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ABSTRACT 

Energy c o s t s  of h o s p i t a l s  can be managed by 
employing v a r i o u s  s t r a t e g i e s  t o  c o n t r o l  peak 
e l e c t r i c a l  demand (KW) whi l e  a t  t h e  same time 
p rov id ing  a d d i t i o n a l  s e c u r i t y  of o p e r a t i o n  i n  
t h e  even t  t h a t  an  equipment f a i l u r e  o r  a  
d i s r u p t i o n  of power from t h e  e l e c t r i c  u t i l i t y  
occur s .  Some e l e c t r i c  u t i l i t i e s  o f f e r  t h e i r  
cus tomers  demand (KW) r e d u c t i o n  r a t e  i n c e n t i v e s .  
Many h o s p i t a l s  have a d d i t i o n a l  emergency back-up 
needs  f o r  e l e c t r i c a l  energy.  Demand is 
r e l a t i v e l y  c o n s t a n t  i n  many h o s p i t a l s  due t o  
h igh i n t e r n a l  l oads .  These f a c t o r s  coupled w i t h  
t h e  p r e s e n t  c o m p e t i t i v e  a l t e r n a t e  f u e l  market 
and p r e s e n t  o p p o r t u n i t i e s  f o r  h o s p i t a l s  t o  
s i g n i f i c a n t l y  reduce o p e r a t i n g  c o s t s  and p rov ide  
a d d i t i o n a l  s tand-by o r  back-up e l e c t r i c  s o u r c e s .  
Th i s  paper  employs a  h o s p i t a l  c a s e  s t u d y  t o  
d e f i n e  and i l l u s t r a t e  t h r e e  energy p lann ing  
s t r a t e g i e s  a p p l i c a b l e  t o  h o s p i t a l s .  These 
s t r a t e g i e s  a r e  peak shav ing ,  t he rma l  s t o r a g e ,  
cogene ra t ion  and/or  p a r a l l e l i n g  w i t h  t h e  
e l e c t r i c  u t i l i t y .  

H o s p i t a l s ,  combined w i t h  o t h e r  h e a l t h  c a r e  
f a c i l i t i e s ,  c o l l e c t i v e l y  consume n e a r l y  15% of 
t h e  ene rgy  used i n  a l l  commercial b u i l d i n g s  i n  
t h e  Uni ted  S t a t e s .  Because of e s c a l a t i n g  
e l e c t r i c i t y  c o s t s  many h o s p i t a l s  have been 
implementing energy sav ing  p r o j e c t s  t o  reduce 
t h e i r  o p e r a t i n g  c o s t s .  Based on o u r  
o b s e r v a t i o n ,  however, many h o s p i t a l s  have n o t  
g iven  s e r i o u s  o r  d e t a i l e d  a t t e n t i o n  t o  
c o n t r o l l i n g  e l e c t r i c a l  c o s t s .  

The e l e c t r i c  g e n e r a t i n g  b u s i n e s s  h a s  
become v e r y  w e l l  p u b l i c i z e d  i n  t h e  l a s t  few 
y e a r s  e s p e c i a l l y  i n  c e r t a i n  r e g i o n s  of  t h e  
Uni ted  S t a t e s .  About a  decade ago many e l e c t r i c  
companies a n t i c i p a t e d  sys tem peak growth and 
tu rned  t o  n u c l e a r  power p l a n t s  t o  s o l v e  t h e i r  
peaking problem and a t  t h e  same t ime  produce 
cheap e l e c t r i c i t y .  However, a s  t h e  y e a r s  passed 
by s o  d i d ' t h e  a n t i c i p a t e d  s t a r t  up d a t e  of many 
n u c l e a r  f a c i l i t i e s .  The d e l a y s  r e s u l t e d  i n  
f i n a n c i a l  n ightmares  f o r  t h e  companies t h a t  had 
i n v e s t e d  i n t o  t h e s e  mass ive  f a c i l i t i e s .  Most 
n u c l e a r  power p l a n t s  have been a t  l e a s t  f i v e  
y e a r s  behind schedu le  and f i v e  t imes  ove r .  
budget.  Government r e g u l a t i o n s ,  which a l s o  
a f f e c t  o t h e r  t y p e s  of  power p l a n t s  ( i . e .  c o a l ,  
l i g n i t e  f i r e d )  have r e s u l t e d  i n  a d d i t i o n a l  
c a p i t a l  e x p e n d i t u r e s .  These b a s i c  c o s t  
ove r runs  and a d d i t i o n a l  expenses  a r e  added i n t o  
t h e  r a t e  s t r u c t u r e s  of t h e  e l e c t r i c  companies i n  
o r d e r  t o  r e c a p t u r e  t h e  c o s t  of t h e  new power 
p l a n t s .  Many of t h e  companies t h a t  d i d  i n v e s t  
i n  n u c l e a r  power have inc reased  t h e i r  r a t e s  from 
20% t o  60%. H o s p i t a l s  i n  r e g i o n s  where n u c l e a r  
power p l a n t g  a r e  be in^ c o n s t r u c t e d .  should  bee in  

p l ann ing  f o r  t h e  e f f e c t s  of s i g n i f i c a n t  
e l e c t r i c a l  c o s t s  i n c r e a s e s .  

S i n c e  e l e c t r i c  companies a r e  b u i l d i n g  
p l a n t s  t o  s a t i s f y  t h e i r  peak demand, t h e i r  r a t e s  
a r e  g e n e r a l l y  becoming more demand o r i e n t e d .  
T h i s  ph i losophy  f u r t h e r  p a s s e s  t h e  c o s t  o f  t h e  
new p l a n t s  on t o  each i n d i v i d u a l  customer baaed 
on t h e  cus tomers  peak demand. 

The peak demand of a  cus tomer  is t h e  
maximum e l e c t r i c a l  load r e q u i r e d  t o  t h e  
e l e c t r i c a l  power sys t em a t  any g iven  t ime.  The 
peak demand is  measured i n  e i t h e r  KVA ( k i l o  
v o l t -  amperes) o r  KW ( k i l o w a t t ) .  K i l o v o l t -  
ampere (KVA) measurement d i f f e r s  from k i l o w a t t  
(KW) measurement by t h e  power f a c t o r  which is  
t h e  r a t i o  of r e a l  power i n  w a t t s  of an  
a l t e r n a t i n g  c u r r e n t  c i r c u i t  t o  t h e  appa ren t  
power i n  vol t -amperes .  An e l e c t r i c  u t i l i t y  
sys t em d e c r e a s e s  i n  e f f i c i e n c y  a s  t h e  power 
f a c t o r  d e c r e a s e s .  Most u t i l i t i e s  which measure 
KW have a  power f a c t o r  p e n a l t y  f o r  cus tomers  
below 80% power f a c t o r .  E l e c t r i c  u t i l i t i e s  t h a t  
measure KVA p a s s  t h e  p e n a l t y  f o r  poor power 
f a c t o r  d i r e c t l y  t o  e a c h  i n d i v i d u a l  cus tomer ' s  
t h rough  i ts m e t e r i n g  equipment a t  t h e  cus tomers  
s i t e .  Peak demand is  no t  based on t h e  h i g h e s t  
momentary load ,  bu t  r a t h e r  on t h e  ave rage  load  
o v e r  some u t i l i t y  s e l e c t e d  t ime  i n t e r v a l .  T h i s  
i n t e r v a l  is 15 minu tes  f o r  most u t i l i t i e s .  The 
demand cha rge  f o r  e l e c t r i c i t y  w i l l  e i t h e r  be t h e  
h i g h e s t  average load which occur red  d u r i n g  t h e  
c u r r e n t  b i l l i n g  month o r  a  load c a l c u l a t e d  from 
some minimum b i l l i n g  formula  u t i l i z i n g  t h e  
h i g h e s t  ave rage  load i n  t h e  p reced ing  summer o r  
e l e v e n  months depending upon t h e  s p e c i f i c  r a t e  
. s chedu le  and t h e  u t i l i t y .  

E l e c t r i c  u t i l i t i e s  o f f e r  many r a t e  
s c h e d u l e s  depending on t h e  s i z e  of t h e  account .  
More t h a n  one r a t e  schedu le  may be a v a i l a b l e  
w i t h i n  a  c e r t a i n  cus tomer  c l a s s  and s i z e .  
E l e c t r i c  u t i l i t i e s  e x p e r i e n c i n g  o r  a n t i c i p a t i n g  
i n s u f f i c i e n t  g e n e r a t i n g  c a p a c i t y  t o  meet peak 
demand have e s t a b l i s h e d  load  management programs 
o f f e r i n g  t h e i r  cus tomers  i n c e n t i v e s  t o  r educe  
demand ( e . g .  Texas U t i l i t i e s  - Time of Day Rate 
Opt ion B i l l i n g ) .  Many of t h e  companies o f f e r  
r a t e  s c h e d u l e s  b e n e f i t i n g  cus tomers  u t i l i z i n g  
o f f  peak hours  f o r  e l e c t r i c a l  consumption. 
Customers u t i l i z i n g  "off  peak" hour s  t o  reduce 
t h e i r  peak demand d u r i n g  "on peakn hours  w i l l  
r e a l i z e  s u b s t a n t i a l  c o s t  s a v i n g s .  These s a v i n g s  
can  be r e a l i z e d  a l l  y e a r  unde r  most u t i l i t i e s  
r a t e  s c h e d u l e s  and r a t c h e t  c l a u s e s  f o r  demand. 

Because h o s p i t a l s  and h e a l t h  c a r e  
i n s t i t u t i o n s  consume l a r g e  q u a n t i t i e s  of  ene rgy  
and o p e r a t e  c o n t i n u o u s l y ,  t h e y  a r e  e x c e l l e n t  
c a n d i d a t e s  f o r  ene rgy  s a v i n g  p r o j e c t s  t h a t  
reduce e l e c t r i c a l  demand and consumption. Three .  
p r imary  ene rgy  s a v i n g s  s t r a t e g i e s  h e r e i n ;  
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i l l u s t r a t e d  f o r  a  s p e c i f i c  h o s p i t a l  a r e  peak 
shav ing ,  t he rma l  s t o r a g e  and c o g e n e r a t i o n .  

Thermal s t o r a g e  is a  method o f  r educ ing  
peak demand and r educ ing  energy c h a r g e s  (KWH) 
by s h i f t i n g  e l e c t r i c a l  consumption from 
conven t iona l  dayt ime o p e r a t i o n  ("on-peak") t o  
l e s s  expens ive  n i g h t t i m e  ( "o f f  peak") 
o p e r a t i o n s  w i t h  c h e a p e r  energy cha rges .  T h i s  
method t y p i c a l l y  i n c o r p o r a t e s  c h i l l e r s  o r  i c e  
machines t o  g e n e r a t e  and s t o r e  c h i l l e d  w a t e r  o r  
i c e  d u r i n g  t h e  c h i l l e r s  "o f f  peak hours"  i n  
which a  r e d u c t i o n  of energy cha rges  a r e  b i l l e d .  

Some u t i l i t i e s  encourage  t h e  a p p l i c a t i o n  of 
t he rma l  s t o r a g e  t o  reduce  peak demand by 
o f f e r i n g  monetary  i n c e n t i v e s  t o  h e l p  pay t h e  
added c o s t  f o r  t he rma l  s t o r a g e  i n s t a l l a t i o n s  

( e . g .  Texas U t i l i t i e s  w i l l  pay $102,500 t o  an 
owner who w i l l  reduce  t h e i r  peak by 330 KW).  
H o s p i t a l s  w i t h  e x i s t i n g  e x c e s s  c h i l l e r  c a p a c i t y  
i n s t a l l e d  i n  c e n t r a l  p l a n t s  e x h i b i t  t h e  b e s t  
economic p o t e n t i a l  f o r  t he rma l  s t o r a g e  among 
h e a l t h  c a r e  i n s t i t u t i o n s .  Excess  c h i l l e r  
c a p a c i t y  is needed because  h o s p i t a l s  o p e r a t e  24 
hour s  a  day and c u r r e n t l y  u t i l i z e  t h e i r  c h i l l e r s  
d u r i n g  o f f  peak hour s .  The c h i l l e r  p l a n t  must 
s a t i s f y  c u r r e n t  c o n d i t i o n s  p l u s  s t o r e  enough 
c h i l l  w a t e r  t o  avoid  o p e r a t i n g  a t  l e a s t  p a r t  of 
t h e  c o o l i n g  equipment o p e r a t i n g  d u r i n g  "on peak 
h o u r s w .  T h i s  s t r a t e g y  r educes  t h e  peak demand 
s e t  d u r i n g  "on peak hour s " .  The fo l lowing  E a s t  
Texas H o s p i t a l  example of a  t he rma l  s t o r a g e  
p r o j e c t  u t i l i z e s  Texas U t i l i t i e s  monetary r a t e  
i n c e n t i v e s  and Time-Of-Day Rate  Opt ion.  On t h e  
Time-of-Day Rate  Opt ion t h e  cus tomers  "on-peak" 
KW (which is used i n  de t e rmin ing  b i l l i n g  demand) 
is  based upon t h e  h i g h e s t  15  minute  KW recorded 
d u r i n g  t h e  Company's "on-peak hours"  i n  t h e  12 
month p e r i o d  ended w i t h  t h e  c u r r e n t  month. On- 
peak hour s  a r e  t h e  e i g h t  hour s  between 12 noon 
and 8  p.m. each  Weekday (Monday-Friday), 
exc lud ing  J u l y  4  and Labor Day, d u r i n g  t h e  
c a l e n d e r  months o f  J u n e  th rough  September.  One 
impor t an t  c o n s i d e r a t i o n  f o r  t h i s  p r o j e c t  is t h a t  
t h e  demand w i l l  always be b i l l e d  f o r  50% of t h e  
h i g h e s t  15 minute  KW recorded a t  t h e  premises  i n  
t h e  12 month p e r i o d  ended w i t h  t h e  c u r r e n t  c o s t .  
T h e r e f o r e ,  i t  is e s s e n t i a l  i n  t h e  d e s i g n  and 
o p e r a t i o n  of a  t he rma l  s t o r a g e  sys t em n o t  t o  
a l l o w  t h e  the rma l  s t o r a g e . s y s t e m ' s  e l e c t r i c a l  
consumption ( p l u s  t h e  o r d i n a r y  o f f  peak l o a d )  
e s t a b l i s h  a  peak demand based on t h e  50% r a t c h e t  
c l a u s e .  I f  t h i s  o c c u r s ,  t h e  h o s p i t a l  w i l l  be 
b i l l e d  a t  t h i s  KW f o r  a  12 month pe r iod  which 
w i l l  e f f e c t  t h e  s a v i n g s  involved i n  t h e  p r o j e c t .  

The E a s t  Texas H o s p i t a l  example has  t h r e e  
420 t o n  c h i l l e r s  p r e s e n t l y  i n s t a l l e d  w i t h  an 
e f f i c i e n c y  o f  0 .8381 KW/ton. Tab le  1 r e p r e s e n t s  
t h e  l o a d s  f o r  a  t y p i c a l  summer day (August 
1986) of t h e  c h i l l e r s  KW and t o n s .  From t h i s  
d a t a ,  it i s  e s t i m a t e d  t h a t  a  t o t a l  of 7,392 
( a l l o w i n g  5% margin  f o r  ext reme day )  t ons -h r s  of 
c o o l i n g  i n  e x c e s s  o f  c u r r e n t  needs  cou ld  be 
g e n e r a t e d  and s t o r e d  d u r i n g  off -peak hour s  by 
u t i l i z i n g  a l l  t h r e e  c h i l l e r s  a t  f u l l  l oad .  
During "on-peak hour s "  two c h i l l e r  would be o f f  
and one c h i l l e r  would o p e r a t e  i n  an unloaded 
c o n d i t i o n  t o  reduce  "on-peak" KW by 
,approximate ly  800 KW. T h i s  i n c l u d e s  c o o l i n g  
tower  f a n s  and condense r  w a t e r  pump KW. 

The 800 KW "on-peak" KW r e d u c t i o n  r e s u l t s  
i n  a  d e c r e a s e  of 4 ,888  b i l l e d  KW f o r  t h e  y e a r  
based upon Texas U t i l i t i e s  r a t e  s chedu le  ( s e e  
Tab le  2 ) .  A r e d u c t i o n  of 132,000 KWH w i l l  a l s o  
be achieved by t u r n i n g  o f f  t h e  condenser  w a t e r  
pumps and c o o l i n g  tower  f a n s  f o r  two c h i l l e r s  
d u r i n g  on-peak hours .  T h i s  t he rma l  s t o r a g e  
s t r a t e g y  would r e s u l t  i n  a  s a v i n g s  of 
app rox ima te ly  $38,500 p e r  y e a r  f o r  t h i s  s p e c i f i c  
h o s p i t a l .  

The t o t a l  p r o j e c t  c o s t  of a  t he rma l  s t o r a g e  
t a n k  and a c c e s s o r i e s  ( f o r  a  complete  p r o j e c t )  is 
approx ima te ly  $450,000 f o r  t h i s  s i z e  
a p p l i c a t i o n .  Texas  U t i l i t i e s  w i l l  o f f e r  
$205,000 f o r  an  800 KW r e d u c t i o n .  T h i s  p r o j e c t  
h a s  a  s i m p l e  payback o f  app rox ima te ly  6 .4  
y e a r s .  

Due t o  t h e  6 . 4  y e a r  s imp le  payback and 
space  r equ i r emen t s  t he rma l  s t o r a g e  may n o t  be 
t h e  optimum a l t e r n a t i v e  a t  t h i s  t ime  f o r  t h i s  
s p e c i f i c  h o s p i t a l .  However, a s  e l e c t r i c  r a t e s  
change the rma l  s t o r a g e  shou ld  be  k e p t  a s  a  
c o n s i d e r a t i o n  i n  c o n t r o l l i n g  ene rgy  c o s t s .  

The second s t r a t e g y  e v a l u a t e d  f o r  
c o n t r o l l i n g  ene rgy  c o s t s  by r educ ing  peak demand 
is peak demand shav ing  w i t h  an e l e c t r i c  
g e n e r a t o r  powered by a  d i e s e l  and /o r  n a t u r a l  g a s  
eng ine .  T h i s  app roach  ( a t  t h e  p r e s e n t  t ime)  is 
more a p p l i c a b l e  t o  h o s p i t a l s  t h a n  the rma l  
s t o r a g e  because  o f  t h e  l a r g e r  c a p i t a l  
e x p e n d i t u r e s  r e q u i r e d  f o r  t he rma l  s t o r a g e .  A l l  
h o s p i t a l s  have e x i s t i n g  emergency g e n e r a t o r s  
i n s t a l l e d  t h a t  cou ld  be used f o r  peak shav ing .  
The s t r a t e g y  f o r  t h i s  approach is  t o  u t i l i z e  t h e  
g e n e r a t o r s  t o  produce  a  r e d u c t i o n  i n  t h e  KW 
demand f o r  t h e  b i l l i n g  p e r i o d  o r  t o  reduce  t h e  
"on-peak" KW. S tandby u n i t s  f o r  peak shav ing  
a p p l i c a t i o n s  a r e  u s u a l l y  c o n t r o l l e d  by an 
au toma t i c  c o n t r o l l e r .  The g e n e r a t o r  is  
a u t o m a t i c a l l y  brought  on and o f f  l i n e  i n  
accordance  w i t h  a  s e t  demand l i m i t  window 
i n t e r v a l  d e f i n e d  by t h e  demand c o n t r o l l e r .  The 

. f o l l o w i n g  example f o r  t h i s  method u s e s  t h e  same 
h o s p i t a l  d a t a  and r a t e  s c h e d u l e s  a s  t h e  p r e v i o u s  
example on the rma l  s t o r a g e .  Tab le  3  i l l u s t r a t e s  
t h e  e l e c t r i c a l  demand of t h e  E a s t  Texas H o s p i t a l  
and t h e  e s t i m a t e d  s a v i n g s  due t o  peak shav ing  
w i t h  a  g e n e r a t o r  s e t .  

The E a s t  Texas  H o s p i t a l  i s  equipped w i t h  
1 ,000  KW s t a n d b y  c a p a c i t y .  The g e n e r a t o r  can  
o p e r a t e  i n - p a r a l l e l  w i t h  t h e  u t i l i t y  d u r i n g  "on- 
peak" hour s  which w i l l  reduce  t h e  "on-peak" 
demand by 1 , 0 0 0  KW. A s  i n  t h e  p r e v i o u s  example,  
t h i s  w i l l  r e s u l t  i n  KW s a v i n g s  a l l  y e a r .  Also  a  
r e d u c t i o n  o f  app rox ima te ly  672,000 KWH w i l l  be 
r e a l i z e d  due  t o  t h e  8  hour s  a  day  o p e r a t i o n  of 
t h e  g e n e r a t o r  d u r i n g  the.months of J u n e  th rough  
September.  The e l e c t r i c a l  s a v i n g s  f o r  t h i s  
p r o j e c t  w i l l  be app rox ima te ly  $67,000 a  y e a r .  
Maintenance and f u e l  is  approx ima te ly  $24,000 a  
y e a r .  Net s a v i n g s  f o r  t h e  p r o j e c t  is 
approx ima te ly  $43.000 a  y e a r .  The s imp le  
payback w i l l  depend upon t h e  u s e  o f  t h e  e x i s t i n g  
g e n e r a t o r  o r  t h e  pu rchase  o f  new o r  used 
equipment .  A s imp le  payback of 2  y e a r s  can  be 
ach ieved  f o r  t h i s  p r o j e c t  i f  t h e  h e a l t h  c a r e  
f a c i l i t y  e l e c t s  t o  pu rchase  a  s l i g h t l y  used 
g e n e r a t o r  w i t h  minimal hour s  of o p e r a t i o n .  
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The t h i r d  s t r a t e g y ,  cogene ra t ion ,  p re sen ted  
i n  t h i s  pape r  reduces  peak demand, bu t  i ts 
pr imary b e n e f i t  is t o  reduce t h e  o v e r a l l  
e l e c t r i c a l  d o l l a r s  charged t o  t h e  h o s p i t a l .  
Cogenerat ion is  t h e  s e q u e n t i a l  u s e  of energy 
from a  pr imary s o u r c e  such a s  o i l ,  n a t u r a l  g a s  
o r  bio-mass t o  produce two u s e f u l  forms of 
energy ( h e a t  and power).  Cogenerat ion can 
produce mechanical  and/or  e l e c t r i c a l  power. 

E l e c t r i c a l  power produced can be used on- 
s i t e  o r  t r a n s f e r r e d  i n  p a r t  o r  whole t o  t h e  
e l e c t r i c a l  u t i l i t y .  On-s i t e  usage can  be 
p a r a l l e l e d  w i t h  t h e  u t i l i t y  a s  i n  t h e  example 
provided.  By c a p t u r i n g  and u t i l i z i n g  h e a t  t h a t  
would o t h e r w i s e  be r e j e c t e d ,  c o g e n e r a t i o n  
sys tems o p e r a t e  a t  e f f i c i e n c i e s  g r e a t e r  t han  
t h o s e  achieved when h e a t  and power a r e  produced 
i n  s e p a r a t e  o r  d i s t i n c t  p rocesses .  Thus, t h e  
pr imary r eason  f o r  s e l e c t i n g  t h i s  o p t i o n  is t o  
reduce t h e  o v e r a l l  energy c o s t s  of  t h e  
h o s p i t a l .  Other  b e n e f i t s  i n c l u d e  con t inuous  
o p e r a t i o n  d u r i n g  power o u t a g e s ,  c l e a n  e l e c t r i c a l  
power, owner c o n t r o l ,  and f l e x i b i l i t y  o f  
o p e r a t i o n s .  Cogenerat ion is n o t  a  new concept ;  
however, t h e  technology is matur ing.  The 
i n d u s t r y  has  developed s t a n d a r d  package sys tem 
i n  mass p r o d u c t i o n  which has  r e s u l t e d  i n  lower 
i n i t i a l  c a p i t a l  e x p e n d i t u r e s .  The a u t h o r s  have 
conducted f o r  h o s p i t a l  a p p l i c a t i o n s  e x t e n s i v e  
s t u d i e s  of  v a r i o u s  c o g e n e r a t i o n  sys t ems ,  
s t r a t e g i e s ,  equipment,  and i n s t a l l a t i o n  

'procedures .  For a l l  c a s e s ,  . packaged 
c o g e n e r a t i o n  sys tems a r e  recommended. Complete 
packaged c o g e n e r a t i o n  sys tems have many 
advantages  i n c l u d i n g  reduced d e s i g n  c o s t  and 
t ime,  reduced t ime i n  r e c e i v i n g  e l e c t r i c a l  
u t i l i t y  approval  (due t o  i n t e g r a l  e l e c t r i c a l  
s a f e t y  components having p r i o r  u t i l i t y  
approva l ) ,  sys tems can be t e s t e d  by t h e  
manufac tu re r  p r i o r  t o  d e l i v e r y ,  space  
r equ i remen t s  l e s s  t h a n  d e f i n e d ,  one s o u r c e  of  
r e s p o n s i b i l i t y  f o r  a l l  components, reduced t ime  
spen t  i n  t h e  f i e l d  o n - s i t e  and a reduced r i s k  t o  
t h e  owner. These f a c t o r s  combined w i t h  
e l e c t r i c i t y  r a t e  i n c r e a s e s  and a  c o m p e t i t i v e  
n a t u r a l  g a s  market have s t i m u l a t e d  a  g r e a t  d e a l  
of i n t e r e s t  i n  cogene ra t ion .  Cogenera t ion  
sys tems,  i f  f e a s i b l e ,  produce s a v i n g s  e a c h  hour 
of  o n - l i n e  o p e r a t i o n  which b e n e f i t s  b u i l d i n g s  
o p e r a t i n g  24 hours  p e r  day each  day. H o s p i t a l s  
have personnel  expe r i enced  w i t h  e l e c t r i c a l  
g e n e r a t i n g  sys tems and have a  need f o r  a  
r e l i a b l e  eupply  of bo th  e l e c t r i c a l  ene rgy  and 
thermal  power. H o s p i t a l s  a r e  t h e r e f o r e  
e x c e l l e n t  c a n d i d a t e s  f o r  c o g e n e r a t i o n .  

There a r e  s e v e r a l  d i f f e r e n t  c o g e n e r a t i o n  
sys tem c o n c e p t s  and d e s i g n s  t h a t  apply  t o  
h o s p i t a l s .  For  s i m p l i c i t y ,  t h i s  pape r  p r e s e n t s  
t h e  concept  and d e s i g n  employed t o  f o r e c a s t  
s a v i n g s  and c a l c u l a t e  a  s imple  payback f o r  t h a t  
which was recommended a t  t h e  E a s t  Texas H o s p i t a l  
p r o j e c t .  The sys tem i s  des igned  t o  c a p t u r e  t h e  
waste  h e a t  and u t i l i z e  it f o r  s p a c e  h e a t i n g  and 
domest ic  h o t  wa te r .  Another major a p p l i c a t i o n  
n o t  covered h e r e  is u t i l i z i n g  t h e  waste  h e a t  t o  
d r i v e  an  a b s o r p t i o n  c h i l l e r .  

Th i s  d e s i g n  p a r a l l e l s  w i t h  t h e  e l e c t r i c  
u t i l i t y  and is des igned  t o  o p e r a t e  8760 hours  
p e r  y e a r  i n  o r d e r  t o  maximize s a v i n ~ s .  Durinu 

p e r i o d s  of  t h e  c o g e n e r a t i o n  o r  p a r a l l e l i n g  
sys tem downtime, s t andby  g e n e r a t o r s  shou ld  be 
f i r e d  t o  p reven t  demand peaks  from o c c u r r i n g .  
T h i s  is a  common problem observed i n  many 
e x i s t i n g  c o g e n e r a t i o n  sys tems.  I f  some measures  
a r e  no t  i nc luded  i n  t h e  o v e r a l l  s t r a t e g y  t o  
p r e v e n t  peaking (KW) when t h e  Cogenerat ion 
sys tem is down and t h e  h o s p i t a l  is f o r c e d  t o  
u s e  t h e  e l e c t r i c a l  u t i l i t y  f o r  its e l e c t r i c a l  
needs ,  t h e n  t h e  economic b e n e f i t s  w i l l  be l o s t  
f o r  a  y e a r  unde r  most r a t e  s t r u c t u r e s .  The 
h o s p i t a l  w i l l  n o t  be t o t a l l y  d i sconnec ted  from 
t h e  e l e c t r i c  u t i l i t y  and no s e l l - b a c k  o f  
e l e c t r i c a l  power t o  t h e  u t i l i t y  w i l l  occur .  The 
o t h e r  major  f a c t o r  t o  maximize s a v i n g s  is t o  
consume a l l  t h e  was te  h e a t  a t  a l l  t imes .  

A f t e r  e v a l u a t i n g  s i t e  c h a r a c t e r i s t i c s ,  
u t i l i t y  b i l l s ,  t he rma l  l o a d ,  and t h e  i n s t a l l e d  
c a p a c i t y  of e x i s t i n g  g e n e r a t o r s ,  an  800 KW 
t u r b i n e  was s e l e c t e d  f o r  t h e  E a s t  Texas 
H o s p i t a l .  T a b l e s  4  and 5 i l l u s t r a t e  t h e  
h o s p i t a l s  c u r r e n t  and p r o j e c t e d  energy 
consumption f o r  t h i s  c o g e n e r a t i o n  o r  p a r a l l e l i n g  
p r o j e c t .  Because of t h e  i n c r e a s e  i n  n a t u r a l  
g a s  a v a i l a b i l i t y  and t h e  c o m p e t i t i v e  n a t u r a l  g a s  
i n d u s t r y ,  a  c h e a p e r  n a t u r a l  g a s  r a t e  t h a n  t h e  
p r e s e n t  r a t e  was used i n  c a l c u l a t i n g  t h e  
s a v i n g s  f o r  t h i s  p r o j e c t .  The r a t e  used is a  
r a t e  which (unde r  c u r r e n t  c o n d i t i o n s )  h a s  been 
n e g o t i a t e d  by o t h e r s .  The t o t a l  s a v i n g s  f o r  t h i s  
p r o j e c t  is approx ima te ly  $240,000 a  y e a r  w i t h  
maintenance c o s t  of $35,000 a  y e a r  r e s u l t i n g  i n  
a  n e t  s a v i n g s  of  $205,000 p e r  y e a r .  T h i s  p r o j e c t  
h a s  a  s imple  payback of  3 .9  y e a r s .  

Table  6  p r o v i d e s  a  summary comparison of 
t h e  t h r e e  s t r a t e g i e s  e v a l u a t e d  f o r  t h e  E a s t  
Texas H o s p i t a l .  Fo r  t h i s  s p e c i f i c  h o s p i t a l  peak, 
shaving and c o g e n e r a t i o n  were recommended 
because  o f  e x i s t i n g  s t andby  g e n e r a t o r s  and 
a n t i c i p a t e d  e l e c t r i c i t y  p r i c e  i n c r e a s e s .  

Each h o s p i t a l  is  unique and must be  
i n d i v i d u a l l y  e v a l u a t e d  t o  de te rmlne  which, i f  
any, of t h e  t h r e e  c o n c e p t s  p r e s e n t e d  a r e  
b e n e f i c i a l .  Based on o u r  expe r i ence  and 
o b s e r v a t i o n s ,  t h e  b e s t  approach is t o  conduct  a  
d e t a i l e d  ene rgy  a u d i t  of t h e  h o s p i t a l  t o  
i d e n t i f y  and d e f i n e  a l l  maintenance and 
o p e r a t i n g  t e c h n i q u e s  and o t h e r  c a p i t a l  
i n t e n s i v e  p r o j e c t s  ( i n c l u d i n g  b u i l d i n g  envelope 
m o d i f i c a t i o n s )  which cou ld  be accomplished t o  
reduce t h e  ene rgy  consumption and e l e c t r i c a l  
demand. For  example,  an ene rgy  s t u d y  a t  a  North  
Texas  H o s p i t a l  recommended s i g n i f i c a n t  
m o d i f i c a t i o n s  t o  t h e  o l d  and d e t e r i o r a t e d  a i r -  
c o n d i t i o n i n g  sys t em which reduced t h e  i n s t a l l e d  
tonnage by 416 t o n s .  T h i s  sys t ems  approach 
p e r m i t t e d  t h e  e v a l u a t i o n  o f  a  down-sized the rma l  
s t o r a g e  sys t em,  peak shav ing  u s i n g  
e n g i n e / g e n e r a t o r  s e t s ,  and c o g e n e r a t i o n  u n i t .  

CONCLUSIONS 

1. H o s p i t a l s ,  due t o  t h e i r  l a r g e  consumption of  
ene rgy  and f u l l  t ime  usage,  have many 
o p p o r t u n i t i e s  f o r  accomplishing 
economica l ly  j u s t i f i a b l e  p r o j e c t s  f o r  
r educ ing  ene rgy  r e l a t e d  c o s t s .  Thermal 
s t o r a g e ,  peak shav ing  and c o g e n e r a t i o n  a l l  
show promise  a t  t h e  p r e s e n t  t ime .  A s  
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hospitals energy costa continue to increase' 
these types of projecte will become more 
economically attractive. 

2. Specific electrical rate structures must be 
used to accurately present the economic 
benefits of energy savings projects. 

3. Each hospital is unique and should be 
evaluated in detail before selecting any 
single approach to reducing energy costs. A 
detailed energy audit ehould be accomplished 
to identify and evaluate possible 
operational changes as well aa potential 
capital intensive projecte. 

4. Thermal storage systems, in general, present 
the least attractive strategy for hospitals 
compared to cogeneration or paralleling, and 

peak shaving using engine/generator sets. 
This conclusion ie based on several hospital 
studies. 

5. Packaged cogeneration or paralleling units 
provide the Owner the most benefits and are 
recommended over eite-constructed/assembled~ 
systems., 

6. Hospitals in regions with nuclear power 
plants under construction should plan for 
significant increases in electrical energy 
costs. 

7. Successful hospital cogeneration or 
paralleling systeme provide for some on-site 
peak demand control when the system is shut 
down for maintenance. 

TABLE 1 

CHILLER LOADS FOR EAST TEXAS HOSPITAL 

TIME KW TONS 

12 NOON 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
I I 
12 

913 
943 
943 
913 
943 
913 
913 
903 
844 
853 OFF PEAK HOURS 
724 (8 PM - 12 NOON) 
704 12,379 TON-HRS 
694 
694 
685 
684 
679 
679 
754 
814 
873 
892 
892 
911 

DATA RECORDED IN AUGUST 1986 
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TABLE 2  

KW BILLED UTILIZING THERMAL STORAGE AND TIME-OF-DAY BILLING OPTION 

MONTH PRESENT KW ON-PEAK KW OFF-PEAK KW BILLED KW 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

TOTAL 2 9 , 3 5 8  KW/YEAR - - 2 4 , 4 7 0  KW/YR 

PRESENT KW (OBTAINED FROM UTILITY BILLING DATA) 

ON PEAK KW HIGHEST KW DURING ON-PEAK HOURS ( 8 0 0  KW REDUCTION FROM 
PRESENT USAGE) 

OFF-PEAK KW HIGHEST KW RECORDED DURING OFF-PEAK HOURS 

BILLED KW - (OFF PEAK KW - ON-PEAK KW) 25% + ON-PEAK KW 

TABLE 3  

KW BILLED UTILIZING GENERATOR AND TIME-OF-DAY BILLING OPTION 

MONTH PRESENT KW ON-PEAK KW OFF-PEAK KW BILLED KW 
(PEAK GENERATORS) 

JAN 
FEB 
MAR 
AP R 
MAY 
JVN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

TOTAL 2 9 , 3 5 8  KW/YEAR - - 2 2 , 5 2 6  KW/YR 

PRESENT KW (FROM UTILITY BILLING DATA) 

ON-PEAK KW - SAME AS TABLE 2  EXCEPT 1 . 0 0 0  KW 

OFF-PEAK KW - HIGHEST KW.RECORDED DURING OFF-PEAK HOURS EXCEPT 
1 , 0 0 0  KW 

BILLED KW 9 (OFF-PEAK KW - ON-PEAK KW) 25% + ON-PEAK KW 
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MONTH 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

TOTAL 

TABLE 4  

KW, KWH, MCF BILLED UTILIZING PRESENT CONDITIONS 

KWH MCF 

7 , 2 2 2  
6 , 2 5 8  
5 , 8 5 9  
5 , 1 5 0  
4 , 9 5 3  
3 , 9 9 7  
3 , 8 9 5  
3 , 9 6 8  
4 , 1 3 2  
5 , 2 1 9  
5 , 6 3 8  
8 , 5 1 2  

6 4 , 8 0 3  

TABLE 5  

KW, KWH, MCF BILLED UTILIZING COGENERATION EQUIPMENT 

MONTH KW KWH MCF 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

TOTAL 2 0 , 1 0 6  7 , 5 0 5 , 0 0 0  1 1 4 , 7 0 6  
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TABLE: 6 

SYSTEM 

EAST TEXAS HOSPITAL EXAMPLE 

$SAVINGS/YR EST. COST SIMPLE 
PAYBACK 

THERMAL STORAGE $ 38,500 $245,000 6.4 

PEAK SHAVING $ 43,000 $ 85,000 2.0 
(WG/GEN SET) 

COGENERATION ' $205,000 $800,000 3.9 
(PARALLELING) 
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