r e n t  s t a t i o n s  p r i o r  and subsequen t  t o  

t h a t  p o i n t  ( e . g . ,  i n  t h e  c a s e  of a n  i n s t r u m e n t  r e l o c a t i o n ) ;  o r  i n  t h e  c a s e  

o f ,  m u l t i p ' l e  s i g n i f i c a n t  s l o p e  changes  w i t h  no a p p a r e n t  r e a s o n ,  we ' d i s q u a l i f y  

t h e  s t a t i o n .  F i g u r e  2 d i s p l a y s  t h e  double-mass graph of w i n t e r  p r e c i p i t a t i o n  

t o t a l s  (December through February)  f o r  t h e  " A t l a n t a  ~ o l t o n "  s t a t i o n  v s  t h e  
I I A t l a n t a  A i r p o r t "  s t a t i o n .  T h i s  g raph ,  as w e l l  a s  i n i t i a l  =on tour  maps con- 

t a i n i n g  t h e  " A t l a n t a  Bolton" s t a t i o n ,  l e d  t o  t h e  d i s c a r d i n g  of t h i s  s t a t i o n ' s  

d a t a  from f u r t h e r  a n a l y s e s .  F i g u r e  3 p r e s e n t s  t h e  double-mass g r a p h s  f o r  t h e  

"Dal las"  s t a t i o n ' s  w i n t e r  r e c o r d  v s  t h e  r e s p e c t i v e  ones  f o r  t h e  "Embry" and 

"Douglasv i l l e"  s t a t i o n s .  D e s p i t e  t h e - f a c t  t h a t  t h e   allas as" s t a t i o n  was 

r e l o c a t e d  s i x  t imes  d u r i n g  t h e  p e r i o d  1948 t o  p r e s e n t ,  t h e  double-mass g raphs  

show no a p p r e c i a b l e  changes i n  t h e  s l o p e .  A s  a  r e s u l t ,  t h e  r e c o r d s  from a l l  



ATLANTA WSO AP (inches precip.) 

Fig. 2 .    he "double-mass" graph'of winter precipi tat ion t o t a l s  for the 
Atlanta Bolton s ta t ion  +s the Atlanta Airport s tat ion.  



EMERY AND DOUGLASVILLE (inches precip.) 

Pig. 3. The "double-mass" graphs of winter precipitation t o t a l s  for the 
Dallas s ta t ion  vs the Embry and Douglasville s ta t ions .  Arrows indicate the 
years during which the Dallas s t a t i o n  was ' relocated. 



 a all as" s t a t i o n s  were j o i n e d  t o g e t h e r  i n t o  one c o ~ t i n u o u s  r e c o r d  r e p r e s e n t -  

i n g  t h e  g e n e r a l  a r e a  o v e r  which t h e  "Dal las"  s t a t i o n  h a s  been loca ted . .  

2 .2  Data S t r a t i f i c a t i o n  and I n f e r e n c e  
ti .. 

A s  mentioned i n  t h e  I n t r o d u c t i o n ,  P l a n t  Bowen's e f f e c t  on r a i n f a l l  cou ld  
0 

m a n i f e s t  i t s e l f  i n  s e v e r a l  ways. The most obvious  one i s  a  g e n e r a l  i n c r e a s e  

of r a i n f a l l  i n  t h e  downwind a r e a .  T h i s  a d d i t i o n a l  r a i n f a l l  can b e  d e t e c t e d  

as e i t h e r  an i n c r e a s e  w i t h  r e s p e c t  t o  t h e  upwind a r e a  o r  w i t h  r e s p e c t  t o  t h e  

a r e a l  long-term mean. The n a t u r a l  s p a t i a l  and t empora l  r a i n f a ' l l  v a r i a b i l i t y  

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

( s to rm d u r a t i o n ,  day,  month, e t c . ) ;  and t h e  d e t e r m i n a t i o n  o f  t h e  magni tude 

of t h e  e f f e c t  s i n c e , d e p e n d i n g  on t h e  t ime  s t r a t i f i c a t i o n ,  t h e  p o t e n t i a l  e f f e c t  

cou ld  b e  b u r i e d  i n  t h e  n a t u r c l  "random no ise . "1°  Another m a n i f e s t a t i o n  of 

t h e  e f f e c t  cou ld  be  a n  i n c r e a s e  i n  s t o m  f requency  i n  t h e  v i c i n i t y  o f  t h e  p l a n t  

w i t h  o r  w i t h o u t  a  s u b s t a n t i a l  i n c r e a s 2  i n  r a i n f a l l  amounts. I n  a l l  c a s e s ,  

t h e  moni to r ing  o f  t h e  power p l a n t ' s  the rmal  o u t r u t  is impor tan t  s i n c e  t h e  

e f f e c t  would be  expec ted  t o  i n c r e a s e  w i t h  i n c r e a s i n g  o u t p u t .  

It  was a p p a r e n t  a t  t h e  s t a r t  t h a t  t h e  NWS d a t a  would b e  i n s u f f i c i e n t  

by themselves  t o  s t u d y  t h e  power p l a n t ' s  e f f e c t  i n  a l l  t h e  a s p e c t s  d e s c r i b e d  

above,  because  o f  l i m i t a t i o n s  of d a t a  d e n s i t y  and q u a l i t y .  l 1  N e v e r t h e l e s s ,  

a n a l y s e s  were c a r r i e d  o u t  u t i l i z i n g  t h e  NWS d a t a .  To o u r  s u r p r i s e ,  t h e y  

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

t h a t  i n  a l l  t h e  a n a l y s e s  u s i n g  NlJS r a i n f a l l  d a t a  t h e  s m a l l e s t  d a t a  inc rement  

( i n  t h e  t ime  s e n s e )  was one month. Most a n a l y s e s  d e a l t  w i t h  s e a s o n a l  r a i n -  

f a l l  t o t a l s .  The s e a s o n s  were chosen a s  f o l l o w s :  December through February  

( w i n t e r ) ,  March through May ( s p r i n g ) ,  June  th rough  August (summer), and 

September through November ( f a l l ) .  Some work was a l s o  done w i t h  wet and d r y  

s e a s o n  s t r a t i f i c a t i o n s ,  p r i m a r i l y  t o  d i s t i n g u i s h  between t h e  two main t y p e s  

o f  r a i n f a l l  s i t u a t i o n s  ( f r o n t a l  and c o n v e c t i v e ) .  The wet season  i n c l u d e d  

t h e  months of Decenber through A p r i l ,  and t h e  d r y  s e a s o n  t h e  remaining ones .  

The framework f o r  t h e s e  a n a l y s i s  of r a i n f a l l  m o d i f i c a t i o n  based  on t h e  

NWS d a t a  was a  combinat ion of t a r g e t - c o n t r o l  and p r e o p e r a t i o n a l - p o s t o p e r a t i o n a l  

t e c h n i q u e s .  l o  Some s a m p l e ' r e s u l t s  a r e  p r e s e n t e d :  F i g u r e  4 d e p i c t s  t h e  

s u r f a c e  wind-rose c o n s t r u c t e d  from t h e  recorded  s u r f a c e  winds a t  A t l a n t a  
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Fig. 4. Surface wind-rose for the Atlanta Airport station for the 
winters of 1950 through 1977. 
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A i r p o r t  f o r  t h e  w i n t e r s  of 1950 through' 1977. The r e s u l t i n g  d i s t r i b u t i o n  

d i s p l a y s  predominant no r thwes t e r ly  winds. Th i s  is  a  very  encouraging f a c t  

f o r  t h e  c l i m a t o l o g i c a l  s t udy ,  s i n c e  i t  shows t h a t  t h e  c i t y  of A t l a n t a  wi th  

i ts  p o t e n t i a l  urban e f f e c t  l i e s  downwind of t h e  p l a n t .  An examination of 

s u r f a c e  wind d a t a  a t  Rome Ai rpo r t  a l s o  i n d i c a t e d  a  predominant nor thwes te r ly  

d i r e c t i o n  f o r  t h e  w in t e r  months. Figure 5 d e p i c t s  t h e  wind r o s e s  f o r  t h e  

upper -a i r  winds a t  t h e  Athens A i r p o r t ,  about  90 m i  e a s t  of P l a n t  Bowen, f o r  

t h e  pe r iod  1956-1976. Wind r o s e s  were developed f o r  two p r e s s u r e  l e v e l s ,  

850 and 500 mb, from t h e  d a t a  ob t a ined  a t  12-hr i n t e r v a l s .  The p r e v a i l i n g  

wind d i r e c t i o n  i s  c l e a r l y  from t h e  w e s t  a t  bo th  l e v e l s . .  Based on t h e  pre- 

v a i l i n g  s u r f a c e  and upper-air  winds,  we p o s t u l a t e  t h e  g e n e r a l  sou theas t e rn  

a r e a  from P l a n t  Bowen a s  t h e  t a r g e t  a r e a .  F igure  6  d i s p l a y s  t h e  contour  

map f o r  t h e  r a t i o s  of p o s t o p e r a t i o n a l  (PO) t o  p r e o p e r a t i o n a l  (PREOP) normalized 

w i n t e r  p r e c i p i t a t i o n  means f o r  t h e  30 s t a t i o n s  w i t h i n  a  40-mi r a d i u s  of P lan t  

Bowen. The normalized p r e c i p i t a t i o n  means .were generated a s  fo l lows .  The 

- t o t a l  p r e c i p i t a t i o n  amounts f o r  each win t e r  season a t  each s t a t i o n  was 

d iv ided  by t h e  a r i t h m e t i c  a r e a l  mean f o r  each win t e r  season .  This  guarantees  

t h a t  t h e  a r e a l  v a r i a t i o n s  of  f o r  each win t e r  season  w i l l  con- 

t r i b u t e  equa l ly  t o  t h e  subsequent averag ing  (wet and d ry  seasons have equa l  

weights ) .  The p r e o p e r a t i o n a l  means a r e  t h e  a r i t h m e t i c  means of t h e  normal- 

i z e d . p r e c i p i t a t i o n  va lues  f o r  t h e  per iod  1950-1971; and t h e  p o s t o p e r a t i o n a l  

ones,  f o r  t h e  pe r iod  1972-1976 (P l an t  Bowen's f i r s t  u n i t  became o p e r a t i o n a l  

i n  October 1971).  The r a t i o s  of t h e  l a t t e r  (PO) t o  t h e  former (PREOP) a r e  

d i sp l ayed  i n  F ig .  6. It is noted t h a t  p r e c i p i t a t i o n  h igh  appears  i n  t h e  gen- 

e r a l  downwind a r e a  of t h e  p l a n t .  As discussed  e a r l i e r ,  i t  i s  premature t o  

a t t r i b u t e  t h i s  r e s u l t  t o  a  plant-induced e f f e c t .  I n  f a c t ,  fo l lowing  t h e  

a p p l i c a t i o n  of a  rank (Wilcoxon T) t e s t , 1 2  i t  was found t h a t  t h e  s t a t i s t i c a l  

s i g n i f i c a n c e  of t h e  r e s u l t  was r a t h e r  smal l .  Never the less ,  t h i s  r e s u l t  

s e r v e s  a s  a  s t a r t i n g  hypothes i s  t o  be confirmed o r  d i s c r e d i t e d  by t h e  > e s u l t s  

.of  t h e  f i e l d  s tudy .  F igures  7-10 d i s p l a y  t h e  contour  p l o t s  f o r  t h e  r a t i o s  of 

t h e  f ive-year  p o s t o p e r a t i o n a l  normalized means t o  four  d i f f e r e n t  f ive-year  

p r e o p e r a t i o n a l  means (51-55, 56-60, 61-65, 66-70). Taking i n t o  account n a t u r a l  

v a r i a t i o n s ,  we observe t h a t  t h e  p r e c i p i t a t i o n  high p e r s i s t e n t l y  appears  t o  

t h e  sou th  and e a s t  of t h e  p l a n t  ( t h e  downwind r eg ion ) .  S imi l a r  f ive-year  run- 

n ing  mean r a t i o  p l o t s  were genera ted  wi th  o t h e r  p r e o p e r a t i o n a l  f ive-year  
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Fig .  5. Wind d i r e c t i o n  d i s t r i b u t i o n s  of winds a t  t h e  850- and 500-mb 
p r e s s u r e  l e v e l s  a t  t h e  Athens A i rpo r t  f o r  t h e  pe r iod  1956-1976. 
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. 6 Contour map of ratios of postoperational (PO: 1972-1976) to 
preop tional (PREOP: 1950-1971) normalized precipitation means (winter). 
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Fig. 7. Contour map of ratios of postoperational (PO: 1972-1976) to 
preoperational (PEOP:  1951-1955) normalized precipitation means (winter). 
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Fig. 8. Contour map of ratios of postoperational (PO: 1972-1976) to 
preoperational (PREOP: 1956-1960) normalized precipitation means (winter). 
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Fig. 9. Contour map of ratios of postoperational (PO: 1972-1976) to ' 

preoperational (PREOP: 1961-1965) ~lormalized precipitation means (winter). 
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Ffg. 10. Contour map of ratios of postoperational (PO: 1972-1976) to 
preoperational. (PREOP: 1966-1970) normalized precipitation means (winter). 
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p e r i o d s  i n  t h e  numerator  f o r  compar ison.  The p l o t ?  d i s p l a y e d  c o n s i d e r a b l e  -. 

random b e h a v i o r  w i t h  no p e r s i s t e n t  p a t t e r n s  i n  t h e  p r e c i p i t a t i o n  h i g h s  and 

lows.  ~ i ~ u r e  11 d i s p l a y s  t h e  e q u i v a l e n t  of F i g .  6 f o r  an  e n l a r g e d  network 

( t h e  s t a t i o n s  w i t h i n  a  60-mi r a d i u s  of P l a n t  Bowen) and f o r  t h e  p o s t o p e r a t i o n a l  

p e r i o d  1972-1978. The b a s i c ' ~ a t t e r n s  of t h e  c o n t o u r  p l o t s  i s  t h e  same i n .  

b o t h  f i g u r e s .  A s e r i e s  of  s t a t i s t i c a l  t e s t s  were  t h e n  a p p l i e d  t o  t h e  d a t a  t o  

t e s t  t h e  s i g n i f i c a n c e  of t h e  r e s u l t .  Apar t  from t h e  rank  (Wilcoxon T) t e s t  

mentioned above,  p a r a m e t r i c  t e s t s  such  a s  t h e  S t u d e n t ' s  t - t e s t  were a t t e m p t e d  

w i t h  l i m i t e d  s u c c e s s .  The r o o t s  of t h e  d i f f i c u l t y  l i e  i n  t h e  u s e  of monthly 

r a i n f a l l  t o t a l s  which e x h i b i t  unwieldy f requency  d i s t r i b u t i o n s  and r e s i s t  

t r e a t m e n t  by s t a n d a r d  p a r a m e t r i c  s t a t i s t i c a l  t e c h n i q u e s .  c u r r e n t  r e s e a r c h  

i n c l u d e s  a t t e m p t s  t o  c h a r a c t e r i z e  t h e s e  f requency  d i s t r i b u t i o c s  by more complex 

t e c h n i q u e s .  

2 .3  S p a t i a l  C o r r e l a t i o n s  

The u s e  of  t h e  s p a t i a l  c o r r e l a t i o n  a s  a  t o o l  t o ' i n v e s t i g a t e  r a i n f a l l  

m o d i f i c a t i o n  e f f e c t s  is  q u i t e  c o n t r o v e r s i a l .  l One proposed method (not 

d e s c r i b e d  i n  t h i s  p a p e r )  a t t e m p t s  t o  u t i l i z e  t h e  s p a t i a l  c o r r e l a t i o n  f o r  t h a t  

p u r p 0 s e . b ~  e s t a b l i s h i n g  t h e ' b a c k g r o u n d  n a t u r a l  v a r i a b i l i t y ' o f  t h e  s p a t i a l  c o r -  

r e l a t i o n  f u n c t i o n . '  S p a t i a l  c o r r e l a t i o n s  have a l s o  been  used t o  c h a r a c t e r i z e  t h e  

l o c a l  c l i m a t o l o g y  and t o  produce q L a n t i t a t i v e  measures  o f  r a i n f a l l  r e l a t i o n s h i p s  

between' s t a t i o n s .  l 5  9 l 6  F i g u r e s  12-14 d i s p l a y  t h e  c o r r e l a t i o n  c o e f f i c i e n t  con- 

t o u r  p l o t s  we o b t a i n e d  f o r  t h r e e  s t a t i o n s  ("Beaverdale  l E , "  B a l l  Ground," and 

" A t l a n t a  A i r p o r t " )  computed on t h e  b a s i s  of  300 c o n s e c u t i v e  common months. It is  

noteworthy t h a t  t h e  c o r r e l a t i o n  c o e f f i c i e n t  i s o p l e t h s  have a  predominant  d i r e c -  

t i o n  a l o n g  the. WSW-ENE. T h i s  d i r e c t i o n  c o i n c i d e s  w i t h  t h e  d i r e c t i o n  o f  t h e  pre-  

dominant s t o r m  t r a c k s  ; a  p l a u s i b l e  e x p l a n a t i o n  of  t h e  phenomenon is  t h a t  

s t o r m  sys tems  moving a l o n g  a  g iven  d i r e c t i o n  produce p r e c i p i t a t i o n  amounts a l o n g  

t -ha t  d i r e c t i o n  w i t h  c o n s i s t e n t  r e l a t i o n s h i p s  ( t h e s e  r e l a t i o n s h i p s  a r e  p robab ly  a 

f u n c t i o n  o f  topography,  s t o r m  t y p e ,  e t c . ) .  Moreover, t h e  p o s s i b i l i t y  e x i s t s  t h a t  

a s t o r m  moving a l o n g  a  g i v e n  d i r e c t i o n  would produce r a i n  a l o n g  a r e l a t i v e l y  na r -  + 

row s t r i p  i n  t h a t  d i r e c t i o n  w i t h  no r a i n  e l sewhere .  T h i s  i s  t r a n s l a t e d  i n t o  h i g h  

c o r r e l a t i o n s  a l o n g  t h a t  d i r e c t i o n  w i t h  low c o r r e l a t i o n s  i n  t h e  p e r p e n d i c u l a r  d i r -  

e c t i o n .  S i n c e  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  p r e s e n t e d  h e r e  a r e  computed on the 
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Fig. 11. Contour map of ratios of postoperational (PO: 1972-1978) to 
preoperational (PREOP: 1950-1971) normalized precipitation means (winter).. 
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I Fig. 12. Contour map of the spatial correlation coefficients for'the 

Beaverdale 1E station (based on 300 monthly totals). 
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F i g .  1 3 .  Contour map o f  t h e  s p a t i a l  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e  
B a l l  Ground s t a t i o n  (based on 300 monthly t o t a l s ) .  
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F i g .  1 4 .  Contour map of t h e  s p a t i a l  c o r r e . 1 a t i o n  c o e f f i c i e n t s  f o r  t h e  
A t l a n t a  A i r p o r t  s t a t i o n  (based on 300 monthly t o t i l s ) .  
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b a s i s  of monthly t o t a l s ,  t h e  above-mentioned sharp  d i f f e r e n c e s  a r e  t o  some e x t e n t  

smoothed o u t  over  t h e  v a r i o u s  s torms.  Never the less ,  t h e  observed p a t t e r n s  sup- 

p o r t  t h i s  theory t o  a  s a t i s f a c t o r y  degree.  

The r e l a t i o n s h i p  between t h e  c o r r e l a t i o n  c o e f f i c i e n t  and d i s t a n c e  was . 

i n v e s t i g a t e d  by d i s p l a y i n g  a l l  computed c o r r e l a t i p n  c o e f f i c i e n t  va lues  v s  t h e  

normalized d i s t a n c e s  between s t a t i o n s  ( t h e  d i s t a n c e s  were ,normalized by t h e  

d i s t a n c e  between t h e  "Beaverdale 1 ~ "  and "Frankl in  2" s t a t i o n s ) .  A coord ina t e  

system was e s t a b l i s h e d  i n  which t h e  x-axis  was a l i gned  w i t h  t h e  d i r e c t i o n  of 
0 

t h e  p r e v a i l i n g  s torm t r a c k s  (Fig.  1 3 ) ,  and t h e  o r i g i n  was l o c a t e d  a t  t h e  

r e s p e c t i v e  s t a t i o n ;  B is  de f ined  a s  t h e  a n g l e  (0° - < 6 - < 90') which t h e  posi-  

t i n n  v e c t o r  f o r  every o t h e r  s t a t i o n  forms wi th  t h e  x-axis.  F igu re  15 c o n t a i n s  

t h e  r e s u l t s ,  where s t a t i o n s  w i t h  0° - < < 20" a r e  dep ic t ed  by a  ', w i t h  

20 - < 0 - < 70' by a  o ,  and wi th  70' < @ - < 90° by a  + ,  A s  expected from t h e  pa t -  

t e r n s  & £ . t h e  c o r r e l a t i o n  p l o t s ,  s t a t i o n s  w i th  smal l  B have l a r g e r  c o r r e l a t i o n  

c o e f f i c i e n t s  when compared wi th  equidis tani t  s t a t i o n s  w i t h  l a r g e  B .  Despi te  

t h e  cons ide rab l e  s c a t t e r  of  p o i n t s ,  t h e r e  i s  evidence o f  a  q u a s i l i n e a r  r e l a -  

t i o n s h i p  between t h e  two q u a n t i t i e s  beyond a  c e r t a i n  d i s t a n c e .  It remains t o  

be  seen  whether t h a t  r e l a t i o n s h i p  i s  i n t r i n s i c  t o  t h e  network a r e a ,  is dependent 

on t h e  type  of predominant s to rms ,  o r  obeys some u n i v e r s a l  law. 

2 .4  . The P l a n t  Bowen F i e l d  Study 

The P l a n t  Bowen f i e l d  s tudy  was f e l t  t o  be  necessary  f o r  s e v e r a l  reasons .  

The c u r r e n t  s t a t e -o f - the -a r t  i n  p r e c i p i t a t i o n  s t u d i e s  recommends a  r a i n  gauge 

d e n s i t y  of about 1 gauge pe r  16  sq  mi; t h e  MJS network f a l l s  s h o r t  of t h a t  

number of an  o r d e r  of magnitude. This  d e n s i t y  requirement becomes p a r t i c u l a r l y  

important  f o r  r a i n f a l l  even t s  of t h e  convec t ive  type  (summer r a i n f a l l ) ,  and 

ou r  s p e c u l a t i o n  i s  t h a t  p r e c i p i t a t i o n  mod i f i ca t i on  would maximize du r ing  such 

even t s .  The second reason  f o r  c a r r y i n g  o u t  t h e  f i e l d  s tudy  was t h a t  t h e  poten- 

t i a l  e f f e c t  was be l i eved  t o  be  s u f f i c i e n t l y  smal l  s o  t h a t  h ighe r  r e s o l u t i o n  

in s t rumen ta t i on  ( record ing  r a i n  gauges) would be necessary  to ,  i n v e s t i g a t e  r a in -  

f a l l  on a  s torm event  b a s i s .  .An a d d i t i o n a l  dimension of t h e  problem was t h e  

need f o r  a  conc i se  knowledge of t h e  p r e v a i l i n g  winds i n  t h e  v i c i n i t y  of  t h e  

p l a n t  du r ing  t h e . - r a i n f a l l  events  f o r  t h e  implementation of t h e  c o n t r o l - t a r g e t  

a r e a  technique.  l 



Fig. 15. Spatial correlation coefficients vs normalized distances for all 
stations satisfying the 300 common-month requirement. 



The METER-ORNL p r e c i p i t a t i o n  network was i n s t a l l e d  i n  February  1978. 

F i g u r e  1 6  d e p i c t s  t h e  p r e s e n t  network a g a i n s t  t h e  t o p o g r a p h i c a l  map of t h e  

a r e a .  It i s  composed of 49 r e c o r d i n g  r a i n  gauges and 4 r e c o r d i n g  w i n d s e t s .  

The r a i n  gauges a r e  o f  t h e  weighing-bucket t y p e  c o n t i n u o u s l y  r e c o r d i n g  on a 

weekly c h a r t .  The w i k d s e t s  i n c l u d e  a cup-anemometer, a  wind-vane, and a  s t r i p -  

c h a r t  r e c o r d e r  o p e r a t i n g  on a  monthly b a s i s .  Three-hr wea ther  maps o b t a i n e d  
C 

from t h e  NWS p r o v i d e  i n f o r m a t i o n  r e g a r d i n g  t h e  p r e v a i l i n g  s y n o p t i c  c o n d i t i o n s  

( s to rm t y p e ,  s t o r m  movement, e t c . ) .  I n  a d d i t i o n ,  t h e  power p l a n t ' s  t h e r m a l  

o u t p u t  (on an  h o u r l y  b a s i s )  d u r i n g  t h e  r a i n f a l l  e v e n t s  i s  o b t a i n e d  from the  

Georgia  Power Company. A d d i t i o n a l  wind d a t a  a r e  recorded  a t  t h e  power p l a n t ' s  

m e t e o r o l o g i c a l  s t a t i o n  l o c a t e d  a  few m i l e s  from t h e  c o o l i n g  towers .  The above 

i n f o r m a t i o n  is  b e i n g  accumulated on a storm-by-storm b a s i s .  P r e c i p i t a t i o n  

e v e n t s  are c o n s i d e r e d  d i s t i n c t  s t o r m  e v e n t s  when t h e y  a r e  s e p a r a t e d  by a t  

l e a s t  two h r s  w i t h  no r a i n  over  t h e  e n t i r e  network.  The complete  d a t a  b a s e ,  

t h u s ,  is  composed of "s torm p r o f i l e s , "  such  a s  t h o s e  p r e s e n t e d  i n  F i g s .  1 7  

and 1 8  f o r  two s t o r m s  i n  March 1978. 

The B3wen P l a n t  f i e l d  s t u d y  i s  c u r r e n t l y  underway and is  expec ted  t o  con- 

t i n u e  f o r  f i v e  y e a r s  w i t h  a  d a t a  b a s e  of approx imate ly  600 s t o r m s . 2 0  It  is  

b e l i e v e d  t h a t  t h i s  d a t a  b a s e  w i l l  be s u f f i c i e n t  t o  d e t e c t  any p lan t - induced  

e f f e c t - a n d  p r o v i d e  i t s  q u a l i t a t i v e  d e s c r i p t i o n  a s  w e l l  a s  a q u a n t i t a t i v e  

measure o f  i t s  magnitude.  



I KILOMETERS 

Fig. 16. The METER-OWL network superimposed on the topographical map 
of  NW Georgia. The minimum elevat ion - - --. - i n  . . the val ley  i s  about 600 i t  above mean 
sea l e v e l .  Dots denote the rain gauge s ta t ions  and crosses depict  the wind- 
set locations.  
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FIGURE CAPTIONS 

Fig .  1. Map of Northwest Georgia d e p i c t i n g  t h e  Na t iona l  Weather S e r v i c e  
(XJS) and Coopera t ive  Network s t a t i o n s .  The s t a t i o n s  w i t h i n  t h e  c i r c l e  a r e  
used f o r  t h e  c l i m a t o b g i c a l  s t udy .  

F ig .  2. The "d'ouble-mass" graph of w i n t e r  p r e c i p i t a t i o n  t o t a l s  f o r  t h e  
A t l a n t a  Bolton s t a t i o n  vs t h e  A t l a n t a  A i r p o r t  s t a t i o n .  

F ig .  3. The "double-mass" graphs of w i n t e r  p r e c i p i t a t i o n  t o t a l s  f o r  t h e  
D a l l a s  s t a t i o n  vs t h e  Embry and Doug la sv i l l e  s t a t i o n s .  Arrows i n d i c a t e  t h e  
y e a r s  d u r i n g  which t h e  D a l l a s  s t a t i o n  was r e l o c a t e d .  

F ig .  4. Su r f ace  wind-rose f o r  t h e  ~ t l a n t a  A i r p o r t  s t a t i o n  f o r  t h e  
w i n t e r s  of 1950 through 1977. 

F ig .  5. Wind d i r e c t i o n  d i s t r i b u t i o n s  of winds a t  t h e  850- and 500-33 
p r e s s u r e  l e v e l s  a t  t h e  Athens A i r p o r t  f o r  t h e  pe r iod  1956-1976. 

F ig .  6. Contour map of  r a t i o s  of p o s t o p e r a t i o n a l  (PO: 1972-1976) t o  
p r e o p e r a t i o n a l  (PREOP: 1950-1971) normalized p r e c i p i t a t i o n  means Cd in t e r ) .  ' 

Fig .  7. Contour map of  r a t i o s  of p o s t o p e r a t i o n a l  (PG: 1972-1976) t o  
p r e o p e r a t i o n a l  (PREOP: 1951-1955) normalized p r e c i p i t a t i o n  means ( w i n t e r ) .  

F ig .  8 .  Contour map of  r a t i o s  of  p o s t o p e r a t i o n a l  (PO: 1972-1976) t o  
p r e o p e r a t i o n a l  (PREOP: 1956-1960) normalized p r e c i p i t a t i o n  means ( w i n t e r ) .  

F ig .  9. Contour map of  r a t i o s  of p o s t o p e r a t i o n a l  (PO: 1972-1976) t o  
p r e o p e r a t i o n a l  (PREOP: 1961-1965) normalized p r e c i p i t a t i o n  means ( w i n t e r ) .  

F ig .  10.  Contour map of  r a t i o s  of p o s t o p e r a t i o n a l  (PO: 1972-1976) t o  
p r e o p e r a t i o n a l  (PREOP: 1966-1970) normalized p r e c i p i t a t i o n  means ( w i n t e r ) .  

F ig .  11. Contour map of  r a t i o s  of p o s t o p e r a t i o n a l  (PO: 1972-1978) t o  
p r e o p e r a t i o n a l  (PREOP: 1950-1971) normalized p r e c i p i t a t i d n  means ( w i n t e r ) .  

F ig .  12. Contour map o f  t h e  s p a t i a l  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e  
Beaverda le  1 E  s , t a t i o n  (based on 300 monthly t o t a l s ) .  

F ig .  13 .  Contour map of  t h e  s p a t i a l  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e  
B a l l  Ground s t a t i o n  (based on 300 monthly t o t a l s ) .  

F ig .  14. Contour map of t h e  s p a t i a l  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e  
A t l a n t a  A i rpo r t  s t a t i o n  (based on 300 monthly t o t a l s ) .  

F ig .  15. S p a t i a l  c o r r e l a t i o n  c o e f f i c i e n t s  v s  normalized d i s t a n c e s  f o r  a l l  
s t a t i o n s  s a t i s f y i n g  t h e  300 common-month.requirement. 
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Fig .  16.  The METER-OKNL network superimposed on t h e  topograph ica l  zap  
of NW Georgia.  The minimum e l e v a t i o n  i n  t h e  v a l l e y  i s  about  600 f t  above mean 
s e a  l e v e l .  

Fig. 17. Storm P r o f i l e  No. 9. 

Fig.  18. S to rm-Pro f i l e  No. 10. 
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ABSTRACT 

A STATUS REPORT ON THE AMMONIA, PHASE-CHANGE DRY COOLING SYSTEM 

RESEARCH PROJECT 

Prev ious  r e ~ i a r c h ~ s u p p o r t e d  by t h e  U.S .  Department o f  Energy 
(DOE) and t h e  Electr ic  Power Research I n s t i t u t e ,  ha s  i d e n t i f i e d  
t h e  ammonia-based d r y  c o o l i n g  system as t h e  m o s t  p romis ing  
approach t o  wa te r  c o n s e r v a t i o n  i n  power p l a n t  c o o l i n g  f o r  
u t i l i t i e s .  The system c o n f i g u r a t i o n  which has  been s e l e c t e d  as 
optimum i n  t h e s e  s t u d i e s  w i l l  now be  demonstra ted on a 6 Mwe 
t e s t  f a c i l i t y  a t  a  Pacif ic"as  and E l e c t r i c  power p l a n t  i n  
B a k e r s f i e l d ,  C a l i f o r n i a .  

The demons t r a t i on  w i l l  i n c l u d e  t h e  u s e  of ammonia i n  t h e  
t r a n s p o r t  l oop ,  t h e  u s e  of enhanced h e a t  t r a n s f e r  s u r f a c e s  i n  t h e  
steam condenser/ammonia r e b o i l e r ,  and t h e  u s e  of d e l u g e  w a t e r  
augmentat ion on t h e  a i r - coo led  condenser  i n  a d d i t i o n  t o  a l l - d r y  
o p e r a t i o n .  The f a c i l i t y  w i l l  b e  des igned  and c o n s t r u c t e d  d u r i n g  
1979 and 1980. T e s t i n g  i s  scheduled  a f t e r  1981 th rough  1984. 
I n  a d d i t i o n  t o  component performance d a t a ,  t h e  t e s t  program w i l l  
emphasize (1) t h e  e f f e c t  o f  t h e  power p l a n t  environment  on t h e  
component performance and r e l i a b i l i t y ;  (2) r e l i a b i l i t y  of 
proposed f a b r i c a t i o n  t e c h n i q u e s  f o r  t h e  aluminum components; 
( 3 )  dynamic r e s p o n s e s  of t h e  system t o  power p l a n t  o p e r a t i n g  
t r a n s i e n t s  and t o  emergency c o n d i t i o n s .  



I n t r o d u c t i o n :  T h e  Need f o r  D r y  Coo1i ;ng .  , .  . . , 

R e c e n t  e n e r g y  p r o j e c t i o n s  c a l l  f o r  t h e  a d d i t i o n  o f  more t h a n  1 0 0 0  

new s team-elect r ic  g e n e r a t i n g  p l a n t s  i n  t h e  n e x t  2 5  y e a r s .  . T h e s e  

p l a n t s  m u s t  r e j e c t  h e a t  t o  t h e  e n v i r o n m e n t  i n  t h e  r a t i o  o f  

a p p r o x i m a t e l y  2 w a t t s  o f  r e j e c t e d  h e a t  f o r  e a c h  witt o f  

e l e c t r i c i t y  g e n e r a . t e d .  

T h e  f u t u r e  i n c r e a s e  i n  r e j e c t e d  h e a t  l o a d  m u s t  b e  a c c o m m o d a t e d  i n  

a p u b l i c l y  a c c e p t a b l e ' m a n n e r  w i t h  m i n i m a l  d e p l e t i o n  o f  w a t e r  

( w h e r e  i t  is s c a r c e ) ,  c o n s e r v a t i o n  o f  f u e l  r e s o u r c e s ,  a n d  a  

minimum o f  a d v e r s e  i m p a c t  o n  jobs a n d  l i f e s t y l e ,  e n v i r o n m e n t a l  

d a m a g e ,  a n d  e x c e s s i v e  e c o n o m i c  p e n a l t i e s .  

A b s o l u t e  w a t e r  s c a r c i t y  is n o t  l i k e l y  t o  b e c o m e  a p r o b l e m  i n  t h e  

U.S. i n  t h e  f o r e s e e a b l e  f u t u r e . '  T h e  mean a n n u a l  r u n o f f  i n  t h e  

c o n t i n e n t a l  U.S. i s  1 2 0 0  b i l l i o n  g a l l o n s  p e r  d a y  ( b g d ) .  C u r r e n t  

s t o r a g e  c a p a c i t y  p r o v i d e s  a b o u t  2 8 0  b g d  i n  d e p e n a a b l e  s u r f a c e  

s u p p l y .  An a d d i t i o n a l  7 0  b g d  a re  w i t h d r a w n  f r o m  u n d e r g r o u n d  

water s o u r c e s  a n d  5 5  b g d  f r o m  s a l i n e  water s u p p l i e s . *  I n  s p i t e  

o f  t h i s  w a t e r  a b u n d a n c e ,  ' h o w e v e r ,  s h o r t a g e s  d o  o c c u r  a n d  w i l l  

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

t h r o u g h o u ' t  t h e  c o u n t r y .  I n t e r b a s i n  water t r a n s f e r s  a r e ' o f t e n  

p r o h i b i t i v e l y  e x p e n s i v e ,  e s p e c i a l l y  i f  t h e y  i n v o l v e  l o n g  

d i s t a n c e s .  3 

T h e  g r e a t e s t  c o m p e t i t i o n  f o r  f r e s h  water is  l i k e l y  t o  o c c u r  i n  

t h e  11 W e s t e r n a o s t  s t a t e s  o f  t h e  c o n t i n e n t a l  U.S. T h e s e  a r e  t h e  

s t a t e s  w h e r e  r a i n f a l l  is t h e  lowest a n d  i r r i g a t i o n  is most 

i n t e n s i v e .  A r e c e n t  s t u d y  e s t i m a t e d  t h a t  2 . 5  m i l l i o n  a c r e - f t  o f  

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

meet ' c o o l i n g  r e q u i r e m e n t s  i n  t h e  11 s t a t e s  b y  t h e  y e a r  2 0 0 0 .  

T h i s  i s  almost 5-f t h e  e s t i m a t e d  water c o n s u m p t i o n  ( i n c l u d i n g  

g r o u n d  wa te r )  o f  5 9 . 6  m i l l i o n  a c r e - f t  f o r  i r r i g a t i o n  i n  1 9 7 0  i n  

t h e s e  11 s t a t e s .  4 



. . P o w e r  p l a n t  c o o l i n g  i s  t h e  m a j o r  c o n s u m p t i v e  r e q u i r e m e n t  for  

water  a t  b o t h  f o s s i l  a n d  n u c l e a r  p l a n t s .  Dry  c o o l i n g  w o u l d  be  a . . 

major b e n e f i t  i n  i n c r e a s i n g  s i t i n g  f l e x i b i l i t y ,  p a r t i c u l a r l y  f o r  

s i t i n g  i n  a r i d  W e s t e r n  c o a l  f i e l d s .  I n  a d d i t i o n ,  d r y  c o o l i n g  

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

a r g i c u l t u r a l  u s e .  

T h e  u s e  o f  d r y  c o o l i n g  i n  p l a c e  o f  wet ( e v a p o r a t i v e )  c o o l i n g  w i l l  

s a v e  o v e r  7 0 0 0  gpm ( a p p r o x i m a t e l y  8 0 0 0  a c r e - f t / y e a r )  f o r  a 

1 0 0 0  ? 4 W e  p l a n t .  

D r y  c o o l i n g ,  h o w e v e r ,  w i l l  n e v e r  b e  e c o n o m i c a l l y  p r e f e r a b l e  t o  

w e t  c o o l i n g  i f  w a t e r  i s  a v a i l a b l e .  A t  p r e s e n t ,  u t i l i t i e s  h a v e .  

c o n c l u d e d  t h a t ,  i n  most . i n s t a n c e s ,  i f  w a t e r  c a n  b e  o b t a i n e d  b y  

a n y  m e a n s  ( s u c h  as  b u y i n g  a g r i c u l t u r a l  l a n d ,  t h e r e b y  o b t a i n i n g  

t h e  a c c o m p a n y i n g  water r i g h t s  w h i c h  c o u l d  t h e n  b e  d i ' v e r t e d  t o  

p o w e r  p l a n t  c o o l i n g ) ,  e v a p o r a t i v e ' c o o l i n g  s h o u l d  b e  u s e d  i n  p r e -  

f e r e n c e  t o  d r y  c o o l i n g .  For e x a m p l e ,  a l t h o u g h  a l l  cos t  a n d  

p e r - f o r m a n c e  f o r  c o o l i n g  s y s L e m s  a r e  s i t e - s p e c i f i c ,  t h e  g e n e r a l  

o v e r a l l  s i t u a t i o n  is t h a t  p o w e r  f r o m  p l a n t s  u s i n g  e v a p o r a t i v e  

towers a n d  c o o l i n g  p o n d s  cos t s  a b o u t  3 t o  ' 6 %  m o r e  t h a n  f r o m  

p l a n t s  u s i n g  o n c e - t h r o u g h  c o o l i n g .  P o w e r  f r o m  c o m p l e t e l y  d r y -  

c o o l e d  p l a n t s  u s i n g  a v a i l a b l e  t e c h n o l o g y  w o u l d  c o s t  1 0  t o  1 5 %  

more t h a n  when w e t  towers o f  c u r r e n t  d e s i g n  a r e  u s e d ,  a n d  1 5  t o  

2 0 %  more t h a n  o n c e - t h r o u g h  c o o l e d  u n i t s .  5 

H o w e v e r ,  i t  is  l i k e l y  t h a t  u t i 1 i t i . e ~  w i l l  b e  r e s t r i c t e d  b y  

s o c i e t a l  p r e s s u r e  a n d  l e g i s l a t i v e  a c t i o n  f r o m  u s i n g  f r e s h  water 

f o r  e v a p o r a t i v e  c o o l i n g  i n '  w a t e r - s h o r t  r e g i o n s .  F v e n  i ,n  E a s t e r n  -. 
a n d  M i d w e s t e r n r e g i o n s  w h e r e  water i s  r e l a t i v e l y  p l e n t i f u i ,  t h e  

a v a i l a b i l i t y  o f  a n  e c o n o m i c a l  d r y  o r  d r y / w e t  c o o l i n g . t e c h n o l o g y  

c a n  m a r k e d l y  i n c r e a s e  s i t i n g  f l e x i b i l i t y  b y  r e m o v i n g  p r o x i m i t y  t o  

a  m a j o r  w a t e r  s o u r c e  a s  a  p r i m a r y  c o n s t r a i n t .  



P r o j c c t l o n i  sf w a t e r  a v a i l a b i l i t y  a n d  demand6  n a v e  b e e n  c o u p l e d .  

w i t h  projections o f  r e q u i r e m e n t s  f o r  new e l e c t r i c  g e n e r a t i o n  

c a p a c l t y  o n  a r e g i o n a l  b a s i s  as  s h o w n  i n  F i g .  1. Note t h a t  a 

r e l a t i v e l y  l a r g e  p o r t i o n  o f  t h e  N o r t h e a s t  f a c e s  s e r i o u s  water 

s h o r t a g e s  i n  t h e  n e x t  d e c a d e .  T h i s  p r o j e c t i o n  i n d i c a t e s  t h a t  30-  

5 0  Glle o f  new c a p a c i t y  w i l l  r e q u i r e  d r y  o r  d r y / w e t  c o o l i n g  by  t h e  

y e a r  2 0 0 0 .  



D E V E L O P I N G  L I M I T S  OF WATER A V A I . L A B I L I T Y  A N D  U S E  
A R E A S  OF P O T E N T I A L  WATER S H O R T A G E  

POTENT l A 1  SER lOUS SHORTAGE 
RV 1990 NEED FOR DRY COOLING 

BAS IS:  4.6% ELECTRICAL POWER GROWTH IN WATER SHORT AREA 

PROJECTION: 14 - 26 GWe (TOTALI BY 2006 

FIGURE 1 



B a s i s  f o r  Ammonia, Dry-Cool ing  S y s t e m  R e s e a r c h :  

From t h e  e v a l u a t i o n s  of e a r l i e r ~ w o r k ,  r e p o r t e d  a t  t h e  l a s t  

US/USSR Symposium i n  t h e  U.S. i n  S e p t e m b e r  1 9 7 7 ,  i t  was  

c o n c l u d e d  t h a t  t h e  u s e  o f  ammonia a s  a  h e a t  t r a n s p o r t  f l u i d  i n  a  
4.- .- - 

b i l i t y  f o r  s i g n i f i c a n t  cost r e d u c t i o n s  i n  d r y / w e t  c o o l i n g  

s y s t e m s .  T h e s e  s a v i n g s  a r e  a  r e s u l t . o f  r e d u c e d  pumping power i n  

t h e  t r a n s p o r t  l o o p ,  e l i m i n a t i o n  o f  t h e  t e m p e r a t u r e  r a n g e  o n  t h e  

c o n d e n s e r  c o o l i n g  w a t e r  i n  c o n v e n t i o n a l  s y s t e m s ,  r e d u c t i o n  i n  t h e  

c o n d e n s e r  t e r m i n a l  t e m p e r a t u r e  d i f f e r e n c e ,  t h e  u s e  of low cost 
f a b r i c a t i o n  t e c h n i q u e s  i n  t h e  c o o l i n g  tower, and  t h e  e l i m i n a t i o n  

o f  t h e  need  for  freeze p r o t e c t i o n  d e v i c e s .  

R e s e a r c h  a c t i v i t i e s  t h u s  f a r  h a v e  d e m o n s t r a t e d  t h a t  ammonia d r y  

a n d  d r y / w e t  s y s t e m s  are  f e a s i b l e  c o n c e p t s .  P i l o t  s t u d i e s  a t  
Un ion  C a r b i d e ,  L i n d e  D i v i s i o n  (UCC/Linde) are showing  t h a t  t h e  

p e r f o r m a n c e  o f  t h e  e n h a n c e d  h e a t  t r a n s f e r  s u r f a c e s  i n  t h e  s t e a m  

condense r / ammonia  r e b o i l e r ,  a s  w e l l  a s  t h e  o v e r a l l  s y s t e m  

b e h a v i o r ,  is e s s e n t i a l l y  a s  a n t i c i p a t e d .  Much o f  t h e  t e c h n o l o g y  . - 
of h a n d l i n g  ammonia, w h i l e  new t o  t h e  u t i l i t y  i n d u s t r y ,  is w e l l  

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

The  p e r f o r m a n c e  o f  a  p l a t e - f i n  h e a t  e x c h a n g e r  o p e r a t e d  i n  t h e  

d e l u g e  mode h a s  b e e n  s t u d i e d  e x t e n s i v e l y  a t  B a t t e l l e  P a c i f i c  

N o r t h w e s t  L a b o r a t o r i e s  (PNL) . A d e t e r m i n a t i o n  o f  t h e  r a n g e  o f  

a c c e p t a b l e  water q u a l i t y . f o r  t h i s  mode o f  o p e r a t i o n  i s  a lso 

c u r r e n t l y  underway a t  PNL. R e s u l t s  t o  d a t e  s u p p o r t  t h e  f e a s i -  

b i l i t y  of t h i s  mode o f  c o u p l i n g  a n  ammonia d r y - c o o l i n g  s y s t e m  t o  

e v a p o r a t i v e  c o o l i n g  f o r  augmented  p e r f o r m a n c e .  

Economic s t ~ d i c s ~ , ~ ~ , ~ ~  h a v e  shown t h a t  u s e  o f  ammonia as an  

i n t e r m e d i a t e  h e a t  t r a n s f e r  medium may m a r k e d l y  r e d u c e  t h e  cost o f  

d r y  c o o l i n g  i n  power p l a n t s .  O t h e r  cost e v a l u a t i o n s 1  h a v e  i n d i  

c a t e d  t h a t  wet a u g m e n t a t i o n  o f  a  d r y  s y s t e m  is t h e  most ' l i k e l y  

i n i t i a l  a p p l i c a t i o n  o f  d r y  c o o l i n g  f o r  power p l a n t  c o o l i n g .  



I f  a  small amount of water .  (approxima,teiy ,.1. t o .  10% o f  , t h e  

annual  consumption of a  wet coo l ing  system) i s  a v a i l a b l e  f0.r t h e  

augmentation of d ry  tower performance on t h e  h o t t e s t , d a y s ,  c o s t  

r educ t ions  of t h e  o r d e r  of 10-20% on the c o s t  of a l l - d r y  systems 

can be achieved.  

The process  flow is o u t l i n e d  l n  F i g u r e 2 .  Exhaust steam ,from t h e  

l a s t  s t a g e  of t h e ' t u r b i n e  is condensed i n  t h e  condenser / reboi le r .  

Liquid ammonia is  bo i l ed  as  i t  is pumped through t h e  tubes a t  a  

flow r a t e  s e t  t o  y i e l d  an e x i t  vapor q u a l i t y  l e s s  than 1 0 0 % .  

T h i s  two-phase mixture is passed through a  vapor-1 iquid  s e p a r a t o r  

from which the vapor is  s e n t  t o  the  a i r -cooled  heat  exchanger 

where is i s  condensed, while t h e  l i q u i d  is combined w i t h  the  

ammonia condensate from the  dry  tower and recycled  back through 

t h e  condenser / reboi le r .  

I On t h e  b a s i s  of the  ex tens ive  work t h a t  has been done t o  s e l e c t  

t h e  ammonia phase-change p rocess ,  the  p ro jec ted  c o s t - e f f e c t i v e -  

n e s s . ~ £  t h e  system, and the  r e s u l t s  of the  l abora to ry  s t u d i e s . t o  

d a t e ,  t h e  system s e l e c t e d  f o r  demonstration is t h e  6 MWe s i z e .  

A t  conse rva t ive ly  es t imated  t o t a l  eva lua ted  c o s t  savings  of 

$100/kNe r e l a t i v e  t o  p r e s e n t l y  a v a i l a b l e  dry cool ing  technology, 

t o t a l  p o t e n t i a l  savings  t o  the  indus t ry  range from $ 2  t o  $ 5  

b i l l i o n  b y  t h e  year 2 0 0 0 .  The reasons f o r  t h e s e , c o s t  savings  a re  

reduced temperature d i f f e r e n c e ,  reduced pumping power, and 

e l i m i n a t i o n  of freeze-up p r o t e c t i o n  requirements .  . - Furthermore, 

t h e  s i t i n g  f l e x i b i l i t y  may produce c o s t  savings  which more than 

o f f s e t  the  g r e a t e r  c o s t  of d r y  o r  dry/wet c o o l i n s ,  



AMMONIA SYSTEM PROCESS FLOW SKETCH 
r--- COOLING IO\\'ER . 

' Figure .  2 



- 

P r o j e c t  H i s t o r y :  

T h e  p r o j e c t  began  i n  t h e  autumn of 1974 when t h e  EPRI s t a f f  h e l d  

d i s c u s s i o n s  w i t h  UCC/Linde o n  t h e  B p p l i C a b i l i t y  o f  an  ammonia 
- - .  

t r a n s p o r t  l o o p  to  d r y  c o o l i ' n g  s y s t e m s .  I n t e r e s t  was h e i g h t e n e d  
i n  d r y  c o o l i n g  i n  ~ a n u a r y  1975 a t  t h e  EPRI Advanced S y s t e m s  T a s k  
F o r c e .  The H e a t  R e j e c t i o n  Program Committee i d e n t i f i e d  w a t e r  

c o n s e r v a t i o n  a s  t h e  h i g h e s t  p r i o r i t y  t o p i c  i n  the h e a t  r e j e c t i o n  

a r e a .  The p rog ram was f o r m a l l y  begun i n  F e b r u a r y  1975 by  t h e  

Advanced S y s t e m s  T a s k  Force. Approva l  was g r a n t e d  f o r  t h e  f i r s t  

d r y  c o o l i n g  p r o j e c t  f o r  i n i t i a l  f e a s i b i l i t y  s t u d i e s  and  a n .  

economic  a n a l y s i s .  . 
I n  t h e  autumn o f  1975 ,  c o o r d i n a t i o n  ~ n e e t i n g s  were , h e l d  w i t h  DOE 

. . . - 

( E R D A )  a n d  t h e  EPRI s t a f f .  Agreements  were made t o  e x c h a n g e  
d a t a ,  c o o r d i n a t e  p r o j e c t s ,  and  work t o w a r d  a j o i n t  d e m o n s t r a t i o n .  

S u b s e q u e n t l y ,  a  m e e t i n g  o f  a n  ad-noc committee o f  .Western 

' u t i l i t i e s  was h e l d  a t  EPRI t o  r e v i e w  r e s u l t s  o f  t h e  EPRI and  ERDA 

program. T h i s  m e e t i n g  r e s u l t e d  i n  a c o n f  i r m a k i o n  oi u t i l i t y  
i n d u s t r y  i n t e r e s t  i n  t h e  ammonia s y s t e m  and  e s t a b l i s h e d  t h e  n e e d  

f o r  d e m o n s t r a t i o n  a t  t h e  5-10 M W e  s c a l e .  1n: a d d i t i o n ,  t h e  Kern 
p l a n t  o f  P a c i f i c  Gas and. E lec t r i c  Coapany was i d e n t i f i e d  as a  . 

/ 

p o t e n t i a l  d e m o n s t r a t i o n  s i t e .  

C u r r e n t  S t a t u s  : 

' T h e  p r o j e c t  t o  da te  h a s  c o n s i s t e d  of f o u r  p h a s e s :  

P h a s e  I . T e c h n i c a l '  E v a l u a t i o n  - E v a l u a t i o n  of e x i s t i . n g  
o p e r a t i n g  e x p e r i e n c e  w i t h  d r y  c o o l i n g  and  c r i t i c a l  
a p p r a i s a l  o f  new t e c h n o l o g y  

. . 
r h a s e . 1 1  P i l s t - P l a n t - S c a l e  Development  - Heat t r a n s f e r  and  

p r o c e s s  s t u d i e s  

P h a s e  I11 ~ e ' s i ~ n  O p t i m i z a t i o n  - Development  o f  c o m p u t e r  
c o d e s  to  o p t i m i z e  t h e  d e s i g n  o f  s t a t e - o f - t h e - a r t  
a n d '  advanced systems 

9 



Phase IV Conceptual Design Studies - An A/E conceptual 

design cost estimate is the basis of the present 

budget p=o jections 

~ - . . 

An expansion of thk Advanced Dry Cooling Tower Project is 

currently in progress. This expansion will include the 

design, construction, and operation of a facility to 

demonstrate ' the use of ammonia as a heat-transport fluid 
in dry and dry/wet cooling systems. 

The demonstration is a logicgl continuation of a state-of- 

the-art su&ey; a technical and economic feasibility study of 

an ammonia, phase-change dry-cooling system; pilot tests of 
-onia phase-change cooling system components; economic 

optimization of wet, dry, and dry/wet cooling systems; field 
te8.t and modeling of a dry/wet cooling tower; and analysis 

of dry/wet tower design, optimization and operation* 

Parallel ef f arts at DOE/ERDA have complemented and- confirmed. the 

results.o\f EPRI work and led to the same conclusions regarding 

the need for a scaleable-size demonstration and the type of 
demonstration required. While both groups have selected.the 

ammonia concept as most promising, EPRI'S experimental work has 

emphasized an all-dry system and DOE has emphasized dry/wet 

options- Both approaches will be included in the demonstration. 

. . 

In order .to"b.=ing . .  . this technology to a stage where it can be 
: .  

specifiedwit.h confidence as a commercially available option, a 
L - . : 

demonstration of adequate size to permit scaling to.protot,ype 
. . 

design was' considered essential. The demonstration provides ' . 

(1) validation of performance predictions from pilot-scale tests, . . .  . 

(2) assur.ance,,of safe, reliable operation over a period of a few 
. ,  . 

years, and. ( 3 . )  evidence of operability and maintainability. by . . 
. . . . .. 

utility operating personnel. A three-year operational teat at. 

the 6 !We size range was considered necessary t'o meet these 

requirements. 



The  p r o j e c t  w i l l  b e  a  j o i n t  e f f o r t  by  EPRI a n d  DOE. EPRI w i l l b e  

t h e  m a j o r  f u n d e r  and  h a v e  l e a d  management r e s p o n s i b i l i t y  f o r  t h e  

d e s i g n ,  p r o c u r e m e n t ,  and  c o n s t r u c t i o n  p h a s e s .  DOE w i l l  be t h e  

m a j o r  f u n d e r  and h a v e  l e a d  management r e s p o n s i b i l i t i e s  f o r  t h e  

t e s t i n g  a n d  o p e r a t i o n s  p h a s e .  

T h e  o b j e c t i v e s  o f  t h e  Advanced Dry C o o l i n g  Tower p r o j e c t  .are t o  
d e m o n s t r a t e  t h e  d e s i g n ,  f a b r i c a t i o n ,  c o n s t r u c t i o n ,  and  _main.ten- 

a n c e  o f  a n  a d v a n c e d  d r y  c o o l i n g  s y s t e m  i n c o r p o r a t i n g :  (1) t h e  

u s e  of e v a p 0 r a . t i n . g  and  c o n d e n s i n g  ammonia i n  t h e  c o n d e n s e r / t o w e r  

t r a n s p o r t  l o o p ,  ( 2 )  h i g h  p e r f o r m a n c e  h e a t  t r a n s f e r  s u r f a c e s  i n  

t h e  s t e a m  condense r / ammonia  reboiler ,  ( 3 )  low cost  c o o l i n g  tower 
h e a t  t r a n ' s f e r  s u r f a c e s  and  f a b r i c a t i o n  me thods  s u i t a b l e  f o r  b o t h  

a l l - d r y  and  d r y / w e t  o p e r a t i o n .  

T h e  p r o j e c t  o b j e c t i v e s  w i l l  b e  a c h i e v e d  by  t h e  d e s i g n ,  c o n s t r u c -  

t i o n ;  o p e r a t i o n ,  and  t e s t i n g  o f  a n  ammonia, p h a s e - c h a n g e  c o o l i n g  

. s y s t e m  a t  t h e  Kern  P l a n t .  The  s y s t e m  w i l l  d e m o n s t r a t e  t h e  b e s t  

a v a i l a b l e  t e c h n o l o g i e s  f o r  b o t h  d r y  and  d r y / w e t ' o p e r a t i o n  o n  a  

6 M W e  h o u s e  t u r b i n e  u s e d  f o r  o n - s i t e  power g e n e r a t i o n ' .  The 

s y s t e m ,  F i g .  3 ,  w i l l  c o n d e n s e  u p  to  6 0 , 0 0 0  l b / h r '  o f  s t e a m  f rom a  
,. .. . . . .  

s m a l l  !'ho.u.se ' t u r b i n e "  which  is an  . i n t e g r a l  p a r t  o f  t h e  power  

The major t e c h n i c a l  u n c e r t a i n t i e s  t o  b e  r e s o l v e d  b y  t h e  l a r g e -  

s c a l e  t e s t  . a r e  . t h e  e f f e c t  o f  t h e  e n v i r o n m e n t  o n  component  r e l i a -  

b i l i t y  and  ' p e r f o r m a n c e ,  s y s t e m  dynamic  r e s p o n s e  t o . n o r m a 1  a n d  

emergency  u t i l i t y  o p e r a t i n g  t r a n s i e n t s ,  and  t h e  a b i l i t y  o f  t h e  . 

d e s i g n  and  f a b r i c a t i o n  methods  t o  s u c e s s f u l l y  a d d r e s s  p r o b l e m s  o f  

s a f e t y  an-d pub1j;c h e a l t h  o v e r  s e v e r a l  y e a r s  o p e r a t i o n .  T h e s e  

t e c h n i c a l  u n c e r t a i n t i e s  h a v e  b e e n  r e d u c e d  t o  a  minimum t h r o u g h  

e x t e n s i v e  a n a l y s i s ,  l a b o r a t o r y  t e s t i n g ,  an.d economic  o p t i m i z a t i o n  

d u r i n g  t e c h n i c a l  e v a l u a t i o n  e f f o r t s  t o  d a t e .  





The major technological i ssues  which w i l l  be emphasized i n  the . 

large-scale t e s t  are:  

1. Effect  of environment on components: The economics of the 
. .  

system are  c losely  t i e d  t o  the.performance of the conden- 

s .er/reboiler  and the dry tower. Extensive' fouling of 
' . 

surfaces  i n  e i t h e r  component wou1.d be very detr imental .  
Operating experience is the only way t h a t  the extent  of 

fouling which m u s t  be allowed -for i n  the  design can be  

determined.' W i t h  respect t o  .deluge cooling, the extrapola- 

t i on  from accelerated laboratory s tud ie s  of water chemistry 
t o  .long-term performance w i t h  ac tua l  s i t e  conditions is 

uncertain.  

2 .  Component' r e l i a b i l i t y :  Aluminurn tubing i n  the conden- 

I . ser / reboi ler  is believed,  t o  be the material  of choice so 

long as' no leaks occur. Since aluminum cannot' withstand , 

ammonia i n  the presence of water, the i n t e g r i t y  of tube-to- 
header jo in t s  w i l l  be c r i t i c a l .  s imi l a r ly ,  the d r y  tower 

surface  m u s t  be fabr icated w i t h  a  higher degree of r e l i a -  

I , b i l i t y  than is the case of a  conventional water cooler .  

3 . .  Process in t eg ra t ion : .  The dynamic response of the system has 

not been studied i n  g rea t  d e t a i l .  while i t  is not expected: - 

t o  d i f f e r  s i g n i f i c a n t l y  from a  conventional dry cooling 
system, t h i s m u s t  be subs tan t ia ted  by the t e s t i n g  on an 
ac tua l  turbine system. 

.Personnel  and publ ic  health .and sa fe ty  and o ther  environmental 

aspects  a re  a l so  areas of concern. T h i s  p ro jec t  w i l l  address 
t h e s e  concerns i n  d e t a i l ,  which w i l l  help simplify l icensing of 

fu ture  commelicial insta1, lat ions.  



T h e  e x t e n s i v e  d e s i g n  s t u d i e s - a n d  p i l o t  f a c i l i t y  work h a v e  g i v e n  

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

o n  a  p i l o t  s c a l e  and  h e n c e  a r e  t e c h n i c a l l y  i n -hand .  I t  r e m a i n s  

t o  b e  shown t h a t  a spstem b a s e d  o n  f u l l - s i z e  component  modu le s  

a n d  r u n  u n d e r  s t a n d a r d  u t i l i t y  o p e r a t i n g  and  m a i n t e n a n c e  p r o c e -  

d u r e s  w i l l  b e , a c c e p t a b l e  f o r  s c a l e - u p  ' to a  c o m m e r c i a l - s i z e  u n i t .  

D e s i g n  a l t e r n a t i v e s  a r e  a v a i l a b l e  i f  p r o c e s s  c h a n g e s  are deemed 

n e c e s s a r y .  

T h i s  p r o j e c t  h a s  t h r e e  m a j o r .  g o a l s :  

D e s i g n  and  c o n s t r u c t i o n  o f  a n  ammonia-based c o o l i n g  
s y s t e m  t e s t  f a c i l i t y  w i t h  t h e  c a p a b i l i t y  o f  b o t h  d r y  

and  d r y / w e t  o p e r a t i o n  

o p e r a t i o n  o f  t h e  f i a c i l  i t y  and  c o l l e c t i o n  of p e r f o r m a n c e  

d a t a  f o r  ' a t  l e a s t  t h r e e  : y e a r s  

a P e r f o r m a n c e  o f  a  p a r a l l e l  p r o g r a m  of s u p p o r t i n g  

r e s e a r c h  a n d  d e v e l o p m e n t  

Approve d e s i g n  c r i t e r i a / a u t h o r i z e  
d e t a i l e d  d e s i g n  a c t i v i t y  
Approve p r o c u r e m e n t  f o r  
d e s i g n  o f  m a j o r  componen t s  
Approve f a b r i c a t i o n  o'f m a j o r  
componen t s  
Approve d e t a i l e d  f a c i l i t y  d e s i g n /  
a u t h o r i z e .  c o n s t r u c t i o n  
Accept f a c i l i t y / a u t h o r i i e  t e s t i n g  
Review f i r s t  y e a r  tes t  r e s u l t s  

November 1 9 7 8  

F e b r u a r y  1979  

O c t o b e r  1 9 7 9  

J a n u a r y  1980  

A p r i l  1 9 8 1  
A p r i l  1 '982 

T h e  project c o n s i s t s  o f  f i v e  p h a s e s :  

P h a s e  I ~ e a s i b i l i t ~  A n a l y s i s  and  L a b o r a t o r y  S t u d i e s  

P h a s e  I1 C o n c e p t u a l  D e s i g n  S t u d i e s  
P h a s e  I11 D e m o n s t r a t i o t i  F a c i l i t y  D e s i g n  
P h a s e  I V  D e m o n s t r a t i o n  F a c i l i t y  C o n s t r u c t i o n  

P h a s e  V F a c i l i t y  O p e r a t i o n  and  T e s t i n g  



. . ..- 

A t  present, Phases I and 11 are 'nearty 'completed . . .  

. . .. 
+ .  , I * ' . .  

. .  * . .. . , 
, . . . 

I The betailed schedules for phases 1 1 ,  111, IV and V are as 

I follows: 

De s ign .- -- - . . . 

Complete preliminary design dry ,tower 
Issue RFQ for heat exchangers 
Receive quotations for heat exchangers 
Comp1et.e and approve preliminary design 
of test facility 

Select manufacturers .for heat'exchangers 
Start detailed design of test facility 
Complete and approve detailed design of 

test facility 

Date 

I1 Construction 

Award construction contract 
S L a r L  construction on site 
Receive heat exchangers on site 
Complete construction of facility 

Operat ion 

Shakedown of experimental facility 
Start initial testing 
Complete testing program 



. . .  R e f e r e n c e s  

1. "An Overv i ew  o f  Economic,  L e g a l ,  and  Water A v a i l a b i ' l i t y  

F a c t o r s  A f f e c t i n g  t h e  ~ e k a n d  f o r  D r y . a n d  Wet/Dry C o o l i n g  o f  
- - .  

T h e r m a l  Power  . P l a n t s , "  by  P. L. H e n d r i c k s o n ,  BtJWL-2268, J u n e  

2.  "Water Demands f o r  E n e r g y  Deve lopmen t , "  b y  A l l e n  V .  Kneese 

a n d  F.  Le,e ~ r o w n , 8 ,  N a t u r a l  R e s o u r c e s  Lawyer ,  311 ,  1975 .  

3. U . S .  D e p a r t m e n t  o f  . t h e  I n t e r i o r ,  Wes twide  S t u d y  R e p o r t  - o n  

C r i t i c a l  Wa te r  P r o b l e m s  F a c i n g  t h e  E l e v e n  W e s t e r n  S t a t e s ,  

p . '  75,  A p r i l  1975 .  

4. " E s t i m a t e d  Use o f  Wa te r  i n  t h e  U.S.  i n  1 9 7 0 , "  b y  C .  R. 

- Murphy and  E.  B. ~ e ' e v e s ,  U. S. G e o l o g i c a l  S u r v e y  

C i r c u l a r  676 ,  p.  l 7 ,  1972 .  

5 .  "Dry  C o o l i n g  o f  Power G e n e r a t i n g  S t a t i o n s :  A Summary of t h e  

Economic E v a l u a t i o n  o f  S e v e r a l  Advanced C o n c e p t s  v i a  a  

D e s i g n  O p t i m i z a t i o n  S t u d y  and  I ,  a  C o n c e p t u a l . D e s i g n  and  Cost 

E s t i m a t e , "  by  B. M. J o h n s o n ,  R. T .  A l l emann ,  D.  W . . F a l e t t i ,  

B .  C. F r y e r ,  F.. R. Z a l o u d e k ,  BNWL-2120, S e p t e m b e r  1976 .  

6. . ' "Hea t  S j n k  D e s i g n  and  Cost S t u d y  . f o r  Foss i l  and  N u c l e a r  

Power  P l a n t s ,  ' . ' U n i t e d  E n g i n e e r s  and  C o n s t r u c t o r s  R e p o r t  

WASH-1360, December 1974 .  

7. "Economics  o f  t h e  Use o f  S u r f a c e  C o n d e n s e r s  w i t h  Dry-Type 

C o o l i n g  S y s t e m s  f o r  F o s s i l - F u e l e d  and  N u c l e a r  G e n e r a t i n g  

P l a n t s , "  b y  J o h n  P .  Rossie, .Robert D.  M i t c h e l l  an'd Rodger  0. 

Young, E n g i n e e r s  and C o n s t r u c t o r s  R e p o r t  TID-26514, December 

1:973 a ,  



"Heat R e j e c t i o n  by' Dry C o o l i n g  i n  S t e a m - E l e c t r i c  P o w e r  

S t a t  i o n s  : ~rn~rovcments : . i~ . :~he&al  E E ~  i c i e n c y  w i t h  P h a s e  

C h a n g e  a n d  E n h a n c e d  S u r f a c e s , "  U n i o n  C a r b i d e  C o r p o r a t i o n , '  

R e p o r t ,  A p r i l  1 9 7 6 .  

"An E n g i n e e r i n g  a n d  Cost C o m p a r i s o n  o f  T h r e e  D i f f e r e n t  A l l -  
...- 

D r y  C o o l i n g  S y s t e m s , "  b y  B... C .  F r y e r ,  D; W .  F a l e t t i ,  Dan J; 

B r a u n ,  D a v i d  J,. . B r a u n  a n d .  L. E'. Wiles, BNWL-2121, O c t o b e r  

"A S t u d y  o f  t h e  C o m p a r a t i v e  Costs o f  F i v e  Wet/Dry C o o l i n g  

Tower  C o n c e p t s , "  b y  R. T. A l l e m a n n ,  D. W .  F a l e t t i ,  B.  M .  

J o h n s o n ,  H .  L. P a r r y ,  G. C. S m i t h ,  R. D. T o k a r z ,  R. A. 

Walter a n d  F. R. Z a l o u d e k ,  BNWL-2122, S e p t e m b e r  1 9 7 6 .  

" C o m p a r a t i v e  C o s t  S t u d y  o f  F o u r  Wet /Dry C o o l i n g  C o n c e p t s  

t h a t  Use Ammonia as  t h e  I n t e r m e d i a t e  Heat E x c h a n g e  ~ l u i d , "  . 
b y  Dan J .  B r a u n ,  R. D.  .Tokarz. ,  B. M. ~ o h n s o n ,  R. T.8 

A l l e m a n n ,  D a v i d  J .  B r a u n ,  D. W. F a l e t t i ,  L. J .  MacGowan, 

H. L. P a r r y ,  G.  C. S m i t h  a n d  F. R.  Z a l o u d e k ,  BMWL-2661,. May . 



Paper No. 8 ' 

USE OF WASTE HEAT FROM ELECTRIC GENERATING PLANTS FOR 
GREENHOUSE HEATING 

L. L. Boyd and A.  M: F l i k k e *  
U n i v e r s i t y  of Minnesota 

S t .  Paul , Minnesota 

and 

R. V .  S t a n s f i e l d ,  G.  C .  Ash ley  and J. H i e t a l a *  
Nor thern  S ta tes  Power Co. 
M inneapo l i s ,  Minnesota 

For  p r e s e n t a t i o n  a t  t h e  Symposium o f  US-USSR Jo in t .Coo , rd in 'a t ing  
Committee on S c i e n t i f i c  and Techn ica l  Cooperat ion i n .  t h e  F i e l d  

. . o f  Thermal Power P l a n t  Waste Heat R e j e c t i o n  Systems , -. , 
Moscow - USSR 
November 1978 

* A s s i s t a n t  D i r e c t o r ,  A q r i c u l t u r a l  Exper iment S t a t i o n ,  U n i v e r s i t y  o f  Minnesota;  
Head, A g r i c u l  t u r a l  Eng ineer ing  Department, U n i v e r s i t y  o f  Minnesota ; Admini s t r a t o r  
A p r i c u l  t u r a l  Research, Sen io r  Research Engineer,  and P r o j e c t  A q r i c u l  t u r a l  Engineer,  

_ a l l  Nor thern  S ta tes  Power Company. 

\ 



ABSTRACT 

Northern States Power, the: Wniversi t y  ,o4-' Minnesota, and the United States  Environ- , ~ 
mental Protection Agency have joint ly  conducted a ,7demonstration project using waste 

heat f'rom the condenser discharge of an e l ec t r i c  generating plant t o  heat a 0.2 

hectare (1/2 acre)  doubly polyethylene greenhouse. The project was s tar ted in 

1975 and has been tested for  three heating seasons. 

The f i r s t  year e l ec t r i c  boilers were used to  simulate the warm water temperatures 

(29.5' c - 85'F), since the power plant was s t i l l  under construction. The second 

year the greenhouse heating system was connected to  a warm water supply pipeline 

d i rec t ly  from the f i r s t  u n i t  of the power plant. The third year,  the second 

uni t  of the power plant was completed giving the greenhouse 2-unit r e l i a b i l i t y  

fo r  i t s  heating system. 

The demonstration of waste heat has been successful, even in the harsh Minnesota 

(north central United States)  cl imate. In 1977, two commercial greenhouse 

operators have bu i l t  the i r  own f a c i l i t i e s  a t  the s i t e  of the power plant and 

a re  taking warm water service from the u t i l i t y .  The f i r s t  i s  a 0.47 hectare 

(1 acre)  rose growing greenhouse. The second i s  a .096 hectare (0.2 acre) green- 

house used f o r  growing vegetables. 

The greenhouse heating system consists of centrifugal fan a i r  handlers with f i n  

tube heat exchangers. The warm a i r  i s  dis t r ibuted by f lex ib le  polyethylene ducts. 

In addition, plant root zones a re  warmed. by a system of 2.54 centimeter (1 inch) 

r igid polyethylene pipes spaced 0.61 meters (24 inch) on centers and buried' .305 

meters (12 inch) below the soi l  surface. 
I' 

Crops grown in the greenhouse are  roses ,, snapdragons, potted geraniums, potted 

cinerar ias  , tomatoes, 1 et tuce,  green peppers and containerized' evergreen seed- 

1 ings. All crops have responded favorably t o  the warm water heating system. 



INTRODUCTION 

~ o r t h e r n  States Power Company o f  ~ i n n e a ~ d 1 . i ~  f i r s t  -began.. t o  i n v e s t i g a t e  the  - . . 

poss ib le  use o f  t he  heat  eneygy i n  c o o l i n g  water ' f rom t h e i r  e l e c t r i c  genera t ing  

p l a n t s  i n  1970. Fo l lowing a  meeting i n  December, 1970, convened by NSP t o  

exp lore  w i t h  several s t a t e  agencies and several U n i v e r s i t y  o f  Minnesota u n i t s  ; 

NSP and t h e  A g r i c u l t u r a l  Experiment S t a t i o n  began a  pa r tne rsh ip  t o  i n v e s t i g a t e  

more completely t h e ' p o s s i b l e  uses o f  warm water. A t  t h a t  t ime  NSP p l a n t s  were 

o f  t he  "through coo l i ng "  type u s u a l l y  w i t h  a - " c o o l i n g  pond" and some w i t h  

"he lper "  coo l i ng  towers. However, some new p l a n t s  had .been o r  were being 

planned f o r  c losed c y c l e  opera t ing  and one, P r a i r i e  I s l a n d  a t  Red Wing, was 

a c t u a l l y  under cons t ruc t i on .  

The U n i v e r s i t y  formed two three-man teams comprised o f  an a g r i c u l t u r a l  engineer, 

a  h o r t i c u l t u r i s t  and a  s o i l  s c i e n t i s t  t o  s tudy a long w i t h  o thers  a t  t he  

U n i v e r s i t y ,  a t  NSP and elsewhere, t he  bes t  ways t o  use t h e  then unused heat  

energy i n  t he  c o o l i n g  water.  NSP provided f i n a n c i a l  support  f o r  t he  study. 

It soon was ev ident  t h a t  l i t t l e  use cou ld  be made o f  t he  warm water f rom the 

" through coo l i ng "  generat ing p lan ts .  Discharge water temperatures i n  w i n t e r  

when i t  cou ld  be used f o r  heat ing  were approximately 10°C (50°F), o r  about t he  

permi t ted  10°C (18OF) above the  ambient temperature o f  t h e  i n t a k e  water a t  O°C 

(3Z°F). Most heat ing  appl i c a t i  ons f o r  enclosed p l a n t  p roduct ion  o r  res idence 

requ i red  temperatures o f  15.5°-21.1 O C  (60" - 70°F). ~ v e n  use f o r  s o i l  heat ing  

showed 1  i t t l e  promise because few crops grow w e l l  a t  temperatures of 10°C (50°F) , o r  lower. F ros t  p r o t e c t i o n  was considered b u t  soon r e j e c t e d  because water d r o p l e t s  
I 

coo l  t o  ambient a i r  temperature i f  they t r a v e l  4.6-6.1 meters (15-20 fee t )  through 

the  a i r .  The main cons ide ra t i on  i n . f r o s t  p r o t e c t i o n  i s  t h e  re lease o f  heat, 

334,934 j ou les  per  k i logram (144 BTU1s/l b.) , by t h e  water as i t  changes s t a t e  

f rom l i q u i d  t o  sol id, .  i .e. t o  i ce .  



- 2 -  , ,  

The review of heating requirements for  various ap,plicati.ons and ,the projection 

tha t  a1 1 ,  or nearly a l l ,  future steam cycle generating plants would operate on 

a "closed cycle" bpsis eventually led to  the project about which we report now. 

Closed cycle designs called f o r  condenser discharge temperatures of no less  than 

29.5"C (85"). If  water temperature reductions during delivery from condensers 

to  the use point could be limited t o  0.5-1.7OC (1"-3"F), then an operating 

d i f fe rent ia l  between the source water and the use environment of 5.5OC-11.1 "C 

(10'-20°F) could be expected. I t  appeared tha t  adequate heat t ransfer  could take 

place fo r  heating s t ructures ,  i f  equipment were properly sized and operated. With 

t h i s  encouragement the two study teams began traveling to  learn more about 

1 possible applications. 

One of the early v i s i t s  was t o  the Environmental Research Laboratory a t  the 

University of Arizona and to  the i r  " total  energy" p i lo t  study a t  Puerto Penasco 

Mexico. Another team vis i ted the Oak Ridge National Laboratories.. Our teams also 

v is i ted  the commercial greenhouse area around Cleveland, Environmental Structures 

of Cleveland, Wright Roses of Cranbury, New Jersey, Hydroponics of Houston, 

Eugene Water and Electric Board of Eugene, Oregon, Oregon State  University, 

the Federal Water Qual i ty  Laboratory a t  Corvallis, and TVA a t  Muscle Shoals, 

Alabama, as well as several other places. Following the early v i s i t s  the various 

opportunities were discussed among University personnel and then presented to  NSP 

and interested s t a t e  agencies. 

After many discussions and del i berations NSP and the University decided to  

.approach EPA about funding a demonstration project for  greenhouse heating. A 

proposal fo r  a four-year project f o r  a 0.4 hectare (one acre) greenhouse was 

submitted to  the Corvall i s  Laboratory for  review and suggestions i n  January, 

1973. EPA informed us tha t  they would be unable to  fund i t  a t  tha t  time a t  



. . -  . . . . ... . :  . - 
the s ize  'and f o r '  the 1 ength of ticme wi. ;;reposed. - ,  I,t'.ilh .i,mportantL to recognize 

tha t  a t  t h i s . t i m e ,  early 1973, thd 'energy s i tuat ion was beginning to  surface and ., 

tha t  there was some s h i f t  in emphasis underway in EPA from thermal pollution 

( the prime emphasis when we.started) to  energy u t i l iza t ion  and conservation. I t  

i s  our judgment tha t  our project probably would never have been funded under 

the "thermal pollution" reduction 'theme. You simply cannot profitably construct 

enough green'houses near a generating plant,  or a t  l e a s t  any s ignif icant  number' of 

plants,  t o  reduce "thermal pollution" s ignif icant ly,  espec ia l .1~  in the summer when 

condenser discharge temperatures a re  highest and no greenhouse heating i s  re- 
. . 

quired. 
' .  > 

Recognizing tha t  energy u t i l iza t ion  and conservation were t o  become increasingly 

important and with additional "closed cycle" generating plants scheduled to  

begin op'eration in 1976 and 1977, NSP decided with the University's commitment 

of technical assistance to  finance and operate a smail p i lo t  prbject,  a 6.7 meter 

(22  f e e t )  by 30.5 meter (100 fee t )  "hoop" type house covered with two layers of 

polyethylene. The greenhouse was made available by the Hans Rosacker Floral 

Company a t  the i r  'Circle Pines greenhouse range. A 7.3 meter (24 f e e t )  by 9.1 

meter (30 f e e t )  building was placed a t  one end of the greenhouse to  house the 

heating equipment, the e l ec t r i c  water heaters to  provide the warm water, the 

control panels and the needed instrumentation. A major reason f o r  moving 

forward with the p i lo t  project was to  assess the adequacy of and the problems 

in a cold northern climate of the "flooded pad" method of heating developed 

a t  the Oak Ridge National Laboratory. We were concerned particularly about 

the high humidity environment and the possibi l i ty  of associated pathological 

diseases. We also were concerned about the long-term efficiency of such a 

system and possible carry-over of potential toxicants from the water to  the 



p l a n t s .  Water used i n  "closed c y c l e "  c ~ o l i n g  systems must have a d d i t i v e s  t o  
L 

c o n t r o l  r u s t ,  m ic rob ia l  growth and algae. I n  a d d i t i o n  some p o t e n t i a l  harmful 

n a t u r a l l y  occu r r i ng  c o n s t i t u e n t s  i n  t he  water a r e  concentrated because o f  t he  

cont inuous evapora t ive  process f o r  coo l i ng .  We decided t h a t  t he re  were so many 

p o t e n t i a l  problems t h a t  we a1 so should simul taneously eval ua te  a convent ional a i r  

handler  designed f o r  use w i t h  h o t  water f rom 54.5OC t o  76.7OC (130°F t o  170°F). 

The a i r  handler  was n o t  r a t e d  f o r  29.50°C (85OF) so we had t o  es t imate  the  per-  

formance w i t h  the  lower temperature water.  This  u n i t  whi 1 e massive, espec'ial l y  

compared t o  gas f i r e d  a i r  handlers o r  u n i t  heaters used i n  greenhouses, performed 

so we1 1 we decided t o  abandon t h e  use o f  t he  " f looded pad" system. The Corva l l  i s  

o f f i c e  o f  EPA urged us t o  consider  some s o i l  heat ing  based upon favo rab le  i n fo rma t ion  

f rom observat ions by t h e  Eugene Water and E l e c t r i c  Board group. As a r e s u l t  

s o i l  heat ing  was a l s o  evaluated a t  t h e  Rosacker range. 

Fo l lowing t h e  successful p i l o t  e f f o r t  a t  t h e  Rosacker range, NSP and t h e  

U n i v e r s i t y  prepared and submi t t e d  a r e v i s e d  proposal t o  EPA i n  January, 1975. 

Th is  was funded i n  May, 1975. Const ruc t ion  began i n  August, 1975; heat ing  

began i n  November, 1975 and t h e  f i r s t  crops were p lan ted  i n  January, 1976. 

This  proposal was f o r  an approximate 0.2 hec tare  (112 acre)  area f o r  a pe r iod  

of two years. That two-year pe r iod  was completed i n  May, 1977. Because o f  

t h e  success and i n t e r e s t  i n  adopt ion EPA extended t h e  p r o j e c t  an a d d i t i o n a l  

year  through June 30, 1978, b u t  w i t h o u t  a d d i t i o n a l  funding. We were ab le  t o  

f i nance  t h e  extension w i t h  car ry -over  funds and funds generated by t h e  pro- 

j e c t .  



DESCRIPTION O f  THE PROJECT 

Power P l  a n t  

The Sherburne County (Sherco) Power P lan t ,  l o c a t e d  45 m i l e s  nor thwes t  o f  

M inneapo l i s ,  i s  a  two u n i t  c o a l - f i r e d  o p e r a t i o n  w i t h  a  t o t a l  r a t e d  o u t p u t  

o f  1,360 megawatts (MW) . It has closed-cyc' l  e  mechanical ,  d r d f t  wet coo l  i n g  

towers f o r  thermal p o l l u t i o n  c o n t r o l  and a l imes tone  scrubber  system f o r  

a i r  p o l l u t i o n  c o n t r o l .  The f i r s t  u n i t  which began i n  commercial o p e r a t i o n  i n  

May, 1976 has a condenser c o o l i n g  wate r  f l o w  r a t e  o f  15.77 c u b i c  meters  p e r  

second (250,000 gpm) w i t h  a  des ign  coo l  i n g  water  temperature d i f f e r e n t i a l  , 

AT, o f  1-6.1QC (29°F). The w i n t e r  des ign  minimum temperature o f  t h e  wate r  a t  

t h e  condenser o u t l e t  i s  29.5"C (85°F). Th i s  t hen  i s  t h e  des ign  temperature 
' I 

f o r  t h e  warm water  f o r  t h e  greenhouse hea t i ng  sys,tems. 

Greenhouse and Headhouse 

The greenhouse se lec ted  i s  an a r c h  r o o f  g u t t e r  connected t y p e  covered w i t h  

doub le  l a y e r  po lye thy lene .  Two s i d e  w a l l s  and one end w a l l  a l s o  a r e  double 

l a y e r  w i t h  a  f i b e r g l a s s  o u t s i d e  w a l l  and po l ye thy lene  i n s i d e .  It i s  com- 

p r i s e d  o f  14 bays, each be ing  5.2 meters  (17 f e e t )  wide and 29.3 meters 

(96 f e e t )  long .  Th i s  p rov ides  a g ross  enclosed ground area of 2,123 square 

meters  (22,848 square f e e t ) ,  o r  s l i g h t l y  over  0.2 hec ta re  (112 ac re ) .  The 

h e i g h t  f r om t h e  ground t o  t h e  g u t t e r s  i s  2.44 meters (8  f ee t ) .  

The double l a y e r  p l a s t i c  covered greenhouse was se lec ted  ove r  g l a s s  because 

o f  g r e a t e r  r e s i s t a n c e  t o  hea t  t r a n s f e r  and a l owe r  i n i t i a l  c a p i t a l  cos t .  The 

5.2 meter  (17 f o o t )  span  was se lec ted  over  l e s s e r  spans t o  p r o v i d e  g r e a t e r  

c l e a r  area f o r  mechanical equipment. A c l e a r  span i n f l a t e d  house was con- 

s idered.  a t  one t ime.  However, t h e  c o s t  o f  t h e  PVC c o v e r i n g  f o r  i t  was es- 

c a l a t i n g .  A lso,  cons ide rab le  equipment and energy were needed j u s t  t o  keep 

i t  operable.  
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The headhouse i s  a 12.2 meter. ($0 Ye&) by 18.3 meter (60 f e e t )  p re fab r i ca ted  ;. : + . :  

s t e e l  b u i l d i n g  w i t h  a concrete f l o o r .  It i s  d i v i d e d  i n t o  a 12.2 meter (40 f e e t )  

by 10.1. meter (33 f e e t )  p roduct ion  area, a 6.1 meter (20 f e e t )  by 8.2 meter . 

(27 f e e t )  b o i l e r  rooin., a 3.7 meter (12 f e e t )  by  8.2 meter (27 f e e t )  data . 

a c q u i s i t i o n  and c o n t r o l  room, and a 2.4 meter (8 f e e t )  by' 8.2 meter (27 f e e t )  

area con ta in ing  two o f f i c e s  and a restroom. The product ion  room inc ludes  a 

smal l  '1.8 meter (6  f e e t )  by 3.1 meter (10 f e e t )  wal k i n  c o o l e r  and a n  ou ts ide  

vented chemical s torage cab ine t .  The b o i l e r  room houses two 390 k i l o w a t t  

bo'i 1 ers, a 10: k i l o w a t t  propane fue led  standby generator  and t h e  riu t r i e n t  i n- 

j e c t i o n  equipment as w e l l  as. ' t he  necessary p i p i n g  and va lves  f o r  opera t ing  

t h e  hea t i ng  systems'. . . 

Heat ing Sys tems 

The design c r i t e r i a  were es tab l ished based upon the  minimum w i n t e r  condenser 

water  temperature o f  29.5"C (85°F) and the  ambient w i n t e r  cond i t i ons  f o r  S t .  Cloud, 

Minnesota', which i s  about 32 k i lometers  (20 m i l e s )  nor thwest  from the  greenhouse 

l o c a t i o n .  The minimum ou ts ide  a i r  design temperature i s  -34.5"C (-30°F). We 

chose 10°C (50°F) as a ' t o l e r a b l e ,  though n o t  f u l l y  des i rab le ,  i n s i d e  a i r  temperature. 

Based ,upon these temperature extremes, t he  c a l c u l a t e d  design heat l o s s  i s  644,756 , 

wa t t s  (2,200,000 BTU/hour) o r  approximately 46,000 wat ts  (1  57,000 BTUIhour) per  ~ , 

bay. Obviously,  t he  two end bays have a g rea te r  heat  l o s s  because they each have 

a c o l d  s i d e  w a l l  sur face  area o f  71.4 square meters (768 square f e e t )  t h a t  " the 

o the r  bays do n o t  have. 

We decided t o  use a two component heat ing  system comprised o f  a f o r c e d - a i r  

system t o  supply mos t ' o f  t h e  needed heat and a s o i l  heat ing  system t o  prov ide  

some heat,  b u t  p r i m a r i l y  ' t o  p rov ide  some crop r o o t  zone temperature contro l , .  

Twelve o f  t he  14 bays were equipped w i t h  c e n t r i f u g a l  f a n  a i r  handlers powered 
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by 2,237 wat ts  (3  hp) e l e c t r i c  motors designed t o  deS.i.ver. .3.3 cub i c  meters . , " 

per  second (7,000 cfm) a t  74.7 pascals (0.3 inches)  s t a t i c  (water  pressure.)  The 

a i r  handlers have f i n  tube heat  exchangers est imated t o  t r a n s f e r  42,495 wa t t s  

(145,000 BTU/hour) f rom 29.5"C (85°F) e n t e r i n g  water to .  10°C (50.OF) e n t e r i n g  air .  . , 

The design water f l o w  r a t e  i s  0.0018 cub ic  meters per  second (29gpm). The 

warm a i r  i s  d i s t r i b u t e d  t h e  l e n g t h  o f  t h e  bay through 0.76 meter (30- inch d iameter)  

f l e x i b l e  po lye thy lene duc ts  w i th .  ho les punched t o  p rov ide  .uniform. de l  i v e r y .  Two. 

bays were eq'uipped w i t h  a  u n i t  h o t  water heat  exchanger i n  each end d i r e c t e d  t o  

d ischarge a i r  toward each o t h e r .  These u n i t s  have 0.64 meter (27 i nch )  p rope l l .e r  

fans powered by 746 wat ts  (1 . hp) e l e c t r i c  motors. The u n i t  heat  exchangers were:' 

designed f o r  a f r e e  a i r  d e l i v e r y  of 3.26 cub i c  meters per  second (6900 cfm). . . 

The heat  exchange r a t e  was est imated t o  be 17,584 wat ts  (60,000 BTUIhour) from . ' . 

29.5"C (85°F) e n t e r i n g  water t o  10°C (50°F) e n t e r i n a  a i r .  These u n i t s  use 

no a i r  d i s t r i b u t i o n  ducts.  

The s o i l  ,hea t ing .  system i s  comprised o f  2.54 cent imeters  (1 i n c h )  diameter r i g i d  

po lye thy lene p i p e  spaced 0.61 meters (24 i n c h )  on centers  and, p laced 30.5 cent imeters  

(12 i nch )  below the  s o i l  sur face .  The po lye thy lene p ipes  ,have a  warm water supp ly  

p ipe  a t  one end and a  coo le r  water r e t u r n  p i p e  f o r  s e t  o f  e igh t ,  p ipes  i n  each bay. 

The design water f l o w  r a t e  i s  approx imate ly  .0.000063 cub i c  meters per  second 

(1  gpm) pe r  i nch .  We est imated a  design AT o f  5 . 6 ' ~  (10°F) from 29.5"C (85°F) 

water i 'n t h e  p ipe  t o  t h e  surrounding s o i l  i n  con tac t  w i t h  t h e  pipe; The AT 

es t imate  o f  5.6"C (10°F) was based upon a  10°C (50P.F) s o i l  su r face  temperature 

and a  des i red  ' r o o t  zone temperature o f  15.6"C (60°F). 

The warm water f o r  heat ing  t h e  greenhouse i s  taken from two c o o l i n g  tower r i s e r  

p ipes each about 1,070 meters (3,500 fee t )  d i s t a n t  (one way) f rom the  greenhouse. 

It leaves one o f  t he  r i s e r s  above ground i n  an i n s u l a t e d  30.5 cent imeter  (12 i nch )  

diameter s t e e l  p i p e  which then goes underground and connects t o  a  3.5 c e n t i -  



.meter  (12 inch)  diameter lo-head PVC p l a c t i c  p ipe  a t  a nominal depth o f  1.52 

meters (5 f e e t )  below the  s o i l  sur face.  The water leaves ,the second c o o l i n g  

tower through an 18 i n c h  i n s u l a t e d  s t e e l  p ipe  then underground i n t o  an 18 i n c h  

c a s t  i r o n  p ipe  t h a t  a l s o  connects t o  t h e  30.5 cent imeter  (12 i nch )  PVC p ipe.  

The i n s u l a t e d  s t e e l  p ipe  l e a v i n g  the  r i s e r s  o f  each o f  t he  c o o l i n g  towers a l s o  

i s  heat  ' t raced (prov ided w i  t h  heat ing  cab1 e) f o r  added p r o t e c t i o n  agai n s t  

f reezing.  The PVC p i p e  and c a s t  i r o n  p ipe  'are bo th  uninsulated.  Because the  

s o i l  i s  very  sandy and q u i t e  coarse a t  t h e  1.52 meter (5 f o o t )  depth, we d i d  n o t  

deem i n s u l a t i o n  necessary. Water f l ows  through t h i s  p i p e  cont inuous ly  du r ing  

' t h e  heat ing  season a t  a r a t e  o f  approximate ly  0.10 cub ic  meters per  second (1,600 

gpm). Th is  i s  est imated t o  be enough t o  heat  a t  l e a s t  0.6 hec tare  (1 1/2 acres)  

o f  s i m i l a r  greenhouse a t  t h e  design cond i t i ons .  Warm water i s  supp l ied  t o  the  

greenhouse heat ing  systems f rom t h e  main supply l i n e  by f o u r  3.728 k i l o w a t t  (5hp) 

pumps, each capable o f  .:del i v e r i n g  0.0095 cub ic  meters per  second (1 50 gprn) . 

These pumps operate' i n  para1 1 e l  w i t h  t h e  .numbers o f  pumps opera t ing  a t  one t ime 

determined by t h e  number o f  greenhouse bays t h a t  r e q u i r e  heat a t  any g iven time. 

The design water f l o w  r a t e  i s  0.0256 cubic meters per  second (406 gprn) f o r  the  

a i r  hea t i ng  system and 0.0071 cub ic  meters per  second (1 12gpm) f o r  the  s o i l  , 

hea t i ng  system o r  a t o t a l  o f  0.0327 cub ic  meters per  second (518 gprn)'. As 

a. r e s u l t ,  t he  f o u r t h  pump operates o n l y  i f  more ' than 12 bays r e q u i r e  bo th  
. . 

a i r  and s o i l  heat ing  a t  the  same t ime. The coo le r  water f rom t h e  greenhouse 

r e t u r n  l i n e s  i s  pumped back i n t o  the  main water supply r e t u r n  l i n e  where i t  
. . 

r e t u r n s  t o  the  c o o l i n g  towers and i s  discharged i n t o  the  sump. A schematic 

drawing o f  the  heat ing  systems and water supply i s  shown i n  . f i g u r e  2. 



Cooling System 

The greenhouse coo l i ng  system i s  complete ly  independent o f  t h e  heat ing  systems. 

It i s  a standard evaporat ive coo l i ng  system, comprised o f  0.91 meter (36 inch)  

h igh  evaporat ive pads o f  "Cel Dek'' across the  e n t i r e  end w a l l  o f  each bay. Water 

from a nearby w e l l  i s  r e c i r c u l a t e d  so i t  can run  bjl g r a v i t y  over and through 

the  pads a t  a r a t e  o f '  0.0076 cubic meters per  second (120 gpm) o r  0.00003 

cubic meters per  second per  f o o t  o f  1 ength. A i r  i s  drawn through t h e  wetted 

pads by four teen 0.9 met'er (36 inch)  p r o p e l l e r  type' louvered exhaust fans, 

one located i n  each bay. The design t o t a l  coo l i ng  a i r f l o w  r a t e  i s  84.5 

cub ic  meters per second (179,000 cfm) o r  6.04 cubic meters per  second (12,800 cfm) 

per  bay. A schematic drawing o f  t h e  heat ing  and c o o l i n g  systems i s  shown i n  
, 

f i g u r e  3. i 
I 

Control  Systems f o r  Heating and Cool ing 

The c o n t r o l  systems a re  r e l a t i v e l y  simple, some being manual, y e t ,  a t  t h i s  

t ime. Temperature i s  the  o n l y  v a r i a b l e  under automatic c o n t r o l .  As o r i g i n a l l y  

designed, each bay had two thermostats, one f o r  heat ing  and t h e  o the r  f o r  coo l ing .  

E a r l i e r  t h i s  year, each of f i v e  bays i n  which roses a r e  being grown were equipped 

w i t h  a second thermostat f o r  heat ing  c o n t r o l .  With t ime c lock  swi tching,  t h i s '  

permi ts  d i f f e r e n t  day and n i g h t  se t t i ngs .  The greenhouse i s  d i v ided  i n t o  two ' 

separate c o n t r o l  zones, each c o n s i s t i n g  o f  seven bays. A c e n t r a l  c o n t r o l  panel 

I permi ts  manual s e l e c t i o n  o f  modes o f  'operat ion, i .e. , heat ing  o r  coo l i ng  , and ' ' 

f u r the r ,  heat ing w i t h  outs ide  a i r  o r  w i t h  r e t u r n  a i r .  The manual opera t ion  

permi ts  some c o n t r o l  of r e l a t i v e  humid i ty  as we l l  as temperature. Th is  permi ts  

d i f f e r e n t  environments i n  each h a l f  o f  t h e  greenhouse. This i s  q u i t e  important  

f o r  optimum product ion o f  roses. Fur ther ,  manual c o n t r o l  e l  iminated t h e  need 

1 f o r  au tomat i ca l l y  c o n t r o l l e d  ou ts ide  dampers and associated p o t e n t i a l  problems 



o f  freeze-up i n  t h e  open p o s i t i o n  t h a l  cou ld  cause damays t o  heat exchanger c o i l s  

and even l o s s  o f  c.rops. 

The a i r  heat ing  thermostat (s)  i n  any bay i n d i c a t e s  t h e  s t a r t i n g  of t h e  pr imary  

water c i r c u l a t i o n  pump(s) and the  associated fan (s )  3n t h a t  bay. They a l so  . 
i n i t i a t e  the  appropr ia te  opening and c l o s i n g  o f  t he  r e t u r n  and o u t s i d e " a i r  

dampers on t h e  c e n t r i f u g a l  a i r  handlers.' Both dampers must be c losed when t h e  

fans s t a r t  t o  prevent  r a p i d  i n f l a t i o n  damage t o  the  polyethyl 'ene a i r  d i s t r i b u t i o n  

duc t .  The s o i l  heat ing  thermostats c o n t r o l  the  s t a r t i n g  o f  secondary booster  

pumps necessary f o r  t he  s o i l  heat ing  system. The coo l i ng  system i n  each bay i s  

independent ly  c o n t r o l l e d  by separate thermostats s t a r t i n g  and stopping t h e  

g r a v i t y  lowered exhaust fans. 

Emergency Sys tems 

The greenhouse is' equipped w i t h  an advanced warning a larm system which mon i to rs  

t h r e e  parameters c r i t i c a l  t o  t he  successful  ope ra t i on  o f  t h e  heat ing  system. 

P r o j e c t  personnel a r e  a l e r t e d  by the  f o l l o w i n g  cond i t i ons :  1  ) greenhouse a i r  

temperature below 10°C (50°F) (poss ib l y  caused by mechanical f a i l u r e  o f  

equipment); 2)  by water supply temperature below 23.8"C (75°F) caused by the  power 

p l a n t  going' o u t  o f  operat ion;  and/or 3)  by l o s s  ' o f  e l e c t r i c a l  power. The' 

greenhouse i s  suppl ied e l e c t r i c i t y  f rom another source, so two 390 k i l o w a t t  

e l e c t r i c  h o t  water b o i j e r s  serve as a  standby source o f  heat.  These b o i l e r s  
t . 

p rov ided the  warm water f o r '  heat ing  f o r  t he  1975-76 h e a t k g  system before t h e  

f i r s t  u n i t  o f  the power p l a n t  was commercial ly opera t ive .  I f  the re  i s  an e l e c t r i c  

power outage du r ing  the  hea t i ng  season, s i x  102,575 wat ts  (350,000 BTU/hour) propane- 
I 

f i r e d  fo rced a i r  heaters w i l l  be p u t  i n t o  opera t ion .  E l e c t r i c i t y  f o r  t h e i r  

ope ra t i on  and f o r  l i g h t s  w i l l  be prov ided by a  10 k i l o w a t t  propane-fueled 

standby e l e c t r i c  generator .  
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Crop Product ion - Systems I ,  b & . .  

Water and f e r t i  1  i z e r  f o r  c rop  product ion  i s  prov ided by i r r i g a t i o n  systems. Water 

f o r  i r r i g a t i o n  comes f rom a  d r i l l e d  w e l l  on the  p rope r t y  t h a t  was fo rmer l y  used f o r  

f i e l d  i r r i g a t i o n .  P l a n t  n u t r i e n t s  i n  s o l u t i o n  a re  i n j e c t e d  i n  t he  app rop r ia te  

amounts i n t o  the  i r r i g a t i o n  systems. Roses a r e  i r r i g a t e d  us ing  a per.imeter system 
, 

of r i g i d  po lye thy lene p ipe.  Emi t te rs  cover ing  180' spray f i n e  d rop le t s  o f  water 

con ta in ing  n u t r i e n t s  u n i f o r m l y  over  t he  s o i l  o f  t he  bed. Tomatoes, l e t t u c e ,  

peppers, snapdragons and f r e e s i a  a r e  watered w i t h  porous paper base tub ing  

which under about 4 p s i  pyessure prov ides a  t r i c k l e  system. The 'porous tub ing  

i s  placed on o r  j u s t  below the  s o i l  sur face i n  t he  row o r  between c l o s e l y  

spaced rows. Geraniums and c i n e r a r i a  a re  watered by a  c a p i l l a r y  mat which i s  

wetted w i t h  the  porous tub ing .  Fores t  t r e e  seedl ings and woody ornamentals 

a re  watered w i t h  smal l  spray nozzles. Power p l a n t  c o o l i n g  water cannot be 

used f o r  i r r i g a t i o n  because o f  a d d i t i v e s .  

Crop supports a r e  impor tan t  f o r  most o f  t he  crops being grown. Roses a r e  

supported by th ree  l e v e l s  of 20.3 cent imeters by 20.3 cent imeters (8 i n c h  by . 

8 i nch )  welded w i r e  anchored t o  support posts a t  each end o f  t h e  beds and supported 

i n te rmed ia te l y  a t  3  p o i n t s .  Snapdragons were supported i n  a  s i m i l a r  way, b u t  

us ing  o n l y  one l e v e l  o f  p l a s t i c  n e t t i n g .  Tomatoes a re  supported by s t r i n g s  

dt tached t o  the  base o f  each p l a n t  and supported by s t e e l  overhead. Two 

rows o f  tomatoes, which a r e  p lan ted  i n  r o w s  30.5 cent imeters '  (12 inches) a p a r t  . ,. , . 

and a l t e r n a t e d  w i t h i n  the  two rows, a r e  supported by one pive. The s l i g h t  . . 

s lope away f rom t h e  working a i s l e  which r e s u l t s  has proved use fu l .  The peppers . :  

were n o t  supported, b u t  should be i f  grown again because some h e a v i l y  laden 

stems broke. 
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Insecticides and fungicides, i f  riebded, a re  applied with a pressure sprayer and 

long extension hose. Tomatoes a r e  pol 1 inated dai ly  wi.th an e l ec t r i c  vibrator.  

This i s  essential  because a i r  ve loc i t i e s  of the heatinq and cool ing systems are  

not adequate for  pollination. 

A 1.83 meter (6 foot )  by 3.05 meter (10 foo t )  by 2.29 meter (7 foot ,  6 inch) 

high 3.517 watt (12,000 BTU/hour) wal kin cooler was purchased to  a s s i s t  in 

maintaining rose qua1 i t y ,  par t icular ly during warm weather. The cooler which 

i s  held a t  1.7"C (35OF) permits us t o  make a1 ternate  day del iveries of the 

roses. Tomatoes and other crops a re  delivered on the other days. Tomatoes cannot 

be held in the same cooler with roses because the tomatoes produce ethylene 

gas as  a by-product of respiration during ripening. This would greatly reduce 

the useful l i f e  of the roses. 

A van with an add-on a i r  conditioner that  discharges cooled a i r  into the 

cargo area i s  used for delivering the produce to  wholesalers with whom we work. 

in the Twin Cities area.  

Data Coll ection 

We be1 ieved i t  was absolutely essential  t o '  have an automatic data system to 

provide a rather complete environmental history, both inside the greenhouse 

and outside. An automatic system recording on e i the r  magnetic tape or 

printing on paper tape or  both simultaneously scans and records 227 data 

transducers ' a t  predetermined intervals , usually one-ha1 f h o u r .  The system i s  

microprocessor control 1 ed . Data from the magnetic tape i s computer processed 

in the form of tables and plots to  provide time function relationships of en- 

vironmental and water supply conditions. The data also a re  used to  analyze 

the overall energy balance of the  greenhouse system. 
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Temperatures a re  recorded a t  t en  ind iy ' idua l  l o c a t i o n s  i n  each bay o f  t h e  ' 
.,.. .. ' I  ,C:,! , . . , . . . .  . > 

greenhouie. Three p o i n t s  a r e  monitored a t  each o f  t h ree  l o c a t i o n s .  Two a i r  . . 

temperatures and one s o i l  tempera ture-are  recorded. The s i x  a i r  temperatures 

w i t h i n  ' a  bay cover t he  range f rom top  t o  bottom o f  t he  p l a n t  canopy. The s o i l  

temperatures a re  measured a t  10.2 cent imeters (4 inches),  '20.3 cent imeters (8 inches)  

r and 30.5 cent imeters (12 inches) bel'ow the  surface. Dew p o i n t  and the  associated. 
'' 

ambient temperature a re  measured a t  one l o c a t i o n  i n  each bay. To ta l  i n c i d e n t  ' ' .  

s o l a r  r a d i a t i o n  i s  recorded a t  one l o c a t i o n  i n s i d e  the' greenhouse and a t  one 

l o c a t i o n  ou ts ide  the  greenhouse a t  r o o f t o p  e leva t i on .  S tar  pyranometers w i t h  ' 

one hour i n t e g r a t o r s  a r e  used. A i r  and s o i l  temperatures a r e  measured w i t h  24- . 

page copper constantan thermocouples. Dew p o i n t  temperatures a r e  measured w i t h  

heated l i t h i u m  c h l o r i d e  e l e c t r i c a l  hygrometers. Water supply and r e t u r n  temp- 

era tures  a r e  measured w i t h  immersion type copper-constantan-thermocouples. 

Manual readings a r e  made d a i l y  o f  t o t a l  greenhouse water f low,  s o i l  heat ing  . 

water f l o w  and e l e c t r i c a l  power consumption o f  each type o f  equipment, i .e., 

c i r c u l a t i n g  water pumps, heat ing  fans, and exhaust fans. 

OPERATION EXPERIENCE 

Green house and Environmental Sys tems 

The greenhouse and the  heat ing  systems performed who1 l y  s a t i s f a c t o r y  ' du r i ng  t h e  

1975-76 heat ing  season. During t h i s  season; t he  warm water was prov ided by the  

e l e c t r i c  b o i l e r s .  The greenhouse and the  heat ing  systems a l s o  performed who l ly  
' 

s a t i s f a c t o r y  du r ing  the  1976-77 heat ing  season, which was the  co ldes t  on reco rd  

du r ing  the  l a s t  100 years,  and the  second co ldes t  ever on record.  The performance 

of the  greenhouse and heat ing  systems i s  shown i n  f i g u r e  10 f o r  January 9, 1977, 

the  co ldes t  day du r ing  the  1976-77 heat ing  season. The i n s i d e  a i r  temperature . . '  

i s  the average o f  th ree  measurements a t  about the  1.52 meter (60 i nch )  l e v e l  
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above . the, . . . . ground. . . The intake air..temperature . . .  , was 14 . . 4 , " ~  . (58°F) when the outs jde  , . ) ' ) )  , , 
. a \ , , .  . . -  

a i r  temperature reached i t s  lowest level of - 4 1 . 4 " ~  (-42.6"F) a t  8 a.m. The 

supply water temperature from the condenser a t  the same time was 32.7"C (90.g°F) 

and , the water AT between heat exchanger supply and return was 2.8"C (5.1°F). ' 

Surprisingly, we .found tha t  water from the condensers was a higher temperature 

32.2"-37.8"C (90"-1 OO°F), than had been expected during the most severe weather. 

The reasons were: 1 ) when i t  i s  severely cold, NSP e l ec t r i c  system demands a r e  

high requiring high output from the generator, and 2) when ambient outside 

temperatures drop to  -28.g°C (-20°F) to  -34.4"C (-30°F), plant operators increase 

condenser discharge water temperature to  minimize the possi bi 1 i ty of ice  formation 

in the cooling towers. Operational data f o r  the plant shows a positive correlation 

between condenser water temperature and generator output. Tab1 e 1 provides infor- 

mation relat ing t o  generator output, condenser .discharge water temperature, 

greenhouse water supply temperature, greenhouse a i r  temperature and outside a i r  

temperature f o r  November 12, 1976. 

The greenhouse cooling system was not instal led i n  time to  be operative in 

1976, b u t  performed well as expected in 1977. We encountered no problems with 

i t .  

Crop Production 

crops were f i r s t  planted in January, 1976. Five bays were planted to  roses, 

three var ie t ies  of hybrid teas and two of sweethearts. The roses f i r s t  came 

i'nto- production in l a t e  April , 1976 and with the exception of one variety produced 

well.. That variety has reached suf f ic ien t  maturity a f t e r  about one year, so i t  

i s  now producing exceptionally well. Tomatoes a re  planted in eight bays and 

peppers in one bay. Both came into production in April and were removed in July. 



- 1.5 - 
Both were d i s a p p o i n t i n 9  i n ,  .terms of. , y i e l d  and a l s o  because o f  l o c a l .  wholesale. 

p r i c e  l e v e l s  i n  terms o f  economic r e t u r n .  These were replaced w i t h  l e t t u c e  and 

snapdragons f rom ~ u g u s t  through January. Le t tuce  shows 1 i ttl e promise because 

o f  h igh  l a b o r  i n p u t  compared t o  re tu rns .  Snapdragons appear f a i r l y  promis ing 

i n  terms o,f economic r e t u r n  w i t h  l i m i t e d  l a b o r  i npu t .  

The 1977 season s t a r t e d  i n  February w i t h  seven bays o f  tomatoes. I n  most bays, 

they  are  spaced 71 .I cent imeters (28 inches)  apa r t  compared t o  about 55.9 

cent imeters (22 inches)  i n  1976. However, we a l s o  p lan ted  some a t  61 c e n t i -  

meters (24 inches)  and some a t  81.2 cent imeters (32 inches) ,  so we cou ld  make 

comparisons. They a re  p lan ted  i n  rows 30.5 cent imeters (21 inches)  apa r t  and 

alLer.r~aLed so they are o f f s e t  h a l f  t he  spacing d i s tance  a long the  row. A 61 

cent imeter  (24 i nch )  work a l l e y  i s  l e f t  between each p a i r  o f  rows. One'bay 

has po t ted  geraniums placed on a c a p i l l a r y  mat f o r  water ing.  Between l a s t  

season and t h i s ,  about 1/4 o f  a bay has been devoted t o  con ta ine r i zed  f o r e s t  

t r e e  seedl ings and t o  woody ornamentals f o r  nursery l i n e r s .  

< 

We expected and achieved b e t t e r  tomato 'product ion r e s u l t s  du r ing  1.977 f o r  several  

reasons. We had a l l  o f  our  opera t ing  equipment on hand and should have bene f i t ed  

from the 1976 experience. I n  add i t i on ,  we i n s t a l l e d  carbon d i o x i d e  generators 

f o r  use when the  greenhouse i s . c l o s e d .  High l e v e l s  o f  C02 a re  necessary for:  

maximum photosynthesis  and c rop  product ion.  It i s  w e l l  known t h a t  C02 i s  r a p i d l y  

depleted i n  t i g h t l y  enclosed s t ruc tu res .  We a1 so had the  evaporat ive coo l  i n g  

system opera t i ve  t o  moderate s h o r t  h igh  temperature extremes du r ing  the  peak o f  - 
t h e  tomato product ion  season. 
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. Unsolved Problems and Desirable 'Modif i~at ipnS ., , #  

The most severe problem to  date was deposits in the water supply l ines  and the 

heat exchangers during the 1976-77 season. Performance of the heat exchangers 

was estimated to  have reduced to  the 50 percent level .  Following cleaning 

with acid and chlorination, the performance was returned to  80-90 percent of 

the design level .  

Flow in the 30.5 centimeter (12-inch) water supply l ine  from the cooling towers 

dropped from 1600 gpm a t  i n i t i a l  s t a r t  u p  to 0.0631 cubic meters per second 

(1 000. gpm) . The 1 ines were cleaned during 1976-77 and the performance restored. 

They were thoroughly' flushed during the summer and chlorination devices placed 

in the 1 ine a t  each tower. This appears to have solved the problem completely. 

Some problems were encountered in providing adequate plant nutrients.  There 

appears to  be some leaching in the sandy so i l .  There also i s  an indication 

tha t  f e r t i  1 i zer recommendations were too low considering the very rapid growth 

tha t  takes place. The soi l  should be carefully selected or modified for  future 

instal  1 ations or hydroponic systems considered. 

The s t ructure probably should have a 3 meter (10 foot)  sidewall fo r  roses. A 3 

meter (10 foot) height could be a problem for  tomatoes, i f  the tomatoes were 

allowed to grow tha t  high because the upper clusters  of f r u i t  would have to  be 

picked from a ladder. A possible solution i s  t o  lower the plants a f t e r  lower 

c lus te rs  a r e  compl etely picked. Ideally,  cross supports fo r  the pipes supporting 

the tomatoes should be.incorporated. into the greenhouse des.ign. The soi l  heating 

system probably should be lowered to a t  leas t  45.7 centimeters (18 inches) 

below the surface to  minimize potential damage by t i l l a g e  equipment. Also the 

main'supply and return l ines  should be increased in s ize .  



Large acreages o f  greenhouses may r e q u ' r e  some redesign o f  t h e  warm water r e t u r n  

l i n e  t o  t h e  c o o l i n g  towers, because t h e  greenhouse use does.not  coo l  t h e  water .  

s u f f i c i e n t l y .  A l s o , . i t  would be d e s i r a b l e  t o  have underground e l e c t r i c a l  s e r v i c e  

d i r e c t l y  f rom t h e  d i s t r i b u t i o n  cen te r  t o  f u r t h e r , r e d u c e  t h e  p o s s i b i l i t y  o f  

e l e c t r i c a l  se rv i ce  i n t e r r u p t i o n .  

ECONOMICS OF WARM WATER HEATING 

Obviously,  t he  ex ten t  of t h e  advantages o f  us ing  warm water  f o r  greenhouse heat ing. 

depends upon the  c o s t  o f  o t h e r  f u e l s .  However, n a t u r a l  gas can be r u l e d  ou t  

because i t  can be obta ined f o r  new i n s t a l l a t i o n s  o n l y  on an i n t e r r u p t i b l e  basis .  

Warm water hea t i ng  requ i res  l a r g e r  s i z e  equipment than f o r  h o t  water o r  steam. 

The l a r g e r  equipment a l s o  u s u a l l y  cos ts  more t o  operate. The es t imated  c o s t  o f  

heat  f o r  t h e  demonstrat ion p r o j e c t  i s  $1.35 per  1.055 x 109 watt-seconds ( m i l l i o n  

BTU's). Comparable cos ts  f o r  f u e l  o i l  and e l e c t r i c i t y  a r e  $3.20 and $5.55, 

r e s p e c t i v e l y .  warm water thus represents a saving o f  $1.85 per  1.055 x 109 

watt-seconds ( m i l  1  i o n  BTU's) over  f u e l  o i l .  Based.,on an est imated . l 9 . 2 0  x 1012 

watt-seconds per  hectare-year  (7,400,000,000 BTU ' s  per  acre-year)  , t h e  savings 

would be $33,850 per  hec tare  ($13,700 per  acre)  annua l l y  based upon present  

cos ts .  We es t imate  t h a t  t h e  warm water system would use about$13,590per hec tare  

($5,500 per  acre)  a d d i t i o n a l  e l e c t r i c i t y  annua l ly  l e a v i n g  a n e t  annual savings 

of $20,260 per  hec tare  ( $8,200 per  ac re ) .  This  sav ing 'would have t o  pay f o r  

t he  added investment i n  a warm water hea t i ng  system. 

ADOPTION 

Commercial groups expressed i n t e r e s t  f rom the  beginning . A 1 ocal  f l o r a l  company 

cons t ruc ted  a 0.4 hec tare  t 1  acre)  double p l a s t i c  house w i t h  3 meter (10 f e e t )  

s i dewa l l s  du r i ng  t h e  summer o f  1977. They p lan  on i nc reas ing  t h e  area under 
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cover t o  1.2 hectares (3 acres) i n  t he  n e x t  few years. This  s t r u c t u r e  i s  devoted 

e n t i r e l y  t o  f l o r a l  :'crops grown i n  the  s o j l  . Another l o c a l  company has b u i  1  t two 

I 7.9 meter (26 f e e t )  by 39.6 meter (130 f e e t )  hoop type houses. They a r e  growing 

vegetable crops us ing  a  " n u t r i e n t  f i l m "  (hydrop0nics)system. Other commercial 

greenhouse operators a r e  s e r i o u s l y  d iscuss ing  l o c a t i n g  a t  t h e  generat ing p l a n t  

I s i t e .  NSP i s  moving forward t o  p rov ide  warm water w i t h i n  t h e  nex t  1-2 years t o  

an area s u i t a b l e  f o r  approximate ly  5.67 hectares (14, acres)  , o f  greenhouses. I 

CONCLUSIONS 

i Greenhouses can be heated s a t s i f a c t o r i l y  and economical ly w i t h  warm water.  The 

/ technology i s  a v a i l a b l e  f o r  immediate use, a1 though improvements i n  design and ~ 
I methods o f  opera t ion  should evo l ve . .  I f  t h e  demand develops, NSP cou ld  p rov ide  

land and warm water f o r  as much as 40.5 hectares (100 o r  more acres)  o f  green- 

I houses a t .  t he  Becker l oca t i on . .  1 
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Figure 1. Northern States Power Co. 1380 Megawatt Coal Fired Generating 
Plant at Becker, Minnesota w i  t h  Warm Wate~' Heated Greenr;cuse 
in the Foreground. 

" Figure 2. Schematic Diagram of the Flow of Water in the Generating Plant 
and to, through and from Warm Water Greenhouse Heating Systems 
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HEATING AN) COOLING SYSTEM SCHEMATIC 

Figure 3. Schematic Diagram of Heating and Cooling Systems in the Warm 
l/a ter Greenhouse. 

Figure 4. Ceiling Located Air Handler - Warm Water Heat Exchanger 
Used for the Primary Source of Heat i n  12 of 14 Bays 



Figure 5 .  Modine Warm Water Heat Exchanger Located i n  the C e i l i n g  o f  
Each End o f  Two Bays t o  Serve as  the Primary Source o f  Heat. 

1 1 st.:, L ;. Soil Heating System Comprised of One Inch Rigid Polyethylene 
Pipe Spaced Two Feet A~art  Placed Twelve Inches Below th i  S o i l  
Surf acc 



Figure 7 .  Roses i n  Early Stages of Growth. Note Welded Wire Support 
System. Also Note Exhaust Fans i n  Ends of Bays That Draw 
A i  r Through t h s  ~vapora"tlke Pads for Caol ing. Also Visible 
( b r e l y )  i n  th?g P~rcgroufid Alsle is the R i g i d  Palyethylene 
Pipe Forming the Perimeter l rr igat ion System. 

1 

Figure 8 .  Potted Geraniums on a Capillary Mat for Watering. Note Air 
Handler and Plastic Distribution Duct for Warm Air. Also 
Note Pipe and String Support System for Tomatoes in  Adjacent 
Bay. 



F i g u r e  9 .  Irrigation System Used for Tomatoes Comprised of Rigid 
Polyethylene Distribution Pipe grid Flexible Porous "Via 
Flow" Delivery Tube Placed Just Below the So i l  Surface. 
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Fiaure 10. Performance o f  the Warm Water Heating Systems During the Coldest 24-Hour Period 
o f  the 1976-77 Heating Season. 
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Paper .No. 9 

Hatchery Culture  of Molluscs i n  Conjunction with 

t h e  Waste ~ h e k l  Ef f luen t  of a Power P l a n t  

. ., 
Stephen P. Henderson, P res iden t  

Richard A .  E iss inger ,  Vice Pres iden t  

I n t e r n a t i o n a l  s h e l l f i s h  ~ n t e r p r i s e s  
Moss Landing, Ca l i fo rn ia ,  U.S.A. 

Abst rac t  

Although a good d e a l  of popular a t t e n t i o n  has been 

given to t h e  npp l i ca t ion  of power p l a n t  thermal aquacul ture ,  

few a t tempts  have i n  f a c t  been ma.de, and fewer commercial 

a p p l i c a t i o n s  have been attempted. I n t e r n a t i o n a l  S h e l l f i s h  

En te rp r i ses  eva.luated the  use of power pl&t thermal 

e f f l u e n t  f o r  the  c u l t u r e  o i  b iva lve  s h e l l f i s h  from 1970 t o  
. ' 

1976 a t  a : f o s s i l  fue led  power p l a n t  a.t Moss Landing, along 

t h e  C a l i f o r n i a  coas t .  The power p l a n t  draws sea  water 

f o r  steam condensation from a .  harbor,  h e a t s  ' t h e  sea  water 

an average of 14 degrees. centigra.de, and discharges t h e  

water 800 f e e t  of fshore  through two po in t  discharges i n t o  

t h e  waters o f  Monterey Bay i n  t h e  P.ad f i c  Ocean. ' 

I n i t i a 1 , a t t e m p t s  t o  u t i l i z e  t h i s  water were evalua t ions  

o f ,  growth response by a number of oys te r s ,  clams, sca l lop ,  

and abalone ranging i n  s i z e  from 2 mm t o  30 mm. Growth 

response was encouraging enough t o  explore f u r t h e r  use i n  

hatchery work. The power p l a n t  e f f l u e n t  water was used 

(Prepared f o r  t h e  1978 J o i n t  U.S.-U.S.S.R. Exchange 
Seminar on Thermal Heat Reject ion Systems) . . 
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f o r  brood s tock  condit ioning,  l a r v a l  cu l tu re ,  and seed 

c u l t u r e  with v a r i a b l e  r e s u l t s .  Problems encountered with 

use  of t h i s  water r e l a t e d  t o  l a r g e  populat ions of b a c t e r i a  

which were pathogeriic t o  t h e  s h e l l f i s h  cul tures , .  chemical 

contaminants i n  t h e  form of high ammonia f r a c t i o n s  i n  

the. power p l a n t  source waters  and tmmine r e s i d u a l s  

r e s u l t i n g  from t h e  power p l a n t  b ioc lde  app l i ca t ions .  Attempts 

t o  de- toxify t h i s  water with b i o l o g i c a l  f i l t r a t i o n '  and 

s t e r i l i z a t i o n  were u s e f u l  b u t  not  deemed economically 

f e a s i b l e .  I n  e a r l y  1976, a t tempts  t o  u t i l i z e  t h i s  power 

p l a n t  e f f l u e n t  were c u r t a i l e d .  

Present ly ,  an at tempt  t o  use t h i s  e f f l u e n t . w a t e r  i n  a 

p l a s t i c  h e a t  exchanger shows promise t o  e x t r a c t  u s e f u l  

h e a t  f o r  c u l t u r e  opera.tions. 

In t roduct ion  

With the' prospects  f o r  U.S. e l ec t r i ca .1  power demands 

doubling i n  t h e  next  decade, inc reas ing  concern about t h e  

eco log ica l  e f f e c t s  of thermal e f f l u e n t  has  r e s u l t e d  i n  

increased  regula tory  l e g i s l a t i o n  t o  c o n t r o l  thermal  e f f l u e n t s ,  

and proposals  t o  accomodate o r  a l l e v i a t e  the. problems of 

thermal e f f l u e n t  through engineering modif icat ions and 

proposed mul t ip le  use of t h e  e f f l u e n t .  Proposals t o  u t i l i z e  

thermal e f f l u e n t s  from power p l a n t s  have included urban 

r e s i d e n t i a l  hea t ing ,  a g r i c u l t u r e ,  and aqua.culture. The use 

of power p l a n t  t h e r m a l  e f f l u e n t  f o r  aquacul ture  has  probably 

received t h e  major publ ic  a t t e n t i o n  i n  t h e  last decade, 



with proponents claiming t h a t  t h e  c u l t u r e  of a q u a t i c  p l w t s  
( . ,  I '  . . 5 .  

. . I . .  . . ' . 
and animals i n  this w a r m  water could ' reduce produc ti 'on 

c o s t s  and t h e  time requi red  t o  r e a r  t h e  products t o  

marketable s i z e .  , I n  addi t ion ,  .even though it may be .. 

unfeas ib le  t o  claim t h a t  aquacul ture  use of thermal 

e f f l u e n t  may reduce t h e  f i n a l  discharge temperatures t o  

comply with p resen t  r egu la t ions ,  t h e  p o s s i b i l i t y  does 

e x i s t  t o  s l i g h t l y  reduce the -d i skharge  waters through 

aquacul ture  use, and aquacul ture  may be consid.ered a 

p o s i t i v e  means of compensatiori f o r  t h e  adverse e f f e c t s  

o f . - t h e  power p l a n t  e f f l u e n t  water.  

In.  marine water based power . p l a n t  e f f l u e n t  u t i l i z a t i o n ,  

only a few .a t tempts  have been made t o .  u t i l i z e '  t h i s  water.  

Most of these  e f f o r t s  have been i n d u s t r i a l  and u n i v e r s i t y  

sponsored experimental  e f f o r t s .  Commercial a p p l i c a t i o n s  

have been l imi ted ,  with t h e  most success fu l  a t tempt  by 

t h e  Long I s l and  Oyster Company which r a i s e s  hatchery grown 

oys te r s  and clams i n  a power p l a n t  , e f f l u e n t  lagoon i n  

New York . 
I n t e r n a t i o n a l  S h e l l f i s h  Enterprises evaluated t h e  use 

of thermal e f f l u e n t  f o r  aquacul ture  from 9 7 0  through 1976 

as p a r t  of i t s  e f f o r t s  i n  e s t a b l i s h i n g  a s h e l l f i s h  ha,tchery 

and growing operat ion i n  Ca l i fo rn ia .  It i s  no t  t h e  i n t e n t i o n  

of t h i s  paper t o  p resen t  t h e ' y e a r s  of d a t a  c o l l e c t e d  during 

these  evalua t ions ,  but  t o  descr ibe  t h e  p r i n c i p a l  problems 

encountered i n  applying thermal power p l a n t  discharge waters 

t o  a commercial aquacul ture  operat ion.  



These problems have been grouped i n  two genera l  

a r e a s :  those concerned with t h e  e f f e c t s  of t h e  power 

p l a n t  opera t ion  i t s e l f ,  and those probiems assoc ia ted  

wi th  t h e  source wa.ters used by the  power p l a n t  f o r  i t s  

cool ing  opera t ions .  

Background 

I n t e r n a t i o n a l  S h e l l f i s h  En te rp r i ses  was e ~ t a ~ b l i s h e d  

i n  e a r l y  1970 as a commercial mar icul ture  veriture with 

t h e  i n t e n t i o n  of e s t a b l i s h i n g  a f u l l y  i n t e g r a t e d  s h e l l f i s h  

opera t ion ,  c o n t r o l l i n g  hatching,  l a r v a l ,  and e a r l y  juveni le  

g r o w t h  s tages ,  and f i n a l l y  t h e  growth of s e v e r a l  spec ies  

of s h e l l f i s h  t o  marketable s i z e .  The company has progressed 

from a s t a r t -up  phase of t e s t i n g  from 1970 thr'ough 1973', 

through a commercial f a c i l i t i e s  cons t ruc t ion  phase from 

1973 through 1975, t o  a f u l l y  functiona.1 commercia.1 operat ion 

which has  operated . s ince  1975. The company today opera tes  

a 6,000 square f o o t  s h e l l f i s h  hatchery producing s e v e r a l  mi l l ion  
, 

2-3 mm oys te r  and clam seed pe r  month, an extens ive  s h e l l f i s h  

nursery.  operat ion i n  a, nearby es tua ry  where. s e v e r a l  mi l l ion  

s h e l l f i s h  seed pe r  month a r e  reared from t h e  ha tchery  s i z e  

t o  25-40 mm, and a developing s h e l l f i s h  growing operat ion 

i n  t h e  same es tua ry  where t h e  nursery products  w i l l  be 

grown t o  marketable s i z e .  The company p resen t ly  s e l l s  i t s  

nur se ry  s h e l l f i s h  seed t o  s h e l l f i s h  farmer's throughout t h e  

world. 

'Applicat ion of thermal e f f l u e n t  has  been r e s t r i c t e d  

t o  trials a t  t h e  I.S.E. hatchery f a c i l i t y ,  shown i n  Figures  

1 and 2, a t  i t s  p resen t  l o c a t i o n  adjacent  t o  t h e  Moss Landing 
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Ffgure 2. Moss Landing Power P l a n t .  , 



Harbor. 

P a c i f i c  Gas and E l e c t r i c  Company opera tes  a f o s s i l  

f u e l e d  e l e c t r i c  genera t ing  f a c i l i t y  at Moss Landing 

w i t h  a gross  genera t ing  capaci ty  of 2110 megawatts, 

making i t  one of t h e  l a r g e s t  s u c h . p l a n t s  i n  t h e  world. 

The power p l a n t  c i r c u l a t e s  1,000,000 ga l lons  p e r  

minute (63.1 m3/sec) of s e a  water drawn. from a harbor,  

passes  t h i s  water through t i tan ium s t e m  condenser 

tubes,  and discharges the  e f f l u e n t  800 f e e t  of fshore  

I i n t o  t h e  P a c i f i c  Ocean. P l a s t i c  p ipes  from t h e  1;S.E. 

hatchery connect i n t o  t h i s  d i ~ c h a r g e  p i p e l i n e  and. can 

draw up t o  250 g a l l o n s  pe r  minute of t h e  thermal e f f l u e n t  

I f o r  ha tchery  use. 

Evaluation t r ia ls  i n  . u t i l i z i n g  t h i s  thermal e f f l u e n t  

f o r  s h e l l f i s h  c u l t u r e  included r e a r i n g  oys te r  and clam 

I l a r v a e  from f e r t i l i z a t i o n  t o  metamorphosis i n  1000 l i t e r  

I ,' c u l t u r e  containers, ,  r e a r i n g  recen t ly  metamorphosed oys te r  

seed t o  s i z e s  of 1-2 mm, and rea r ing  25-6- oys te r s  t o  

a d u l t  s i z e s  of 70-100 mm. Water f o r  these  trials was 

passed ' through high r a t e  sand f i l t e r s ,  and i n  t h e  l a r v a l  

c u l t u r e ' t r i a l s  f u r t h e r  f i l t e r e d  with polyethylene 1 micron 

tube f i l ters ,  and f i n a l l y  exposed 'o u l t r a v i o l e t  l i g h t  

s t e r i l i z a t i o n .  Without present ing  a d e t a i l e d  account of 

I t h e s e ,  c u l t u r e  trials,  the  p r i n c i p a l  problems i n  dea l ing  

~ with  t h e  power 'p lant  e f f l u e n t  w i l l  be presented below. 



Power P l a n t  Operat ional  P,roblems . 
. . .  

The p r i n c i p l e  problems i n  applying thermal e f f l u e n t  

t o  aquacul ture  p r a c t i c e s  r e l a t e d  t o  t h e  opera t iona l  charac t -  

e r i s t i c s  of t h e  power p l a n t  i t s e l f .  These problems were 

power p l a n t  e f f l u e n t  temperature cycl ing,  screening system 

wastes,  &d b i o c i d a l  a c t i v i t i e s .  

Temperature cycl ine .  When t h e  power p l a n t  e f f l u e n t  was 

u t i l i z e d  i n  c u l t u r e  trials,  e s p e c i a l l y  with juveni le  and 

a d u l t  s h e l l f i s h ,  using c o n t i n u a l l y ~ f l o w i n g  water t o  t h e  

s h e l l f i s h ,  temperature cycl ing  o,f t h e  puwer p l a n t  genera t ing  

u n i t s  became a major problem. 

Although sea  wa.ter inta-ke temperatures f o r  t h e  cool ing 

system were r e l a t i v e l y  s t a b l e  throughout t h e  year,  seasonal  

and -even d i u r n a l  discharge temperature changes were a t  times. 

extreme. Sea water inta@ke temperatures averaged 

1 2 ' ~  during t h e  winter ;  with temperatures averaging 15 '~  

during the  summer months, wi th 'average  temperature inc rease  

of loOc a f t e r  t h e  wa.ter passed through t h e  condensers. 

However, wi th  daai ly  v a r i a t i o n s  i n  consumer demand f o r  

e l e c t r i c i t y  i n  C-al i fornia ,  genera t ing  u n i t s  would be 

s t a r t e d  o r  stopped i n  s h o r t  per iods  of time, and with 

l i t t l e  advance warning, t h e  discharge temperatures would 
0 

vary as much as 8 C .  - 
I n  add i t ion ,  six times during t h e  per iod from 1970 t o  * 

1976 per iod ic  shutd&. of a l l  t h e  genera t ing  u n i t s  f o r  s e v e r a l  

week per iods  would leave  only ambient temperature water 

c i r c u l a t i n g  througg t h e  discharge p i p e l i n e s .  
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Although the.se..'temperature ' v a r i a t i o n s  had l i t t l e  

e f f e c t . o n  s t a t i c  c u l t u r e s  of s h e l l f i s h ,  s i n c e  t h e  wate r  

could be  monitored and tempered i f  necessary,  f lowing water  

c u l t u r e s  of s h e l l f i s h  a t  t imes e x h i b i t e d  l a r g e  m o r t a l i t i e s  

from ga,s bubble, d i s e a s e .  This  syndrome occurs  when a b r u p t  

wate r  t empera ture  changes causes  gas  emolism i n  t h e  c u l t u r e d  

s h e l l f i s h ,  a r e s u l t  of vary ing  d i s s o l u t i o n  r a . t e s  of oxygen 

and n i t r o g e n  wi th  temperature  change. 

Although ab rup t  changes of temperature  can be monitored 

and mixing va lves  can be used t o  temper the wa.ter temperature ,  

Lhis hardware does n o t  g e n e r a l l y  e x i s t  b u i l t  of m a t e r i a l s  

compatable wi th  e,ea wate r  of s h e l l f i s h  c u l t u r e  n e e d s . .  P l a . s t i c  

modulating va lves  must be custom manufactured f o r  t h i s  purpose,, 

l and f o r  h igh  f low r a t e  u se ,  t h e  c o s t  of t h i s  hardware becomes 

, extremely h igh .  

Screen ing  system wastes .  The P a c i f i c .  Gas and E l e c t r i c  Co. 

power p l a n t  a t  Moss Landing u , t i l i z e s  a s e r i e s  of t r a v e l l i n g  

sc reens  t o  exclude la.rge marine organisms from plugging t h e  

condenser t ubes .  These t r a v e l l i n g  sc reens  opera.te on a, t ime 

schedule ,  b u t  occas s iona l ly  t u r n  on unexpec tan t ly  when p r e s s u r e  

d i f f e r e n t i a l  s enso r s  b e f o r e  and a f t e r  t h e  sc reen  a ,c t iva . te  

t h e  system. When t h e s e  organisms ,a re  washed from t h e  

t r a v e l l i n g  sc reens ,  they a r e  washed i n t o  t h e  d i scha rge  

p i p e l i n e s .  A t y p i c a l  sc reen  washing w i l l  i nc lude  upwards 

of 400 ki lograms 'of f i s h ,  j e l l y f i s h ,  and c rus t aceans .  On 

t h o s e  occas s ions  when 1.S .E. was pumping thermaL d i scha rge  

wate r  i n t o  t h e  ha t che ry  and t h e  sc reen ing  ope ra t ions  were i n  

p roces s ,  l a r g e  amounts of t h e s e  organisms were pumped i n t o  t h e  



high l e v e l s  of organics  t o  t h e  discharge waters .  

The n e t  r e s u l t  of t h e s e  screening a c k i v i t i e s  was t h e  

a v a i l a b i l i t y  of organics  i n  t h e  sea  water which provided 

n u t r i e n t s  f o r  b a c t e r i a l  growth i n  t l z s h e l l f i ' s h  c u l t u r e s .  

Bi 'ocidal a c t i v i t i e s .  Chlorine i s  i n j e c t e d  i n t e r m i t t e n t l y  

i n t o  t h e  cool ing water flow of t h e  Moss Landing power p l a n t  t o  

c o n t r o l  sl ime-causing b a c t e r i a  and a1ga.e. Chlor ina t ion  I s  

conducted once p e r  day, with 1 .0  mg C 1  /1 i n j e c t e d  f o r  
2 

15 minutes a t  t h e  e n t r y  t o  t h e  condenser tubes .  Chlorine 

r e s i d u a l s  a t  t h e  I.S.E. hatchery access  t o  t h e  discharge 

l i n e s  have bben mea-sured a t  .22 mg c12/1, t h e  oxidant 

remaining l a r g e l y  bromine r e s i d u a l .  S tud ies  a t  I.S.E. 

on ch lo r ine  and bromine r e s i d u a l s  i n d i c a t e  t h a t  chronic 

t o x i c i t y  t o  oys te r  l a rvae  occurs ab lve  .I mg C 1  /l. 
2 

A s  a r e s u l t  of these  s t u d i e s ,  discharge p i p e l i n e  pumping 

a c t i v i t i e s  i n t o  t h e  I.S.E. ha tchery  were c u r t a i l e d  during 

power p l a n t  b i o c i d a l  a p p l i c a t i o n .  

Circula . t ing Waoter Source Related Problems 

Severa l  problems i n  dea l ing  with t h e  power p l a n t  

d ischarge  waster were found t o  be re las ted  t o  t h e  q u a l i t y  

of t h e  water a0t  t h e  c i r c u l a t i n g  water i n t a k e  l o c a t i o n .  

These problems were high l e v e l s  of pa.thogenic b a c t e r i a  and 

t o x i c  l e v e l s  of ammonia. 

B a c t e r i a l  problems. During the  numerous a t tempts  t o  

u t i l i z e  t h e  power p l a n t  e f f l u e n t  waster f o r  s h e l l f i s h  larva.1 

c u l t u r e ,  c o n s i s t e n t  m o r t a l i t i e s  i n  t h e  l a r v a e  p reva i l ed .  

Cul ture  comparisons of t h i s  water with an a l t e r n a t e  source 



dra.wn form the  open ocean ind ica ted  t h a t  very high l e v e l s  

o f '  pasthogenic bac ter ia .  were p resen t  i n  t h e  power p l a n t  

e f f l u e n t  waster. These bac ter ia ,  werc charac ter ized  a s  ' 

Vibrio sp . , e s p e ~ i a ~ l l y  - V. pa,rahema.elyticus, V.  - a l g i n o l y t i c u s ,  

and - V. a,nguilla.rium, and ~e romonas  sp.  These b a c t e r i a  a r e  

we l l  known a s  pathogenic t o  oys te r  laorvase. 
. . . . 

. , 

Toxic ammonia, l e v e l s .  ChemicaL a n a l y s i s  of the  power p l a n t  

e f f l u e n t  showed it t o  be ant  times extremely .high i n  ammonia, 

and coupled with a normai high pH i n  t h e  surrounding wa,ters 

of 8.3-5.6, high l e v e l s  uf Loxlc ammonia, ga,s were t'ound. .Levels  

of ammonia. of 10-40 ug-a t / l  were usua,lly found, with 

occasional  levels of 100 ug-a t / l  found a t  low t i d e  per iods .  

, A t  t h e  high pH l e v e l s  f o r  t h e  surrounding wasters, t h i s  

r e s u l t s  i n  un-ionized ammonia f r a c t i o n s  ranging from 3 t o  

14 ug-a,t / l .  Bioassay aOt the I .S.E.  hatchery of the  t o x c i t y  

of un-ionized ammonia, t o  oys te r  1arva.e have shown tha.t l e v e l s  

of over 1 .5  ug-a t / l  of ammonia, a r e  l e t h a l  t o  - the  l a rvae  

i f  exposure exceeds 24 hours.  

In  an anttempt t o  e l iminate  ammonia l e v e l s  from the  
. . .  . 

power p l a n t  discharge water, a, flow-through b i o l o g i c a l  

f i l t e r  was u t i l i z e d .  The f i l t e r  u t i l i z e d  dolomite granules  

ass t h e  b i o l o g i c a l  s u b s t r a t e .  Although combinations of 

b i o l o g i c a l  f i l t r a t i o n  and In tense  a e r a t i o n  reduced ammonia* 

l e v e l s  by a f a c t o r  of ten ,  and lowered pH l e v e l s  t o  7.8-8.0, 

these  methods were t o o  c o s t l y  f o r  t h e  high flow r a t e s  required 

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



. ' 
These b r i e f  d e s c r i p t i o n s  of ba.c't 'eriai 'and a,mmonia 

contamination a r e  p re sen ted  a s  problems r e l a t e d  t o  t h e  

power p l a n t  wource wate r ,  as t h e s e  contaminants were 

p r e s e n t  i n  t h e  ' ha rbo r  wate r  and n o t  a s  a r e s u l t  of any 

power p l a n t  a c t i v i t y .  

I n  mid-1976 I .S .E .  c u r t a i l e d  f u r t h e r  use  of t h e  

power p l a n t  d i s cha rge  wa8ter f o r  ha.tchery opera-tiorls,  , 

r e s o r t i n g  t o  u se  of open ocean wa4ter sources .  The problems 

i n  d e a l i n g  wi th  f r e q u e n t  temperature  changes, b i o c i d a J  

t rea tment  schedules ,  ba ,c te r ia , l ,  and ammonia contaminat ion 

p re sen ted  g r e a t e r  problems than t h e  b e n e f i t s  of u s ing  

t h e  power p l a n t  e f f l u e n t  could o f f e r .  

Recent ly ,  I . S . E .  has  renewed e f f o r t s  at  us ing  t h e  

power p l a n t  e f f l u e n t  i n  t h e  ha tchery  o p e r a t i o n .  An e f f o r t  

i s  p r e s e n t l y  underwa.~ t o  e x t r a c t  h e a t  from t h e  e f f l u e n t  t o  

supplement t h e  p r e s e n t  h e a t i n g  o f ,  open ,ocean seawater .  

Before  sea. water  i s  pumped through a carbon hea.t exchanger 

f o r  use  i n  t h e  ha t che ry ,  i t  pas ses  through s e v e r a l  p l a s t i c  

t ube  s o l a r  h e a t i n g  modules s i t u a t e d  i n  t anks  of c i r c u l a t i n g  

power p l a n t  e f f l u e n t  wa.ter. It i s  a n t i c i p a t e d  thas t  by 

u s i n g  t h i s  supplemental  h e a t  source ,  sav ings  w i l l  be 

r e a l i z e d  i n  o p e r a t i n g  t h e  b o i l e r - f i r e d  s e a  water  h e a t  

exchanger, and a t  t h e  same w i l l  avoid  t h e  i n c o n s i s t e n c i e s  

exper ienced i n  u se  of t h e  e f f l u e n t  wate r .  

It h a s  been t h e  purpose of t h i s  paper  t o  p r e s e n t  some 

of t h e  eng inee r ihg  and b i o l o g i c a l  obse rva t ions  from s e v e r a l  

y e a r s  of a t t empt ing  t o  u t i l i z e  a power p l a n t  e f f l u e n t  f o r  

aquacul tu re (  Many of t h e  problems encountered i n  t r y i n g  
/' 
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t o  harness  t h i s  energy source  stem from t h e  n a t u r e  of power 

p l a n t  s i t i n g .  Most power p l a n t s ,  and c e r t a i n l y  most of t hose  

under c o n s t r u c t i o n  now a r e  n e c e s s a r i l y  s i - t ed  i n  c o a a s t a l  a r e a s  

which a r e  a l r e a d y  hea.vily i n d u s t r i a l i z e d ,  i n  an e f f o r t  by 

c u r r e n t  l e g i s l a t i v e  d i r e c t i o n  t o  reduce impact on 

e c o l o g i c a l l y  s t a b l e  a r e a s  of our c o a s t l i n e s .  Th i s  f a c t o r  

w i l l  tend t o  p rec lude  t h e  d i r e c t  use  of power p l a n t  f o r  

very  c r i t i c a L  aquacu l tu re  u se  because o f '  s eve re  wate r  

qua . l i ty  1 imi t a . t i ons  i n  such geographic  a r e a s .  Although 

o y s t e r  l a r v a e  a r e  extr.emely s e n s i t i v e  t o  wa.ter q u a l i t y  

va*ga.ries, many of t h e  va.rying o p e r a t i n g  parameters  descr ibed  

i n  a t t empt ing  t o  use  t h e  Moss Landing power p l a n t  

e f f l u e n t  a.re extreme enough t o  p rec lude  c u l t u r e  of l e s s  

s e n s i t i v e  aaqua.cultur e  candida.tes,  such as salmon o r  

l o b s t e r . .  

While i t  i s  s a f e  t o  assume tha. t  m d  aquacu l tu re  

~ a ~ n d i d a ~ t e  s p e c i e s  w i l l  r each  .market s i z e  f a s t e r  i n  warmer 

wate r  t empera tures ,  t h e i r  d i r e c t  c u l t u r e  i n .  power p l a n t  

e f f l u e n t  i s  very  l i m i t i n g  f o r  commercial success ,  due t o '  

t k n e c e s s i t y  i n  any cornmerc ia l~venture  t o  have p r e d i c t a . b i l i t y  

i n  s tock  produc t ion .  I n  a, power p l a n t  e f f l u e n t  having t h e s e  

v a g a r i e s ,  i t  would be necessary  f o r  t h e  m a . r i c u l t u r i s t  t o  

design f a c i l i t i e s  wi th  a.dequate baxk up wa.ter h e a t i n g  caps,- 

c i t i e s ,  a. ve ry  c o s t l y  e n t e r p r i s e .  It would seem.a  more 

economic and- a sounder management a,pproach t o  t a k e  i n d i r e c t  

a6dva.nta.ge of t h e  h e a t  energy from a power p l a n t  e f f l u e n t  

t o  suppliement e x i s t i n g  h e a t i n g  f a c i l i t i e s .  
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The p o t e n t i a l  water problems associated w i t h  cool  i n g  thermal power 

p lan ts  i n  the  Uni ted States were out l ined,  i n  a  paper "Water Requirements 

i n  the  Uni ted States and Need f o r  Dry and Dry/Wet Cool ing" '  by W. F. Savage 

and G. Englesson which was presented a t  t h e  meeting o f  t h e  J o i n t  US-USSR 

Coordinat ing Committee on S c i e n t i f i c  and Technical Coordinat ion i n . t h e  

F i e l d  o f  Thermal Power P lan t  Heat Re jec t ion  Systems i n  the  Sov ie t  Union i n  

February 1977. As noted i n  the  paper, based upon the-assumption t h a t  l i m i t a -  

t i o n s  o f  sur face water could be used as a  basis f o r  p r e d i c t i n g  the  need f o r  

d r y  coo l ing ,  i t . w a s  p ro jec ted  t h a t  a  s i g n i f i c a n t  number of new power p lan ts  

.by  the  year  2000 would r e q u i r e  d ry  o r  d ry lwet  coo l ing .  The m a j o r i t y  o f  these 

f a c i l i t i e s  w i l l  be requ i red  i n  the  a r i d  ~ o u t h w e s t e r n  p a r t  o f  the  Un i ted  States 

where compet i t ion  over water has ex i s ted  f o r  many years. Severe-to-major 

problems a re  p ro jec ted  f o r  t he  Lower Colorado a n d ' c a l i f o r n i a  regions,  w i t h  

major t o  moderate problems p ro jec ted  f o r  t he  Great Basin, Upper Colorado, R io  

Grande, Texas Gul f ,  Missour i  and Middle A t l a n t i c  Regions. These areas are  

shown i n  Figure 1. 

To b e t t e r  understand the  water problems t h a t  e x i s t  i n  .the Uni ted .States, 

i t  must be recognized t h a t  considerable compet i t ion exi.sts over  t h e  ava i  lab1 e 

'water  resource. Furthermore water laws i n  the  Uni ted States are  very complex 

p a r t i c u l a r l y  i n  t h e  west where the  appropr ia te  r i g h t s  d o c t r i n e  a l lows water 

t o  be bought and sold.  , As a  means o f  a s s i m i l a t i n g  the  immense data base which 

e x i s t s  on water resourcks c h a r a c t e r i s t i c s  and a v a i l a b i  1  i ty, a  computerized 

system has been developed. ~ h e ' s ~ s t e m  was designed p r i m a r i l y  t o  a s s i s t  the 

i n d i v i d u a l  engaged i n  s i t i n g  thermal power p lants,  however, the  u t i l i t y  o f  

the  system i s  much more general. Charac te r i s t i c  type data on both sur face 



water and ground water sources a r e  inc luded i n  the  system. The data 

a r e  'organized around the  use of an e i g h t  d i g i t  water resource ca ta log ing  

u n i t .  S i m i l a r  t o  s ta tes  and count ies,  a water resource cata10,ging u n i t  

represents a s p e c i f i c  surface area w i t h i n  t h e  Un i ted  States. However, i n -  

t h e  case o f  the  wafer resource ca ta log ing  u n i t  t h e  area represents a na tu ra l  

hydro log ic  drainage basin. By us ing  the  water resources ca ta log ing  u n i t ,  

t h e  sur face o f  t he  Uni ted States i s  sub-d iv ided i n t o  more than 2000 areas. ' 

The water resource ca ta log ing  u n i t  i s  used t o  index a l l . w a t e r  resources and 

power p l a n t  data conta ined i n  t h e  i n fo rma t ion  r e t r i e v a l  system. Furthermore, 

t h e  water resource ca ta log ing  u n i t  i s  used as an index ing  scheme f o r  cor re-  

l a t i n g  water demand. 

To model the  demand f o r  water w i t h i n  the  thermal power p l a n t  sec tor  

of the  U. S. economy, a s imple i n p u t l o u t p u t  technique us ing  normal ized data 

on forecasted e l e c t r i c a l  energy growth i s  employed. The demand c o e f f i c i e n t s  

a r e  mu1 t i  p l  i e d  by consumptive use o r  evapora t ive  l oss  c o e f f i c i e n t s  t o  ob ta in  

an e f f e c t i v e  consumptive use f a c t o r  f o r  each subregion, i.e.', (MWe) MWt c f s  (m)(m) 
where MWe = e l e c t r i c a l  megawatts, ' M w ~  = thermal megawatts, and 

c f s  = cubic f e e t  per  second. 

DATA BANK 

The water resources element of the. i n fo rma t ion  system conta ins  b a s i c a l l y  

f o u r  types o f  data: da ta  on the  water resource ca ta log ing  u n i t ,  sur face  

water data, ground water data, and data on oceans and,bays. Table 1 provides 

a sumnary o f  the water data incorpora ted  i n t o  the  system. For each o f  the 

more than 2000' Water Resource Cata loging Un i t s  data on ; surface 

area, t he  dominant s t a t e  and county w i t h i n  which the  ca ta log ing  

u n i t  i s  found, t he  c u r r e n t  populat ion,  r u n o f f  c h a r a c t e r i s t i c s ,  and 

comments on water_, r i g h t s  a r e  inc luded.  Data on annual runof f  i s  



provided since i t  i s  sometimes assumed t o  be a theoretical upper l imi t  of 

surface water supply. Comnents on water r ights  a re  not presently included 

i n  the system b u t  will be added over the next couple of years. The intent  

of th i s  feature i s  t o  provide a description of the overall s ta tus  o r  a l l i~ca t ion ,  

i f  appropriate, for  water i n  each water resource cataloging unit .  

Jn each of the water resource cataloging uni ts ,  as.many as four surface 

water resources can be defined.. Surface water sources consist  of r ivers ,  

lakes, and reservoirs. Types of data stored on r ivers  are;  mean monthly 
I 

flow, mean monthly low flow data ( i . e . ,  1 i n  10 and 1 i n  20 year occurrences), 

and water quality parameters consisting of temperature and total  dissolved 

solids.  The primary source for  the flow data is the U.  S. Geological Survey. 

This agency has collected flow data from vi r tua l ly  tens 0.f thousands of gaging 

s tat ions throughout the United States for  numerous years. The.1 i n  10 and 

l ' i n  20 mean monthly low flow condition are  derived from mean monthly flow data 

u s i n g  s t a t i s t i c a l  models. S ta t i s t i ca l  models which assume Gama, Beta, and 

Log Normal dis t r ibut ion were used for  the purpose of establishing the 1 in 10 

and 1 in 20 low probability conditions. 

For lakes and reservoirs,  data on surface area, volume, temperature, 

and total  dissolved solids i s  provided. The 'sources of the data a re  reports 

published by various s t a t e  and federal agencies i n  the United States. Data 

on oceans and bays i s  limited to  one source per water resource cataloging 

unit. Only data on sa l in i ty  and temperature are  provided. 

An e ~ t e ~ n s i v e  e f fo r t  has been placed upon collecting and organizing 

ground water data.  Ground water i s  used extensively in some parts of the United 

States. A t  the present time ground water i s  withdrawn a t  a rate  of 80 b i l l  ion 

gallons/day. Twenty-five percent of the total  withdrawal i s  in the s t a t e  of 
., , 

Cal ifornia.  



The major problems associated w i t h  d e f i n i n g  the  ground water p o t e n t i a l  

a r e  due to :  1 )  t h e  heterogeneous nature  o f  ground water suppl ies,  and 2 )  

i d e n t i f y i n g  t h e  ex is tence and/or boundaries f o r  each a q u i f e r .  S i m i l a r  t o  

sur face water sources, a  maximum of f o u r  ground water sources can be entered 

f o r  each water resource ca ta log ing  u n i t .  To da te  the  pr imary ,emphasis 'has 

been d i r e c t e d  towards f i r s t  de f i n ing ,  and second o b t a i n i n g  data on h i g h . y i e l d  

aqu i fe rs .  High y i e l d  a q u i f e r s  a re  de f ined as those aqu i fe rs  capable o f  

y i e l d i n g  i n  excess o f  500 gal lons/minute (1.69 cub ic  meters/minute). As 

, p r e s e n t l y  planned i n  .add i t i on  t o  y i e l d ,  da ta  on depth, thickriess, t o t a l  

d isso lved so l i ds ,  temperature, s p e c i f i c  capac i t y  and. comments on water r i g h t s  

w i l l  be inc luded i n  the  i n fo rma t ion  system. The pr imary source f o r  ground 

water data i s  t h e  U. S. Geological Survey W4TSTORE ground water s i t e  Inventory  

F i l e .  I n  the  ground water s i t e  inventory  F i l e  a re  data f o r  more than 600,000 

w e l l s  loca ted  i n  t he  Uni ted States.  

I n  a d d i t i o n  t o  minimum y i e l d ,  o the r  c r i t e r i a  which have been used f o r  

purposes o f  screening candidate aqu i fe rs  are; a'maximum a q u i f e r  depth o f  

1000 feet ,  a  minimum s p e c i f i c  capac i ty  o f  25 ga l lons  per f o o t  ( .3 cub ic  

meters per  meter)' o f  draw down, and a  water q u a l i t y  c o n s t r a i n t  which l i m i t s  

t h e  t o t a l  d isso lved so l  i d s  t o  5000 p a r t s  per  m i l l  ion .  

Data on h y d r o e l e c t r i c  and thermal power p l a n t s  w i t h  a  capac i ty  r a t i n g  

o f  100 MWe o r  more a re  inc luded i n  the  i n fo rma t ion  system. Table 2 sumar -  

i z ~ d  the  data inc luded i n  the  system. Three bas ic  types o f  power p l a n t  data 

a re  included; general p l a n t  in format ion,  power p l a n t  coo l i ng  in fo rmat ion ,  

and opera t iona l  data. For purposes o f  comparison i t  i s  worthwhi le  t o  note 

t h a t  i n  1975 water wi thdrawals f o r  s team-e lec t r i c  power p lan ts  were 90 b i l l  i o n  

ga l l ons  per day (3.79 m i l l i o n . c u b i c  meters per  day) represent ing  n ine ty - fou r  



percent  o f  a l l  wi thdrawals f o r  energy product ion  i n  t he  Uni ted States and 

twenty -s ix  percent  of t he  t o t a l  f resh water withdrawals. With the  t rend  

towards o f f - s t ream c o o l i n g  (e.g, use of  c o o l i n g  towers),  t h e  t o t a l  w i t h -  

drawal o f  surface waters f o r  purposes of c o o l i n g  thermal power p l a n t s  a re  

forecasted t o  decrease i n  the  years ahead. However, consumptive use through 
I 

blowdown and evaporat ion a re  forecasted t o  increase. 

General p l a n t  data inc luded i n  the  system cons i s t s  o f  p l a n t  name, 

u t i l i t y  name, p l a n t  l o c a t i o n ,  p l a n t  type and o v e r a l l  r a t e d  capaci ty .  The 

l o c a t i o n  o f  t he  p l a n t  i s  referenced w i t h  respect  to ;  c i t y ,  county, s t a t e ,  

water resources ca ta log ing  u n i t ,  and l a t i t u d e  and long i tude.  Add i t i ona l  

in fo rmat ion  on the  s p e c i f i c  Federal Energy Regulatory Commission power supply 

area and reg ion  served as we l l  as t h e  year  o f  c o m e r c i a l  s t a r t  up are  included. 

Of p a r t i c u l a r  importance i s  the  i n c l u s i o n  o f  data on t h e  type o f  condenser 

c o o l i n g  system. I n  the Uni ted States thermal power p lan ts  a r e  cooled through 

t h e  use o f  once through cool ing,  cool i n g  ponds, and cool  i n g  towers. Cool i n g  

system c h a r a c t e r i s t i c s  such as withdrawal ra te ,  consumption blowdown, and 

discharge r a t e  a re  contained. The source o f  the  coo l i ng  water i s  a l s o  inc luded 

i n  the  i n fo rma t ion  system. 

Year ly  power p l a n t  opera t iona l  data such as t o t a l  generat ion, heat 

ra te ,  and capac i ty  f a c t o r  a re  a l s o  inc luded.  The source f o r  nea r l y  a l l  data 

~ . o n  power p l a n t  design and opera t ion  a r e  obta ined through p u b l i c a t i o n  pro- 

v ided by Federal Energy Regulatory Commission, and the  Edison E l e c t r i c  I n -  

s t i  t u t e .  Trade j ou rna l  s  such as "Power Engineerinq", and "Elec. t r ica1 World" 

a r e  a l s o  used ,pe r iod i ca l l y .  
.... 

The data on power p lan ts  and water resources a re  organized i n t o  a. 

, h ie ra rch i ca l  s t r u c t u r e  f o r  purposes o f  r e t r i e v a l  us ing  a general ized 



commercial ly a v a i l a b l e  system. The h i e r a r c h i c a l  s t r u c t u r e  f o r  the  da ta  

base i s  shown i n  F igure  2. The i n fo rma t ion  system can be operated on a 

batch  o r  on-1 i n e  i n t e p a c t i v e  mode. The i n fo rma t ion  system i s  present ly . ,  

ope ra t i ona l  on a  Univac 1110 computer. 

DEMAND FORECASTING 

Recognizing t h a t  a  c o n t i n u i n g  need e x i s t s  f o r  updat ing  p r o j e c t i o n s  

on power growth, a p r e d i c t i v e  model has been developed f o r  use i n  conjunc- 

t i o n  w i t h  the  i n fo rma t ion  system. As i n d i c a t e d  i n  the i n t r o d u c t i o n ,  supply 

and demand modul es were developed us ing  bas ic  input -ou tput  techniques. 

To begin w i t h ,  i n fo rma t ion  on e x i s t i n g  and pro jec ted  power growth and 

t ransmiss ion h f a c i l ' i t i e s  were synthesized i n t o  a  number o f  power generat ion 

areas. F igure  3  shows t h e  230 power generat ion areas which were developed 

us ing  t h i s  procedure. Normalized power growth c o e f f i c i e n t s ,  i.e., 

were developed f o r  each o f  t h e  power generat ion areas based upon forecasted 

economic and a g r i c u l t u r a l  growth c h a r a c t e r i s t i c s  prepared by research 

economists i n  the  Uni ted States. The 230 power generat ion areas were nex t  

c o r r e l a t e d  w i t h  the  Water Resources Cata loging U n i t  index ing  scheme by 

ove r lay ing  the  power generat ion areas on a  map o f  t he  Uni ted States showing 

the  Water Resource Subbasin? (WRSB). The 204 Water Resources Subbasins . 

i n  the contiguous Uni ted States a re  shown i n  F igure  4. For purposes o f  

f o r e c a s t i n g  e l e c t r i c a l  energy demand and growth pa t te rns  i t  was assumed 

t h a t  d isaggregat ion o r  sub -d i v i s i on  t o  t h e  l e v e l  o f  water resources sub- 

basins gave a  s u f f i c i e n t  l e v e l  o f  d e t a i l .  For purposes o f  comparison, each 

water  resources sub-basin conta ins  on the  average 10 ca ta log ing  u n i t s .  



I Using t h i s  approach, the  t o t a l  demand f o r  e l e c t r i c i t y  i s '  i npu t ted  t o  the  

p r e d i c t i v e  model and t h e  model i s  used t o  est imate t h e .  s p e c i f i c  water demand 

i n  each water resource subbasin. Comparison can then be made regard ing the  

water supply and demand f o r  water o r  a  subbasin, which can be ex t rapo la ted 

i n t o  water resource ca ta log ing  un i t s .  

FUTURE WORK 

The in format ion  system i s  opera t iona l  and numerous i n q u i r i e s  f o r  data 

have been received. Add i t i ona l  work i s  requ i red  i n  rev iewing and acqu i r i ng  

data on ground water and,water r i g h t s .  To date  the  p o t e n t i a l l y  h igh  y i e l d  

I aqu i fe rs  have been def ined and p re l  im inary  data on e x i s t i n g  t e s t  we1 1  s  f o r  

l each candidate a q u i f e r  has been obtained. Pump t e s t  'data f o r  the  var ious 

I w e l l s  w i l l  be c o l l e c t e d  and entered i n t o  t h e  i n fo rmat ion  system. 

Add i t i ona l  development o f  the  p r e d i c t i v e  capab . i l i t y  a re  planned. A 

f u t u r e  model w i l l  r e l a t e  supply and demand through the  use o f  s p e c i f i c  end 

use c o e f f i c i e n t s  f o r  each primary use o f  e l e c t r i c a l  energy: i n d u s t r i a l  , 

r e s i d e n t i a l ,  and commercial. Models f o r  each o f  t he  end uses w i l l  be 

developed us ing standard economic a c t i v i t y  f a c t o r s  and populat ion as the 

pr imary independent var iables.  A demand model w i l l  be formulated f o r  each 

Water Resource Subbasin. The demand.for e l e c t r i c a l  energy i n  each Water 

Resource Subbasin can then be evaluated as a  f u n c t i o n  o f  t ime using economic 

a c t i v i t y  f a c t o r s  and populat ion as the  pr imary independent var iables.  The 

e l e c t r i c a l  demand can then be compared w i t h  t h e  proposed supply and water 

a v a i l a b i l  i t y  thus d e f i n i n g  where advanced power p l a n t  cool i ng  methds need 

t o  be used. 



WATER RESOURCE REGIONS 
(1) NEW ENGLAND 
(2) MIDDLE ATLANTIC 
(3) SOUTH ATLANTIC - GULF 
(4) GREAT LAKES 

(6) TENNESSEE 
(7) UPPER MISSISSIPPI 
(8) LOWER MISSISSIPPI 
(9) SOURIS - RED - RAINY 

(10) MISSOURI 
(11) ARKANSAS -WHITE  - RED 
(12) TEXAS - GULF 
(13) RIO GRANDE 
(14) UPPER COLORADO 
(15) LOWER COLORADO 
(16) GREAT BASIN 
(17) COLUMBIA - NORTH PACIFIC 
(18) CALIFORNIA 

SEVERE TO MAJOR WATER D E F I C I T S  

lm MAJOR TO MODERATE WATER DEFICITS 

FIGURE 1: POTENTIAL FOR WATER SHORTAGES I N  GIATER RESOURCE REGIONS 
OF THE UNITED STATES. (YEAR 2 0 0 0  FORECAST) . . 



WATER RESOURCES CATALOGING U N I T  DATA 

WATER RESOURCES 

DATA 
POWER PLANT 

DATA 

FIGURE 2: HIERARCHICAL STRUCTURE FOR THE THERMAL POWER PLANT WATER 

USE INFORMATION SYSTEM 



FIGURE 3: POWER GENERATION AREAS I N  THE UNITED STATES 



FIGURE 4: WATER RESOURCES SUBBASINS I N  THE CONTIGUOUS UNITED STATES 
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TABLE I 
- 1  

b - 

*.---. -- 
WATER RESOURCE DATA 

- - - - -*- - -- -- 
Data provided for= f8r i l lgf l )  'Water lRmowre Crtaleging Urn%..- - 

Area Description . Approximate area - square miles . State 

Dominant .county 

Approximate current population 

Average, minimum and maximum run-off 

Water r ights  s ta tus  (available 1980) 

Competing water use data (available 1980) 

Surface Water (River, Lakes and Reservoirs) 

Rivers (4 maximum per cataloging un i t )  

- Name 

- Average annual flow (cfs)  

- Monthly flow (by month f o r  50, 90, 95% probability) 

- Mean, maximum and minimum temperature 

- Total dissolved solids 

- Hardness 

Lakes o r  reservoirs (4 maximum per cataloging uni t )  

- Name 

- Area 

- Volume 

- Mean, maximum and minimum temperatures 



TABLE 1 ( c o n t ' d )  . ' 

WATER -RESOURCE DATA 

- Tota l  d i s s o l v e d  s o l i d s  . . 
. . . . , .  . . - Hardness . 

- PH 
Ground Water (maximum of 4 a q u i f e r s  p e r  c a t a l o g i n g  u n i t )  . .: . *  . . .  . . Name 

. <-: 

. Depth (be1 ow ground 1 eve1 ) , - , , . .  .. . Thickness 

Total  d i s so lved  s o l  i d s .  

.Spec i f f . c  c a p a c i t y  

Yield of l a r g e  d iameter  we11 

Committed water  r i g h t s  ( a v a i l a b l e  1980) 

OceanlBays (1 o n l y  per  c a t a l o g i n g  u n i t )  

Name 

S a l i n i t y  . ..* 

Mean, maximum and minimum tempera ture  
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TABLE 11. 

, GENERATING PLANT DATA I 

Data provided fo r  each thermal generating plant with rat ing of 

.I00 We or greater'. Applicable data fo r  hydroelectric units are 
included for  convenience. j ,  

General Plant Information 

Plant name 

Ut i l i ty  name 

Plant location 

- City, county, s t a t e  , . 

- Water resource cataloging u n i t  

- Latitude and longitude 

- Federal Energy Regulatory Commission power supply' area and region . Plant type . Plant capacity (Mhle) . Firs t  year of commercial operation 
1 

Plant Cool ing Information 

Type (once t h r o u g h ,  tower, e tc .  ) 

Cooling water source 

Flow ra te  of receiving water body 

,Withdrawal , consumption, blowdown, discharge rates 

PI ant Operational Data (yearly) 
. . 

. ., Generation . Heat ra te  

Capacity factor  
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ABSTRACT. . 

'Cogeneration i s  broadly .;fined as the  simultaneous product ion o f  

e l q i r i c i t y  br sha f t  power and use fu l  thermal energy. The Department o f  

I ,  Energy (DOE) i s  r e s p o n s i b l e f o r  t he  advancement o f  ccgeneration technology 

us ing  energy conversion systems ('ecs) w i t h  bo th  ' today's comerc  i a1 l y  

ava i l ab le  technology and advanced energy conversion system technolog'y. I n  

l i n e  w i t h  the l a t t e r  r e s p o n s i b i l i t y ,  a study i s  being performed by the  

I Hat iona l  Aeronautics and Space Admin is t ra t ion  (NASA) f o r  DOE c a l  l e d  t he  

'Cogeneration Technology A1 t e rna t i ves  Study' (CTAS)". The ob jec t i ves  o f  

the study are t o  evaluate and ccnpare var ious advanced ecs i n  i n d u s t r i a l  

cogeneration and t o  ' assess the' energy' savings, li f e-cycl e energy cost, and 

environmental impact b e n e f i t s  o f  us ing  advanced technology. The f o l l o w i n g  

- systems are included i n  the study: steam systems, open-cycle gas 

turb ines,  combined gas turbine/steam t u r b i n e  systems, d i ese l  engines, 

c losed-cycle gas turbines,  S t i r l i n g  engines, h igh and low temperature f u e l  

c e l l s  and thermionics. Fuels inc lude  d i s t i l l a t e  and res idua l  q u a l i t y  

petro luem fuels,  coal-der ived gaseous and l i q u i d  fue ls ,  and coal.  
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o .  , I n t r o d u c t i o n  . 

Cogeneration i s  def ined broadly  as t h e  simultaneous generat ion of 

e l e c t r i c i t y  or  s h a f t  power and use fu l  therma1,energy. Th is  d e f i n i t t o n  

app l ies  t o  a wide v a r i e t y  o f  i n d u s t r i a l  and c o m e r c i a l / r e s i d e n t i a l  

app l ica t ions.  The cog ine ra t i  on concept o f f e r s -  t h e  p o t e n t i a l  f o r  increpses 

i n  o v e r a l l  energy u t i l i z a t i o n  e f f i c i ency .  Up t o  t h i s  time, cogenerati.on 

has seen ' r e l a t i v e l y  1 im i ted  use i n  t h e  .United 'states. However, i n  l i g h t .  . 

o f  d imin ish ing domestic o i l  and na tu ra l  gas' reserveo and r i s i n g  f u e l  

pr ices,  the  a p p l i c a t i o n  o f  cogenerat i  on concepts e x h i b i t s  t he  p o t e n t i a l  

f o r  s i g n i f i c a n t  bene f i t s  i n  t he  future. ,  

The Uni tpd States Department o f  Energy (DOE) i s  responsible f o r  t h e  

advancement o f  cogeneration technology using energy conversion systems 

w i t h  bo th  today's commercially ava i l ab le  technology and advanced energy 

conversion system technology. I n  l i n e  w i t h  t he  l a t t e r  r e s p o n s i b i l i t y ,  t he  

WE D iv i s i on  o f  Fossi  1 Fuels U t i l i z a t i o n  has i n i t i a t e d  the  Cogeneration 

Technology A l t e rna t i ves  Study (CTAS) which w i l l  address the mer i t s  o f  

advanced cogeneration systems f o r  p rov id i ng  i n d u s t r i a l  power and process 

heat. 

Object  i ves and Scope 

The ob jec t i ves  o f  t he  CTAS e f f o r t  are. as fo l lows:  

1, I d e n t i f y  and evaluate t he  most a t t r a c t i v e  advanced energy 

t onve rs i  on systems f o r  implementation i n  opt imized i ndus t r  i a1 

cogenerat i  on appl i c a t i  ons f o r  t he  1985-2000 t ime period. 

2. Quan t i f y  and assess the advantages o f  .advanced energy system 

technology compared' t o  the  use o f  today's commercial ly ava i l ab le  

technology. 
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Table 1 1 i s t s  t he  advanced energy conversion systems. which are  . 

Inc luded i n  the CTAS e f f o r t .  .The systems are being examined a t  technology 

l e v e l s  which might  be c o m e r c i a l i z e d  i n  t he  1985-2000 t ime per iod.  .Steam 

systems, gas t u rb i ne  systems and ,d iese l  engines are a lso being examined a t  

cond i t i ons  represent ing today's comnerc ia l ly  ava i l ab le  technology. 

Resul ts f o r  the  cases us ing these c o n e r c i a l l y  ava i lab le .  technology 

. systems are be ing used as a base l ine  f o r  assessing t h e  advantages o f  

advanced technology. The p o t e n t i a l  bene f i t s  from the  use o f  organic 

Rankine bottoming cycles, advanced technology heat pumps, and thermal 

energy storage are also included i n  the  study.' 

The advanced energy conversion systems are be ing examined f o r  

appqicat ion i n  i n d u s t r i a l  p l a n t s  belonging t o  the Manufacturing D i v i s i o n  

o f  t he  Standard I n d u s t r i a l  C l a s s i f i c a t i o n  system, a product -or iented 

c l a s s i f i c a t i o n  system developed by the  Uni ted States government. The 

e f f o r t  i s  focused on cogenerat ion systems f o r  t he  s i x  major i ndus t r y  

I .groups l i s t e d  i n  Table 2. These s i x  major i ndus t r y  groups accounted f o r  

approximately 80 percent of a l l ,  energy consumed i n  U.S. manufacturing 

i n d u s t r i e s  i n  1974. 

The study i s  pred icated on the need t o  accomnodate a t r a n s i t i o n  from, 

t h e  use o f  na tu ra l  gas and . l i g h t  o i l s  t o  heavy o i l s  and coal  and 

coal-der ived fue ls .  Therefore, the .use o f  coa; . o r  m in ima l l y  processed 

petroleum or coal  -der ived l i q u i d  f u e l s  i s  emphasized. Cha rac te r i s t i c s  of 

t h e  coal  and l i q u i d  f u e l s  be ing errrployed i n  the study are given i n  

Table 3. I n  add i t i on  LBTU gas produced from var ious types o f  on -s i te  

gas i f i e r s  which are in tegra ted  w i t h  selected conversion systems i s  being 



u t i l i z e d .  ~ ? t u r a l  gas ,o~Y,MBT~- gas from coa l  are a1 so being considered\  f o r  - . 

i ndu ' s t r i a l  processes which might  r equ i re  t h a t  type o f  f u e l  and cannot 

s u b s t i t u t e  another fuel.  

The c o a l ' c h a r a c t e r i s t i c s  in,Table 3 are t y p i c a l  o f  a  h igh  s u l f u r  

bituminous coal  predominantly found i n  the  eastern U.S. The petroleum 
. . . 

d i s t i l l a t e  and res i dua l  f ue l  c h a r a c t e r i s t i c s  represent a  No. ? Diese l  and 

No. 5 grade o i l  which might  be i n d i c a t i v e  o f  these f u e l s  as used i n  the  

1985-2000 t ime period. The coal-der ived l i q u i d  f u e l s  c h a r a c t e r i s t i c s  are 

intended t o  be representat ive  o f  m in ima l l y  processed d i s t  i 1 l a t e  and 
I I 

r e s i d u a l  q u a l i t y  fue ls  produced by coa l  orocessing p l an t s  appropr ia te  t o  

' t he  ,1985-2000 t ime per  i od. 

Study Orqanizat ion 

The o rgan iza t iona l  approach t o  the  study i s  a  major fea tu re  o f  the  

o v e r a l l  CTAS concept. The CTAS organizat iona l  s t r uc tu re  i s  shown i n  

F igure  1. CTAS i s  one element o f  a  l a rge r  p r o j e c t  cd l led '  the Advanced 

Cogeneration. Technology (ACT) P ro jec t  which 1s being sponsored by the.DOE 

and managed by the Nat iona l  Aeronautics and Space Admin is t ra t ion (NASA). 

The ACT Pro jec t  w i  11 i d e n t i f y  and p rov ide .  f o r  t he  development o f  advanced 

-energy conversion system technologies which w i l l  permi t  the  

,cof tmerc ia l iza t ion o f  opt imized i n d u s t r i a l  cogeneration powerplants f o r  t h e  

U85-2000 t ime per.iod. CTAS i s  being c a r r i e d  ou t  by the NASA f o r  DOE 

u t i l i z i n g  two NASA laborator ies ,  the  Lewis Research Center (LeRC) i n  

: ~ l ' e ve land ,  Ohio, and the Je t  Propuls ion Laboratory (JPL) i n  Pasadena, 

.Ca l i fo rn ia .  The domi nant e f f o r t  i n  . - CTAS i s  . be.ing . .performed by companies 

' f r o m  p r i v a t e  i ndus t r y  under con t rac t  t o  the government. The i n t e n t  i s  t o  - 
. . 

. , 



i n d u s t r i a l  concerns t o  insure t h a t  the most r e a l i s t i c  r e s u l t s  are 

obtained, A s i m i l a r  government/ industr ia l  team approach was used 

successful ly  i n  the Energy Conversion A1 t e rna t i ves  Study (ECAS), a study 

~ o f  advanced technology systems f o r  base-load e l e c t r i c  u t i l i t y  

I appl ica t ions.  ECAS .was performed by NASA f o r  the  Energy Research and 

I Development Admin is t ra t ion  ( t h e  predecessor to. DOE), and the  Nat iona l  
., 

I Science Foundation. 

P r o j e c t  Management o f  CTAS i s  being provided by N A S A / L ~ ~ ~ ~  Research 

Center, The P ro jec t  Management r e s p o n s i b i l i t i e s  o f  LeRC inc lude  bo th  the 

I mdnagement of the i n d u s t r i a l  con t rac ts  and t he  coord inat ion o f  t he  

coni ' ractor ,  JPL and LeRC in-house e f f o r t s .  NASA/LeRC was se lected by DOE , 
f o r  p r o j e c t  management because o f  i t s  c a p a b i l i t i e s  i n  and un.derstanding o f  

t h e  var ious advanced energy conversion systems being studied and i t s  

experience i n  managing 1 arge, complex studies. 

I n  add i t i on  t o  the management funct ions,  LeRC i s  performing a 

t echn i ca l  support f unc t i on  which inc ludes selected in-house analyses t o  

complement' and/or supplement t he  con t rac to r  resu l t s .  Th is  support i s  

impor tant  t o  the management o f  the contracted s tud ies and provides a bas is  

f o r  the eva luat ion and r e c o n c i l i a t i o n  o f  con t rac to r  resu l t s .  The pr imary  

emphasis o f  the in-house support a c t i v i t y  a t  LeRC i s  i n  the area o f  

I - 
advanced .energy conversion system analysis. 

The Industry/Proc'ess Support e f f o r t  shown i n  F igure 1 i s  being 

I performed a t  the J e t  Propuls ion Laboratory. The purpose o f  t h i s  e f f o r t  i s  

t o  prov ide support i n  the i ndus t r y  process area. This support i s  being 



ut i l ized -by:LeR,C' .in matnagiing -the CTAS contracted studies ,and 'also provfdes- 

fo r  studies by JPL of important areas complementing the contracted 

effor ts .  One example of th i s  l a t t e r  function i s  the identification and 

study of regional factors which'might have a significant influence on 

advanced technology cogenerati on system selection. , 

The final  component of the CTAS organizational apprrrach is  the 

contracted effor t  with private i ndustry. These contracted analyses wi 11 . 

be performed by two teams from the industrial s e c t o r  which will perform 

essential ly parallel studies directed toward the CTAS objectives. The 

teams are each made up of a prime contractor and a number of 

subcontractors which provide expertise to the team in specific areas. 

1 -The two prime contractors are the General Electr ic   company.(^.^.) i n  

Schenectady, New Y ork, and the United Technologies Corporation (UTC) in 

South Windsor, Connecticut. The subcontractors consist 'of both additional 

.groups within the prime contractor 's organization and separate companies, 

'each of which offer a particular background and/or expertise essential to 

some aspect of CTAS.. Some of the major participants on the two industrial 
I 
1 a and the general areas of responsibility of the participants are 

shown in Table 4. The large number of organizations involved and the 

diversi ty of disciplines represented i s  a d i rect  consequence of the 

breadth and complexity of the CTAS effort .  

As mentioned ear l ier ,  the two teams are performing essential ly 

paral lel  studies. . . The reason for  two parallel ef for ts  is. to obtain 

results  using different design approaches, phi1 osophies and views of the 

potential advances in the technologies possible for  comnercialization by 
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1985-2000. NASA w i  11 then have the  respons ib i  1 it1 f o r -  analyzing ,and 

eva lua t ing  the  con t rac to rs '  resu l t s ,  r e c o n c i l i n g  dif ferences between the  

r e s u l t s  o f  the  two teams, and drawing i n s i g h t s  no t  on ly  from areas o f  

agreement b u t  a lso from the  d i f ferences i n  r e s u l t s  t h a t  occur. 

Key Features o f  the  Technical Approach 

For the  purposes o f  t h i s  study, i n d u s t r i a l  cogeneration i s  

s p e c i f i c a l l y  def ined as e i t he r :  

1. Generation o f  e l e c t r i c  power a t  an i n d u s t r i a l  p l a n t  w i t h  the 

re j ec ted  heat used f o r  process heat ing (F ron t  End/Topping). 

2. Use o f  heat  f rom a process f o r  generat ion o f  e l e c t r i c  .power a t  an 

. i n d u s t r i a l  p l  ant  (Back End/Bottoming). 

F igure  2 d e p i c t s  these two bas ic  cogeneration con f i gu ra t i ons  

p i c t o r i a l l y .  I n  t h e  Front'End/Topping system, f u e l  i s  consumed i n . t h e  

energy conversion system t o  generate e l e c t r i c i t y  f o r  use i n  the p lant .  

The re jec ted  heat f rom the  system i s  used t o  r a i s e  steam ( o r  p rov ide  heat 

i n  o ther  forms) which i s  then used i n  the  i n d u s t r i a l  pr0ces.s p lant .  

E l e c t r i c i t y  may be imported t o  t he  s i t e  i f  t h e  conversion system cannot 

.,prdvide enough e l e c t r i c  power t o  s a t i s f y  the  s i t e  requirements. 

E l e c t r i c i t y  i s  exported t o  t h e u t i l i t y  g r i d  i f  the energy conversion 

system produces more than i s  needed by the i n d u s t r i a l  p lant .  An a u x i l i a r y  

b o i l e r  may a1 so be needed t o  supplement t he  steam produced by t he  heat 

rejected from the system. . I n  the Back End/Bottoming conf igurat ion,  f u e l  

i s  . used . t o  generate heat  ' f o r  the  process p l a n t  and t h e  exhaust products 

Xrom the i n d u s t r i a l  processes are used as thermal i n p u t  t o  an energy 

con'version system which then produces e l e c t r i c  power. Emphasis i n  t he  

study i s  being placed on the Front  End/Topping conf igurat ion.  
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The ,study consj:ders, - - ,  cpgenerat i  on. on t h e  bas i s  o f  i n d i v i d u a l  j ndu.s,tri a1 . . , . 

p l a n t  s i tes .  A1 though add i t i ona l  b e n e f i t s  may accrue f rom cons iderat ion 

o f  a cen t ra l i zed  cogeneration concept where a  la rge  energy conversion 

system provides the e l e c t r i c  power and process heat requirements f o r  a  

number o f  p l an t s  c lus te red  around it, t h i s  i s  no t  being included as p a r t  

o f  CTAS. Likewise,..the use o f  r e j ec ted  powerplant thermal energy f o r  

d i s t r i c t  heat ing i s  not  inc luded i n  t he  study. It i s  DOE'S i n t e n t .  t o  

address these 1  a t t e r  concepts i n  separate s tud ies which would consider 

cen t ra l  s ta t ion - type  cogenerat i  on p lants .  

Two key fea tu res  o f  the  techn ica l  approach being employed are 

screening and character izat ion.  Screening i s  used t o  reduce t he  number o f  

cases t o  what i s  t r a c t a b l e  and t o  focus the e f f o r t  on those cases which 

have a  h ign  l i k e l i h o o d  o f  being a t t r a c t i v e  i n  terms of such c r i t e r i a  as . 

o v e r a l l  energy e f f i c i ency ,  o i l  and na tu ra l  gas savings, and energy costs. 

Focusing on t he  s i x  major i ndus t r y  groups i d e n t i f i e d  i n  Table 2 i s  a  

s imple example of screening. 

Character izat ion i s  used here t o  mean the u t i l i z a t i o n  o f  s imp l i f i ed ,  

representat ive  re l a t i onsh ips  o r  llmodels" r a the r  than cons iderat ion o f  t he  

deta i led,  complex s i t u a t i o n  which a c t u a l l y  exists.  For example, 
. , ., 

i n d u s t r i a l  process p l a n t  requirements can be character ized i n  terms . .of . t he  

r a t i o  o f  e l e c t r i c a l  t o  thermal energy required, represen ta t i ve  

temperatures a t  which process heat i s  needed and the  o v e r a l l  q u a n t i t y  o f  

e l e c t r i c a l  o r  thermal energy requ i red r a t h e r  than de ta i l ed  cons iderat ion 

o f  each o f  t he  m u l t i p l i c i t y  o f  process streams and e l e c t r i c a l  and 

mechanical power requirements. 
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. . . - ' ~no ' t he r  key feature of the  ' techn ica l  appioach ib yhk,'u'se Zf- comnon 

ground ru ' les throughout the study.  his i s  t o  insure t h a t '  d i f f e rences  

found among systems and between t he  two con t rac to rs1  r e s u l t s  represent 

r e a l  d i f fe rences  among systems o r  dif ferences r e s u l t i n g  f rom d i f f e rences  

i n  design approaches or  techn ica l  assumptions f o r  the '  technologies. A 

wtnber o f  the  areas where comon ground r u l e s  have been estab l ished a r i  

l i s t e d  i n  Table 5. 

~ h e ' b a s i c  methodology used i n  the study i s  depicted i n  F igure 3. The 

cross-hatched areas represent poss ib l e  p o i n t s  i n  the  study where the  

number o f  cases considered can be reduced by screening. The i n i t i a l  s tep 

i n  the  study i s  t o  screen and character ize t he  many possib l 'e i n d u s t r i a l  

.process p l an t s  and energy conversion systems. Then the energy' con.version 

system b h a r a ~ t e r i s t i ~ s  are "matched1' t o  t h e  process/plant  requirements t o  

synthesize cogeneration systems. Those system-process combinations which 

do not  appear t o  be a good match may be e l im ina ted  from f u r t h e r  

considerat ion.  For those combinations t h a t  pass through t h i s  "matching1' 

screen, f u e l  savings and c a p i t a l  costs  are est imated on the  bas i s  of t he  

charac te r i za t ions  o r  "models" used t o  represent the energy conversion 

systems and process p l  ants. 

F o r  the- more a t t r a c t i v e  o f  these, i ndus t r y  s p e c i f i c  economic 

ca l cu la t i ons  such as est imates o f  the r e t u r n  oti. investment and annualized 

l i f e - c y c l e  energy costs are made. Factors  both  i n t e r n a l  and ex te rna l  t o  

t h e  s p e c i f i c  i ndus t r i es  be ing examined a f f e c t  the r e l a t i v e  economics of 

t he  var ious advanced systems. An example o f  an i n t e r n a l  f a c t o r  i s  the 

minimum acceptable r a t e  o f  r e t u r n  on an investment which i s  used by an 



i n d i v i d u a l  company i n  * i t s  investment dec i s i  on-making. Th is  can vary  f rom 

i ndus t r y  t o  industry,  f rom company t o  company w i t h i n  an industry,  and even 

I f rom t ime t o  t ime f o r  a s i ng le  company as i t re-examines how t o  i nves t  i t s - -  

funds. ~xarnples of ex te rna l  f a c t o r s  are tax  r a t e s  and cos t  o f  purchased 

e l e c t r i c i t y  and f u e l  which a f f e c t  a l l  the  indus t r ies .  Resul ts f o r  those 
I 

cogeneration systems which have appeared t o  be a t t r a c t i v e  i n  prev ious 

steps are then used t o  est imate p o t e n t i a l  na t iona l  bene f i t s .  

The data generated i n  these steps are then used f o r  comparison and 

eva lua t ion  o f  t h e  advanced energy conversion systems. By r e t a i n i n g  cases 

I represent ing the use o f  comnerc ia l ly  ava i l ab le  technology throughout each 

s tep i n  t he  process, an assessment o f  t h e  advantages o f .  employing advanced 

technology can a lso be made. 

I n d u s t r i  a1 Process/Pl ant  Framework 

The advanced energy convers i on systems o f  i n t e r e s t  are being exami ned 

~ i n  t h e  context  o f  charac te r i za t ions  o f  the  manufacturing p l a n t s  o f  the ~ 
Uni ted States. Approximately one - th i r d  o f  a l l  energ); consumed i n  the U.S. 1 

i s  used f o r  p rov id i ng  e l e c t r i c i t y  and process heat t o  industry.' The 

p o t e n t i a l  ex is ts ,  therefore,  f o r  s i g n i f i c a n t  energy savings on a na t i ona l  

b a s j s  through t he  app l i ca t i on  of advanced energy conversion systems i n  

cogenerat i  on. I 

I n  1974, however, there were about 450 types o f  manufacturing 

i n d u s t r i e s  l i s t e d  as p a r t  o f  t h e  Standard I n d u s t r i a l  C l a s s i f i c a t i o n  

system. To gather data f o r  a l l  these i n d u s t r i e s  i n d i v i d u a l l y  would 

kequire a s i g n i f i c a n t l y  g rea te r  e f f o r t  than j u s t i f i e d  f o r  t h i s  study. 

Instead; the approach being used i s  t o  se lec t  a smal ler  number o f  



i -ndust r ies  and i n d u s t r i a l  process/plants which c o n s t i t u t e s  -a 

1 r ep resen ta t i ve  cross sect ion o f  the  energy i n tens i ve  i n d u s t r i a l  p l a n t  

requirements. Resul ts us ing t h i s  representat ive  cross sec t ion  o f  i ndus t ry  

I can then be used t o  assess the p o t e n t i a l  impact o f  cogeneration on U.S. 

energy consumpti on, p a r t i c u l a r l y  energy from o i l  and na tu ra l  gas. Because 

the  energy conversion systems being examined are based on advanced 

technology which might  be made ava i l ab le  f o r  t h e  1985-2000 t ime period, 

t he  i n d u s t r i a l  p l a n t  requirements are also being p ro jec ted  t o  t h a t  period. 

. Approximately 70 d i f f e r e n t  types o f  process/plants are being 

considered i n  one o r  bo th  o f  the  contracted studies. The process/plants 

se lec ted represent a  v a r i e t y  of fue ls  used, thermal and e l e c t r i c a l  . . 

reqy. i rementsl  process temperature requirem,ents, p l a n t  s izes and load 

- p r o f i l e s  f o r  the  e l e c t r i c a l  and thermal demands. P lan ts  appropr ia te  f o r  

I b o t h  Front  End/Topp i ng and Back End /~o t t om i  ng cogeneration conf  i gura t  i ons 

I are included, though emphasis i s  on t he  topping app l i ca t ion .  F igure  4 

shows the major i ndus t r y  groups ' o f  the  manufacturing sector  o f  i ndus t r y  

represented i n  the  ,select ions, a1 ong w i t h  the  t o t a l  r e l a t i v e  .'energy 

consurnpt iop ' for  a l l  p l an t s  wi th in .each o f  the  var ious major i ndus t r y  

groups. While the  focus i s  cn the  s i x  major i ndus t r y  groups i d e n t i f i e d  . 

p rev ious ly  (namely, chemicals and a1 1 i ed products; pri.mary metals; 

petroleum r e f i n i n g  and coal  products; paper and a l l i e d  products; . stone, 

c l a y  and glass; and food and k indred products), a  small number of 

p ro ress /p l  ants have a1 so been se lected from f o u r  add i t i ona l  major i ndus t r y  

groups t o  broaden the coverage o f  i ndus t r i es  consi dered. 
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The 70- p.rocess./pJtants .sel ec t ed  account.. for.  approx imate l~y.  60. .percent: o f  

I 'che t o t a l  energy consumed by manufacturing i n d u s t r i e s  i n .  the .U.S. Table 6 

de l ineates some- o f  the  d e t a i l e d  in fo rmat ion  being co l l ec ted  on t he  . . ... 

approximately 70 process/plants '  selected. From t h i s  d e t a i l e d  informat ion,  : 

charac te r i za t ions  o f  t he  var ious i n d u s t r i a l  p l an t s  are being made which 

w i  11 form the framework f o r  the study o f  the advanced. energy. conver:siori. 

1 systems. 

I Enerqy Convers'ion Systems 

I Each systein i d e n t i f i e d  i n  Table 1 i s  being inves t iga ted  w i t h  a v a r i e t y  

of fuels. The energy conversion system/fuel combinations which are being 

I inc luded i n  CTAS are sumnarized i n  F igure 5. Emphasis i s  bs ing placed .on 

I the-use of heavier, m in ima l l y  processed f u e l s  and coal  -- e s p e c i a l l y  i n  - 

t h e  advanced technology vers ions o f  t he  systems. The f u e l  se lec t ions  . . 

be ing made are intended t o  permi t  an assessment o f  t he  c a p a b i l i t y  of each 

system t o  make the t r a n s i t i o n  f rom the  use o f  na tu ra l  gas or  l i g h t  o i l s  t o  . 

heavier  o i l s  and coal  and coa l -der ived f u e l s  i n  t he  1985-2000 t ime 

per iod.  Tach. system -is being conf igured t o  operate i r i . an .  environmental ly  

acceptable manner w i t h  the  f u e l s  indicdted.  

1~ c ~ m ~ a n i o n . . ~ a ~ e r  a t  t h i s  Symposium e n t i t  led " ~ h a r a c t e r i z a t i o n  of-U.S., 
I ndus t r i es  f o r  Po ten t i a l  Cog.eneration App l i ca t ions"  by R. Manvi presents 

' charac te r i za t ions  o f  ' a  l a rge  number o f  industr ' ies and an example o f  a 
methodology which can be used f o r  se lec t i ng  o f  i n d u s t r i e s  fo r  the study 
o f  p o t e n t i a l  'cogeneration app l ica t ions.  



Both atmospheric and pressurized fluidized bed furnaces with in-bed 

desulfurization are selectively considered for the coal-fi red cases. In 

those cases where coal i s  utilized without in-bed desulfurization, fl'ue 

.gas desulfurization is  used. For three of the systems, the open cycle.gas 

turbines, combi ned cycles, and high temperature fuel cells ,  an, air-blown 

coal gasifier i s  integrated with the energy conversion system. Steant 

cycles and organic Rankine cycles are being investigated as bottoming 

cycles usi'ng heat rejected from the industrial processes. Approximately 

30 fuel/system combi nations are being investigated by each contractor. 

Each type of energy conversion system is also being analyzed for a 

range .of .configurations, system technologies, design approaches, and 

operating paiameters such as temperature and pressure levels. off -design 

characteristics of the various systems are being examined as well as the 

effects of s ize  on system performance and costs. The sets  of conditions 

being investigated are selected to be consistent with the technology 

levels which, could be made comnercially available in the 1985-2000 time. 

period and. the type of fuel used. As mentioned previously, for the steam 

-Systems, open cycle gas turbines and.diese1 engines, the range of 

conditions studied a1 so includes conditions consiste.nt with today's 

comnercially available equipment to serve as a baseline for assessing the 
: . :  

adyantages of advancements in energy conversion system technology. 

Examples of some of the types of system variations being studied are 

'as i fol low~: '  back pressureband extraction steam turbines; a i r  and water 

cooled gas turbines in simple cycle, recuperated, and combined cycle 

configurations; steam injected gas turbines; low and medium speed diesel 
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engines; c losed cyc le  gas tu rb ines  us ing a i r  o r  hel ium as the  working 

f l u i d ;  S t i r l i . n g  engines i n  d i f f e r e n t  -s i ze  regimes; ' low temperature 

phosphoric ac id  and h igh temperature mol ten carbonate f u e l  c e l l s ;  and 

thermi on i c  systems employing ai r -cooled.  o r  -steam-cooled co l l ec to r s .  

A f t e r  i n i t i a l  t r i a l s  o f  matching t he  var ious energy conversion systems 

t o  the  process/pl ant  needs, approximately 120 cogenerat i  on systems are 

being selected fo r  de ta i l ed  study. These cogeneration systems inc lude  a 

y r i e t y  of matching opt ions o r  s t r a teg ies  such as matching the e l e c t r i c a l  

requirements o f  t he  p l a n t  or matching t he  thermal energy requirements o f  

the  'plant. Also inc luded i s  the use o f  heat pumps t o  r a i s e  the  

temperature o f  t he  re jec ted  heat. f rom the  energy conversion system o r  f rom 

wastp stread from the  i n d u s t r i a l  process t o  a more use fu l  l eve l .  

F i na l l y ,  a s t ra tegy  o f  us ing thermal energy storage t o  b e t t e r  manage t ime  

v a r i a t i o n s  i n  the process p l a n t  requirements i s  being explored. 

As the  synthesized cogeneration systems progress through t he  var ious 

: screening steps, a l a rge  body of data i s  being developed f rom which 

comparisons o f  t he  advanced energy conversion systems can be made. Both 

q u a n t i t a t i v e  and q u a l i t a t i v e  in format ion i s  being used i n  the c.ornparisons 

and eva luat ions of the  systems. Some of the  f a c t o r s  which are being used 

i n  the eva luat ion o f  the  systems are l i s t e d  i n   able 7. The r e s u l t s  f o r  

each system are a1 so being examined fo r  s e n s i t i v i t y  t o  changes i n  the  

values f o r  the var ious ground r u l e s  used i n  the study suchcas f u e l  costs  

and. p r i c e  o f  e l e c t r i c i t y .  



Concludinq Remarks . 
, . . > 

Cogeneration o f  e l e c t r i c i t y  and heat a t  an i n d u s t r i a l  s i t e  o f f e r s  the  

p o t e n t i a l  f o r  energy and fue l  savings .through increases i n  o v e r a l l  energy 

u t i l i z a t i o n  e f f i c i ency .  This study of advanced energy conversion 'systems 

f o r  p rov id i ng  i n d u s t r i a l  power. and process heat i s  p rov fd ing  data on. t he  

r e l a t i v e  m e r i t  o f  advanced systems i n  . i n d u s t r i a l  cogeneration. The 

r e s u l t s  o f  t he  study w i  11 be used by DOE. i n  rank ing t he  competing advanced 

technologies, es tab l i sh i ng  research and development funding p r i o r i t i e s  and 

p rov id i ng  d i r e c t i o n  t o  t he  development program f o r  advanced energy 

conversion systems i n  cogeneration app l ica t ions.  Publ ished r e s u l t s  from 

t h e  study w i l l  be ava i l ab le  i n  t he  f a l l  -o f  1979. I 
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FIGURE 4 - PROCESS/PLANT SELECTIONS 

. . GROUPS . . 
MAJOR LNDUSTRY GROUPS REPRESENTED RELATIVE ENERGY CONSUMPTION 

I I 
CHEMICALS AND ALLIED PRODUCTS I 
PRIMARY METALS 

PETROLEUM AND COAL P,RODUCTS 

PAPER AND ALLIED PRODUCTS 

STONE, CLAY, AND GLASS PRODUCTS 

FOOD AND KINDRED PRODUCTS 

MACHINERY, EXCEPT ELECTRICAL . I : I 
7 . 

TEXTILE M I L L  PRODUCTS . . .  . ; I  . 

FABRICATED METAL PRODUCTS ' ' 

ELECTRICAL EQUIPMENT AND SUPPLIES 

RUBBER AND PLASTIC PRODUCTS I x P  
LUMBER AND WOOD PRODUCTS 

P R I M I N G  AND PUBLISHING 

TRANSPORTATION EQUIPMENT 

APPAREL AND OTHER TEXTILE PRODUCTS 

FURNITURE AND FIXTURES 

LEATHER AND LEATHER PRODUCTS I 
TOBACCO MANUFACTURING I 



FIGURE 5 ENERGY CONVERSION SY$~EM/FUEL COMB INATIONS 
CONSIDERED I N  CTAS 
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. ADVANCED TECHNOLOGY CONVERSION SYSTEM CANDIDATES 

o ..STEAM TURBINE 

O OPEN CYCLE GAS TURBINE 

o COMBINED GAS TURBINE/ST~U~ TURBINE CYCLES 

o CLOSED CYCLE GAS TURBINE 

0 .  :: DIESEL 

o FUEL CELL .(HIGH- AND LOW-TEMPERATURE) 

o OTHER ADVANCED CYCLES AS APPROPRIATE TO THE 
1985-2000  TIME PERIOD 



I TABLE 2 . 

MAJOR INDUSTRY GROUPS 

o CHEMICALS AND ALLIED PRODUCTS 

o PRIMARY METALS INDUSTRIES 

o PETROLEUM REFINING 

o PAPER AND ALLIED .PRODUCTS 

o . STONE, CLAY AND GLASS PRODUCTS 

o FOOD AND .KINDRED PRODUCTS 



TABLE 3, 

FUELS CHARACTERISTI cs 

PETROLEUM-DERIVED COAL-DERIVED 

D I S T I L L A T E  RES I DUAL D I S T I L L A T E  RES I DUAL COAL - 
Sulfur, % wt .  .5 .7 .5  .7 3.9 

~i trogen, % w t .  . .06 .25 .8 nominal 1.0 nominal 1 .O 

Hydrogen, % w t .  12.7 10.8 9.5 nominal 8.5 nominal 5.9 

Ash, % w t .  

1 Trace Elements 

- - 
low high - 

.06 .26 

moderate high 

l~anadlum, Sodium, Potassium, C a l . c l u n .  L e a d  



TABLE 4 CTAS CONTRACTOR TEAMS 

General E l e c t r i c  Company (GE) 

Program Management GE-Energy Techno1 ogy Opera t i  on 

Energy Conversi on Systems GE In te rna l  D iv i s ions  
Delaval,  Incorporated 
North American P h i l  l i p s  
Corpora t i on 
I n s t i t u t e  o f  Gas ~ e c h n o l o ~ ~  

I n d u s t r l  a1 Processes 

Unl ted  Technol og l  es Corpora tl on (UTC) 

UTC-Power Systems D i v i s i o n  
I 

UTC In te rna l  D iv i s ions  
Bechtel,  Incorporated 
Sul zer Brothers, Incorporated 
Rasor Associates 
Aero j e t  Energy Conversion Company 
Mechanical Technology, Incorporated 
D r .  P h i l l i p  Myers, Consultant 
Cummins Engine Co., Inc .  

GE I n t e r n a l  D i v l s i ons  Gordian Associates 
Dow C hemi ca 1 Company 
Kai ser 'Englneers , Incorporated 
J.E. S i r r i n e  ,Company 
General Energy Associates 
(Drexel Un i ve rs i t y )  



TABLE 5 AREAS WHERE COMMON STUDY GROUND RULES- 
WILL  BE APPLIED I N  CTAS 

0 FUEL SPECIFICATIONS AND COSTS 

o ENVIRONMENTAL STANDARDS 

o U T I L I T Y  SYSTEM FUELS AND E F F I C I E N C I E S  

o COAL-TO-COAL DERIVED FUEL CONVERSION 
E F F I C I E N C I E S  

o PRICE OF ELECTRIC ITY  

o GOVERNMENT INCENTIVES 

o ECONOMIC METHODOLOGY 

o CAPITAL COST ESTIMATING B A S I S  



TABLE 7 FACTORS FOR COMPARISON OF ENERGY CONVERSION SYSTEMS 

o POTENTIAL FOR INCREASED OVERALL ENERGY EFFICIENCY 

o cPOTENTIAL FOR O I L  AND GAS SA1/1NGS 

o FUEL F L E X I B I L I T Y  

o A B I L I T Y  TO ACCOMMODATE A TRANSITION FROM PRESENT FUELS 
TO HEAVY OILS,  COAL, AND COAL-DERIVED FUELS 

o ECONOMIC ATTRACTIVENESS TO INDUSTRIAL USERS 

o TOTAL ANNUAL ENERGY COSTS 

o ENVI RONMENTAL CHARACTER1 STICS 

o NATURAL RESOURCE REQUIREMENTS 

o WASTE DISPOSAL REQUIREMENTS 

o RETROFIT. POTENTIAL 

o APPLICABIL ITY i 0  A WIDE RANGE OF PROCESSES AND 
INDUSTRIES 

o POTENTIAL R E L I A B I L I T Y  



TABLE 6 TYPE OF INDUSTRY/P~OCESS DATA COLLECTED 

o THERMAL, ELECTRICAL, AND MECHANICAL ENERGY REQUIREMENTS. 

o LOAD PROFILES FOR THERMAL, ~LECTRICAL ,AND MECHANICAL ENERGY , 
UT IL IZAT ION.  

o TEMPERATURE AND PRESSURE OF HOT WATER, STEAM, OR A I R  REQUIRED. 

o TYPES OF FUELS COMMONLY USED BY THE PROCESS. 

o NUMBER OF PLANTS I N  THE COUNTRY; THEIR S IZE  AND LOCATION. 

o BY PRODUCT FUELS AND HIGH TEMPERATURE EFFLUENTS. 

o TRENDS I N  PROCESS EVOLUTION AND ENERGY CONSUMPTION. 

o 'PERCENT 'OF 1NDUSTRI.AL ENERGY USED BY THE PROCESS I N  1985-2000.  

O PERCENT OF NATIONAL ENERGY USED BY THE PROCESS I N  1985-2000 .  
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' ABSTRACT 

Cogenerat ion of e l e c t r i c i t y . a n d  h e a t  a t  a n  i n d u s t r i a l  s i t e  o f f e r s  t h e  

p o t e n t i a l  f o r  energy conse rva t ion  through improved o v e r a l l  energy  e f f i c i e n c y .  

I n  suppor t  of a s t u d y  of advanced energy convers ion  systems i n  i n d u s t r i a l  

cogene ra t i on  a p p l i c a t i o n s , '  t h e  ~ ; i  Propu l s ion  Laboratory (J'PL) performed a  sur- 

vey aimed a t  i d e n t i f y i n g  and c h a r a c t e r i z i n g  t h e  requi rements  of t h e  most energy- 

i n t e n s i v e  U.S. i n d u s t r i e s ,  Focus of t h e  e f f o r t  was on t h e  c h a r a c t e r i z a t i o n  of 

i n d u s t r i e s  i n  t h e  fo l l owing  s i x  major i n d u s t r y  groups:  chemicals ;  pe t ro leum 

r e f i n i n g ;  pr imary metals; paper  a n d ' p u l p ;  s t o n e ,  c l a y  and g l a s s ;  and food pro- 

c e s s i n g .  I n  1974. t h e s e  s i x  major i n d u s t r y  groups accounted f o r  80.3% of  a l l  

energy consumed. in  U.S. i n d u s t r i e s .  Th i s  paper  c h a r a c t e r i z e s  t h e  i n d u s t r i e s  on 

t h e  b a s i s  of p l a n t  e l e c t r i c a l  and thermal  requi rements ,  f u e l s  used,  t h e  r a t i o  of 

energy c o s t  t o  t h e  o v e r a l l  p roduct  c o s t ,  and o t h e r  parameters  of importance t o  

cogene ra t i on  a p p l i c a t i o n .  Also p re sen t ed  is  an  example of methodology which can 

be used i n  s e l e c t i n g  i n d u s t r i e s  f o r  t h e  s tudy  of p o t e n t i a l  cogene ra t i on  

a p p l i c a t i o n s .  

'see paper  e n t i t l e d  "Study of ~ d v a n c e d  Technology Cogenerat ion Systems f o r  
P rov id ing  I n d u s t r i a l  Power and P r o c e s s  Heat" 



. .  .( INTRODUCTION 

The need f o r  energy r e source  conse rva t ion  makes t h e  h igh  f u e l  u t i l i z a t i o n  

r e s u l t i n g  from the-  cogene ra t ion  of e l e c t r i c  and thermal  energy s t t r a c t i v e  i n  

many i n d u s t r i a l  a p p l i c a t i o n s .  The concept  of on - s i t e  e l e c t r i c  gene ra t ion  i s  

n o t  new; e a r l i e r  i n  t h i s  c e n t u r y  i n d u s t r i a l  p l a n t s  commonly genera ted  e l ec -  

t r i c i t y .  .The e v o l u t i o n  of low c o s t  e l e c t r i c i t y  by u t i l i t i e s  through "economy 

of s c a l e "  l e d  t h e  t r end  away from i n d u s t r i a l  power gene ra t ion .  A s  l a t e  a s  
. m 

1950, 15% of t h e  U.S. e l e c t r i c a l  power was genera ted  i n  i n d u s t r i a l  p l a n t s  

most ly  w i t h  back p r e s s u r e  o r  e x t r a c t i o n  steam t u r b i n e s  producing both e l e c -  

t r i c i t y  and steam. By 1973 t h i s  percentage  had decreased t o  about  5%. Not only 

h a s  t h e  percentage  of t o t a l  generated power dropped, bu t  'from 1965 t o  1973, 

t h e  a b s o l u t e  magnitude 0.f power produced on - s i t e  a l s o  decreased  by about  20%. 

However, w i t h  t h e  r a p i d  i n c r e a s e  i n  t h e  p r i c e  of f o s s i l  f u e l s  and tire ever  

r i s i n g  c a p i t a l  c o s t  of new gene ra t ing  f a c i l i t i e s ,  cogenera t ion  i s  r e c e i v i n g  

renewed a t t e n t i o n .  I n  a d d i t i o n  t o  t h e  advantages of f u e l  conse rva t ion  and 

reduced c a p i t a l  and o p e r a t i n g  c o s t  t h e r e  i s  t h e  p r o b a b i l i t y  of reducing  

g r e a t l y  t h e  l ead  t imes  now requ i r ed  f o r  l a r g e  u t i l i t y  p l a n t s .  Based on these .  

advantageous f e a t u r e s  of cogene ra t ion ,  a  meaningful t h r u s t  i n  t h e  Depart- 

ment of Energy ' s  (DOE) o v e r a l l  program has  been d i r e c t e d  toward a  s e r i o u s  s tudy  

of t h e  energy concepts  w i t h  h igh  f u e l  u t i l i z a t i o n ,  prime movers w i t h  high 

e l e c t r i c a l  e f f i c i e n c y ,  s i z e  f l e x i b i l i t y ,  and s u i t a b l e  environmental  c h a r a c t e r i s -  

t i c s  , for  i n d u s t r i a l  cogene ra t ion .  'The Cogenerat ion Technology A l t e r n a t i v e s  

Study (CTAS) is  des igned  t o  provide  a d a t a  base  t o  a s s i s t  DOE in e s t a b l i s h i n g  

p r i o r i t i e s  f o r  t h e  r e s e a r c h  and development of advanced energy convers ion  system 



technology f o r  opt imized i n d u s t r i a l  cogene ra t i on  a p p l i c a t i o n s . i n  and beyond 

1985-2000 time p e r i o d .  In  o r d e r  t o  provide  a  v a l i d  frame work f o r  s e l e c t i o n  

of t h e  i n d u s t r i a l  cogene ra t i on  systems and t h e i r  e v a l u a t i o n ,  r e p r e s e n t a t i v e  

i n d u s t r i a l  p r o c e s s e s  a r e  t o  be s e l e c t e d .  The Jet P ropu l s ion  Labora tory  (JPL) 
. . 

performed a  survey  aimed a t  i d e n t i f y i n g  and c h a r a c t e r i z i n g  t h e  requi rements  of 

t h e  most energy i n t e n s i v e  U.S. i n d u s t r i e s .  Th i s  paper  c h a r a c t e r i z e s  t h e  indus- 
I 

t r ies on t h e  b a s i s  of p l a n t  e l e c t r i c a l  and thermal  r equ i r emen t s ,  f u e l s  used ,  t h e  

r a t i o  of  energy c o s t  t o  t h e  o v e r a l l  p roduct  c o s t ,  and o t h e r  parameters  of impor- 

t ance  t o  cogene ra t i on  a p p l i c a t i o n .  

BEVELOPMEN'I', UF QUANTITATIVE DATA 

Our f i r s t  o b j e c t i v e  was t o  i d e n t i f y  t h e  major energy consuming i n d u s t r i e s .  

The magnitude of an i n d u s t r y ' s  t o t a l  energy use  was be l i eved  t o  be an  impor tan t  

c r i t e r i o n  i n  judging where t h e  most s i g n i f i c a n t  o p p o r t u n i t i e s  f o r  h igh  f u e l  

u t i l i z a t i o n  n i g h t  be r e a l i z e d  f rom 'cogene ra t i on ,  s i n c e  even a  modest l e v e l  of 

cogenera t ion  i n  a  major energy consuming i n d u s t r y  could have d rama t i c  n a t i o n a l  

consequences.  The Census of Manufactures '  d a t a  [ I ]  were cons idered  t o  be t h e  
. . 

b e s t  s o u r c e .  of q u a n t i t a t i v e  energy-use i n fo rma t ion  s i n c e  t h e s e  are c l e a r l y  t h e  

most comprehensive a v a i l a b l e .  One drawback 'of  t h e  Census d a t a  [ l ]  i s  t h a t  t hey  - 
a r e . b a s e d  only  on purchased energy;  d a t a  on energy  gene ra t ed  i n t e r n a l l y  from raw 

m a t e r i a l  u t i l i z a t i o n  ( a s  w i t h  hydrocarbon f e e d s t o c k s ) ,  o r  h e a t  recovery  from 

exothermic chemica l  r e a c t i o n s ,  o r  from was tes  cannot  be determined from t h e s e  

sources .  Hence, o t h e r  r e c e n t l y  a v a i l a b l e  sou rces  of  i n d u s t r i a l  energy  u s e  were 

reviewed t o  g a t h e r  t h e  fo l l owing  d a t a :  

a Block diagrams of i n d u s t r i a l  p l a n t s / p ~ o c e s s e s  showing major  u n i t  

o p e r a t i o n s  [6]. 



Process  h e a t  requi rements  [ 2 , 3 ] .  
. . 

The tempera tures  a t .  which t h e  p roces s  hea t  i s  r e q u i r e d  [2,31.  

e Process  e l e c t r i c a l  energy requi rements  [1,2 1 . 
, Load p r o f i l e s  f o r -  e l e c t r i c a l ,  thermal ,  and mechanical  energy needs .  

Numberof p l a n t s  i n t h e c o u n t r y  [3,41.  . . 

Typ ica l  o u t p u t s  and t o t a l  energy needs [61 

.. Dol lar  v a l u e  added by t h e  manufactur ing p roces s  [2 1 . 
Lost  work (Loss of thermodynamic a v a i l a b i l i t y )  [ 5 1 -  

Type, q u a n t i t i e s ,  and p r i c e s  of f u e l  used (11 

Evolu t ionary  t r e n d s  i n  p roces s  u t i l i z a t i o n  (1 1 . 

U.S. MANUFACTURING INDUSTRIES SUMMARY DATA 

The.U.S. f e d e r a l  government c l a s s i f i e s  t h e  e n t i r e  f i e l d  of economic endea- 

v o r s  ' i n  accordance wi th  t h e  Standard I n d u s t r i a l  C l a s s i f i c a t i o n  Codes (SIC). The 
. 

Cogenerat ion ~ e c h n o l o g y  Study (CTAS), is  i n t e r e s t e d  only  i n  t h e  a c t i v i t i e s  under 

D iv i s ion  D ,  Manufacturing which i n c l u d e s  the.  20 groups i n  t h e  two-digit  c l a s s i -  

f i c a t i o n s  from SIC 20 through 39. The system c l a s s i f i e s  manufactur ing and indus- 

t r i a l  p l a n t s  and, e s t a b l i s h m e n t s  i n  accordance w i t h  t h e i r  p roducts  r a t h e r . t h a n  

t h e  p roces ses  employed o r  t h e  f u e l s  consumed. Not s u r p r i s i n g l y ,  t h e r e  i s  a wide 

v a r i a t i o n  i n  energy consumption from ca tegory  t o  ca t egory  because of t h e  n a t u r e  

of p roduc t s  and because .o f  t h e  s t r u c t u r e  of t h e  c l a s s i f i c a t i o n  system. Table  1 

s h o w s , t h e  energy ranking  by major 2 -d ig i t  i n d u s t r y  groups.  Note t h a t ,  i n  1 9 7 4 ,  

t h e  f i r s t  six groups -- chemicals  and a l l i e d  products ;  primary me ta l s ;  petroleum 

and c o a l  p roduc t s ;  :?tone, c l a y  and g l a s s  p roduc t s ;  paper  and a l l i e d  products ;  

and food and k indred  p roduc t s  accounted f o r ' 8 0 . 3 %  of t h e  t o t a l  energy consumed. 



TABLE 1: ENERGY RANKING BY MA.JOR INDUSTRY GROUP (2-DIGIT SIC) [ I ]  
' ( 2  DIGIT' SIC CODE CATEGORIES RANKED BY .I974 CONSUMPTIOIJ) 

C o n s u m p t i ~ n  , ' 2-Dig i t  
Rank ' 1012 k ~ / Y e a r  SIC Code Desc r  i . p t  i o n  

C u m u l a t i v e  
P e r c e n t a g e  

T o t a l  14137 

1 3090 28  Cl lemica ls  and  a l l i e d  p r o d u c t s  I 2 2787 3  3  P l  imary  m e t a l s  
3  1 6 5 4  2  9  P c t r o l e u m  and  c o a l  p r o d u c t s  80% 
4  1 4 1 0  3 2  S t o n e ,  c l a y  and g l a s s  p r o d u c t s  
5  1404  2  6  P a p e r  and  a l l i e d  p r o d u c t s  
6  1009  2 0  Food and k i n d r e d  p r o d u c t s  
7  435 3  4  F a b r i c a t e d  metal p r o d r ~ c t s  
8 396 3  7 T r a n s p o r t a t i o n  equ ipmen t  
9  388 35 Mach ine ry ,  e x c e p t  e n e c t r i c a l  

10 34 1 22 T e x t i l e  m i l l  p r o d u c r s  
11 287 24 Lumber and  wood p r o d u c t s  
1 2  269 3 0 Rubber and  m i s c .  p l a s t i c  p r o d u c t s  
13 265 3  6  E l e c t r i c a l  and  e l e c t r o n i c  e q u i p .  and 

s u p p l i e s  
cn 1 4  9 5 2  7 P r i n t i n g  and p u b l i s h i n g  

1 5  75 3  8 I n s t r u m e n t s  and  r e l e t e d  p r o d u c t s  
1 6  6 9  2  3  A p p a r e l  and o t h e r  t e x t i l e  p r o d u c t s  
1 7  62  2  5 F u r n i t u r e  and  f i x t u r e s  
18 54 . 39  M i s c e l l a n e o u s  m a n r ~ f a c t u r i n g  
1 9  24 3  1 L e a t h e r  and  l e a t h e r  p r o d u c t s  
2 0  2  1 2  1 Tobacco m a n u f a c t u r i n g  

202 

i 

'I, 

4 

- 



The classification system extepd2s, to the 4-digit level, but the product oriented 
5 .  

system does not provide a simple energy arrangement. There are 451 SIC 4-digit 

industries included in the manufacturing,Division, D. In CTAS, we have empha- 

sized the study of industrial processes in the top six SIC 2-digit groups, but 

also included some processes outside this group based on judgement of the 

knowledgeable professionals. The top six SIC 2-digit industry groups are briefly 

described below. 

SIC 28: Chemicals and Allied Products 

The chemicals and allied products industries manufacture thousands of pro- 
\ 

ducts, many of which are manufactured with,totally different technologies. 

 p pro xi mat el^ 71% of the energy consumption within the SIC 28 category occurs 

in the manufacturing processes of industrial chemicals (SIC 281). Within SIC. 

281,'84% of the energy is conswied by only a handful of chemicals such as 

cnlorine, e~ii)Acur, ammonia, industrial gases, phosphoric acid, styrene, 

methanol, alumina digestion, and phenol. 

SIC 33: Primary Metals 

SIC 33 includes manufacturing establishments engaged in the smelting and 

refining of ferrous and nonferrous metals from ore, pig or scrap; in the rolling, 

drawing, and alloying of ferrous and nonferrous metals; in the manufacture of 

castings and other basic products of ferrous and nonferrous metals; and in the 

manufacture of nails, spikes,-and insulated wire and cable. It also includes 

the production of coke. Approximately 85% of the energy consumption within the 

primary metals category occurs'in the manufacturing processes for steel, 



& 2  . 
~ l ~ i n u m ,  and copper .  ~ x c e p t '  t h a t  a l l  c o m p o n ~ n ~ s  'de=i L i t h '  the '  " smel t ing ,  ' r e f  i n -  

ing ,  c a s t i n g ,  o r  some o t h e r  t r ea tmen t  of m e t a l s ,  t h e  t e c h n o l o g i e s  i n  t h e  v a r i o u s  

components d i f f e r  s i g n i f  i c a n t l y r  For example, t h e  s tee l -making  technology is  
L 

much d i f f e r e n t  t h a n  t h a t  of aluminum. The former i s  c o a l - i n t e n s i v e  whe'reas t h e  

l a t t e r  i s  e l e c t r i c i t y - i n t e n s i v e .  

SIC 29: Petroleum Ref in ing  

The petroleum i n d u s t r y  conve r t s  c rude  o i l  and n a t u r a l  g a s  l i q u i d s  t o  a  

v a r i e t y  of f u e l s  and o t h e r  p roduc t s  such as chemical  f eeds tocks  and l u b r i c a n t s .  

R e f i n e r i e s  may be c l a s s i f i e d  a s  s imp le ,  complex, o r  f u l l y  i n t e g r a t e d ,  depending 

upon t h e  p r o c e s s e s  performed. There i s  a wide range of energy  use  i n  t h e  pe t ro -  

leum r e f i n i n g  i n d u s t r y  depending upon t h e  t ype  and r e l a t i v e  complexi ty  of t h e  

r e f i n e r y  . 

SIC 32: Cement and Glass  

There a r e  two b a s i c  p r o c e s s e s  f o r  producing cement, wet and d ry .  The o n l y  

d i f f e r e n c e  between t h e s e  p r o c e s s e s  i s  t h a t  t h e  w e t  p roces s  u t i l i z e s  a  s l u r r y  t o  

f eed  t h e  raw m a t e r i a l s  i n t o  t h e  k i l n  o r  p r e h e a t e r ,  whereas t h e  dry  p r o c e s s  f e e d s  

t h e  m a t e r i a l s  d r y .  Dry p r o c e s s e s  are i n c r e a s i n g l y  be ing  u t i l i z e d  because of 

g r e a t e r  energy e f f i c i e n c y .  

Four major g l a s s  i n d u s t r i a l  c a t e g o r i e s  - SIC 3211- ( f l a t  g l a s s ) ,  SIC 3221 

( g l a s s  c o n t a i n e r s ) ,  SIC 3229 (pressed  and blown g l a s s ) ,  and SIC 3296 ( f i b e r g l a s s  

wool i n s u l a t i o n )  - are l a r g e  energy  consumers because e a c h , c a t e g o r y  i n c l u d e s  

g l a s s  m e l t i n g  as p a r t  o£  t h e  p roces s .  The d rama t i c  f a c t  is t h a t  t h e  f o u r  g l a s s  



mel t ing  segments u se  60 t o  8 5 , p e r c e n t  of t h e i r  energy i n  j u s t  me l t i ng ,+ . f i r i ng ;*  * I  

and cond i t i on ing .  Temperatures f o r  t h e s e  p roces ses  a r e  i n  excess  of 2000'~. 

SIC 26: Pulp  and Paper  I n d u s t r y  

Energy consumption w i t h i n  t h e  paper  i n d u s t r y  is  concen t r a t ed  i n  wood d iges-  

t i o n  (cooking) ,  evapora t ion ,  fu rnace  combustion, d r y i n g  and k i l n  o p e r a t i o n s .  

The paper  and a l l i e d  p roduc t s  i n d u s t r y  i n c l u d e s  pulp  making, paper  making, paper- 

I . . 
board making, convers ion  of paper  and paper-board i n t o  f i n a l  p roduc t s ,  and making 

A .  , - 
of b u i l d i n g  paper  and board. The d a t a  ' show ' t h a t  pu lp  -king (SIC 261) , paper  

. : . .  r .  .. . .. . . . .  . 
. .  ' . . , . 

making (SIC 262),  and paper-board making (SIC 263) u t i l i z e d  about  86% of energy 

consumed by SIC 26. 

Four p r i n c i p a l  p roces ses  - ground wo,od and o t h e r  mechanical ,  k r a f t ,  semi- 

chemical ,  and s u l f i t e  - a r e  used t o  produce most of t h e  i n d u s t r y ' s  pu lp .  Use of 

s u l f i t e  p roces s  has  dec l ined  r e c e n t l y .  

SIC 20: Food and Kindred Products  

SIC 20 accounts  f o r  a l a r g e ,  d i v e r s e  food p roces s ing  i n d u s t r y  which is  sub- 

c l a s s i f i e d  i n t o  n i n e  t h r e e - d i g i t  d e s i g n a t i o n s .  There a r e  46 f o u r - d i g i t , s u b c l a s -  
. .. 

s i f i c a t i o n s  and 187 s u b c l a s s i f i c a t i o n s  a t  t h e  f i v e - d i g i t  l e v e l .  It i s  d i f f i c u l t  

t o . a n a l y z e  each of t h e s e  segments in d e t a i l .  Because of t ime c o n s t r a i n t s ,  on ly  

meat packing (SIC 2011),  prepared meats (SIC 2013),  dehydrated f r u i t s  and veget-  

a b l e s  (SIC 2034), w e t  co rn  m i l l i n g  (SIC 2046),, bee t  sugar  (SIC 2063),  and mal t  

beverage (SIC 2082) have been ana lysed  i n  d e t a i l  t o  c h a r a c t e r i z e  t h e i r  energy 

requi rements .  
\ 



I n  t h e  i n d u s t r i a l a s e c t o r ,  energy i s  used f o r  a  number of purposes ;  i nc lud ing  

t h e  non-energy use  a s  a  f eeds tock  f o r  chemical  manufacture .  Excluding f eeds tock ,  

t h e  brcnkdown of L l ~ e  t o c a l  i n d u s t r i a l  use  of energy  is  as fo l lows :  

P roces s  steam 

E l e c t r i c  d r i v e  

D i r ec t  p roces s  hea t  30.5% 

Other  0.8% 

Proces s  steam and d i r e c t  p roces s  hea t  t o g e t h e r  accoun t s  f o r  75% of t h e  t o t a l  

i n d u s t r i a l  u s e  of energy .  It i s  c l e a r  t h a t  t h e  g r e a t e r  p o r t i o n  of t h e  energy 

used i n  t h e  i n d u s t r i a l  s e c t o r  i s  used i n  t h e , f o r m  o f . t h e r m a 1  energy r a t h e r  t han  

i n  t h e  f o r b  of power, and t h i s  i s  an impor tan t  f a c t  t o  cons ide r  i n  e s t i m a t i n g  

t h e  p o t e n t i a l - f o r  cogene ra t i on  i n  i n d u s t r y .  

D e t a i l e d  i n fo rma t ion  on t h e  amounts ,of  p roces s  h e a t ,  forms of h e a t ,  t h e  

tempera ture  r anges ,  and amounts of hea t  i n  s p e c i f i c  a p p l i c a t i o n s  i n  s p e c i f i c  

p r o c e s s e s ,  e l e c t r i c  energy needs  a r e  needed because a l l  t h e s e  v a r i a b l e s  s t r o n g l y  

i n £  luence  t h e  p o t e n t  i a l  f o r  i n d u s t r i a l  cogene ra t i on .  '   able 2 'shows t h e  thermal  
. . .  

and e l e c t r i c  energy needs of 25 SIC 4-d ig i t  i n d u s t r i e s  ranked acco;ding t o  . , 

thermal  energy use .  A l t o g e t h e r ,  d a t a  was c o l l e c t e d  on 74 SIC 4 - d i g i t  indus-  

tr ies which a r e  e s t ima ted  t o  have t h e , m o s t  p roces s  hea t  needs: The r e q u i r e d  

a p p l i c a t i o n  tempera tures  a r e  a l s o  shown. F igu re  1 shows t h e  of 

i n d u s t r i a l  p roces s  hea t  r e q u i r e d  a t  t empera tu re s  less than  o r  e q u a l  t o  a p a r t i -  . 
' 

c u l a r  temper'ature. 70% of t h e  , i ndus , t r i a l  p r o c e s s  h e a t  i s .  rehui ' red.  a t  less than  

o r  e q u a l  t o  5 5 0 ' ~ .  a 

.' ! ; "  ' 



TABLE 2: LIST OF INDUSTRIAL PROCESS THERMAL 6 ELECTRIC ENERGY REQUIREMENTS [ 4 , 1 ]  
(RANKED ACCORDING TO THERMAL ENERGY USE) 

Thermal Energy A p p l i c a t i o n  R a t i o  Cogenera t ion  P o t e n t i . a l  
Rank S I C '  : I n d u s t r y / P r o c e e e  0  k / Y (  ~ ( 1 0 ~  KWI) Temperature  OC, .E(3.6)/Q' Topping Bottoming 

B l a s t  Furnace 6 S t e e l  H i l l s  

Pe t ro leum R e f i n i n g  

P u l p  H i l l s  

Paper  H i l l e  

Paper  Board H i l l s  

B u i l d i n g  Paper  

l l y d r a u l i c  Cement 

Cray I r o n  F o u n d r r i e e  

H a l l e a b l e  Foundr ies  

S t e e l  Foundrfee  

C l a e e  C o n t a i n e r e  

Alumina 

Lime C a l c i n i n g  

C e l l u l o l o e i c  F i b e r e  

Pav ing  M i x t u r e s  

A l k a l i e e  6 C h l o r i n e  

Non-Cel luloeic  F l b e r a  

F i n i s h i n g  P l a n t s ,  S y n t h e t i c  

B r i c k  6 T i l e  

Meat Packing 

Beet Sugar  

Saw H i l l s  6 P l a n l n g  H l l l s  

F l a t  C l a s s  

24 2436 Veneer 

25 2435 Plywood 



APPLICATION TEMPERATURE T, OC 

Figu re  1: Cumulative D i s t r i b u t i o n  of P r o c e s s  Heat Requirements 

F igu re  2 shows t h e  purchased f u e l  u n i t  c o s t s  v e r s u s  t o t a l  energy c o s t  p e r  

d o l l a r  v a l u e  added f o r  t h e . m o s t . e n e r g y  i n t e n s i v e  i n d u s t r i e s .  T h i s  d a t a  by 

i t s e i f  , though i n t e r e s t i n g ,  i s  n o t  s u f f i c i e n t  t o  e s t a b l i s h  t h e  .need f o r  cogen- 

e r a t i o n  i n  any p a r t i c u l a r  i n d u s t r y .  I n  t h e  nex t  s e c t i o n ,  w e  d e s c r i b e  a  s imp le  

methodology to. u t i l i z e  t h i s  impor tan t  i n fo rma t ion  a long  w i t h  o t h e r  c a l c u l a t e d .  

f a c t o r s  by which we can  judge a t t r a c t i v e  cogene ra t i on  c a n d i d a t e s .  

INDUSTRY SELECTION FOR COGENERATION 

The assembled i n d u s t r y  energy d a t a  can  be ana lyzed  f o r  i d e n t i f i c a t i o n  of 

a t t r a c t i v e  cogenerat . ion c a n d i d a t e s  based on t h e  fo l l owing  ' c o n s i d e r a t i o n s .  
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Figure 2 :  Purchased Fuel Unit Costs Versus Total Energy Cost 
Per Dollar Value Added [21  



Criterion 

A. ~ocal energy used (process 

thermal energy used) 

B. Energy per dollar value added . 

C. Lost work 

D. Electric power/heat ratio 

(E/Q) 

Rat ionale 

To make a national Impact, the candidate 

industry/process should be a major 

energy consumer. 

If the industry consumes significant 

amounts of energylunit, then its output 

pzoduct is very sensitive to the energy 

cost. Hence, this industry is an 

,attractive candidate for energy cost 

reduction measures. 

Recently, the concept of "availability" 

has been increasingly used to evaluate 

second law efficiency of industrial 

processes. This leads to the concept 

of "lost work" which is the difference 

between the available work flowing 

into a process and that flowing from 

the process. It represents a burden 

on the energy resources, and therefore 

represents a good basis for the 

establishment of energy conservation 

priorities. 

In order for an industry to be a good 

cogeneration candidate, there should be 



E. Duty and Coincidence f a c t o r s  

*. 
a proper  match between i t s  e l e c t r i c  

power and p roces s  hea t  needs.  I f  t h e  

p roces s  needs only  e l e c t r i c a l  energy 

w i t h  no p roces s  hea t  needs ,  t hen  

cogene ra t ion  does no t  make any sense .  

On t h e  o t h e r  hand, i f  t h e  p roces s  needs .  

on ly  h e a t ,  cogene ra t ion  could bg. 

a t t r a c t i v e  t o  expor t  e l e c t r i c i t y .  

Duty f a c t o r  i s  t h e  r a t i o  of average 

t o  maximum l o a d s  and i s  g e n e r a l l y  an  

i n d i c a t i o n  of how uniform t h e  e l e c t r i c  

6 thermal  requi rements  are \throughout 

a yea r .  Coincidence f a c t o r  i n  cogen- 

e r a t i o n  a n a l y s i s  i s  the  t ime d u r a t i o n  

f o r  which e l e c t r i c  and thermal  r equ i r e -  

ments a r e  i n  phase. For economic 

r easons ,  bo th  t h e s e  f a c t o r s  should 

have a high. va lue .  , 

The i n d u s t r y  recommendations f o r  cogene ra t ion  can be based on: 

1. Ranking Fac to r  

Ener Lost  Work Duty F a c t o r  x ( T o t a l  Energy Used) x ( $  Valueg:dded 
Energy Used x 

Coincidence (Duty F a c t o r )  x ( Coincidence (Energy .Used) (Lost Work) 
Fac to r  Fac tor  ) X  $ Value Added 



I n d u s t r i e s  t h a t  a r e  h igh  ,energy consumers combined w i t h  s i g n i f i c a n t  l o s t  

I work a r e  good c a n d i d a t e s  f o r  energy conse rva t ion  measures ,  e s p e c i a l l y ,  

i f  t h e  d o l l a v  va lues  added i n  manufactur ing p r o c e s s e s  a r e  sma l l  and they 

have h igh  du ty  and co inc idence  f a c t o r s .  

2 .  comparison of (E/Q) 
Required ( E / Q ) ~ ~ a i l a b l e  f ran On-Site 

Energy Conversion System 

It is  obvious t h a t  t o  expor t  e l e c t r i c a l  energy t o  recover  cogenera t ion  

investment  , t h e  o n - s i t e  energy convers ion  system should more 

e l e c t r i c i t y  t h a n  what i s  r e q u i r e d  by t h e  p roces s .  'Hence '  

.This  i n e q u a l i t y  ho lds  whether we a r e  des ign ing  a  cogene ra t i on  system t o  

meet p roces s  t o t a l  e l e c t r i c  o r  hea t  demands.. (E/Q) 
Ava i l ab l e  

from a n  

energy c-2.:ersion system depends on t h e  tempera ture  a t  which 

hea t  is  r e q u i r e d ,  because t h e  thermal  e f f i c i e n c y  of t h e  energy  conver- 

s i o n  system i s  .a f u n c r i o n  of t h e  tempera ture .  (EIQ)Avai lab le  from an  

I on- s i t e  energy convers ion  system can be  expressed  as 

Where C = h e a t  recovery f r a c t i o n ,  and q i s  t h e  thermal  e f f i c i e n c y .  

I f  C is  assumed t o  be  0 .6 ,  t hen  f o r  many of t h e  energy conversion 

systems under  c o n s i d e r a t i o n  i n  CTAS, (E/Q)Available can be  e s t ima ted  

t o  be  i n  t h e  range of  0 .2-  1.7.  The re fo re  t h e  recommended topping  

c y c l e  cogene ra t i on  c a n d i d a t e s ,  a s  shown in t a b l e . 2 ,  are based 'on  

t h i s  cons ide ra t i on . .  



3. Fue l s  used: 

I n d u s t r i a l  p roces se s  which a r e  h e a v i l y  dependent on n a t u r a l  gas  and o i l  a t  

t h e  p r e s e n t  time f o r  meet ing  t h e i r  thermal  needs w i l l  d e f i n i t e l y  be more 
7 

i n t e r e s t e d  i n  advanced technology cogene ra t i on  w i t h  c o a l  o r  c o a l  de r ived  

f u e l s .  These c a n d i d a t e s  w i l l  o f f e r  t h e  b e s t  o p p o r t u n i t i e s  f o r  h igh  f u e l  

u t i l i z a t i o n  l e a d i n g  t o  cons ide rab l e '  s a v i n g s  i n  t h e  use of n a t u r a l  gas  and 

Table  3 shows sample results of e x e r c i s i n g  t h i s  example s e l e c t i o n  . . .  

methodology. 

CONCLUSIONS 

. . -  . . 

Manufactur ing i n d u s t r i e s  i n  t h e  United S t a t e s  w i l l  expe r i ence  d i f f i c u l t i e s  
, . 

i n  a c q u i r i n g  adequate  s u p p l i e s  of energy neces sa ry  t o  s u s t a i n  economic growth 

throughout  t h i s  decade and i n t o  t h e  n e x t .  T h i s  uncomfortable  s i t u a . t i o n  stems 
I 

from s e v e r a l  sou rces .  F i r s t ,  t h e  n a t i o n a l  supply of  a c c e p t a b l e  ( i . e . ,  non 

p o l l u t i n g . a n d  inexpens ive)  f o s s i l  f u e l s  i s  be ing  con.sumed a t  a  r a t e  f a s t e r  t h a n  

I comparable sou rces  a r e  be ing  found. Second, a  major p o r t i o n  of such  r e s o u r c e s  

are under  c o n t r o l  of o t h e r  c o u n t r i e s .  F i n a l l y ,  a l t e r n a t i v e  s o u r c e s  --. such a s  

I n u c l e a r  .energy and c o a l  -- are n o t  meet ing o p t i m i s t i c  expec . ta t ions  as a d d i t i o n a l  

s o u r c e s  of energy as. a  r e s u l t  of t h e  complicated i n t e r a c t i o n  of many f a c t o r s .  
. . 

I n c r e a s i n g  concern f o r  t h e  env.ironmenta1 q u a l i t y  has  de layed  t h e  expLo i t a t i on  
* .  . .  

of n u c l e a r  energy and r e s t r i c t e d  t h e  u t i l i z a t i o n  of  c o a l .  U t i l i z a t i o n  of s o l a r  
- 

energy  is i n c r e a s i n g l y  r e c e i v i n g  a t t e n t i o n ,  b u t  i t s . ~ e c o n o m i c s  i s  n o t  w e l l  under- 
.. . 

s tood .  The re fo re , ,  t h e  immediate d e s i r e  i s  t o  conserve  f i n i t e  and d e p l e t a b l e  
. , 2  

domest ic  r e s e r v e s  of gas ,  o i l ,  uranium, and low s u l f u r  c o a l .  The s u c c e s s f u l  

s o l u t i o n  t o  t he '  energy  problem w i l l  depend, t o  a g r e a t  deg ree ,  on t h e  opt imized 



TABLE 3: SAMPLE RESULTS OF THE SELECTION METHODOLOGY I 



use  of conver ted  energy forms 'and on t h e  maximum u t i l i z a t i o n  of byproduct o r  

waste energy and m a t e r i a l s .  One approach t o  ach iev ing  a more e f f i c i e n t  u s e  of 

energy by manufactur ing I n d u s t r i e s  i s  through t h e  use  of cogene ra t ion  systems. 

Advantages of t h e  cogene ra t ion  systems when compared t o  p r e s e n t  p r a c t i c e s ,  

i n c l u d e : . ( + )  decreased  o v e r a l l  energy c o s t ,  ( 2 )  i nc reased  energy e f f i c i e n c y ,  

(3)  b e t t e r  management of s c a r c e  f u e l s ,  (4)  a s su red  supply  of e l e c t r i c  power . to  

t h e  cogene ra t ing  i n d u s t r y ,  and (5) decreased  o v e r a l l  p o l l u t a n t  emiss ions .  

These advantages ,  however, must be weighed a g a i n s t  (1) p o s s i b l e  i nc reased  l o c a l  

emis s ions  (2)  i nc reased  c a p i t a l  inves tments ,  and (3) complex i n s t i t t i t i o n a l ,  

l e g a l / r e g u l a  t o r y  c o n s i d e r a t  i o n s .  The ~ e ~ a r t m e n t  of ' Energy has  sponsored s e v e r a l  

r e c e n t  s t u d i e s  add res s ing  t h e s e  i s s u e s .  
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Yefim Sokolov 

Vasilii Korytnikov 

DEVELOPMENT OF COGENERATION IN THE USSR 

. I. ENERGY BASE AND THE EFFICIENCY OF THE COMBINED METHOD OF 

PRODUCTION OF HEAT AND ELECTRICAL ENERGY 

Of all forms of energy produced the forms nlost widely used 

at the present time are thermal and electrical, the production 

of which in the USSR consumes about half of all fuel-energy 

resources procured. 

Of great importance in electrical energy, which in the 

modern world has the leading role in the development of the 

productive forces of society. 

The significance of electrification for the progress of 

the USSR is expressed by the famous formula of V. I. Lenin: 

"Communism is Soviet power plus electrification of the entire 

country". 

In the scale of development of electrification the Soviet . 

Union has made great strides. From near the last place in the 

development of energy in Europe, occupied by Russia, the USSR 

has moved to first place in Europe and second (after the USA) 

place in the world. 

In 1913, on.the eve of the First World War, the production 

of electrical energy in Tsarist Russia was 1.95'billiori kwh. 

In 1920, i.e., by the time of adoption of the State.Plan 

for Electrification of Russia (the GOELRO plan), the production 

of electrical energy in the country had decreased to 0.5 

billion kwh. 

In 1977 the USSR produced 1150 billion kwh of electrical 

energy, i.e., 590 times more than'in 1913. In 1977 the production 

of electrical energy consumed over 20% of all the fuel-energy 

resources procured in the country. 



I n  y e a r ' l y  p r o d u c t i o n  o f  e l e c t r i c a l  e n e r g y  p e r  c a p i t a  o f  

p o p u l a t i o n  t h e  USSR i s  now a t  t h e  l e v e l  o f  t h e  . h i g h l y  d e v e l o p e d .  

Eu ropean  c o u n t r i e s  and  J a p a n .  I n  1977  t h i s  f a c t o r  was a b o u t  

4400 kWh/person-year  i n  . t h e  USSR. 

S o v i e t  e l e c t r i f i c a t i o n  i s  b a s e d  o n  f o s s i l  f u e l  power 

s t a t i o n s ,  a t  which a b o u t  87% o f  a l l  t h e  e l e c t r i c a l  e n e r g y  i s  

p r o d u c e d .  

T h e ' s e c o n d  w i d e l y  u s e d  form o f  e n e r g y  i n  t h e  n a t i o n a l  economy 

a n d  i n  e v e r y d a y  l i f e  i s  medium and  l o w  p o t e n t i a l  h e a t * .  

I n  1976  o v e r  1 0  b i l l i o n  GJ** ( 2 . 4  b i l l i o n  G c a l )  o f  h e a t  was 

p r o d u c e d  f o r  h e a t i n g ,  v e n t i l a t i o n  and  h o t  w a t e r  s u p p l y  o f  res i -  

d e n t i a l ,  p u b l i c  and  i n d u s t r i a l  b u i l d i n g s ,  wh ich  r e q u i r e d  a b o u t  

25% o f  a l l  t h e  f u e l - e n e r g y  r e s o u r c e s  p r o c u r e d  i n  t h e  c o u n t r y .  

The e l e c t r i c a l  e n e r g y  demand i n  the USSR d o u b l e s  a b o u t  e v e r y  

12-13 y e a r s ,  a n d  t h e  h e a t  demand d o u b l e s  a b o u t  e v e r y  15-18 y e a r s .  

I n  1980  t h e  p r o d u c t i o n  o f  e l e c t r i c a l  e n e r g y  i n  t h e  USSR 

w i l l  r e a c h  1340-1380 b i l l i o n  kwh. A c c o r d i n g  t o  p r e l i m i n a r y  d a t a  

t h e  low and medium p o t e n t i a l  h e a t  demand w i l l  b e  a b o u t  12 

b i l l i o n  G J  ( 2 . 9  b i l l i o n  G c a l ) .  About  80% o f  t h i s  q u a n t i t y  o f  

h e a t  w i l l  b e  p r o d u c e d  a t  c e n t r a l i z e d  s o u r c e s  (hea t -and-power  

p l a n t s  [HPP 's ]  and  l a r g e  b o i l e r  s t a t i o n s ) .  . 

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

f o r  p r o d u c t i o n  o f  e l e c t r i c a l  e n e r g y  and  h e a t .  I n  t h e  n e a r  f u t u r e  

(10-15 y e a r s )  n u c l e a r  f u e l  w i l l  b e  u s e d  s i g n i f i c a n t l y  i n  a d d i t i o n  

t o  f o s s i l  f u e l .  

P a r t i c u l a r l y  i m p o r t a n t  i n  o r g a n i , z i n g  a  p r a c t i c a l  e n e r g y  

s u p p l y  f o r  t h e  c o u n t r y  i s  c o g e n e r a t i o n ,  t h e  mosV modern method of 

c e n t r a l i z b d  h e a t  s u p p l y  and  o n e  o f  t h e  main  ways o f  i m p r o v i n g  

t h e  t h e r m a l .  economy o f . e l e c t r i c a 1  e n e r g y  p r o d u c t i o n .  

By t h e  term c o g e n e r a t i o n  w e  mean c e n t r a l i z e d  h e a t  s u p p l y  

b a s e d  on  combined p r o d u c t i o n ,  i . e . ,  j o i n t  p r o d u c t i o n ' o f  h e a t  and  

e l e c t r i c a l  e n e r g y .  

*Low p o t e n t i a l  h e a t  i s  c o n s i d e r e d  t o  b e  h e a t  w i t h  a t empera -  
t u r e  l e v e l  up  t o  150°C; medium p r t e n t i a l ,  w i t h  a  t e m p e r a t u r e  l e v e l  
f rom 1 5 0  t o  350°C. 

**1 G J  = 0.239 G c a l .  



Combined p r o d u c t i o n  i s  t h e  main d i f f e r e n c e  o f  c o g e n e r a t i o n  , 

f rom t h e  s o - c a l l e d  s e p a r a t e  method o f  t h e r m a l  e n e r g y  s u p p l y ,  

. when e l e c t r i c a l  e n e r g y  i s  p roduced  a t  c o n d e n s a t i o n  t h e r m a l  power 

' s t a t i o n s  ( C P S ' s )  and  h e a t  i s  p roduced  a t  b o i l e r  s t a t i o n s .  
. . 

.. The main e n e r g y  e f f e c t  o f  c o g e n e r a t i o n  i s  i n  r e p l a c e m e n t  o f  

: . . t h e  h e a t  p r o d u c e d  i n  s e p a r a t e  e n e r g y  s u p p l y  i n  b o i l e r  s t a t i o n s  by 

t h e  u s e d  h e a t  t a k e n  f rom t h e  t h e r m a l  power c y c l e  o f  t h e  power 

p l a n t ,  t h a n k s  t o  which  t h e  u s e l e s s  e x p u l s i o n  o f  h e a t  i n t o  t h e  

e n v i r o n m e n t  fron? t h e  power p l a n t  i s  e l i m i n a t e d  d u r i n g  c o n v e r s i o n  

o f  combus ted  f u e l  t o  e l e c t r i c a l  e n e r g y .  The s o u r c e  o f  e l e c t r i c a l  

. , ,  e n e r g y  a n d  h e a t  p r o d u c t i o n  i n  c o g e n e r a t i o n  i s  t h e  HPP.* 

The h e a t  f rom t h e  o p e r a t i n g  medium ( s t e a m  o r  g a s e s )  h a v i n g  a 

: .  r a i s e d  p o t e n t i a l  ( h i g h  t e m p e r a t u r e  a n d  p r e s s u r e )  a t  f i r s t  i s  u s e d  

. f o r  p r o d u c i n g  e l ec t r i ca l  ( m e c h a n i c a l )  e n e r g y  i n  t u r b i n e s .  L a t e r  

t h e  hea t  from t h e  coo'ler o p e r a t i n g  medium i s  used f o r  d i s t r i c t  heat-  

' ing.  When s u c h  a  combined u s a g e  i s  . in  e f f e c t ,  . t h e  s p e c i f i c  emount 

o f  h e a t  u s e d  f o r  p r o d u c i n g  e l e c t r i c a l  e n e r g y  i s  c o n s i d e r a b l y  lower  

t h a n  when e l e c t r i c a l  e n e r g y  and  h e a t  are p r o d u c e d  s e p a r a t e l y  and  

when heat  beyond t h e  t u r b i n e s  i s  expe l led '  i n t o  t h e  environment and l o s t .  

F i g .  1 shows t h e  i d e a l  C a r n o t  c y c l e s  o f  steam power p l a n t s  - 
b o t h  c o n d e n s a t i o n  ( F i g .  l a )  a n d  c o g e n e r a t i o n  ( F i g .  l b )  i n  t h e  T-S 

d i a g r a m .  

Tb i s  t h e  a v e r a g e  h e a t  s u p p l y  t e m p e r a t u r e  t o  t h e  c y c l e  

TH i s  t h e  a v e r a g e  h e a t  o u t p u t  t e m p e r a t u r e  f rom t h e  
c o g e n e r a t i o n  c y c l e  

\ 

To.c i s  t h e  a m b i e n t  t e n p e r a t u r e .  

The amount o f  h e a t  s u p p l i e d  i s  t h e  s a n e  i n  b o t h  c y c l e s  a n d  i s  e q u a l  

'to : 

Q n =  Tb A S  (1) 

The amount o f  work d e r i v e d  i n  t h e  con? .ensa t ion  c y c l e  i s :  

1 K  = . ( T " - T  ) A S  b  o . c  
a n d  i n  t h e  c o g e n e r a t i o n  c y c l e  i s :  

. *The  t r a n s l a t o r  h a s  chosen  t h i s  acronym t o  r e f e r  t o  IIeat  Power P l a n t .  
a The o r i g i n a l  R u s s i a n  acronym is  TETs which r e f e r s  t o  c o g e n e r a t i o n  

p l a n t  which  p r o d u c e s  b o t h  e l e c t r i c a 1 , p o w e r  and  s t e a m / h e a t  f o r  
p r o c e s s  and  d o m e s t i c  h e a t .  



The amount o f  waste h e a t  e f f e c t i v e l y  u s e d  i n  c o g e n e r ~ ~ i o n :  

i n  t h e  c o n d e n s a t i o n  c y c l e  Q ,  = ) ( 4 )  

i n  t h e  c o g e n e r a t i o n  c y c l e  Qt  = TH A S ( 5 )  

S p e c i f i c  h e a t  o u t l a y :  

i n  t h e  c o n d e n s a t i o n  c y c l e  Q: = = 

i n  t h e  c o g e n e r a t i o n  c y c l e  

Thc speeiI ic  c u r b i n e d  p r o d u c t i o n ,  i . e . ,  amount o f  work u n i t s  

o b t a i n e d  i n  t h e  c o g e n e r a t i o n  c y c l e  p e r  u n i t  o f  w a s t e  h e a t  

The s p e c i f i c  h e a t  econorr,y p e r  c n i t  o f  h e a t  removed. - f rom t h e  

c o g e n e r a t i o n  c y c l e  i s  

E q u a t i o n  ( 9 )  makes i t  clear  t h a t  t h e  s p e c i f i c  h e a t ' e c o n o m y  

due  t o  comb,inecl p roc luc t ion  grows w i t h  an  i n c r e a s e  i n  h e a t  s u p p l y  . 

t e m p e r a t u r e  T t o  t h e  c y c l e  and  w i t h  a  d e c r e a s e  i n  h e a t  r emova l .  b 
t e m p e r a t u r e  T f rom t h e  c y c l e .  

1.1 
The s p e c i f i c  corrbine'd p r o d u c t i o n  i n  a c t u a l '  s t e a m  c o g e n e r a t i o n  

i n s t a l l a t i o n s  w i t h  i r r e v e r s i b l e  l o s s e s  i n  m i n d , i s  shown i n  F i g .  2 .  

The combined p r o d u c t i o n  o f  e l e c t r i c a l  e n e r g y  i n  t h e  HPPs i s  

, o n e  o f  t h e  b a s i c  ways o f  c o n t i n u a l l y  l o w e r i n g  f r o m . . y e a r  t o  y e a r  t h e  u n i t  

o u t l a y  o f  f u e l  f o r  p r o d u c i n g  e l e c t r i c a l  e n e r g y  i n  t h e  U S S R .  I n  19,76 

it a v e r a g e d  65% o f  t h e  t o t a l  p r o d u c t i o n  o f  e l e c t r i c a l  e n e r g y  a t  

g e n e r a l  p u r p o s e  HPPs, i . e . ,  HPPs i n  t h e  USSR. Minenergo ( I ' S C ?  r . l i .n is t ry  

o f  ~ o w e r j  sys t em.  

A t  t h e  p r e s e r ~ t  t i m e  g e n e r a l  p u r p o s e  HPP's c o m p r i s e  83% c f  tkc .  

t o t a l  i r s t a l l t d  c a p a c i t y  o f  t h e  HPP's o f  t h e  c o u n t r y  and 7 3 %  i n  y e a r l y  h e a t  

o u t p u t .  



' T h e  s p e c i f i c  s a v i n g  o f  s t a n d a r d  f u e l *  a t  H P P ' s  d u e  t o  .. . '  . , 
c o m b i n e d  p r o d u c t i o n  o f  e l e c t r i c a l  e n e r g y  a t  the p r e s e n t  t i m e  i s  . 

, 

A q  = 1 2  kg/GJ o r '  a b o u t  30% o f  t h e  f u e l  c o n s u m p t i o n ,  o n  h e a t  

p r o d u c t i o n  i n  modern  high-economy b o i l e r  s t a t i o n s .  

I n  1 9 7 6  t h e  s a v i n g  o f  s t a n d a r d  f u e l  d u e  t o  combined  p r o -  

d u c t i o n  o f  e l e c t r i c a l  e n e r g y  a t  g e n e r a l  p u r p o s e  H P P ' s  w a s  a b o u t  

3 0  m i l l i o n  t o n s  o r  a b o u t ' l l %  o f  t h e  t o t a l  f u e l  c o n s u m p t i o n  o n  

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

power  s t a t i o n s ,  i . e . ,  a t  a l l  t h e r m a l  power  s t a t i o n s  o f  USSR 

Mine 'ne rgo .  

F i g u r e  3  shows  t h e  d y n a m i c s  o f  t h e  char ige  i n  t h e  s p e c i f i c  

c o n s u m p t i o n  o f  s t a n d a r d  f u e l  ( n e t )  a t  USSR g e n e r a l  p u r p o s e  power  

s t a t i o n s  i n . t h e  l a s t  1 5  y e a r s  f r o m  1 9 6 1  t o  1 9 7 6 ,  a n d  a l s o  t h e  

s p e c i f i c  f u e l  c o n s u m p t i o n  i n  1 9 8 0  a c c o r d i n g  t o  t h e  e x p e r t  e v a -  

l u a t i o n  o f  t h e  a u t h o r .  

I n  t h e  l a s t  1 5  y e a r s  t h e  mean s p e c i f i c  c o n s u m p t i o n  o f  s t a n d a r d  

f u e l  ( n e t )  a t  H P P ' s  d e c r e a s e d  by  1 9 0  g/kWh f r o m  462 t o  272 g/kWh. 

I n  s p i t e  o f  s i g n i f i c a n t  p r o g r e s s  a l s o  i n  t h e  a r e a  o f  t h e r m a l  

economy o f ' c o n d e n s a t i o n  power  s t a t i o n s  ( C P S ' s )  t h e  d i f f e r e n c e  
I 

i n  t h e  mean s p e c i f i c  c o n s u m p t i o n  o f  f u e l  o f  C P S ' s  a n d  H P P ' s  i n  

. t h i s  p e r i o d  i ' n c r e a s e d  c o n t i n u o u s l y  a n d  r e a c h e d  9 1  g/kWh i n  1 9 7 6 .  

I t  may b e  assumed  t h a t  i n  1 9 8 0  t h i s  d i f f e r e n c e  w i l l  b e  a b o u t  

1 0 0  g/kWh. 

The mean s p e c i f i c  c o n s u m p t i o n  o f  s t a n d a r d  f u e l  ( n e t )  f o r  

a l l  g e n e r a l  p u r p o s e  t h e r m a l  power  s t a t i o n s  d e c r e a s e d  b y  1 2 2  g/kWh 

i n  1 5  y e a r s ,  f r o m  459 t o  337 g/kWh. I n  t h i s  d e c r e a s e  o f  t h e  mean 

c o n s u m p t i o n  o f  f u e l  84 g/kWh w a s  o b t a i n e d  d u e  t o  H P P ' s ,  i . e . ,  

6 9 %  o f  t h e  d e c r e a s e  o b t a i n e d .  T a b l e  I g i v e s  c e r t a i n  e n e r g y  

c h a r a c t e r i s t i c s  s h o w i n g  t h e  d e v e l o p m e n t  o f  c o g e n e r a t i o n  f r o m  

g e n e r a l  p u r p o s e  H P P ' s  i n  t h e  p e r i o d  1960-1976 .  

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

g e n e r a l  p u r p o s e  H P P ' s  r o s e  by  a f a c t o r  o f  4 . 1  f r o m  66 t o  2 7 1  

b i l l i o n  kwh. T h e  s p e c i f i c  c o m b i n a t i o n  p r o d u c t i o n  o f  e l e c t r i c a l  

e n e r g y  p e r  u n i t  o f  u s e d  h e a t  i n c r e a s e d  b y  a  f a c t o r  o f  1 . 7  f r o m  

1 7 4  t o  2 9 3  kWh/Gcal. The c o m b i n a t i o n  p r o d u c t i o n  o f  e l e c t r i c a l  

*The h e a t  o f  c o m b u s t i o n  o f  s t a n d a r d  f u e l  i s  7000 k c a l / k g  = 
29 ,30OkJ /kg .  
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energy at HPPIs ,i,ncr.eased,by a factor of 8.3 from 21 to 174 
. . - .. . . 

billion kwh. The proportion of combination production in t-he 

total production of electrical energy at HPP's rose from 32 to 

65%, i.e., doubled. 

Due to the widespread development of cogeneration and to 

general technical progress in condensation power stat,ions, the 

USSR together with France presently occupies first place in the 

world in thermal economy of electrical energy production, ahead 

of England, the USA, the Federal Republic of Germany and other 

developed countries. 

The specific fuel consumption on electrical energy pro- 

duction in the USSR decreases systematically from year to year. 

The mean fuel consumption (net) at USSR general purpose 

stations in 1975 was 340 g/kWh, in 1976 337 g/kWh, and in 1977 

334 g/kWh. 

In 1975 the specific 'fuel consumption (net) was: in France 

333 g/kWh, in the FRG 341 g/kWh, in the USA 370 g/,kWh, and in 

England 374 g/kWh. 

In cogeneration there are two main principles of practical 

energydsupply: 

a) Combination production of heat and electrical energy, 

accomplished'at heat-and-power plants; 

b) Centralization of heat supply, i.e., supply of heat from 

a single source to numerous thermal users. 

The basis of the first principle -- combined production 
of electrical energy and heat -- being a specific feature of 
cogeneration, was examined above. 

The second principle -- centralization of heat supply -- is 
not a feature of cogeneration alone. Centralization of heat 

I supply' can be accomplished not only with supply of heat from 
I 

, HPP's, but also with heat supply from other sources, for example 

large boiler stations or industrial heat utilization stations. 

Centralization of'heat supply in itself also usually provides 

a fuel saving due to higher efficiency of large boiler stations, 

and the still greater efficiency of the large boilers in modern 

HPP's in comparison with local boiler .stations, in spite of the 
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additional heat losses in the networks with centraltized ,heat, 
, 

supply 
Centralized heat supply favors the public welfare of the heat 

supply regions, improves the comfort of the buildings supplied, 

and decreases the labor costs on, service of the heat management 

of cities and industrial regions. 

Cogeneration is a higher form of centralization of heat 

supply and the most practical method of utilizing the fuel 

resources of the country for thermal energy .supply. Due to the 

significant social, economic and ecological advantages, cogeneration 

was determined to be one of the main trends in energy development 

of the USSR from ths first years of organization of the Soviet 

society. 

2. THE MODERN LEVEL OF COGENERATION IN THE USSR 

The history of Soviet cogeneration is inseparably connected 

with the general development of Soviet power engineering. 

The orientation of the Soviet power industry toward combined 

production of electrical energy and heat was provided in the 

state plan for electrification of Russia - the famous GOELRO 
plan - developed on the initiative of V .  I..Lenin by a group of 

scientists and engineers under the supervision of G. M. 

Krzhizhanovskii and approved by the VIIth All-Union Congress of 

Soviets in December 1920. This idea, completely justified, by, . 

the experience of Soviet cogeneration development experience, 

is widely realized in the cities and industrial regions of our 

country. 

Successful development of cogeneration requires development 

and practical realization of time- and scale-coordinated plans 

for construction and operational introduction of heat sources, 

heating networks and the heat-demand installations of users. In 

principle, the planned economy of our country favors solution of 

this problem. 

The birthday of Soviet cogeneration is assumed to be 25 

November 1924. On this day Leningrad put into operation the 

first general purpose heat line, installed in accord with a 

project by and under the supervision of Soviet cogeneration 

pioneers L.'L. Ginter and V. V. Dmitriev. 



A f t e r  L e n i n g r a d  e s g e n e i d l i u r i  b e g a n  i n  Moscow. The A l l -  

Union  ~ h e r m a l ' ~ ~ n g l n e . e r i n g  I n s t i t u t e  (VTI)  w a s  t h e  i n i t i a t o r  o f  ' 

Moscow c o g e n e r a t i o n .  I n  1 9 2 8  t h e  f i r s t  g e n e r a l  p u r p o s e  h e a t  

l i n e  w a s  l a i d  i n  Moscow f r o m  t h e  e x p e r i m e n t a l  VTI HPP t o  a  number 

o f  i n d u s t r i a l  e n t e r p r i s e s .  ~ t a r t - u p  o f  t h e  f i r s t  c o g e n e r a t i o n  ' .  

i n s t a l l a t i o n s  i n  L e n i n g r a d  a n d  Moscow w a s  t h e  s t i m u l u s  f o r  d e v e -  

l o p m e n t  o f  c o g e n e r a t i o n  i n  many o t h e r  c i t i e s  o f  t h e  USSR. 

F i g u r e  4 g i v e s  d a t a . c h a r a c t e r i z i n g  t h e  d e v e l o p m e n t  o f .  

c o g e n e ' r a t i o n  f r o m  t h e  moment o f  i t s  o r i g i n  ( 1 9 2 4 )  t o  t h e  p r e s e n t  

t i m e  ( 1 9 7 6 )  a n d  f u t u r e  p r o s p e c t s  t o  t h e  e n d  o f  t h e  t e n t h  f i v e -  

' y e a r  p l a n  ( 1 9 8 0 ) .  

I n  1 9  76 t h e  e l e c t r i c a l  c a p a c i t y  o f  c o g e n e r a t i o n  t u r b i n e s  

i n s t a l l e d  a t  USSR power.  s t a t i o n s  w a s  63  m i l l i o n  kW, i . e . . ,  a b o u t  , 

1 / 3  o f  t h e  c a p a c i t y  o f  a l l  t h e  t h e r m a l  power  s t a t i o n s  o f  t h e  

c o u n t r y .  T h e  combined  p r o d u c t i o n  o f  e l e c t r i c a l  e n e r g y  a t  H P P ' s  

w a s  a b o u t  200 b i l l i o n  kwh, i . e . ,  o v e r  20% o f  t h e  t o t a l  p r o d u c t i o n  

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

o u t p u t  f r o m  H P P ' s  w a s  4 b i l l i o n  G J  ( 9 5 0  m i l l i o n  G c a l ) ,  w h i c h  m e t  

a b o u t  40% o f  t h e  t o t a l  n a t i o n a l  demand f o r  l o w  and '  medium p o t e n -  

t i a l  h e a t .  I n  a d d i t i o n  t o  c o g e n e r a t i o n ,  t h e r e  was  a  s i g n i f i c a n t  

d e v e l o p m e n t  o f  h e a t  s u p p l y  f r o m  i n d u s t r i a l  a n d  r e g i o n a l  b o i l e r  

, s t a t i o n s  i n  t h e  USSR, a s  w e l l  a s  f r o m  h e a t  u t i l i z a t i o n  s t a t i o n s .  

The  h e a t  o u t p u t  f r o m  a l l  t h e s e  s o u r c e s  w a s  a b o u t  3 . 6  b i l l i o n  

G J  i n  1 9 7 6  ( 8 5 0  m i l l i o n  G c a l ) ,  w h i c h  m e t  35% o f  . t h e  t o t a l  h e a t  

demand o f  t h e  c o u n t r y .  I n  1 9 7 6  f r o m  c e n t r a l i z e d  s o u r c e s  a l o n e  

7 . 6  b j l l i o n  G J  ( 1 8 0 0  m i l l i o n  G c a l )  o f  h e a t  w a s  p r o d u c e d  i n  

1 9 7 6 ,  w h i c h  m e t  75% o f  t h e  t h e r m a l  demand o f  t h e  c o u n t r y .  

T h e  e x p e c t e d  l e v e l  o f  d e v e l o p m e n t  o f  c o g e n e r a t i o n  a n d  

c e n t r a l i z e d  h e a t  s u p p l y  b y  t h e  e n d  o f  t h e  t e n t h  f i v e - y e a r  p l a n  

( 1 9 8 0 )  w a s  d e t e r m i n e d  t o  b e  a s  f o l l o w s  a c c o r d i n g  t o  t h e  e x p e r t  

e v a l u a t i o n  o f  t h e  a u t h o r :  e l e c t r i c a l  c a p a c i t y  o f  c o g e n e r a t i o n  

t u r b i n e s  77 m i l l i o n  kW; y e a r l y  p r o d u c t i o n  o f  e l e c t r i c a l  e n e r g y  

by  c o g e n e r a t i o n  t u r b i n e s  400 b i l l i o n  kwh, i n c l u d i n g  270 b i l l i o n  

kwh by  t h e  combined  m e t h o d .  H e a t  o u t p u t  f r o m  HPP ' s .  4 . 8  b i l l i o n  

G J  ( 1 . 1 5  b i l l i o n  .Gcal ) ,  h e a t  o u t p u t  f r o m  o t h e r  c e n t r a l i z e d  h e a t  

s o u r c e  i n s t a l l a t i o n s  4 . 5  b i l l i o n  G J  ( 1 . 0 7  b i l l i o n  G c a l ) .  

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

i n s t a l l a t i o n s  w i l l  b e  9 . 3  b i l l - i o n  G J  ( 2 . 2  b i l l i o n  G c a l ) ,  w h i c h  



w i l l  s a t i s f y  a b o u t  8 0 %  o f '  t h e  n e e d s  o f  t h e  c o u n t r y ' s  u s e r s  w i t h  

l o w  a n d  medium p o t e n t i a l  h e a t .  

B o t h  i n  t h e  s c a l e  o f  d e v e l o p m e n t  o f  c o g e n e r a t i o n  a n d  i n  

t h e  sca le  o f  d e v e l o p m e n t  o f  c e n t r a l i z e d  h e a t  s u p p l y  t h e  USSR 

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

3 .  IMPROVING THE COGENERATION ENERGY BASE 

S o v i e t  c o g e n e r a t i o n  i s  b a s e d  o n  r e g i o n a l  h e a t - a n d - p o w e r  

p l a n t s ,  f r o m  w h i c h  h e a t  i s  p r o v i d e d  b o t h  t o  i n d u s t r i a l  e n t e r -  

p r i s e s  a n d  t o  n e a r b y  c i t i e s .  

F o r  h e a t  s u p p l y  t o  h e a t i n g - v e n t i l a t i o n  i n s t a l l a t i o n s  a n d  

f o r  h o t  w a t e r  s u p p l y  t o  r e s i d e n t i a l  a n d  p u b l i c  b u i l d i n g s  a n d  

i n d u s t r i a l  e n t e r p r i s e s  t h e  h e a t  c a r r i e r  u s e d  i s  m a i n l y  w a t e r .  

A t  t h e  p r e s e n t  t i m e  t h e  p r o p o r t i o n  o f  w a t e r  a s  h e a t  c a r r i e r  

c o m p r i s e s  4 8 %  o f  t h e  t o t a l  y e a r l y  h e a t  o u t p u t  f r o m  H P P ' s .  

T h e  S o v i e t  Union  h a s  t h e  l a r g e s t  w a t e r  n e t w o r k s  i n  t h e  w o r l d .  

The  u s e  o f  w a t e r  a s  a h e a t  c a r r i e r  p e r m i t s  u s e  o f  low p r e s s u r e  

u s e d  s t e a m  f r o m  t h e  b l e e d s  o f  c o g e n e r a t i o n  t u r b i n e s  f o r  h e a t  

s u p p l y ,  r e s u l t i n g  i n  a n  i n c r e a s e  i n  t h e  i p e c i f i c  c o m b i n e d  p r o d u c -  

t i o n  o f  e l e c t r i c a l  e n e r g y  p e r  u n i t  o f  h e a t  p r o d u c e d .  

F o r  example . ,  a t  i n i t i a l  s t e a m  p a r a m e t e r s  a t  HPP ' s  o f  1 3  

MPa, 555OC a n d  w i t h  u s e  o f  w a t e r  a s  t h e  h e a t  c a r r i e r  t h e  mean 

t e m p e r a t u r e  o f  h e a t  t a k e o f f  f r o m  t h e  t u r b i n e  b l e e d s  i n  m e e t i n g  

t h e  r e s i d e n t i a l  h e a t i n g  l o a d  i s  80°C a n d  t h e  s p e c i f i c  c o m b i n e d *  

p r o d u c t i o n  o f  e l e c t r i c a l  e n e r g y  i s  1 5 5  kWh/GJ ( 6 4 0  kWh/Gcal) .  

U s i n g  s t e a m  a s  t h e  h e a t  ca r r i e r  f o r  t h e s e  p ,urposes ,  w i t h  a  

p r e s s u r e  a t  t h e , s t a t i o n  co l lec tor  o f ,  f o r  e x a m p l e ,  0 . 8  MPa, 

t h e  s p e c i f i c  combined  p r o d u c t i o n  i s  8 0  kWh/GJ ( 3 2 5  kWh/Gca l ) ,  

i . e . ,  a b o u t  h a l f  t h e  amount  a s  w i t h  water.  

The t h e r m a l  economy o f  H P P ' s  i m p r o v e s  o n  i n c r e a s e  o f  t h e  

i n i t i a l  steam p a r a m e t e r s ,  d e c r e a s e  o f  t h e  s t e a m  p r e s s u r e  i n  t h e  

t u r b i n e  b l e e d s ,  w i t h  u s e  o f  m u l t i - s t a g e  preheating o f  t h e  n e t w o r k  

w a t e r ,  w i t h  i n c r e a s e  o f  t h e  number o f  h o u r s  o f  u t i l i z a t i o n  o f  

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

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

m e t h o d .  

, I m p r o v e m e n t  o f  t h e  e c o n o m i c  c h a r a c t e r i s t i c s  o f  c o g e n e r a t i o n  

r e s u l t s  f r o m  i n c r e a s e  i n  t h e  s i z e  o f  H P P ' s  a n d  i n c r e a s e  o f  t h e  



u n i t  c a p a c i t y  o f  b o i l e r b ' s t a t i o n s  a n d  t u r b i n e  u n i t s ,  b l o c k  l a y o u t  

o f  e q u i p m e n t ,  a n d  a l s o  f r o m  u s e  o f  c h e a p  w a t e r - h e a t  b o i l e r s  a n d  

l o w  p r e s s u r e  s t e a m  b o i l e r s  t o  h a n d l e  b r i e f  s e a s o n a 1 , a n d  t e c h n o -  

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

I n  a number o f  cases t h e  u s e  o f  w a t e r - h e a t  b o i l e r s  o f  l a r g e  

c a p a ' c i t y  g i v e s ,  i n  a d d i t i o n ,  a  g a i n  i n  t h e  s c h e d u l i n g  o f  c a p i t a l  

i n v e s t m e n t ,  p e r m i t t i n g  minimum i n i t i a l  c o s t  o f  c e n t r a l i z a t i o n  

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

o f  HPP ' s  l a g s  b e h i n d  t h e  i n t r o d u c t i o n  o f  h e a t  u s e r s  i n  t i m e .  

A f t e r  t h e  o p e r a t i o n a l  i n t r o d u c t i o n  o f  t h e  H P P ' s  t h e s e  w a t e r - h e a t  

b o i l e r s  are u s e d  t o  c o v e r  t h e  p e a k ' p a r t  o f  t h e  h e a t i n g  l o a d  a n d  

f o r  h e a t  s u p p l y  . r e s e r v e .  

I n  o r d e r  t o  d e c r e a s e  t h e  t i m e  r e q u i r e d ' f o r  c ' o n s t r u c t i o n  o f  

H P P ' s  a n d  t o  s i q n i f i c a n t l y  r e d l l c ~  t h e i r  i n i t i a l .  c o s t  and L l i e  

l a b o r  c o s t s  o n  c o n s t r u c t i o n  i t  i s  i m p o r t a n t  t o  u s e  m a s s  p r o d u c t i o n  

t e c h n i q u e s  i n  h e a t - a n d - p o w e r  p l a n t  i n s t a l l a t i o n .  The USSR 

h a s  d e v e l o p e d  p r o j e c t s  f o r  series p r o d u c t i o n  H P P ' s  o f  h i g h  

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

c o n s t r u c t i o n  b y  a s s e m b l y  o f  u n i t i z e d  t e c h n o l o g i c a l  c o n s t r u c -  

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

same t y p e .  The  c o n s t r u c t i o n  o f  t h e s e  H P P ' s  b a s i c a l l y  a m o u n t s  

t o  i n s t a l l a t i o n  o f  s t a n d a r d  u n i t i z e d  l a r g e - u n i t  members a t  

t h e  c o n s t r u c t i o n  s i t e .  

A t  t h e  p r e s e n t  t i m e  i n  t h e  USSR w e  are m a n u f a c t u r i n g  series- 

p r o d u c t i o n  high-economy c o g e n e r a t i o n  t u r b i n e s  o f  h i g h . c a p a c i t y  

f o r  h i g h  ( 1 3  MPa) a n d  s u p e r c r i t i c a l  ( 2 4  MPa) steam p a r a m e t e r s :  

t y p e  T  w i t h  h e a t i n g  b l e e d ;  u n i t  c a p a c i t y  f r o m  5 0  t o  25.0 MW 

(T-50/60-130,  T-105/120-130,  T-250 /300-240) ;  t y p e  PT w i t h  h e a t i n g -  

i n d u s t r i a l  b l e e d s ,  w i t h  u n i t  c a p a c i t y  f r o m  60 t o  1 3 0  MW (PT- 

60/75-130/13,  PT-50/60-130/7,  PT-80/100-130/13,  PT-135 /165-130 /1) ,  

t y p e  R w i t h  b a c k  p r e s s u r e  w i t h  u n i t  c a p a c i t y  f r o m  40 t o  1 0 0  

MW (R-40-130/31,  R-50-130/13,  R-100-130 /15) .  

I n  t h e  n e a r  f u t u r e  w e  w i l l  b e g i n  p r o d u c t i o n  o f  new t u r b i n e s  

a t  i n i t i a l  p a r a m e t e r s  o f  1 3  MPa w i t h  h i g h  u n i t  c a p a c i t y  h e a t i n g  

b l e e d  a t  1 7 5  a n d  1 8 0  MW, T-175/210-130 a n d  T-180/215-130.  

  he USSR h a s  s i g n i f i c a n t  r e s e r v e s  o f  n a t u r a l  e n e r g y  r e s o u k c e s ,  

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

t h e  r e g i o n s  o f  l o c a t i o n  o f  t h e  m a i n  e n e r g y  r e s o u r c e s  ( t h e  e a s t e r n  



r e g i o n s  ,of t h e  c o u n t r y )  a n d  t h e  m a i n  r e g i o n s  o f  , u t i l i z a t i o n  o f  . . . . , - .  
I ' t .  l .. - t .  . '  

e l e c t r i c a l  a n d  t h e r m a l  e n e r g y  ( t h e  E u r o p e a n  p a r t  o f  t h e  U S S R ) ,  
. i ' . i .  . i 1 1  

t h e r e  i S  a  d e f i c i t  o f  f o s s i l  f u e l  i n  ' t h e  E a s t e r n  p a r t  o f "  t h e  

USSR. 

I n  o r d e r  t o  i m p r o v e  t h e  f u e l - e n e r g y  b a l a n c e  o f  t h e  c o u n t r y  

w e  a r e  p l a n n i n g  ' in  t h e  E u r o p e a n  p a r t  o f  t h e  USSR, a s  w e l l  a s  i n  

o t h e r  r e g i o n s  i n  t h e  c o u n t r y  m o s t  removed f r o m  t h e  f o s s i l  f u e l  . .  - 2 .  

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

N a t u r a l l y ,  u s e  o f  n u c l e a r  f u e l  a t  HPP's  f o r  combined  p r o d u c -  

t i o n  o f  e l e c t r i c a l  e n e r g y  a n d  h e a t  i s  more  e f f i c i e n c t  f r o m  t h e  

e n e r g y  p o i n t  o'f v i e w  t h a n  when u s i n g  t h e  s e p a r a t e  method  o f  

p r o d u c t i o n  o f  e l e c t r i c a l  e n e r g y  a t  c o n d e n s a t i o n  power  s t a t i o n s  

a n d  h e a t  a t  b o i l e r  s t a t i o n s .  

T h e  main  a d v a n t a g e s  o f  n u c l e a r  HPP ' s  (NHPP's)  a r e :  

a )  The r e l a t i v e  i n d e p e n d e n c e  o f  t h e  l o c a t i o n  o f  t h e  NHPP 

s i t e  f r o m  t h e  l o c a t i o n  o f  t h e  f u e l  b a s e  d u e  t o  t h e  i n s i g n i f i -  

c a n t  w e i g h t  o f  . .  n u c l e a r  . .  f u e l  c o n s u m p t i o n  a n d  t h e  r e s u l t i n g  low 

costs f o r  t r a n s p o r t  a n d  s t o r a g e  o f  t h e  f u e l .  

b) The p o s s i b i l i t y  o f  a f r e e r  method  o f  s e l e c t i o n  o f  s i t e s  

f o r  c o n s t r u c t i o n  o f  NHPP1s i n  a c c o r d  w i t h  e c o l o g i c a l  c o n d i t i o n s  

d u e  t o  t h e  a b s e n c e  o f  d i s c h a r g e  o f  p o l l u t a n t s  w i t h  t h e  e x h a u s t  

g a s e s ,  c o n t a m i n a t i n g  t h e  e n v i r o n m e n t .  

E x p e r i e n c e  i n " t h e  o p e r a t i o n  o f  e x i s t i n g  n u c l e a r  power  s t a t i o n s  

(NPS) s h o w s ' t h a t  a t  t h e s e  s t a t i o n s  t h e r e  i s  n o  d i s c h a r g e  o f  w a s t e  

w a t e r s  c o n t a m i n a t e d '  by  r a d i o a c t i v e  s u b s t a n c e s .  R a d i o a c t i v e  g a s e s  

a n d  a e r o s o l s  a r e  removed b e f o r e  d i s c h a r g e  t h r o u g h  t h e '  v e n t i l a t i o n  

p i p e s .  Many   ears o f  o b s e r v a t i o n s  o f  t h e  c o n c e n t r a t i o n  o f  r a d i o - '  

a c t i v e  s u b s t a n c e s . i n  t h e  a i r ,  s o i l  a n d  r e s e r v o i r s  n e a r  o p e r a t i n g  

n u c l e a r  power s . t a t i o n s  shows  n o  h a r m f u l  e f f e c t  o f  t h e  N P S ' s  

o n  t h e  e n v i r o n m e n t .  

The f i r s t  NHPP i n  t h e  USSR w a s  p u t  i n t o  o p e r a t i o n  i n  t h e  

s e t t l e m e n t  of .  B i l i b i n o  ( S i b e r i a )  i n  1 9 7 3 .  T h i s  HPP was  p r o J e c t e d  

e l e c t r i c a l  c a p a c i t y  o f  4 8  MW c o n s i s t s  o f  4 power  u n i t s  w i t h  

e l e c t r i c a l  c a p a c i t y  o f  1 2  MW.each. The power  u n i t s  c o n s i s t  o f  

s i n g l e - c i r c u i t  c h a n n e l  w a t e r - g r a p h i t e  r e a c t o r s  a n d  T-12-60 

c o g e n e r a t i o n  " t u . r b i n e s  w i t h  h e a t i n g  b l e e d s .  

A t  t h e  p r e s e n t  t i m e  a  w i d e  r a n g e  o f  d e s i g n  a n d  r e s e a r c h  

d e ~ e l o ~ m e n t s ' o n  c r e a t i o n  o f  l a r g e . r e g i o n a 1  NHPP's a r e  underway  

i n  t h e  USSR. 



Studies at a high desig.n heatirly load on the order of 1750 

MW (1500 Gcal/hr) and over show that NHPP's are .economica.lly 

competetitive with HPP's on fossil fuel (FHPP's). 

Further progress on HPP's on fossil fuel will be made 

'mainly il.1 the .direction of improving the operational reliability 

and improving the structure of the equipment. 

Introduction of all the new capacity of these HPP's at 

high and supercritical initial parameters, in addition to improv- 

ing the loading of the turbine bleeds, will lead to further increase 

of the specific combination production of electrical energy per 

unit of heat produced from the turbine bleeds,. and also to in- 

crease of the proportion of combined production of electrical . 

energy at HPP's. 

At the heat output from general purpose stations of 3.8 

billion GJ (0.9 billion Gcal) expected in 1980, the combined 

production of electrical energy at these HPP's will be about 

250 billion"kWh, and the fuel saving due to the electrical pro- 

duction of the HPP's will exceed 35 million tons. 

4. IMPROVEMENT OF HEAT SUPPLY SYSTEMS 

An important component part of cogeneration is the centra- 

lized heat supply system, the task of whlch is transport of the 

heat carrier from the heat supply source to the demand regions 

and distribution of the carrier to the heat users. 

In connection with the development of industry and the in- 

tense residential construction in certain regions of the country 

large territorial developments arise with a high heating load 

concentration, connected'by intraterritorial engineering struc- 

tures, including heating networks. 

In these regions this necessitates conversion in the near 

future from local heat supply of individual enterprises or in- 

dividual municipal regions to complex heat supply of large 

territorial developments of so-called agglomerations. 

This conversion should be accomplished under dynamic condi-p 

tions, i.e., under the conditions of development of the system, 

using the previously .installed and operating heat supply installa- 

tions as elements of the general agglomeration system of cen- 

tralized heat supply. 



In connection with the increase in requirements for quality 

of planning and requirements for the purity of the air basins 

of cities, and also due to changes in the fuel structure of power 

generation in the direction of increase of the proportion of 

solid fuel and nuclear fuel, many large HPP's, especially 

those for energy supply for large cities and industrial-municipal 

agglomerations, will be located at a significant distance from 

heating demand regions, often far outside the city limits, 

requiring installation of heat transport lines of significant 

length and corresponding increase of the initial costs for the 

heating networks. 

One of the main methods of decreasing the initial costs for 

construction of heating networks and operational costs for trans- 

port of heat is increase of the design water temperature in the 

feeder line from the presently adopted and widely used level of 

150°C to 170-190°C. This solution is economically justified 

in the USSR not only for the regions of Siberia, the Urals and 

Kazakhstan, with comparatively low closing costs for fuel, but 

also for the European regions of the USSR with high closing costs 

for fuel. 

The reliability of heat supply is of extremely great impor- 

tance. 

In order to improve the reliability of heat supply long 

main water networks should be divided into sections 2-3 km long. 

This will decrease the water 1osse.s from the heating network 

during emergencies, since the damaged segment of the network is 

localized on both ends using sectionalizing valves. This will 

simplify correction of the damage and will accelerate the con- 

nection of the network to operation after the emergency. 

In modern heat s.upply systems of large cities the heat car- 

rier - network water - is usually s.upplied from each large HPP 
to the heat supply regions through several mains. These mains 

should be connected together by unitizing connections (inter- 

connections). 
Significant reserves in operating cogeneration systems may 

be utilized with correct regulation of them and adjustment of 

the operating conditions. 

The actual specific combined production of electrical 

energy, the operational costs on transport of heat and the quality 
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of heat supply as a whole depend significantly on the compj,ete- 

ness-of use of the heat carrier in the users installations. 

Increase of the quality of heat service and improvement of the 

utilization of the heat carrier in users' installations involves 

improvement of the aut.omation of local regulation. 

In order to level out the yearly heating load schedule it 

is interesting to utilize the used heat of HPP's for heating of 

greenhouses and hotbeds, and also for production of cold in the 

air conditioning equipment of industrial enterprises and public 

buildings. In the near future there. will be a significant,in- 

crease in the cooling load of air conditioning units, especially 

in regions with a hot climate (Central Asia and the Transcaucasus 
! 

Republics). 

An important problem is reduction of the initial costs for 

construction of heating networks, acceleration of their construction 
and improvement of the reliability and service life of heat 

lines. Both in the USSR and abroad progress is being made in 

this area in the direction of mass production of structures by 

manufacture of heat line units at the factories and mechanization 

of their construction. 

In the USSR there have been significant scientific research 

and construction operations in the area of improving underground 

heat lines. 

In Leningrad, Moscow and other cities there has been wide 

use of heat line designs of practically all pipe diameters in 

monolithic sheaths of reinforced concrete, put on the pipes under 

factory conditions. 

An industrial heat line design has been developed in mono- 

lithic sheaths of cellular phenolic Poroplast FL. 

Designs have been developed for channelless heat lines with 

monolithic shepths based on asphalt,binder (asphalt-perlite, 

asphalt-ceramic, etc.) for pipelines of up to 400 mrn diameter. 

There are a number of pipeline segments'in pilot operation 

using asphalt-Izol both as bulk insulation and for filling of 

pipes with hot melted compound. 

A method of protecting underground pipe systems against 

outside corrosion by induction enameling of their outside surface , 

has been developed and tested under laboratory conditions and on 

test segments. 



5. THE ECOLOGICAL EFFECT OF COGENERATION 
. ' . . *  . I * : ,  ' 

_ I . . . .  A .  ' . .  
Centralization of heat supply, and especially cogeneration, 

have a-s'ignificant effect on improvement of the sanitary state 

of the.environment. Due to the fuel saving obtained in 1976 

as. a result of combined production at the HPP's of the country 

in the. am0un.t of 36'mlllion tons the amount of yearly discharge 

of gaseous combustion products has decreased by 130 million tons.. 

A significant additional effect in decreasing the pollution 

of the environment of populated areas is obtained with cogeneration 

as a result of the construction of large heat-and-power plants 

outside the city area. 

The creation of large sources of combined production of 

thermal and electrical energy made it possible to organize 

effective capture of the fuel combustion products and waste-free 

systems for treatment of the make-up water, which in small, and 

even large boiler stations operating only for heat supply is 

practically impossible both due to the amount of work required 

and the capital investment required. 

The development of cogeneration in existing old cities permits 

closing of over a thousand boiler Istations each year, which 

significantly improves the sanitary condition of these cities. 

In small boiler stations water treatment is usually perform- 

ed using the sodium cation exchange method, in which highly 

mineralized water enters the wastewater. In cogeneration, with 

production of heat at.large HPP's large installations may be 

provided for. waste-free treatment of the make-up water, for 

example mult.istage evaporator units. 

The ecological danger of decentralized heat supply is 

aggravated due to low stack height, leading to low dispersal 

of the wastes and high waste concentration in the layer near the.. 

ground. Modern large HPP's have significantly more effective 

ash catching equipment than boiler stations and are equipped 

with high stacks. All this significantly improves the purity of 

the air basin. 

The construction of HPP'S on nuclear fuel, planned in the 
, 

near future,.wil'l simplify solution of the ecological problem 
.. . . 

due to the absence of discharge of gaseous pollutants into the 

atmosphere. 
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6 .  REDUCTION OF LABOR COSTS I N  THE ENERGY FIELD 
' I 

> (  I . . I  r - '.. .* 

With  c o g e n e r a t i o n  t h e r e  i s  a  s i g n i f i c a n t  d e c r e a s e  i n  l a b o r ,  

costs  f o r  o p e r a t i o n  o f  t h e r m a l  power sys t ems '  and  o f  t h e  i n s t a l l a -  

t l o n s  o f  i n d u s t r i a l  r e g i o n s  and  c i t i e s  i n  c o m p a r i s o n  w i t h  s e p a r a t e  

h e a t . s u p p l y ,  wh ich  u n d e r  t h e  c o n d i t i o n s  o f  t h e  USSR w i t h  100% 

employment o f  t h e  l a b o r  f o r c e  and  i n a v a i l a b i l i t y  o f  f r e e  l a b o r .  

r e s e r v e s  i s  v e r y  i m p o r t a n t .  C o g e n e r a t i o n  p e r m i t s  a  d e c r e a s e  i n  

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

by  a  f a c t o r  o f  5  t o  7 i n  compar i son  w i t h  h e a t  s u p p l y  f rom l o c a l .  

h e a t  s o u r c e s  a n d  by 30 t o  3 5 % . i n  compar i son  w i t h  h e a t  s u p p l y  . . 

f rom l a r g e  r e g i o n a l  b o i l e r s .  . .. 

7 ,  DEVELOPMEKT OF COGENERATION SCIENCE 
. . 

S u c c e s s f u l .  S o v i e t  c o g e n e r a t i o n  a t  a l l  s t a g e s  o f  i t s  d e v e l o p -  * 

ment w i l l  b e  f a v o r e d  b y ' s c i e n t i f i c  S t u d i e s  c l o s e l y  c o r r e l a t e d  . ' ~ 

. . 
b y  p r a c t i c e .  E n g i n e e r i n g  and  t e c h n i c a l  p e r s o n n e l ,  d e s i g n i n g , '  

c o n s t r u c t i n g ,  o p e r a t i n g  and  a d j u s t i n g  c o g e n e r a t i o n  s y s t e m s  and  

i n s t a l l a t i o n s  p a r t i c i p a t e  a c t i v e l y  i n  t h e s e  s t u d i e s  i n  a d d i t i o n ,  

t o  t h e  s c i e n t i f i c  w o r k e r s .  S o v i e t  e n e r g y  w o r k e r s  have  c r e a t e d  

a  s c i e n c e  p r o v i d i n g  c o r r e c t  s o l u t i o n  o f  a l l  t h e  m a i n ' t e c h n i c a l  

and  t e c h n i c a l - e c o n o m i c  p rob lems  o f  c o g e n e r a t i o n  and  deve lopmen t  ' 

o f  t h e  ma.in me thods  f o r  f u r t h e r  deve lopmen t  o f  t h i s  s c i e n c e .  

S o v i e t  s c i e n t i s t s  have  c o m p i l e d  t e x t b o o k s  and  i r i s t r u . c t i o n  

manua l s  wh ich  i n  t h e  u n i v e r s i t i e s  and  t e c h n i c a l  s c h o o l s  o f  t h e  

c o u n t r y  w i l l  p r o v i d e  t h e  b a s i s  f o r - s y s t e m a t i c  p r e p a r a t i o n  o f  - . 

e n g i n e e r i n g  and  t e c h n i c a l  c a d r e s  f o r  c o g e n e r a t i o n  a n d  ' r e t r a i n i n g  

o f  t h e  work ing  c a d r e s .  
. .  . 

CONCLUSIONS 

One o f  t h e  main e n e r g y  t r e n d s  i n  t h e  USSR i s  c o g e n e ' r a t i o n ,  

i . e . ,  c e n t r a l i z e d  h e a t  s u p p l y  on t h e  b a s i s  o f  combined p r o d u c t i o n  
. . 

o f  e l e c t r i c a l  and  t h e r m a l  e n e r g y .  

C o g e n e r a t i o n  g i v e s  a  g r e a t  f u e l  s a v i n g ,  s i g n i f i c a n t l y  improves  

t h e  s a n i t a r y  s t a t e  o f  t h e  e n v i r o n m e n t  d u e  t o  d e c r e a s e  of t h e  

q u a n t i t y  o f  c o m b u s t i o n  p r o d u c t s  d i s c h a r g e d  and  r e d u c e s  l a b o r  

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

o f  c i t i e s  and  i n d u s t r i a l  r e g i o n s .  



S o v i e t  c o g e n e r a t i o n  i s  b a s e d  on  l a r g e  H P P ' s ,  f rom which  

h e a t  i s  s e n t  t o  i n d u s t r i a l  e n t e r p r i s e s  and  nearby .  c i t i e s  and  

p o p u l a t e d  a r e a s .  

S o v i e t  c o g e n e ~ a t i o n  makes w ide  u s e  o f  w a t e r  a s  t h e  h e a t  

c a r r i e r ,  which  p r o v i d e s  h i g h  s p e c i f i c  combined p r o d u c t i o n  o f  

e l e c t r i c a l  e n e r g y  and  a  h i g h  s p e c i f i c  f u e l  s a v i n g  p e r  u n i t  o f  

h e a t  t a k e n  f rom t h e  t u r b i n e  b l e e d s .  

Improvement  o f  HPP economic  c h a r a c t e r i s t i c s  r e s u l t s  i n  a n  
. . 

i n c r e a s e  i n  t h e  i n i t i a l  s t e a m  p a r a m e t e r s ,  a  d e c r e a s e  o f  t h e  s t e a m  

p r e s s u r e  i n  k h e  t u r b i n e  b l e e d s ,  a n  i n c r e a s e  i n  t h e  u n i t  c a p a c i t y  

of b o i l e r  and t u r b i n e  u n i t s . ,  u n i t  l a y o u t  o f  t h e  e q u i p m e n t ,  u s e  

o f  c h e a p  w a t e r - h e a t  and  s t e a m  b o i l e r s  t o  c o v e r  b r i e f  p e a k s  o f  t h e  

s e a s o n a l  and  t e c h n o l o g i c a l  h e a t i n g  l o a d ,  and  mass  p r o d u c t i o n  i n  

t h e  c o n s t r u c t i o n  o f  h e a t i n g  n e t w o r k s .  

I n  1976 o n  t h e  b a s i s  o f  combined p r o d u c t i o n  o f  e l e c t r i c a l  

a n d  t h e r m a l  e n e r g y  a t  g e n e r a l  p u r p o s e  HPP 's  a  s t a n d a r d  f u e l  . 

s a v i n g  o f  30 m i l l i o n  t o n s  was  o b t a i n e d ,  wh ich  i s  a b o u t  11% of  

t h e  t o t a l  f u e l  consumpt ion  on  p r o d u c t i o n  o f  e l e c t r i c a l  e n e r g y  i n  

t h e  c o u n t r y .  

Due t o  t h e  d e v e l o p m e n t  o f  c o g e n e r a t i o n  and  t o  g e n e r a l  p r o -  

g r e s s  i n  t h e  e n e r g y  f i e l d ,  i n  r e c e n t  y e a r s  t h e  USSR h a s  become 

o n e  o f  t h e  l e a d e r s  among t h e  i n d u s t r i a l l y  d e v e l o p e d  c o u n t r i e s  o f  

t h e  w o r l d  i n  t h e  l e v e l  o f  t h e r m a l  economy o f  e l e c t r i c a l  e n e r g y  

p r o d u c t i o n .  

I n  1977 t h e  mean s p e c i f i c  consumpt ion  o f  s t a n d a r d  f u e l  ( n e t )  

o n  p r o d u c t i o n  o f  e l e c t r i c a l  e n e r g y  was 334 g/kWh, which  c o r r e s p o n d s  

t o  a  ( n e t )  e f f i c i e n c y  o f  0 . 3 7 .  

The d e v e l o p m e n t  o f  c o g e n e r a t i o n  i n  t h e  USSR i s  f a v o r e d  by 

improvement  o f  h e a t  s u p p l y  s y s t e m s  and mass  p r o d u c t i o n  i n  h e a t  

l i n e  c o n s t r u c t i o n .  

I n  t h e  USSR w e  h a v e  de i re loped  mass  p r o d u c t i o n  d e s i g n s  f o r  
. . 

h e a t  l i n e s  i n  m o n o l i t h i c  s h e a t h s  o f  r e i n f o r c e d  c o n c r e t e ,  

p h e n o l i ' c  P o r o p l a s t ,  a s p h a l t - p e r l i t e  and  o t h e r  m a t e r i a l s ,  

p e r m i t t i n g  a  s i g n i f i c a n t  d e c r e a s e  i n  m a t e r i a l  and  l a b o r  c o s t s  

f o r  c o n s t r u c t i o n  o f  h e a t i n g  n e t w o r k s .  



, . 

. . T a b l e  I .  D e v e l o p m e n t  . o f  c o g e n e r a t i o n  f r o m  g e n e + r a l  p u r p v s e  

s t a t i o n s  i n  1 9 6 0 - 1 9 7 6 .  

Installed electric and 
thermal capacity 

Units I960 I965 I970 I975 I976 

Established electrical 
capacity of cogeneration 
turbines arbitrary 

units I,O I,99 3,1 .4 ,14 4,4 

Production of electrical billion kWh 
energy by cogeneration Yr 
turbines 

66 I35 I95 256 2'71 
arbitrary 
units I,O 2,05 2,96 3 , B  4,I 

Production of electrical billion kWh 
energy in the cogeneration yr 21 55 I05 I58 174 
mod e 

arbitrary 1.0' 2,62 5,O 7,5 ' 8,3 
units 

Proportion of combined 
production of electri- 
cal energy at HPP's %% 32 4098 54 64,4 
Heat output from HPP's 

arbitrary 
units I,O 2.12 3,5 4 3 5  4,75 

Including exhaust heat billion GJ -- 
Y= 

0,5 1.05 I,76 2,3 2,5 

arbitrary 190 2.1 3.52 4 # 6  590 
. units 

Specific combined pro- 
duction of electrical 
energy per unit of 
used heat 

kWh 
Gcal 

I74 218 250 288 293 

arbitrary 1 ,O 
units ' . 

I,25 1,43 I,64 I,68 



Figure 1. Ideal cycles of thermal power stations in a T-S-diagram: 

a--condensation, 
b--cogeneration. 



F i g u r e  2 .  S p e c i f i c  combined p r o d u c t i o n  o f  e l e c t r i c a l e n e r g y o n  t h e  
b a s i s  of  h e a t i n g  demand. I n i t i a l  s team paramete r s  ahead of  . * t u r b i n e :  

' 1--P = 3.5  m a ,  t = 435OC; 2--P = 9 m a ,  t = 535OC; 3 - - P = 1 3  MPa, t = 
555OC; 4--P = 1 3  MPa, t = 540°C, trs = 540°C; 5--P = 24-MPa, t = 540°C, 
trs = 540°C ( r s  = r e h e a t e d  s t e a m ) .  



Specific fuel consumption (net) at USSR Minenergo Power Stations 

4101 

Year 

Figure 3. Specific fuel consumption (net) at general purpose thermal 
power stations. Broken lines--estimated. 1--mean for all HPP's; 2--mean 
for all condensation power stations; 3--mean for all thermal power stations. 



Development of cogeneration in the USSR 

year year 

Figure 4. Development of cogeneration in the USSR. 
1--total; 2--general purpose stations. Broken lines--estimated. a--electrical 
capacity of HPP's; b--production of electrical energy by the combined method; 
c--heat output; d--length of heating network mains. 
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A c o g e n e r a t i o n  power  s t a t i o n  ( h e a t - a n d - p o w e r  p l a n t  [HPP])  

i s  a complex  t e c h n i c a l  i n s t a l l a t i o n  f o r  c o n v e r s i o n  o f  t h e  p o t e n -  

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

e l e c t r i c a l  e n e r g y .  

T h e  p r e s e n t  r e p o r t  w i l l  e x a m i n e  . o n l y  H P P ' s  b a s e d  o n  t h e  

s t eam-power  c y c l e ,  w h i c h  a re  w i d e l y  u s e d  i n  t h e  S o v i e t  U n i o n ,  

a n d . w i l 1  n o t  m e n t i o n  s t e a m - g a s ,  g a s  t u r b i n e  a n d  o t h e r  H P P ' s .  

HPP-power s t a t i o n s  w i t h  u s e f u l  r e m o v a l  o f  h e a t  

A s  i s  w e l l  known, f o r  a steam t u r b i n e  c o n d e n s a t i o n  power  

s t a t i o n  t h e  m o s t  s i g n i f i c a n t  l o s s  o f  f u e l  e n e r g y  i n  t h e  c o n t i n -  

u o u s  p r o c e s s  o f  c o n v e r s i o n  o f  h e a t  t o  w o r k ,  d u e  t o  t h e  s e c o n d  

l a w  o f  t h e r m o d y n a m i c s ,  i s  t h e  loss o f  t h e  " c o l d  s o u r c e " .  F o r  

m0der.n e n e r g y  i n s t a l l a t i o n s  o p e r a t i n g  o n  t h e  R a n k i n e  c y c l e  w i t h  

r e g e n e r a t i o n  t h e  t h e r m a l  e f f i c i e n c y  is  40 t o  5 0 % .  F i g u r e  1 

s h o w s  t h e  R a n k i n e  c y c l e  i n  a TS-d iagram.    he a r e a  l y i n g  u n d e r  

t h e  c u r v e  3 -3 ' -4 -5 -1  m e a s u r e s  t h e  q u a n t i t y  of h e a t  s u p p l i e d  t o  

t h e  w o r k i n g  b o d y .  The  a r e a  l y i n g  u n d e r  line 3-2 m e a s u r e s  t h e  

q u a n t i t y  o f  h e a t  g i v e n  o f f  t o  t h e  " c o l d  s o u r c e " .  The u s e f u l l y  

u t i l i z e d  h e a t  o f  t h e  c o n d e n s a t i o n  c y c l e  is shown by  t h e  area o f  

t h e  f i g u r e  1 -2 ' -2 -3 -3 ' -4 -5 -1 .  . The  h e a t  loss " i n  t h e  c o l d  s o u r c e " ,  

u n a v o i d a b l e  i n  t h e  p r o d u c t i o n  o f  e l e c t r i c a l  e n e r g y  o n  t h e  c o n d e n -  

s a t i o n  c y c l e ,  may e a s i l y  b e  u s e d  f o r  h e a t  s u p p l y  p u r p o s e s .  The  

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

t e r m e d  t h e  c o g e n e r a t i o n  c y c l e .  I n  t h i s  c a s e  t h e  h e a t  o f  t h e  

s p e n t  s t e a m  i s  p r a c t i c a l l y  u t i l i z e d .  

However,  the u s e r s  c a n  u t i l i z e  t h i s  h e a t  o n l y  i f  t h e  h e a t  

car r ier  i s  a t  a  s u f f i c i e n t l . \ :  h i g h  t e m p e r a t u r e ,  n e c e s s i t a t i n g  a n  

i n c r e a s e  o f  the p r e s s u r e  o f  t h e  s p e n t  steam. 

T h e  c o g e n e r a t i o n  c y c l e  i s  shown o n  F i g u r e  1 by  t h e  o u t l i n e  

1-2 ' -2-7-6-3-4-5-1 .  

Here t h e  h e a t  g o i n g  f o r  p r o d u c t i o n . o f  e l e c t r i c a l  e n e r g y  2 s  

shown by  t h e  area o f  t h e  f i g u r e  1 - 2 ' - 3 ' - 4 - 5 - 1 .  The h e a t  u t i l i z e d  

b y  e x t e r n a l  u s e r s  i s  shown by' t h e  a rea  3-6-7-2-3. 

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

o p e r a t i o n  o n  t h e  c o g e n e r a t i o n  c y c l e  i s  m e a s u r e d  by  t h e  a r e a  

2 - 2 ' - 3 ' - 3 - 2 .  



The  c o g e n e r a t i o n  c y c l e  u s e s  s p e c i a l  t y p e s  o f  s t e a m  t u r b i n e s ,  

w h i c h  a r e  t e r m e d  c o g e n e r a t i o n  t u r b i n e s :  t h e s e  a r e  t u r b i n e s  w i t h  

r e g u l a t e d  c o g e n e r a t i o n  c y c l e  i s  m e a s u r e d  b y  t h e  a r e a  2 - 2 ' - 3 ' -  

3 - 2 .  

The  c o g e n e r a k i u n  c y c l e  u s e s  s p e c i a l  t y p e s  o f  s t e a m  t u r b i n e s ,  

w h i c h  a r e  t e r m e d  c o g e n e r a t i o n  t u r b i n e s :  t h e s e  a r e  t u r b i n e s  w i t h  

r e g u l a t e d ' c o g e n e r a t i o n  a n d  p r o d u c t i o n  steam b l e e d s  ( t y p e  T a n d  

PT) a n d  t u r b i n e s  w i t h  b a c k  p r e s s u r e  ( type R )  . 
T e c h n i c a l - e c o n o m i c  c a l c u l a t i o n s  show t h a t  t h e  d e g r e e  o f  

u s e f u l  u t i l i z a t i o n  o f  f u e l  a t  H P P ' s  i s  more  t h a n  2  t i m e s  g r e a t e r  

t h a n  a t  c o n d e n s a t i o n  power  s t a t i o n s  d u e  t o  t h e  s i g n i f i c a n t  de'- 

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

C o g e n e r a t i o n  t u r b i n e s  

H P P ' s  a re  d i v l d e d  i n t o  two  g r o u p s  b y  p u r p o s e  a n d  t u r b i n e  

e q u i p m e n t  i n s t a l l e d  - p u r e  h e a t i n g  a n d  i n d ~ s t r i a l - h e a t i n g  H P P ' s ,  

w h i c h  p r o v i d e  i n d u s t r i a l  p r o c e s s  s t e a m  i n  a d d i t i o n  t o  c o g e n e r a -  

t i o n .  Turbines w i t h  a  product ion steam e x t r a c t i o n  a r e  i n s t a l l e d  a t  

HPP's w i t h  cons idera t ion  o f  prolonged use o f  t h i s  e x t r a c t i o n  dur ing  t h e  

y e a r .  Turbines w i t h  back pressure a r e  s e l e c t e d  t o  cover  t h e  base l o a d  

demands f o r  i n d u s t r i a l  steam and r e s i d e n t i a l  h e a t .  

H P P ' s  u s e  h o t  w a t e r .  a n d  steam a s  t h e  h e a t  c a r r i e r .  The 

p r e s s u r e , o f  s t e a m . u t i l i z e d  by  e x t e r n a l  u s e r s  s h o u l d  b e  m i n i m i z e d  

i n  o r d e r  t o  p r o v i d e  t h e  g r e a t e s t  c o m b i n e d ' p r o d u c t i o n  of e l e c t r i c a l  

e n e r g y .  

The  p r e s s u r e  i n  t h e  r e g u l a t e d  b l e e d s  a n d  t h e  b a c k  p r e s s u r e  

o f  c o g e n e r a t i o n  t u r b i n e s  i s  c h o s e n  i n  a c c o r d  w i t h  t h e  s t a t e  s . t a n -  

d a r d s  a n d  i s  shown i n  T a b l e  I .  

T h e  e f f i c i e n c y  o f  c o g e n e r a t i o n  i s  d e t e r m i n e d  by  t h e  q u a n t i t y  

of e l ec t r i c a l  e n e r g y  p r o d u c t i o n  b a s e d  o n  h e a t  consumption, d e p e n d i n g  

o n l y  o n  t h e  i n i t i a l  t u r b i n e  steam p a r a m e t e r s  a n d  t h e  steam p r e s -  

s u r e  i n  t h e  b l e e d s .  

T a b l e  I1 shows  t h e  m a i n  t y p e s  a n d  c h a r a c t e r i s t i c s  o f  t h e  

l a r g e s t  c o g e n e r a t i o n  t u r b i n e s  p r o d u c e d  b y  f a c t o r i e s  i n  t h e  USSR. 

T h e  t y p e  o f  c o g e n e r a t i o n  t u r b i n e s  f o r  H P P ' s  i s  d e t e r m i n e d  

b y  t h e  n a t u r e  of t h e  h e a t i n g  l o a d s .  The  p r o p o r t i o n  o f  h e a t i n g  

l o a d  h a n d l e d  f r o m  t h e  t u r b i n e  b l e e d s  i s  c h a r a c t e r i z e d  b y  t h e  

c o g e n e r a t i o n  c o e f f i c i e n t .  F o r  h e a t i n g  H P P ' s  t h e  c a l c u l a t e d  



c o g e n e r a t i o n ,  c o e f f i c i e n t  - i s  f h e  r a t i o .  o f  t h e  c a l c u l a t e d  h e a t l  . . . . 

c o n s u m p t i o n  f r o m  t h e  t u r b i n e  b 1 e e . d ~  t o  t h e  a s s i g n e d  c a l c u l a t e d  

t o t a l  HPP l o a d  f o r  h e a t i n g ,  v e n t i l a t i o n  a n d  h o t  w a t e r  s u p p l y .  . 

T h e  optimum v a l u e  fo r  t h e  calculated c o g e n e r a t i v ~ l  c u e r f i c i e n t  

d e p e n d s  on t h e  n a t u r e  a n d  c o n d i t i o n s  o f  h e a t  demand,  f u e l  c o s t s ,  

r e q u i r e m e n t s  o f  t h e  power  s y s t e m  f o r  HPP o p e r a t i n g  c o n d i t i o n s ,  t h e  

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

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

p a r a m e t e r ,  d e t e r m i n i n g  t h e  c h o i c e  o f  t h e  e q u i p m e n t  a n d  t h e  o p e r a t -  

i n g  c o n d i t i o n s  o f  t h e  h e a t i n g  HPP ( t h e  e l e c t r i c a l  c a p a c i t y  o f  t h e  

HPP, Llie  y e a r l y  nurnbcr o f  h o u r s  o f  u t i l i z a t i o n  o f  t h e  t h e r m a l  

c a p a c i t y  o f .  t h e  b l e e d s ,  a n d  c o n s e q u e n t l y  t h e  p r o p o r t i o n  o f  p r o -  

d u c t i o n  o f  e l e c t r i c a l  e n e r g y  o n  t h e  c o g e n e r a t i o n  c y c l e ) .  

T e c h n o l o g i c a l  p l a n s  a n d  e q u i p m e n t  o f  H P P ' s  . .  o 

Modern c o g e n e r a t i o n  t u r b i n e s  w i t h  h e a t i n g  b l e e d s  a r e  c h a r a c -  

t e r i z e d  by  s t a g e d  h e a t i n g  o f  t h e  n e t w o r k  w a t e r  s u c c e s s i v e l y  i n  two 

n e t w o r k  p r e h e a t e r  s t a g e s ,  s u p ~ l i e d  w i t h  s t e a m  f r o m  two h e a t i n g  

b l e e d s  w i t h  a n  e x p a n d e d  b l e e d  s t e a m  p r e s s u r e  r e g u l a t i o n  r a n g e ,  

a n d  a l s o  by t h e  p o s s i b i l i t y  o f  u s i n g  t h e  h e a t  o f  t h e  steam 

g o i n g  t o  t h e  c o n d e n s e r  f o r  p r e h e a t i n g  o f , t h e  r e t u r n  n e t w o r k  

( f i r s t  h e a t i n g  s t a g e )  o r  make-up ( r a w )  water i n  t h e  s o - c a l l e d  

" f i x e d  b u n d l e "  o f  t h e  c o n d e n s e r ,  w i t h  t h e  m a i n  c o o l i n g  s u r f a c e  

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

The  u s e  o f  " f i x e d  b u n d l e s "  p e r m i t s  o p e r a t i o n  o f  t h e s e  u n i t s  

i n  t h e  m o s t  e c o n o m i c a l  mode f o r  a s i g n i f i c a n t  p a r t  o f  t h e  h e a t i n g  

s e a s o n  w i t h o u t  loss o f  h e a t  i n  t h e  t u r b i n e  c o n d e n s e r .  F i x e d  

c o g e n e r a t i o n  b u n d l e s  a r e  u s e d  m o s t  e f f e c t i v e l y  a t  H P P ' s  o p e r a t i n g  

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

g r e a t e r  q u a n t i t y  o f  make-up water.  

HPP ' s  u s e  v a r i o u s  t y p e s  o f  b o i l e r  u n i t s  w i t h  s t e a m  o u t p u t  

o f  220 t / h r ,  400-500 t / h r ,  a n d  1 0 0 0  t / h r ,  d e p e n d i n g  o n  t h e  t y p e  

o f  t u r b i n e s  i n s t a l l e d ,  t h e  t y p e  o f  f u e l  b u r n e d  a n d  t h e  h e a t i n g  
. . 

p l a n  u s e d .  x 

T h e  h e a t i n g  p l a n s  o f  m0der.n HPP"s may h a v e  c r o s s  c o n n e c t i o n s  
. . 

f o r  l i v e  s t e a m  a n d  f e e d  w a ' t e r  o r  b e  o f  t h e  s t r i c t  b l o c k ' t y p e .  

HPP ' s w i t h  i n t e r m e d i a t e  s u p e r h e a t i n g  o f  steam u s e  s i n g l e - b l o c k  

p l a n s  ( b o i l e r - t u r b i n e ) ,  ( f o r  e x a m p l e  a  number o f  l a r g e  H P P ' s  
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i n  MOSCOW, K iev ,  L e n i n g r a d  and  K h a r ' k o v ) .  HPP's w i t h o u t  s t e a m  

s u p e ' r h e a t i n g  w i t h  a  p r e d o m i n a n t l y  h e a t i n g  l o a d  g e n e r a l l y  u s e  

t h e s e  s i n g l e - b l o c k  p l a n s  ( f o r  &xample HPP-2 i n  t h e  c i t y  o f  Ros tov  

and  S e v e r n a y a  HFP-2). HPP's  w i t h o u t  s u p e r h e a t i n g  w i t h  a  p r e -  

d o m i n a n t l y  steam l o a d  u s e  p l a n s  w i t h  c r o s s  c o n n e c t i o n s  and  b l o c k  

p l a n s .  The u s e  o f  b l o c k  p l a n s  p e r m i t s  a  d e c r e a s e  i n  c o s t  

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

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

d e s i g n s ,  and  a ' d e c r e a s e  i n  t h e  number o f  s e r v i c e  p e r s o n n e l .  

O f t e n  a  c h a r a c t e r i s t i c  f e a t u r e  o f  h e a t i n g  HPP's i s  t h e  

f a c t  t h a t  t h e y  have  w a t e r - h e a t - b o i l e r s  w i t h  h e a t  o u t p u t  o f  50 ,  

1 0 0 ,  and  180  G c a l / h r  t o  c o v e r  peak  h e a t i n g  l o a d s .  Energy  con-  

s t r u c t i o n  e x p e r i e n c e  shows t h a t  i n  many c a s e s  it i s  f a v o r a b l e  

t o  i n s t a l l  and  p u t  i n t o  o p e r a t i o n . w a t e r - h e a t  b o i l e r s  b e f o r e  r e a d -  

i n e s s  o f  t h e  e n e r g y  b o i l e r  and t u r b i n e  equ ipmen t .  T h i s  " advance  

i n t r o d u c t i o n "  p l a n  p e r m i t s  t i m e l y  h a n d l i n g  o f  r a p i d l y  growing  

h e a t i n g  l o a d s  o f  new r e s i d e n t i a l  d e v e l o p m e n t s  and  a v o i d a n c e  o f  

u n p r o d u c t i v e  e x p e n s e s  f o r  c o n s t r u c t i o ' n  o f  s m a l l  b o i l e r  s t a t i o n s .  

A f t e r  s t a r t - u p  o f  t h e  HPP t u r b i n e s  t h e s e  b o i l e r s  a r e  t r a n s -  

f e r r e d  t o  o p e r a t i o n  i n  t h e i r  d e s i g n  mode as  peak  u n i t s .  

The HPP e l ec t r i c a l  s c h e d u l e  i s  d e p e n d e n t  on t h e  h e a t i n g  

l o a d  c o n d i t i o n s ,  b u t  d u e  t o  c o n n e c t i o n  w i t h  t h e  power s y s t e m  

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

on  t h e  main e l e c t r i c a l  c i r c u i t .  

I n d u s t r i a l  HPP's a re  c h a r a c t e r i z e d  by d i s t r i b u t i o n  of  a .  

s i g n i f i c a n t  p a r t  o f  t h e . e l e c t r i c a 1  e n e r g y  a t  t h e  g e n e r a t o r  

v d l t a g e  o f  6-10 k ~ ,  s i n c e  t h e r e  a r e  many e l e c t r i c a l  e n e r g y  . u s e r s  

i n  t h e  v i c i n i t y  o f  t h e  power s t a t i o n .  

For  t r a n s m i s s i o n  o f  e x c e s s  c a p a c i t y  o r  g e n e r a t o r  v o l t a g e  

u s e r s '  r e s e r v e  d i s t r i b u t i o n  d e v i c e s  o f  35 ,  1 1 0  and  220 kV ( less  

o f t e n  330 kV) a r e  u s e d .  

I n  t h e  i n c r e a s e  o f  t h e  efficient-y.of c o g e n e r a t i o n  power 

s t a t i o n s  a  s i g n i f i c a n t  r o l e  i s  by t h e  c a p i t a l  i n v e s t m e n t  

f o r  t h e i r  c o n s t r u c t i o n ,  e s p e c i a l l y  when t h e  HPP's a r e  l o c a t e d  

w i t h i n  c i t i e s ,  wh ich  imposes  s t r i c t  r e q u i r e m e n t s  f o r  e n v i r o n m e n t a l  . 

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

The a t t e m p t  t o  i n c r e a s e  HPP e f f i c i e n c y  n e c e s s i t a t e s  a  s e a r c h  f o r  

new o p t i m a l  d e s i g n s :  improv.ement of t h e  l a y o u t s  o f  HPP g e n e r a l  



p l a n s ,  main b u i l d i n g s  and e q u i p m e n t  o f  t h e  a u x i l i a r y  s h o p s ,  

s i m p l i f i c a t i o n  a n d  r e d u c e d  c o s t  o f  s t r u c t u r a l  members, improvement  

o f  e x t e r n a l  h e a t  s u p p l y  e q u i p m e n t  and m o d e r n i z a t i o n  o f  h e a t i n g  

p l a n s .  

Up t o  t h e  p r e s e n t  t i m e  s e v e r a l  t y p e s  o f  g a s - m a z u t - f i r e d  

HPP ' s  have  b e e n  b u i l t ,  d i f f e r i n g  b o t h  i n  t h e  i n v e n t o r y  o f  e q u i p -  

men t  on  t h e  g e n e r a l  p l a n  a n d  i n  t h e  l a y o u t s  o f  t h e  g e n e r a l  p l a n s  

and  main  b u i l d i n g s .  

Of t h e s e  t h e  mos t  modern a r e :  

HPP-2 i n  t h e  c i t y  o f  R o s t o v  - a  T e p l o e l e k t r o p r o e k t  VGPI -- 
p r o j e c t .  The a u x i l i a r y  s h o p s  and  s e r v i c e s  a r e  n o t  u n i f i e d , . a n d  

a r e  l o c a t e d  i n  s e p a r a t e  b u i l d i n g s .  The main  b u i l d i n g  i s  s i n g l e -  

s p a n .  The h e a t i n g  p l a n  i s  o f  t h e  b l o c k  t y p e .  The Ros tov  HPP-2 

i s  e q u i p p e d  w i t h  a  compact  g a s - t i g h t  b o i l e r  w i t h  c y c l o n e  f u r n a c e  

w i t h  s t e a m  o u t p u t  o f  500 t o f  s t e a m  p e r  h o u r .  The t o t a l  s p a n  

o f  t h e  main b u i l d i n g  i s  5 1  meters. The e l e c . t r i c a 1  accommodat ions  " 

a r e  l o c a t e d  be tween  t h e  b o i l e r  and  t u r b i n e ,  and p a r t i a l l y  be tween  

t h e  t u r b i n e s  on i n d i v i d u a l  s u p p o r t s .  The u n i t  c o n t r o l  p a n e l  i s  

b u i l t  on f rom o u t s i d e .  

HPP-ZIGM - a  p r o j e c t  o f  t h e  VNIPIEnergoprom I n s t i t u t e .  A 

l a r g e  p a r t  o f  t h e  a u x i l i a r y  s h o p s  and  s e r v i c e s  a r e  u n i f i e d  i n  a  

c o m b i n a t i o n  a u x i l i a r y  b u i l d i n g .  A two-span main  b u i l d i n g  w i t h  

s t a n d a r d  b o i l e r s  h a s  a  d e a e r a t o r  l e v e l  b u i l t  i n t o  t h e  b o i l e r  

d i v i s i o n .  The d e a e r a t o r  l e v e l  i s  n o t  c o n n e c t e d  t o  t h e  

o p e r a t i o n  o f  t h e  HPP main b u i l d i n g  f r a m e ,  and t h i s  p l a n  l e d  t o  

i n c r e a s e  o f  t h e  b o i l e r  d i v i s i o n  s p a n  and  t o  h e a v i e r  co lumns .  The 

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

The VNIIPIEnergoprom'institute s u c c e s s f u l l y  s o l v e d  t h e  

p rob lem of  u n i f y i n g  t h e  d e s i g n ' a n d  equ ipmen t  o f  c o g e n e r a t i o n  

power s t a t i o n s  w i t h  PT-60-130 a n d  T-110/120-130 t u r b i n e s  w i t h  

b o i l e r  u n i t s  w i t h  s t e a m  o u t p u t  o f . 4 2 0  t / h r .  

The - S e v e r n y i  HPP-2 - a  p r o j e c t  o f  t h e  R iga  d i v i s i o n  o f  t h e  

T e p l o e l e k t r o p r o e k t  I n s t i t u t e .  The p r o j e c t  h a s  now been  u s e d  f o r  

f i v e  HPP's  o f  wh ich  t h e  S e v e r n y i  HPP-2, w i t h  PT-80/100-130 and  

T-110/120-130 t u r b i n e s  and  b o i l e r  u n i t s  w i t h  s t e a m  o u t p u t  o f  

500 t / h r  h a s  been  b u i l t  and  i s  o p e r a t i n g  s u c c e s s f u l l y .  A t  t h e s e  

HPP ' s  t h e  p r o j e c t  p r o v i d e s  f o r  i n s t a l l a t i o n  o f  t y p e  T I  PT and  

R t u r b i n e s  w i t h  c a p a c i t y  f rom 50 t o  210 t h o u s .  kW a t  t u r b i n e  s t e a m  

p a r a m e t e r s  o f  1 3 0  kg/cm2 ( 1 3  MPa) . 



8 

The g e n e r a l  p l a n  o f  t h q  S e v e r n y i  HPP-2 i s  b a s e d  on maximum 

u n i t i z a t i o n  o f  a l l  t h e  b u i l d i n g s  and  equ ipmen t  o f  t h e  s i t e  w i t h  

s e p a r a t e  autonomous . techr. ical  p r o c e s s e s .  I n  t h e  combined main 

b u i l d i n g  o f  t h i s  HPP i s  t h e  main e n e r g y  equ ipmen t  - t h e  t u r b i n e s  

and  b v i l e r s  ( t h e  e n e r g y  p a r t  o f  t h e  combined main b u i l d i n g )  and 

v a r i o u s  a u x i l i a r y  s h o p s  and s e r v i c e s  - w a t e r  h e a t  b o i l e r s ,  pump 

s t a t i o n s ,  c h e m i c a l  w a t e r  t r e a t m e n t ,  c e n t r a l  r e p a i r  s h o p s ,  f l o t a t i o n  

u n i t ,  e t c .  ( t h e  a u x i l i a r y  p a r t  o f  t h e  combined main b u i l d i n g ) .  

The c r o s s  s e c t i o n  o f  t h e  combined main  b u i l d i n g  i s  i n  t h e  form o f  

a  t h r e e - s p a n  f r a m e  w i t h  t h e  d i m e n s i o n s :  

machine  h a l l  39 meters; 

d e a e r a t o r  l e v e l  7 . 5  meters; 

b o i l e r  s t a t i o n  30 meters 

column . s p a c i n g  1 2  meters 

and  o n  t h e  b o i l e r  s i d e  a d j a c e n t  t o  t h e  combined main b u i l d i n g  

i s  t h e  "open  a r e a " ,  w i t h  t h e  r e g e n e r a t i v e  a i r  p r e h e a t e r s ,  ven-  

t i l a t o r s  and  e x h a u s t s  (when n e c e s s a r y ) .  

The machine  h a l l  and  d e a e r a t o r  s t a t i o n  a r e  made w i t h o u t  a  

b a s e m e n t ,  s e r v i c e  h e i g h t  1 2 . 0  meters w i t h  r e s p e c t  t o  t h e  h e i g h t  

o f  t h e  c o n d e n s a t i o n  s t a t i o n  o f  0 .00 meters. 

The e n e r g y  p a r t  o f  t h e  combined main  b u i l d i n g  i s  b u i l t  u p  

o f  u n i f i e d  t e c h n o l o g i c a l  c o n s t r u c t i o n  s e c t i o n s ,  t h e  b o u n d a r i e s  o f  

wh ich  a r e  t h e  s t r u c t u r a l  a x i s  o f  t h e  b u i l d i n g .  

I n  t h e  a u x i l i a r y  p a r t . i n  t h e  b o i l e r  d i v i s i o n  a t  t h e  8 . 0 0  

meter l e v e l  a r e  t h e ' w a t e r - h e a t  b o i l e r s ,  u n d e r  which  a r e  t h e  

f i r s t  and s e c o n d  l ' i f t  ne twork  pumps; t h e  n e u t r a l i z e r  and sed imen-  

t a t i o n  t a n k s  w i t h  pump e q u i p m e n t  u n d e r  them a r e  i n  2  l e v e l s .  

A t  t h e  t e m p o r a r y  e n d  o f  t h e  a u x i l i a r y  p a r t  o f  t h e  b o i l e r  

d i v i s i o n  i s  a  complex o f  e q u i p m e n t  f o r  t r e a t m e n t  o f  g r e a s e -  

c o n t a i n i n g  w a t e r  f rom t h e  c o l l e c t o r  o f  ' t h e  h e a t i n g  n e t w o r k s .  

I n  t h e  a u x i l i a r y  p a r t  o f  t h e  mach ine  d i v i s i o n  a r e  t h e  w a t e r  

t r e a t m e n t  f i l t e r s  i n  t h r e e  l e v e l s  and  t h e  m a i n t e n a n c e  and  

r e p a i r  s h o p s .  Along t h e  f r o n t  w a l l  o f  t h e  machine  h a l l  a r e  t h e  
. . 

c h e m i c a l  w a t e r  ' t r e a t m e n t  c l a r i f i e r s ,  u n d e r  which  i s  t h e  pump 

e q u i p m e n t .  

The a u x i l i a r y  p a r t  i s  b u i l t  up  o f  s t a n d a r d i z e d  t e c h n o l o g i -  

c a l  u n i t s .  
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The equipment,for receiying of Lime, coagulant and other , , . .  . >  < . i . . . .  , . .  , . . :. * . I . ' .  

reagents, the compressor, station, el.ectrolyzer unit, forging- 

thermal equipment division of the maintenance service, scales 

and garage, which cannot be located in the main building for 

reasons of explosion safety and for sanitary-health reasons 

are in a separate building - the auxiliary services unit (ASU) 

located near the combined main building in the stack area. 

The main building uses a ventilation system combined with 

the preheating of the blower air entering the boiler division. 

The heat elimination from the equipment and pipe systems is 

assimilated by the ventilation a,ir and is fully used on outside- 

the-boiler preheating of the blower air. The use of this design 

permits a 5-7% increase in the efficiency of the most advanced 

:HPP8s built in accord with the designs briefly outlined above. 

Many problems remain to be solved 

In the direction of decreasing capital investment in heat 

elimination systems and heating networks work is being done on 

channelless laying of pipe systems, mass production techniques 

in heat network construction and use of nonmetallic piping. 

Further i,mprovement, of the efficiency of cogeneration power 

stations is being made: 

- ~eveiopment'of a series production power station design 
using solid .fuel with consideration of various physicochemical 

.. , 

properties of a wide range of domestic coals; 

- Wide,spread development of compact boilers with cyclone 
furnaces, tested at the Rostov HPP-2 during burning of mazut 

fuel oil. In addition to decreasing the amount of construction 

work and the capital investment, the use of these boilers elimi- 

nates the necessity for heavy assembly. 

- Improvement of structural designs and equipment, technolo- 
gical systems and layouts to decrease the area, volume and con- 

sumption of materials, as well as labor costs during construction 

and installation; 

- Standardization of the elements of technological and 
electrotechnical equipment and pipe systems to provide large-scale 

manufacture of fully completed installation units. 



Design institutes and other organizations of the energy 
. :,. field -are carrying out operations in ma~n"y~8irections: to search 

. . . . . . . . . . .  
for new designs providing high HPP gfficiency and meet -the grow-' 

ing demands for the welfare and culture of the population of our 

country. 

TABLE T 
. - -.------.-:---.-----.__.. , ......-... :.- ..-, P . r b . . C  " -4 

Rated pressure, kg/cm2 . pressure regulation limits, 
(ma) kg/cm2 (ma). 

' . ~ ~ - ~ - ~ ~ - ~ " - ~ - . - - - - $ _ ~ ~ ~ > ~ Q D Y ~ Q D Y ~ Q D Y " ~ C I ~ ~ . I ) . . I ) . V ~ L ~ - . . ~ . ~ - * > ~ ~ ~ . ~ ~  ? - L ~ . ~ < . . V C P  . . 
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of regulated after turbine ;. . of regulated after turbine 
bleed 1 (back pr6ssure) ! bleed (back pressure) 



Table 11. 

Rated c a p -  Live steam Live steam b r e d  con- Pressure in regulated bleeds, Rated load Rated load Number of re- 

city. MU pressure. tey., sumption b/cmZ ( W a )  of cogenera- of Pro- generative 
lurblne tion bleed, duction preheatera k81cmZ 

a. 
C of live . 

Ccallhr (ma) steam. - 
tlhr Cogeneration (Wlhr) 'Ihr high low 

Produc- pres. pres- bleed , 
t ion sure sure 

: 2 
C a. - --.- .- ..--, bleed 

Preheat Preheat 
stage I stage 11 



TS diagram of processes 

Figure 1. S ,  k.J/kgsdeg 



Figure 2 .  



I 
Plan of main building 
of Severnaya HPP-2 

over brid - 



Cross section of main building 
Of Severnays HPP-2 

2 cranes with load ca~ac i tv  ~ = ? 0 / 5  t J  

iler unit TGME 164/600 tlhr 



I 
Cross section nf main 

* 
building wi th  compact boilers 

'This appears to be a plailneG con.pact b o i l e r  s t a t - ion  
as ? 4-r l lc : , . -on tc t!,e -PP-2 of Rostov. 



PHC. I. -rna~~miI ropnyc Poetoncxofi T3U-2 (nonepesnbifi paopet). 
I - ry~bonrepaop: 2 - nrponwrprrop; 8 - PBIX;. 4 - B O U ~ W ~ ~ M .  

Cross section of main bdlding of Rostov HPP-2 
I. turbogenerator; 2.steam generator; 3. regenerative air preheater 
4.blower 

from "Teploenergeti ka" Nov. 1977 
"The design of heat power stations 
in the USSR and future tasks" by 
Okhotin,V. N. and Gusev,V. N. 

J. Lewi n 
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Notes 

The. r e p o r t  c o v e r s  a s p e c t s  o f  p l a n n i n g ,  c o n s t r u c t i o n  and  

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

I n  t h e  p l a n n i n g ,  c o n s t r u c t i o n  and  o p e r a t i o n  o f  c e n t r a l i z e d  

h e a t  s u p p l y  s y s t e m s  i n  t h e  U S S R  work i s  now b e i n g  p e r f o r m e d  on 

a  number o f  p rob lems :  

- Combined o p e r a t i o n  o f  s e v e r a l  s o u r c e s  on common h e a t i n g  

. n e t w o r k s ;  

- O p t i m i z a t i o n  o f  h y d r a u l i c  c o n d i t i o n s ;  

- S i n g l e - p i p e  t r a n s p o r t  o f  h e a t ;  

- P r o t e c t i o n  o f  unde rg round  h e a t i n g  p i p e s  a g a i n s t  e x t e r n a l  

c o r r o s i o n ;  . 

- Adop t ion  o f  c h a n n e l l e s s  l a y i n g  o f  h e a s i n g  n e t w o r k s ;  

- Improvement o f  s t r u c t u r a l  e l e m e n t s  a n d  equ ipmen t  o f  h e a t i n g  

n e t w o r k s ;  

- Improv ing  economy a n d  r e l i a b i l i t y  o f  h e a t  s u p p l y  s y s t e m s .  



DESIGN, CONSTRUCTION AND OPERATION OF CENTRALIZED 

HEAT 'SUPPLY NETWORDS 

The c e n t r a l i z e d  h e a t  s u p p l y  u s e d  i n  t h e  USSR, e s p e c . i a l l y  

c o g e n e r a t i o n ,  b a s e d  o n  l a r g e  l i ea t -and-power  p l a n t s  (HPP' s )  , 
r e q u i r e s  a c c e l e r a t i o n  o f  o p e r a t i o n s  c o n n e c t e d  w i t h  d e v e l o p m e n t  

o f  h e a t i n g  n e t w o r k s  a n d  i n c r e a s e  o f  t h e  c a p i t a l  i n v e s t m e n t  o n  

t h e i r  c o n s t r u c t i o n .  

The  i n c r e a s e  i n  t h e  s i z e  o f  h e a t  s o u r c e s  leads  t o  i n c r e a s i n g  

d i s t a n c e  b e t w e e n  t h e  s o u r c e  a n d  t h e  c o n n e c t e d  u s e r s  a n d  t o  

i n c r e a s e  o f  t h e  r a d i u s  o f  o p e r a t i o n  o f  t h e  h e a t i n g  n e t w o r k s .  

T h i s  i s  a l s o  a  r e s u l t  o f  s t r i c t e r  r e q u i r e m e n t s  f o r  e n v i r o n m e n t a l  

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

f o r  c o n s t r u c t i o n  o f  l a r g e  HPP1's i n  m u n i c i p a l  a reas .  A l l  t h i s  

n e c e s s i t a t e s  t h e  l o c a t i o n  o f  H P P 1 s  o u t s i d e  t h e  a r e a  o f  m u n i c i p a l  

d e v e l o p m e n t .  

The  c a p i t a l  costs o n . c o n s t r u c t i o n  o f  h e a t i n g  n e t w o r k s  

r e a c h  70-'80% o f  t h e  t o t a l  c o s t s  f o r  c o n s t r u c t i o n  o f  c e n t r a l i z e d  

h e a t  s o u r i c e s  a n d  40 t o  50% o f  t h e  c o s t s  f o r  c o n s t r u c t i o n  o f  

h e a t - a n d - p o w e r  p l a n t s .  

Under  t h e s e  c o n d i t i o n s  f u r t h e r  i m p r o v e m e n t  o f  . c e n t r a l i z e d  

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

c i r c u i t s , .  s t r u c t u r e s  a n d  o p e r a t i n g  c o n d i t i o n s  o f  h e a t i n g  n e t w o r k s  

i n  o r d e r  t o  r e d u c e  t h e i r  cost  a n d  c o n s u m p t i o n  o f  m a t e r i a l s ,  

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

A t  t h e  p r e s e n t  t i m e  i n  t h e  USSR a  number o f  H P P 1 s  a r e  i n  

o p e r a t i o n  w i t h  u n i t  e l ec t r i ca l  c a p a c i t y  t o  1 3 0 0  MW a n d  w i t h  

d e s i g n  h e a t  o u t p u t  o f  4000 G c a l / h r .  The e l e c t r i c a l  c a p a c i t y  o f  

n e w l y  d e s i g n e d  a n d  c o n s t r u c t e d  HPP1s  r e a c h e s  1500-2000  MW w i t h  

a c a l c u l a t e d  h e a t  o u t p u t  o f  u p  t o  5000 G c a l / h r . '  

The  t r e n d ' t o w a r d  i n c r e a s e  i n  s i z e  o f  h e a t  s o u r c e s  a n d  t h e  

forced i n c r e a s e  i n  d i s t a n c e  b e t w e e n  t h e  s o u r c e s  a n d  t h e  h e a t i n g  

l o a d s  p u t  f o r w a r d  t h e  p r o b l e m  o f  u s i n g  e x i s t i n g  c o n d e n s a t i o n  power 

s t a t i o n s  (CPS) a n d  n u c l e a r  p l a n t s  f o r  m u n i c i p a l  h e a t  s u p p l y  by  

modification o f  t h e i r  e q u i p m e n t ,  a n d  a l s o  c r e a t i o n  o f  h e a t  s o u r c e s  

f o r  h e a t  s u p p l y  o f  s e v e r a l  p o p u l a t e d  areas.  The d e v e l o p m e n t  o f  

new h e a t  s u p p l y  s y s t e m s  w i t h  n u c l e a r  h e a t  s o u r c e s  - n u c l e a r  HPP1s  

(NHPP's)  a n d  n u c l e a r  bo i le r  s t a t i o n s  (NBS1s)  i s  o n e  o f  t h e  i m p o r t a n t  

p r o b l e m s  a t  p r e s e n t .  

I 



: Inch3e%ise' o f  , t h e  d i s t a n c e .  o f  t r a n s m ' i s s i o n  o f  t h e r m a l  . e n e r g y  

p u t s  f  or'w'a'.rd':the. . p r o b l e m  o f  i m p r o v i n g '  ' t h e  o p e r a t i o n a l  r e l i a b i 5 i  t y  

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

f a i l u r e  o f  .a m a i n  ,of l a r g e  d i a m e t e r  w i l l  l e a d  t o  d i s c o n r l e c L i u i . ~  

o f  a  l a r g e  number o f  c o n n e c t e d  u s e r s ,  a n d  t h e  g r e a t  l e n g t h  a n d  

c a p a c i t y  o f . ' . t h e  h e a t i n g  p i p e s  i n c r e a s e s  t h e  d u r a t i o n  o f  o p e r a t i o n  

t o  c o r r e c t ' - f a i l u r e s .  T h e  d i a m e t e r s  o f  t h e  h e a t i n g  m a i n s  b e i n g  

c o n s t r u c t e d  a t  t h e  p r e s e n t  t i m e  r e a c h  1 4 0 0  mm. 
I The r a d i i  o f  o p e r a t i o n  o f  c e r t a i n  h e a t i n g  n e t w o r k s  e x c e e d  

3 0  km. 

As a r u l e ,  h e a l i n g  n e t w o r k  s y s t e m s  a r e  assumed  t o  be t w o -  " 

p i p e  dead-ens s y s t e m s  or  r a d i a l  s y s t e m s .  

W a t e r  h e a t  n e t w o r k s  a r e  u s u a l l y  d e s i g n e d  t o  b e  common f o r ' '  

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

h o t  w a t e r  s b p p l y ) .  
1 

H e a t i n g  p i p e s  w i t h  d e s i g n  h e a t  c o n s u m p t i o n  o f  3000 G c a l / h r  

a n d  o v e r .  are' . p r o v i d e d  w i t h  a r e s e r v e .  

Mos t  wi .de ly  u s e d  i n  t h e  USSR i s  u n d e r g r o u n d  l a y i n g  o f  h e a t i n g  

n e t w o r k s  i n  i m p e r v i o u s  c h a n n e l s ,  t h e  p r o p o r t i o n  o f  w h i c h  i s  
a b o u t  8 0 % .  . ' 

I n  l a r g e c i t i e s  t h r o u g h  c h a n n e l s  are  u s e d  i n  l a y i n g  .of  

h e a t i n g  n e t w o r k s ,  i n  w h i c h  o t h e r  e n g i n e e r i n g  c o m m u n i c a t i o n s  a r e  

a l s o  l o c a t e d "  '(water l i n e s ,  e l e c t r i c a l  c a b l e s ,  c o m m u n i c a t i o n  

l i n e s ,  e t c . ) .  The  m a j o r i t y  o f  c h a n n e l s  f o r  h e a t i n g  n e t w o r k s  

c o n s i s t  o f  i n d u s t r i a l l y  m a n u f a c t u r e d  p r e f a b r i c a t e d  r e i n f p r c e d  

c o n c r e t e  e l e m e n t s .  

T h e  volume, o f  c h a n n e l l e s s  l a y i n g  i s  a b o u t  6 % .  The most. 

w i d e l y  ~ s e d . ~ : c h a . n n e , l l e s s  l a y i n g  d e s i g n s  a r e  l a y i n g  . i n  a s p h a l t -  

p e r l i t e  ( p i p e s  w i t h  d i a m e t e r  t o  500 mm) a n d  r e i n f o r c e d  foam 

c o n c r e t e  ( p i p e s  w i t h  d i a m e t e r  t o  1 0 0 0  mrn) . 
~ n d e r g r ' o u n d  l a y i n g  i s  u s e d  m a i n l y  o n  t r a n s i t  s e g m e n t s  t h r o u g h  

u n d e v e l o p e d .  t e r r ' i t o ry , .  a n d  a l s o  i n  p a s s i n g  t h r o u g h  t h e  t e r r i t o r y  

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

n a t u r a - l  o r  ' a r t i f i c i a l  o b s t a c l e s .  . 

I n  c o n n e c t i o n  w i t h  t h e  i n c r e a s e  i n  s i z e  o f  h e a t  s u p p l y  

, s o u r c e s  a n d  t h e . m o v e m e n t  o f  l a r g e  H P P ' s  o u t s i d e  o f  c i t i e s  t h e  

e x t e n t  o f  u n d e r g r o u n d .  l a y i n g  i s  i n c r e a s i n g .  
. . 



. I n  c e n t r a l i z e d  h e a t  s u p p l y  s y s t e m s  f o r  h e a t i n g ,  v e n t i l a t i o n , '  ' 

c o n d i t i o n i n g ,  h o t  w a t e r  s u p p l y  and  ' l o w - p o t e n t i a l  i n d u s t r i a l  . . 

I1 l o a d s  t h e  h e a t  car r ie r  u s e d  i s  w a t e r .  

I1 I n  t h e  USSR t w o  d i f f e r e n t  h e a t  s u p p l y  s y s t e m s  a r e  u s e d  and 

are e q u a l l y  d e v e l o p e d :  t h e  open  s y s t e m  w i t h  d i r e c t  i n t r o d u c t i o n  

o f  p u b l i c  ne twork  w a t e r  f o r  h o t  w a t e r  s u p p l y ,  and t h e  c l o s e d  

s y s t e m ,  w i t h  i n s t a l l a t i o n  o f  h o t  w a t e r  p r e h e a t e r s  a t  c e n t r a l  

o r  i n d i v i d u a l  h e a t i n g  p o i n t s  o f  u s e r s .  

The open  s y s t e m  i s  u s e d  when i t  i s  p o s s i b l e  t o  p r o v i d e  t h e  

h e a t  s o u r c e  w i t h  w a t e r  o f  p o t a b l e  q u a l i t y  t o  t h e  f u l l  e x t e n t  

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

Wi th  open  s y s t e m s  t h e r e  i s  s i g n i f i c a n t  s i m p l i f i c a t i o n  o f  t h e  . 

equ ipmen t  o f  t h e  h e a t i n g  p o i n t s ,  s i n c e  t h e r e  i s  no  n e c e s s i t y  

f o r  h o t  w a t e r  h e a t e r s ,  o r g a n i z a t i o n  o f  c e n t r a l  h e a t i n g  p n i n t s  o r  

f o r  foul-pipe S a y i n g  o f  b r a n c h i n g  h e a t i n g  n e t w o r k s .  The open  

s y s t e m  p e r m i t s  s o l u t i o n  o f  t h e  p rob lem o f  s i n g l e - p i p e  t r a n s p o r t  

o f  h e a t .  Wi th  t h e  open  s y s t e m  t h e r e  i s  no  i n t e r n a l  c o r r o s i o n  . . , 

i n  t h e  h o t  w a t e r  s u p p l y  s y s t e m s ,  s i n c e  t h e  make-up w a t e r  i s  

s u b j e c t e d  t o  d e a e r a t i o n  a n d  t h e  n e c e s s a r y  t r e a t m e n t .  

The o p e r a t i o n  o f  open  s y s t e m s  r e q u i r e s  i n c r e a s e d  a t t e n t i o n  . 

t o  t h e  q u a l i t y  o f  t h e  w a t e r  e n t e r i n g  t h e  h e a t i n g  ne twork  and  
. . . .  . . . 

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

R e g u l a t i o n  o f  t h e  h e a t  o u t p u t i n  w a t e r - t y p e  h e a t i n g  n e t -  . . . . .  . 

works i s  u s u a l l y  a c c o m p l i s h e d  by  t h e  q u a l i t a t i v e  method ,  p r o v i d i n g  . 

change  o f  t h e  t e m p e r a t u r e  o f  t h e  ne twork  w a t e r  d e p e n d i n g  on . 

I t h e  o u t s i d e  t e m p e r a t u r e .  

The m o s t  w i d e l y  u s e d  t e m p e r a t u r e  s c h e d u l e  i s  1 5 0 - 7 0 " ~ .  

The optimum o p e r a t i o n  s c h e d u l e  i s  d e t e r m i n e d  by t e c h n i c a l - e c o -  

nomic c a l c u l a t i o n  f o r  e a c h  g i v e n  o b j e c t .  

A t  a  d e s i g n  h e a t  consumpt ion  i n  t h e  h e a t i n g  n e t w o r k s  o f  

600. G c a l / h r  and  o v e r  t e l e m e c h a n i z a t i o n  o f  t h e  h e a t  s u p p l y  s y s t e m  

I i s  p r o v i d e d  (remote s i g n a l i n g ,  c o n t r o l  and  measurement  and  d i s -  
p a t c h e r  c o y m u n i c a t i o n ) .  

C e n t r a l i z e d  h e a t  s u p p l y  n e t w o r k s  a r e  d e s i g n e d  on t h e  b a s i s  

o f  a n  app roved  h e a t  s u p p l y  p l a n  o f  ' t h e  c i t y  o r  i n d u s t r i a l  c e n t e r  

@ (TEO). The h e a t  s u p p l y  i s d e v e l o p e d  f o r  a d e s i g n  s e r v i c e  

l i f e  o f  10-15 y e a r s  s e p a r a t i o n  o f  t h e  f i r s t  l i n e  o f  c o n s t r u c t i o n  

f o r  a  p e r i o d  o f  5-7 y e a r s .  The p l a n  r e s o l v e s  t h e  main q u e s t i o n s  
. . 



t * 

c o n c e r n i n g  h e a t  s o u r c e s ,  f u e l ,  a n d  l a y o u t  o f  h e a t i n g  n e t w o r k s  

o n  t h e  b a s i s  o f  t e c h n i c a l - e c o n o m i c  c a l c u l a t i o n s ,  a n d  d e t e r m i n e s  

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

H e a t i n g  n e t w o r k s  a r e  u s u a l l y  d e s i g n e d  i n  a s i n g l e  s t a g e  - t h e  
. . 

t e c h n i c a l  work p r o j e c t .  D e s i g n  i n  two  s t a g e s  - t e c h n i c a l  p r o j e c t  

a n d  w o r k i n g  p l a n s  - i s  a l l o w e d  f o r  l a r g e  a n d  c o m p l e x  o b j e c t s .  

C e n t r a l i z e d  h e a t  s u p p l y  n e t w o r k  p r o j e c t s  make w i d e  u s e  o f  

s t a n d a r d ,  w i d e l y  u s e d  e c o n o m i c  i n d i v i d u a l  p r o j e c t s ,  a n d  s t a n d a r d  

s t r u c t u r a l  members o f  h i g h  f a c t o r y  r e a d i n e s s .  

I n  t h e  USSR h e a t i n g  n e t w o r k  d e s i g n s  h a v e  b e e n  c r e a t e d  

a l l o w i n g  f u l l  mass p r o d u c t i o n  o f  t h e i r  e q u i p m e n t .  

A t  t h e  p r e s e n t  t i m e  i n  t h e  p r a c t i c e  o f  d e s i g n ,  c o n s t r u c t i o n  

a n d  o p e r a t i o n  o f  c e n t r a l i z e d  h e a t  s u p p l y  n e t w o r k s  work i s  

b e i n g  d o n e  o n  a  number o f  p r o b l e m s ,  among w h i c h  a r e :  i m p r o v e m e n t  

o f  t h e  economy a n d  r e l i a b i l i t y  o f  l a r g e  h e a t  s u p p l y  s y s t e m s ;  

c o m b i n e d  o p e r a t i o n  o f  s e v e r a l  s o u r c e s  on common h e a t i n g  n e t w o r k s ;  

o p t i m i z a t i o n  o f  t h e  o p e r a t i n g  c o n d i t i o n s  o f  t h e  h e a t i n g  n e t w o r k s ;  

f i n d i n g  ways  t o  d e c r e a s e  t h e  c o n s u m p t i o n  o f  m e t a l  o n  h e a t  t r a n s -  

p o r t  s y s t e m s ;  s i n g l e - p i p e  t r a n s p o r t  o f  h e a t  f r o m  H P P 1 s I  C P S 1 s  a n d  

n u c l e a r  s o u r c e s  o u t s i d e  o f  c i t i e s ;  i m p r o v e m e n t  o f  c h a n n e l l e s s  

l a y i n g  o f  h e a t i n g  n e t w o r k s ;  i m p r o v e m e n t  o f  s t r u c t u r a l  e l e m e n t s  

a n d  e q u i p m e n t  o f  h e a t i n g  n e t w o r k s .  

Combined o p e r a t i o n  o f  H P P 1 s  a n d  r e g i o n a l  b o i l e r  s t a t i o n s  o n  

common h e a t i n g  n e t w o r k s  

T h e  d e v e l o p m e n t  o f  t h e  m a j o r i t y  o f  h e a t  s u p p l y  s y s t e m s  1 
b e g i n s  w i t h  t h e  c o n s t r u c t i o n  o f  b o i l e r  s t a t i o n s ,  a n d  o n l y  s u b -  

s e q u e n t l y ,  w i t h  i n c r e a s e  o f  t h e  h e a t i n g . l o a d s  t o  l e v e l s  justifying 

t h e  c o n s t r u c t i o n  o f  a n  HPP, i s  t h e  s y s t e m  t r a n s f e r r e d  t o  c o -  

g e n e r a t i o n . .  

I n  i n d u s t r i a l  c e n t e r s ,  b o i l e r  s t a t i o n s  a r e . u s u a l l y  l o c a t e d  

d i r e c t l y  o n  s i tes  se t  a s i d e  f o r  c o n s t r u c t i o n  o f  H P P ' s  a n d  a r e  

b u i l t  a s  p e a k  s o u r c e s  o f  h e a t  f o r  t h e s e  H P P 1 s .  

I n  c i t i e s ,  w h e r e  £.or t e r r i t o r i a l ,  a r c h i t e c t u r a l ,  h e a l t h  a n d  

o t h e r  r e a s o n s  i t  i s  d i f f i c u l t  t o  c o n s t r u c t  H P P ' s  a n d  t h e y  a re  

moved o u t s i d e  o f  t h e  c i t i e s ,  a d v a n c e  c o n s t r u c t i o n  o f  r e g i o n a l  

b o i l e r  s t a t i o n s  i s  p e r f o r m e d  d i r e c t l v  jn +.he h e a t  demand r e g i o n s ,  



since location of them on the kerritory of the future HPP1s 

requires advance construction of long heating networks. 

Staged development of heat supply for cities using existing 

and newly constructed large boiler stations in the heat demand 

regions in the beqinning as the main sources of heal. fvllowed 

by conversion of them to peak sources and conversion to cogenera- 

tion provides: 

- The best correlation of 'the schedules for introduction of 
heating capacity of the heating sources and of the users of heat 

energy without idling of capital investment and unproductive 

costs for construction of temporary boiler stations; 

- Decrease of the capital investment for construction of 
heat transmission networks between the HPP1s and regional boiler 

stations and the consumption of electrical energy on transport 

of the heat. carrier due to the possibility of using high tempera- 

ture schedules for regulation of the heat output without actually 

increasing the design temperature of the heat carrier in the transit 

heating pipes; 

- A high degree of reliability of the heat supply system 

due to the location of not less than 50% of the heating capacity 

of the heat sources directly in'the heat demand regions, espec- 

ially in open heat supply systems, where in an emergency situation 

it remains possible to supply the design mean hourly water flow 

for hot water supply from the HPP; 

- Rapid reaching of the design technical-economic charac- 
teristics by the energy equipment due to timely preparation of 

the heating loads and construction of heating networks. 

Regional and large industrial-heating boiler stations 

built in a city should be designed with consideration of their 

subsequent use in the cogeneration systems and should be located 

on the track of possible directions of heat transport from the 

HPP1s. 

Improving the reliability of heating networks 

The increase in the reliability of large centralized heat 

supply systems and improvement of' their operating conditions ' result in a sharp division of the heating networks into main line 
and distributive parts. This division may be accomplished on 



c o n n e c t i o n  - .  O F  d i s t r i b u t i o n  n e t w o r k s  t o  m a i n  l i n e s  t h r q u g h  r e g -  . - -  
.8 .,. .. . . .  . . .  

i o n a l  h e a t i n g  ' p o i n t s  (RHP' s )  . 
T h e  h e a t i n g  l o a d  o f  r e g i o n s  c o n n e c t e d  u s i n g  R H P ' s  i s  c h o s e n  

t o  b e  40-60 G c a l / h r .  The RHP's a r e  e q u i p p e d w i t h  m e t e r i n g  a n d  

m o n i t o r i n g  i n s t r u m e n t s , ' a u t o m a t i c  r e g u l a t i o n  a n d  r e m o t e  c o n t r o l  

e q u i p m e n t ,  a n d  c i r c u l a t i o n  a n d  make-up pumps f o r  c r e a t i o n  o f  

a u t o n o m o u s  c i r c u l a t i o n  i n  t h e  d i s t r i b u t i o n  n e t w o r k  a n d  make up 

f o r  t h e  d i s t r i b u t i o n  n e t w o r k  o n  e m e r g e n c y  d i s c o n n e c t i o n .  When 

n e c e s s a r y  t h e  RHP's a r e  a l s o  e q u i p p e d  w i t h  m i x i n g  a n d  b o o s t e r  

pumps,  making  i t  p o s s i b l e  t o  m a i n t a i n  h y d r a u l i c  a n d  t e m p e r a t u r e  

c o n d i t i o n s , d i f f e r . . e n t  f r o m  t h e  o p e r a t i n g  c o n d i t i o n s  ,of  t h e  main  

h e a t i n g  p i p e s  i n  t h e  d i s t r i b u t i o n  n e t w o r k s .  

D i s t r i b u t i o n  n e t w o r k s  f r o m  RHP's  s h o u l d  u s u a l l y  b e  o f  t h e  

t w o - p i p e  d e a d - e n d  t y p e .  I t  i s  recommended t h a t  e a c h  u s e r  b e  

c o n n e c t e d  t o  t h e  d i s t r i b u t i o n  n e t w o r k  t h r o u g h  i n d i v i d u a l  h e a t i n g  

p o i n t s  ( I H P ' s ) ,  a n d  a d e p e n d e n t  o r  i n d e p e n d e n t  p l a n  b e  u s e d  

d e p . e n d i n g  o n  t h e  h e i g h t  o f  t h e  b u i l d i n g  a n d  t h e  l a y o u t  o f  t h e  

d i s t r i b u t i o n  n e t w o r k .  

I n c r e a s e  o f  t h e  s i z e  o f  c o n n e c t i o n  n o d e s  a n d  c r e a t i o n  o f  

RHP's s i m p l i f i e s  o r g a n i z a t i o n  o f  t h e  m o n i t o r i n g  a n d  c o n t r o l  o f  

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

a b o u t  1 0 0 0  G c a l / h r  w i l l  h a v e  a t o t a l  o f  20-25 c o n n e c t i o n  n o d e s .  

Nhen a r e g i o n  h a s  two o r  more m a i n s  i t  i s  recommended t h a t  

t h e y  b e  j o i n e d  by  r e s e r v e o c o n n e c t o r s ,  p r o v i d i n g  h e a t  s e r v i c e  

f o r  t h e  m a j o r i t y  o f  u s e r s  d u r i n g  a n  e m e r g e n c y  s i t u a t i o n  i n  

t h e  h e a t i n g  n e t w o r k  m a i n s .  

A d i s t r i b u t i o n  n e t w o r k  r e s e r v e  i s  u s u a l l y  n o t  p r o v i d e d ,  

s i n c e  t , h e . p i p e .  s y s t e m s  d o  n o t  e x c e e d  300 mm i n  d i a m e t e r  a n d  a n y  

f a i l u r e  c a n  b e  c o r r e c t e d  i n  a f e w  h o u r s .  Users who d o  n o t  p e r m i t  

e v e n  b r i e f  d i s c o n n e c t i o n  o f  t h e  h e a t  s u p p l y  ( h o s p i t a l s ,  c h i l d  

care, e t c . )  s h o u l d  h a v e  t h e i r  own r e s e r v e  h e a t  s o u r c e s .  

. O w t i m i z a t i o n  o f  t h e  h e a t  o u t p u t  r e a u l a t i o n  t e m p e r a t u r e  s c h e d u l e s  
. . . .  . - 

. One m e t h o d  o f  d e c r e a s i n g  c a p i t a l  i n v e s t m e n t  o n  t h e  c o n -  

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

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

t e m p e r a t u r e  s c h e d u l e s .  . . 
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compute r .  

I n c r e a s e  o f  t h e  d e s i g n  t e m p e r a t u r e s  i n  t h e  f e e d e r  p i p e s  

f rom 150°C t o  180-200°C l e a d s  t o  d e c r e a s e  o f  t h e  c a p i t a l  i n v e s t -  

ment  i n  t h e  h e a t i n g  n e t w o r k s  f rom 2 t o  30% d e p e n d i n g  on a  number 

o f  f a c t o r s :  

- The l e n g t h  o f  t h e  t r a n s i t  h e a t  p i p e s ;  

- The d e s i g n  h e a t i n g  l o a d  and  i t s  d e n s i t y ;  

- The h e a t  s u p p l y  s y s t e m  (open  o r  c l o s e d ) ,  e t c .  

I n c r e a s e  o f  t h e  t e m p e r a t u r e  s c h e d u l e s  n e c e s s i t a t e s  a n  

i n c r e a s e  i n  t h e  c o g e n e r a t i o n  b l e e d s  o f  t h e  t u r b i n e s ,  and  

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

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

e n e r g y  on t h e  h e a t i n g  demand. Depending on t h e  t y p e  o f  t u r b i n e s ,  

t h e  h e a t  s u p p l y  s y s t e m  a n d  t h e  p r o p o r t i o n  o f  t h e  h o t  w a t e r  s u p p l y  

l o a d  t h e  y e a r l y  f u e l  loss  f o r  e a c h  10°C o f  i n c r e a s e  o f  t h e  d e s l g n  

t e m p e r a t u r e  o f  t h e  ne twork  w a t e r  i s  from 2 t o  6  t o n s  f o r  e a c h  

G c a l / h r  o f  c o n n e c t e d  h e a t i n g  l o a d .  

I n c r e a s e  o f  t h e  h e a t  o u t p u t  t e m p e r a t u r e  s c h e d u l e s  a l s o  

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

t h e  y e a r l y  o u t p u t  o f  e l e c t r i c a l  e n e r g y ,  wh ich  r e q u i r e s  c o r r e s p o n d L  

i n g  c o m p e n s a t i o n  i n  t h e  power s y s t e m .  The optimum w a t e r  t empera-  

t u r e s  s h o u l d  b e  c h o s e n  i n  e a c h  i n d i v i d u a l  c a s e  on  t h e  b a s i s  o f  

t e c h n i c a l - e c o n o m i c  c a l c u l a t i o n s  w i t h  c o n s i d e r a t i o n  o f  a l l  l o c a l  

c o n d i t i o n s .  

I n c r e a s e  o f  t h e  d e s i g n  t e m p e r a t u r e s  i n  t h e  f e e d e r  p i p e s  

t o  170-19CI0C p r o v e s  t o  b e  e c o n o m i c a l  i n  many r e g i o n s  o f  t h e  

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

6-8 km. 

S i n g l e - p i p e  t r a n s p o r t  o f  h e a t  

The w i d e s p r e a d  a d o p t i o n  o f  open h e a t  s u p p l y  s y s t e m s  i n  t h e  

USSR w i t h  d i r e c t  s e l e c t i o n  o f  ne twork  w a t e r  f o r  h o t  w a t e r  s u p p l l , '  

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

i n  t h e  t o t a l ' h e a t i n g  l o a d  c r e a t e  f a v o r a b l e  c o n d i t i o n s  f o r . o r g a n i -  

z a t i o n  o f  s i n g l e - p i p e  t r a n s p o r t  o f  h e a t .  c o n v e r s i o n  t o  single- 

p i p e  t r a n s p o r t  o f  h e a t ,  e l i m i n a t i n g  r e t u r n  o f  t h e  h e a t  c a r r i e r ,  

w i l l  p e r m i t  a  s h a r p  r e d u c t i o n  o f  t h e  consumpt ion  o f  m a t e r i a l s  



. . . 
f o r  h e a t i n g '  n e t w b r k s  a n d  t h e  c a p i t a l  i n v e s t m e n t  o n  t h e i r  k d n s t r u c -  

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

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

An i n v a r i a b l e  c o n d i t i o n  o f  u s e  o f  s i n g l e - p i p e  t r a n s p o r t  

o f  h e a t  i s  p r o v i s i o n  o f  a b a l a n c e d  f l o w  o f  n e t w o r k  w a t e r  f o r  

h e a t i n g - v e n t i l a t i o n  n e e d s  a n d  h o t  w a t e r  s u p p l y  f o r  u s e r s ,  e x c l u d -  

i n g  l o s s  o f  w a t e r  a n d  h e a t  w i t h  w a s t e s .  

- W a s t e - f r e e  o p e r a t i o n  may b e  a c h i e v e d  b y  f i n d i n g  p o s s i b i l i t i e s  

f o r  t r a n s f e r  o f  e x c e s s  n e t w o r k  w a t e r  t o  o t h e r  h e a t  s o u r c e s ;  

i n c r e a s e  o f  t h e  t e m p e r a t u r e  o f  t h e  n e t w o r k  w a t e r  a t  t h e  HPP 

o u t l e t ;  a n d  d e c r e a s e  o f  t h e  p r o p o r t i o n  o f  h e a t  p r o d u c e d  b y  t h e  

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

A b a l a n c e d  f l o w  o f  n e t w o r k  w a t e r  i n  t h e  r e g i o n  i t s e l f  ( w i t h  

a  s i n g l e  h e a t  s o u r c e )  may b e  a c h i e v e d  o n l y  i n  t h e  s o u t h e r n  r e g i o n s  

o f  t h e  USSR, w h e r e  t h e  p r o p o r t i o n  o f  t h e  h o t  w a t e r  s u p p l y  l o a d  

i n  t h e  t o t a l  h e a t i n g  l o a d  r e a c h e s  0 . 3 3 .  Here t h e  t e m p e r a t u r e  o f  

t h e  n e t w o r k  w a t e r , i n  a  s i n g l e - p i p e  m a i n  u n d e r  t h e  d e s i g n  c o n d i -  

t i o n s  s h o u l d  b e  200°C. 

S i n g l e - p i p e  c e n t r a l i z e d  h e a t  s u p p l y  s y s t e m s  w i t h  b a l a n c e d  

f l o w  o f  n e t w o r k  w a t e r  may b e  u s e d  i n  p r a c t i c a l l y  a n y  r e g i o n  w i t h  

u s e  o f  c o g e n e r a t i o n ,  when t h e  m a i n  h e a t  s o u r c e  (HPP o r  CPS) 

i s  l o c a t e d  a t  a s i g n i f i c a n t  d i s t a n c e  f r o m  t h e  u s e r s  a n d  t h e  peak'  

s o u r c e s  a r e  l o c a t e d  d i r e c t l y  i n  t h e  h e a t  demand r e g i o n s .  Here 

o n l y  t h e  c o n n e c t i n g  ( t r a n s i t )  m a i n s  b e t w e e n  t h e  m a i n  a n d  p e a k  

h e a t  s o u r c e s  a re  s i n g l e - p i p e ,  a n d  t h e  h e a t i n g  n e t w o r k s  f r o m  t h e  

p e a k  h e a t  s o u r c e s  t o  t h e  u s e r s  a r e  t w o - p i p e .  I n  t h i s  c a s e  

b a l a n c i n g  o f  t h e  water f l o w  i s  a c h i e v e d  by  i n c r e a s i n g  t h e  h e a t  

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

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

i n  g i v e n  o b j e c t i v e  s i t u a t i o n s  s h o u l d  b e  b a s e d  o n  t h e  n e c e s s a r y  

t e c h n i c a l - e c o n o m i c  c a l c u l a t i o n s ,  p e r f o r m e d  w i t h  c o n s i d e r a t i o n  o f  

a l l  l o c a l  f a c t o r s  a n d  c o n s t r u c t i o n  c o n d i t i o n s .  

Improvement  o f  c h a n n e l l e s s  i a y i n g  o f  h e a t i n g  n e t w o r k s  

T h e  u s e  o f  c h a n n e l l e s s  l a y i n g  p e r m i t s  a p p r o x i m a t e l y  a  50% 

r e d u c t i o n  i n  c o s t s  o n  c o n s t r u c t i o n  o p e r a t i o n s  a n d  a  2 5 . t o  40% 

d e c r e a s e  i n  c o s t s  f o r  c o n s t r ~ ~ t i ~ n  o f  u n d e r g r o u n d  p i p e s  w i t h  a  



simultaneuus reduction of construction labor costs by not less 
. . ? .  # !  I '  . ' t .  : " 

than a factor' of 2 or 3. 

I The greatest'economy is provided by conversion to nonchannel 

I laying of branch heating networks with a standard diameter of less 

I1 than 300 mm. Conversion to channelless laying also permits an 

acceleration of the installationof heating networks due to 

simplification of construction-installation operations under the 

cramped conditions of municipal development. 

In the USSR we have over 40 years of experience in channel- 

less laying. In 1930-1950 a significant part of the heating 

networks were laid channelless: However, due to a number of 

deficiencies in construction the extent of channelless laying 

decreased in recent years. 

At the present time the main channelless laying designs of 

heating networks are designs in asphalt-perlite and reinforced 

foam concrete. 

Channelless laying designs with thermal insulation based 

on asphalt-perlite provide a decrease of the initial costs for 

construction of heating networks of up to 35-40%. This design 

was widely used in many cities and rural areas. In the ninth 

and tenth five-year plans the national economic efficiency of 

conversion to channelless laying of heating networks served as 

the basis for construction of about 70 technical lines. A defi- 

ciency of this design, based on the'use of high-melting asphalts 

with thermal insulation filler, is the high sulfur content in . 

the asphalts used, having the property of aging and forming 

cracks, which permits corrosion of the outside surface of the 

pipes and does not provide the design service life of the heating 

network. This design can be improved by improving the temperature 

stability' of the asphalt-perlite, preliminary anti-corrosion 

protection of the pipes, and providing good sealing and strength 

of the covering water resistant layer, applied in the form of 

a continuous polymer sheath 3 to 4 mm thick. 

~ Since 1949 Leningrad has been using a design for channelless 

laying of heating networks of autoclave-type reinforced foam 

coicrete. 

Due to the possibility of mass production and due to its 

economy this design has practicalllr replaced all other.me.thods 

of underground laying of heating networks in Leningrad, providing 
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a  d e . c r e a s e  i n :  t h e  c a p i t a l  i n v e s t m e n t  o f  up  to .  20-.25%, e s p e c i a l l y .  . 

on h e a t  p i p e s  . o f .  l a r g e  d i a m e t e r  from 300 t o  1000  mm. On h e a t  

.p'ipes o f  s m a l l e r  d i a m e t e r s  t h e  d e c r e a s e  i n  c o s t s  on c o n s t r u c t i o n  

o f  h e a t i n g  n e t w o r k s  was 5 t o  7 % .  A d e f i c i e n c y  o f  t h i s  d e s i g n  

' i s  t h e  h y d r o p h i l i c  n a t u r e  o f  t h e '  foam c o n c r e t e  and t h e  s t r u c t u r e  

a s  a  w h o l e ,  i n  s p i t e  o f  t h e  p r e s e n c e  o f  a  t h r e e - l a y e r  w a t e r  

r e s i s t a n t  c o a t i n g  ( o f  1 z o l  o r  B r i z o l )  and  t h e  a s b e s t o s - c e m e n t  

p l a s t e r i n g .  T h i s  i s  e x p l a i n e d  by t h e  c o r r o s i o n  of  t h e  p i p e s ,  

e s p e c i a l l y  a t  s i t e s  o f  p a s s a g e  o f  t h e  h e a t  p i p e s  t h r o u g h  w a l l s  

a n d  on  t h e  a d . j a c e n t  s e g m e n t s .  Ano the r  d e f i c i e n c y  o f  t h i s  d e s i g n  

1s t h e  h i g h  i n i t i a l  c o s t s  for c o n s t r u ' c t i o n . o f  t h e  p r o d u c t i o n  b a s e ,  

wh ich  w i t h  p o o r  t r a n s p o r t a b i l i t y  o f  t h e  i n s u l a t e d  p i p e s  l i m i t s  

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

l a r g e  amount o f  c o n s t r u c t i o n  o f  h e a t i n g  ne twork  m a i n s .  

The USSR i s  a l s o  d e v e l o p i n g  and  u s i n g  o t h e r  t y p e s  o f  non- 

c h a n n e l  l a y i n g  d e s i g n s :  a s p h a l t - I z o l ,  a s p h a l t - p o r o u s  c l a y  f i l l e r -  

c o n c r e t e ,  p h e n o l i c  p o r o u s  p l a s t i c ,  e t c . ,  however ,  t h e s e  d e s i g n s  

have  n o t  y e t  been  w i d e l y  u s e d .  

Improvement  o f  h e a t i n g  ne twork  d e s i q n s  

Work t o  improve  h e a t i n g  ne twork  d e s i g n s  i s  underway i n  t h e  

USSR i n  a  number o f  d i r e c t i o n s .  

The main m a t e r i a l  u s e d  f o r  t r a n s p o r t  o f  t h e r m a l  e n e r g y  i s  m e -  

t a l ,  t h e  economy o f  wh ich  i s  o f  p a r t i c u 1 , a r  n a t i o n a l  economic  i m p o r t a n c e .  

The u s e  o f  p i p e s  o f  l o w - a l l o y  s tee ls  w i t h  r e d u c e d  w a l l  t h i c k n e s s  

on main  l i n e s  a l o n e  w i l l  p e r m i t  a  d e c r e a s e  i n  t h e  consumpt ion  o f  

m e t a l  by  15-20% w i t h o u t  i n c r e a s i n g  c a p i t a l  i n v e s t m e n t  f o r  

c o n s t r u c t i o n .  

A d e c r e a s e  o f  t h e  m e t a l  consumpt ion  o f  h e a t  p i p e s  r e s u l t s  

f rom t h e  a d o p t i o n  o f  n o n m e t a l l i c  p i p e s  ( a s b e s t o s  cemen t ,  p l a s t i c ,  

e t c . )  i n  d i s t r i b u t i o n  h e a t i n g  n e t w o r k s  o f  d i a m e t e r  up t o  2 0 0 . m  

a t  h e a t  c a r r i e r  t e m p e r a t u r e s  u p  t o ' l O O ° C ,  and  a l s o  i n  h o t  w a t e r  

s u p p l y  s y s t e m s .  

The u s e  o f  enameled  p i p e s  f o r  h e a t i n g  n e t w o r k s  s i g n i f i c a n t l y  

i n c r e a s e s  t h e  s e r v i c e  l i f e  o f  t h e  h e a t i n g  .metworks and  t h e  

r e l i a b i l i t y  o f  t h e  h e a t  s u p p l y  systems, p e r m i t t i n g  e l i m i n a t i o n  

o f  a  number o f  m e a s u r e s  d i r e c t e d  toward  i n c r e a s e  o f  t h e  r e l i a b i l i t y  

o f  h e a t  t r a n s p o r t  s y s t e m s .  



A t  t h e  p r e s e n t  t i m e  work i s  underway toward  w i d e s p r e a d  

u s e  o f  l e n s  e x p a n s i o n  p iecesee in  p l a c e  of  n-shaped and  p a c k i n g  

e x p a n s i o n  d e v i c e s  i n  h e a t i n g  n e t w o r k s .  The r e p l a c e m e n t  o f  n -  
s h a p e d  e x p a n s i o n  d e v i c e s  w i t h  t h o s e  o f  t h e  l e n s  t y p e ,  i n  a d d i t i o n  

to d e c r e a s i n g  t h e  consumpt ion  o f  m a t e r i a l s  and  t h e  c a p i t a l  i n v e s t -  

ment  i n  t h e  h e a t i n g  n e t w o r k s  by  up t o  l o % ,  w i l l  p r o v i d e  a  d e c r e a s e  

i n  t h e  consumpt ion  o f  e l e c t r i c a l  e n e r h  on pumping o f  t h e  h e a t  

car r ier  by  up t o  25 -30% a n d  w i l l  s i m p l i f y  t h e  l a y i n g  o f  h e a t i n g  

n e t w o r k s  u n d e r  t h e  close c o n d i t i o n s  o f  c i t i e s .  

An improvement  i n  t h e  e x i s t i n g  d e s i g n s  o f  c h a n n e l  l a y i n g  o f  

h e a t i n g  n e t w o r k s  i s  made i n  t h e  d i r e c t i o n  o f  i n c r e a s e  i n  t h e  mass  

p r o d u c t i o n  o f  t h e  i n d i v i d u a l  e l e m e n t s  w i t h  c o n v e r s i o n  t o  l a r g e -  

u n i t  i n s t a l l a t i o n  o f  f a c t o r y  r e a d y  u n i t s .  

Underground l a y i n g  makes wide  u s e  o f  d e s i q n s  on a p i l e  

I o u ~ ~ d a t i o n ,  low l a y i n g  a t  a  h e i g h t  o f  up  t o  1 . 2  meters above  t h e  

g r o u n d ,  and  r o l l e r  and  b a l l  s u p p o r t s  f o r  t h e  p i p e  s y s t e m s .  

I O p e r a t i o n  of  h e a t  s u p p l y  s y s t e m s  

The o r g a n i z a t i o n  s t r u c t u r e  o f  h e a t i n g  ne twork  o p e r a t i o n  i n  

t h e  USSR v a r i e s  a n d  i s  l a r g e l y  d e p e n d e n t  on  l o c a l  c o n d i t i o n s  - t h e  

s i z e  o f  t h e  h e a t  s u p p l y  s y s t e m ,  i t s  o w n e r s h i p ,  t h e  n a t u r e  o f  t h e  

h e a t  u s e r s  a n d  o t h e r  f a c t o r s .  From t h e  o p e r a t i o n a l  p o i n t  o f  v iew 

h e a t  s u p p l y  s y s t e m s  may b e  d i v i d e d  i n t o  3 g r o u p s :  

The f i r s t  g r o u p  i n c l u d e s  h e a t  s u p p l y  s y s t e m s  from c i t y  

blQck b o i l e r  s t a t i o n s  w i t h  w a t e r - h e a t  o r  s t e a m  b o i l e r s .  These  

s y s t e m s  are  u s u a l l y  f u l l y  s e r v i c e d  by r e s i d e n t i a l  o r g a n i z a t i o n s .  

The s e c o n d  g r o u p  i n c l u d e s  a s s o c i a t i o n s  o f  c i t y  b l o c k  and  

r e g i o n a l  b o i l e r  s t a t i o n s  a n d  t h e  h e a t i n g  n e t w o r k s  f rom them, 

c o n t r o l l e d  by  t h e  same management. 

The t h i r d  g r o u p  i n c l u d e s  h e a t  s u p p l y  s y s t e m s  from g e n e r a l  

p u r p o s e  HPP's  o r  i n d u s t r i a l  HPP's .  I n  t h i s  c a s e  t h e  HPP's  and  

t h e  h e a t i n g  n e t w o r k s  f rom them a re  s e r v i c e d  by  v a r i o u s  U S S R  

Minenergo  power s y s t e m  e n t e r p r i s e s .  The h e a t i n g  ne twork  o p e r a t i o n  

e n t e r p r i s e ,  r e c e i v i n g  t h e r m a l  e n e r g y  f rom t h e  HPP, p r o v i d e s  

t r a n s p o r t a t i o n  o f  t h e  e n e r g y  t h r o u g h  e x t e r n a l  n e t w o r k s ,  d i s t r i -  

b u t i o n  t o  t h e  h e a t i n g  p o i n t s  o f  t h e  u s e r s  and m o n i t o r i n g  o f  i t s  

u s e .  The r e l e a s e  o f  t h e  h e a t  i s  pe r fo rmed  i n  a c c o r d  w i t h  a g r e e -  

ments '  which  s t i p u l a t e  t h e  m u t u a l  o b l i g a t i o n s  o f  t h e  p a r t i e s .  



Normal heat supply is possible only with strict observation 

of the hydraulic conditions of each of the users. 

In large heat supply systems there is usually a two-stage 

dispatcher control plan - a central dispatcher point and a re- ' 

gional dispatcher point. Monitoring of the operation and con- 

dition of the equipment in the users' installations is provided 

through combined di~~atcher.~oints (CDP's), subordinate to the 

resideqtial organizations. In this case from one point (CDP) 

monitoring of the operation of several tens of subscriber heatjng 

points is organized. 

Within a large municipal operational organization there 

are usually several operational regions. The main problems of 

the operational region are: organization of observations of 

the technical condition of the networks, prophylactic maintenance 

on them, distribution of circulating water to subscribers and 

monitoring of its use. 

In accord with the.se problems the operational region should 

have an on-duty service and maintenance and operational personnel. 

The. performance of large-scale maintenance operations involving 

I laying of underground pipe systems is usually accomplished 

either by specialized construction-installation organizations 

or by the maintenance shop of the operational service. 
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INTRODUCTION . . .  
. . 

The modern s t a g e  o f ' d e v e l o p m e n t  o f  e n e r g e t i c s  i n  t h e  U'SSR 

a n d  t h r o u g h o u t  t h e  w o r l d  i s  c h a r a c t e r i z e d  by e x p a n s i o n  o f  i t s  

f u e l  b a s e  b y  u t i l i g a t i o n  o f  n u c l e a r  f u e l  f o r  p r o d u c t i o n  o f  

e l e c t r i c a l  e n e r g y .  

c o n s i d e r i n g  t h a t  a t  t h e  p r e s e n t  t i m e  a b o u t  40% o f  f o s s i l  

f u e l  i s  b e i n g  consumed f o r  t h e  p r o d u c t i o n  o f  t h e r m a l  e n e r g y ,  

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

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

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

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

b a s i s  o f  n u c l e a r  s o u r c e s  i s  o f  g r e a t  i n t e r e s t  f i r s t  o f  a l l  f r o m  

t h e  p o i n t  o f  v i e w  o f  r e p l a c e m e n t  o f  scarce f o s s i l  f u e l  ( g a s ,  

m a z u t ,  c o a l )  w i t h  n u c l e a r  f u e l .  

By 1 9 9 0  we e x p e c t  a  s i g n i f i c a n t  i n c r e a s e  i n  t h e  h e a t  demand.  

I n  s t r u c t u r e  o f  h e a t i n g  l o a d s  t h e  m a i n  t y p e  o f  c e n t r a l i z e d  h e a t  

s u p p l y  s o u r c e s  c o n t i n u e s  t o  b e  i n d u s t r i a l - h e a t i n g  h e a t - a n d - p o w e r  

p l a n t s  ( H P P ' s )  a n d  b o i l e r  s t a t i o n s  w i t h  a l o a d  r a n g e  f r o m  500 

t o  5000  G c a l / h r ;  h e r e  t h e  m a j o r i t y  o f  t h e s e  p l a n t s  w i l l  h a v e  

a  p r e d o m i n a n t  h e a t i n g  l o a d  i n  h o t  w a t e r .  

A t  t h e  p r e s e n t  l e v e l s  ' o f  f o s s i l  f u e l  a n d  e l e c t r i c a l  e n e r g y  

c o s t s  i n  t h e  USSR i t  i s  e c o n o m i c a l l y  f a v o r a b l e  i n  t h e  E u r o p e a n  

p a r t  o f  t h e  USSR t o  u s e  n u c l e a r  HPP ' s  ( N H P P ' s ) ,  b e g i n n i n g  w i t h  

a h e a t i n g  l o a d  i n  h o t  w a t e r  o f  1 5 0 0  G c a l / h r  a n d  o v e r  a n d  n u c l e a r  

h e a t  s u p p l y  s t a t i o n s  ( N H S ' s )  i n  t h e  600-1500 G c a l / h r  l o a d  r a n g e .  

The  r e c e n t  t e n d e n c y  f o r  i n c r e a s e  i n  t h e  c o s t  o f  f o s s i l  f u e l ,  

e s p e c i a l l y  g a s  a n d  m a z u t ,  l e a d s  t o  a d e c r e a s e  i n  t h e  minimum 

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

I n  a d d i t i o n ,  w i t h  s i g n i f i c a n t  u n i t  c a p a c i t i e s  o f  t h e  h e a t  

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

w i t h  f o s s i l  fue .1 ,  w e  h a v e  t h e  p r o b l e m  o f  p r o t e c t i o n  o f  t h e  p u r i t y  

o f  t h e  a i r  b a s i n ,  p r o v i d i n g  r a i l w a y  t r a n s p o r t  f o r  f u e l  s u p p l y ,  

c o n s t r u c ' t i o n  o f  t a l l  s t a c k s ,  e t c .  T h e  u s e  o f  n u c l e a r  s o u r c e s  

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

I n  1 9 7 3  t h e  B i l i b i n o  N u c l e a r  HPP w i t h  c a p a c i t y  o f  48 M W ,  

t h e  f i r s t  i n  t h e  USSR, w a s  p u t  i n t o  o p e r a t i o n  w i t h  maximum h e a t  

o u t p u t  o f  1 0 0  G c a l / h r .  



A t  t h e  p r e s e n t  t i m e  p r e p a r a t o r y  o p e r a t i o n s  a r e  underway 

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

n u c l e a r  HPP 's ,  c o n d e n s a t i o n - c o g e n e r a t i o n  n u c l e a r  power s t a t i o n s  

I1 and  n u c l e a r  h e a t  s u p p l y  s t a t i o n s .  

11 B e l o w  w e  examine t h e  main d e s i g n  p r o p o s a l s ,  s e l e c t i o n  o f  
equ ipmen t ,  s a f e t y  p rob lems  and  o t h e r  p rob lems  o f  c r e a t i n g  n u c l e a r  

h e a t  s u p p l y  s o u r c e s .  

1 NUCLEAR HPP's  ~ 
P r o c e e d i n g  from p r e s e n t  o p e r a t i n g  e x p e r i e n c e  c o n c e r n i n g  

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

a n d  t h e i r  t e c h n i c a l - e c o n o m i c  c h a r a c t e r i s t i c s ,  f o r  n u c l e a r  HPP's 

a t  t h e  l e v e l  o f  up t o  1990 t h e  i n s t a l l a t i o n  o f  WER-1000 and  

WER-500 r e a c t o r s  i s  p l a n n e d .  

I t  i s  p r o p o s e d  t h a t  ' t h e  c o m p o s i t i o n  o f  t h e  t u r b i n e  equ ipmen t  

f o r  NHPP's b e  chosen  i n  a c c o r d  w i t h  t h e  c a p a c i t y  o f  t h e  r e a c t o r s  

w i t h  t h e  p o s s i b i l i t y  o f  c r e a t i n g  r e a c t o r - t u r b i n e  b l o c k s ,  f o r  

t h e  WER-500 and  r e a c t o r - t w o  t u r b i n e  b l o c k s  f o r  t h e  WER-1000. 

T h e s e  t u r b i n e s ,  h a v i n g  l a r g e  c o g e n e r a t i o n  b l e e d s ,  a r e  n o t  p r e -  

s e n t l y  p roduced  by t h e  i n d u s t r y  o f  t h e  USSR. 

The s p e c i a l  c o g e n e r a t i o n - c o n d e n s a t i o n  a n d  c o g e n e r a t i o n  t u r -  

b i n e s ,  t y p e  TK-500-60 a n d  T-500-60 are b e i n g  d e v e l o p e d .  T h e .  

t u r b i n e s  are c h a r a c t e r i z e d  by t h e  l e v e l  o f  t h e  maximum h e a t i n g  

I b l e e d  a n d  t h e  minimum s t e a m  p a s s a g e  t o  t h e  c o n d e n s e r .  

They have  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  

L i v e  s t e a m  p r e s s u r e  60 kg/cm 
2 

~ a t k d  e l e c t r i c a l  c a p a c i t y  500 t h o u s .  kW 

R o t a t i o n  r a t e  3000 rpm 

Steam consumpt ion  t o  t u r b i n e  3200 t / h r  

Maximum h e a t i n g  l o a d  

- f o r  t h e  TKr500 t u r b i n e  

- f o r  t h e  T-,500 t u r b i n e  900 G c a l / h r  

Two-block and  f o u r - b l o c k  NHPP's a r e  examined w i t h  WER-1000 

and  WER-500 r e a c t o r s ,  d e s i g n e d  t o  c o v e r  a  t o t a l  h e a t i n g  l o a d  

f rom 1500 t o  6000 G c a l / h r  a t  a c o g e n e r a t i o n  c o e f f i c i e n t  o f  0 .6  

( the  r a t i o  o f  t h e  thermal power o f  the  NHPP turbines t o  the  
t o t a l  h e a t  demand) .  



F o r  p e a k - r e s e r v e  s t a t i o n s  i t  is p l a n n e d  t o  u s e  e x i s t i n g  and 

new b o i l e r  s t a t i o n s  o p e r a t i n g  on f o s s i l  f u e l ,  t h e  y e a r l y  

consumpt ion  of  which  h e r e  w i l l  be  a b o u t  10-15% of  t h e  t o t a l  

consumption i f  t h e r e  were no n u c l e a r  sources.  

The v a r i a n t s  w i t h  WER-1000 r e a c t o r s  p r o v i d e  f o r  i n s t a l l a -  

t i o n  o f  two T-500 o r  TK-500 t u r b i n e s  p e r  b l o c k ,  w i t h  WER-500 r e a c -  

tors f o r  e a c h  t u r b i n e  o f  t h e  same t y p e  i n  e a c h  b l o c k .  

, T h e  f i r s t  c i r c u i t  i n c l u d e s  t h e  r e a c t o r  and  a  number o f  

s y s t e m s ,  t h e  mos t  i m p o r t a n t  b e i n g  t h e  f o l l o w i n g :  

- The main c i r c u l a t i o n  c i r c u i t ,  . 

-   he f i a s L  c i r c u i t  blowout-makeup s y s t e m ,  

- The emergency s y s t e m s  f o r  c o o l i n g ' o f  t h e  a c t i v e  zone  and 

s u p p r e s s i o n  o f  t h e  p r e s s u r e  i n  t h e  s e a l e d  compar tmen t s  o f  t h e  

f i r s t  c i r c u i t ,  e t c .  

The second '  c i r c u i t  i n c l u d e s  t w o  t u r b i n e  u n i t s  and  t h e  

c o r r e s p o n d i n g  b l o c k  s y s t e m s .  

The n e t w o r k . h e a t i n g  i n s t a l l a t i o n  s y s t e m  f o r m s  t h e  t h i r d  

c i r c u i t  and  i n c l u d e s  t h e  b l o c k  s y s t e m  f o r  h e a t i n g  and  t r a n s p o r t  

o f  t h e  ne twork  w a t e r  and  t h e  g e n e r a l  s t a t i o n  h e a t i n g  ne twork  

make-up sys t em.  

The h e a t i n g  o f  t h e  ne twork  w a t e r  i s  a c c o m p l i s h e d  s u c c e s s i v e -  

l y  i n  two s t a g e s  by 0.4-2.0  a tm and  0 .6-3 .0  a tm b l e e d  s t e a m .  

Fo r  e a c h  TK-500 t u r b i n e  t h e r e  a r e  f o u r  ne twork  p r e h e a t e r s ,  two 

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

S t a g e . 1  a n d  I1 ne twork  pumps a r e  p r o v i d e d .  The p r e s s u r e  

o f  t h e  ne twork  w a t e r  a f t e r  t h e  f i r s t  ne twork  pump s t a g e  i s  g r e a t e r  

t h a n  t h e  maximum p o s s i b l e  p r e s s u r e  o f  t h e  u p p e r  h e a t i n g  b l e e d ,  

which  e x c l u d e s  e n t r y  o f  r a d i o a c t i v i t y  i n t o  t h e  ne twork  w a t e r  on 

l o s s  o f  s e a l  o f  t h e  ne twork  w a t e r  h e a t e r  s u r f a c e .  

The r e a c t o r  p o r t i o n  o f  eac'h b l o c k  c o n s i s t s  0 f . a  s e a l e d  p ro -  

t e c t i v e  s h e l l  d e s i g n e d  f o r  f u l l  p r e s s u r e  on emergency o u t f l o w  

o f  t h e  f i r s t  c i r c u i t  h e a t  c a r r i e r  and  a  p e r i p h e r a l  volume,  a d j a c e n t  

t o  t h e  s h e l l ,  a l l  on a  r i g i d  p l a t f o r m  b a s e .  

The l a y o u t  o f  t h e  machine  h a l l  i s  examined w i t h  t r a n s v e r s e  

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

The equ ipmen t  l a y o u t  o f  a  main b u i l d i n g  w i t h  VVER-500 r e a c t o r s  

may have  t h e  same b a s i c  d e s i g n s  a s  w i t h  WER-1000 r e a c t o r s  w i t h  . 

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



An NHPP with two WER-1000 reactors and four TK-500 turbines 

may put out to the user a maximum of 1800 Gcal/hr respectively 

without consideration of peak sources. 

Depending on the users' heating load levels, for this type 

of point the installation of the corresponding equipment at 

NHPP's may be recommended. Here the selection of the main equip- 

lment may largely depend on the space conditions of the region 

where construction of the NHPP is planned. For example, with 

unfavorable heat removal (cooling) conditions and a small in- 

crease in the electrical loads in the given region it may prove 

economically practical to install WER-500 reactors with T-500 

turbines, which at the same heat output require half the cooling 

water of NHPP's with TK-500 turbines. 

At the present time nuclear HPP's are planned at a signifl- 

cant distance from the prospective city limits. Meeting this 

condition requires procurement of a large quantity of pipe to 

lay the heating network mains. For example, transport of 1800 

Gcal/hr of heat in hot water at a temperature of 120-130°C from 

an NHPP with capacity of 2.0 million kW requires up to two thousand 

tons of large diameter pipe to lay each km of heating system main. 

This great consumption of metal and large diameter pipes 

for transport of heat from NHPP's should be taken into considera- 

tion in solving questions concerning planning of the direction 

of development of NHPP1s and NHS1s. Variants of increasing the 

temperature of the network water from the HPP's are being examined 

in order to decrease the consumption of metal on heating networks, 

as well as systems with open hot water collection with a single- 

pipe network. 

Many years of operating experience with nuclear power sta- 

tions, both in the USSR and abroad, shows that stations with 

water-water reactors during normal operation have comparatively 

low radioactivity of the heat carrier in the first circult, 

as well as low discharges of radioactivity through the ventila- 

tion stack, which provides good station safety with practically 

no unfavorable effect on the environment and population. 

Even when making all unfavorable aksumptions in the pro- 

jects, the calculations show that the operating discharges, as 

iodine, from the two power units of an NHPP with WER-1000, are 



1 0  t h a n  s t i p u l a t e d  by t h e  " S a n i t a r y  r u l e s " .  

T h u s  we may a s s u m e  t h a t  t h e  t o t a l  d i s c h a r g e  o f  r a d i o a c t i v i t y .  

f r o m  NHPP' s w i l l  b e  i n s i g n i f i c a n t ,  a t  t h e  l e v e l  of  s e v e r a l .  p e r -  

c e n t  o f  t h e  a l l o w a b l e . ,  

NHPP d e v e l o p m e n t s  a l s o  c o n s i d e r  v a r i o u s  e m e r g e n c y  c o n d i t i o n s  - 
w h i c h  may a r i se  d u r i n g  o p e r a t i o n .  

T h e  maximum e m e r g e n c y  i s  c o n s i d e r e d  t o  b e  i n s t a n t a n e o u s  

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

o f  850  mm. 

I n  o r d e r  t o  p r o v i d e  s a f e t y  i n  t h i s  emerger icy  s i t u a t i o n  

t h e r e  a r e  v a r i o u s  p r o t e c t i v e  d e v i c e s ,  t o  l i m i t  t h e  damage o f  t h e  

a c t i v e  z o n e  o f  t h e  r e a c t o r ,  a n d  l o c a l i z i n g  d e v i c e s ,  t o  l i m i t  

t h e  s p r e a d  o f  r a d i o a c t i v e  s u b s t a n c e s .  

A l l  t h e  s y s t e m s  r e s p o n s i b l e  f o r  s t a t i o n  s a f e t y  a r e  d e s i g n e d  

w i t h  h i g h  s a f e t y  f a c t o r s ,  a r e  c o m p l e t e l y  i n d e p e n d e n t  o f  e a c h  

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

The  d o s e s  o f  i n t e r n a l  a n d  e x t e r n a l  i r r a d i a t i o n  o f  t h e  popu-  

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

maximum e m e r g e n c y  c o n s i d e r e d  w i l l  b e  s i g n i f i c a n t l y  less t h a n  t h a t  

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

I n  o r d e r  t o  b r i n g  n u c l e a r  H P P ' s  c l o s e r  t o  t h e  h e a t  u s e r s  

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

NHPP's are  b e i n g  s t u d i e d .  

The  n e t w o r k  wa . t e r  h e a t i n g  s y s t e m s  a t  NHPP's e x c l u d e  t h e  

p o s s i b i l i t y  o f  r a d i o a c t i v e  c o n t a m i n a t i o n  o f  t h e  n e t w o r k  water 

b o t h  d u r i n g  nor.ma1 o p e r a t i o n  a n d  d u r i n g  e m e r g e n c i e s ,  f o r  w h i c h  

t h e  NHPP ' s h a v e  : 

- A t h r e e - c i r c u i t  h e a t  o u t p u t  s y s t e m ;  

- H e a t i n g  o f  t h e  n e t w o r k  water  by  t u r b i n e  b l e e d  steam i s  

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

work  p r e h e a t e r s ;  

- P r e s s u r e  of t h e  h e a t i n g  medium ( b l e e d  steam) b e l o w  t h e  

p r e s s u r e  o f  t h e  n e t w o r k  w a t e r ;  

- D i s c o n n e c t i o n  d e v i c e s  ( v a l v e s )  a re  p r o v i d e d ,  a u t o m a t i c a l l y  

d i s c o n n e c t i n g  t h e  b l e e d  s t e a m  t o  t h e  h e a t  e x c h a n g e r s  d u r i n g  o p e r a -  

t i o n  o f  t h e  e m e r g e n c y  p r o t e c t i o n  o f  t h e  reactor a n d  o n  d e c r e a s e  

o f  t h e  n e t w o r k  w a t e r  p r e s s u r e  b e l o w  t h e  p r e s s u r e  o f  t h e  h e a t i n g  



medium. D u p l i c a t e d  v a l v e s  a r e  i n s t a l l e d  on t h e  ne twork  w a t e r  

p i p e  s y s t e m s ,  d i s c o n n e c t i n g  t h e  c o g e n e r a t i o n  equ ipmen t  on 

a p p e a r a n c e  o f  r a d i o a c t i v i t y  i n  t h e  ne twork  w a t e r  and  o n  d e c r e a s e  

o f  t h e  ne twork  w a t e r  p r e s s u r e  be low t h e  h e a t i n g  medium p r e s s u r e ,  

t h e r e  i s  c o n t i n u o u s  m o n i t o r i n g  o f  t h e  r a d i o a c t i v i t y  o f  t h e  n e t - '  

work water a n d  t h e  h e a t i n g  medium o f  t h e  s econd  c i r c u i t  and  t h e  

c o r r e s p o n d i n g  w a r n i n g  a n d  emergency s i g n a l s  a r e  t r a n s m i t t e d .  

C a l c u l a t i o n s  show t h a t  NHPP's w i t h  WER-1000 r e a c t o r s  have 

b e t t e r  c h a r a c t e r i s t i c s  a n d  t h a t  t h i s  t y p e  o f  r e a c t o r  w i l l  a p p a r e n t l y  

be t h e  b a s i s  f o r  s o l u t i o n  o f  t h e  problem o f  c e n t r a l i z e d  h e a t  

s u p p l y  f rom n u c l e a r  HPP's  up '  t o  1'990. 

PROBLEMS OF INDUSTRIAL STEAM SUPPLY FROM NHPP's 

Steam t a k e o f f  d i r e c t l y  f rom t h e , . . t u r b i n e  b l e e d s  f o r  i n d u s -  

t r i a l  p r o c e s s  n e e d s  i s  u n a l l o w a b l e . d u e  t o  p o s s i b i l i t y  o f  r a d i o -  

a c t i v i t y  on l e a k a g e  o f  s t e a m  g e n e r a t o r  t u b e s .  Thus i n  o r d e r  

t o  o b t a i n  and  s e n d  o u t  i n d u s t r i a l  s t e a m ,  t h e  NHPP s y s t e m  s h o u l d  

i n c l u d e  a  t h i r d  c i r c u i t  w i t h  s t e a m  c o n v e r t e r s .  

Us ing  t h i s  s y s t e m  t h e  p r e s s u r e  o f  t h e  i n d u s t r i a l  s t e a m  

( t h i r d  c i r c u i t )  i s  less t h a n  t h e  p r e s s u r e  o f  t h e  h e a t i n g  s t e a m .  

I n  a n  emergency s i t u a t i o n  on b u r s t i n g  o f  p i p e l i n e s  o r  s t e a m  

c o n v e r t e r  c o l l e c t o r s ,  t h e  t h i r d  c i r c u i t  may r e c e i v e  s t e a m  from 

t h e  s e c o n d  c i r c u i t  f o r  t h e  t i m e  n e c e s s a r y  f o r  l o c a l i z a t i o n  o f  

t h e  problem.  Here, e v a l u a t i o n s  show t h a t  t h e  i n t e g r a t e d  d i s -  

c h a r g e  of  r a d i o a c t i v i t y  w i l l  n o t  e x c e e d  t h e  a n n u a l  i n t a k e  (A11 

s t i p u l a t e d  by t h e  norms . .  

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

u s i n g  t h i s  s y s t e m  i s  d e t e r m i n e d  by  t h e  p r e s s u r e  o f  t h e  b l e e d  

s t e a m  e n t e r i n g  t h e  e v a p o r a t o r  and  by t h e  l e v e l  o f  h e a t i n g  n e c e s -  

s a r y  t o  p r o v i d e ' t r a n s p o r t  o f  t h e  s t e a m , ,  s i n c e  on  i n c r e a s e  o f  t h e  

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

p o s s i b l e  h e a t i n g  by t h e  l i v e  steam. 

Assuming t h a t  t h e  t e m p e r a t u r e  o f  t h e  l i v e  s t e a m  a h e a d  o f  t h e  

t u r b i n e  i s  274"C, t h e  maximum t e m p e r a t u r e  o f  h e a t i n g  o f  t h e  o u t -  

p u t  s t e a m  may n o t  b e  o v e r  260-265OC. 

. A n a l y s i s  o f  t h e  i n d u s t r i a l  l o a d s  o f  t h e  u s e r s  shows t h a t  

t h e  g r e a t e s t  steam demand i s  f o r  s t e h  w i t h  a  p r e s s u r e  o f  1 0  
2  t o  1 3  kg/cm a t  t h e  u s e r .  I n  o r d e r  t o  p r e v e n t  c o n d e n s a t i o n  o f  



m o i s t u r e  d u r i n g  t r a n s p o r t  o f  steam t h r o u g h  t h e  u s e r s '  n e t w o r k s ,  

l e a d i n g  t o  h y d r a u l i c  s h o c k s  i n  t h e  n e t w o r k s ,  t h e  s t e a m  s h o u l d  

e n t e r  t h e  u s e r s '  h e a t i n g  p o i n t s  i n  a  s u p e r h e a t e d  s t a t e ,  s u p e r -  

h e a t e d  by  30-50°C w i t h  r e s p e c t  t o  t h e  s a t u r a t i o n  t e m p e r a t u r e  a t  

t h e  f i n a l  p r e s s u r e .  

H y d r a u l i c  a n a l y s e s  o f  t h e  s t e a m  s y s t e m s  show t h a t  s t e a m  

a t  1 8  kg/cm2 and  260°C may b e  t r a n s m i t t e d  f rom t h e  NHPP t o  t h e  

u s e r s '  h e a t i n g  p o i n t  f o r  a  d i s t a n c e  o f  up  t o  7 km w i t h  f i n a l  

p a r a m e t e r s  o f  13 kg/cm2 a n d  235OC. 

D e c r e a s e  o f  t h e  f i n a l  p a r a m e t e r s  o f  t h e  s t e a m  a t  t h e  i n d u s -  

t r i a l  h e a t i n g  p o i n t s  t o  1 0  kg/cm2 and  215'C makes i t  p o s s i b l e  t o  

i n c r e a s e  t h e  d i s t a n c e  o f  t r a n s p o r t  o f  t h e  steam t'o 11 km a t  a n  
2  2  

i n i t i a l  p r e s s u r e  o f  1 8  kg/cm and  1 2  km a t  22 kg/cm . 
T a k i n g  t h e  above  i n t o  c o n s i d e r a t i o n ,  it a p p e a r s  p o s s i b l e  

f o r  a n  NHPP w i t h  w a t e r - w a t e r  r e a c t o r s  t o  p r o d u c e  i n d u s t r i a l  s t e a m  

a t  h i g h  f l o w  r a t e s  f o r  l a r g e - s c a l e  i n d u s t r y  o u t s i d e  t h e  c i t y  

a n d  a t  a  d i s t a n c e  o f  n o t  o v e r ' l 0  km f rom t h e  NHPP. .Here t h e  

i n d u s t r y  s h o u l d  u s e  s t e a m  o f  r e l a t i v e l y  low p a r a m e t e r s ,  and  

r e g u l a r l y  t h r o u g h o u t  t h e  d a y  and  y e a r .  

CONDENSATION-COGENERATION NUCLEAR POWER STATIONS 

The problem o f  u s i n g  l a r g e  c o n d e n s a t i o n  t u r b i n e s  i n s t a l l e d  

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

u s e r s  f rom u n r e g u l a t e d  b l e e d s  i s  c o n s i d e r e d .  

S o v i e t  i n d u s t r y  i s  p r e s e n t l y  p r o d u c i n g  t h e  K-500-60/1500 

c o n d e n s a t i o n  t u r b i n e  f o r  n u c l e a r  power s t a t i o n s  w i t h  WER-1000 

r e a c t o r s ;  t h e  K-1000-60/1500 t u r b i n e  i s  i n  t h e  p r e p a r a t i o n  s t a g e .  

These  t u r b i n e s  a r e  p r o v i d e d  w i t h  a  s m a l l  h e a t  o u t p u t  up t o  

6 0 ' G c a l / h r ,  which  i s  u s e d  f o r  h e a t i n g  o f  t h e  b u i l d i n g s  o f  t h e  

nuclear power s t a t i o n  and residential s i t e .  

The h e a t  o u t p u t  f rom t h e  u n r e g u l a t e d  b l e e d  o f  t h e  K-1000- 

60/1500 t u r b i n e  may b e  i n c r e a s e d  t o  200 ~ c a l / h r  w i t h o u t  modif i- 

c a t i o n  o f  t h e  t u r b i n e ;  h e r e  i t  i s  n e c e s s a r y  t o  i n s t a l l  a  t h r e e -  

s t a g e  b o i l e r  s y s t e m ,  which  n e c e s s i t a t e s , c h a n g i n g  o f  t h e  l a y o u t  

a n d  c e r t a i n  s t r u c t u r a l  c h a n g e s .  I t  i s  a l s o  p o s s i b l e  i n  p r i n c i p l e  

t o  i n c r e a s e  t h e  h e a t  o u t p u t  f rom t h i s  t u r b i n e  t o  400-500 G c a l / h r .  

T h i s ,  however ,  r e q u i r e s  s i g n i f i c a n t  m o d i f i c a t i o n  o f  t h e  d e s i g n  

and  t h e r m a l  s y s t e m  o f  t h e  equ ipmen t .  



p r o c e e d i n g  f rom t h e  above ,  . t h e  u s e  o f  c o n d e n s a t i o n  n u c l e a r  

power s t a t i o n s  a p p e a r s  f a v o r a b l e  for h e a t  s u p p l y  t o  n e a r b y  popu- 

l a t e d  areas w i t h  m o d e r a t e  h e a t i n g  l o a d s .  F o r  example ,  a  n u c l e a r  

power s t a t i o n  w i t h  c a p a c i t y  o f  2000 MW ( 2 x ~ - 1 0 0 0 - 6 0 / 1 5 0 0 )  may 

w i t h o u t  s i g n i f i c a n t  m o d i f i c a t i o n  h a n d l e , .  t o g e t h e r  w i t h  peak  ' 

s o u r c e s ,  t h e  r e s i d e n t i a l  a n d i n d u s t r i a l  h e a t i n g  l o a d s  i n  h o t  w a t e r  

o f  a  c i t y  w i t h  p o p u l a t i o n  o f  200 t o  250 t h o u s a n d .  

C a l c u l a t i o n s  show t h e  economic  f e a s i b i l i t y  o f  u s i n g ' u n r e g u -  

l a t e d  b l e e d s  o f  n u c l e a r  power s t a t i o n '  c o n d e n s a t i o n  t u r b i n e s  t o  . 

p r o v i d e  an  i n c r e a s e d  h e a t  o u t p u t .  

NUCLEAR HEAT SUPPLY STATIONS 

One o f  t h e  main t a s k s  i n  s o l v i n g  p r o b l e m s  o f  c e n t r a l i z e d  

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

' t h e i r  maximum p r o x i m i t y  t o  u s e r s  o f  t h e r m a l  e n e r g y .  

T h i s  c o n d i t i o n  may be mos t  f u l l y  m e t  by t h e  n u c l e a r  h e a t  

s u p p l y  s t a t i o n  (NHS) v a r i a n t  p r e s e n t l y  b e i n g  d e v e l o p e d  i n  t h e  

USSR, wh ich  i s  d e s i g n e d  t o  p r o d u c e  o n l y  t h e r m a l  e n e r g y  w i t h  

t r a n s m i s s i o n  o f  h o t  w a t e r  w i t h  a  maximum t e m p e r a t u r e  t o  150°C 

t o  u s e r s .  The p u r p o s e  o f  t h e  NHS p e r m i t s  u s  t o  c o n s i d e r  t h e  

u s e  o f  a l o w - p o t e n t i a l  r e a c t o r  o f  r e l a t i v e l y  low c a p a c i t y .  

The t h e r m a l  c a p a c i t y  o f  o n e  o f  t h e  r e a c t o r  v a r i a n t s  i s  

500 MW (430  G c a l / h r ) .  

An NHS w i t h  t w o  s u c h  u n i t s  i s  b e i n g  c o n s i d e r e d ,  wh ich  

t o g e t h e r  w i t h  peak  h e a t  s o u r c e s  may c o v e r  a t o t a l  r e g i o n a l  h e a t i n g  

l o a d  o f  a b o u t  1500  G c a l / h r .  

The r e a c t o r  i s  a  h e t e r o g e n e o u s  i n t e g r a l  w a t e r - w a t e r  d e v i c e .  

The p r e s s u r e  i n  t h e  r e a c t o r  i s  p r o v i d e d  and  m a i n t a i n e d  by 

a steam b y s t e m ,  b u i l t  i n t o  t h e  r e a c t o r ,  f o r  p r e s s u r e  compensa t ion  

b y  p a r t i a l  b o i l i n g  o f  t h e  h e a t  car r ier  i n  t h e  u p p e r  p a r t  o f  t h e  

a c t i v e  zone .  

The NHS o p e r a t e s  on a t h r e e - c i r c u i t  s y s t e m  (ma in ,  i n t e r m e d i a t e  

a n d  ne twork  c i r c u i t s ) ;  t h e  p r e s s u r e  i n  t h e  i n t e r m e d i a t e  c i r c u i t  

i s  lower t h a n  i n  t h e  ne twork  c i r c u i t ,  wh ich  e x c l u d e s  l e a k a g e  

i n t o  t h e  ne twork  water s e n t  t o  t h e  u s e r .  The u s e  o f  n a t u r a l  

c i r c u l a t i o n  o f  t h e  h e a t  carr ier  i n  t h e  f i r s t  c i r c u i t  p e r m i t t e d  

l a y o u t  o f  a l l  t h e  main c i r c u l a t i o n  c i r c u i t  i n s i d e  a s i n g l e  s h e l l  



with outlet from it of dniy small-make-up and blowout pipe systems 
. . 

of the first circuit and the pipes of the intermediate circuit. 

The intermediate circuit is nonradioactive, consisting of 

three heat bleed loops from the reactor and transmission of it 

to the 'network wate,r. 

The consumption of network water in the heat mains from the 

NHS will be about 10,000 t/hr and will depend on the connection 

system to the heating networks of the NHS and the peak sources. 

In. project developments of NHS's additional measures are 

considered to assure safety in bringing nuclear installations near 

large citites. 

The main building of an NHS with output of 860 Gcal/hr con- 

sists of the reactor divisions of two blocks, a special built-in 

water treatment plant, shops with a fresh fuel unit and a water 

treatment unit. 

A total demand for make-up water at an NHS with considera- 

tion of the consumption for chemical water treatment, SVO [sedi- 

mentation water treatment?], and potable water needs is only 
3 

500 to 600 m /hr with location of 50% of the heat network make-up 

installation at the NHS and a closed hot water supply system. 

The proximity of NHS's to large cities and connection of the 

users with the station through the network water very acutely 

poses the problem of assuring radiation safety. 

The main requirements are: 

- Exclusion of dangerous gaseous discharges of radioactivity; 
- Assuring safety in emergency situations; 
- Reliability of the cooling of the active zone under all 

operating conditions; 

- Full exclusion of the possibility of entry of radioactivity 
into the network water. 

The low parameters of the heat carrier of the first circuit 

and the low reactor capacity permit significant simplification 

of the design of the reactor itself and the system of the instal- 

lation which,'on the whole, makes it possible to solve the problem 

of ensuring safety at a qualitatively higher level. 

The operation of the active zone of an NHS reactor is 

characterized by significantly less heat stress than at nuclear 

power stations, which creates fewer possibilities of damage 



t o  t h e  f u e l  elemerlts, and  a s  a  r e s u l t  o f  which  i t  a p p e a r s  
, . . .  , + %  , . . .. . .. - 

. , - I  

a l l d w a l j l e  ' to  o p e r a t e  t h e  NHSts w ' i th  a ' s m a l l e r  number o f  u n s e a l e d  :' 
. , 

f u e l  e l e m e n t s  ( h e a t - e m i t t i n g  e l e m e n t s ) .    ere t h e  c a l c u l a t e d  

s p e c i f i c  a c t i v i t y  o f  t h e  h e a t  c a r r i e r  o f  t h e  main  c i r c u i t  i s  1 

o r  2 o r d e r s  o f  m a g n i t u d e  be low t h e  s p e c i f i c  a c t i v i t y  assumed f o r  

a  n u c l e a r  power s t a t i o n ,  and  t h e  c a l c u l a t e d  d i s c h a r g e  o f  r a d i o -  

a c t i v i t y  t o  t h e  a t m o s p h e r e  d u r i n g  no rma l  o p e r a t i o n  o f  t h e  MHS 

i s  less t h a n  1 c u r i e - d a y .  ' 

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

bounda ry  o f  t h e  s a n i t a r y - p r o t e c t i v e  zone  d u r i n g  normal  o p e r a t i o n  

o f  t h e  NHS d u e  t o  d i s c h a r g e  o f  r a d i o a c t i v e  p r o d u c t s  t h r o u g h  t h e  

v e n t i l a t i o n  s t a c k  . d o e s  n o t  e x c e e d  1% o f  t h e  d o s a g e  c r e a t e d  by  

t h e  n a t u r a l  background  a t  t h e  s i t e .  

Due t o  t h e  f a c t  t h a t  t h e  e n t i r e  main c i r c u l a t i o n  c i r c u i t  

i s  l o c a t e d  i n s i d e  t h e  r e a c t o r  h o u s i n g  t h e  maximum p i p e l i n e  which  

may l e a k  a n d  l e a d  t o  d i s c h a r g e  o f  t h e  r a d i o a c t i v e  h e a t  c a r r i e r  . 

o f  t h e  f i r s t  c i r c u i t  i n  t h e  NHS b u i l d i n g  i s  d e t e r m i n e d  by t h e  

a u x i l i a r y  make-up s y s t e m s  - t h e  b lowou t  o f  t h e  f i r s t  c i r c u i t  

a n d .  i t s  d i a m e t e r  i s  e v a l u a t e d  a t  8 0 - 1 0 0  mm w i t h  a  n a r r o w i n g  d e v i c e :  

a b o u t  32  mrn. . . 

I n  e ' v a l u a t i n g  t h e  d o s e s  o f  i r r a d i a t i o n  o f  t h e  p o p u l a t i o n  

w i t h  a  s a f e t y  f a c t o r  i t  i s  assumed t h a t  a s  a  r e s u l t  o f  a  maximum 

emergency t h e r e  w i l l  b e . l e a k a g e  o f  1 0 %  o f  t h e  f u e l  e l e m e n t  s h e l l s : .  

Here t h e  c a l c u l a t e d  t o t a l  d o s a g e  o f  i r r a d i a t i o n  o f  t h e  

p o p u l a t i o n  a t  a  d i s t a n c e  o f  1000  meters from t h e  s i t e  o f  d i s c h a r g e  

i s  less t h a n  t h e  n a t u r a l  background o f  t h e  s i t e .  . . 

Among t h e  m e a s u r e s  p r o v i d i n g  p r o t e c t i o n  o f  t h e  ne twork  

w a t e r  a g a i n s t  t h e  e n t r y  o f  r a d i o a c t i v i t y  a r e :  

- The t h r e e - c i r c u i t  ne twork  w a t e r  h e a t  t r a n s m i s s i o n  s y s t e m ;  

1 - C o n t i n u a l  b lowou t  o f  t h e  i n t e r m e d i a t e  c i r c u i t  w i t h  c o n t i n u a l  

' m o n i t o r i n g  o f  t h e  r a d i o a c t i v i t y  i n  i t  a n d  d i s c o n n e c t i o n  o f  t h e  

. l o o p  on a p p e a r a n c e ' o f  r a d i o a c t i v i t y ; , '  

- A h i g h e r  p r e s s u r e  i n  t h e  ne twork  c i r c u i t  t h a n  i n  t h e  i n t e r - :  
. . 

I m e d i a t e  c i r c u i t ,  e x c l u d i n g  t h e . e n t r y  o f  r a d i o a c t i v e  w a t e r  i n t o  
' r.  

t h e  h e a t i n g  ne twork  e v e n  d u r i n g  a n  emergency l e a k  o f  t h e  n e t w o r k ' \  

h e a t  e x c h a n g e r s ;  , a  

- D i s c o n n e c t i o n  o f  h e a t  u s e r s  f rom t h e  NHS a u t o m a t i c a l l y  

by o p e r a t i o n  o f  v a l v e s  o n  a  p r e s s u r e  d r o p  i n  t h e  h e a t i n g  ne twork  

w l t h  one - t ime  l e a k a g e  o f  a ne twork  h e a t i n g  s u r f a c e .  



. , 

From t e c h n i c a l - e . c o n o m i c  c o m p a r i s o n s  o f  v a r i a n t s  o f  h e a t  

s u p p l y  s o u r c e s  on  f o s s i l  . a i d ^  n u c l e a r  f u e l  w i t h  a  t o t a l  h e a t i n g  

l o a d  o f  1500  G c a l / h r  i t  f o l l o w s  t h a t :  

- A n u c l e a r  h e a t  s u p p l y  s t a t i o n  w i t h  o u t p u t  o f  860 G c a l / h r  

h a s  lower r e l a t i v e  cos t s  t h a n  a  n u c l e a r  HPP w i t h  500 MW power 

u n i t s ;  

- With c o n s i d e r a t i o n  o f  t h e  t e n d e n c y  f o r  i n c r e a s e d  c o s t  o f  

f o s s i l  f u e l  a n u c l e a r  h e a t  s u p p l y  s t a t i o n  becomes more e f f e c t i v e  

t h a n  HPP's  o r  b o i l e r  s t a t i o n s  on f o s s i l  f u e l .  

I n  c o m p a r i s o n  w i t h  o t h e r  p o s s i b l e  c e n t r a l i z e d  h e a t  s u p p l y  

s o u r c e s  a  n u c l e a r  h e a t  s u p p l y  s t a t i o n  h a s  i t s  a d v a n t a g e s .  Low 

h e a t  car r ier  p a r a m e t e r s  a n d  r e l a t i v e l y  low c a p a c i t y  o f  t h e  

r e a c t o r  u n i t  p e r m i t :  

- S i g n i f i c a n t  s i m p l i f i c a t i o n  o f  t h e  r e a c t o r  d e s i g n  w i t h  

m a n u f a c t u r e  o f  t h e  h o u s i n g  a t  p l a n t s  n o t  h a v i n g  s p e c i a l  e q u i p -  

ment ;  

- A s s u r a n c e  o f  a h i g h  l e v e l  o f  s a f e t y  by a c c e s s i b l e  means;  

- The u s e  o f  m e a s u r e s  t o  p r o t e c t  t h e  main e q u i p m e n t  a g a i n s t  

e x t e r n a l  m e c h a n i c a l  e f f e c t s ;  

- R e d u c t i o n  o f  t h e  d i s t a n c e  o f  t h e  NHS from l a r g e  h e a t  u s e r s  

t o  a d i s t a n c e  o f  2 - 3  km. 

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

x i m i t y  t o  l a r g e  p o p u l a t e d  a r e a s ,  i n  t u r n ,  p e r m i t s :  

- S i g n i f i c a n t  r e d u c t i o n  ( i n  compar i son  w i t h  a n  NHPP) o f  

t h e  c a p i t a l  i n v e s t m e n t  a n d  m e t a l  demand o f  l a r g e  d i a m e t e r  

p i p e s  f o r  c o n s t r u c t i o n  o f  h e a t i n g  ma ins ;  

- S i g n i f i c a n t  d e c r e a s e  o f  t h e  a p p r o p r i a t i o n  o f  v a l u a b l e  

u r b a n  l a n d  f o r  c o n s t r u c t i o n  o f  h e a t  m a i n s ;  

- D i s p l a c e m e n t  f rom t h e  f u e l - e n e r g y  b a l a n c e  o f  t h e  r e g i o n  

o f  f o s s i l  f u e l  w i t h  a n  u n b u r d e n i n g  o f  t h e  f u e l  t r a n s p o r t  l o a d  

i n t o  t h e  c i t y  i n  t h e  amount o f  0 .8  m i l l i o n  t o n s  o f  reference ' 

f u e l  p e r  y e a r ;  

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

a i r  b a s i n ;  

- S i g n i f i c a n t  r e d u c t i o n  o f  t h e  demand f o r  i n d u s t r i a l  p r o c e s s  

w a t e r ,  wh ich  i s  s c a r c e  i n  many c i t i e s .  

G u a r a n t e e s  o f  r a d i a t i o n  s a f e t y  o f  n u c l e a r  h e a t  s u p p l y  s t a t i o n s ,  

. t h e i r  economic  e f f i c i e n c y  and  t h e  a d v a n t a g e s  l i s t e d  above  p e r m i t  



us to consider nuclear heat supply.stat~ons, i n  addiFion to 

nuclear HPP's, to be a promising.source of centralized heat 

supply to residential-public and industrial users. 



YEARLY GRAPH OF HANDLING OF HEATING LOAD 



DIAGRAM OF' HEAT OUTPUT FROM NHPP. 

Figure 2. 



DIAGRAM O F  HEAT OUTPUT FROM NHS 
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5 .  second circuit pump 10. network water pump 1. reactor unit 
2 .  f i r s t  circuit purificatLon pump 6 .  second circuit volume compensator 11. heat carrier mab-up 
3. f i r s t  circuit purification f i l t e r .  7 .  second circuit purification pump deaerator 
4.  second circuit built-in heat 8. second circuit .purl£ ication f i l t e r  12. heat carrier make-up . 

exchanger 9 .  network water heater 

' Figure 3. 



DIAGRAM OF HEAT SUPPLY FROM NHS 

.Diagram of NHS with peak boiler 

L ----- J 
NHS 

Diagram of NHS without peak boiler 

I Reactors ; I 
- 1  

NHS 

IP--NHS intermediate circuit preheater; VC--volume compensator; 
PB--peak boiler; MS--mixing substation. 
W-heat user; 

Figure, 4. 
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INTRODUCTION 

One o f  t h e  main  p r o b l e m s  wh ich  mus t  b e  r e s o l v e d  i n  d e s i g n i n g  

a new e l ec t r i c  power p l a n t  i s  t h e  m a t t e r  o f  removing h e a t  f rom 

main  and  a u x i l i a r y  equ ipmen t .  

T r a d i t i o n a l l y ,  w i t h d r a w a l  o f  h e a t  o f  e l ec t r i c  power p l a n t s .  

i s  a c c o m p l i s h e d  w i t h  t h e  u s e  o f  w a t e r .  However, t h i s  method i s  

n o t  s u i t a b l e  i f  t h e  power p l a n t  i s  t o  b e  l o c a t e d  i n  a  w a t e r - p o o r  

r e g i o n  f o r  r e a s o n s  o f  p r o x i m i t y  t o  f u e l  s o u r c e s  o r  power con-  

sumers .  

One mus t  a t t a c k  t h i s  p rob lem i n  e a r n e s t  i n  t h e  ' c o n s t r u c t i o n  

o f  a power s t a t i o n  i 'n t h e  a r i d  a n d  d e s e r t  r e g i o n s  o f  t h e  e a r t h ,  

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

The d r y  t r o p i c s  a r e  c h a r a c t e r i z e d  by h i g h  a i r  t e m p e r a t u r e ,  

l o w  h u m i d i t y ,  low r a i n f a l l  and few f r e s h  w a t e r  s o u r c e s .  F r e s h  

w a t e r  i s  p r i m a r i l y  u sed  f o r  d r i n k i n g  and  a g r i c u l t u r a l  p u r p o s e s .  

The way o u t  o f  t h i s  s i t u a t i o n  may b e  t h e  u s e  o f  a  c l o s e d  

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

power s t a t i o n  a s  w e l l  a s  t h e  a u x i l i a r y  equ ipmen t .  

T h e . m e r i t s  and  t h e  s h o r t c o m i n g s  o f  t h e  a i r - c o n d e n s a t i o n  

s y s t e m  a re  w e l l  known. I n  t h e s e  c l o s e d  s y s t e m s  t h e r e  a r e  p r a c -  

t i c a l l y  no  losses o f  w a t e r .  I n  w i n t e r  a  s u f f i c i e n t l y  d e e p  vacuum 

i n  t h e  t u r b i n e  c o n d e n s e r s  c a n  be s e c u r e d .  I n  a d d i t i o n ,  p roblems,  

c o n n e c t e d  w i t h  t h e  i n t a k e  o f  m i n e r a l i z e d  c o o l i n g  w a t e r  i n t o  t h e  

f e e d  w a t e r  o f  b o i l e r s  a r e  e l i m i n a t e d .  

The c h i e f  s h o r t c o m i n g  i s  t h e  f a c t  t h a t ,  e v e n  i f  t h e  a i r  

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

t h e  e n e r g y  b l o c k  c a n  n o t  b e  e n s u r e d  a t - a i r  t e m p e r a t u r e s  above  30 ' .  

~ I n  s y s t e m s  w i t h  a i r  c o o l i n g ,  h e a t  t r a n s f e r  t o  t h e  a i r  t a k e s  

p l a c e  t h r o u g h  t h e  w a l l s  o f  t h e  c o o l i n g  e l e m e n t s  due  t o  s u r f a c e  . 
' c o n t a c t ,  i .  e . ,  due  t o  c o n v e c t i v e  h e a t  t r a n s f e r .  I n  d o i n g  s o  t h e  

a i r  i s  o n l y  h e a t e d ;  i t s  m o i s t u r e  c o n t e n t  i s  n o t  i n c r e a s e d ,  a s  i t  

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

A s  a  r e s u l t  a p p r o x i m a t e l y  3 t i m e s  more a i r  i s  r e q u i r e d  f o r  

a i r  c o o l i n g  t h a n  f o r  c o o l i n g  i n  c o n v e n t i o n a l  c o o l i n g  towers. 

T h i s  i s  t h e  r e a s o n . f o r  t h e  i n c r e a s e  i n  t h e  s i z e  o f  d r a f t  t o w e r s  

o r  t h e  number o f  f a n s  i n  s y s t e m s ,  w i t h  a i r  c o o l i n g  w h i l e  t h e  l o w  

c o e f f i c i e n t  o f  h e a t  t r ' a n s f e r  makes i t  n e c e s s a r y  t o  have  h i g h l y  

e x t e n d e d  s u r f a c e s  i n  t h e  h e a t  e x c h a n g e r s .  



W i t h  t h e  g o a l  o f  e n s u r l n g  t h e  n o m i n a l  c a p a c i t y  o f  power b l o c k s  

d u r i n g  p e r i o d s  w i t h  h i g h  o u t s i d e  a i r  t e m p e r a t u r e s  a  number o f  

p r o p o s a l s  h a v e  r e c e n t l y  a p p e a r e d  r e g a r d i n g  t h e  c r e a t i o n  o f  " w e t -  

d r y "  t o w e r s ,  w h e r e  e v a p o r a t i v e  c o o l i n g  i s  u s e d  a l o n g  w i t h  a i r -  

c o n d e n s a t i o n  c o o l i n g .  

The  v a r i o u s  s c h e m e s  f o r  c o m b i n i n g  t h e  w e t  a n d  d r y   section,^ 

a r e  b e i n g  d i s c u s s e d :  p a r a l l e l  c o n n e c t i o n  f o r  a i r  a n d  w a t e r ,  

ser ies  c o n n e c t i o n  f o r  a i r  a n d  p a r a l l e l  for w a t e r ,  a n d  o t h e r  

s c h e m e s .  

However,  a l l  t h e s e  p r o p o s a l s  h a v e  s i g n i f i c a n t  f a u l t s  a n d  

t h e  c h i e f  o f  t h e s e  i s  t h e  c o m p l e x i t y  o f  ' t h e  d e s i g n .  

A . l ready  t h e  a p p e a r a n c e  o f  numerous  p a t e n t s  a n d  d e s i g n  
. . 

d e v e l o p m e n t s  s p e a k s  o f  t h e  u r g e n c y  'of  t h e  mat ter .  

The  ' Y e p l o e l e k t r o p r o e k t  [ H e a t - P o w e r ]  I n s t i t u t e ,  t o g e t h e r  w i t h  

t h e  I n s t i t u t e  o f  Power E n g i n e e r i n g  o f  t h e  B u l g a r i a n  P e o p l e ' s  

R e p u b l i c ,  d e v e l o p e d  f o r  t h e  I s f a h a n  e l e c t r i c  power  s - t a t i o n , i n  

I r a n  a p l a n  f o r  a  combined  a i r - c o n d e n s a t i o n  i n s t a l l a t i o n ,  i n  

w h i c h  w e t t i n g  o f  t h e  c o o l i n g  s u r f a c e  o f  t h e  p e a k  h e a t  e x c h a n g e r s  

i s  s p e c i f i e d  w i t h  t h e  g o a l  o f  i n t e n s i f y i n g  t h e  c o o l i n g  p r o c e s s .  

The  u s e  o f  i r r i g a t i o n  a l l o w e d  t h e  n o m i n a l  c a p a c i t y  o f  t .he  

power  b l o c k  t o  b e  m a i n t a i n e d  a t  a i r  t e m p e r a t u r e s  t o  3 4 . 5 " C I  a n d  

t h e  d r o p  i n  power  o u t p u t  c a p a c i t y  i s  less  t h a n  5% a t  t h e  maximal  

o b s e r v e d  t e m p e r a t u r e ,  40°C. 

The  c o n s u m p t i o n  o f  w a t e r  f o r  i r r i g a t i o n  o f  t h e  p e a k  h e a t  

e x c h a n g e r  i s  d e t e r m i n e d  b y  t h e  number o f  h o u r s  t h e  a.ir  t e m p e r a -  

t u r e  h a s  b e e n  a b o v e  30°C a n d  by t h e  e l e c t r i c  l o a d  c u r v e .  

11. COOLING SYSTEM OF THE ISFAHAN THERMOELECTRIC POWER STATION 

I N  IRAN 

T h e  I s f a h a n  t h e r m o e l e c t r i c  s t a t i o n ,  c a p a c i t y  600 

MW, h a s  4 b l o c k s  200 MW e a c h ,  f o r  s e r i e s - m a n u f a c t u r e d  t u r b i n e s  

t y p e  K-200-130. 

The  power  s t a t i o n  i s  l o c a t e d  a t  1 5 9 0  m a b o v e  s e a  l e v e l .  

M a z u t ,  which .  i s  o b t a i n e d  f r o m  a n e a r b y  o i l  r e f i n e r y ,  i s  u s e d  

a s  f u e l .  

The  w a t e r  s o u r c e  i s  a r i v e r  w h i c h  i s  22 km f r o m  t h e  power 

s t a t i o n .  M e t e o r o l o g i c a l  f a c t o r s  o f  t h e  r e g i o n  i n  w h i c h  t h e  power  

s t a t i o n  i s  l o c a t e d  are  g i v e n  i n  T a b l e  I .  



The . f o l l o w i n g  t e m p e r a t u r e s  and a i r  h u m i d i t i e s  were assumed 

a s  c a l c u l a t i o n  f i g u r e s :  

- mean a n n u a l  o u t s i d e  a i r  t e m p e r a t u r e  16 .1°C  

- a b s o l u t e  maximum o u t s i d e  a i r  t e m p e r a t u r e  +40, O C  

- a b s o l u t e  minimum a i r  t e m p e r a t u r e  -10.4OC 

- r e l a t i v e  h u m i d i t y  ( a t  a i r  t e m p e r a t u r e  o f  

+4O.O0C) 1 0 %  

I n  c o r r e s p o n d e n c e  w i t h  t h e  e l e c t r i c  l o a d  c u r v e ,  which  i n  

summer h a s  a  peak  a . t  t h e  h o t  t i m e  o f  t h e  d a y ,  t h e  system f o r  

combined c o o l i n g  o f  t h e  b l o c k  mus t  e n s u r e  t h e  needed  t e m p e r a t u r e  , 

f o r  v a p o r  c o n d e n s a t i o n  and  d i s p e r s i o n  o f  h e a t  w i t h  minimum con-  

s u m p t i o n  o f  make-up w a t e r .  The b a s i c  o p e r a t i n g  p a r a m e t e r s  o f  t h e  

b l o c k  c o o l i n g  s y s t e m  a r e  g i v e n  i n  T a b l e  11. 

The a l l o w a b l e  d r o p  o f  b l o c k  c a p a c i t y ,  a t  t h e  a b s o l u t e  maximum 

o u t s i d e  a i r  t e m p e r a t u r e  of  +40°C, mus t  n o t  e x c e e d  5 %  o f  n o m i n a l .  

F i g u r e  1 g i v e s  c u r v e s  o f  t h e  c h a n g e  o f  b l o c k  o u t p u t ,  t empera -  

t u r e s  o f  v a p o r  s a t u r a t i o n  i n  c o n d e n s e r  and  f l o w  o f  make-up w a t e r  

t o  i r r i g a t e  peak  c o o l e r s  i n  d e p e n d e n c e  on  t h e  o p e r a t i n g  r e g i m e  

o f  t h e  b l o c k  f o r  o u t s i d e  a i r  t e m p e r a t u r e s  f rom +28OC t o  +40°C. 

The low w a t e r  s u p p l y ' o f  t h e  power s t a t i o n ,  t h e  r e l a t i v e l y  h o t  

a n d  d r y  c l i m a t e  o f  i t s  r e g i o n ,  a s  w e l l  a s  t h e  r i g i d  r e q u i r e m e n t s  

w i t h ' r e g a r d  t o  t h e  s u p p l y  o f  e l e c t r i c  power t o  t h e  consumer ,  

p r e d e t e r m i n e d  t h e  s e l e c t i o n  o f  t h e  combined s y s t e m  f o r  c o o l i n g  

t h e  b l o c k s  o f  t h e  t h e r m o e l e c t r i c  power s t a t i o n  -- a s y s t e m  w.ith 

a n  a i r  c o n d e n s a t i o n  u n i t  ( V K U )  and p e a k - i r r i g a t e d  peak  c o o l e r s .  

The c o o l i n g  s y s t e m  c a n  o p e r a t e  i n  t h r e e  modes d e p e n d i n g  on  

t h e  o u t s i d e  a i r  t e m p e r a t u r e .  

I n  w i n t e r  and  a t  a i r  t e m p e r a t u r e s  t o  + 3 0 . 5 0 C 1  t h e  c o o l i n g  

s y s t e m  o p e r a t e s  i n  a " d r y  t o w e r "  mode. 

~t a i r  t e m p e r a t u r e s  f rom +30.5OC t o  32.S°C t h e  c o o l i n g  

s y s t e m  o p e r a t e s  i n  a  t r a n s i t i o n a l  mode: p a r t  o f  t h e  t h e r m a l  l o a d  

i s ' a s s u m e d  by b l o c k s  o f  " p e a k "  c o o l e r s ,  wh ich  a r e  c o n n e c t e d  i n  

p a r a l l e l  t o  t h e  " d r y  t o w e r " .  I n  t h e  t r a n s i t i o n a l  mode t h e  " p e a k "  

coolers o p e r a t e  w i t h o u t  i r r i g a t i o n .  

I n  summer, when t h e  o u t s i d e  a i r  t e m p e r a t u r e  r e a c h e s  t h e  

extreme v a l u e s  a t  wh ich  t h e  peak  e l e c t r i c  l o a d  o c c u r s ,  t h e  c o o l i n g  

s y s t e m s  o p e r a t e  1.n a  " p e a k  mode":  t h e  b l o c k s  o f  " p e a k "  c o o l e r s  

are  i r r i g a t e d ,  r e s u l t i n g  i n  a  s h a r p  i n c r e a s e  o f  h e a t  r emova l .  



B l o c k s  o f  o i l - w a t e r  c o o l e r s  a r e  made by  a n ' a l o g y  w i t h  t h e  

" p e a k "  c o o l e r s .  

The  c o o l i n g  o f  t h e  o i l  o f  t h e  t u r b i n e  a n d  e l e c t r i c  f e e d  

pumps i s  p e r f o r m e d  a c c o r d i n g  t o  a n  i n d e p e n d e n t  scheme.  I n  t h e  

w i n t e r  t h e  w a t e r  c o o l e r s  o p e r a t e  i n  t h e  m a i n  c o o l i n g ' c i r c u i t ,  

w h i l e  i n  summer t h e y  o p e r a t e  a c c o r d i n g  t o  a n  i n d e p e n d e n t  scheme.  

The " p e a k "  r e g i m e  a l s o  c a l l s  f o r  i r r i g a t i o n  o f  o i l  c o o l e r s  

a n d  w a t e r  c o o l e r s .  The  main  a d v a n t a g e  o f  t h e  combined  c o o l i n g  
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sy 's tem i's t h e  l o w  c o n s u m p t i o n  o f  make-up water ( 2 2 0  m / h r  f o r  

a l l  t h e  n e e d s  o f  t h e  power  s t a t i o n ) .  

F i g u r e  2  shows  t h e  t e c h n o l o g i c a l  scheme f o r  t h e  combined  

c o o l i n g  o f  t h e  b l o c k  o f  t h e  I s f a h a n  t h e r m o e l e c t r i c  power 

s t a t i o n .  

S p e n t  steam f r o m  t h e  t u r b i n e  e x h a u s t s  (TsND) g o e s  t o  a  j e t  - 

c o n d e n s e r  ( K l ,  K 2 ) ,  w h e r e  i t  i s  c o n d e n s e d  by a  f l o w  o f  c o o l i n g  

w a t e r  o f  t h e  same q u a l i t y  a s  t h e  c o n d e n s a t e .  

The c o o l i n g  w a t e r  h e a t e d  i n  t h e  c o n d e n s e r  i s  t r a n s f e r r e d  by  a 

c i r c u l a t i o n  pumps t o  a  c o o l i n g  t o w e r  w i t h  n a t u r a l  a i r  d r a f t .  

F i f t e e n - m e t e r  c o o l i n g  h e a t  e x c h a n g e r s  made u p  o f  r i b b e d  a luminum f 

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

i n s t a l l e d  i n  t h e  low p a r t  o f  < h e  t o w e r  a l o n g  i t s  o u t s i d e  p a r i m e t e r .  

The p a n e l  r i b b i n g  e n s u r e s  e f f i c i e n t  h e a t  t r a n s f e r .  B l o c k s  o f  

" p e a k "  c o o l e r s  made u p  o f  5 - m e t e r  r i b b e d  a luminum p a n e l s  a r e  

i n s t a l l e d  w i t h i n  t h e  t o w e r .  The  b l o c k s  are  e q u i p p e d  w i t h  a n  

i r r i g a t i n g  d e v i c e  t o  w e t  t h e  s u r f a c e s  i n  " p e a k "  mode. 

A i r  v e n t i l a t i o n  o f  t h e  c o o l i n g  c i r c u i t  o f  t h e  " d r y  t o w e r "  

i s  p r o v i d e d  by  t h e  n a t u r a l  d r a f t  o f  a  1 2 0  m t o w e r ,  w h i l e  t h a t  

o f  t h e  " p e a k "  c o o l e r s  i s  p r o v i d e d  b y  f a n s .  

' d a t e r  c o o l e d  i n  t h e  " d r y  t o w e r "  i s  r e t u r n e d  t o  t h e  t u r b i n e  . 

c o n d e n s e r s .  

A. q u a n t i t y  o f  w a t e r  c o r r e s p o n d i n g  t o  t h e  amount  o f  c o n d e n s e d  

steam i s  p i c k e d  u p  b y  t h e  c o n d e n s a t e  pumps f r o m  t h e  c o n d e n s e r  

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

t h r o u g h  t h e  c o n d e n s a t e  p u r i f i c a t i o n  s y s t e m  t o  t h e  f e e d  w a t e r  h e a t  

u p  s y s t e m .  

Some o f  t h e  d e s i g n  a n d  o p e r a t i n g  f e a t u r e s  o f  t h e  e q u i p m e n t  

o f  t h e  combined  c o o l i n g  s y s t e m  s h o u l d  b e  m e n t i o n e d .  

1. J e t  c o n d e n s e r .  



The c o n d e n s e r  i s  a two-f low c o n d e n s e r  w i t h  p a r a l l e l  connec-  

t i o n  t o  t h e  e x h a u s t s  o f  t u r b i n e s .  

Bo th  c o n d e n s e r  h o u s i n g s  ( K l ,  K2) a r e  made from welded  s t e e l  

s h e e t s .  

The c o o l i n g  w a t e r  i s  s p r a y e d  by  means o f  s p r a y  j e t s .  T h e s e  

je ts  c r e a t e  a t h i n  f i l m  o f  w a t e r  wh ich  p r o v i d e s  e x c e l l e n t  

h e a t  t r a n s f e r  a n d  d e a e r a t i o n .  The h y d r a u l i c  r e s i s t a n c e  o f  t h e  

jets i s  1-1 .5  m , H 2 0 .  

A syste ,m o f  p e r f o r a t e d  t r o u g h s  i n  t h e  l o w e r  p a r t  o f  t h e ,  

w a t e r  chamber s  i s  p r o v i d e d  f o r  c o o l i n g  o f  t h e  s t e a m - a i r  m i x t u r e  

b e i n g  removed by  t h e  vacuum pumps. 

The jets and  p e r f o r a t e d  t r o u g h s  a r e  made f rom s t a i n l e s s  

s tee l  i n  o r d e r  t o  a v o i d  c o r r o s i o n .  

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

r e c e i v e r ,  i n  wh ich  a n  amount o f  w a t e r  s u f f i c i e n t  f o r  f i l l i n g  o f  
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a n  e n t i r e  s e c t o r  o f  t h e  c o o l i n g  tower (70-100 m ) c a n  b e  c o l l e c t e d .  

S i n c e  t h e  c o o l i n g  w a t e r  c i r c u i t  i s  c o m p l e t e l y  c l o s e d  and  t h e  

p r e s s u r e  i n  t h e  c o o l i n g  s y s t e m  i s  above  a t m o s p h e r i c  p r e s s u r e ,  

a n y  l e a k a g e  i s  u n a c c e p t a b l e .  The maximum q u a n t i t y  o f  a i r . t a k e n  

f rom t h e  c o n d e n s a t e  m u s t  n o t  e x c e e d  20 kg /h r .  

I f  t h e r e  a r e  no l o s s e s  o f  w a t e r g i n  t h e  b o i l e r  and  i n  t h e  

c o o l i n g  s y s t e m ,  t h e  w a t e r . l e v e 1  i n  t h e  c o n d e n s e r  s h o u l d  n o t  

c h a n g e .  Make-up o f  w a t e r  i s  p r o v i d e d  i f  t h e r e  a r e  a c c i d e n t a l  

l e a k a g e s .  

Make-up w a t e r  i s  s u p p l i e d  by  pump from make-up w a t e r  t a n k s  

(MT) i n  t h e  c h e m i c a l  t r e a t m e n t  p l a n t  [ d e m i n e r a l i z e r ] .  A r e g u l a t i n g  

v a l v e  (A161 i s  i n s t a l l e d  on t h e  make-up l i n e ;  t h i s  v a l v e  o p e r a t e s  

i n  c o r r e s p o n d e n c e  w i t h  t h e  w a t e r ' l e v e l  i n  t h e  c o n d e n s e r .  

The v a l v e  r e g u l a t e s  t h e  f l o w  o f  make-up w a t e r  t o  t h e  con-  

d e n s e r  s o  t h a t  t h e  w a t e r  l e v e l  i n  i t  i s  c o n s t a n t .  The f i r s t  

f i l l i n g  o f  t h e  c o o l i n g  s y s t e m  i s  a c c o m p l i s h e d  from t h e  same 

make-up t a n k s  v i a  a  v a l v e  (A17) .  The w a t e r  l e v e l  i n  t h e  conden-  

ser  i s  m o n i t o r e d  by l e v e l  g a g e s ,  f rom which  p u l s e s  a r e  f e d  t o  t h e  

e x e c u t i v e  mechanisms o f  t h e  c o r r e s p o n d i n g  c u t - o f f  and  r e g u l a t i o n  

a r m a t u r e  v a l v e s .  

Thus ,  f o r  example ,  i f  t h e r e  i s  a  s h a r p  r ise o f  w a t e r  l e v e l  

i n  t h e  c o n d e n s e r  (mark 5 ) ,  l e v e l  g a g e  5  s e n d s  a  p u l s e  t o  a n  

e l e c t r i c a l l y  a c t u a t e d  g a t e  v a l v e  ( A 1 0 4 ) ,  which  o p e n s  and  e x c e s s  

c o n d e n s a t e  d r a i n s  b f f  t o  s t o r a g e  t a n k s  ( T ) .  



I f  t h e r e  i s  a  s h a r p  d r o p  i n  t h e  w a t e r  l e v e l  i n  t h e  conden-  

ser (mark 3 ) ,  g a g e  3  s e n d s  a  p u l s e  t o  s w i t c h  o f f  t h e  c i r c u l a t i o n  

pumps (CP1, CP2) and  t o  c l o s e  v a l v e s  (A3, A 4 ) .  When t h e  c o o l i n g  

s e c t o r s  o f  t h e  t ower  a r e  b e i n g  f i l l e d  t h e  w a t e r  l e v e l  I n  t h e  

c o n d e n s e r  f a l l s  f o r  a  s h o r t  p e r i o d  by 1-1 .2  m ( l e v e l  2 ) ,  s i n c e  

t h e  f i l l i n g  w a t e r  comes f rom t h e  c o n d e n s e r .  

I n  t h i s  case t h e  w a t e r  i n  t h e  c o n d e n s e r  i s  made u p  f rom 

t h e  s t o r a g e  t a n k s  (TI w i t h  t h e  a i d  of t r a n s f e r  pumps (TP), 

w h i c h  a r e  s w i t c h e d  o n  by a p u l s e  f rom l e v e l  g a g e  2.  When t h e .  

d e s i g n e d  w a t e r  l e v e l  1 i s  a c h i e v e d  i n  t h e  c o n d e n s e r  t h e  g a g e  

f o r  t h i s  l e v e l  s e n d s  a p u l s e  t o  s w i t c h  o f f  t h e  t r a n s f e r  pumps. 

2 .  C i r c u l a t i o n  pumps. 

C i r c u l a t i o n  o f  t h e  c o o l i n g  w a t e r  i n  t h e  amount  o f  25 ,100  
3  m / h ~  i s  p r o v i d e d  by t w o  v e r t i c a l  c i r c u l a t i o n  pumps. 

The power r e q u i r e d  f o r  c o o l i n g  w a t e r  c i r c u l a t i o n  i s  2240 

kW. 

The b a s i c  f e a t u r e s  o f  t h e  c i r c u l a t i o n  pumps a r e :  

- s t a t i c  head :  25 m H 2 0 ,  
3  - o u t p u t : .  3 . 5  m / s t  

- r a t i n g  o f  d r i v e  m o t o r :  , 1 1 2 0  kW, 

- v o l t a g e :  3  x  6000 V ,  50 H Z ,  

- w e i g h t  o f  pump: 1 8  t ,  

- w e i g h t  o f  e l e c t r i c  d r i v e  m o t o r :  1 2  t ,  

- t o t a l  w e i g h t  o f  two g r o u p s , - o f  c i r c u l a t i o n .  pumps w i t h  

d r i v e  m o t o r s :  6 0 \ t .  

When o n e  pump i s  i n  o p e r a t i o n ,  t h e  f l o w  o f  w a t e r  g o e s  

d i r e c t l y  t o  t h e  r e t u r n  c i r c u l a t i o n  l i n e  t o  e n s u r e  s u f f i c i e n t  

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

o f  t h e  v a l v e s  A 7  or A8 m u s t ~ b e . c l o s e d .  

3. "Dry t o w e r "  

F o r  o u t s i d e  a i r  t e m p e r a t u r e s  t o  + 3 0 . S ° C . t h e  d r y  tower p r o -  

v i d e s  t h e  n e c e s s a r y  c o o l i n g  o f - t h e  c o n d e n s a t e  and  o p e r a t i o n  o f  

b l o c k  a t  nomina l  c a p a c i t y .  T r a d i t i o n a l  d r y  t o w e r  e x e c u t i o n  i s  

p r o v i d e d .  

The d r a f t  t o w e r  i s  made w i t h  a m e t a l  s k e l e t o n  and  f a c i n g .  

made o f  c o r r u g a t e d  s h e e t  aluminum. 

T e c h n i c a l  d a t a  o f  t h e  d r a f t  t o w e r  a r e :  

- h e i g h t :  1 2 0  m 

- upp.er d i a m e t e r :  62 m 



- d i a m e t e r  o f  b a s e :  109 .2  m 

- w e i g h t  o f  s tee l  c o n s t r u c t i o n :  1334 t 

- w e i g h t  of  a luminur~l  s h e a t h i n g :  165  t 
3  - volume of  c o n c r e t e  f o u n d a t i o n :  2800 m . 

A i r - w a t e r  aluminum c o o l i n g  d e l t a s  1 5  m h i g h  (119  i n  a l l )  

a r e  i n s t a l l e d  i n  t h e  l o w e r  p a r t  o f  t h e  tower a l o n g  t h e  e x t e r n a l  

c i r c u l a r  l o o p .  

The o u t s i d e  o f  t h e  d e l t a s  have  a  sys t em o f  e l e c t r i c a l l y  

a c t u a t e d  l o u v e r s  which  r e g u l a t e  t h e  a i r  f l o w .  

The o p e n i n g  o f  t h e  l o u v e r s  i s  i n  f u n c t i o n a l  depend en^^ on  

t h e  c o o l i n g  w 'a te r  t e m p e r a t u r e  on o u t p u t  f rom t h e  d r y  t o w e r .  

The c o o l i n g  w a t e r  t e m p e r a t u r e  g a g e  o n  t h e  r e t u r n  c i r c u l a t i o n  

l i n e  s e n d s  a  p u l s e  t o  c l o s e  t h e  l o u v e r s  when i t s  t e m p e r a t u r e  

r e a c h e s  +15"C. 

E a r t h q u a k e  a c t i v i t y  on  t h e  o r d e r  o f  7 p o i n t s  was t a k e n  i n t o  

, c o n s i d e r a t i o n  when d e s i g n i n g  t h e  t o w e r .  

The c o o l i n g  d e l t a s  a l o n g  t h e  c i r c u m f e r e n c e  o f  t h e  t ower  

a r e  i n s t a l l e d  on e l a s t i c  m e t a l  p e d e s t a l s ;  c o o l e r  o u t l e t s  a r e  

c o n n e c t e d  t o  t h e  r l n g  m a n i f o l d s  by ru 'bber  s l e e v e s .  

Wi th  r e g a r d  t o  c o o l i n g  w a t e r  t h e  d r y  tower i s  d i v i d e d  i n t o  

6 ' i n d e p e n d e n t  s e c t o r s .  A l l  t h e  s e c t o r s  c a n  b e , c o n n e c t e d  t o  o r  

d i s c o n n e c t e d  f rom t h e  w a t e r  c o o l i n g  c i r c u i t  i n d e p e n d e n t l y  o f  one 

a n o t h e r .  

T h i s  d i v i s i o n  o f  sectors makes p o s s i b l e  e a s y  f i l l i n g  and  

empty ing  o f  t h e  c o o l i n g  s y s t e m ,  a s  w e l l  a s  p r o p h y l a c t i c  and main- 

t e n a n c e  o p e r a t i o n s  w i t h o u t  s h u t t i n g  down t h e  w a t e r  c i r c u l a t i o n  

p r o c e s s .  

Water h e a t e d  i n  t h e  c o n d e n s e r s  i s  f e d  t o  t h e  " d r y  t o w e r s "  

v i a  a  c i r c u l a t i o n  l i n e  6 1800 mrn. Water  c i r c u l a t e s  w i t h l n  t h e  

" d r y  t o w e r "  t h r o u g h  t h e  main r i n g  m a n i f o l d .  The r i n g  m a n i f o l d s  

f o r  t h e  c o o l i n g  s e c t o r s  a r e  c o n n e c t e d  t o  t h e  l a t t e r  by means of  

g e a r - a c t u a t e d  b u t t e r f l y  v a l v e s  A l l l  ( f i r s t  s e c t o r ) .  C o o l i n g  

water i s  wi thd rawn  v i a  m a n i f o l d s  o f  t h e  same k i n d  and t h e  c i r -  

c u l a t i o n  l i n e  f o r  r e t u r n  w a t e r .  I n  a n  emergency s i t u a t i o n  

( f a i l u r e  o f  a c o o l i n g  d e l t a )  e v a c u a t i o n  o f  t h e  c o o l i n g  s e c t o r  

i s  p r o v i d e d  by  t h e  b l o c k  f o r  emergency d r a i n a g e  o f  t h e  

s y s t e m .  Thus ,  t h e  b l o c k  f o r  emergency d r a i n a g e  o f  t h e  f a r  s e c -  

tor i n c l u d e s  e l e c t r i c a l l y  a c t u . a t e d  v a l v e s  A l l l ,  A112, A113 and 

A114. 



. , . . . - 
The  e m e r g e n c y  o v e r f l o w  b l o c k  f o r  t h e  e n t i r e  c o o l i n g  s y s t e m  

o f  t h e  b l o c k  i n c l u d e s  h y d r a u l i c a l l y  a c t u a t e d  v a l v e s  ~ 1 0 5  a n d  
. . 

A106. 

" p e a k "  c o o l e r s  a r e , . w h e n  n e c e s s a r y ,  c o n n e c t e d  t o  t h e  ,main 
- 2  

r i n g  m a n i f o l d  o f  $ h e  " d r y  t o w e r "  i n  p a r a l l e l  t o  t h e  c o o l i n g  
. * 

s e c t o r  b y  means  o f  v a l v e s  A'115 a n d  A116 ( f i r s t  s e c t o r ) .  

T.he e x t e ' r n a l  s u r f a c e s  o f  t h e  c o o l i n g  d e l t a s  a r e  c l e a n e d  by  

w a t e r  u n d e r  p r e s s u r e .  

T h e  c l e a n i n g  d e v i c e  c o n s i s t s  o f  a  v e r t i c a l  d i s t r i b u t o r  1 5  . 

m i n  h e i g h t ,  w h i c h  moves a r o u n d  t h e  t o w e r  o n  r a i l s  i n  t h e  u p p e r  
. . 

p a r t  o f  t h e  c o o l e r s .  Wash j e t s  a r e  mounted  o n  t h e . d i s t r i b u t o r  

a l o n g  i t s  e n t i r e  h e i g h t .  ~. . .  . 
The  wash  d e v i c e  c a n  move t o  a n y  d e l t a  a n d  c a n  r o t a t e  a r o u n d  

i t s  v e r t i c a l  a x i s .  

The wash  je ts  e x t e n d  i n t o  t h e  g a p s  o f  t h e  o p e n  l o u v e r s  

a n d  f e e d  wash  water t o  t h e  r i b b e r  c o o l e r s .  

The  v e r t i c a l  d i s t r i b u t o r  i s  c o n n e c t e d  t o  t h e  c o o l i n g  w a t e r  

r i n g  m a i n  l i n e  o f  t h e  t o w e r  b y  a  f l e x i b l e  r u b b e r  h o s e .  

C o n s u m p t i o n  o f  w a t e r  f o r  o n e  c l e a n i n g  i s  n o t  o v e r  200-300 
3 

m .  

4 .  The  " p e a k "  c o o l e r .  

, T h e  " p e a k "  c o o l e r  c o n s i s t s  o f  two 5 - m e t e r  s t r a i g h t - t h r o u g h  

c o o l i n g  p a n e l s  w h i c h  a r e  s e r i e ' s - c o n n e c t e d  w i t h  r e s p e c t  t o  t h e  

f l o w  o f  w a t e r .  T h e  p a n e l s  a r e  l o c a t e d  i n  p a r a l l e l  p l a n e s  a n d  

mounted  o n  a  s i n g l e  r i g i d  f r a m e .  C o o l i n g  o f , w a r m  w a t e r  f l o w i n g  . , 

o v e r  t h e  t u b e s  w i t h i n  t h e  p a n e l s  i s  a c c o m p l i s h e d  b y  a i r ,  wh ' i ch ,  

b e i n g  c i r c u l a t e d  b y  a  f a n ,  p a s s e s  t h r o u g h  t h e  r i b b e d  i n t e r t u b e  

s p a c e  o f  t h e  p a n e l s .  The  f a n s  are  p l a c e d  o v e r  t h e  p a n e l s  a n d  

a r e  mounted  o n  a common s u p p o r t  f r a m e .  The a i r  f l o w  i s  r e g u l a t e d  

by  means  o f  l o u v e r s .  I r r i g a t i o n  o f  t h e  c o o l i n g  p a n e l s  by  w a t e r  

f r o m  t h e  m a i n  c o o l i n g  c i r c u i t  i s  p r o v i d e d  i n  " p e a k "  r e g i m e .  

The  combined  c o o l i n g  s y s t e m  o f  t h e  b l o c k  o f  t h e  I s f a h a n  , 

t h e r m o e l e c t r i c  power  s t a t i o n  c a l l s  f o r  t h e  i n s t a l l a t i o n  o f  30 
\ 

" p e a k "  c o o l e r s  ( 5  f o r  e a c h  c o o l i n g  s e c t o r ) .  B e s i d e s  t h e i r  b a s i c  . . 
t a s k  -- c o o l i n g  o f  w a t e r  h e a t e d  i n  t h e  c o n d e n s e r , i n  t h e  t r a n s i -  

t i o n a l  a n d  " p e a k "  r e g i m e s  -- t h e  " p e a k "  c o o l e r s  a,ct a s  h e a t e r s  

f o r  t h e  m a i n  c o o l i n g  e l e m e n t s  ( t h e  d e l t a s )  d u r i n g ' \ ~ t a r t u p  o f  t h e  

c o o l i n g  s y s t e m  a t  l o w  o u t s i d e  a i r  t e m p e r a t u r e s .  



The . "peakw.  c o o l e r s  a r e .  i n s t a l l e d  d i r e c t 1 . y  .beyond the ' -  c o o l i n g  

d e l t a s  w i t h i n  t h e  tower a n d  a l o n g  t h e  p e r i m e t e r  o f  t h e  c o o l i n g  

sector. A i r  i s  s u p p l i e d  t o  t h e  " p e a k "  c o o l e r s  t h r o u g h  c h a n n e l s  

u n d e r  t h e  c o o l i n g  d e l t a s .  

When t h e  c o o l i n g  d e l t a s  a r e  b e i n g  h e a t e d  t h e  l o u v e r s  a r e  

compl -e t e ly  c l o s e d .  A back  a i r  f l o w  ( f r o m  t h e  tower  -- ou tward  -- 
i n  f r o n t  o f  t h e  c o o l i n g  d e l t a s ) ,  which  h e a t s  t h e  c o o l i n g  c i r c u i t  

* 

o f  t h e  " d r y  t o w e r " ,  i s  s e t - u p  by r e v e r s i n g  t h e  f a n s .  

F i g u r e  3 shows t h e  t e c h n o l o g i c a l  scheme f o r  c o o l i n g  t h e  

a u x i l i a r y ,  equ ipmen t .  

O i l  a n d  w a t e r  a r e  c o o l e d  by o i l  c o o l e r s  and  w a t e r  c o o l e r s ,  

wh ich  a re  i d e n t i c a l  t o  " p e a k "  c o o l e r s  i n  t h e i r  d e s i g n  e x e c u t i o n .  

Hea ted  o i l  f rom t h e  machine  h a l l  i s  s u p p l i e d  t h r o u g h  a  

d i s t r i b u t i o n  m a n i f o l d  t o  t h e  o i l  c o o l e r s .  The c o o l e d  o i l  i s  

r e t u r n e d  t h r o u g h  a  r e t u r n  m a n i f o l d  t o  t h e  machine  h a l l .  

T w o  i n d e p e n d e n t  s y s t e m s  are  p r o v i d e d :  one  f o r  c o o l i n g  t h e  

o i l  o f  t h e  f e e d  pump m o t o r s ;  t h e  s e c o n d  f o r  c o o l i n g  t h e  b e a r i n g s  

o f  t h e  t u r b i n e  a n d  g e n e r a t o r .  

The o i l  coolers a r e  l o c a t e d  i n  an  open  s i t e .  

The d e g r e e  of  o i l  c o o l i n g  d e p e n d s  on  t h e  a i r  f l o w  t h r o u g h  

t h e  o i l  c o o l e r .  The a i r  f l o w  i s  r e g u l a t e d  by  means o f  l o u v e r  

d e v i c e s  wh ich  a re  i n s t a l l e d  on  t h e  o i l  c o o l e r s  o r  by' s w i t c h i n g  

o f f  c e r t a i n  f a n s .  

I n  o r d e r  t o  p r o v i d e  a l a r g e  number o f  s t e p s  f o r  r e g u l a t i n g  

t h e  s h u t - o f f  o f  t h e  f a n s ,  t w o  o i l  coolers a r e  c o n n e c t e d  sequen-  

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

a n d  b a c k  m a i n l i n e s .  T h r e e  p a i r s  o f  c o o l e r s  a r e  work ing  coolers.  

A r e s e r v e  p a i r  o f  coolers i s  p r o v i d e d .  Dur ing  h o t  w e a t h e r  t h e  

s u r f a c e  o f  t h e  o i l  c o o l e r  i s  w e t t e d ,  s o . t h a t  t h e  t e m p e r a t u r e  o f  

t h e  c o o l e d  o i l  i s  s t a b i l i z e d .  

A t h e r m o t e c h n i c a l  d e s c r i p t i o n  o f  t h e  o i l  c o o l e r s  i s  g i v e n  

i n  F i g u r e  4 .  

Water  o f  t h e  same q u a l i t y  a s  t h e  c o n d e n s a t e  i s  u s e d  t o  c o o l  

t h e  g e n e r a t o r  and  o t h e r  a u x i l i a r y  equ ipmen t .  Hea ted  w a t e r  

p a s s e s  t h r o u g h  a d i s t r i b u t i o n  m a n i f o l d  t o  w a t e r  c o o l e r s .  The 

l a y o u t ,  d e s i g n  a n d  c o n n e c t i o n  o f  t h e  w a t e r  c o o l e r s  f o r  t h e  a u x i l i a r y  

e q u i p m e n t  a r e  a n a l o g o u s  t o  t h e  c o r r e s p o n d i n g  o i l  c o o l e r s .  



, , , 1.n , summer t h e  r e q u i r . e d  w a t e r  t e m p e r a . t u r e .  !is : provid.ed b y '  

w e t b i n g  t h e  s u r f a c e  o f  t h e  w a t e r  , c o o l e r s .  I n  w i n t e r ,  and  a t  low. 

o u t s i d e  a i r  t e m p e r a t u r e s ,  t h e  g e n e r a t o r  and  o t h e , r  a u x i l i a r y  

e q u i p m e n t  a r e  c o o l e d  by  w a t e r ,  which  i s  c o o l e d  i n  t h e  main c o o l -  

i n g  s y s t e m  -- t h e  " d r y  t o w e r " .  The w a t e r  c o o l e r s  d o  n o t  o p e r a t e  

a t  t h i s  t i m e  -- t h e y  a r e  s w i t c h e d  o f f  and  e v a c u a t e d .  I n  summer t h e  

g e n e r a t o r  and  o t h e r . a u x i l i a r y  equ ipmen t  a r e  c o o l e d  by a n  i n d e p e n -  

d e n t  s y s t e m ,  by means o f  t h e  w a t e r  c o o l e r s ,  s i n c e  t h e  t e m p e r a t u r e  

o f  t h e  w a t e r  c o o l e d  i n  t h e  main c o o l i n g  s y s t e m  rises a b o v e - t h e  

a c c e p t a b l e  maximum f o r  t h e  a u x i l i a r y  e q u i p m e n t .  T r a n s f e r  t o  t h e  

i n d e p e n d e n t  s y s t e m  i s  p e r f o r m e d  by c l o s i n g  v a l v e s  V5 and  V6 and  

o p e n i n g  V 1 ,  V2 and  V 3 .  

A t h e r m o t e c h n i c a l  d e s c r i p t i o n  o f  t h e  w a t e r  c o o l e r  i s  g i v e n  

i n  k ' i gu re  5 .  

111. CONCLUSION 

The s e a r c h  f o r  ways t o  r a i s e  t h e  e f f i c i e n c y  of  " d r y  t o w e r s "  

h a s  b r o u g h t  a b o u t  t h e  d e s i g n  o f  combined s y s t e m s  f o r  a i r  conden-  

s a t i o n  o f  steam. 

One s u c h  s y s t e m  -- a s y s t e m  w i t h  " d r y  t o w e r s "  and  " p e a k "  

c o o l e r s  -- was p r o p o s e d  by t h e  T e p l o e l e k t r o p r o e k t  I n s t i t u t e  f o r  

t h e  I s f a h a n  TES i n  I r a n .  

T h e r m o t e c h n i a l  c a l c u l a t i o n s  made f o r  t h e  I s f a h a n  thermo- 

e lec t r i c  power s t a t i o n ,  wh ich  i n  summer h a s  a n  e lec t r i c  l o a d  

p e a k  i n  t h e  h o t  t i m e  o f  t h e  d a y ,  showed t h a t  t h e  s y s t e m  w i t h  

" d r y  t o w e r s "  a n d  " p e a k "  c o o l e r s  p r o v i d e s  t h e  n e c e s s a r y  t e m p e r a t u r e  - 

f o r  s t e a m  c o n d e n s a t i o n  and  d i s p e r s i o n  o f  h e a t  a t  nomina l  t u r b i n e  

o u t p u t .  

The combined c o o l i n g  s y s t e m  p i o p o s e d  by t h e  i n s t i t u t e  i s  
3 

d i s t i n g u i s h e d  by e x t r e m e l y  low w a t e r  u s e  -- 220 m / h r .  

And f i n a l l y ,  t h i s  c o o l i n g  s y s t e m  a l l o w e d  s e r i e s - m a n u f a c t u r e d  

t u r b i n e  e q u i p m e n t  t o  be  u s e d  f o r  t h e  power s t a t i o n  w i t h o u t  s t r u c -  

t u r a l  m o d i f i c a t i o n  and  a d a p t a t i d n  f o r  o p e r a t i o n  u n d e r  t h e  c o n d i -  

t i o n s  o f  t h e  h o t  and  d r y  c l i m a t e  o f  t h e  r e g i o n  o f  t h e  I s f a h a n  
. . . .  

t h e r m o e l e c t r i c  power s t a t i o n . "  
. . . .  . . . . 



Table .1 

Outside air temperature, "C  

. . 
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Temperature of saturation of 
vapor in condenser, O C  ' 

Pressure in condenser, atm (abs) 

. 
. 

'; 

Month of year , . 

Heat dispersion, ~cal/hr 

Item Unit 1 1 

.. - - I I1 ' 111. IV. v 
w .- .----.3 

1. Mean monthly . . 

Regime of cooling system operation 

air tempera- 
ture 

OC 2.8 5;I 9,8,1,4,8 I9,9 
, . . . 

2. Mean monthly 
. . 

air humidity ,, 

I 
, . 
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"Dry tower" Transi- peak, "dry 
t ional , tower" + peak 
"dry" plus coolers + 
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. 25.3 . 

30 
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i 
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. .  . 
... 1; 

Flow rate of make-up water to irri- 
gate peak coolers, kg/hr - 0 .  . .  . ,44000 : 
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USE OF WASTE HEAT TO HEAT HOTHOUSES. . . 

BASIC DIRECTIONS AND ENGINEERING DECISIONS. 

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

n a t u r a l  r e s o u r c e s  a n d  p a r t i c u l a r l y  f u e l ,  a n  i m p o r t a n t  p l a c e  i s  

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

I t , i s  w e l l  known t h a t  a b o u t  50-55% o f  h e a t  i s  d i s c h a r g e d  

w i t h  s p e n t  s t e a m  i n t o  t u r b i n e  c o n d e n s e r s  a n d  i s  w i t h d r a w n  by 

c o o l i n g  w a t e r .  
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, T h e  t o t a l  d i s c h a r g e  o f  h e a t  i s  2 2 . 5  x  1 0  G c a l  f o r  a n  

e l e c t r i c  power  s t a t i o n  2 .4  m i l l i o n  kW i n  o u t p u t  w i t h  8-10 t y p e  
9 

K-300-240 t u r b i n e s  a t  a n  o u t p u t . o f  14-15  x  1 0  kWh/yr, o f  w h i c h  
6 

1 7 . 5  x  1 0  H c a l  p e r  y e a r  g o e s  t o  l o s s e s  i n  t h e  t u r b i n e  c o n d e n s e r s .  

T h e  c h i e f  o b s t a c l e  t o  t h e  u s e  o f  w a s t e  h e a t  t o  h e a t  c l o s e d  

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

t h e  w a t e r  p a s s i n g  t h r o u g h  t u r b i n e  c o n d e n s e r s  d e p e n d s  o n  t h e  

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

o f  - t h e  o u t s i d e  a i r .  

Waste w a t e r  h a s  t h e  h i g h s s t  t e m p e r a t u r e s  i n  t h e  summer, 

when t h e  n e e d  f o r  s u c h  h e a t  i s  n e g l i g i b l e .  

E x i s t i n g  e x p e r i e n c e  a n d  t h e o r e t i c a l  c o n s i d e r a t i o n  i n d i c a t e  . 

t h a t  l o w - p o t e n t i a l  h e a t  c a n  b e  u t i l i z e d  w i t h  t h e  g r e a t e s t  b e n e -  

f i t  b i o l o g i c a l l y :  i n  a g r i c u l t u r e ,  i n  h o t h o u s e  g a r ' d e n i n g ,  j n  

a n i m a l  h u s b a n d r y ,  i n  f i s h  f a r m i n g  ( t o  h e a t  u p  s o i l ,  h o t h o u s e s ,  

a n i m a l  d w e l l i n g s ,  , f o r  i r r i g a t i o n  a n d  s p r i n k l i n g ,  f o r  g r o w i n g  

a l g a e  a n d  f e e d  p r o t e i n  a n d  f o r  i n t e n s i v e  f i s h  f a r m i n g ) .  

To h e a t  s o i l ,  h o t h o u s e s ,  a n d  a n i m a l  d w e l l i n g s  i t  i s  e x p e d i e n t  

t o  u s e  h e a t  w i t h  a n  e l e v a t e d  p o t e n t i a l ,  s u c h  a s  i s  p o s s e s s e d  by 

t h e  w a s t e  water f r o m  power  s t a t i o n s  w i t h  s y n t h e t i c  c o o l a n t s .  I t  

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

f l o w - r e t u r n  s y s t e m s ,  w h i c h  h a s  a l o w e r  p o t e n t i a l ;  f o r  i n t e n s i v e  

f i s h  f a r m i n g  i n  w a r m  waters ,  i r r i g a t i o n  a n d  s p r i n k l i n g ,  a n d ,  i n  

a number  o f  i n s t a n c e s ,  t o  h e a t  s o i l .  

T h e  m o s t  f a v o r a b l e  c o n d i t i o n s  f o r  t h e  u s e  o f  w a s t e  h e a t  

e x i s t s  a s  c o n d e n s a t i o n  power  s t a t i o n s ,  w h e r e  t h e  d i s c h a r g e  o f  a  

l a r g e  q u a n t i t y  o f  h e a t  i n  w i n t e r  i s  c o n s t a n t .  F o r  e x a m p l e ,  t h e  

w a s t e  h e a t  o f  a  c o n d e n s a t i o n  t h e r m o e l e c t r i c  s t a t i o n  1 2 0 0  MW 

i n  c a p a c i t y  c a n  h e a t  100-150  h a  o f  h o t h o u s e s  w i t h  a h i g h  d e g r e e  

o f  r e l i a b i l i t y .  



I 

I n  t h i s  r e p o r t  w e  d i s c u s s  a s p e c t s  o f  t h e  u s e  o f  w a s t e  h e a t  

t o  h e a t  h o t h o u s e s  a n d  p r e s e n t  a  d e s c r i p t i o n  o f  v a r i o u s  h e a t i n g  

s y s t e m s .  

1. B a s i c  e c o n o m i c  a n d  e n g i n e e r i n g  p r e r e q u i s i t e s  

Of t h e  many g o o d  p r o d u c t s  o f  m a n , f r e s h  v e g e t a b l e s ,  f r u i t s ,  

g r e e n s ,  w h i c h  a r e  u n r e p l a c a b l e  s o u r c e s  o f  v i t a m i n s ,  t r a c e  e l e m e n t s  

a n d  s a l t s ,  h a v e ' s p e c i a l  i m p o r t a n c e  f o r  n o r m a l  d e v e l o p m e n t  a n d  

h e a l t h .  A c c o r d i n g  t o  d a t a  o f  t h e  Academy o f  S c i e n c e s  USSR t h e  

minimum p h y s i o l o g i c a l  norm f o r  t h e  u s e  o f  v e g e t a b l e s  i s  1 4 0  kg 

p e r  y e a r  p e r  p e r s o n .  

Of t h i s  q u a n t i t y ,  i f  t h e r e  i s  w e l l - o r g a n i z e d  e x t e n d e d  s t o r a g e  

o f  v e g e t a b l e s  grown i n  o p e n  s o i l ,  a b o u t  1 0  kg/man-year  ( a p p r o -  

x i m a t e l y  7 % )  m u s t  b e  p roduc ' ed  i n ,  h o t h o u s e s .  

To m e e t  t h e  n e e d s  o f  t h e  p o p u l a t i o n  . . f o r  v e g e t a b l e s  d u r i n g  

t h e  w i n t e r  i t  i s  n e c e s s a r y  t o  h a v e  a n  a v e r a g e  o f  a b o u t  0 . 1 7 - 1 . 0  
2  

m p r o t e c t e d  s o i l  p e r  p e r s o n .  

An e x t e n s i v e  p r o g r a m  a d o p t e d  i n  t h e  USSR f o r  i m p r o v i n g  t h e  

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

a n  i n c r e a s e  i n  . t h e  p r o d u c t i o n  o f  o u t - o f - s e a s o n  v e g e t a b l e s  by  

more' t h a n  t w o f o l d  d u r i n g  t h e  c u r r e n t  f i v e - y e a r  p l a n .  I n  d o i n g  

s o  o n e - f o u r t h  o f  t h a t  p r o d u c e d  w 1 l l  b e  grown i n  h o t h o u s e s a n d  

o t h e r  e n c l o s e d - s o i l  s t r u c t u r e s .  22-23 t h o u s a n d  ha  o f  h o t h o u s e s  

w i l l  b e  b u i l t  i n , t h e  USSR b e f o r e  19'90. 

The  m o s t  f a v o r a b l e  t e m p e r a t u r e s  f o r  g r o w i n g  h o t h o u s e  cucum- 

b e r s  a n d  t o m a t o e s  a r e :  a i r  f r o m  15°C t o  30°C,  s o i l  f r o m  18°C 

t o  .27"C. T h e s e  t e m p e r a t u r e s  a r e  m a i n t a i n e d  by  p i p e  a n d  a i r  . 

h e a t i n g  e l e m e n t s  i n  t h e  t e n t  o f  t h e  h o t h o u s e  ( h e a t  t r a n s f e r  

a g e n t  -- water a t  95-130°C) a n d  u n d e r - s o i l  p i p e  h e a t i n g  wi'th a 

h e a t  t r a n s f e r  a g e n t  a t  .40-45°C. 

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

s t r u c t u r e  ( a b ' o u t  90% o f  a l l  l o s s e s )  a n d  t h r o u g h  t h e  s o i l  ( a b o u t  

1 0 % ) .  

The  t o t a l  h e a t  r e q u i r e m e n t s  f o r  a h o t h o u s e  p l a n t ,  a t  a n  

o u t s i d e  a i r  t e m p e r a t u r e  o f  -,30°C, i s  a'bout 5 Gcal f o r  1 h a  

o f  h o t h o u s e  of t h e  b l o c k  t y p e .  

The v e r y  h i g h  s e a s o n a l  a n d  d a i l y  v a r i a t i o n  i n  t h e  u s e  o f  

h e a t  o f  h o t h o u s e s  s h o u l d  b e  p o i n t e d  o u t .  F o r  e x a m p l e ,  d u r i n g  



t h e  w a r m  s e a s o n  o f  t h e  y e a r ,  when t h e  c o o l i n g s  s y s t e m s  o f  power 

s t a t i o n s  o p e r a t e  u n d e r  h i g h  stress and  w a s t e  w a t e r '  h a s  t h e  h i g h e s t  

t e m p e r a t u r e  p o t e n t i a l ,  h o t h o u s e s  d o  n o t  need  h e a t l n g .  The need  

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

s o l a r  r a d i a t i o n  i n  s p r i n g  and  autumn and  even  on c l e a r  w i n t e r  

d a y s  w i t h  n e g a t i v e  o u t s i d e  a i r  t e m p e r a t u r e s .  A t  t h e  same t i m e ,  

h o t h o u s e s  mus t  b e  h e a t e d  a t . n i g h t ' e v e n  i n  t h e  summer i n  r e g i o n s  

w i t h  a n  a b r u p t  c o n t i n e n t a l  c l i m a t e .  

T h i s  v a r i a t i o n ,  a s  a  r u l e ,  d o e s  n o t  c o r r e s p o n d  w i t h  smooth 

o p e r a t i o n  o f  power s t a t i o n s  w i t h  a  r e l a t i v e l y  c o n s t a n t  d i s c h a r g e  

o f  h e a t .  T o  a  s i g n i f i c a n t  d e g r e e  t h i s  f a c t o r  c o m p l i c a t e s  s y s -  

t e m s  f o r  h e a t i n g  h o t h o u s e s  w i t h  w a s t e  h e a t ,  a s  w e l l . a s  t h e  r e g u -  

l a t i o n  and a u t o m a t i o n  o f  t h e s e  s y s t e m s .  

The cos t  s t r u c t u r e  o f  h o t h o u s e s  making up a  6  h e c t a r e  b l o c k  

( n o t  c o u n t i n g  t h e  a d d i t i o n a l  c o s t s  o f  t y i n g  i n t o  t h e  p r o j e c t )  

i n  t h e  c e n t r a l  r e g i o n s  o f  t h e  c o u n t r y  ( a t  a  t h e o r e t i c a l  o u t s i d e  

a i r  t e m p e r a t u r e  o f  -30°C) a p p e a r s  t h u s :  

1. Bu i l . d ing  s t r u c t u r e s  - 32% 

2. H e a t i n g  s y s t e m  f o r  h o t h o u s e s  - 32% 

3. O t h e r  i n s t a l l a t i o n s  -. 26% 
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The u s e  o f  m e t a l  p e r  1 . m  a r e a  o f  modern h o t h o u s e s  i s  a b o u t  

28 k g ,  i n c l u d i n g  7  kg ( 2 8 . 5 % )  f o r  t h e  s u p p o r t  s t r u c t u r e s  and  21 

kg  ( 7 1 . 5 % )  f o r  t h e  p i p e s  o f  t h e  h e a t i n g  s y s t e m .  The c o s t s  f o r  

i n s t a l l i n g  t h e  h e a t i n g  s y s t e m  depend  on t h e  c l i m a t i c  zone o f  

c o n s t r u c t i o n .  

Accord ing  t o  t h e  d a t a  o f  a  h o t h o u s e  s t a t e  . farm -- t h e  

Moskovsk i i  combine -- t h e  p r o p o r t i o n  o f  b o i l e r  i n s t . a l l a t i o n s  i n  

t h e  t o t a l  c a p i t a l  i n v e s t i m e n t s  f o r  h o t h o u s e s  i s  7 % ,  w h i l e  

costs f o r  h e a t i n g  a r e  more t h a n  26% o f  a n n u a l  o p e r a t i n g  c o s t s .  

An i n c r e a s e  i n  t h e  p r o d u c t i o n  o f  h o t h o u s e  v e g e t a b l e s  i n -  

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

g r a d e  f u e l .  I t  i s  s u f f i c i e n t  t o  p o i n t  o u t  t h a t  no  less t h a n  30 

m i l l i o n  t nomina l  f u e l  p e r  y e a r  w i l l  b e  r e q u i r e d  t o  h e a t  22-23 

t h o u s a n d  ha  o f  h o t h o u s e s  a t  t h e  1990  l e v e l .  

I n  c o n n e c t i o n  w i t h  t h i s  it seems e c o n o m i c a l l y  a d v a n t a g e o u s  

t o  u s e  t h e  low p o t e n t i a l  w a s t e  h e a t  o f  i n d u s t r i a l  e n t e r p r i s e s  

a n d  t h e r m a l  power s t a t i o n s  t o  h e a t  h o t h o u s e s .  



As i s  w e l l  known, o n l y  33-40% o f  t h e  a v a i l a b l e  t h e r m a l  c a p a -  

c i t y  i s  u s e d  t o  p r o d u c e  e l e c t r i c  power  a t  f o s s i l  f u e l  a n d  n u c l e a r  

e l e c t r i c  power  s t a t i o n s .  The  r e m a i n d e r  i s  i r r e t r i e v a b l y  d i s p e r s e d  

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

a n d  c l i m a t i c  c o n d i t i o n s  o f  t h e  r e g i o n  w h i c h  t h e  t h e r m a l  power  

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

a  b r o a d  r a n g e .  T a b l e  I g i v e s  mean a n n u a l  a n d  s e a s o n a l  c h a n g e s  

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

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

I t  f o l l o w s  f r o m  t h e ' t a b l e  t h a t  t h e  w a t e r  i n  c i r c u l a t i n g  ' 

s y s t e m s  o f  water s u p p l y  w i t h  s y n t h e t i c  c o o l a n t s  h a s  t h e  h i g h e s t  

t e m p e r a t u r e s :  i . e . ,  t h o s e  w i t h  e v a p o r a t i o n  t o w e r s ,  w i t h  a i r -  

c o n d e n s a t i o n  i n s t a l l a t i o n s  (VKU) a n d  combined  w e t - d r y  t o w e r s .  

A c e r t a i n  q u a n t i t y  o f  h e a t  h a v i n g  a  r e l a t i v e l y  h i g h e r  p o t e n -  

t i a l  i s  d i s c h a r g e d  a f t e r  t h e  o i l  c o o l e r s  o f  t h e  t u r b i n e s  a n d  

f e e d  pumps. 

I 11. H e a t i n g  s y s t e m s  f o r  h o t h o u s e s  

I n  t h e  S o v i e t  Union t h e  d e v e l o p m e n t  o f  h o t h o u s e  v e g e t a b l e  

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

l a r g e  h o t h o u s e  p l a n t s  h a v i n g  e n c l o s e d - s o i l  a r e a s  o f  20-50 a n d  

1 0 0  h a .  T h e s e  p l a n t s  a re  n o r m a l l y  b u i l t , a c c o r d i n g  t o  s t a n d a r d  

d e s i g n s  w h i c h  h a v e  b e e n  d e v e l o p e d  by s p e c i a l  i n s t i t u t e s .  

One o f  t h e  more  i n d u s t ' r i a l  s t a n d a r d  p r o j e c t s  was  d e v e l o p e d  

f o r  a 6 - h e c t a r e  b l o c k  f o r  c l i m a t i c  c o n d i t i o n s  w i t h  t h e o r e t i c a l  

w i n t e r  a i r  t e m p e r a t u r e s  o f  -20 a n d  -30°C. 

T h e  b l o c k  o f  h o t h o u s e s  c o n s i s t s  o f  f i v e  1 - h e c t a r e  s o i l  

h o t h o u s e s ,  o n e  1 - h e c t a r e  v e g e t a b l e  h o t h o u s e s  w i t h  a  n u r s e r y  

s e c t i o n ,  b u i l d i n g s  f o r  g e n e r a l  a n d  s e r v i c e  p u r p o s e s ,  a  b o i l e r  

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

The  p l a n  o f  s u c h  a  b l o c k  i s  shown i n  F i g u r e  1. 

I T e n t  a n d  u n a e r g r o u n d  h e a t i n g  i s  p r o v i d e d  i n  t h e  h o t h o u s e s .  

The h e a t  t r a n s f e r  a g e n t  f o r  t h e  t e n t  h e a t i n g  i s  w a t e r  a t  95-70°C. 

H e a t  t r a n s f e r  a g e n t  f o r  u n d e r - s o i l  h e a t i n g  i s  w a t e r  a t  40°C. 

S t e a m  a n d  w a t e r  s u p p l i e s  f o r  t h e  b l o c k  o f  h o t h o u s e s  i s  p r o v i d e d  

by i t s  own b o i l e r s .  



.. . . . .  . . 
.. - I n  ' t h e  .dk.s ign '  ' r e g a i d *  - t h e  h o t h o u s e s '  a r e  o p e n  s p a n  s t r u ' c t u r e s  

w i t h  a  s p a n  o f  6 .4  m .  The s k e l e t o n  i s  s t e e l ,  of  s p e c i a l  p r o f i l e s .  

The e n c l o s u r e s  a re  g l a s s .  The f o u n d a t i o n s  a r e  r e i n f o r c e d  c o n c r e t e .  

Hea t  consbmpt ion  o r  h e a t i n g  f o r  r e g i o n s  w i t h  a  t h e o r e t i c a l  

o u t s i d e  a i r  t e ' m p e r a t u r e  o f  -20°C i s  4 G c a l / h r ,  and 5 .2  G c a l / h r  

f o r  t h e  -30°C r e g i o n .  A t h e o r e t i c a l  minimum t e m p e r a t u r e ' o f . n o '  ' 

less t h a n  + lS°C i s  p r o v i d e d  i n  t h e  h o t h o u s e s .  

From t h e  s t a n d p o i n L  o f . e n e r g y  t h e  main'  s h o r t c o m i n g  o f  t h e s e  

h o t h o u s e s  i s  t h e  need  f o r  u s e  h i g h - g r a d e  g a s e o u s  o r  l i q u i d  f u e l  
7 \ for h e a t i n g .  I n  a d d i t i o n ,  t h e  p i p e , s y s t e m  f o r  h e a t i n g  r e q u i r e s  

a  v e r y  h i g h  consumpt ion  o f  m e t a l  p e r  s q u a r e  meter o f  h o t h o u s e  
2  

(= 2 0  kg/m ) .  

The d e s i r e  t o  u s e  f u e l  r a t i o n a l l y  and t o  r e d u c e  t h e  h i g h  

metal consumpt ion  o f  t h e  h e a t i n g  s y s t e m  l e d  t o  t h e  deve lopmen t  o f  

v a r i o u s  h o t h o u s e  d e s i g n s  h e a t e d  w i t h  low p o t e n t i a l  w a s t e  h e a t  

f r o m  e l e c t r l c  power s t a t i o n s  o r  o t h e r  j n d u s t r i a l  e n t e r p r i s e s  

i n  t h e  USSR, ' t h e  USA and  i n  o t h e r  c o u n t r i e s .  

A d e s c r i p t i o n  o f  t h e s e  s y s t e m s  1s g i v e n  below.  

I.  Hothouse  w i t h  w a t e r - f  i l l e d  r o o f  ............................... 
The s o l u t i o n s  wh ich  have  b e e n  t e s t e d  i n  e x p e r i m e n t a l  i n -  

s t a l l a t i o n s  i n c l u d e  h o t h o u s e  t y p e s - w h o s e  e n c l o s i n g  t r a n s p a r e n t  

s t r u c t u r e s  are s e p a r a t e d  f'rom t h e  o u t s i d e  e n v i r o n m e n t  by  a  con- 

t i n u o u s  s h e e t  o.£ warm w a t e r .  I n  e x p e r i m e n t s  pe r fo rmed  i n  1945- 

1950  t h e  t h i c k n e s s  o f  t h e  w a t e r  l a y e r  on a  s l o p e d  g l a s s  r o o f  o f  , 

a h o t h o u s e . w a s  t a k e n  t o  b e  10-14 mm. I n  e x p e r i m e n t s  o f  P r o f e s s o r  

E.  D .  K o r o l l k o v  ( A g r i c u l t u r a l  ~ c a d ~ m ~  named f o r  K .  A .  ~ i m i r ~ a z e v )  

t h e  t h i c k n e s s  o f  t h e  w a t e r  l a y e r  on a f l a t  r o o f  r e a c h e d  60-70 

mrn. I n  a l l  c a s e s  t h e  w a t e r  s u r f a c e  was open .  

F i g u r e  2 shows a s c h e m a t i c  d i a g r a m  o f  s u c h  a  h o t h o u s e .  

I n  e x p e r ' i m e n t s  c a r r i e d  o u t  on F e b r u a r y  8 ,  1 9 6 9 ,  when t h e  

o u t s i d e  a i r  t e m p e r a t u r e  was -27°C and  t h e  t e m p e r a t u r e  of  t h e '  

water b e i n g  s u p p l i e d  t o  t h e  r o o f  was +4S°C, t h e  w a t e r  f l o w i n g  from 

t h e  r o o f  had  a  t e m p e r a t u r e  o f  +26"C, w h i l e  a i r  t e m p e r a t u r e s  i n  

t h e . h o t h o u s e  w e r e :  +20°C a t  20 c m  f rom t h e  r o o f ,  +1g0C. a t  90 

c m  f rom t h e  r o o f  and  + 1 5 0 ~  above  t h e  s o i l  ( t h e r e  was no  s o i l  

h e a t i n g ) . ,  Here t h e  w a t e r  f l o w  r a t e  t o  - t h e  r o o f  was 80-100 2 /h r  
2 

p e r  1 m r o o f .  



- .  .. . -  Eig.ur,e. . .  . . 3 . . - g i v e s  . a n  o r i e n t a t i o n a l  g r a p h  . o f ,  . t h e  . s e a s o n a l  , change  
. I  - ._. . .-  - 1 .  

o f  t h e  t e m p e r a t u r e  o f  w a s t e  w a t e r .  T h r e e  z o n e s  . c a n  .b@ s e e n  o n  , . . 
t h e .  g r a p h .  Two o f  them c o r r e s p o n d  t o  a  s h o r t - a g e  o f  , h e a t  i n  t h e :  

h o t h o u s e ,  w h i l e  o n e  c o r r c s p . o n d s  t o  a n  excess o f  h e a t .  - 
B a s i c  p ; i n c i p l e s  f o r  t h e  t h e r m a l  c a l c u l a t i o n  o f  t h i s  t y p e ,  

o f  h o t h o u s e  a r e  g i v e n  b e l o w .  

T h e  t e m p e r a t u r e  o f  t h e  w a t e r  on t h e  r o o f  c a n  be' d e t e r m i n e d  

f rom t h e  e q u a t i o n  of t h e r m a l  b a l a n c e  o f  a  w a t e r - f i l l e d  r o o f :  

I t  f o l l o w s  f r o m  E a u a t i o n  1: 

. - 
w h e r e :  A t w  - d e p t h  o f  c o o l i n g  o f  w a t e r  o n  r o o f  , " O ' C ~  ~, 

, 

G - f l o w  r a t e  o f  w a t e r  t o  r o o f ,  k g / h r ;  ' 
W 

LQ, - t o t a l  h e a t  t ~ a n s f e r  o f  w a t e r  o n  r o o f ;  k c a l / h r ;  

- s p e c i f i c  e n t h a l p y  o f  w a t e r ,  . k c a l / k g . " ~ .  . . ,  
Cw 

On t h e  o t h e r  h a n d :  

w h e r e :  
Qwl 

- h e a t  t r a n s f e r  b y  " e v a p o r a t i o n ,  k c a l / h r ;  

Qw2 - h e a t  t r a n s f e r  b) c o n v e c t i o n ,  k c a l / h r ;  

Qw3 
- r a d i a t i o n  b a l a n c e ,  k c a ' l / h r  ; . . . . 

A 1  - a d d i t i o n a l  r a d i a t i o n  by  s u r f a c e  o f  w a t e r  h e a t e d  
' W. 

a b o v e  n o r m a l - n a t u r a l  t e r m p e r a t u r e ,  k c a l / h r .  
, 

w h e r e  : Q'w2 
- h e a t  t r a n s f e r  by  c o n v e c t i o n  t o  a t m o s p h e . r e ,  k c a l / h r ;  

Q"w2 - h e a t  t r a n s f e r  by c o n v e c t i o n  t h r o u g h , . r o o f  i n t o  

h o t h o u s e ,  k c a l / h r ;  . .. 

The v a l u e  o f  Qw3 i s  d e t e r m i n e d  f r o m  t h e  e x p r e s s i o n :  

w h e r e :  ( @ + q ) ,  - t o , t a l  s o l a r  r a d i a t i o n  a t  o b s e r v e d  o v e r . a l 1  c l o u d  

c o v e r ,  k c a l / h r ;  

a  - a l b e d o , o f  w a t e r  s u r f a c e ;  



In - effective .radi,ation by water surface at normal-natural 
temperature of water, kcal/hr; 

Q4 - heat transmitted to hothouse through roof by pene- 
trating solar radiation, kcal/hr. - 

Here it is considered that part of the solar radiation 

penetrates into the hothouse through the layer of water in the 

glass roof. 

The magnitudes of Qwl, Qw2 and A1 are determined from 
W 

conventional dependences of theory of heat and mass exchange of 

a water surface with atmosphere. 

In winter operation a temperature drop equal to the heat-up 

in the condenser is achieved by reducing the quantity of water 

supplied to the roof, or by cooling it in other coolers of the 

power station. 

The heat losses of a hothouse with the water-filled roof and 

with a dry roof are determined from equation: 

where: Q2 - total losses of heat of the hothouse, kcal/hr: 
Q5 - losses of heat through the water-filled or dry 

roof, kcal/hr; 

Q6 - losses of heat through side glass, kcal/hr; 
Q, - losses of heat through soil, kkal/hr; 
Q8 - losses of heat through the concrete base pedestal, 

. kcal/hr ; 

Qg - losses of heat to transpiration of plants, tcal/hr: 
Q10 - losses of heat in ventilation of hothouse, kcal/hr. 

~alculations for dry and water-filled roofs for mean monthly 

meteorological conditions and for mean air temperatures of the 

cold days show that the total mean annual losses of heat for a 

1-hectare hothouse are: 

a. for a water-filled roof: 

137,Gcal - with consideration of solar radiation; 
16380 Gcal - without consideration of solar radiation; 

b. for a dry roof: 

9000 Gcal - with consideration of solar radiation; 
12000 Gcal - without consideration of soJar radiation. 



. -'. The hea ' t  l o s s e s  a t  a  mean a i r  t e m p e r a t u r e  ! fo r  &he c o l d e s t  

d a y s  o f  -32OC was: 

a .  f o r  a  w a t e r - f i l l e d  r o o f :  

0 .25  G c a l / h r  - w i t h  c o n s i d e r a t i o n  o f  s o l a r  r a d i a t i o n ;  

0 .30 G c a l / h r  - w i t h o u t  c o n s i d e r a t i o n  o f  s o l a r  r a d i a t i o n .  

b .  f o r  a  d r y  r o o f  : 

2.86 G c a l / h r  - w i t h  c o n s i d e r a t i o n  o f  s o l a r  r a d i a t i o n ;  

2 . 9 2  G c a l / h r  - w i t h o u t  c o n s i d e r a t i o n  o f  s o l a r  r a d i a t i o n .  

The r e s u l t s  o f  t h e  c a l c u l a t i o n s  a r e  g i v e n  i n  F i g u r e s  4 

and 5 .  

The p r e s e n c e  o f  warm w a t e r  on t h e  r o o f  o f  t h e  h o t h o u s e  

a l l o w s  t h e  t h e r m a l  l o s s e s  o f  t h e  h o t h o u s e  t o  b e  r e d u c e d  s i g n i f i -  

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

The e x p e r i e n c e  o f  o p e r a t i o n  h a s  shown t h a t  a  l a y e r  o f  w a t e r  

on t h e  r o o f ,  w h i l e  a d m i t t i n g  t h e  v i s i b l e  p o r t i o n  o f  t h e  s u n l i g h t ,  

s u b s t a n t i a l l y  r e t a r d s  t h e  i n f r a r e d  p o r t i o n  o f  t h e  s p e c t r u m ,  p r o -  

t e c t i n g  t h e  h o t h o u s e  f rom o v e r h e a t i n g  d u r i n g  p e r i o d s  w i t h  i n t e n s i v e  

s o l a r .  r a d i a t i o n .  

O p e r a t i o n  o f  a  h o t h o u s e  w i t h  a  w a t e r - f i l l e d  r o o f . a l s o  r e v e a l e d  

a  number o f  i m p o r t a . n t  s h o r t c o m i n g s .  T h i s  p r i m a r i l y  i n c l u d e s  i t s  ' . 

h i g h  m e t a l  consumpt ion  and  t h e  need  t o  * b u i l d  a  w a t e r t i g h t  r o o f .  

T h e r e  a r e  a l s o  g r e a t  d i f f i c u l t i e s  d u e  t o  t h e  need  t o  m a i n t a i n  

t r a n s p a r e n c y  o f  t h e  r o o f ,  which  becomes d i r t y  w i t h  d u s t  and a l g a e .  

M a t t e r s  o f  v e n t i l a t i o n ,  c l e a n i n g  o f  t h e  r o o f ,  h e a t i n g  o f  t h e  

s o i l  bed a n d  o t h e r  e l e m e n t s ' a w a i t  s o l u t i o n  and  e x p e r i m e n t a l  tes t -  

i n g .  

2. Hothouse  w i t h  a i r  h e a t i n g  ........................ 
F i g u r e s  6 ,  7 and 8  showed t h e  d e s i g n  o f  a  h o t h o u s e  h e a t e d  

by w a s t e  h e a t  by means ,of t h e  h e a t  e x c h a n g e r s  o f  t h e  power s t a t i o n  

c o o l i n g  sys t em.  

The h e a t  e x c h a n g e r s  a r e  p l a c e d  i n  a n n e x e s  t o  t h e  c o n v e n t i o n a l  
' / 

s t a n d a r d  h o t h o u s e  a s  h e a t i n g  p o i n t s .  

The h e a t  t r a n s f e r  a g e n t  -7 c o n d e n s a t e  a t  a  t e m p e r a t u r e  o f  

35-45°C -- f l o w s  i n  t h e  p i p e s  o f  t h e  h e a t  e x c h a n g e r s ,  and a i r  

blown by f a n s  t h r o u g h  t h e  i n t e r t u b e  s p a c e  o f  t h e  h e a t  e x c h a n g e r  

i s  h e a t e d  and  s u p p l i e d  t o  t h e  h o t h o u s e .  
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, . Here t h e  h e a t  e x c h a n g e r s  f u l f i l l  two f u n c t i o n s ' : ' '  ' ' . ., . , . ; . . .  . 
" ,  

, 

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

n u c l e a r  power s t a t i o n  t h e  h e a t  excha r lye r s  a r e  c o o l e r s  of  t h c  

' c o n d e n s a t e  f rom t h e  t u r b i n e  c o n d e r i s e r s , ,  t h u s  e n s u r i n g  i t s ' c o o l i n g ;  

2 .  They a r e  t h e  c h i e f  s o u r c e  o f  h e a t  f o r  t h e  h o t h o u s e ,  

m a i n t a i n i n g  t h e  n e c e s s a r y  t e m p e r a t u r e  and h u m i d i t y  c o n d i t i o n s  i n  

i t .  

P r o c e e d i n g  f rom t h i s ,  t h r e e  main o p e r a t i n g  r e g i m e s  f o r  t h e  

h o t h o u s e  c a n  b e  d i s c u s s e d :  

1. W i n t e r  r e g i m e :  

I n  t h e  t h e o r e t i c a l  w i n t e r  r e g i m e ,  a t  o u t s i d e  a i r  t e m p e r a t u r e s  

o f  -25OC t o  -30°C a  c o n s t a n t  volume o f  a i r  c i r c u l a t e s  i n  t h e  

h o t h o u s e  a n d  t h r o u g h  t h e  i n t e r t u b e  s p a c e  o f  t h e  h e a t  exchange , r s ;  

t h e  maximum q u a n t i t y  o f  t h i s  a i r  ( f o r  a  s e l e c t e d  h e a t  o u t p u t  o f  

t h e  h e a t  e x c h a n g e r  a n d  g i v e n  a r e a  o f  t h e  h o t h o u s e )  i s  l i m i t e d  by 

t h e  maximum a l l o w a b l e  a i r  v e l o c i t y  i n  t h e  h o t h o u s e  (on  t h e  o r d e r  

o f  1 . 5  m / s ) .  

Supp ly  o f  o u t s i d e  a i r  d u r i n g  t h e s e  p e r i o d s  i s  e l i m i n a t e d .  

A i r  i n t a k e  i s  a c c o m p l i s h e d  from t h e  h o t h o u s e .  A i r  blown by f a n s .  

i s  pumped t h r o u g h  t h e  h e a t  e x c h a n g e r ,  h e a t e d  and s u p p l i e d  t o  t h e  

h o t h o u s e .  The t e m p e r a t u r e  o f  t h , e  h e a t e d  a i r  i s  used  t o  c o v e r  

t h e  t h e r m a l  l o s s e s  o f  t h e  h o t h o u s P  ( Q ~ ) .  The a i r  c o o l e d  i n  t h e  

h o t h o u s e  i s  r e t u r n e d  t o  t h e  h e a t  e x c h a n g e r s .  

2 .  Summer r e g i m e  

With  o u t s i d e  a i r  t e m p e r a t u r e s  above  t h e  t e m p e r a t u r e  o f  

t h e  a i r  i n  t h e  h o t h o u s e  and  w i t h  i n t e n s i v e  s o l a r  r a d i a t i o n  i t  i s  

p o s s i b l e  t h a t  t h e  h o t h o u s e  w i l l  o v e r h e a t .  I n  t h i s  c a s e  a i r  i s  

b r o u g h t  i n  f rom o u t s i d e .  The a i r  h e a t e d  i n  t h e  h e a t , e x c h a n g e r s  

c a n  b e  c o m p l e t e l y  d i s c h a r g e d  t o  a t m o s p h e r e ,  b y p a s s i n g  t h e  h o t -  

h o u s e ,  t h r o u g h  open  windows i n . t h e  c e i l i n g .  I r r i g a t i o n  o f  t h e  

h e a t  excha 'nge r s  c a n  b e  u s e d  f o r  p u r p o s e s  o f  c o o l i n g  t h e  conden-  

sate .  The e f f e c t  o f  e v a p o r a t i v e  c o o l i n g  i s  s i m u l t a n e o u s l y  u s e d  

t o  r e g u l a t e  t h e  h u m i d i t y  o f  t h e  a i r  i n  t h e  h o t h o u s e .  I f  t h e r e  

i s  s i g n i f i c a n t  e x c e s s  h e a t  i n  t h e  h o t h o u s e  i t  i s  p o s s i b l e  t o  

v e n t i l a t e  i t .  I n  t h i s  c a s e  a i r  i n t a k e  i s  a c c o m p l i s h e d  from o u t -  

s i d e  a n d  f rom t h e  h o t h o u s e  t h r o u g h  open  windows i n  i t s  r o o f .  



3 .  A u t u m n - s p r i n g  r e g i m e .  

I With  m o d e r a t e  o u t s i d e  a i r  t e m p e r a t u r e s  a n d  e l e v a t e d  s o l a r  

r a d i a t i o n  t h e  amount  o f  a i r  g o i n g  t o  t h e  h o t h o u s e  w i l l  b e  a 

v a r i a b l e  i i g u r e  a c c o r d i n g  t o  t h e  o u t s i d e  a i r  t e m p e r a t u r e .  I n  

a d d i t i o n ,  t h e  q e c e s s a r y ' d e g r e e  o f  c o o l i n g  o.f t h e  c o n d e n s a t e  

d e p e n d s  o n  t h e  t e m p e r a t u r e  a n d  h u m i d i t y  o f  t h e  a i r  g o i n g  t o  t h e  

h e a t  e x c h a n g e r .  A i r  p i c k u p  i s  f r o m  o u t s i d e  a n d  f r o m  t h e  h e a t  

e x c h a n g e r .  The  mixed  a i r  i s  pumped by  f a n  t h r o u g h  t h e  h e a t  

e x c h a n g e r  a n d  h e a t e d .  P a r t  o f  t h e  h e a t e d  a i r ,  e q u a l  t o  t h e  amount  

t a k e n  f r o m  o u t s i d e  i s  d i s c h a r g e d  f r o m  a t m o s p h e r e  t h r o u g h  windows 

o p e n  i n  t h e  c e i l i n g  o f  t h e  h e a t i n g  p o i n t .  The o t h e r  p a r t  i s  

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

h o t h o u s e - a n d  m a i n t a i n i n g  t h e  n e c e s s a r y  t e m p e r a t u r e  a n d  h u m i d i t y  

r e g i m e  i n  i t .  

 h he t h e r m o p h y s i c a l  p r o p e r t i e s  o f  t h e  m i x e d  a i r  ( i i ,  t L ,  Lz, 

e t c . )  d e p e n d  on t h e  d e g r e e  o f  i t s  m i x i n g  n .  I n  d e p e n d e n c e  on 

t h e  amount  o f  a i r  coming  f r o m  o u t s i d e  0  < 1, s i n c e  n- c h a r a c t e r -  

i z e s  t h e  p r o p o r t i o n  o f  o u t s i d e  a i r  i n  t h e  t o t a l  amount  o f  a i r .  
I 

I n  t h e  w i n t e r  r e g i m e  n  = 0 ,  w h i l e  i n  t h e  summer r e g i m e  n  = 

1. The  i n t a k e  o f  o u t s i d e  a i r  i s  r e g u l a t e d  by  means  o f  l o u v e r s ,  

t h e  o p e n i n g  o f  w h i c h  i s  i n  d e p e n d e n c e  o n  n .  I n  t h e  g e n e r a l  c a s e  

0  - < n  - < 1 f o r  t h e  h o t h o u s e .  T h u s ,  e s t a b l i s h i n g  t h e  opt imum 

v a l u e  o f  n  f o r  e a c h  c o n c r e t e  c a s e  u n a m b i g u o u s l y  d e t e r m i n e s  t h e  

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

I t e m p e r a t u r e  a n d  h u m i d i t y  c o n d i t i o n s  i n  t h e  h o t h o u s e .  

I The t h e r m o t e c h n i c a l  c a l c u l a t i o n  o f  a h o t h o u s e  h e a t e d  by  

w a s t e  h e a t  i s  b a s e d  o n  t h e  f o l l o w i n g  a s s u m p t i o n s :  ~ 1. The  number  o f  h e a t  , e x c h a n g e r s  i n s t a l l e d . i n  t h e  h e a t i n g  

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

~ d i t i o n s :  

I - t h e  c o n s u m p t i o n  o f  h e a t  p e r  h e c t a r e  o f  h o t h o u s e  a t  a n  

o u t s i d e  a i r  t e m p e r a t u r e  t = -30°C i s  '5 G c a l / h r ;  1 
- t h e  d i f f e r e n c e  o f  t h e  a i r  t e m p e r a t u r e  i n  t h e  h o t h o u s e  i s  

n o  more t h a n  5OC; 

- t h e  maximum a l l o w a b l e  a i r  v e l o c i t y  i n  t h e  h o t h o u s e  i s  

1. 5 m/s; 



- t h e  d e p t h  o f  c o o l i n g  o f  t h e  h e a t  t r a n s f e r  a g e n t  i s  w i t h i n  

8-10°C, w h i l e  m a i n t a i n i n g  t h e  r e q u i r e d  t e m p e r a t u r e  a n d  . humid i ty  

c o n d i t i o n s  i n  t h e  h o t h o u s e ;  i 

- t h e  a i r  i n  t h e  h o t h o u s e  moves i n  a  c l o s e d  c y c l e  ( n  = 0). 
max 

2 .  The needed  f a n  o u t p u t  o r  LI i s  , d e t e r m i n e d  f rom 

t h e  c o n d i t i o n  t h a t  t h e  needed  d e p t h  o f  c o n d e n s a t e  c o o l i n g  b e  

s e c u r e d  i n  summer. 

Here n  =.'1.' 

3 .  The optimum v a l u e  o f  n  i s  d e t e r m i n e d  f rom t h e  c o n d i t i o n  

t h a t  t h e  needed  d e p t h  o f  c o n d e n s a t e  c o o l i n g  a n d  r e q u i r e d  tempera-  

t u r e  and  h u m i d i t y  c o n d i t i o n s  b e '  e n s u r e d  i n  t h e  h o t h o u s e  i n  t h e  

au tumn-sp r ing '  p e r i o d .  

I n  d o i n g  s o  0  < n  .< 1. 

The t h e r m o t e c h n i c a l  c a l c u l a t i o n  o f  t h e  h o t h o u s e  1s 

p e r f o r m e d  on t h e  b a s i s  o f  a combined r e s o l u t i o n  o f  t h e  f o l l o w i n g  

e q u a t i o n s :  

' where :  n  - d e g r e e  o f  a i r  mix ing  

L1 - f l o w  r a t e  o f  o u t s i d e  a i r ,  t / h r  
I 

LC - t o t a l  f l o w  r a t e  o f  mixed  a i r ,  t / h r  

where :  i - h e a t . c o n t e n t  o f  o u t s i d e  a i r ,  k c a l / k g  1 
i - h e a t  c o n t e n t  o f  h o t h o u s e  a i r ,  k c a l / k g  

2 
i - h e a t  c o n t e n t  o f  mixed a i r ,  k c a l / k g  

C 

L2 - 
- f l o w  r a t e  o f  h o t h o u s e  a i r ,  t / h r .  

whe re :  Q0 - h e a t  o u t p u t  of  h e a t  e x c h a n g e r ,  k c a l / h r  

i - h e a t  c o n t e n t  of h e a t e d  a i r ,  k c a l / k g  3 
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where :  Q2 - h e a t  l o s s e s  o f  h e a t  o f  h o t h o u s e ,  k c a l / h r .  

The a d v a n t a g e  o f  a  h o t h o u s e  w i t h  a i r  h e a t i n g  i s  t h e  f a c t  

t h a t  i t s  h e a t i n g  s y s t e m  i s  d e s i g n w i s e  n o t  c o n n e c t e d  w i t h  t h e  

h o t h o u s e  and  t h e r e f o r e  i n d u s t r i a l  d e s i g n s  f o r  modern h o t h o u s e s  

c a n  b e  u s e d .  

A n o t h e r  m e r i t  i s  t h e  p o s s i b i l i t y  o f  c r e a t i n g  b e t t e r  V e n t i l a t i o n  

and  r e g u l a t i o n  o f  a  more f a v o r a b l e  m i c r o c l i m a t e  i n  t h e  h o t h o u s e s .  

The need  t o  u s e  f o r c e d  a i r  d r a f t  ( f a n )  s h o u l d  b e  c o u n t e d  

among i t s  s h o r t c o m i n g s .  

3. S y s t e m s  w i t h  c o n v e c t i v e - e v a ~ o r a t i v e  and c o n v e c t i v e  h e a t i n g  - ......................... ............................. 
I n t e r e s t i n g  s t u d i e s  were c a r r i e d  o u t  i n  t h e  USA o n  t h e  d e s i g n  

o f  h o t h o u s e  h e a t i n g  systems a l l o w i n g  w a s t e  h e a t  t o  be  u s e d .  I n  

1970  a  h o t h o u s e  6 x 1 4  m i n  s i z e  w i t h  c o n v e c t i v e - e v a p o r a t i v e  h e a t  

e x c h a n g e r s  was b u i l t  a t  t h e  Oak R idge  N a t i o n a l  L a b o r a t o r y .  

The b a s i c  p o r t i o n  o f  t h e  h e a t  was t a k e n  o f f  i n  a n  e v a p o r a t i v e  

h e a t  e x c h a n g e r ,  which  was a  p a n e l  5 c m  t h i c k  f i l l e d  w i t h  p i n e  

s h a v i n g s .  Water  a t  40°C i n  t h e  amount o f  37 L/min was s u p p l i e d  

t o  t h e  u p p e r  p a r t  o f  t h e  p a n e l  and  p a s s e d  v e r t i c a l l y  downwards,  

w e t t i n g  t h e  s u r f a c e  o f  t h e  s h a v i n g s .  A i r  f o r c e d  by  f a n s  pene -  

t r a t e d  t h e  p a n e l  and  was h e a t e d  o r  c o o l e d  a c c o r d i n g  t o  t h e  humi- 

d i t y  and  t e m p e r a t u r e  o f  t h e  a i r  and  t h e  t e m p e r a t u r e  o f  t h e  w a t e r  

b e i n g  s u p p l l e d  t o  t h e  p a n e l .  A f t e r  t h e  e v a p o r a t i v e  p a n e l  t h e  a i r  

p a s s e d  t h r o u g h  a  h e a t  e x c h a n g e r  made o f  r i b b e d  p i p e s ,  w'here i t  

was f u r t h e r . h e a t e d  and  d r i d d .  T h e s e  o p e r a t i o n s  l e d  t o  t h e  c o n s t r u c -  

t i o n  o f  a n  e x p e r i m e n t a l ~ h o t h o u s e  i n  Musc le  S h o a l s ,  Alabama. The 

p r i n c i p l e  o f  t h e  o p e r a t i o n  o f  t h i s  h o t h o u s e  i s  t h e  same a s  a t  

t h e  Oak R idge  L a b o r a t o r y .  

1 t . p e r m i t t e d  t h e  b e g i n n i n g  o f  t h e  deve lopmen t  o f  a  d r a f t  

p l a n  f o r  a  l a r g e r  h o t h o u s e ,  2000 s q u a r e  meters i n  a r e a ,  a t  t h e  

Browns F e r r y  n u c l e a r  power p l a n t .  
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4 .  Ho thouse  w i t h  c o n v e c t i v e  h e a t i n g  ............................... ' .  

T h i s  t y p e  o f  h o t h o u s e ,  2000 s q u a r e  meters i n  a r e a ,  was b u i l t  

i n  1975  a l o n g  s i d e  t h e  S h e r b u r n  Coun t ry  ( M i n n e s o t a )  power s t a t i o n .  

The b l o c k - t y p e  h o t h o u s e  c o n s i s t s  o f  1 4  s e c t i o n s  5 . 1 8  x 29.26 m 

i n  s i z e .  The s i d e  e n c l o s u r e  was made f rom c o r r u g a t e d  g l a s s  p l a s -  

t i c  c o v e r e d  on t h e  i n s i d e  by p o l y e t h y l e n e  f i l m .  The r o o f  was 

made f rom two-ply p o l y e t h y l e n e .  T h e o r e t i c a l  h e a t  l o s s e s  o f  t h e  

h o t h o u s e  a t  t = -34PC and  i n s i d e  t e m p e r a t u r e  o f  10°C a r e  553000 

k c a l / h r  (644  kW). Each s e c t i o n  h a s  i t s  own h e a t  e x c h a n g e r  r a t e d  

a t  36 ,500  k c a l / h r  ( 4 2 . 5  kW). The t h e r o e t i c a l  t e m p e r a t u r e  o f  

t h e  water b e l n g  s u p p l i e d  i s  29.44OCl i t s  f l o w  r a t e  i s  110  &/min t  
3 t h e  a i r  f l o w  r a t e  i s  200 m /min. Warm a i r  i s  s u p p l i e d  t o  e a c h  

s e c t i o n  t h r o u g h  a . p e r f o r a t e d  f i l m  a i r  l i n e  762 mm i n  d i a m e t e r .  

The s o i l  i s  h e a t e d  by p o l y e t h y l e n e  p i p e s  25 mm i n  d i a m e t e r ,  which  

a re  a l o n g  t h e  s e c t i o n s  o f  t h e  h o t h o u s e  a t  6 1  c m  i n t e r v a l s  a t  a  

d e p t h  o f  30 .5  cm.  The f l o w  rate  o f  w a t e r  t o  t h e  p i p e s  i s  3 ,785  

R/min, t h e  t e m p e r a t u r e  d r o p  a l o n g  t h e  l e n g t h  o f  t h e  p i p e  i s  

5.5OC f o r  a n  a i r  t e m p e r a t u r e  i n  t h e  h o t h o u s e  o f  10°C and  s o i l  

t e m p e r a t u r e  o f  15.6OC. 

An e v a p o r a t i v e  c o o l i n g  p a n e l  and  a n  a x i a l - f l o w  e x h a u s t  f a n  

f o r  a i r  c o o l i n g  i n  summer are  a l s o  i n s t a l l e d  i n  e a c h  s e c t i o n .  

I n  case t h e  warm water s u p p l y  i s  t u r n e d  o f f  t h e r e  i s  a n  

emergency  h e a t i n g  s y s t e m ,  wh ich  c o n s i s t s  o f  a  380 kW e l ec t r i c  

b o i l e r ,  a p o r t a b l e  1 0  kW g e n e r a t o r  and  6  p r o p a n e  h e a t e r s  h a v i n g  

a t o t a l  o u t p u t  o f  8 8 , 0 0 0  k c a l / h r  (102 .5  kW). 

E x p e r i m e n t a l  o p e r a t i o n  o f  t h e  h o t h o u s e  showed t h a t  t h e  

s y s t e m  f o r  h e a t i n g  w i t h  waste h e a t  p r o v i d e s  t h e  r e q u i r e d  t e m p e r a t u r e  

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

example ,  a t  a n  o u t s i d e  a i r  t e m p e r a t u r e  o f  -41°C, wh ich  was r e p o r t e d  

a t  8 :00  on  J a n u a r y  9 ,  1977 ,  and  w i t h  w a t e r  a t  32.6OC b e i n g  s u p p l i e d ,  

t h e  t e m p e r a t u r e  i n  t h e  h o t h o u s e  w a s  m a i n t a i n e d  a t  14.4OC. Here 

t h e r e ' w a s  a  t e m p e r a t u r e  d r o p  o f  2.6OC. 

C o n c l u s i o n s  

The e x p e r i e n c e  g a i n e d  i n  t h e  o p e r a t i o n  o f  e x p e r i m e n t a l  h o t -  

h o u s e s  h e a t e d  by low p o t e n t i a l  h e a t  c o n f i r m s  t h e  p o s s i b i l i t y  and  

p r i n c i p l e  a n d  economic  f e a s i b i l i t y  o f  u s i n g  t h i s  k i n d  o f  h e a t i n g  



s y s t e m .  T h i s  same e x p e r i e n c e  h a s  shown t h a t t h e  n e c e s s a r y  t empera -  
, . 

t u r e  a n d  h u m i d i t y  c o n d i t i o n s  f o r  o u t - o f - s e a s o n  r a i s i n g  o f  v e g e -  

t a b l e s  and  o t h e r  c r o p s  a r e  e n s u r e d  by  t h e  u s e  of  s y s t e m s  w i t h  a i r  

h e a t i n g .  Ho thouses  w i t h  c o n v e c t i v e - e v a p o r a t i v e  h e a t i n g  a r e  i n  

t h i s  r e g a r d  i n f e r i , o r  t o  h o t h o u s e s  w i t h  a i r  h e a t i n g  b e c a u s e  o f  

t h e  r e l a t i v e l y  h i g h  h u m i d i t y  o f  t h e  a i r  c i r c u l a t i n g  i n  t h e  

h o t h o u s e .  Ho thouses  w i t h  w a t e r - f i l l e d  r o o f s ,  w h i l e  p o s s e s s i n g  

a  number o f  m e r i t s ,  a l s o  have  s e r i o u s  f a u l t s ,  t h e  c h i e f  o f  which  

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

r e g a r d  t o  d e s i g n ,  h o t h o u s e s  w i t h  a i r  h e a t i n g  a r e  p r e f e r a b l e ,  s i n c e  

t h e y  a l l o w  s t a n d a r d  d e s i g n  s o l u t i o n s  t o  b e  u s e d .  M a i n t a i n i n g  

a  w a t e r  t i g h t  r o o f  p r e s e n t s  s e r i o u s  d i f f i c u l t i e s  u n d e r  t h e  con-  

d i t i o n s  o f  t h e  w a t e r - f i l l e d  r o o f .  

More e x t e n s i v e  i n d u s t r i a l  u s e  o f  w a s t e  h e a t  t o  h e a t  

h o t h o u s e  p l a n t s  i n  t h e  n e a r  f u t u r e  i s  p r a c t i c a b l e .  However, 

s i g n i f i c a n t  work i s  r e q u i r e d  b o t h  o f  a  r e s e a r c h  n a t u r e  a s  w e l l  

a s  w i t h  r e g a r d  t o  d e s i g n  d e v e l o p m e n t s  i n  t h e  d e s i g n  o f  h o t h o u s e s  

o f  t h i s  t y p e  wh ich  a r e  n o t  i n f e r i o r  t o  c o n v e n t i o n a l  h o t h o u s e s  

i n  a l l  f a c t o r s .  

[Note :  F i g u r e s  w e r e  n o t  i n c l u d e d  w i t h  R u s s i a n  t e x t . ]  



Table 1 ------------.------------------- 
Temperature of cooling water after Technical water-supply 

turbine condensers, O C  systems - - - -  - - - a - d a - - - - - - - - - -  

Autumn- 
Average W i 11 1 c t  I- Summer Spring - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - -  

1. Direct-flow systems 2k22 12-14 2542 I842 

2. Recycle systems with 
cooling ponds 

3. Recycle systems 
with evaporation 
towers 

4. Recycle systems 
with air-condensa- 
tion installation 
(VKU ' s ) 

5. Combination' con- 
vective-evaporative 
coolers 



Fig.  1 .  Block o f  Hothouses 

( c o n s i s t s  o f  f i v e  l-hectare soil  hothouses, one 1-hectare 
vegetable hothouse with a nursery s e c t i o n ,  bui ldings for 
general and serv ice  purposes, a b o i l e r  i n s t a l l a t i o n  and a 
connective corridor.  ) 



Water Col lect in  
FOR EXPERIMENTAL-INDUSTRIAT. 

Extra Heat Exchan THERMOELECTRIC AND NUCLEAR POWER PLA 

Fig. 2. Plan of Greenhouse with Water-Filled '~oof . This figure was taken from 'last year s translati 
(ORNL-tr-4485) entitled A Project of a' Heating and Ventilating System for Experimental-Indu'strial Large Gr 
Heated with Thermoelectric Power Plant and Nuclear Power Plant Waste Heat which is applicable. [ 

l 1  



Without Considering Solar 4. ld . .  '''ilhalhr . 
, ~ ~ d i ~ t i ~ ~  - - . -. - I 

. .  i-2:. 

t ion 
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of Solar Radia Cons idera tion Fig. 3. Seasonal Change of Waste Water 
' mperature . * 

Fig. 4. Total Heat Losses of Greenhouse 
with Water-Filled Roof.* 
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I- * ) Without Taking Solar - - 
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I Taking Solar Radiation Into Account 

*These figures were taken from last year's trans- 
lation (ORNL-tr-4483) entitled The Use of Waste Heat 
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Pmcio i-honrbs of the Year 
- . .  . .  . .  
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from Thermoelectric Power Plants and Nuclear  owe= 
Plants to Heat Greenhouses which is applicable. 

Fig. 5. Total Heat Losses of Greenhouse 
with Dry Roof.* 



1. Beat Exchanger 6. Lowers 
2. Polyet_hylene Film Air Line 7 .  Cooled Water Line 
3. Air Outlet Openings 8.  Warm Y.Su Line 
4. Moveable Windows 9. Galvanized Iron A1,r Line 

10. Ventiht-JK 5. Removeable Part of Outside Wall 

Fig. 6. This figure was taken from last year's translation (ORNL-tr-4483) entitled 
Thermoelectric Power Plants and Nuclear Power Plants to Heat Greenhouses which is 



1. Steam Turbine 
2. Mixing Type Condenser 

4.. Cooling Tower ' 

5. P u m ~  

7. Valve 
8. Greenhouse ORNC - f  r-  4483 

3. Valve , 6. ~ibbed-~ube Heat-Condenser 

Fig. 7. Diagram of Combined Air-Condensation Electric Power Plant.Cooler and Greenhouse Heater. This fiqure - 
was taken from last year's translation (ORNL-tr-4483) entitled The Use of Waste Heat from Thermoelectric Power 
Plants to Heat Greenhouses which! is applicable. 



1. Beat Exchanger 6, Lowerr 
2. Polyethylene Filr Atr Line 7. Cooled Water Line 
3. Air Outlet Opening8 8 .  Warm atrr Line 
4. Moveable Windows 9. Calv.aLed Iron Air Line 
5. Removeable Part of Outride Wall 1C. Ventitt3r 

Fig. 8. This figure was taken from last yerrrs translation (CTRNL-tr-4483) entitled The Use of Waste $eat from 
Thermoelectric Power Plants and Nuclear Power Pl&nits to Heat Greenhouses which is applicable. 
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The vigorous growth of industrialization throughout the 

world is founded on an energy base, which calls for predominate 

development of thermal power engineering, including nuciear power 

engineering, which is causing thermal pollution of the environ- 

ment, mainly the aqueous environment, on an evergrowing scale. 

In addition, the use of irreplaceable natural resources: fuel, 

earth and water, in power production is rising significantly. 

An important alternative to this undesirable process is the ' 

development of a system of measures aimed at comprehensive uti- 

lization of waste heat, which will likely help to reduce appre- 

ciably the significance of the negative factor of therma'l pollu- 

tion and can produce an additional national economic benefit 

in the form of valuable food products, primarily, protein pro- 

ducts of animal origin. 

At the present time a number of'directions for the utiliza- 

tion of the waste heat of power sources have been noted. The 

best developed of these is the use of warm waters for fish farm- 

ing. 

Research in the field of the fish farming use of warm water 

was begun in the USSR in 1960. The initial task.was to use 

herbivorous fish of the Far East complex ( ~ t e n o ~ h a r y n ~ o d o n  

i d e l l u s ,  H y p o p h t h a l m i c t h y s  m o l i t r i x )  for biological reclamation 

of cooling ponds. This work was successfully completed, thus 

ensuring effective elimination of aqueous plant life with 

simultaneous production of fish to 600 kg/ha. 

In the same years studies were begun on intensive breeding 

of fish in fish ponds. It was shown that it is possible to pro- 
2 

duce up to 200 kg commercial carp per 1 m pond area. In order 

to raise the economic efficiency of industrial farms in warm 

waters biological technology for the maintenance of the more 

valuable delicacy fish: trout, sturgeon, etc., has been deve- 

loped. Today, the basic elements of the biological technology 

of these subjects have been developed and is being used by industry. 

Successful biological and physiological fish farming research 

ensured the possibility of producing not only commercial fish, 

but also full-fledged breeders as well as viable fry in the warm 

waters of electric power stations. In the opinion of Soviet 

specialists the use of warm waters is most effective specifical1.y 

for the reproduction of fish. Here costs for capital construction 



and feed for.the ilsh are substantially less than for carnniercial 

farms, as a result of which 'the raising of fry-turns out to be 

economically very effective. It is proposed to use this fry to 

stock lakes, water reservoirs and pond fish farms. Because of 

the enornlous water resources of the USSR, the demand for stocking 

material is practically unlimited, which ensures an excellent 

outlook'for the development of this trend. Reproduction of 

herbivorous fish of the Far East complex in warm waters at the 

same time provides complete satisTaction of the need for fish . 
stocking material for biological reclamation of cooling ponds. 

Use of warm waters for the breeding of valuable commercial 

fish has significantly reduced the period required for,the matura- 

tion of the breeders -- 2- to 3-fold compared to the onset of 
sexual maturity under natural conditions. This factor is 

especially valuable in raising fish with a long pe.riod for sexual 

maturation such as sturgeon, which mature at 12-18 years. The 

technique developed in the USSR for'raising sturgeon breeders 

and producing commercial black caviar envisions maturation of 

fish at 4-8 years. In this case the biological technology is 

based on complete optimization of the temperature, gas. and other " 

regimes and on the use of high efficiency physiologically complete 

food mixtures. 

The changeover to fish breeding under regulated temperature 

and other conditions created the prerequisites for spawning at 

predetermined and economically expedient times: This was seen 

especially clearly in the breeding of carp -- the main object 
of industrial fish farming in the USSR. At the present time 

Soviet specialists have a procedure with which carp fry can be 

produced in any calendar period over the year. Maintenance 

conditions for breeders have also been developed in which one 

and the same female can produce progeny at 3 month intervals. 

All this has allowed Soviet specialists to change over to a year- 

round "assembly line" system of carp breeding with all the 

management and economic advantages which issue from this. 

4 Under the severe climatic conditions of the USSR the use of 
the warm waters of electric power stations is exceptionally 

promising for the creation of industrial fishing complexes, which 

will include fish farming enterprises with the traditional 



b r e e d i n g  t e c h n o l o g y  (pon'd, l a k e ,  i n  w a t e r  r e s e r v o i r s ,  e.tc. ), and 

f i s h  f a r m s  i n  warm w a t e r s ,  where b r e e d i n g  and  w i n t e r  m a i n t e n a n c e  

o f  f i s h  w i l l  b e  c a r r i e d  o u t .  

Technology  d e v e l o p e d  by  S o v i e t  s p e c i a l i s t s  i s  a l l o w i n g  f i s h  

f r y  t o  be p roduced  s i g n i f i c a n t l y  e a r l i e r  t h a n  t h e  c o n v e n t i o n a l  

s c h e d u l e s  f o r  f i s h  spawning  u n d e r  n a t u r a l  c o n d i t i o n s .  S t o c k i n g  

o f  ponds  e v e n  wi . th  a  r e l a t i v e l y  s m a l l  s h o r t e n i n g  o f  t h e  n a t u r a l  

spawning  p e r i o d  (10-15  d a y s )  r a i s e s  t h e  e f f i c i e n c y  o f  f i s h  b r e e d -  

i n g  by 50%'  ( w i t h  r e s p e c t  t o  f i s h  p r o d u c t i v i t y  and f i n a l  w e i g h t  

o f  f i s h ) .  

The w i n t e r i n g  o f  f i s h  i n  warm w a t e r s  t u r n e d  o u t  t o  be excep -  

t i o n a l l y  e f f e c t i v e  u n d e r  t h e  c o n d i t i o n s  o f  t h e  USSR. With t r a -  

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

Dur ing  t h i s  p e r i o d  t h e y  n o t  o n l y  d o  n o t  grow,  b u t  become t h i n n e r ,  

w e a k e r ,  a r e  s u b j e c t  t o  mass  d i s e a s e s  and  f r e q u e n t l y  t h e y  p e r i s h .  

The u s e  o f  warm w a t e r  h a s  a l l o w e d  t h e  g rowing  p e r i o d  t o  be  e x t e n d e d ,  

a n d  d i s e a s e  t o  be r e d u c e d  pnd  e v e n  unde r  w i n t e r  c o n d i t i o n s  a  

w e i g h t  g a i n  t o  b e  o b t a i n e d .  

The main o b j e c t  o f  c u l t i v a t i o n  i n  t h e  S o v i e t  Union i s '  

c a r p .  The b i o l o g i c a l  p r o p e r t i e s  o f  t h i s  s p e c i e s  make i t  irre-  

p l a c e a b l e  f o r  b r e e d i n g  i n  warm-water i n d u s t r i a l  f i s h e r i e s .  The 

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

a n d  a b i l i t y  t o  a s s i m i l a t e  p l a n t  p r o t e i n .  A s  i s  w e l l  known, t h e  

r a t i o n s  (kombikorm.'["combi-feed"]) f o r  o t h e r  s p e c i e s  o f  f i s h  

w h i c h  a r e  c u l t i ~ a t e d ~ i n  f a r m s  mus t  c o n t a i n  no  less t h a n  30% 
. . 

a n i m a l  p r o t e i n ,  wh ich  i s  n e c e s s a r y  f o r  normal  g r o w t h  and  d e v e l o p -  

ment .  Here t h e  f i s h  b e i n g  r a i s e d  a r e  n o t  p r o d u c e r s  b u t  r a t h e r  
. . 

consumers  o f  a n i m a l  p r o t e i n ,  and  t h e i r  p r o d u c t i o n  volumes  w i l l  

"be  d e t e r m i n e d  by economic  and s o c i a l  f a c t o r s .  

I n v e s t i g a t i o n s  by S o v i e t  s p e c i a l i s t s  have  shown t h e  p o s s i -  I 

b i l i t y  o f  r a i s i n g  c a r p  on f e e d s  w i t h  low c o n c e n t r a t i o n s  of  

a n i m a l  p r o t e i n  a n d  e v e n  on f e e d s  which  c o n s i s t s  o n l y  o f  v e g e t a b l e  ,,'I 
components .  S t u d i e s  made by u s  have  shown t h e  p o s s i b i l i t y  o f  

f e e d i n g  c a r p . o n  b a s i c a l l y  new r a t i o n s ,  which  a r e .  b a s e d  p r i m a r i l y  

on  p r o d u c t s  o b t a i n e d  by means o f  m i c r o b i o l o g i c a ~  s y n t h e s i s  -- 
k 

p r o t e i n - v i t a m i n  p r e p a r a t i o n s  a n d  y e a s t .  The p r o m i s e  o f  t h e s e  

p r o d u c t s  i s  w e l l  known, b u t  p r o t e i n s  o , b t a i n e d  i n  r e a c t o r s  c a n n o t  

b e  u s e d  i n  l a r g e  . d o s e s  n o t  o n l y  f o r  man, b u t  a l s o  f o r  a g r i c u l t u r a l  



a n i m a l s .  I n  o u r  e x p e r i m e n t s  c a r p l i n  ,warm w a t e r  g rew w e l l  on 

p r o d u c t s  c o n t a i n i n g  up  t o  8 0 %  m i c r o b i o l o g i c a l  s y n t h e s i s  p r o d u c t s .  

I t  mus t  b e  s p e c i a l l y  emphas i zed  t h a t  t h e  f o o d  v a l u e  o f  

c a r p  p roduced  by i n d u s t r i a l  me thods  u s i n g  kombikorms i s  s i g n i f i -  

c a n t l y  h i g h e r  t h a n  f o r  n a t u r a l  w a t e r  r e s e r v o i r s .  T h i s  phenomenon, 

which  was f i r s t  i n v e s t i g a t e d  by S o v i e t  s p e c i a l i s t s ,  was 

c o m p l e t e l y  c o n f i r m e d  i n  t h e  GDR and FRG. 

. T h e r e f o r e ,  t h e r e  i s  e v e r y  r e a s o n  t o  b e l i e v e  t h a t  c a r p  i s  

t h e  f i s h  o f  t h e  f u t u r e  b e c a u s e  o f  i t s  s t r i k i n g  a b i l i t y  t o  c o n v e r t  

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

v a l u a b l e  p r o t e i n .  Because  i t  d o e s  n o t  expend  e n e r g y  i n  m a i n t a i n i n g  

c o n s t a n t  body t e m p e r a t u r e  and ove rcoming  f o r c e s  o f  g r a v i t y ,  t h e  

c a r p ,  a l o n g  w i t h  o t h e r  h e r v i b o r o u s  f i s h ,  s h o u l d  b e  v iewed a s  

an i m p o r t a n t  s o u r c c  of alsi111d1 p r o t e i n ,  a d v a n t a g e o u s l y  d i s t i n -  

g u i s h e d  f rom warm-blqoded a g r i c u l t u r a l  a n i m a l s  by i t s  economy. 

C a r p ' i s  a l s o  d i s t i n g u i s h e d  f rom o t h e r  s p e c i e s  o f  c r o p  f i s h  

by i t s  f e c u n d i t y  i n  c o m b i n a t i o n  w i t h  b a t c h  [ i l l e g i b l e ] ,  which 

makes p o s s i b l e  m u l t i p l e  p r o d u c t i o n ,  o f  numerous p r o g e n y  f rom a  

l i m i t e d  number o f  b r e e d e r s ,  wh ich  i s  e s p e c i a l l y  i m p o r t a n t  f o r  

i n d u s t r i a l  me thods  o f  f a r m i n g ,  where  m a i n t e n a n c e . o f  a  l a r g e  

number o f  b r e e d e r s  i s  e c o n o m i c a l l y  i n e x p e d i e n t .  

C a r p  h a s  a  h i g h  g r o w t h  p o t e n t i a l ,  wh ich  i s  m a n i f e s t e d  u n d e r  

optimum c o n d i t i o n s ,  whe re  i t  r e a c h e s  a  w e i g h t  o f  3 kg i n  3 months .  

However, c a r p  c u l t i v a t i o n  u n d e r  t h e  c o n d i t i o n s  o f  i n d u s t r i a l  

f a r m s  h a s  a n  i m p o r t a n t  p r o b l e m ,  wh ich  l i e s  i n  t h e  b i o l o g i c a l  

n a t u r e  o f  t h e  l a r v a  ( i n c o m p l e t e  deve lopmen t  o f  enzyme s y s t e m s ) ,  

which  l e a d s  t o  t h e  n e e d  t o  i n c l u d e  l i v e  f e e d s  i n  t h e i r  r a t i o n s ,  

i n  c o n t r a s t  t o  o t h e r  t y p e s  o f  c r o p  f i s h  ( s a l m o n ,  s t u r g e o n ,  s h e a t -  

f i s h ) .  

S a t i s f a c t i o n  o f  t h i s  r e q u i r e m e n t  o f  t h e  l a r v a  l e a d s  t o  t h e  

n e e d  f o r  a  l i v e  f e e d  p l a n t  w i t h i n  t h e  warm w a t e r  f i s h e r y ,  c u l t i -  

v a t i n g  f e e d  o r g a n i s m s  which  a r e  a c c e s s i b l e  t o  t h e  l a r v a  i n  e a r l y  

s t a g e s .  The f o r e i g n  e x p e r i e n c e  i n  s o l v i n g  t h i s  p rob l em i s  b a s e d  

o n  t h e  u s e  o f  b r i n e  s h r i m p  a s  a f e e d  o b j e c t .  However, t h i s  

method h a s  a  number o f  s h o r t c o m i n g s ,  p r i m a r i l y ,  t h e  d i r e c t  

d e p e n d e n c e  on t h e  c o n d i t i o n  o f  t h e  raw m a t e r i a l  b a s e .  

The i n d u s t r i a l  method f o r  y e a r  round  c u l t i v a t i o n  o f  s m a l l  

f e e d  f o r m s  ( I n f u s o r i a ,  R o t i f e r a ,  m o i n a ) ,  wh ich  w e  have  d e v e l o p e d  



t o  o u t p r o d u c e  p r e v i o u s  methods  b y ' s e v e r a l  o r d e r s  o f  m a g n i t u d e ,  

y i e l d s  2 0  g  c r u d e  m a t t e r  p e r  1 2 c u l t u r e  p e r  day .  T h i s  method 

al lows t h e  n e e d  o f  c a r p  l a r v a  f o r  l i v e  f e e d  t o  b e  m e t  c o m p l e t e l y .  

I n  a d d i t i o n  t o  c a r p  s t u r g e o n  ( b e s t e r ) ,  ee ls ,  warm w a t e r  f i s h  

o f  t h e  American and  I n d i a n  complexes ,  h e r v i b o r o u s  f i s h ,  e tc .  

c a n  a l s o  b e  s u c c e s s f u l l y  grown i n  warm w a t e r s .  

I n  t h e  U S S R  c o m p r e h e n s i v e  u t i l i z a t i o n  o f  t h e  warm waters 

f rom power s o u r c e s  f o r  f i s h  f a r m i n g  i s  b e i n g  p l a n n e d ,  c a l l i n g  

f o r  t h e  c r e a t i o n  o f  t h e  f o l l o w i n g  t y p e s  o f  f i s h  f a r m s  i n  depen-  

d e n c e  on  s p e c i f i c  c o n d i t i o n s :  

1. Farms w i t h  g r i d  ponds  are used  a t  p r a c t i c a l l y  a l l  t y p e s  

o f  power s t a t i o n s  d i s c h a r g i n g  warm w a t e r .  The b a s i c  a d v a n t a g e  

o f  t h e s e  f a r m s  i s  t h e i r  s i m p l i c i t y ,  l o w  c o n s t r u c t i o n  costs and  

l o w  o p e r a t i n g  costs .  

2 .  B a s i n  f a r m s  are  e c o n o m i c a l l y  e x p e d i e n t  when u s i n g  t h e  

warm w a t e r s  f rom n u c l e a r  power s t a t i o n s  a n d  high-power thermo- 

e l ec t r i c  power s t a t i o n s .  

B a s i n s  c a n  b e  o f  r e i n f o r c e d  c o n c r e t e  c o n s t r u c t i o n  or  e a r t h  

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

b a s i n s  i s  1 / 3  o f  t h e  cost  o f  r e i n f o r c e d  c o n c r e t e  o n e s ,  b u t  t h e  

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

c o n s t r u c t i o n s  a n d  i n d u s t r i a l  me thods  f o r  i n s t a l l i n g  them i s  

p o s s i b l e .  

B a s i n  f a r m s  a r e  t h e  m o s t  p r o g r e s s i v e  form f o r  c a r r y i n g  o u t  

warm-water f i s h  r a i s i n g .  Here o p t i m i z a t i o n  o f  a l l  t h e  p a r a m e t e r s  

o f  t h e  e n v i r o n m e n t ,  mechanism and  a u t o m a t i o n  o f  p r o d u c t i o n  p r o -  

cesses are  p o s s i b l e .  . . 

3. F i s h  f a r m i n g  u s e  o f  c o o l i n g  ponds  i s  e x p e d i e n t  a t  e v e r y  

w a t e r  r e s e r v o i r  r e c e i v i n g  h e a t e d  w a t e r s .  

I n  a d d i t i o n  t o  c a r p ,  c o o l i n g  ponds  are  s t o c k e d  w i t h  h e r -  

b i v o r o u s  f i s h ,  wh ich  a l l o w s  t h e  n a t u r a l  f e e d  b a s e  o f  t h e  w a t e r  

r e s e r v ~ i r  t o  b e  u t i l i z e d  more fu:ly a n d  p r e v e n t s  o v e r g r o w t h  o f  

t h e  r e s e r v o i r .  Thus ,  b i o l o g i c a l  r e c l a m a t i o n  o f  t h e  pond c o n t r i -  

b u t e s  t o  f a v o r a b l e  c o n d i t i o n s  f o r  t h e  o p e r a t i o n  o f  c o o l i n g  ponds .  

4 .  F i s h  n u r s e r i e s  u s i n g  warm w a t e r  p r o d u c e d  e a r l y  f r y  o f  

c a r p  a n d  h e r b i v o r o u s  f i s h  f o r  s t o c k i n g  ponds  i n  commerc ia l  

f a r m i n g  l a k e s ,  w a t e r . r e s e r v o i r s  and  c o o l i n g  ponds .  

5.  Pond f a r m s  a r e  b u i l t  when, f o r  r e a s o n s  o f  optimum temp- 

e r a t u r e s ,  t h e  u s e  o f  w a r m ' w a t e r s  f o r  t h e  more e f f i c i e n t  b a s i n  



a n d  b r e e d i n g  fzirms i s  i n e x p e d i e n t .  .(tCo,'<above ,234 l e s s  tha 'n  4 

.mon ths  p e r  y e a r )  . 
A c o m b i n a t i o n  o f  s e v e r a l  o f  t h e  above-ment ioned  f o r m s  o f  

warm w a t e r  f i s h e r i e s  i s  p o s s i b l e .  

U n t i l  r e c e n t l y  f i s h  f a r m s  o f  t h e  USSR u s e d  t h e  waste warm 

. w a t e r s  o f  e l e c t r i c  power s t a t i o n s  a t  t e m p e r a t u r e s  d i c t a t e d  by 

t h e  i n t e r e s t s '  o f  power e n g i n e e r i n g  a l o n e .  . I n  d o i n g  so t h e  w a t e r  

t e m p e r a t u r e  i n  t h e  w i n t e r  was s i g n i f i c a n t l y  be low t h e  t empera -  

t u r e s  needed  f o r  e f f e c t i v e  f i s h  g r o w t h ,  w h i l e  t h e y  r o s e  t o  dan-  

g e r o u s  limits i n  t h e  summer. 

. .Advances  i n  t h e  f i s h  f a r m i n g  u s e  o f  warm w a t e r s  and  t h e  

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

q u e s t i o n  t o  b e  r a i s e d  a b o u t  c o n v e r t i n g  t o  m u t u a l l y  c o o r d i n a t e d  

t e c h n o l o g y  f o r  t h e  p r o d u c t i o n  o f  e l e c t r i c  power and  f o o d  p r o - .  

d u c t s .  I n  t h i s  c a s e  t h e  power s t a t i o n  would s u p p l y  t o  t h e  f i s h  

f a r m  t h r o u g h o u t  t h e  y e a r . t h e  w a t e r  a t  a  t e m p e r a t u r e  more f a v o r a b l e  

f o r  f i s h  g r o w t h  w i t h o u t  t h e  u s e  o f  a d d i t i o n a l  h e a t i n g  and c ~ o o l i n g  

s y s t e m s .  The t e c h n o l o g y  o f  modern e l e c t r i c  power s t a t i o n s  a l l o w e d  

w a t e r  t o  b e  p r o d u c e d  a t  v a r i o u s  t e m p e r a t u r e s  and  t o  b e  t r a n s f e r r e d  

t o  t h e  f i s h  f a r m  i n  i s o l a t e d '  streams. 

A l a r g e  s c a l e  f i s h  f a r m i n g  complex h a v i n g  a  c a p a c i t y  o f  

2000 t f i s h  p e r  y e a r  h a s  b e e n  c r e a . t e d  a t  t h e  Kursk n u c l e a r  power 

s t a t i o n  on  t h e  b a s i s  o f  t h i s  p r i n c i p l e  f o r  t h e  o f  

e . lectric power and  f i s h  i n  t h e  USSR. ' 

The o b j e c t s  o f  b r e e d i n g  a t  t h i s  e n t e r p r i s e  w i l l  b e :  

. C a r p  ( C y p r i n u s  c a r p i e )  - 1500 t 

I c t a l u r u s  ( I c t a l u r u s  p u n c a t a t u s )  - 300 t 

T r o u t  (Sa lmo i r r i d e u s ' )  - 1 6 0  t 

S t u r g e o n  

H e r b i v o r o u s  

The d e s i g n  o f  t h e  f i s h  f a r m i n g  complex was d e v e l o p e d  by t h e  

G i d r o p r o e k t  I n s t i t u t e  on t h e  b a s i s  o f  i t s  e x p e r i m e n t a l  p r o j e c t s  

i n  . the  c u l t i v a t i o n  o f  f i s h  u n d e r  g o v e r n e d  c o n d i t i o n s .  

. . The b a s i s  f o r  t h i s  t e c h n o l o g y  i s  o p t i m i z a t i o n  o f  t h e  

t e m p e r a t u r e  r e g i m e  a t  a l l  s t a g e s  o f  t h e  g r o w t h  and r e p r o d u c t i o n  

o f  f i s h .  

T h i s  a l l o w e d  t h e  accompl i shmen t  o f  a  c o n t i n u o u s  y e a r - r o u n d  

method f o r  b r e e d i n g  c a r p ,  wh ich  c a l l s  f o r  mon th ly  spawning  and 

d a i l y  r e c o v e r y  o f  commerc i a l  p r o d u c t i o n .  



The u s e  of..  . c o ~ . t . ~ n u o , u ~ s ,  t ~ c h p o l o g y  h a s  a  number o f  a d v a n t a g e s  

o v e r  t h e  t r a d i t i o n a l  form f o r  r a i s i n g  f i s h  i n  a  s i n g l e  c y c l e .  

T h e s e  b a s i c a l l y  a r e :  

1. The p o s s i b i l i t y  o f  a  y e a r - r o u n d  s u p p l y  o f  f r e s h  f i s h  

f o r  t h e  p o p u l a t i o n .  

. 2 .  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  o u t p u t  o f  t h e  eump 
3 3 s t a t i o n  (8 m /s v e r s u s  4 0  m /s f o r  t h e  a c c e p t e d  u n i t  consumpt ion  

o f  wa t e r ) .  

3 .  R e d u c t i o n  o f  p r o d u c t i o n  a r e a s .  

4 .  The smooth f l o w  o f  wo,rk o f  t h e  e n t e r p r i s e  wit .hout  p e a k s  

a n d  v a l l e y s  a l l o w s  t h e  number o f  s e r v i c i n g  p e r s o n n e l  t o  b e  r e d u c e d .  

A d e t a i l e d  s t u d y  which  w e  made on  t h e  i n f l u e n c e  o f  

t e m p e r a t u r e  o n  t h e  p h y s i o l o g i c a l  p r o c e s s e s  showed t h a t  t h e r e  i s  

no  s i n g l e  na r row t e m p e r a t u r e  optimum which  i s  s p e c i f i c  f o r  t h i s  

s p e c i e s  o f  f i s h . ,  I n  a d d i t i o n  t o  s i g n i f i c a n t  d i f f e r e n c e s  i n  th,e 

optimum t e m p e r a t u r e s  f o r  f r y  and  a d u l t s ,  i t  was e s t a b l i s h e d  t h a t  

t h e r e  i s  a  d i f f e r e n c e  i n  t h e  t e m p e r a t u r e  optimum f o r  t h e  demand 

and  u s e  o f  f o o d ,  f o r  t h e  u s e  o f  f e e d s  o f  v a r i o u s  c o m p o s i t i o n ,  f o r  

t h e  d i r e c t i o n  o f  t h e  p r o c e s s e s  o f  p r o t e i n  and  f a t  s y n t h e s i s .  I n  

s p e c i f i c  t e m p e r a t u r e  i n t e r v a l s  a  change  o f  w a t e r  t e m p e r a t u r e  by 

3 d e g r e e s  c a n  d o u b l e  t h e  g r o w t h  r a t e  o f  t h e  f i s h  and  c o r r e s p o n d -  

i n g l y  t h e  u s e  o f  f e e d  by them. 

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

f i r s t  g e n e r a t i o n  o f  warm w a t e r  f i s h  f a r m s  were c o n s i d e r e d  i n  . 

d e s i g n i n g  t h e  f i s h  f a r m i n g  complex a t  t h e  Kursk n u c l e a r  power 

s t a t i o n .  I n  a d d i t i o n  t o  i n v e s t i g a t i n g  t h e  t e m p e r a t u r e  r eg ime  

much a t t e n t i a n  was g i v e n  t o  t h e  r a p i d  and  mos t  c o m p l e t e  removal  

o f  t h e  p r o d u c t s  o f  t h e  l i f e  a c t i v i t y  o f  t h e  f i s h ,  which  r e q u i r e s  

t h e  c r e a t i o n  o f  a  f u n d a m e n t a l l y  new d e s i g n  f o r  t h e  f i s h  f a r m i n g  

b a s l n s .  

I n  c o n n e c t i o n  w i t h  t h e  l a c k  o f  n a t u r a l  food  i n  i n d u s t r i a l  

me thods  o f  f i s h  f a r m i n g  i n  warm w a t e r  i t  became n e c e s s a r y  t o  

work o u t  e c o n o m i c a l  and  p h y s i o l o g i c a l l y  c o m p l e t e  f e e d  m i x t u r e s  

f o r  f i s h  o f  v a r i o u s  a g e s  ( p r i m a r i l y  f o r  c a r p  and  s t u r g e o n )  w i t h  

a  r e l a t i v e l y  l o w  c o n c e n t r a t i o n  o f  f e e d s  of  a n i m a l  o r i g i n s  and  

c o n s i s t i n g  o f  a v a i l a b l e  components .  Technology  f o r  f eed , ing  c a r p  

a n d  s t u r g e o n  o f  v a r i o u s  a g e s  and  a t  v a r i o u s  t e m p e r a t u r e s ,  optimum 

d a i l y  norms,  f r e q u e n c y  o f  f e e d i n g ,  t e c h n o l o g y  f o r  m a n u f a c t u r e  



\- 

1 i l l  

and distribution of feed had been' 'i3e0etloped'. previously under 

experimental conditions. 

A fundamentally new element of technology, which was first 

used at the Kursk fish factory, is purification of the waste 

effluent of &his enterprise. A large quantity of biogenic 

elements in the form of fish excrement and unused residues of 

feed are discharged into the cooling pond along with the water 

passing through the fish farming basins in industrial fish feeding. 

  his is quite irrational both from the standpoint of the eutrofi- 
cation of the cooling pond as well as from the standpoint of 

nonproductive losses of food matter which has.not been assimi- 

lated by the fish. 

At the present time we are working out various schemes for 

utilizing the biogenic effluent of industrial fish enterprises 

which calls for trapping the solid effluent with the use of a 

hydrocyclone unit with subsequent utilization of it in agricul- 

ture, for cultivation of live feeds, for repeated use by fish, 

for the production of protein-vitamin preparations by means of 

microbiological synthesis. Utilization of the biogenic wastes 

of industrial .fish farming enterprises allows a conversion to the 

use of the nutrients of the feed and biogenic elements in a 

closed cycle, which appreciably raises the economic efficiency 

of the enterprise and presents environmental pollution. The 

problem is simplified by the fact that in contrast to industrial 

and domestic effluents fish enterprises do not discharge substances 

which are toxic or pathogenic for man. 

Biological research and engineering developments has allowed 

industrial technology to be developed for raising'carp in the. 

warm waters of nuclear power stations. . .  
The realization of this technology in the design of the 

Kursk fish factory will provide: 

- a 2.5-fold acceleration of the maturation bf carp breeders 
compared to pond farms; 

- technology for the monthly year-round production of fish 
larva; 

- technology for raising carp fry providing for a growth 
3 

of carp larva at a stocking density of 70 thousand/m ; 
. . 



- p r o d u c t i o n  o f  t h i s  y e a r ~ s ' b r o o d  o f  c a r p  hav ing  an  a v e r a g e  

w e i g h t  o f  30 g  a t  a n  o u t p u t  o f  8000 f i sh /m2 and p r o d u c t i v i t y  of  
2  

24 kg/m ; 

- p r o d u c t i o n  o f  commercial  c a r p  hav ing  a n  a v e r a g e  w e i g h t  o f  
2  3 

500 g  a t  a n  o v e r a l l  p r o d u c t i v i t y  o f  150 kg/m o r  250 kg/m ; 

- r e d u c t i o n  o f  t h e  s c h e d u l e  f o r  t h e  p r o d u c t i o n  of commercial 

c a r p  t o  8 months. 

A t  t h e  p r e s e n t  t i m e  a  whole h o s t  o f  warm w a t e r  farms have 

been b u i l t  b o t h  h e r e  an'd ab road .  The C h e r e p e t s k ,  Mironovskoe 

and Kiev farms a r e  o p e r a t i n g  s u c c e s s f u l l y  i n  t h e  USSR. However, 

a l l  t h e s e  o p e r a t e  on a  s i n g l e - c y c l e  scheme and o n l y  a t  t h e  Kursk 

p r o j e c t  h a s  t h i s  fundamenta l ly  new approach  t o  t h e  f i s h  farming 

u s e  o f  w a s t e  warm w a t e r  been r e a l i z e d .  

I t  s h o u l d  a l s o  be  n o t e d  t h a t  t h e  f i s h  farm b e i n g  b u i l t  i s  

t h e  f i r s t  s t e p  i n  t h e  c r e a t i o n  o f  an e n e r g y - b i o l o g i c a l  complex 

a t  t h e  Kursk n u c l e a r  power s t a t i o n .  

A t  t h e  p r e s e n t  t i m e  new t y p e s  of  h o t h o u s e s  i n t e n d e d  f o r  

low p o t e n t i a l  h e a t  a r e  b e i n g  developed.  

The u s e  o f  w a s t e  h e a t  f o r  t h e  needs  o f  t h e  m i c r o b i o l o g i c a l  

i n d u s t r y  i s  q u i t e  p romis ing .  A t  t h e  same t i m e ,  t h e  w a s t e  pro-  

d u c t s  o f  t h e  f i s h  fa rming  complex c a n  s e r v e  a s  s t a r t i n g  m a t e r i a l s  

f o r  t h e  p r o d u c t i o n  o f  f e e d  y e a s t s  and c e r t a i n  enzymes i n  micro-  

b i o l o g i c a l  p r o d u c t i o n .  

A new d i r e c t i o n  i s  t h e  u s e  o f  w a s t e  h e a t  t o  h e a t  mushroom 

f a r m s ,  i n  which t h e  w a s t e s  o f  t h e  f i s h  fa rming  e n t e r p r i s e  a r e  used 

a s  f e r t i l i z e r s .  

The f i r s t  e x p e r i m e n t s  i n  p l a c i n g  a  f l o a t i n g  s u b s t r a t e  f o r  

growing c e r t a i n  v e g e t a b l e  and b e r r y  c r o p s  on t h e  w a t e r  a r e a  o f  

f i s h  b r e e d i n g  ponds i n  c o o l i n g  ponds p r e s e n t s  much i n t e r e s t .  

Here a  doub le  b e n e f i t  i s  a c h i e v e d :  a d d i t i o n a l  p r o d u c t i o n  and p u r i -  

f i c a t i o n  of  t h e  w a t e r  o f  b i o g e n i c  e l e m e n t s .  

A l l  t h e s e  s t u d i e s  a r e  aimed a t  c r e a t i n g  a  u n i f i e d  energy-  

b i o l o g i c a l  complex o p e r a t i n g  i n  a  zero-waste  t echno logy .  Only 

i n  t h i s  c a s e  i s  it p o s s i b l e  t o  produce  maximum b e n e f i t s .  

I n  t h e  f u t u r e  it i s  p lanned  t o  s t e p  up t h e  work i n  t h e  

comprehensive  u t i l i z a t i o n  o f  w a s t e  h e a t ,  moreover t h e  i n t e r e s t s  

o f  power e n g i n e e r i n g  and t h e  b r a n c h e s  u s i n g  warm w a t e r s  must b e  

c o r r e l a t e d  by a  common t e c h n o l o g y  c a l l i n g  f o r  o p t i m i z a t i o n  of  



t h e  o p e r a t i o n  o f  a l l .  s egmen t s  o f ; t h i s .  ,complex,. s " I n  v a r i o u s  i n -  

s t a n c e s  i t  1s p o s s i b l e  t h a t  o n e  o r  a n o t h e r  b r a n c h  w i l l  p r e d o m i n a t e .  

F u t u r e  deve lopmen t  o f  w a r m  w a t e r  f i s h  f a r m s  w i l l  p r o c e e d  

i n  close c o r r e l a t i o n  w i t h  a l l  p a r t i c i p a n t s  o f  t h e  e n e r g y - b i o l o g i c a l  . ., 
complex.  Farms o p e r a t i n g  on  a  c o n t i n u o u s  techno1og.y w i l l  

. b e  d e v e l o p e d  p r e f e r e n t i a l l y .  

I t  i s  b e l i e v e d  t h a t  t h e s e  s t u d i e s  w i l l  r e s u l t  i n  t h e  d e v e l o p -  

ment  o f  s c i e n t i f i c  b a s e s  and  c o n c r e t e  p r o p o s a l s  f o r . t h e  c r e a . t i o n  

o f  t h e s e  f a r m s  a t , a l l  l a r g e  s c a l e  power o b j e c t s .  



Figure 1. Block diagram of energy-biological complex. 
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F i g u r e  2."  lock d i a y r a r n  o f  f i s h  f a r m  

a t  K u r s k  n u c l e a r  power  s t a t i o n .  
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INTRODUCTION % 

11 The v a r i e t y  o f  n a t u r a l  c o n d i t i o n s  o f  t h e  USSR, t h e  i n c r e a s -  

i n g  s h o r t a g e  o f  b a ' t e r  i n  a  number o f  t h e  i n d u s t r i a l  r e g i o n s  o f  

t h e  c o u n t r y ,  t h e  demands o f  e n v i r o n m e n t a l  p r o t e c t i o n ,  t h e  i n -  

c r e a s e  i n  t h e  c a p a c i t y  o f  power s t a t i o n s  and i n  t h e  amount o f  h e a t  

g i v e n  o f f  by them, . a s  w e l l  a s  t h e  need  f o r  a  comprehens ive  

r e s o l u t i o n  o f  p rob lems  o f  t h e  v a r i o u s  b r a n c h e s  o f  t h e  n a t i o n a l  

economy i n  d e s i g n i n g  h e a t  s y s t e m s  o f  f o s ' s i l  f u e l  and  n u c l e a r  

I power p l a n t s  p r e d e t e r m i n e s  t h e  g r e a t  v a r i e t y  o f  t h e  c o o l i n g  I 
I s y s t e m s  u s e d .  I 
I I n  s e l e c t i n g  a  p o w e r ' p l a n t  c o o l i n g  s y s t e m  t h e  a c c e p t a b i l i t y  1 

o f  many p o s s i b l e  s y s t e m  v a r i a n t s  i s  u s u a l l y  ' r e v i e w e d ,  a f t e r  which  

t h e  more e x p e d i e n t  and  w o r k a b l e  v a r i a n t s  a r e ,  i n  c o r r e s p o n d e n c e  

w i t h  t h e  l a w s  o f  t h e  USSR, p r e s e n t e d  f o r  a n a l y s i s  and a p p r o v a l  

t o  h e a l t h  i n s p e c t i o n  a g e n c i e s ,  f i s h  r e s o u r c e  p r o t e c t i o n  a g e n c i e s  

a n d  a g e n c i e s  r e g u l a t i n g  t h e  d i s t r i b u t i o n  o f  w a t e r  r e s o u r c e s .  

The optimum v a r i a n t  o f  t h e  h e a t  r emova l  s y s t e m  i s  a d o p t e d  

I a c c o r d i n g  t o  t h e  t o t a l i t y  o f  economic  f a c t o r s  and  a p p r o v a l  con-  I 
d i t i o n s .  

1. DIRECT-FLOW SYSTEMS 

I n  t h o s e  c a s e s  where h e a t  i s  r e m o v e d ' i n t o  r i v e r s  and  g e n e r a l -  

u s e  b o d i e s  o f  w a t e r  ( i n c l u d i n g  s e a s ,  o c e a n s ,  w a t e r  r e s e r v o i r s ,  

c a n a l s ,  e t c .  ) , t h e  s p e c i f i c a t i o n s  o f  t h e  " R u l e s  f o r  t h e  p r o t e c t i o n  

o f  s u r f a c e  w a t e r  . . ." a r e  o b s e r v e d ;  a c c o r d i n g  t o  t h e s e  r u l e s  t h e  

a v e r a g e  m o n t h l y  w a t e r  t e m p e r a t u r e  i n  a  body o f  w a t e r  500 m f rom 

t h e  p o i n t  of  warm water d i s c h a r g e  mus t  n o t  r ise by more t h a n  3°C 

compared t o  t h e  n a t u r a l  a v e r a g e  mon th ly  w a t e r  t e m p e r a t u r e  a t  t h e  

s u r f a c e  f o r  a  h o t  y e a r  w i t h  a  c e r t a i n t y  w i t h i n  1 0 % .  For  b o d i e s  

o f  w a t e r  u sed  f .o r  f i s h  f a r m i n g  t h e  a v e r a g e  mon th ly  w a t e r  t empera-  

t u r e  o f  t h e  h o t t e s t  month mus t  n o t  e x c e e d  28°C more t h a n  o n c e  i n  

1 0  y e a r s ,  w h i l e  f o r  b o d i e s  o f  w a t e r  where  salmon and  w h i t e f i s h  

d w e l l ,  t h i s  t e m p e r a t u r e  mus t  n o t  e x c e e d  20°C. 

An o b l i g a t o r y  c o n d i t i o n  f o r  t h e  u s e ' o f  open  d i r e c t  f l o w  

c o o l i n g  s y s t e m s  w i t h  w a t e r  i n t a k e  f rom b o d i e s  o f  w a t e r  u s e d  f o r  

f i s h  f a r m i n g  i s  t h e  p r e v e n t i o n  o f  f i s h  and  e s p e c i a l l y  f r y  f rom 

f a l l i n g  i n t o  t h e  . w a t e r  s u p p l y  o f  t h e  power p l a n t .  I n  some 



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

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

F o r  o b s e r v a t i o n  o f  t h e  norms o f  t e m p e r a t u r e  r eg ime  f o r  b o d i e s  

o f  w a t e r  r e c e i v i n g  warm w a t e r ,  t h e  f o l l o w i n g  t e c h n i c a l  s o l u t i o n s  
. , . . 

a r e  p r o v i d e d  i n  d e p e n d e n c e  o n  t h e  h y d r o l o g y  and  morphology o f  

t h e  body o f  wate r : '  

- d i s c h a r g e  o f  warm w a t e r  i n t o  b a y s  ' o r  b o d i e s  o f  w a t e r  c u t  

o f f  f rom t h e  main  body o f  w a t e r .  f o r  p r e l i m i n a r y  c o o l i n g ;  

- s p r a y  i n s t a l l a t i o n s  a'bove warm-water d i s c h a r g e  c a n a l s ,  
. . 

f o r  p r e l i m i n a r y  c o o l i n g  and  a e r a t i o n  o f  w a s t e  w a t e r  d u r i n g  h o t  

p e r i o d s  o f  t h e  y e a r ;  

- e j e c t i o n  w a t e r - d i s c h a ' r g e  s y s t e m s ,  which  e n s u r e  t h r e e f o l d  

d i l u t i o n  and  m i x i n g  o f  warm w a t e r  a t  i t s  d i s c h a r g e  p o i n t .  I n  

a d d i t i o n  t o  r e d u c i n g  t h e  w a t e r  t e m p e r a t u r e  e j e c t i o n  w a t e r  d i s -  

c h a r g e  r e d u c e s  t h e  a p p e a r a n c e  o f  a l g a ? ,  g a r b a g e  and young f i s h  

t o  t h e  w a t e r  i n t a k e  and  by s t e p p i n g  up  f l o w s  i m p r o v e s  t h e  q u a l i t y  
. . 

o f  w a t e r  i n  t h e  body o f  w a t e r ;  
. . 

- d e e p  w a t e r  i n t a k e s  f rom s t r a t i f i e d  b o d i e s  o f  w a t e r  w i t h  

d e p t h s  o f  more t h a n . 1 0 - 1 2  m e n s u r e s  t h e  i n t a k e  o f  t h e  c o l d e r  w a t e r  

f rom b o t t o m  l a y e r s .  , 

- I n  t h o s e  c a s e s  where  t h e  d i f f e r e n c e  be tween  t h e  t e m p e r a t u r e s  

o f ' t h e  s u r f a c e  a n d  b o t t o m  l a y e r s  i s  8°C o r  more ,  and  t h e  volume 

o f  t h e  body o f  w a t e r  i s  s u f f i c i e n t l y  l a r g e ,  e v e n  a f t e r  t he '  w a t e r  . . 

i s  h e a t e d  i n  t h e  t u r b i n e  c o n d e n s e r s  by 9-10°C t h e  t e m p e r a t u r e  

o f  t h e  d i s c h a r g e  w a t e r  i n  t h e  warm p e r i o d s  o f  t h e  y e a r  may be  

l o w e r  t h a n  t h e  t e m p e r a t u r e  o f  t h e  s u r f a c e  l a y e r s  o f  t h e ' b o d y  01' 
w a t e r .  . . 

B e s i d e s  r e d u c i n g  t h e  t e m p e r a t u r e  o f  c o o l i n g  w a t e r  t h e s e  

w a t e r  i n t a k e s  e l i m i n a t e  t h e  a p p e a r a n c e  o f  f l o a t i n g  t r a s h ,  a l g a e  , , '  
and  s l u s h  i ce  i n  t h e  w a t e r  s u p p l y  s y s t e m ,  and  a l s o  s e r v e s  a s  

a  f i s h  p r o t e c t i o n  d e v i c e  d u e  t o  i t s  low i n t a k e  velocities ( 0 . 0 5 -  .-: 

0 . 2  m / s )  and  t h e  shadow c r e a t e d  by t h e  hood ,  b a f f l e  p l a t e .  

I n  a d d i t i o n  t o  d e e p  w a t e r  i n t a k e s  t h e  f o l l o w i n g  have  been  

u s e d  a s  f i s h  b a r r i e r  d e v i c e s :  

- e l e c t r i c  f i s h  b a r r i e r s  w i t h  e . l e c t r o d e s  . l owered  i n t o  a  

c o n d u c t i n g  c h a n n e l  and  c o n n e c t e d  t o  a  c o n s t a n t  c u r r e n t  s o u r c e .  

However, s u c h  f i s h  b a r r i e r s  have  n o t  t u r n e d  o u t  t o  b e  e f f e c t i v e ;  ".:. 
. . - n e t  f i s h  b a r r i e r s  w i t h  a  f i s h  o u t l e t . a n d  w i t h  j e t  wash jng  . .. 

o f  t h e  f a b r i c  o f  t h e  n e t  h a v i n g  mesh f rom 2 x 2  mm t o  4 x 4 mm. 



N e t  f i s h  b a r r i e r s  have  a i s o  riot; 'found e x t e n s i v e  a p p l i c a t i o n  a t  

power p l a n t  w a t e r  i n t a k e s  b e c a u s e  o f  t h e i r  s i z e ,  d i f f i c u l t y . o f  

o p e r a t i o n  ( c l e a n i n g  o f  t r a s h ) ,  t h e  need  t o  remove them d u r i n g  

t h e  f r e e z e o v e r  p e r i o d ,  h i g h  costs a n d  s o  f o r t h .  

Wet drums o f  v a r i o u s  d e s i g n s  are  used  f o r  r e l a t i v e l y  l o w  
3  

w a t e r  f l o w  ra tes  t o  2-5 m /s. C o n i c a l  s c r e e n s  w i t h  f i s h  o u t l e t s  

a n d  r o t a t i n g  wash d e v i c e  are  a l s o  u s e d .  
3  F o r  low w a t e r  f l o w  r a t e s  t o  5-10 m /s f i l t e r i n g  f i s h  b a r r i e r s  

i n  t h e  form o f  c a s s e t t e s  made o f  v a r i o u s  f i l t e r i n g  m a t e r i a l s  

are u s e d  w i t h  v a r i o u s  me thods  f o r  c l e a n i n g  them and  s t o n e  r u b b l e  I 
dams are a l s o  u s e d .  

F i s h  b a r r i e r s  i n  t h e  form o f  f l o a t i n g  booms and  b a f f l e  

hoods  p r o v i d e  65% e f f i c i e n c y  o f  f i s h  p r o t e c t i o n .  

The d e s i g n  and  c o n s t r u c t i o n  o f  e x p e r i m e n t a l  a i r  b u b b l e  f i s h  

b a r r i e r  c u r t a i n s  i s  b e i n g  c a r r i e d  o u t  a t  t h e  w a t e r  i n t a k e s  o f  two 

power s t a t i o n s .  

I t  s h o u l d  b e  n o t e d  t h a t  a t  t h e  p r e s e n t  t i m e  e x t e n s i v e  r e s e a r c h  

i s  b e i n g  c a r r i e d  o u t  i n  t h e  USSR and  a b r o a d  on  e f f e c t i v e  d e s i g n s  

f o r  f i s h  p r o t e c t i o n  d e v i c e s ,  b u t  s u f f i c i e n t l y  good d e c i s i o n s  

have  n o t  y e t  been  worked o u t  f o r  t h e i r  e x t e n s i v e  u s e .  

2 .  RETURN SYSTEMS WITH COOLING PONDS 

The h i g h  r e q u i r e d  c o o l i n g  water consumpt ion ,  wh ich  r e a c h e s  
3  

300 m /s and  more f o r  a  n u c l e a r  power p l a n t ,  t h e  r i g i d  r e q u i r e m e n t s  

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

power p l a n t  w a s t e  w a t e r  ( i n  o u r  o p i n i o n  n o t  y e t  s u f f i c i e n t l y  

. s u b s t a n t i a t e d  a n d  n o t  t a k i n g  i n t o  f u l l  a c c o u n t  t h e  v a r i e t y  o f  

c l i m a t i c  c o n d i t i o n s  o f  t h e  c o u n t r y )  and  t h e  low e f f i c i e n c y  o f  

e x i s t i n g  me thods  o f  f i s h  p r o t e c t i o n  r e s t r i c t  t h e  u s e  o f  d i r e c t -  

f l o w  s y s t e m s  f o r  removing  h e a t  i n t o  b o d i e s  o f  w a t e r ,  even  though  

' a t  t h e  c o n t e m p o r a r y  l e v e l  a b o u t  30% o f  t h e  power s t a t i o n s  o p e r a t e  

w i t h  t h i s  k i n d  o f  c o o l i n g  s y s t e m .  

About 50% ( w i t h  r e g a r d  t o  o u t p u t )  o f  t h e  t h e r m a l  and n u c l e a r  

power p l a n t s  o f  t h e  c o u n t r y  w e r e  d e s i g n e d  w i t h  r e t u r n  c o o l i n g  

s y s t e m s  w i t h  c o o l i n g  p o n d s ,  which  a r e  s e t  a s i d e  f o r  t h e  s e p a r a t e  

u s e  o f  power p l a n t s .  

C o o l i n g  ponds  a r e  n o r m a l l y  d e s i g n e d  f o r  l ow-va lue  (swampy, 

m 
s a l t y )  l a n d s  -- i n  r a v i n e s ,  v a l l e y s  o f  s m a l l  r i v e r s ,  i n  c ~ t - o f f  



s h a l l o w .  w a t e r  a r e a s ,  i n  w a t e r . - s h e d s r  w i t h  f i l l i n g  . and  make-up ... 

w a t e r  f rom e x t e r n a l  s o u r c e s .  

The a r e a  o f  c o o l i n g  ponds  i s  s e l e c t e d  i n  a c c o r d a n c e  w i t h  t h e  - 

o u t p u t ' a n d  t y p e  o f  power s t a t i o n ,  t o p o g r a p h i c ,  g e o l o g i c ,  h y d r o l o -  

g i c ,  e t c . ,  c o n d i t i o n s  and  r a n g e s  f rom 2-3 t o  s e v e r a l  d o z e n s  o f  

s q u a r e  meters. On t h e  a v e r a g e  t h e  optimum u n i t  a r e a  o f  t h e  pond 
2 2 

i s  4-5  m /kW f o r  a  f o s s i l  f u e l  power p l a n t ,  and 7-9 m /kW f o r  

a  n u c l e a r  power p l a n t .  

The p r i n c i p l e s  f o r  o r g a n i z i n g  t h e  f l o w  o f  c o o l e d  w a t e r  i n  

c o o l i n g  ponds  depend  on t h e  d e p t h  o f  t h e  pond ,  i t s  p l a n  c o n f i g u r a -  

t i o n  and  wind d i r e c t i o n .  

F o r  s h a l l o w  ponds  w i t h  a n  a v e r a g e  d e p t h  o f  3 .5 -5 .0  m t h e  

f l o w  o f  c o o l  w a t e r  i s . d i s t r i b u t e d  o v e r  t h e  s u r f a c e  o f  t h e  c o o l i n g  

p o n d - w i t h  t h e  a i d  o f  open  d i s c h a r g e  c a n a l s ,  j e t - d i r e c t i n g  dams,  

f l o a t i n g  c , o l l e c t i n g  w a l l s  s o  t h a t  t h e  h i g h e s t  w a t e r  t e m p e r a t u r e s  

a n d  c o r r e s p o n d i n g l y  t h e  maximum h e a t  t r a n s f e r  i s  o n  t h e  maximum 

p a r t  o,f t h e  w a t e r  a r e a  i n  t h e  r e g i o n s  o f  t h e  w a t e r  d i ' s c h a r g e s .  

F o r  d e e p  p o n d s . w i t h  a  d e p t h  o f  more t h a n  1 0  m volume c i r c u -  

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

Coo led  w a t e r  i s  c o l l e c t e d  by d e e p  w a t e r  i n t a k e s ,  and  warm 

water i s  d i s c h a r g e d  i n  a  d i s p e r s e d  f a s h i o n  i n t o  t h e  s u r f a c e  

l a y e r s  o f  t h e  c o o l i n g  pond.  I n  d o i n g  s o  l o n g  c a n a l s  and  j e t -  

d i r e c t i n g  dams a r e  n o t  b u i l t ,  and  t h e  w a t e r  i n t a k e s  and  w a t e r  

d i s c h a r g e s  a r e  p l a c e d  i n  d i r e c t  p r o x i m i t y  f rom e a c h  o t h e r  ( e v e n  

up  t o  combin ing  them) and  f rom t h e  a r e a  o f  t h e  power p l a n t .  

I n  c o o l i n g  ponds  f o r  t h e  p r i v a t e  u s e  o'f f o s s i l  f u e l  and  

n u c l e a r  power p l a n t s  and  wh ich  a r e  i s o l a t e d  f rom g e n e r a l  p u r p o s e  
I. . . 

b o d i e s  bf  w a t e r  and s t r e a m s ,  t h e ' w a t e r  t e m p e r a t u r e  l e v e l  i s  n o t  

r e s t r i c t e d  by t h e  s p e c i f i c a t i o n s  o f  t h e  " R u l e s  f o r . t h e  p r o t e c t i o n  

o f  b o d i e s  o f  w a t e r . . . " .  A s p e c i f i c  t h e r m a l  r e g i m e  ( t h e  t empera -  

t u r e  l e v e l  i s  s i g n i f i c a n t l y  h i g h e r  t h a n  i n  n a t u r a l  b o d i e s  o f  w a t e r ) ,  

s p e c i f i c  h y d r o b i o l o g i c a l  c o n d i t i o n s  wh ich  a r e  o f t e n  f a v o r a b l e  f o r  

r a i s i n g  t h e r m o p h i l i c  p l a n t s  and f i s h ,  a r e  c r e a t e d  i n  them. 

Combat ing o v e r g r o w t h  o f  ponds  w i t h  h i g h e r  a q u e o u s  p l a n t  l i f e  

i s  p e r f o r m e d  m e c h a n i c a l l y  (mowing m a c h i n e s ) ,  b i o l o g i c a l l y  by 

r a i s i n g  p l a n t - e a t i n g  f i s h  ( s i l v e r  c a r p ,  g r a s s  c a r p ,  t e l y a p i y a ,  

e t c . ) .  Ove rg rowth  o f  t h e  w a t e r  s u p ~ ' y  t r a c k  by m u s s e l s  and 

a l g a e ,  i s  a s  a  r u l e  d e a l t  w i t h  by p e r i o d i c  p r o p h y l a c t i c  h e a t i n g  

o f  t h e  t r a c k  t o  a  t e m p e r a t u r e  o f  35-45OC by f e e d i n g  h o t  w a t e r  



t o  t h e  i n t a k e  o f  t h e  c i r c u l a t i o n  pumps o r  by r e v e r s e  f l o w  o f .  . . i 

w a t e r  t h r o u g h  t h e  c o n d e n s e r s  a n d  pumps. A t  t h i s  t e m p e r a t u r e  l e v e l  

t h e  l a r v a  o f  m u s s e l s ,  B a Z a n u s ,  z e b r a  m u s s e l s  and  a l g a e  p e r i s h  

i n  30-50 m i n u t e s .  H o t  w a t e r  wash ing  i s  c a r r i e d  o u t  w i t h o u t  t u r n -  

i n g  o f f  t h e  t u r b i n e s  d u r i n g  a  p e r i o d  o f  a  l o a d  d r o p  ( a t  n i g h t ,  

d u r i n g  weekends)  a t  a  f r e q u e n c y  o f  1-2 t i m e s  p e r  month d u r i n g  t h e  

g rowing  p e r i o d .  

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

a s  h y d r o s t a t i c  b a s i n s  f o r  w a t e r  s t o r a g e  power s t a t i o n s ,  a l l o w i n g  

a s i g n i f i c a n t  peak  o u t p u t  t o  b e  o b t a i n e d  d u e  t o  t h e  a v a i l a b l e  

c a p a c i t y  o f  w a t e r  f rom t h e  pond t h r o u g h  t h e  h y d r a u l i c  power s t a t i o n  

a n d  a l l o w i n g  t h e  l o a d  c u r v e  o f  a  n u c l e a r  power s t a t i o n  t o  b e  

smoothed o u t  by pumping w a t e r  t o  f i l l  t h e  pond d u r i n g  p e r i o d s  

o f  l o w  e l e c t r i c  l o a d s .  

I n  s u c h  e n e r g y  complexes  a  l o w - l y i n g  g e n e r a l - p u r p o s e  

body o f  w a t e r  i s  a l s o  u s e d  f o r  c o o l i n g ,  w h i l e  t h e  h i g h e r  f i l l e d  

pond -- t h e  h y d r o s t a t i c  b a s i n  f o r  d a i l y  r e g u l a t i o n  -- i s  u s e d  

f o r  p r e c o o l i n g  o f  w a s t e  water t o  n o r m a t i v e  t e m p e r a t u r e s .  

I n  a d d i t i o n ,  t h e  h y d r o s t a t i c  b a s i n  c a n  b e  u s e d  t o  s u p p l y  

water f o r  i r r i g a t i o n  w i t h  warm w a t e r  and  t o  h o t h o u s e s  w i t h  w a t e r -  

f i l l e d  r o o f s ,  s i n c e  b e c a u s e  o f  i t s  h e i g h t  i t  towers above  f a r m i n g -  

l a n d  i n  t h e  v i c i n i t y  o f  t h e  power complex.  Such s o l u t i o n s  

i n v o l v i n g  c o m p r e h e n s i v e  u t i l i z a t i o n  of  w a t e r  r e s o u r c e s  and t h e  

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

o f  t h e  power p l a n t  a n d  t h e  e f f i c i e n c y  o f  w a t e r  u s e  t o  b e  i n c r e a s e d  

w h i l e  o b s e r v i n g  e n v i r o n m e n t a l  p r o t e c t i o n  l a w s .  

3 .  RETURN SYSTEMS WITH COOLING TOWERS 

I n  c a s e s  where  t h e  power s t a t i o n  i s  l o c a t e d  n e a r  t h e  p o i n t s  

o f  consumpt.ion o f  t h e r m a l  .and e l e c t r i c  power ( t h e r m o e l e c t r i c  

power p l a n t s  i n  c i t i e s  a n d  a t  i n d u s t r i a l  e n t e r p r i s e s )  or  a t  f u e l  

s o u r c e s  (ab c o a l  m i n e s ) ,  'where i t  i s  i m p o s s i b l e  o r  e c o n o m i c a l l y  

i n e x p e d i e n t  t o  c r e a t e  c o o l i n g  ponds  s y s t e m s  f o r  removing h e a t  

w i t h  t h e  a i d  o f  c o o l i n g  towers a r e  u s e d .  U n t i l  r e c e n t l y  e v a p o r a -  
2 

t i v e  towers w i t h  i r r i g a t i o n  a r e a s  f rom 1200 m 2  t o  9400 m w i t h  

t o w e r  h e i g h t  f rom 40 t o  150  m were m o s t  commonly found  ( u p  t o  

1 5 %  o f  power p l a n t s ) .  I n  r e g i o n s  w i t h  m o d e r a t e  c l i m a t e s  t h e  

t o w e r s  were b u i l t  f rom m o n o l i t h i c  r e i n f o r c e d  c o n c r e t e .  T h e r e  a r e  



t,owers 60 m ir~ height built from prefabricated 'reinforced con'crete 

elements. For northern regions with air temperatures below 

-,28"C and also for regions with seismic activity greater than 7 

points the cooling towers are made with a steel framework and 

are faced with corrugated aluminum sheet material. 

The water distribution of towers is hydrostatic tube-type 

with plastic spray nozzles, the irrigators are counterflow film 

irrigators made of asbestos cement sheets or wood battens, and 

the skeleton of the irrigator is made from prefabricated reinforced 

concrete elements. Large towers are outfitted with louver-type 
3 2 

water traps. The optimum irrigation density is 8-10 m /m ehr. 

Fan towers are used in Soviet power engineering little and 

only in regions having a hot and humid subtropical climate, since - 

they are less economical to operate. 

In the USSR there is favorable experience in the use of 

"dry" towers for 200 MW plants in a region of high water scarcity. 

4. COMBINATION COOLING SYSTEMS. 

In recent years combination cooling systems have become 
2 .  

common. These have relatively small cooling ponds 5-8 km in 

area in combination with additional artificial cooling towers, 

spray devices, which are turned on in the hot periods of the year. 

The advantage of these systems is the sufficiently high thermal 

inertia of the system, which allows peaks in the temperatures of 

the coo'ling water to be smoothed out; the possibility of lengthy 

operation of the system without adding make-up water due to the 

operation of the water reservoirs; maintenance of optimum tempera- 

ture regime in the winter; greater maneuverability in changing 

loads of the power plant. 

In these systems the coolers operate in parallel and the 

flow ra.tes of cooling water are distributed among the coolers in 

dependence on the changing meteorological factors and loads. In 

addition, the great freedom in the design of the general plant 

allows combination schemes to be used when expanding existing 

power plants. 

In a number of regions of the country having continental 

climate and mountain-feed river networks, i.e., with high flow 

in the summer and very low flow in winter, it has turned out to 



b e  e x p e d i e n t  t o  u s e  c o m b i n a t i o n  c o o l i n g  schemes  w i t h  " d r y "  t o w e r s ,  

w h i c h  are  i n t e n d e d  f o r  o p e r a t i o n  i n  t h e  w i n t e r  when t h e r e  i s  

a t e m p e r a t u r e  d r o p  be tween  t h e  c o o l e d  w a t e r  and t h e  o u t s i d e  a i r  

o f  60-70°C. 

I n  summer, when t h e  w a t e r  t e m p e r a t u r e  i n  t h e  r i v e r s  i s  low 

a n d  f l o w  ra tes  o f  w a t e r  are  r a t h e r  h i g h ,  d i r e c t  f l o w  w a t e r  

c o o l i n g  i s  p r o v i d e d .  Such schemes  a r e  e c o n o m i c a l l y  j u s t i f i e d  

f o r  n o r t h e r n  r e g i o n s ,  where t h e  w a t e r  s t r e a m s  f r e e z e  t o  t h e  

b o t t o m  i n  w i n t e r  ( p e r m a f r o s t  r e g i o n s )  and it i s  v e r y  d i f f i c u l t  

t o  o b t a i n  make-up w a t e r .  F o r  t h e  r e g i o n s  o f  C e n t r a l  A s i a  w i t h  

i n t e n s i v e  l a n d  i r r i g a t i o n  t h e  h e a t i n g  o f  t h e  water u s e d  f o r  

i r r i g a t i o n  i n  t h e  c o n d e n s e r s  o f  t h e  power s t a t i o n s  i n c r e a s e s  t h e  

h a r v e s t .  

5. SUMMARY 

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

e l ec t r i c  power. p l a n t s  r e p r e s e n t s  a  d i f f i c u l t  and  complex t a s k  

a n d  i s  r e s o l v e d  f o r  e a c h  power p l a n t  on  t h e  b a s i s  o f , o p t i m i z a t i o n  

c a l c u l a t i o n s  which  t a k e  i n t o  a c c o u n t  n o t  o n l y  t h e  s p e c i f i c  

c o n d i t i o n s  o f  t h e  r e g i o n s  a n d  s i t e  o f  t h e  t h e r m a l  o r  n u c l e a r  

power p l a n t ,  c a p i t a l  i n v e s t m e n t s  a n d  o p e r a t i n g  c o s t s  f o r  power 

e n g i n e e r i n g ,  b u t  a l s o  t h e  economic  e f f e c t  o b t a i n e d  i n  o t h e r  

b r a n c h e s  o f  t h e  n a t i o n a l  economy i n  t h e  u t i l i z a t i o n  o f  w a s t e  

h e a t  i n  a g r i c u l t u r e  and  f i s h  f a r m l n g ,  t h e  e x t e n s j o n  o f  n a v i g a t i o n  

p e r i o d s ,  and  t h e  improvement  o f  t h e  s a n i t a r y  c o n d i t i o n  o f  b o d i e s  

o f  w a t e r  and t h e  a i r  o f  b a s i n s .  
. ... , 

The d i f f e r e n c e  i n  t he :  c o n d i t i o n s  f o r  t h e  c o n s t r u c t i o n  o f  

power p l a n t s  have  p r e d e t e r m i n e d  t h e  b r o a d  r a n g e  o'f u n i t  cost  

f a c t o r s  f o r  v a r i o u s . s y s t e m s  f o r  removing h e a t  w i t h  r e s p e c t  t o  

c a p i t a l  i n v e s t m e n t s  f rom 3 t o  30 r u b l e s  p e r  kW i n s t a l l e d  power.  



APPENDIX C 

RAZDAN (RASDAN) THERMAL POWER STATION 

Note: Infor,mtion given herein has been taken from a 
brochure. Accompanying photographs have been 
deleted for sake of  brevity.  



Radan Thermal Power Station 



HISTORICAL REVIEW 

The Rasdan Thermal Power Station belongs 

to the Power Syskm of the Armenian SSR. 

through which it is linked up with the inte- 

grated Trans-Caucasian grid. 

The development of the Armenian Power 

System has been started with the construc- 

Hon of hydraulic power stations in the years 

before and during World War II. 

During the 1960's. the growth rak of power 

production was increased by the rapid 

industrial development. In order to meet 

the demands. construction of thermal po- 

wer statiom of larger unit capacities was 

starkd. This Wend was promoted by the 

fod that. due to the kchnkal development 

d industry. long distance tranoportatiin of 

electric power and fuel became possible. 

In the period between 1959 a.nd 1965 the 

construction of three larger gas and oil 

find district heating power stations has been 

starkd in Yerevan. Kirovokan and Rasdan. 

In the above mentioned period the capacitv 

of thermal power plants in the Armenian 

SSR increased by 274 MW. 

In the following years the capacity of the 

existing power stations has been increased! 

The capacity of lhe Yerevan distrkt heating 

power station has been increased to 550 

MW. and installed capacity of the Rasdor. 

P. S. in its present state reaches 1 1 z W .  

Today the Rasdan Power Station producu 

more then 50% of the total output of the 

Armenian Power Syskm. 

Continuous and unlimHcd ekctric power 

and heat supply to the consutmrs is assured 

by the syskmatic extension of the capacity 

of the Armenian power system. 

The Rasdan P~wer Statian consists of two- 

main parts: an induslrial power pbnl and a 

condensing power plant. Construction of 

the industrial plant was starled in 1%) and 

the last unit was put into operation in 1970. 

The industrial plant consists of two PT-SO 

typ 50 MW and two 1-100 type 100 MW 

exhaction condensing turbines. 

In the industrial plant turbosets are cross- 

connected. 

Construction of the condensing plant was 

started in 1969. In its present state. It 

consists of two K-200-130 lype 200 MW and 

two K-210-130 type 210 MW turbines. 

Extension of the Rasdan power station up k 

a capacity of 1120 MW raised probkms d 

cooling wakr supply. The shortage of local 

water supply and rapid development of 

irrigation in agricuHun necessitates the 

saving of the existing wakr reserves. there- 

fore all the four turbines of the power plant 

have been provided with dry cooling towers 

syskm Helkr whiih has been dewkped ia 

Hungary and it has been imported from 

there. 

A midenlial quarter provided with all 

comforh has been b u t l  for the stall of the 

power station and of ,o tk  industrial works 

siluakd in the neighbourhood. 

The residential quarter is provided with the 

necessary shopping centre. schools. infants- 

nurseries.. kindergartens and other social 

establishments. 



INDUSTRIAL PLANT 

The boilers and the turbines of the industrial 
plant. having a total capacity of 300 MW. 
are cross-connected. 

The skam supply is assured by 5 mjxd 
natural got and residual fuel oil f ind boi- 
kn made by the Barnaul Boiler Factwy. 
The boikn a n  of the singk drum natural 
circulation type. On both the front and rear 
side 5 burnen are instolhd which are sui- 
tabk for gas and residual fuel oil firing. 
The boikr consists of a radiated vertical 
combustion chamber. a horizontal and a 
convection downcoming flue got pass. 
A rdary regenerative air healer is used for 
air heating. 

No. of boikn 1 to5 
Manufacturing works BKZ Bornaul 
TW BKZ-320-140 GM 
a@'Y 320 t/h 
Steam pressure 1W atg 
Skam kmmrature 560° C 
Fcsdwate; tempera- 
ture 2300 C 
Boiler efficiency 
-with residual fuel 

oil firing 91 .*A 
-with natural gas 

firing 92.4% 
Temperature of out- 
Ict flue gas 
-with residual f d  

oil firina 154O C 
-with noiura~ gas 

firing 13P C 
Auxiliary equipment 

induced draught 
fansperboikr 2 

farced draught 
fansperboik 2 

Rotary regsmrative 
air pnhsatars 
ptr 2 

.Fuel: 
Naktral gas 47% of the total fuel cunwmp- 
Hon 

CabrWc value 9020 kcol/Nma 
Transportation by pipeline 
Ratidwl dl 4 a o f  thetalalfuetcensump 
tion 
Calorific value 99=keoI/kg 
Ash conknt 0.5% 
Moisture content 0.1 -0.274 
Sulfur conknt 0.3-0.4% 
Specific might 925 +/ma 
Transportation in railway tanks 

TURBINES 

The industrial plant is provided with two 
PT-so-imp bpi and two T-100.1~) type 
extraction condensing turbin~r. 

PT-50-130P turbines 
No. of turbines l a n d 2  
Ekdrical output 50 MW 
Speed 3000Imin 
Initial skam pressure 130 atg 
Initial skom tempe- 
rature 55S0 C 
Conden~r pressure 0.053 a h  
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ELECTRICAL EQUIPMENT 

The generators of the industrial power plant 
are connected to the integrated grid by 
means of two TDTN-63 000/110/35 type 
and two TDCG-125000/220 type main 
transformers. 

The outdoor switchgear is operated on two 
different rated voltages: 110 kV and 35 kV. 
MKP-110 and MKP-35 type oil circuit- 
breakers are installed be twm main trans- 
formers and the distribution network. The 
auxiliary power supply is provided through 
two service and one standby 6.3 kV cabk 
circuits. 

For the power supply of sets No. 3 and No. 4 
one TDNS-16000/10.5 type transformer 
with off-load tap changer is used. One 
TDN-16000/110 type transformer is built 
in as a standby for auxiliary p o w  supply. 

INSTRUMENTS AND CONTROL 

The industrial power plant, the common 
water treatment plant and fuel supply 
system are equipped with an automatic 
control syskm consisting of Soviet made 
automatic control and measuring devices. 
500 remote operated valves and 250 control 
units can be operated from the plant control 
room. 2000 measuring units are used for 
controlling the thermotechnical processes. 
Turbosets of the industrial power plant have 
been commissioned as follows 

I 
Condensing power plant 

The condensing power plant. having a total 
capacity of 820 MW. consists of four turbo- 
generator units. The 4 condensing turbosets 
a n  placed in a machine-houw independent 
of the industrial plant! The central o ~ i e  
building. workshops and other auxiliary 
buildings a n  attached ta the machine hou r  
of the condensing plant. 

Feedwakr tempera- 
ture 2300 C 
Boikr M i e n c y  
-with residuol oil 

firing 93.85% 

-with gas firing 94.24% 

Exit flue gas t e m p  
rature 

BOILERS 

Each turbine unit is provided with a gas- 
and residual fuel oil fired boikr made by 
the Taganrog Boikr Fa*. The bdkrs 
are of the single drum natural circulation 
type. This boiler type consists of a radiated 
vertical combustion chamber. a horizontal 
and a convection downcoming flue gas 
pass. On the front side then are 12 combi- 
ned burners suitabk for natural gas and 
midual fuel oil firing. The burners are 
arranged on two levels with 6 burners on 
each kvel. Rotary regenerative air beaters 
are used for air heating. 

Tachnkal data: 

No. of boikrs I to IV 
Manufacturing works TKZ Taganrog 

TYP TGM-104 
Capacity 640 t/h 

Superheated steam 
pressure 140 atg 

Superheated steam, 
kmperalure . 54Se C 

Reheated steam 
pressure 22 atg 

Reheated steam 
kmperature 54S0 C 

-with midual oil 
firing 13S0 C 

-with gas firing 121° C 
Auxiliary equipment 

Induced draft fans 
per boikr 2 

k c e d  draft fans 
per boi kr 2 

Regenerative rotary 
air heaters per 
boiler 3 

Fuel: 
The same as in c a r  d the industrial p o w  
plant. 



TURBlNEf 

The condensing power plant consirk of 
lwo K-200-130 and (wo K-210-130 type 
furbine5. 

Technical data: 
No. of turbines I to II Ill b IV 
Electrical output 200 MW 210 MW 

lnitbl skom pressu- 
re 130 atg 

in i tk l  skom tempe- 
rature S40° C 

Reheold steam 
pressure 20 atg 

~dhcoted stcam 
kmperafun w c  
a&m pressure 0.06 010 

Specific heot con- 
' sumpHon of unit 2040 kcol/kWh 

Type of the conden- 
ser jet condenser 

Cooling y s k m  Nofurol-draught dry 
cooling town Syskm 
Heller 

Auxiliary cooting Mechankal-draugM 
wet cooling tower 

1 Condensing system 

For the cooling of condensers of the four 
turbogenerator seb natural-draught dry 
cooling towen System Helkr wen  installed. 
This type of cooling syskm was developed 
in Hungary. 
With the dry cooling system, no water is 
required for condenser cooling. Therefore. 
taking into consideration the limited water 
resources in the Armenian SSR, the adop- 
tion of this cooling system was fully justified. 
At the same time the construction of the air 
condensation syskm also offers the mssibi- 

I lity of investigating the applicatiin and ser- 
vice conditions of such eauinmenf with tur- . . 
bines of larger unit capacities and under 
climatic conditions prevailing in the Soviet 
Union. The air condensation equipment in 
Rasdan con be regarded or a special solu- 
tion as the site is 1750 m above the sea level. 
Asa consquence of the low specific weight 
of the cooling air, the notural draught 
cooling towers are about 1.7 times higher 
thon the cooling towers of the same capoc- 
ity when built at sea level. Thus. inskod of 
a 70 m high cooling tower built under nor- 
mal conditions. 120 m high cooling towers 
were sekcted for Rasdon. These cooling 
lowen have further special features. Con- 
sidering the earthquake hazards. extremely 
light cooling towers had to be built using 
steel structures covered with corrugakd 
aluminium sheets. 
The dry cooling system has been designed 
in Hungary jointly with the Teplakktro- 
prqekt in Rodov. All the main equipment. 
including the complete cooling town and 
air-cookd heat exchangers. the cooling 

water pumps. and recuperative water tur- 
bines. as well as the gd condensers have 
been manufoctured in Hungary. 
The air condensation equipment consists of 
o totally closed cocling water circuit. 
Warmed-up cooling water leaving the 
condenser is cooled down in the oluminium 
elements arranged around the periphery 
of the cooling tower. In order to obtain 
better condenser vacuum, jet condensers 
hove been provided. Using jet condensers. 
a temperature difference less thon O.SO C 
between condensing shorn and outkt cool- 
ing water can be gunranteed. Since the 
cooling water circuit is complekly closed, 
feed water quality ca.7 be maintained in 
the C.W. system. permitting the application 
of jet condensers. By the application of the 
air condensation equipment. scale deposits 
in the condenser lubes and consquent 
deterioration of specific heat consump- 
t ion-wh~h is associated with surface type 
condensers-can be avoided. 

Technical data of the air condensation 
equipment: 
Condenser heat duty 
per unit 240.8 x 1 [r kcal/h 
Steam quantity enter- 
ing the condenser 450 t/h 
Design air tempero- 
ture 5.2O C dry bulb. 
Cooling wakr quan- 
tity i 2 . W  ma/h 
Cooling wakr tem- 
perature rise in the 
condenser 10.P C 
Number of cooling 
towers per unit 1 
Base diameter 108 m 
Height 120 m 
Top diameter 6Qm 
Material S-l structure with 

corrugakd alumini- 
um covering 

Weight of steel 
slructure 1300 t 
Weight of aluminium 
covering 130 t 
Number of built-in 
aluminium heat ex- 
changers 119 
Tlpe of heot exchon- 
9- slotted fin type olu- 

minium heat ex- 
changers-System 

,Forgb-consisting of 
15 m h ighand9bn 
weight elements 

Control of heot 
dissipation with motor operahrd 

louvres 
Number of conden- 
sers per unit 2 
Condenser system 
-Type jet condenser 
-Weight 2x601 
-Type of spray 

nozzks Flat wakr-film spray 
'nozzles 1872 per 
condenser 

Number of cooling 
water pumps Two 50% copocity 

pumps per unit 
Driving motor a V. 1100 k W  
Recuperative water 
turbine per unit 1 
Recuperative gene- 
rator 6000 V. 620 k W  
Total pumping 
Power 1S80kW 
Due to the applicatioa of the dry cooling 
s p k m  woter consumption of the units of 
the condensing power plant is rial more 
than 100 to 150 ma/h. 
From this quantity 70 to 80 t/h b used as 
make-up wakr. The remoining qwn* 
is required for auri lkry cooling. 





NO. oi generators 

TYPC 
Power foctor 

Rotor current 

Stator vollage 

Slalor current 

Excikr voHage 

Exciter current 

Stator cooling 

Rotor cooling 

I k l V  

TGV-100 M 

0.85 

1890 amp 

15.75 kV 

8625 amp 

415 V 

2000 amp 

wakr 

hydrogen 

ELECTRICAL EQUIPMENT 

Each d the four generalon having an out- 

put of 200 and 210 MW is connected to the 

220 kV nelwark by mans of a gemra)or 

transformer of. 250.000 kVA. The type of 

the trandrmers is TDC-250,0001220. On 

thc 220 kV voltage level a doubk bus-bar 

system and a bypass bus system are avail- 

abk to ensure overhand of circuilbreakm 

and hramformen. The transforms are 

conmcccd to the 220 kV nelwork through 

02 N-210/10 type air-blost circuitbreokcrs. 

Bearing in mind the high mounlain condi- 

lions. lighhing arresl(m are imtaikd in the 

220 kV circuits. 

One TRDN-31.0001110 type transformer 

and a TRDN-35,000135 A type standby 

tramformer is used for auxilkfy power 

supply of the condensing p a w  plant. In 

case d outages of lhe auri l iry plant. thc 

standby transformer is swikhed-on automa- 

tically 



INSTRUMINTS A N D  CONTROL 

WHh tho four units of tho candonsing 
plant tho hchnologkai promus m .uk 
maw. 250 mmd. operahd va l r r  )r 
unit oquippd with okchk motor Wva 
can be opomkd from tho con- pad. 

From tho unit control room the 200 yuM- 
ing organs of rach unit can ba opormhd by 
a solutivo control. All blocks aro p i d d  
fwodynamk imtrumonts with CI t y p  
inhgmbd output converhrs, I(n -(put 
signab of those a n  suitabk for coclm(kn 

to an EVM typo ekckonk com)utr. For 
each turbogonerator unit 1400 such rmawr- 
ing units a n  installed. Tho u n k  a n  also 
provided with signal intagratlng dovku. 
and the moan values am prinkd out In 
ovary 8. 16 and 24 hours. It MI th (Jn( 
time in the Soviet Union that for 100 MW 
units wch automatic sysloms haw ban 
provided. which greatly foeilitah Hn 
starting process. improve tho d 
+ration and diminish fuel cor#unrp(kn 
during skrt-up. Such equipment comprb. 
th(ur)kwr)rrdngulakr,Hnfvrlwn)r 
q u l a b r .  Ih. wpdmhd sham hmprro- 

'(um r o g u e .  

r ) r r a p u d o n d I h . a k ~  
.pu@nuI b a h  fully aukn#bd. 

Fully automatic soquonce control sphms 
am provldod for filling-up and dminlng d 
cooling )omn, tho starting and stapplns of 
circulating water pumps and for opwatlng 
tho frott-prohctive equipment. so outaga 
due to mabperatio~ can be avoided. 

Unltr of the condensing power station haw 
ban commkrbnd as folkm: 

C-im dugturn d the mi  Md 
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m fhnr UI R mmqe*uW Nrn 
A 

No. I K-200-130 Jan. 1971 

Na I K-260-130 h 1971 
Na M K-210130 Oc). 1W2 
N a l V  K-210-130 J~ll, 1974 



WATER TREATMENT PUNT 

th. raw make-up water, prehmffl in the 

krbine plant is led by a doubk piping 

system into the settling basin d the wakr 

treatment plant. In the M i n g  basin sus- 

pended matters am removed by adding 

cooplant chemicals. From the utlling ba- 

dn wakr enkrr the msewolr and from the- 
rr H i s  pumped through mechanical fikrs. 

th. mechanical filters are provided with 

anlrocite filling. 

th. setlkd, fibred raw water gets ink tha 

b s l a g e  cation-anion ion exchangers. 

Afkr the fi-t Stow a C 4  gas ~ p a m k r  b 

buil-in. The demineralized wakr karing 

the water treatment plant is stored in a 
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ter treatment plant having a cap- d 

ma/h. 



ELECTRIC POWER SYSTEM OF ARMENIAN SSR , 

No,te: Information given- herein has. been taken from a 
brochure. Accompanying photographs have Been 
d e l e t e  for sake of brevYty. 



The eledric power .system of Armenlan SSR coven the 
entire territory of the Republic; It i s  part of the Transcaucasian 
united power system which also includes the power systems of 
Georgia and Azerbaijan. The territory serviced by the power 
system amounts to 29.8 thousand sq. km with a 2.6million 
populafion. 

The Armenian power system incorporates power plants 
and stations of all kinds. such as condensing plants, heat-eledric 
generating stations and hydroelectric power stations. An alomic 
power station is now being constructed. The installed capacity of 
all the power stations of the system made up 2.48 million kilo- 
watts on the lst, January. 1975 with the power output in 1974 of 
8.5 milliard k Wh. 

The power system management of Armenian SSR has 
developed from small individual power plants incorporating 
low-power equipment to a large power. system which meets the 
power requirements of highly developed socialist industry and 
highly produdive and mechanized agriculture. 

The total capacity of power stations of pre-revolutionary 
Armenia ,made up only 3165 k W  at an annual power output of 
5.1 million k Wh. The largest power plants built near copper ore 
deposits belonged to foreign concessions. In 1909 an Alaverdy 
hydroelectric power station was constructed on the Debed 
river. It incorporated three 360-kW water-wheel generators 
and was second in power output in tzarist Russia. 

IR 1920 thp Soviet power wos established in Armenia as 
.a reslilt pf the victory of a national uprising supported by the 
Red Army. The people took the wealth of the country in their 
own hands. 

- oll power  toti ions 

Installed Capacity of Armenian Power System Stations 
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Power O u t p u t  in A r m e n i a n  SSR 

The developmenl of the Republic's national economy was 
determined by the'lenin's GOELRO plan (Plan of electrification 
of Russia) which envisaged i n  parlicular, the construction of 
a hydroelectric power 'plant of about 85-thovsand k W  capacity 
on the Goktcha (Sevan) lake. During the early step of develop- 
ment of power generation, emphasis was laid on local power 
resourses, i. e. on hydraulic power. 

In, early twenries, i t  was decided to build a hydroelectric 
power station on an irrigation canal near Yerevan. In;May. 1926. 
the first stage of the Yerevan hydroelectric power station com- 
prising two 880-kW water-wheel generators was put in  opera- 
tion and in  1929 its capacity was as high as 4560 kW.  At the 

roaw - 
T ~ I C .  rran - thousand hectocol 

T h e r m a l  Power D e l i v e r e d  b y  Power  Stat ions o f  A r m e n i a n  
'Power Sys tem 

same time, power transmission lines of 22 kV connected the 
hydroelectric power station with the Aygerlitch pump plant (the 
first mechanical irrigation installation) and then, with the Arzni 
health resort. 

The besl equipped hydroelectric power stations built during 
the first Five-Year Plans were the Dzoraget station of 22.2-thou- 
sand k W  capacity on the Dzoraget river (1932) and the Yerevan-2 
hydroelectric power station of 2.4-thousand k W  capaci7y (1932). 
the latter being the first automated station i n  the USSR. The 
Dzoragrr station was connected with the Kirovakan city via the 
first in  Armenia power transmission line of 110 kV. 

In spite of apparenl success achieved in  the construction of 



Power Ou tpu t  per  Capi ta in Armenian SSR 

hydroelectric power stations it was obvious, however, that 
dependable power supply for the needs of national 'economy 
cannot be ensured throbgh the utilization of the run-off of moun- 
tain rivers which have no water reservoirs for hold-over storage. 
A necessity arose to build power stations having a stable power 
output a l l  year round, such as lhermal-eledric stations or  
hydroelectric stations with seasonal storage reservoirs. Since 
Armenia has no fuel deposits and the cost of imported fuel was 
rather high at that time, the development of hydroelectric power 
engineering was quite natural. 

The problem of reliable power supply for the needs of the 
Republic's industry and agriculture and of the development of 
the irrigation system' was solved due to the utilization of the 
Sevan lake and Razdan river waters. 

In 1931 a plan was.drawn up envisaging the utilization of 
the waters of the Sevan lake and the Razdan river for irrigation 
and power generation. It was planned to construct a cascade of 
six hydroclcctric power stations and 17 irrigation canals to 

supply water to a cultivcted area of 120 thousand hectares in  the 
Ararat plain. 

The Kanaker s td im  was the first of the cascade. The first 
water-wheel generakr of this station (10.6 thousand kW) . 
started in 1936 made i t  2ossible to afford highly dependable po- 
wer supply to the consumers of the Yerevan power centre and 
to join the hydroelectr,~ stations of the Republic for parallel 
operation. By that time the Armenian regional power system 
management (Armenergo) was organized. 

Since early 1938, as lhe construction of the Kirovakan- 
Spitak-Yerevan, and lhen Spitak-Leninakan 110-kV power trans- 
mission line was brought to the end, Armenergo began joining 
the hydroelectric stations for parallel operation. Hence the 
Kanaker station was combined with the Dzoraget station and its 
capacity reached 42 thousand kW. Somewhat later. the Kanaker 
station was placed in joint operation with No. 1 and No. 2 Yere- 
van stat~ons, and by the end of that year, with the Leninakan 
station. 

Thus, by the end d 1938 all the power stations of the Re- 
public were united inso ;he Armenian power system, the leading 
one being the Kanaker power station which has considerably 
increased the reliabllit) of power supply for the needs of na- 
tional economy due to i-s storage abil~ty. 
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All the power stations built and placed i n  service aHer 1938, 
withthe exceptionof a few ones. were included into the power sy- 
stem. Only farming power plants of,Selenergo and collective 
farms. as well as small hydroelectric power stations and the power 
generating train belonging to the enterprises of the Ministry of 
Non-ferrous metallurgy in the south of Armenia were not joined 
to the Republic's power system. These power stations were in- 
cluded in the system in 1958 after the Atarbekyan-Shinuajr- 
Kadzharan 220-kV power transmission line was completed. 

The construction of the first stage of the Sevan-Razdan 
cascade, the Sevdn hydroelectric power station. was started In  
1940. This station was meant, in addition. to function as a water 
intake; preparatory work was carried out for the construction 
of the Gjumush hydroelectric power station. When the Great 
Patriotic War broke out. the construction of power generating 
and supply installations was ceased for the time being. The war 
was not yet over. however. when the construction of the Sevan- 
Razdan cascade was recommenced. In '1953 the largest Gjumush 
hydroelectric power station of 224-thousand k W  capacity was 
placed in operation. The power output of the Armenian system 
grew twice as high. The characteristic feature of the power 
system of that time was that it included, for the most part, high- 
manoeuvrability hydroelectric power stations. 

In the second half of lhe fifties the initial plan of utilization 
of the Sevan lake waters was revised. Backed up by a great 
experience in the hydropower construction in the USSR, the 
Armenian specialists were able to build high-dam hydroelectric 
power stations on the Vorotan river. Meanwhile, an immense 

progress in Soviet thermal power engineering gave rise to the 
construction of thermal power stations in Armenia. The plan 
was revised and a decision was adopted by the USSR government 
to maintain the water level of thesevan lake as close as possible 
to its natural level. to reduce the water pass from 1200 to 
500 million cu. m (380 million cu. m for irrigation and 120 million 
cu. m for power generation). To restore water storage ir, the 
Sevan, i t  was envisaged to build a tunnel of more than 48 km 
to transfer part of the Arpa river flow to the Sevan lake. 

In 1960 the output of the Armenian power system reached 
577 thousand kW.  o ow ever. i t  was insufficient l o  compensate 
for the reduction in power output of the Sevan-Razdan cascade 
while the power demand of industry and agriculture was grow- 
ing. In 1960 the power syitems of the. three Transcaucasian 
Republics Azerbaijan, Georgia. and Armenia -- were joined to 
operate in parallel. Power transmission lines were brought to 
the Akstafa switchgear centre from the Mingetchaur hydroelec- 
tric power station of Azglavenergo, from the TbiIisi.supercentral 
power station of Gruzglavenergo, and from the Atarbekjan 
hydroelectric power station of Armglavenergo. The power 
deficiency in the Armenian power system was compensated for 
by zower transmitted from Azerbaijan. The 220-kV power 
transmission lines connecting the Akstafa and Tbilisi stations as 
well as the Akstafa and Mingetchaur slations were changed in 
1964 to 330 kV, which made i t  possible to transmit more power 
to the Armenian power system. 

The first large thermal-electric station of the open type was 
put in operation in Yerevan in  ,1963. The Kirovakan heat-eledric 
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Armenian Cascades o f  Hydroelect r ic  Power Stations:. ' \ 
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Sevan-Rardan Cascade: \ I 
1 - Seran: 2- Atarbckian; 3 - Ciumurh; 4 - Arxni: 5 - Kanaker; 6 - Yareran; 7 - A r m  \ \ 
Seran Tunnel 

, Vorotan Cascade: 
8 - Spandarian; 9 - Shamb; 10 - l a t e r  

generating' plant was started in 1966. The-thermal-electric engi- 
neering was 'further developing cumulatively. During the eight 
Five-Year Plan (19661970) the investment in power engineering 
grew twice as larae as during the preceding five years. 682- 
thousand k W  capacity was newly assimilated. including that 
of the Razdan heat-electric generating plant (300 thousand k W), 
the Yerevan heal-electric generating plant (200 thousand kW). 
Kirovakan heat-electric generating plant (25 thousand kW). The 
construction of the Razdan supercentral power station was 
developed. Thedesign capacity of this station is1200 thousand k W. 

In 1970 the Tale* hydrqcledric station of 157.2-thousand k W 
capacity was built on the Vorotan river. The construction of the 
first Armenian atomic power station was started. 

In 1970 the capacity of the power system reached 1677' 
thousand k W  and its .power output considerably increased. 

Along with the construclion of power stations. power 
transmission lines cnd substations were erected. particularly 
after 1960. In 1970 the length of power transmission lines. rated' 
for 35 kV, increased almost twice, that of lines, rated for 110 kV, 
2.5 times, and that of 220-kV lines, almosi 3 times. Within 



. ten yean' the transformer power capacity grew six as high and 
reached 4300 thousand kVA. While in 1960 the power_!ystem 
did not comprise 220-kV substations. in 1970 the installed capa- 
city of 220-kV substation transformers made up 1030 thousand 
kVA. 

A new technology has been widely introduced in the Arme- 
nian. power system since 1950. Technological processes on the 
hydroelectric power stations have been automated. 

By 1965 the water-wheel generators of all the main hydro- 
electric power stations of the system were fully automoted. The 
Sevan. Dzoraget. No. 1 and No. 2 Yerevan hydroelectric power 
stalions were shifted to automatic control without constant attend-. 
ing personnel. Measures were taken on the main hydroeledric 
power stations to make their water-wheel generators suitable 
for running as synchronous condensers, sixteen of them being 
changed over to synchronous condenser operation automatically. 
Automaticwater-coarse regulators were installed in the Dzoraget, 
Atarbekjan and some other hydroelectric stations. To ensure 
trouble-free operation of the automated hydroelectric power 
stations. the latter were reconstructed, the equipment was rene- 
wed. closed-circuit electrical control. telemechanics and high- 

' 

frequency coupling over the high-voltage lines were introduced. 

In 1965 the centralized power and frequency control system 
was fully' introduced and made it possible to automatically 
control power transmission over the intersyslem 330-kV line - - o l l l i ~ ,  ro).d for.3S kvand hiphw - - S h V l i w  --- - l l O l V l i n a ,  - - - 2ZSkVlina - - 3 3 W V l i m  
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Grow of Length of High-Vollage POW& ~+nsmiulon 
Unes in Armenian Power System 



connecting. the AtarbekJan hydralectrlc power datlon with 
Akstafa>The power system Is controlled from the Yerevan main 
control ccntre. 

Great attention was given to the automailc wntrollen of 
thermal processes. Hence, In 1965 SIX boiler units of the Yerevan 
and Klrovakan heat-electric generating plants were equipped 
with automatic feed controllen, two boiler units were furnished 
with combustion controllers and three units received superheated 
steam controllen. 3eaerating plants of the Yerewn and .Kirova- 
kan heat-eledric generating plants are fully automated. Process 
protective gears were introduced In the boilers and turbines of 
these stations. 

The 200-MW power generating units-of the Razdan super- - 
central power station incorporate feed controllers. superheated 
steam temperature controllers, condenser vacuum conlrollers, 

. thermal load controllers, furnace peessure controllers. emergen- 
cy spray controllers, etc. The power units are equipped with, an 
automatic control system built around computers and logic 
circuih. The cooling towers of the ,Razdan supercentral power 
slation are furnished with automalic differential pressure regu- 
laton which control the pressure of inlet and outlet (cooled) 
water. 

The Republic's industrial produdion will rise during the 
ninth Five-Year Plan (1971-1975) by more than 60 per cent. AS 
a result, thegrowing demand of electric and thermal power will 
cause an increase in the generation of electric power to 9.1 milli- 
ard' k w h  and in the thermal power supply to consumers of up to' 
6 million hectocalories. 

Number o f  Industrial Productton Perronnel per 1000 kW 
of Installed Capacl ty 

... . . . . 

- - for entire power iwtsm 

. -'- for tharmaklectric power staions - - ' for hydrocfatric power stotiom 

r0a.l - *can , 
urn. - penoms . 

* 



Four 200-thousand k W power units are being 
placed in operation on the Razdan supercentral 
power station. The Kirovakan heat-eledric generat- 
ing plant .is expanding. The construction of "the . 
Armenian atomic power station of 815-thousand 1 

k,W capacity i s  now underway. The middle and 
upper stages of the cascade of hydroelectiic'stations 
on the Vorotan river - the Shamb station and the 
Spandaryan hy'droelectric power station - are still 
under construction. The ~ r ~ a - ~ e v a n  tunnel kill be 
soon completed. The water level in the Sevan will 
be maintained constant while water passage from 
the lake for powcr generation will be i;creased 
mainly in winter time. As a result. the Sevan-Razdan 
cascade of hydroelectric power stations will contrib- 
ute more to the control of the power system loads. 

, 1600 km' of power transmission lines, 'rated 
for 35 kV and higher, will be put in operation wilhin 
the ninth Five-Year Plan. New power transmission 
lines (2000 km) and substations of 0.4 to 10 kV are 
being further erected to satisfy the needs of farming 
and domestic power consumers. 

The organization and development of the 
electric power system in Armenian SSR accom- 
plished with the brotherly assistance of all the peo- 
ples of the Soviet Union was closely connected with 
the creation and advance of nationdl specialist in 
the job. Many of those. who started, from Armglav- 
energo, are now working in many electrical enter- 
prises of the all-Union impoitance: 
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M A I N  POWER STATIONS O F  POWER SYSTEM O F  THE 
ARMENIAN.-SSR . . % 

Razdan Thermal-Electric P.ower Station 

The Razdan Supercentral Power Station i s  a power- enerat- 3 The heat-electric generating plant capacity is 300 thousand 
- ing enterprise comprising a condensing power plant -an a heat- kW. Ii comprises two SO-thousand k W  turbine units, two 1OQ- 

electric generating plant both having a common monagement. thousand k W  turbine units, and five 320-t/h boilers. The first 
Design power of !he condensing power plan1 i s  1200 thou- turbine unit was put in operation in 1966 and the last one. 

sand kW. The plant comprises power units each consisting of a in 1 969. 
200-thousand k W  turbine unit and a 640-t/h boiler unit. The Fuel is furnace oil and gas. ' 
irst power unil was placed in operation in 1971. 

Yerevan' Heat-Electric Generating Plant 

The plant capacity Is  550 thousand kW. It comprlses five first turbine unit was darted in 1963, the last (seventh) one, In 

50-thousand k W  heat-generating turbine units with five 420-t/h 1966. 

boiler units, and two power generating units; each comprising Fuel is furnace oil and gas. 

a 150-thousand k W  turbine unit and a 500-tlh boiler unit. The 

Armenian Atomic Station 

Design. capacity of the station Is 815 thousand k W. It com- moderated water-:ooled power . reactor BB3P-440 and two 
prises two power-generating units. Each unit consists of water- 220-thousand k W  turblne units. 



Sevart Razdan Cascade of Hydroelectric Power Stations 

The,cascade lnclu'des six stages. The total installed capacily period of 1963 to 1972 has 'ode up 1.21 milliard kwh. 
Is 556 thousand kW; average annual power output within the 

This cascade of three hydroelectric power stations is being cascade stations Is 404.2 thousand kW. Mean annual outpu! Is 
built on the Vorotan river. The total Installed capacity of the 1.1 milliard kwh. 
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Vorotan Cascade of Hydroelectric Power Stations 

Hvdroolectric 
por.r sloliam 

Spandarjan 
Shamb 
Tatev 

I 

y e .  
plocad In 
operalion 

1 948 

1953 

i 
1959 1 

19% 

1936 
1961 

---- 

Capacltv. 
thousond k W  

76 
171 
157.2 

Hydroollwlrlc 
poworstolionr 

-- 

V d u ~  of watu 
I I 

basin. million cu. m 

. I 
i full 1 wdd 

----. 

Moan annual 
output. 
million k W h  
d 

Cspacitv. 
thousand 
k W  

-- --.--..---.--.-...-.------.-. I 

I I I 

Moon annual 
output. 
million k W h  

157 
330 
670 

N u m k r  and 
power d 
units.MW 
por unit 

Sevan 

. Atarbekjan 

Gjumush 

.- 

N u m k r  
and powor 
of units. 
M W  per unil 

2x30;O 
2 x 85.5 
3 x 52.4 

-- -. . 

Rated flow 
rate.cu. mb 

30 
75 
33 

-. . - -. 

- 
- 

5.6 

50.0 
130.0 
297.0 

Arzni 70.56 . . 199.0 3 x 23.52 i 70.0 

Kanaker 102.0 225.5 4 x  12.5 I 
2 x 26. 

34.24 

81.6 
224.0 

- 
- 

4.1 
1.0 

. - 
118.0 

173.0 

57.4 2 x 16.96 1 1 ~ 0 . 3 2  1 65.0 
161.3 2 x  40.8 70.0 
453.5 1 4 x  56.0 I 70.0 

--- 

Morimum 
head. m 

0.3 

- 
Yerevan 44.0 114.0 90.8 

Volumo d water k i n .  
million cu. m 

ye, 
p l o d  in 
operation 

I I useful 

I ' 

394 
31 4 
576 

277 
96 
13.6 

80 
1.8 



E.LECTRlFlCATl0.N O F  NATIONAL ECONOMY IN. 
ARMENIAN SSR 

The dependable electric power system of the Republic 
has made it possible to  develop industry, farming, agri- 
culture, t o  improve the living conditions o f  the population, 
t o  raise their standard of.cuiture. . 

. Power Consumed in ~rmenian SSR, million kWh/per cent, . 

Power supply to consumers exceeds the power output which i s  compensated for at the expense of thelneighbouring power systems in- 
cluded in the Tcanscaucasian uniled power system, 
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The most developed branches of industry in Armenia are 
. 'qnon-ferrous metallurgy,-machine building (electrical engineer- 

- ing,.,.radlo:englneering, .machine-tool and apparatus building). 

textile, manufacture of natural stru.ctural materials,. as well as 
vine-growing and fruit:growing and associated wine and canning 
industries. 

A'68fold increase in  the. production oulpui of Armenia was, 

achieved inl972as compared wilh the prewar year of 1940. 

Power requirement for industry has increased 17-fold within 

thesame period ofcme. While in old limes Armeniadisplay- 
. . 
ed at International fairs and exhibitions only .agricultural 

raw materials and their produce, the range of goods export-. 

ed by Soviet Armenia hasconsiderably extended. Nowdays, 

Armenia exports abroad manufactured goods, such as ., 

electrical machines, machine-tools, electronic devices, etc. 

The. Republic delivers its goods to all the regions of the 

Soviet Union and' to 70 foreign countries. 

Armenia i s  now growing into one of the USSR centres 

of manufacture of electronic computers. The "Razdon" 

and "Nairi" series of transistorized computers, which 
* were designed and manufactured exclusively by Armenian 

specialists, have gained a.firie reputation. 
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The development of economics of the Republic has 
a brought about a considerable increase in freight turnover. 

Electrification of the Tbilisi-Leninakan-Yerevan-Sevan 

mainline railway has made it possible to greatly increase 

its capacity. The total length of electrified railways in 

Armenia i s  about 500 km. 

Power consumption in  agricul!ure has increased 

.62 times in 1972 as compared tol940. Full electrification 

of agriculture was completed as early as in ,1960 through 

the use of local power plants. By the close of :964 the 

Armenian power cngineers were first in the USSR to 

transfer all the'farming power consumers to centralized 

power supply from the power system lines. Old power 

transmission lines were modified and new lines of 0.4- 

6-10 and 35 kV with substations were erected. 




