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I n t r o d u c t i o n  

R i e g e l  T e x t i l e  C o r p o r a t i o n ,  h e a d q u a r t e r e d  i n  G r e e n v i l l e ,  S o u t h  

C a r o l i n a ,  o p e r a t e s  a  weav ing ,  d y e i n g ,  and  f i n i s h i n g  p l a n t  i n  

Ware S h o a l s ,  S o u t h  C a r o l i n a  i n  which  s u b s t a n t i a l  q u a n t i t i e s  o f  

l o w - p r e s s u r e  s t e a m  a r e  r e q u i r e d  f o r  p r o c e s s i n g  woven and  k n i t  

f a b r i c s .  S tearn  i s  a l s o  u s e d  i n  t h e  m a n u f a c t u r e  o f  c h e m i c a l s  

and  f o r  s p a c e  h e a t i n g .  

R i e g e l  h a s  o p e r a t e d  a  c o g e n e r a t i o n  s y s t e m  a t  Ware S h o a l s  s i n c e  

t h e  e a r l y  1 9 3 0 ' s  b y  g e n e r a t i n g  s t e a m  a t  2 2 5  PSIG, 525OF w i t h  

c o a l - f i r e d  b o i l e r s ,  and r u n n i n g  t h i s  s t e a m  t h r o u g h  a 2,000 KW 

t u r b i n e / g e n e r a t o r  e x h a u s t i n g  s t e a m  a t  4 5  PSIG, 37g0F.  B o t h  

225 and 45 PSIG steam a r e  u s e d  i n  p r o c e s s .  

I n  September  o f  1979,  R i e g e l  s i g n e d  a  c o o p e r a t i v e  c o s t  s h a r i n g  

a g r e e m e n t  w i t h  t h e  D e p a r t m e n t  o f  E n e r g y  t o  d e s i g n ,  p u r c h a s e ,  

i n s t a l l ,  and  o p e r a t e  a new c o g e n e r a t i o n  s y s t e m  i n  wh ich  a  new 

t u r b i n e / g e n e r a t o r  u n i t  e x h a u s t s  s t e a m  a t  225OPSIG. T h e  p r o -  

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

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

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

t h a t  u s e  s u b s t a n t i a l  q u a n t i t i e s  o f  r e l a t i v e l y  l o w  p r e s s u r e  

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

r e s o u r c e  -- c o a l .  



11. Backg round  

R i e g e l  c o n s t r u c t e d  t h e  p o w e r h o u s e  i n  t h e  e a r l y  1 9 2 0 ' s  t o  

p r o d u c e  s team a n d  e l e c t r i c i t y .  B o i l e r s  No, 5  a n d  No. 7 were 

i n s t a l l e d  i n  1 9 4 2  a n d  1 9 5 8  r e s p e c t i v e l y  t o  r e p l a c e  t h e  t h e n  

e x i s t i n g  s t o k e r  b o i l e r s .  140. 5 a n d  NO. 7 a re  b o t h  p u l v e r i z e d  

c o a l - f  i r e d  b o i l e r s .  B o t h  a r e  r a t e d  f o r  225  PSIG, 520OF a t  

85,000 # /h r .  a n d  135 ,000  t / h r ,  r e s p e c t i v e l y .  A p p r o x i m a t e l y  40 

p e r c e n t  o f  c o n d e n s a t e  is r e t u r n e d  t o  t h e  b o i l e r s .  M e c h a n i c a l  

d u s t  c o l l e c t o r s  a n d  a n  e x i s t i n q  R e s e a r c h - C o t t r e l l  E l e c t r o -  

s t a t i c  P r e c i p i t a t o r  p r o v i d e s  p a r t i c u l a t e  r e m o v a l .  

T h r e e  s t e a m  t u r b i n e  g e n e r a t o r s ,  t w o  c o n d e n s i n g  u n i t s  ( 3 , 0 0 0  

KW;  2,(380 KTJ) a n d  o n e  b a c k - p r e s s u r e  u n i t  ( 2 , 0 0 0  K W ;  2 2 5  PSIG 

t o  45  PSIG) w e r e  i n s t a l l e d  a t  t h e  powerhouse  i n  t h e  1 9 2 0 ' s  a n d  

1 9 3 0 ' s .  

M i  11 e : z p a n s i o n s  ' e n c o n p a s s e d  t h e  b o i l e r  h o u s e  o v e r  t h e  y e a r s  

a n d  t h i s  r e s t r i c t e d  t h e  a v a i l a b l e  s p a c e  f o r  t h e  new b o i l e r  and  

t u r b i n e / ' g e n e r a t o r  i n s t a l l a t i o n  t o  t h e  e x i s t i n g  p o w e r h o u s e .  

T h i s  c r e a t e d  a s p e c i a l  p r o b l e m  i n  p h a s i n g  t h e  i n s t a l l a t i o n  t o  

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

P e r m i t t i n g  was a c o n c e r n  c o n s i d e r i n g  t h e  p o s s i b l e  i m p a c t  o f  

t h e  C l e a n  A i r  A c t  -- P r e v e n t i o n  o f  S i g n i f i c a n t  D e t e r i o r a t i o n  

R e q u i ~ e i 1 1 e 1 i l . s ~  ols L11e c o ~ i s L ~ - u c  L i o n  s c h e d u l e .  H o w e v e r ,  t h e  

steam l o a d  was n o t  b e i n g  i n c r e a s e d  a n d  R i e g e l  a g r e e d ' t o  a new 

s t a t e  p e r m i t  l i m i t i n g  t h e  BTU i n p u t  t o  e x i s t i n g  l e v e l s  which ,  

i n  e f f e c t  l e a v e s  a n  e x i s t i n g  b o i l e r  as  a s t a n d b y  u n i t ,  L i m i t -  

i n g  t h e  BTU i n p u t  a l l o w e d  t i m e l y  p e r m i t t i n g  o f  t h e  p r o j e c t .  



111. P r o i e c t  D e s c r i ~ t i o n  

The p r o j e c t  was a c c o m p l i s h e d  i n  t h r e e  p h a s e s :  (1) D e s i g n ,  

( 2 )  F a b r i c a t i o n  and i n s t a l l a t i o n ,  and ( 3 )  Demonstrat ion.  Con- 

c e p t u a l  d e s i g n ,  major equipment  s p e c i f i c a t i o n s ,  d e t a i l e d  de- 

s i g n  a n d  c o n s t r u c t i o n  s p e c i f i c a t i o n s  w e r e  d o n e  by  Chas .  T. 

Main,  Inc . ,  e n g i n e e r i n g  c o n s u l t a n t s  l o c a t e d  i n  C h a r l o t t e ,  

North C a r o l i n a .  Purchase  o f  major  equipment  i t e m s ,  c o n s t r u c -  

t i o n  s e r v i c e s ,  and c o n s t r u c t i o n  p r o j e c t  management was h a n d l e d  

by R i e g e l ' s  C o r p o r a t e  Eng inee r ing  o f f i c e  w i t h  a s s i s t a n c e  from 

Chas.  T. Main i n  e v a l u a t i n g  c o m p e t i t i v e  b i d s  a n d  c l a r i f y i n g  

t e c h n i c a l  p o i n t s  on an  as-needed b a s i s .  

R i e g e l ' s  s t eam p l a n t  had a  v e r y  l i m i t e d  arnount o f  s p a c e  a v a i l -  

a b l e  f o r  expans ion.  Consequen t ly ,  t h e  new b o i l e r  was e r e c t e d  

between two e x i s t i n g ,  o p e r a t i n g  b o i l e r s  i n  a  s p a c e  made a v a i l -  

a b l e  by d e m o l i t i o n  and removal  o f  two s m a l l  r e t i r e d  s t o k e r -  

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

b u i l d i n g  was a l s o  a  pr ime d e s i g n  c o n s i d e r a t i o n .  A d d i t i o n  of  

t h e  feedwate r  h e a t e r  was i n s t r u m e n t a l  i n  r educ ing  t h e  s i z e  o f  

t h e  f i r e  b o x  a n d  b o i l e r  t o  a  s i z e  c o m p a t i ' b l e  w i t h  t h e  

a v a i l a b l e  space .  For t h e  sarne reason ,  t h e  F.D. and I.D. f a n s ,  

mechanica l  d u s t  c o l l e c t o r ,  and a i r  p r e h e a t e r  we.re mounted on a  

c o n c r e t e  deck e l e v a t e d  above  t h e  e x i s t i n g  b o i l e r  house  roof .  

The F. D. f a n  i n l e t  was d e s i g n e d  t o  p u l l  a i r  f r o m  i n s i d e  t h e  

t o p  o f  t h e  b u i l d i n g ,  which s h o u l d  r e s u l t  i n  a s r , ia l l  i n c r e a s e  

i n  e f f i c i e n c y .  

The new t u r b i n e  was e r e c t e d  on a  modi f i ed  f o u n d a t i o n  f o r m e r l y  

c o n s t r u c t e d  f o r  t h e  2 , 8 0 8  K W  c o n d e n s i n g  t u r b i n e  w h i c h  was 



d e m o l i s h e d  a n d  removed.  Lack o f  s p a c e  f o r  a  new g e n e r a t o r  

b r e a k e r  c u b i c l e  . r e s u l t e d  i n  a  p u r c h a s e  o r d e r  , t o  Westinghouse 

f o r  m o d i f i c a t i o n  o f  a  .new 1 ,200  amp b r e a k e r  t o  a  1,50.Q amp 

r a t i n g .  T h i s  b r e a k e r  was . i n s t a l l e d  i n  a n  e x i s t i n g  c u b i c l e  t h a t  

f o r m e r l y  c o n t a i n e d  a  1,2G10 amp breaker .  

The new s y s t e m  r e q u i r e s  more e x t e n s i v e  w a t e r  t r e a t m e n t  due  t o  

h i g h e r  p r e s s u r e  a n d  t e m p e r a t u r e s  t h a n  p r e v i o u s l y  r e q u i r e d ,  

Al though  r i v e r  and ground w a t e r  i n  t h e  a r e a  is o f  good q u a l i t y  

r e l a t i v e  t o  o t h e r  a r e a s ,  makeup w a t e r  s t i l l  c o n t a i n s  10  t o  1 2  

ppm s i l i c a .  A l s o ,  due  t o  t h e  n a t u r e  o f  t h e  wa te r  d i s t r i b u t i o n  

s y s t e m  f r o m  t h e  c i t y  w a t e r  p l a n t  a n d  c i t y ,  t h e  p l a n t  w a t e r  

c o n t a i n s  s u b s t a n t i a l  q u a n t i t i e s  o f  c h l o r i n e .  A s  a  r e s u l t ,  a  

c a r b o n  column and d e m i n e r a l i z e r  t o  p r o v i d e  makeup f o r  t h e  new 

s y s t e m  was i n s t a l l e d ,  D e m i n e r a l i z e d  w a t e r  i s  a l s o  u s e d  f o r  

b o i l e r  a t t e m p e r a t i o n .  M a j o r  e q u i p m e n t  items a r e  l i s t e d  i n  

. T a b l e  I. .- 

The d e m o n s t r a t i o n  phase  began w i t h  commercial  o p e r a t i o n  o f  t h e  

s y s t e m  a n d  e n d e d  O c t o b e r  3 ,  1983.  D u r i n g  t h i s  p e r i o d ,  t h e  

s y s t e m  was c l o s e l y  moni tored  a s  t o  a c t u a l  s t e a m  and e l e c t r i c a l  

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

o p e r a t i n g  c o s t ,  r e l i a b i l i t y ,  and any p rob lems  u n i q u e l y  assoc-  

i a t e d  w i t h  a  c o g e n e r a t i o n  system. Both t h e  s i t e  and r e l e v a n t  

d a t a  were open t o  i n s p e c t i o n  and r e v i e w  by i n t e r e s t e d  p a r t i e s .  



TABLE I 

MAJOR EOUIPMENT 

. . ' . . . .  . . 
1. B o i l e r  - R i l e y  S t o k e r  C o r p o r a t i o n ,  r a t e d  . a t  135 ,000  lb. /hr . ,  

9 8 0  PSIG,  8 2 5 ' ~  w i t h  a s s o c i a t e d  F.D. a n d  I.D. f a n s ,  p u l v e r -  

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

c o l l e c t o r , .  c o m b u s t i o n  a n d  f e e d w a t e r  c o n t r o l s .  F u e l  i s  

p u l v e r i z e d  c o a l  w i t h  82 f u e l  o i l  a s  backup.  

2. ' T u r b i n e  - % T u r b o d y n e  C o r p o r a t i o n  5 , 3 0 0  RPM t u r b i n e  s i z e d  f o r  

135,0610 l b . / h r . ,  8 5 8  PSIG,  8 2 s ° F  s team i n , .  e x h a u s t i n g  a t  2 2 5  

PSIG, 570'F w i t h  e l e c t r o - h y d r a u l i c  s p e e d  a n d  b a c k - p r e s s u r e  

c o n t r o l .  

3 .  G e n e r a t o r  - E l e c t r i c  M a c h i n e r y  u n i t ,  4 , 2 3 7  KVJ, 24610 v o l t s ,  

1 , 8 0 0  RPM, .8 p o w e r  f a c t o r .  

4  . D e m i n e r a l i z e r  - T o t a l  Water T r e a t m e n t  S y s t e m  w i t h  c a r b o n  

c o l u m n ,  a n d  t w o  t r a i n s  o f  t w o  s t e p  u n i t s  f o l l o w e d  b y  a m i x e d  

b e d  p o l i s h i n g  u n i t .  R a t e d  a t  308  g a l l o n s  p e r  m i n u t e ,  - 0 1  ppm . 

s i l i c a  and  -06 ppm s o d i u m  maxinum o u t l e t  g u a r a n t e e .  

5. B o i l e r  f e e d  pumps - T n g e r s o l l - R a n d  Model  3X113DH-7 s t a g e  pumps, 

1 , 8 8 1  PSIG, 340  GPM, 3,600 RPM w i t h  400 HP L o u i s  A l l i s  e n e r g y  

e f f i c i e n t  mo to r s .  



I V .  T e c h ~ i c a l  Summarv 

~ e c h n i k a l  S t a t u s  R e p o r t s  w e r e  i s s u e d  t o  DOE u p  t h r o u g h  
- ... 

,. . .:- > ' ,  

F e b r u a r y  1, 1982,  by which t i m e  t h e  b o i l e r  was o n - l i n e  and t h e  

t u r b i n e / g e n e r a t o r  had b e e n  b r o u g h t  u p  t o  s p e e d .  P r o b l e m s  

e x p e r i e n c e d  were  a s  f o l l o w s :  

I n s u f f i c i e n t  makeup w a t e r  p r e s s u r e  t o  d e a e r a t o r  due t o  

t h e  p r e s s u r e  d r o p  a c r o s s  t h e  D I  s y s t e m :  I t  w a s  

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

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

f u l l  l o a d  d u r i n g  p e r i o d s  when demand on t h e  w a t e r  sys tem 

was  h e a v y .  A b o o s t e r  pump was i n s t a l l e d  a t  t h e  d i s -  

c h a r g e  o f  t h e  D I  s y s t e m  and  t h e  p r e s s u r e  p r o b l e m  was 

e l i m i n a t e d .  

High b o i l e r  e x i t  f l u e  gas t e m p e r a t u r e  a t  l o a d s  above  80% 

o f  MCR and r e s u l t i n g  l o s s  of  e f f i c i e n c y :  Upon r e a l i z a -  

t i o n  o f  t h i s  p r o b l e m ,  we w e r e  a s k e d  by R i l e y  S t o k e r  t o  

l i m i t  b o i l e r  l o a d i n g  t o  a  maximum o f  1 0 5 , 0 0 0  l b . / h r .  

u n t i l  a n  a d d i t i o n a l  b a f f l e  c o u l d  b e  i n s t a l l e d  i n  t h e  

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

a c c o r d i n g l y  u n t i l  t h c  f i r o t  wcck s f  J u l y  01 1 9 8 2 ,  d t  

w h i c h  time we w e r e  a b l e  t o  s h u t  t h c  b o i l c r  down l o n g  

enough f o r  t h i s  b a f f l e  t o  be  i n s t a l l e d .  I n s t a l l a t i o n  o f  

t h e  b a f f l e  s a t i s f a c t o r i l y  . r e s o l v e d  t h i s  problem. 

3 . F e e d w a t e r  h e a t e r  p e r f o r n a n c e :  I n i t i a l  d a t a  i n d i c a t e d  

t h a t  t h e  f e e d w a t e r  h e a t e r  was o p e r a t i n g  way below d e s i g n  



c r i t e r i a .  However, it was discovered t h a t  a  temperature 

t r a n s m i t t e r  was reading approximately 5 8 O ~  low. After  

c o r r e c t i o n  of  t h i s  p roblem,  i t  was found t h a t  d e s i g n  

feedwater temperature was achieved a t  lower loads ,  but 

was s t i l l  a p p r o x i m a t e l y  25OF o f f .  I t .  h a s  b e e n  

determined t h a t  t h i s  is due t o  our i n a b i l i t y  t o  provide  

t h e  225 P S I G ,  57g°F s t eam t o  t h e  f e e d w a t e r  h e a t e r  a s  

s p e c i f i e d  during per iods  when one of t h e  o l d e r  b o i l e r s  

i s  on-line.  Although o r i g i n a l l y  designed t o  meet t h e s e  

condi t ions ,  t h e  b o i l e r s  now opera te  a t  250 PSIG, 520OF. 

The new b o i l e r  was consequent ly se t -up  t o  opera te  with a  

feedwater temperature of 359°F. 

4.  Problems assoc ia ted  w i t h  p u t t i n g  t h e  genera tor  on l i n e :  

I n v e s t i g a t i o n  r e v e a l e d  w i r i n g  problems i n  b o t h  t h e  

Vlestinghouse s w i t c h g e a r  and i n  t h e  g e n e r a t o r  t e r m i n a l  

box by T u r b o d y n e / E l e c t r i c  Mach. Upon c o r r e c t i o n  of 

t h e s e  problems,  t h e  g e n e r a t o r  was s u c c e s s f u l l y  p l a c e d  

o n - l i n e .  Two a d d i t i o n a l  problems d e v e l o p e d  a f t e r  

p l a c i n g  t h e  turb ine /genera tor  on-line: 

a. The t u r b i n e  exhaust end s ,eal  f a i l e d  on two occasions 

-- May and November o f  1982.  A f t e r  t h e  f i r s t  

f a i l u r e ,  t h e  u n i t  was shipped back t o  Turbodyne f o r  

r e p a i r  and was repai red  a s  o r i g i n a l l y  b u i l t ,  w i t h  

r i n g s  shrunk o n t o  t h e  s h a f t .  A f t e r  t h e  second 

f a i l u r e  i n  November, Turbodyne machined t h e  r i n g s  a s  

an i n t e g r a l  p a r t  of  t h e  s h a f t .  There  have  been no 

problems s i n c e  t h a t  date.  



b. I t  a p p e a r e d  t h a t  t h e  s y s t e m  w a s  n o t  m e e t i n g  t h e  

p e r f o r m a n c e  g u a r a n t e e s  a t  d e s i g n  c o n d i t i o n s ,  a n d  

e x h a u s t  s t e a m  t e m p e r a t u r e  was high. D e s p i t e  s e v e r a l  

p r e v i o u s  checks ,  it was e v e n t u a l l y  d e t e r m i n e d  t h a t  

t h e  main s t e a m  t r a n s m i t t e r  was i n c o r r e c l y  c a l i b r a t e d  

a n d  t h e  g e n e r a t o r  X W m e t e r w a s  r e a d i n g  1 0 %  l o w  u n d e r  

peak c o n d i t i o n s .  C o r r e c t i o n  o f  t h e s e  items r e s u l t e d  

i n  s a t i s f a c t o r y  d e t e r m i n a t i o n  t h a t  t h e  s y s t e m  d i d  

meet t h e  performance  g u a r a n t e e s .  



V. Proiect Cost 

Boiler & Auxiliaries 

Demineralizer 

Boiler Feed Pumps 

I~fiscellaneous Equipment 

Demolition 

Boiler Foundat ion 

Boiler Erection 

Other Construction Contracts 

. . 

Engineering 

TVFAL PROJECT COST 

. . 

COST 



insCost V I .  O ~ e r a t  

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

p a r t s ,  s u p p l i e s ,  and r e p a i r  l a b o r ,  shows a  68% i n c r e a s e  f o r  t h e  

twenty-month p e r i o d  t h a t  t h e  new equipment  h a s  been o n - l i n e  a s  

compared t o  t h e  t h i r t e e n - m o n t h  p e r i o d  p r i o r  t o  s t a r t - u p  of  t h e  

new e q u i p m e n t .  O b v i o u s l y  a  c e r t a i n  p e r c e n t a g e  o f  t h i s  c a n  b e  

a t t r i b u t e d  t o  i n f l a t i o n  o f  b o t h  l a b o r  a n d  p a r t s .  I t  i s  a l s o  

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

were  added t o  t h e  work f o r c e  s h o r t l y  a f t e r  s t a r t - u p  o f  t h e  new 

equipment.  The a d d i t i o n a l  s u p e r v i s i o n  would p r o b a b l y  h a v e  been 

added i n  any c a s e .  

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

w e t e , r  t r e a t z e n t .  T h e s e  p e r s o n n e l  o p e r a t e  t h e  d e m i n e r a l  i z e r  

s y s t e m  a n d .  a s s i s t  w i t h  b o i l e r  w a t e r  a n a l y s i s  a n d  c h e m i c a l  

t r e a t m e n t .  T h i s  a d d i t i o n a l  o p e r a t i n g  c o s t  can be  d i r e c t l y  

a s s o c i a t e d  w i t h  t h e  new equipment.  I n c r e a s e d  c h e m i c a l  c o s t s ,  

c a u s t i c  and a c i d ,  f o r  r e g e n e r a t i o n  o f  t h e  d e n ~ i n e r a l i z e r  sys tem 

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

and t u r b i n e .  

Of t h e  r e m a i n i n g  a d d i t i o n a l  c o s t ,  a  l a r g e  p a r t  c a n  b e  

a t t r i b u t e d  t o  t h e  i n c r e a s e d  c o m p l e x i t y  o f  t h e  new e q u i p m e n t .  

T h e  m a j o r i t y  oL Lhe c o ~ ~ l r u l c  u11 t l l c  I I ~ W  equipment a r e  

e l e c t r o n i c  a s  cornpared w i t h  pneumat ic  on t h e  o l d e r  equipment.  

T h e  new e q u i p m e n t  i n c l u d e s  more X S i > i t o r i n g  d e v i c e s  s u c h  a s  

t r a n s m i t t e r s ,   controller.^, i n d i c a t o r s ,  e t c . ,  t h a n  were i n c l u d e d  

on  t h e  o l d e r  equipment  and, a s  a  r e s u l t ,  r e q u i r e  more a t t e n t i o n  

from main tenance  p e r s o n n e l .  



Some o f  t h g  a d d i t i o n a l  c o s t  c a n  a l s o  b e  a t t r i b u t e d  t o  w o r k i n g  

"bugs"  o u t  o f  t h e  new e q u i p m e n t . d u r i n g  t h e  i n i t i a l  o p e r a t i n g  

p e r i o d .  W e  a r e  n o t  a b l e  t o  b reak  t h i s  c o s t  down, b u t  do e x p e c t  

t o  see  some d e c r e a s e  i n  c o s t  a t t r i b u t a b l e  t o  t h i s  a r e a  i n  t h e  

f u t u r e .  



V I I .  .Savi= 

' A. F u e l  

For  t h e  twe lve -mon th  - .  p e r i o d  e n d i n g  10/3/81,  f u e l  c o s t s  

were  $2 .02 /mi l l i ' on  BTU's. Dur ing  t h i s  p e r i o d ,  a l l '  of  

t h e  s t e a m  was g e n e r a t e d  by t h e  o l d e r  e x i s t i n g  b o i l e r s .  

For  t h e  twel .ve-month p e r i o d  e n d i n g  10/2/82,  f u e l  c o s t s  

were  $ 2 . 2 5 / m i l l i o n  BTU's.  Dur ing  t h i s  p e r i o d ,  50.8% o f  

t h e  t o t a l  steam was g e n e r a t e d  by t h e  new h i g h - p r e s s u r e  

b o i l e r .  For t h e  eleven-month pe r iod  ending 9/3/83, f u e l  

c o s t s  were  $1.9@/mil  l i o n  BTU's, d u r i n g  which p e r i o d  t h e  

new b o i l e r  c a r r i e d  81% o f  t h e  t o t a l  s t e a m  l o a d .  

The h i g h  c o s t  d u r i n g  t h e  twe lve -mon th  p e r i o d  e n d i n g  

18/2/82 can be a t t r i b u t e d  t o  s e v e r a l  f a c t o r s .  During t h i s  

p e r i o d ,  s u b s t a n t i a l  amounts  o f  f u e l  were  bu rned  i n  

b o i l i n g  o u t  t h e  new b o i l e r  and p r e p a r i n g  f o r  s t a r t - u p s .  

A s  n o t e d  p r e v i o u s l y ,  t h e  new b o i l e r  o p e r a t e d  f o r  f i v e  

months a t  reduced l o a d s  and lower e f f i c i e n c y  p r i o r  t o  an 

a d d i t i o n a l  b a f f l e  being i n s t a l l e d  i n  t h e  g e n e r a t i n g  sec-  

t i o n .  U n u s u a l l y  l a r g e  amounts  o f  o i l  were  a l s o  bu rned  

d u r i n g  t h i s  p e r i o d  due  t o  c o a l  q u a l i t y  p rob lems .  T h i s  

p r o b l e m  was c o r r e c t e d  a f t e r  i m p l e m e n t a t i o n  o f  a  com- 

p r e h e n s i v e  c o a l  t e s t i n q  program w i t h  p e n a l t y / p r e m i u m  

c l a u s e s  f o r  s u p p l i e r s .  

For purposes  of c a l c u l a t i n g  t h e  R.O.I., t h e  d i f f e r e n c e  i n  

f u e l  c o s t s  be tween  t h e  p e r i o d  e n d i n g  10 /3 /81  and t h e  

p e r i o d  e n d i n g  9/3/83 h a v e  been  used.  F u e l  c o s t s  a r e  

comparable d u r i n g  t h i s  per iod .  



STEAM 
(LBS. X 1,880) 

TOTAL **BOILER #8% 
*OUARTER USA_GE #8 m2xE!& 

TOTAL 710,187 

1 9 8 3  - 3RD 1 5 1 . 0 2 0  

TOTAL 546,643 

**New uni. ' t .  

*Based o n  c a l e n d a r  y e a r .  



B e  E l e c t r i c a l  

E l e c t r i c a l  s a v i n g s  w e r e  o r i g i n a l l y  b a s e d  on  g e n e r a t i n g  a n  

a v e r a g e  o f  3,900 KW o r  23,4150,0110 KWH a n n u a l l y .  Idowever, a s  a 

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

y e a r s  and o t h e r  e n e r g y  c o n s e r v a t i o n  p r o j e c t s  b e i n g  implemented,  

s t e a m  d e m a n d  h a s  b e e n  s u b s t a n t i a l l y  r e d u c e d .  B a s e d  o n  

p r o d u c t i o n  f o r  t h e  f i r s t  n i n e  months o f  1983, a n n u a l  p r o d u c t i o n  

f r o m  t h e  new g e n e r a t o r  i s  1 5 , 5 Q O , 0 0 ~  KWH. T h i s  w i l l  i n c r e a s e  

a s  p r o d u c t i o n  a c t i v i t y  p i c k s  up. Based  o n  f u e l  a n d  t h e  

a d d i t i o n a l  c o s t  o f  g e n e r a t i n g  s t e a m  a s s o c i a t e d  w i t h  t h e  new 

sys tem,  o u r  c o s t s  f o r  g e n e r a t i n g  e l e c t r i c i t y  i s  c a l c u l a t e d  t o  

b e  1.6 c e n t s  p e r  KPJN. T h i s  is based  on t h e  f a c t  t h a t  a l l  o t h e r  

c o s t s  a s s o c i a t e d  w i t h  p roduc ing  s t eam and e l e c t r i c i t y  would be 

i n c u r r e d  whe the r  t h e  new s y s t e m  was i n  p l a c e  o r  not .  The c o s t  

per  KWH i n c l u d e s  a l l  a s s o c i a t e d  c o s t s .  

To c a l c u l a t e  s a v i n g s ,  s e v e r a l  u t i l i t y  b i l l s  were r e - c a l c u l a t e d  

w i t h  t h e  KF.JH1s  p r o d u c e d  b y  t h e  new g e n e r a t o r  a d d e d  t o  t h e  

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

been .  Based  on  t h e  s p o t  c h e c k s  made, i t  i s  e s t i m a t e d  t h a t  

$40,000 p e r  month  i s  a  v e r y  r e a s o n a b l e  f i g u r e .  However,  i t  

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

to t h e  p o i n t  where it is v i r t u a l l y  i m p o s s i b l e  t o  r e a c h  a n  e x a c t  

f i g u r e .  

Examples are:  

1. The u t i l i t y  r a t e  s c h e d u l e  i s  g r a d u a t e d  s u c h  t h a t  t h e  more 

KWH produced,  t h e  c h e a p e r  t h e  r a t e  p e r  KWH. Where R i e g e l  

f a l l s  o n  t h i s  r a t e  s c h e d u l e  i s  a f f e c t e d  by a w i d e l y  



f l u c t u a t i n g  p l a n t  KW l o a d ,  t h e  amount o f  KWH'S g e n e r a t e d  

by R i e g e l ' s  h y d r o - e l e c t r i c  p l a n t  ( p r o d u c t i o n  h e r e  i s  

s o l e l y  d e p e n d e n t  o n  r a i n f a l l  a n d  r i v e r  f l o w ) ,  a n d  

o c c a s i o n a l  o p e r a t i o n  o f  a  c o n d e n s i n g  t u r b i n e / g e n e r a t o r  

u n i t  u s e d  t o  a s s i s t  i n  h o l d i n g  demand a n d  s t a b i l i z i n g  

b o i l e r  l o a d s .  

2.  Varying power f a c t o r  p e n a l t i e s  r e s u l t i n g  from prob lems  

w i t h  c a p a c i t o r  s w i t c h i n g  d e v i c e s  i n  r e c e n t  months. 

3 .  Wide f l u c t u a t i o n s  i n  p l a n t  p r o d u c t i o n  s t e a m  demand. The 

a m o u n t  o f  K W H ' S  p r o d u c e d  b y  t h e  b a c k - p r e s s u r e  

t u r b i n e / g e n e r a t o r  i s  d i c t a t e d  b y  p l a n t  p r o d u c t i o n  

requ i rements .  

4. KW demand s a v i n g s  were i n c l u d e d  i n  t h e  o r i g i n a l  p r o p o s a l s  

and a r e  i n c l u d e d  h e r e ,  a s  r e a l i z e d  t o  d a t e .  Ilowever, it 

i s  i m p o r t a n t  t o  n o t e  t h a t  t h i s  s a v i n g s  c a n  e a s i l y  b e  3 o s t  

i f  g e n e r a t i n g  c a p a c i t y  i s  o f f - l i n e  d u e  t o  t r i p s  d u r i n g  

peak  demand p e r i o d s .  P r i o r  t o  s t a r t - u p  o f  t h e  new s y s -  

t e m ,  R i e q e l ' s  b i l l i n g  d e m a n d  w a s  9 , 4 4 0  K W .  I t  i s  

p r e s e n t l y  5 ,558  KW, o r  a  n e t  r e d u c t , i o n  o f  3 ,898  K W  t o  

d a t e .  



POWER GENERATION 

mrAL IN-PIAhlT 
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D 9,627.2 

€I 12,185.6 

** New U n i t  



V I I I .  R e t u r n  Jnves tmenL  

A. S a v i n g s :  

1. Power p r o d u c e d  i n  l i e u  o f  
p u r c h a s e d , f r o m  u t i l i t y  
1 2  Months  x $48 ,000  

2. Power s o l d  

3.  K W  Demand R e d u c t i o n  

4. F u e l  ( B a s e d  o n  E q u a l  S t eam P r o d u c t i o n  
i n  1 9 8 1  a n d  1 9 8 3 )  
$1 ,886 ,000  - $1 ,563 ,219  $242 ,781  

S a v i n g s  $858,547 

E. C o s t :  

1. C o s t  o f  G e n e r a t i n g  Power* 
$ 0 . 8 1 6 / K ~ ~  --. x 15,500,000 KWH = 

*See  cost/KWH d e t e r m i n a t i o n .  

TOTAL SAVINGS 

COST/KWH DETERMINATION 

F u e l  T i ,  P i ,  h i  KWH 

I 

+'lo, PO, ho 

Where: T i  = 83f1°F 

P i  = 918 PSIG 

h i  = 1 4 1 1  BTU/# 



C o s t / m i l l i o n  BTU's x  l b s .  steam p r o d u c e d  ( h i  - h o l  
h i  

BTU's p e r  l b .  o f  s t e a m / K W H  

# ' s  Steam P r o d u c e d  ( 3  p e r i o d s )  = 164 ,832 ,000  

C o s t / l , Q Q 0 #  Stearn* - - $4.45 

C o s t / m i l l i o n  BTU's* - - $3.15 

KWH P r o d u c e d  ( 3  periods) - - 4 , 4 5 3 , 4 0 0  KWH 

*Average  c o s t  f o r  1 2  p e r i o d s t .  i n c l u d e s  a l l  a s s o c i a t e d  c o s t s .  

C. P r o j e c t  C o s t  

B o i l e r  & A u x i a l i a r i e s  

D e m i n e r a l  i z e r  

B o i l e r  F e e d  Punps  

Miscel l a n e o u s  Equipment  

Demolition 

B o i l e r  F o u n d a t i o n  

O t h e r  C o n s t r u c t i o n  C o n t r a c t s  

E n g i n e e r i n g  

T o t a l  P r o j e c t  C o s t  

C o s t  

$2,844,750 

8'18,25W 

298,000 

117 ,400  

481,208 

191 tL00  

1 3 9 t 1 0 Q  

71W,400 

1 ,071,800 

476.889 

$7,208,088 



C.  R O I  

R e t u r n  on  i n v e s t m e n t  ( R O I )  c a n  b e  c o n s i d e r e d  f r o m  two 

d i f f e r e n t  p e r s p e c t i v e s .  The f i r s t  is  t o  u s e  i n c r e m e n t a l  

c a p i t a l  c o s t  i n  w h i c h  it i s  a s s u m e d t h a t a  r ' e t i r e d b o i l e r  

o r  p r o d u c t i o n  e x p a n s i o n  w i l l  r e q u i r e  p u r c h a s e  o f  a  new 

b o i l e r  r a t e d  a t  p r o c e s s  s t e a m  p r e s s u r e  a n d  b a s e  t h e  R O I  

o n  t h e  i n c r e m e n t a l  c o s t  o n l y  o f  g o i n g  t o  a  t o p p i n g  s y s -  

tem. The s e c o n d  i s  t o  assume t h a t  a n  e x i s t i n g  u s e f u l  

steam g e n e r a t o r  w i l l  b e  t o r n  o u t  a n d  r e p l a c e d  w i t h  a  

t o p p i n g  s y s t e m ,  i n  w h i c h  c a s e  t h e  t o t a l  c a p i t a l  c o s t  i s  

used.  

. . E s t i m a t i n g  a  c a p i t a l  c o s t  o f  $4.7 m i l l i o n  f o r  a  225 PSIG 

b o i l e r ,  a  s i m p l e  R O I  c a n  b e  c a l c u l a t e d  a s  f o l l o w s :  

1. I n c r e m e n t a l  Cps t  

Cos t  9QQ PSIG sys tem 

Cost  225 PSIG Uni t  ( e s t i m a t e d )  

R O I  = 610.547 - - 24.4% 
2,58a, 1380 

2. T o t a l  Cos t  

R O I  = 61a. 547 - 8.5% - 
7,200,000 



I X .  C o n c l u s i o n  

The c o m p l e t e d  c o g e n e r a t i o n  p r o j e c t  w i l l  a n n u a l l y  g e n e r a t e  a  

minimum 15,50(1,CIO0 K\?H t h a t  would n o r m a l l y  h a v e  t o  b e  purchased 

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

F i r s t ,  power f rom t h e  c o g e n e r a t i o n  p r o j e c t  w i l l  b e  produced f o r  

3,859 BTU/IZWH and t h e  l o c a l  u t i l i t i e s  p r o d u c t i o n  r a t e  i s  9,743 

RTL'/KI..JH f o r  a n e t '  e n e r g y  s a v i n g s  o f  6 ,154  BTU/KWH. Second ,  

1 5 , 5 Q 0 , B Q 0  K W H  becomes a v a i l a b l e  f o r  o t h e r  demand a r e a s .  

T h i r d ,  u t i l i t y  demand r e q u i r e m e n t s  a r e  r e d u c e d  by 3 ,838  KW. 

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

a n n u a l  e n e r g y  c o s t s  f o r  R i e g e l  a r e  reduced. 

The Uni ted  S t a t e s  Commerce Department ,  Census o f  Manufac tu re r s  

s t a t e s  t h a t  f o r  1 9 7 6 ,  t h e  t e x t i l e  i n d u s t r y  u s e d  28,509.3 m i l -  

l i o n  KWH o f  which 483.7 m i l l i o n  KWH o r  1.6% was s e l f - g e n e r a t e d .  

By u t i l i z a t i o n  o f  c o g e n e r a t i o n  t h r o u g h o u t  t h e  t e x t i l e  i n d u s t r y ,  

p o t e n t i a l l y  10,933.9 n i l l i o n  KWH c o u l d  b e  q e n e r a t e d  a t  a  lower  

BTU/KWH. T h i s  would r e s u l t  i n  a n  a n n u a l  n a t i o n a l  s a v i n g s  o f  

5 8 , 2 8 8 , 5 3 6  n i l l i o n  B T U ' S  o r  9.3 m i l l i o n  b a r r e l s  o f  o i l  

e q u i v a l e n t .  

The c o g e n e r a t i o n  c y c l e  o f  t o p p i n q  h i g h  p r e s s u r e  s t e a m  is a p p l i -  

c a b l e  t o  many i n d u s t r i e s .  Ilowever, it must b e  emphasized t h a t  

b e c a u s e  of  t h e  h i g h  c a p i t a l  c o s t  o f  a  s t eam g e n e r a t o r  r e p l a c e -  

men t ,  e c o n o m i c  j u s t i f i c a t i o n  may n o t  a l w a y s  e x i s t .  I f  a n  

i n c r e m e n t a l  e x p a n s i o n  o r  r e p l a c e m e n t  o f  s t e a m  g e n e r a t i o n  

e q u i p m e n t  i s  p l a n n e d ,  t h e n  t h e  e c o n o m i c  j u s t i f i c a t i o n  f o r  



cogeneration can be very a t t r a c t i v e .  A look a t  purchased power 

c o s t  i n c r e a s e s  v e r s u s  c o a l  p r i c e  i n c r e a s e s  o v e r  t h e  p a s t  few 

y e a r s  and a s  p r o j e c t e d  f o r  t h e  f u t u r e  w i l l  i n c r e a s e  t h e  

a t t r a c t i v e n e s s  of cogeneration i n  almost a 1  1 cases ,  and s e l l  ing 

power under t h e  Pub l i c  U t i l i t i e s  Regulatory P o l i c y  Act t o  t h e  

l o c a l  u t i l i t y  may a l s o  improve t h e  e f f e c t i v e n e s s  of cogenera- 

t i o n  i n  some cases.  




