
FEASIBILITY OF A LARGE DISTRICT HEATING - COGENERATION 
SYSTEM FOR THE NNEAPoL~~-s~ PAUL AREA* Y e 25- 

U.S.1U.S.S.R. SYMPOSIUM 
Washington, D.C. 
October 1979 

Herb Jaehne 1 

Michael. A. Karnitz 
2 

Alan Rubin 3 

Peter Margen 4 

ABSTRACT 

The Department of Energy, Minnesota Energy Agency, Northern 
States Power Company, and other local government and private organi- 
zations are cooperatively performing an in-depth application study 
to determine the feasibility of district heating for a large northern 
U.S. city. A Swedish firm, Studsvik, has developed an overall scenario 
and has attempted to show the potential of a fully implemented system. 
The proposed system would be about 2600 MW(t) and cover a significant 
portion of both Minneapolis and St. Paul. This study has proceeded 
in parallel with mare in-depth studies of particular issues, such as 
detailed piping network plans in central St. Paul and cogeneration 
plant conversion cost study - both sponsored by Northern States Powe 
Company. The overall conclusions that can be drawn at the present 
time are: (1) the concept is technically feasible, (2) it has great 
value from the fuel conservation aspect, and (3) the economics are. 
viable with an appropriate financing system. 
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D i s t r i c t  hea t ing  i s  a  process  i n  which thermal energy from a  c e n t r a l  source  ( e i t h e r  
a  heat-only u n i t  o r  a  cogenerat ion p l an t  t h a t  produces both e l e c t r i c i t y  and thermal 
energy) i s  d i s t r i b u t e d  t o  commercial, i n d u s t r i a l ,  and r e s i d e n t i a l  consumers f o r  
space hea t ing  and domestic hot  water needs. From a  h i s t o r i c a l  s t andpo in t ,  d i s t r i c t  
hea t ing  was f i r s t  implemented i n  t h e  United S t a t e s  over 100 yea r s  ago. Af te r  a  
per iod of r ap id  growth, t h e  expansion of steam d i s t r i c t  hea t ing  gystems slowed i n  
t h e  l a t e  1940's  when inexpensive o i l  and n a t u r a l  gas  became a v a i l a b l e  f o r  hea t ing  
purposes.  D i s t r i c t  hea t ing  technology i s  now being reassessed  because of r a p i d l y  
e s c a l a t i n g  energy p r i c e s  and our coun t ry ' s  i nc reas ing  dependence on imported o i l .  
Northern S t a t e s  Power Company (NSP), t h e  U.S. Department of Energy (DOE), t h e  
Minnesota Energy Agency (MEA), and o the r  l o c a l  government and p r i v a t e  o rgan iza t ions  
a r e  coopera t ive ly  performing an in-depth a p p l i c a t i o n  s tudy  t o  determine t h e  f e a s i -  
b i l i t y  of hot  water d i s t r i c t  hea t ing  f o r  a  l a r g e  U.S. me t ropo l i t an  a r e a  -namely, 
Minneapolis-St. Paul ,  Minnesota. 

The program t o  a s s e s s  d i s t r i c t  hea t ing  f o r  t h e  Twin C i t i e s  a r e a  c o n s i s t s  of a  
number of coordinated s t u d i e s  focusing 'on t e c h n i c a l ,  economic, environmental ,  and 
i n s t i t u t i o n a l  i s s u e s .  This  paper w i l l  p r e sen t  t h e  r e s u l t s  of s e v e r a l  phases of 
t h e  program t h a t  have been completed o r  a r e  near  completion - t h e s e  inc lude  t h e  
Studsvik d i s t r i c t  hea t ing  s tudy and a  power p l an t  r e t r o f i t  s tudy.  

STUDSVIK DISTRICT HEATING STUDY 

This  s tudy1 is  a  j o i n t  e f f o r t  based on c u r r e n t  Swedish d i s t r i c t  hea t ing  technology 
and experience,  adopted where necessary  t o  U.S. cond i t i ons .  U.S. p a r t i c i p a n t s  . 
suppl ied  t h e  b a s i c  d a t a  and economic c r i t e r i a  while  Studsvik Energ i teknik  c a r r i e d  
out  t h e  a n a l y s i s .  The o b j e c t i v e  of S tudsv ik ' s  a n a l y s i s  was t o  determine the  
f e a s i b i l i t y  of d i s t r i c t  hea t ing  f o r  t h e  Twin C i t i e s  and not  t o  develop a  d e t a i l e d  
step-by-step p lan  f o r  t h e  network nor do d e t a i l e d  engineer ing  and economic calcu-  
l a t i o n s .  The major e f f o r t s  were concent ra ted  i n  t h r e e  a r eas :  (1)  Assessment of 
t h e  hea t ing  loads  which could be connected over a  20-year per iod;  (2) Determination 
of a  f e a s i b l e  implementation schedule t o  connect t h e  loads  and b r ing  cogenerat ion 
p l a n t s  and peak load b o i l e r s  on l i n e ;  and (3) Examination of t h e  o v e r a l l  economics 
based on a l t e r n a t i v e  methods of f inanc ing .  

Heat Load 

The cold c l ima te  (more than  8,000 hea t ing .  degree days') combined w i t h  t h e  l a r g e  
populat ion of t h e  Minneapolis-St. Paul  a r e a  g ive  r i s e  t o  a  f a i r i y  l a r g e  concen- 
t r a t e d  hea t  load .  The met ropol i tan  a r e a  con ta ins  two s e p a r a t e  .dowitown a r e a s  
about seven mi l e s  a p a r t  (Fig.  1 ) .  Around t h e s e  c o t e  a r e a s  a r e  i n d u s t r i a l  s i t e s  
and r e s i d e n t i a l  housing which . p r a c t i c a l l y  makes' t h e  a r e a  one continuous metro- 
p o l i t a n .  reg ion  having a  populat ion of more. than  one m i l l i o n  people.. 

Natura l  gas  p re sen t ly  supp l i e s  t h e  ma jo r i t y  of t h e  hea t  load  i n  t h e  region.  
Current hea t  demands'within t h e  e n t i r e  reg ion  were f o r e c a s t  from reco rds  of gas  
consumption, e x i s t i n g  d i s t r i c t  hea t ing  system h e a t  demands, and consumer hea t ing  
o i l  requirements .  This  a n a l y s i s  was c a r r i e d  out  f o r  32 subareas  i n  t h e  Twin 
C i t i e s  and surroundings.  The subareas were c l a s s i f i e d  i n t o  f i v e  types  of r e l a t i v e l y  
homogeneous a r e a s  a s  i nd ica t ed  i n  c able I and the  corresponding map i n  Fig.  2 .  
Due t o  t h e  complicat ion of i n t e g r a t i n g  t h e  e x i s t i n g  steam d i s t r i c t  h e a t i n g  systems 
i n  Minneapolis and t h e  Un ive r s i t y  of Minnesota i n t o  a ho t  water  system wi th in  t h e  
time frame and work scope of t h e  s tudy ,  t h e s e  a r e a s  were excluded. Also some 
l a r g e  i n d u s t r i e s  f o r  which i n s u f f i c i e n t  d a t a  were a v a i l a b l e  were excluded. This  
c a s e  is  r e f e r r e d  t o  a s  Scenario A w i th  a hea t  load of 2,600 MW(t). 
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A p o t e n t i a l  hea t  load  of 2000 MW(t) was es t imated  f o r . o u t l y i n g  r e s i d e n t i a l  a r e a s .  
Sc rua r io  E assumes t h a t  t h i s  load  wi th  .a 70% connect ion would a l s p  be  suppl ied  by 
t h e  r e g i o n a l  d i s t r i c t  h e a t i n g  system g iv ing  a  maximum demand .of 4,000 MW(t) . (2,600 
+ 1,400) .  

Implementation Schedule I 
The hea t  load  connect ion r a t e  f o r  Scenar ios  A and B a r e  assumed t o  be  approximately 
130 MW(t) and 200 M W ( ~ )  /y r e s p e c t i v e l y ,  over -a 20-year per iod  ' ( s ee  Fig.  3 ) .  
I n i t i a l l y ,  t h e  main. system would develop i n  the.  high-densi ty  downtown a r e a s  a h i c h  
have a  h e a t ,  d e n s i t y  of more than 50 MW(t) /km2. The system would spread '  t o  t h e  
medium-density i n d u s t r i a l  and commercial apartment b u i l d i n g s  and t o  hhgh d e n s i t y  
r e s i d e n t i a l  mult iple-family houses having hea t  d e n s i t i e s  of. 25 t o  50 MW(t) /km2. 
I n i t i a l l y ;  t h e  Minneapolis and S t .  Paul  systems would develop independent ly .  
~ v e n t u a l l ~ ,  when t h e  systems 'become s u f f i c i e n t l y  l a r g e ;  an i n t e r connec t ing  pipe- 
l i n e  would connect t h e  two regi .ons.  

. . 

For Scenario A ,  .it has been assumed t h a t  ' a l l  cogenera t ion  capacity could be l o c a t e d  
a t  e x i s t i n g  s i t e s  w i th in  t h e ' m e t r o p o l i t a n  a r e a ,  i .e . ,  a t  High Bridge f o r  S t .  Paul 
and R ive r s ide  f o r  Minneapolis wi th  some energy in te rchange  a f t e r  t h e  c o n s t r u c t i o n  
of t h e  i n t e r connec t ing  pipel . ine.  . F o r  Scenario B y  new u n i t s  were assumed a t  an 
out-of-town s i t e .  This  s i t e  was assumed ' t o  be King, l o c a t e d  about 17. m i l e s  from 
downtown St .  Paul ( s e e  F ig .  . l )  . 
Table I1 t a b u l a t e s  t h e  assumed cogenera t ion  p l an t s .  The l a r g e s t  and most modern 
e x i s t i n g  t u r b i n e s  would be converted . f i r s t ,  i .e . ;  High Bridge  NO.,^, R ive r s ide  No. 
8 ,  and High Bridge No. 5. The l a s t  cogenera t ipn  p l an t  t o  be introduced f o r  Scenar io  
A i s  a  new b o i l e r .  t u r b i n e  u n i t  w i t h ' a  r a t i n g  of 335 MW(t) .and 190 MW(e) du r ing  
cogenera t ion  ope ra t i on  and 240 M W ( ~ )  f o r  e l e c t r i c  only ope ra t i on .  This  u n i t  
should be l o c a t e d  a t  R ive r s ide  t o  be near  t h e  l oad ,  bu t  may have t o  be  l o c a t e d  a t  
High Bridge due t o  s i t e  ' condi t ions .  

The t o t a l  h e a t '  from t h e  cogenera t ion  unit 's  ,summarized i n  Table  I1 i s  1,516 'out of 
a.  maximum 2,600 MW(t) demand f o r  Scenar io  A.  The cogenera t ion  u n i t s  would provide 
about 60% of '  t h e  peak capac. i ty  of t h e  system and supp1.y almost  90% of t h e  annual  
thermal  energy demand. The remaining load would be  provided by peak-load.oi1-  
f i r e d  bo i le rs , .  

Economic Analys i s  

Table I11 summarizes t h e  t o t a l  investments  needed f o r  Scenario A f o r  t h e  e n t i r e  
20-year per iod i n  terms of 1978 d o l l a r s .  The t o t a l  c o s t  i nc ludes  t h e  t r ansmis s ion  
and d i s t r i b u t i o n  system, cogenera t ion  and peak load  p l a n t s ,  and b u i l d i n g  h e a t i n g  
system conversions.  It can be seen  t h a t  t h e  system is h igh ly  c a p i t a l  i n t e n s i v e  
wi th  over 50% of t h e  investment i n  t ransmiss ion  and d i s t r i b u t i o n  l i n e s .  For t h i s  
reason ,  i t  i s  important  t h a t  a s  t h e  system develops consumers must be connected 
e a r l y  t o  s t a r t  gene ra t i ng  revenues a s  soon a s  pos s ib l e .  Out of a  t o t a l  investment 
of $625 m i l l i o n ,  about 80% would normally be  f inanced  by t h e  u t i l i t y  and t h e  r e s t  
by b u i l d i n g  owners. F igu re  4 shows t h e  c a l c u l a t e d  n e t  sav ing  i n  1978 d o l l a r s  f o r  
t h e  r e f e r ence  c a s e s  f o r  bo th  municipal  and p r i v a t e  u t i l i t y  f i nanc ing .  

Fue l  Savings ' 

Figure  5 shows. the  f u e l  consumed f o r  d i s t r i c t  he,at ing.  This  i nc ludes  a d d i t i o n a l  
c o a l  t h a t  i s  needed t o  gene ra t e  e l e c t r i c i t y  s a c r i f i c e d  through conversion of ' . 

e l e c t r i c - o n l y  p l a n t s  t o  cogenera t ion  u n i t s .  The f i g u r e  a l s o  shows' t h e  f u e l  t h a t  
would be r equ i r ed  t o  supply thermal  energy t o  t h e  same .consumers b y ' i n d i v i d u a l  
o i l -  and/or  gas - f i red  b o i l e r s .  For . .Scenario A ,  t h e  n e t  r e s u l t  over  t h e  per iod  
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1980 t o  2000 i s  a  sav ings  equ iva l en t  t o  31 m i l l i o n ' b a r r e l s  of o i l  - and an  a d d i t i o n a l  
. . .  

replacement of gas  and. o i l  by c o a l  equa l  t o  1 8  m i l l i o n  b a r r e l s  o f . o i l  equivalent . .  
Thus a  t o t a 1 , o f  49 m i l l i o n  b a r r e l s  of t h e  rhost l i m i t e d  f u e l  t ypes  is  r ep l aced .  
For Scenar io  B,  t h e  t o t a l ' n e t  f u e l .  sav ings  over  t h e . p e r i o d  is  abou t .30% g r e a t e r  
than f o r  Scenario A. 

RETROFIT OF HIGH BRIDGE' GENERATING PLANT TO COGENERA.TION STUDY 
. . 

Northern S t a t e s  Power comp'anyls e x i s t i n g  power p l a n t s  a r e  t h e  des igna ted  hea t  
sou rces  f o r  both t h e  S tudsvik  and t h e  S t .  Paul  d i s t r i c t  h e a t i n g  s t u d i e s .  The 
power p l a n t s  a r e  i d e a l l y  10,cated c l o s e  t o  t h e  hea t  'load and use  c o a l  a s .  t h e  b a s i c  
f u e l .  Conversion o f ' e x i s t i n i :  power p l a n t  t u r b i n e  u n i t s  t o  cogenerat ion '  i s  used 
wherever p o s s i b l e  in '  d i s t r i c t  hea t ing  a p p l i c a t i o n s  a s  t h e  conversion of an  e x i s t - .  
i n g  u n i t  is  lower i n  c o s t  than bu i ld ing  new un i t s '  o r  i n s t a l l i n g  new heat-only 
b o i l e r s . .  The t e c h n i c a l  f e a s i b i l i t y  of conver t ing  ' the  ex is t . ing .  u n i t s  t o  cogenera- . , 

t i o n  is t h e r e f o r e  important  t o  the,development  of t h e  d i s t r i c t  h e a t i n g  system. 

Un,its 3 ,  5 ,  and 6 were s e l e c t e d  f o r  conversion t o  cogenera t ion .  The se lec t ion  i s  
based on t h e  h igh  a v a i l a b i l i t y  of: t h e s e  u n i t s  and t h e  low maintenance 
c o s t  t o  main ta in  t h e ' h i g h  a v a i l a b i l i t y .  Unit  4 is s i m i l a r  t o ' U n i t  3 but  was no t  

.recommended f o r  conversion due t o  i t s  lower a v a i l a b i l i t y  and t h e  h igh  c o s t  p ro j ec t ed  
t o  improve i t s  a v a i l a b i l i t y .  I n  a d d i t i o n ,  the .  base loaded'  thermal  c a p a c i t y  .of 
Uni.t 4 was no t  r equ i r ed  t o  meet system thermal  demand. 

Cogeneration System Design 

The donceptual  system des ign  i s  shown schemat ica l ly  i n  F ig .  6. Unit  3  is  converted 
t o  a  back . .pressure ope ra t i on  by removal of a  p o r t i o n  o.f t h e  'low p re s su re  b lad ing .  
It i s  n o t  amenable t o  steam e x t r a c t i o n  due t o  t h e  s i n g l e . c a s i n g  t u r b i n e  des ign .  
Unit  3  w i l l  be operated i n  a  thermal  base loaded cond i t i on  t o  hea t  t h e  r e t u r n  
water  from 150°F t o  190°F. Un i t s  5 a n d . 6  . a r e  converted t o  condensing . t a i l  o p e r a t i o n  
b y . t h e  i n s t a l l a t i o n  of a  v a r i a b l e  steam by-pass i n  t h e  e x t e r n a l  c rossover  p ip ing  
between t h e  h igh  p re s su re  and low p re s su re  cas ings .  Condensing ta i .1  o p e r a t i o n  
permi ts  t h e  u n i t  t o  be opera ted  i n  t h e  summer i n  t.he " E l e c t r i c  Generation" mode 
wit.hout l o s s  of e l e c t r i c a l  c apac i ty .  These u n i t s  w i l l  ope ra t e  i n  s e r i e s  wi th  Unit  
3  t o  h e a t  t h e  water  t o  a  maximum of 300°F f o r  t h e  peak thermal  demand of t h e  
system. ' Axi emergency hea t  exchanger suppl ied  wi th  b o i l e r  steam i s  used when a .  
cogenera t ion  u n i t  i s  n o t .  a v a i l a b l e .  

C a p i t a l  and Operat ing Cos ts  

A d e t a i l e d  c a p i t a l  c o s t  e s t i m a t e  i s  shown.in Table I V .  The c o s t s  a r e  based .on  
1978.equipment p r i c e s  and l a b o r  r a t e s  and include,  i n d i r e c t  c o s t s  such a s  engineer ing  
and c o n s t r u c t i o n  management. ~nc luded ' '  i n .  t h e  e s t i m a t e  a r e  c o s t s  r equ i r ed  t o  
conver t  Un i t s  3 ,  5, and 6 and a l s o  t h e  es t imated  c o s t s  f o r  major .  r e p a i r s  or .main-  
tenance r equ i r ed  t o  extend t h e  l i f e  of t h e s e  u n i t s . '  The co'sts.  a r e  product ion  
c o s t s  , a t  t h e  High Bridge S t a t i o n  and do no t  i nc lude  amor t i za t i on  cos t s ,  of ' t h e  . . 
d i s t r i b u t i o n  system o r  o t h e r  d i s t r i b u t i o n  c o s t s  such a s  pumping power. 

Based on t h e  system thermal cogenerat i 'on 'output  of 444 MW(e) and t h e  $9,000,000 
conversion c o s t s ,  t h e  u n i t  co,st  of cogenera t ion  i s  approximately 20 ' $ / k ~ t .  When 
t h e  $3,000,000 maintenance c o s t  r equ i r ed  t o  extend t h e  l i f e ,  of t he .  u n i t s  i s  added, 
t.he ~.tni..t c n s t  nf- cngenerat l .hn  i.s 27 $/kWt. 

CONCLUSIONS 

Studsvik  has  developed an implementation ' scenar io  f o r  a  l a r g e  regi'on'al ho t  water  
d i s t r i c t  hea t ing  system. The a n a l y s i s  concluded t h a t  t h e  'concept is  t e c h n i c a l l y  
f e a s i b l e ,  h a s  g r e a t  va lue  from a f u e l  conserva t ion  a spec t ,  and can ach ieve  v i a b l e  
economics wi th  an app rop r i a t e  f i nanc ing  system. ' .  The 2,600 MW(. t )  system s e r v i c i n g  

. . .  
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a  s i g n i f i c a n t  po r t i on  of t h e  two c i t i e s  would be economically,  v i a b l e  wi th  j o i n t  
munic ipa l -pr iva te  f inanc ing .  Typica l  u t i l i t y  f i nanc ing  a lone  may n o t  be a  v i a b l e  
op t ion  f o r  such a  l a r g e  system. However, a p o s s i b l e  s c e n a r i o  u s ing  u t i l i t y  
f i nanc ing  c o u l d . s e r v i c e  t h e  more a t t r a c t i v e  h igh  h e a t  load  d e n s i t y  r eg ions ,  but  
no t  t h e  lower hea t  load  d e n s i t y  a r ea s . .  . . 
. . 

Northern states Power Company has  examined r e t r o f i t t i n g  t h e  e x i s t i n g  High Bridge 
Power P l a n t  t o . s e r v e  a s  a  hea t  source  f o r  d i s t r i c t  hea t ing .  The r e s u l t s  i nd iCa te  
t h a t  300°F h o t  wa te r  can be suppl ied  without  a  s u b s t a n t i a l  l o s s  i n  generaeing 

. c a p a c i t y  a t  an es t imated  c a p i t a l  c o s t  of 2 0 ' $ / k ~ t .  This  i s  less than t h e  c a p i t a l  
. c o s t  of a  new o i l  o r  'gas  f i r e d  b o i l e r  a t  approximately 40 $/kWt. 

In  summary, t h e  pre l iminary  a n a l y s i s  of t h e  f e a s i b i l i t y  of a  d i s t r i c t  hea t ing  
system f o r  t h e  Minneapolis-St. Paul  a r e a  is  near ing  completion, and t h e  r e s u l t s  
show t h a t  s i g n i f i c a n t  sav ings  i n  o i l  and n a t u r a l  ga s  a r e  p o s s i b l e .  It i s  u n c e r t a i n ,  
however, a s  t o  what type  of f i nanc ing  ( i . e . ,  u t i l i t y ,  municipal ,  o r  some combination 
of t he se )  would be most s u i t a b l e  t o  implement such a  system. This  ques t i on  and 
o t h e r s  need t o  be reso lved  i n  o r d e r  t o  b r ing  about t h e  s u c c e s s f u l  development and 
growth of c o g e n e r a t i o n / d i s t r i c t  hea t ing  systems which can be a  s i g n i f i c a n t  b e n e f i t  
t o  both l o c a l  and n a t i o n a l  i n t e r e s t s .  

' ' REFERENCES : 

1. ~ t u d s v i k  ~ n e r g i t e k t i i k  AB, Minneapolis-St.. P a u l  D i s t r i c t  Heating Study, 
. . O R N L / T M - ~ ~ ~ O ,  September 1979. 
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TABLE 1. AREA TYPES AND HEAT DEMAND 
. . 

. . 

. . 

. . 

. . Type o f  Area 
. . 

Minnea- St., Paul . Tota l  
p o l i s  . 

(MWt) (MWt) . '(MWt) 

Very .dense downtown areas2with e x i s t -  
i n g  DH systems (->70 MW/km ) 206 60 .. 26 6 

. . Other l a rge  customers. needing spec ia l  
cons idera t ion  100 191 . 291 

2 . '  Dense downtown area .(>50 MW/km ) ' ' ,313 244 

. . Medi um density '  d i s t r i c t s  w i t h  
commercial bu i  1 dings and mu1 t i-f mi l y  B . . 

. . 
apartment' b u i l d i n g s  (25-50 MWIkrn ) 1000 286 1286' 

Resi den t j  a1 areas. w i t h  two-fami l y  and , . 

four  family houses (10-25 ~ ~ / k m 2 )  . . 370 195 56'5 

To ta l  load, i n c l u d i n g  spec ia l  c u s t o ~ r s  1989 . 976 2965 

SCENARIO A TOTAL 1781 . .  840 - 2621 

Addi t ions f o r  Scenario. B . . 
. . 

Large customers needing spec ia l  
c0ns.i derat i .on ' . 48 , 51 . . 99 

2 Residental  areas (10-25 MW/km ) 1105 826 . 1931 
. . 

To ta l  add i t i ons  . . . . 1153 '  , . 877 , . 2030 

SCENARIO B ( p o t e n t i a l )  ' .2934 , 1717. 4651 

SCENARIO B w i t h  70% connect ion b f  
i t e m  10 2588 . 1454 , ,  . 4042 . " 



Power Pl  an.t 
Un i t  

Cogenerati on 
Output 1  ) 

O r i g i na l  Conversion S t a r t  of 
E l e c t r i c a l  MW, MWt Cost Operation Output MWe ( $  M i l l i o n ]  (year)  4) 

E x i s t i n g  Uni t s  . . 

~ i ' ~ h  Br idge No. 3. . . 

High Bridge No..4 . 

High Br idge No. 5 

High Bridge.. No. .6 

Rivers ide No. 6' 

R ivers ide NO. 7 2  

Rivers ide .No. " 8  

To ta l  

~ e w  Un i ts  

High Br idge 9 o r  
Ri.versi de No ..' 9 
(Scenario A )  

King (Scenario B) 

TOTAL, SCENARIO A 

TOTAL, SCENARIO B . . 

Maximum 
E l e c t r i c  
Output MWe 

Extra' Cost 3) 

1) ~ i m u l  taneous maximum e l e c t r i c a l  and maximum thermal power output.  . . 
. .  

2) New back pressure t u rb i ne  i n s t a l l e d  i n  e x i s t i n g  b u i l d i n g  t o  match e x i s t i n g  
b o i l e r .  Value o f  add i t i ona l  e l e c t r i c a l  power gained i s  est imated t o  equal 
cost,  therefore no charge t o  d i s t r i c t  hea t ing  system. 

3)  Add i t i ona l  cos t  due t o  economy of sca le  as compared t o  normal l a r g e  capaci ty  
u n i t s  a t  remote s i t es .  . . 

. . 

4 )  Assuming s t a r t  o f  d i s t r i b u t i o n  system cons t ruc t ion  i n  year  0  . , . : 
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TABLE I I I. DISTRICT HEATING SYSTEM INVESTMENTS, 

Sce.nario A. (1978 Do1 l a r s ) .  

To ta l  Cost U n i t  Cost* 
l M i  11 i o n  $ )  ($/kW) 

Cogeneration p lan ts  '. 
Peak load  b o i l e r s  

' ' Product ion p l a n t  t o t a l  
. . 

121 . 46 ., 

Hot water t r anspo r t  
Hot w a t e r . d i s t r i b u t i o n  

Transport  and d i s t r i b u t i o n  t o t a l  . , , 378 145 ;, 

Production, t ranspor t ,  d i s t r i b u t i o n  ' 499 191 

Bu, i ld ing conversion 1 2 6 .  . -. ' 4 8  - . 

System t o t a l  625 239 

*Based on 2621 M W ( ~ )  Maximum system Deniand 

, TABLE ZV. CAPITAL CONVERSION COSTS 

Equipment Retro Fi t Cost Maintenance Cost 

. . 

s t r uc tu res  and Impr~vements $ 30.,000 - - 
' . B o i l e r  P l an t  Equipment . . ' ,  4,105,000 82,450;OOO 

. . . .. . 

Turbine-Generator units, . 2,880,000 - - 
Accessory E l e c t r i c  .Equipment 315,000 . -- 

. . 

To ta l  D i r e c t  Costs 
' 7,330,000.- 2.,450,000 

I n d i r e c t  'Costs . . 620,000 200,000 - : 
. . 

. . 
7,9'50,000 2,650,000 

, . ' Contingency . , 1,050,000 
. . 

350,0'00 ' 
. . 

To ta l  9.9 ; 000,000 $3,000,000 





F,ig. 2. Heat l o a d  d e n s i t i e s  and p o s s i b l e  r e g i o n a l  p i p i n g  systems.  . 



YEAR . . 

' .- -. . -. 

. . 

. . ,Fig.. 3 .  Assumed load  connect ion r a t e s  f o r  
s cena r ios  A arid B. 

. . 



. . . . 

Fig. 4 .  .AnnGal net' savings in 1978 dollars. 
. . 



. .  . 
ORNL-DWG 79-13875A , 

r* 
. .j 

f-- 

go1 ky ,T- 

- Scenario A , Scenario B 

Fig.  5 .  Fuel s av ings  due t o  d i s t r i c t  hea t ing ,  1980 
t o  2000; Scenar io  A and B. 



Fig. 6. Eigh bridge cogeneration system. 




