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INTRODUCTION 

The conversion of f o s s i l  f u e l s  t o  e l e c t r i c i t y  has t r a d i t i o n a l l y  been accom- 
p l i shed  i n  t h e  fol lolr ing sequence of  y o c e s s e s :  
conversion t o  mechanical energy through thermodynamic processes;  conversion t o  
e l e c t r i c i t y  by dynamo-electric processes. 
able, t h i s  paper w i l l  consider  the economics of only t h i s  t r a d i t i o n a l  conversion 
sequence. Since most of t h e  e l e c t r i c a l  energy produced i n  t h e  United S t a t e s  i s  
generated by t h e  E l e c t r i c  U t i l i t y  Indus t ry  (91.5 percent  i n  1963), t h e  economics 
w i l l  be discussed i n  terms of that industry.  I n  o t h e r  i n d u s t r i e s  e l e c t r i c i t y  i s  
f requent ly  a by-oroduct of o t h e r  thermal processes. The economics is s p e c i a l  and 
diverse ,  and although it is  of  g r e a t  s ign i f icance  t o  t h e  i n d u s t r i e s  involved, it i s  
not  fundamental t o  an  o v e r - a l l  view of the conversion of f u e l  t o  e l e c t r i c i t y .  

conversion t o  hea t  by combustion; 

Although more d i r e c t  methods* are a v a i l -  

Figure 1 shows t h e  h i s t o r i c a l  t rend  of generat ing capac i ty  of t h e  e l e c t r i c  
u t i l i t y  indus t ry  i n  t h e  c o n t i n e n t a l  United S t a t e s  and pro jec t ions  i n t o  t h e  fu ture .  
A band is used f o r  t h e  nuclear  pro jec t ion  t o  cover t h e  range of  cur ren t  forecas ts  
by var ious i n d u s t r y  groups. 
t h a t  although nuclear  capac i ty  i s  expected t o  become increas ingly  important af ter  
1970, f o s s i l  f i r e d  thermal capac i ty  s t i l l  shows impressive growth. This i n d i c a t e s  
t h a t  conversion of f o s s i l  f u e l s  w i l l  f o r  many years  cont inue t o  be t h e  i lajor source 
of e l e c t r i c  energy. 

A s i g n i f i c a n t  po in t  t o  be noted from t h i s  f igure  i s  

In t h e  e l e c t r i c  u t i l i t y  industry,  pover c o s t  i s  commonly considered t o  c o n s i s t  
of t h r e e  comwonents: f i x e d  charges on investment, f u e l ,  and opera t ion  and maintenance. 
The f i x e d  charge component i s  a c t u a l l y  t h e  revenue requirement, expressed as a l e v e l  
percentage of f i r s t  c o s t  of o l a n t  t o  cover re turn ,  deorec ia t ion ,  Federal  Income Tax, 
and o t h e r  taxes  and insurance. The f u e l  component i s  t h e  product of conversion 
e f f i c i e n c y  and f u e l  p r i c e  and includes R charge f o r  f u e l  inventory. 
maintenance includes t h e  c o s t  of labor ,  materials, and suppl ies .  Table I i l l u s t r a t e s  
t h e  c a l c u l a t i o n  of t o t a l  power c o s t  from a t y y i c a l  modern steam uni t .  

Ogeration and 

It should be noted t h a t  t h e s e  cos ts  would not be r e a l i z e d  i n  an a c t u a l  
e l e c t r i c  u t i l i t y  system because of the  p r a c t i c a l  requirements of p a r t  load opera- 
t i o n  (which increases  hea t  r a t e )  and reserve  capac i ty  (which increases  e f f e c t i v e  
investment c o s t ) .  These poin ts  w i l l  b e  discussed i n  more d e t a i l  later. 

The economics of energy conversion can b e s t  b e  discussed i n  terms of t h e  a c t u a l  
Accordingly, apparatus t h a t  produces p r a c t i c a l  rendi t ions  of  t h e  processes  involved. 

t h e  discussion t o  fol low w i l l  consider power c o s t  components o f :  
p lan ts ,  gas turb ine  p lan ts ,  steam e l e c t r i c  p lan ts ,  and combination cyc le  p lan ts .  

d i e s e l  engine 

- - 
* The f u e l  c e l l  accomplishes t h e  conversion t o  e l e c t r i c i t y  i n  a s i n g l e  stea. 

Thermionic, thermoelectr ic  and magnetohydrodynamic (MHD) methods requi re  t w o  
s teps :  combustion t o  produce hea t ;  and then d i r e c t  conversion t o  e l e c t r i c i t y .  



6 2  

TABLE I 

Investment, $/i:w 

Fixed Charges, mi l l s jkvh  
(12% F.C., 80$ Cap. Fac to r )  

Operation and Maintenance, m i l l . s / l < w h  

Fuel Cost, Burn-up, milisjkwh 
(8803 Btuikwh, 25$/M Btu) 

Fuel Cost, Inventory, milisjkwh 
(9 days inventory a t  105) 

Tota l  Fuel Comuonent, mills/kwh 

To ta l  Power Cost, mills, kvh 

110 

1.89 

0.25 

2.29 

0.07 

2.27 - 
4.41 

PLANT INVESTMENT COMPONENT OF POWER COST 

I n  order t o  t r a n s l a t e  p l a n t  investment i n t o  a power c o s t  component, t h e  f ixed  
charge r a t e  on investment and t h e  capac i ty  f a c t o r  a t  which the  p lan t  operates,  must 
be  considered. 
on t h e  type of financing, i .e.  t h e  uroportion of bonds, p refer red  stock and common 
s tock;  earnings permitted by t h e  r egu la t ing  commissions; r a t e  of deprec ia t ion ;  and 
s t a t e  and l o c a l  taxes.  

Fixed charge r a t e s  vary from 10% per year t o  15% per year, depending 

I n t e r n a l  Combustion P lan t s  

Diesel-engine generator p l a n t s  vary over a wide range i n  i n s t a l l e d  cos t s ,  
depending on type  of engine, speed, s i z e  and type of  s e rv i ce  for which intended. 
They nay be i n s t a l l e d  f o r  as l o w  as $85;kw f o r  s e t s  designed f o r  sho r t  time peaking 
se rv ice  t o  as high as $200/kw f o r  sets designed f o r  heavy duty, f u l l  t i m e  base-load 
se rv ice .  

Gas tu rb ine  generator p l a n t s  a l s o  vary over a w i d e  range i n  i n s t a l l e d  c o s t s  
depending somewhat on r a t i n g  bu t  t o  a g r e a t e r  ex ten t  on the  design e f f i c i ency .  A 
r e l a t i v e l y  low e f f i c i ency  simple cyc le  gas tu rb ine  p lan t  f o r  weaking se rv ice  may be 
i n s t a l l e d  f o r  as low as $70/kw, while a 2-shaf t  machine w i t h  regenera t ive  cyc le  may 
b e  a s  high as $150/kw. 

Steam E l e c t r i c  P lan t s  

The i n s t a l l e d  cos t  per  kw of steam e l e c t r i c  s t a t i o n s  has shown outstanding 
This has been l a r g e l y  progress over t h e  years,  i n  s p i t e  of i n f l a t i o n a r y  t rends .  

t h e  r e s u l t  o f  the combined e f f o r t s  of  e l e c t r i c  u t i l i t y  engineers,  consul t ing  
engineers and equipment manufacturers who have displayed grea t  courage and ingenui ty  
i n  successfu l ly  applying ever i nc reas ing  r a t ings .  (Fig. 7) The downward t r end  i n  
s t a t i o n  cos t s  pe r  Xw i s  a l s o  a t t r i b u t a b l e  t o  adoption of t he  unit system (1 b o i l e r ,  
1 turb ine-genera tor ,  1 s tep-up  transformer bank) and continued e f f o r t  toward design 
s impl i f i ca t ion  throughout t h e  p l an t .  Fig. 4 shows t h e  downward t r e n d  i n  $/kv versus 
s i z e ,  inc luding  t h e  e f f e c t  of t y p i c a l  steam condi t ions  f o r  t h e  s i z e  of u n i t  being 
considered. The ind ica ted  band w i l l  account f o r  d i f f e rence  i n  site conditions,  
p l a n t  design concepts and l o c a l  cons t ruc t ion  cos t s .  . Table I1 shows the r e l a t i v e  
i n s t a l l e d  cos t s  of the  major equipments i n  a t y p i c a l  s team-e lec t r ic  p lan t .  

. - I  
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TABLE I1 

S i t e  and S t r u c t u r e  (Boi le r )  

Steam Generator (Boi le r )  and Draft Equipment 

Feedwater System and Piping 

Turbine Generator 

Condenser and Ci rcu la t ing  Water System 

E l e c t r i c a l  Equipment 

Coal Handling 

Step-up Transformer and High Yard Equipment 

1676 
25 
10 

22 

a 
5 
6 
8 

1005 
- 

Other design f a c t o r s  in f luence  t h e  i n s t a l l e d  c o s t :  a p l a n t  designed f o r  oii 
or gas f i r i n g  w i l l  reduce o l a n t  c o s t s  by $1.5 - $25 per  k v ;  t h e  range frorn an a l l  
indoor p l a n t  t o  t h e  full outdoor design i n  t h e  order  of $5 - $ ~ O / ' K T ~ ~ ;  a ,wet  type 
.cooiing tower where a moderate water sunpiy i s  a v a i l a b l e  adds $5 - $1.3/%w over t,he 
more conventional r i v e r ,  l a k e  or  ocean source; and 3. dry  type cool ing tower--for 
loca t ions  v i t h  minimum cool ing water--wili add $20 - $30/kw. 

- Steam Generat= (Boi le rs )  

Steam generator  equinments o f f e r  t h e  designer  a r e a l  chal lenge t o  a r r i v e  a t  
an o p t i a i i e d  nroduct af ter  due  considerat ion o f  many Yarameters. The q r e a t e s t  
s i n g l e  unknown i s  t h e  q u a l i t y  of  f u e l ,  i n  t h e  case  o f  coa l ,  t h a t  w i l l  b e  burned 
throughout t h e  l i f e  of  t h e  equipment and with vhich it i s  expected t o  meet t n e  
r a t e d  output .  Over t h e  years ,  t h e  c o s t  ner u n i t  of outout  has  s t e a d i l y  decreased, 
pr imari ly  by t w i n g  advantage of  t h e  increased cnowledge, gained through design 
and opera t ing  experience, p e r t a i n i n g  t o  t h e  m y  f a c t o r s  which can be u t i l i i e d  t o  
increase  t h e  comoactness of t h e  equipment. 

Higher temperatures and pressures  permitted by modern metallurgy, reduce 
t h e  required steam flow per  kw of  p lan t  output .  
ment, of water c i r c u l a t i o n  c h a r a c t e r i s t i c s ,  of gas d i s t r i b u t i o n  i n  t h e  ?ressurized 
furnace and t h e  adoption of intermediate  furnace walls, or twin furnaces, a l l  
cont r ibu te  t o  compactness. A t  t h e  higher pressures ,  use of forced  c i r c u l a t i o n  and 
el iv- inat ion of t h e  steam drum both c o n t r i b u t e  t o  reduct ion i n  materia1.s. 

Increased knowledge of water t r e a t -  

Today, s i n g l e  steam generator  equipments are being designed for f l o v s  auproach- 
ing 8,000,000 #/hr--corresponding t o  a s t a t i o n  output  about 1200 m,'. 

Turbine Generators 

The t u r b i n e  designer  has  kept  pace with t h e  rap id  increase  i n  ra t ings ,  s t i l l  
showing a continued decrease i n  u n i t  investment by a r r i v i n g  a t  designs with more 
and more compactness. 
required o r i f i c e  a r e a d  are obtained by longer  buckets on l a r g e r  wheels and i n  t h e  
lower pressure area of  t h e  t u r b i n e  by providing mul t ip le  flow oaths .  These design 
f e a t u r e s  immose g r e a t e r  forces  on t h e  main cas ing  f langes ,  g r e a t e r  c e n t r i f u g a l  and 
bending forces  on t h e  vhee ls  and buckets and g r e a t e r  spans between bearings. 
These and many o ther  requirements a r e  successfu l iy  met by t h e  use of new a l l o y  
metals and design in<enui ty- -a l l  r e s u l t i n g  i n  higher  outputs  D e r  unit of equioment. 

A high r a t e d  t u r b i n e  must pass  high steam flow and t h e  

High speed, 3600 rpm, turb ines  a r e  appl ied  f o r  almost all modern high- 
pressure,  high-temperature, steam condi t ions.  Tandem turbines--one turb ine  and 
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one generator--are  t o d a -  on order  i n  r a t i n g s  up t o  700 m~. For stil.1 l a r g e r  
r a t i n g s  t h e  c r o s s  compmnd t u r b i n e  i s  appl ied  where t w o  tu rb ines  are used i n  
s e r i e s  i n  t h e  steam path and each t u r b i n e  has  i t s  corresnonding generator .  The 
high-pressure 3600 rpm t u r b i n e  exhausts i n t o  a loi,r-pressure 1803 rpm t u r b i n e  where 
s u f f i c i e n t  o r i f i c e  area f o r  t h e  very high steam flows t o  t h e  condenser i s  more 
r e a d i l y  obtained. Cross comcound s e t  r a t i n g s  as high as 1130 mw are on order .  

In nuclear  fueled p l a n t s ,  where the steam condi t ions are appreciably lower 
than  i n  f o s s i l  fueled p lan ts ,  1800 rpm tandem turbine-generator  set r a t i n g s  of  
750 mw a r e  on order .  

While steam generators  and t u r b i n e s  have been increas ing  i n  r a t i n g ,  t h e  
assoc ia ted  generators  have elso been keeping pace. 
renlaced by hydrogen as a cool ing  medium i n  t h e  generator  casing. The l a t e s t  
development f o r  t h e  l a r g e r  r a t i n g s  w a s  t h e  in t roduct ion  of t h e  conductor-cooled 
genera tor  vhere t h e  r o t o r  i s  designed so t h a t  hydrogen gas is i n  d i r e c t  contact  
with t h e  r o t o r  conductors and where t h e  armature bars  a r e  arranged f o r  gas, o i l  o r  
water t o  be i n  d i r e c t  contac t  wi th  t h e  conductors for removal of h e a t  loss.  These 
design techniques have permi t ted  spec tacular  increases  i n  r a t i n g  from t h e  same 
physical  s i z e  equipment. 

A s  a f i r s t  s tep ,  air  has been 

Combined Cycle Plants  

Some a t t e n t i o n  has been given t o  t h e  combined gas t u r b i n e  - steam turb ine  
cyc le  vhere a conventional steam e l e c t r i c  p lan t  i s  e s s e n t i a l l y  topped by a simple 
cyc le  gas  t u r b i n e  generator  se t ,  and t h e  exhaust gases are used f o r  combustion i n  
t h e  steam generator .  Such a p l a n t  w i t h  outuut i n  t h e  order  of 250,000 kw is i n  
successfu l  operat ion,  using gas as t h e  f u e l .  Although t h i s  kind of p l a n t  requi res  
added investment per kw, t h i s  i s  more than  o f f s e t  by t h e  gain i n  e f f ic iency .  The 
widespread a p p l i c a t i o n  of combined gas turb ine  - steam t u r b i n e  p l a n t s  awaits t h e  
development of successful  c o a l  f i r i n g .  

Several  years  ago, when convent ional  u n i t s  were i n  t h e  109,000 kw range and 
with h e a t  rates 10,000 Btu/kwh or higher ,  p lan ts  with mercury cycle  topping and h e a t  
rates o f  9000 Btu/kwh received some i n t e r e s t .  
i n  h e a t  rates of conventional cyc les  has  reached t h e  poin t  where t h e  mercury cyc le  
p r a c t i c a l l y  cannot be j u s t i f i e d  because t h e  h e a t  rate ga in  is more than  o f f s e t  by 
t h e  e x t r a  investment i n  p l a n t  equipment. 

Since that t i m e ,  however, t h e  progress 

FLTEL COMPONENT OF POWER COST 

Although t h e  inventory component of f u e l  c o s t  i s  not  negl ig ib le ,  it i s  
s u f f i c i e n t l y  small t h a t  it can  b e  ignored i n  a discussion of comparative f o s s i l  
f u e l  conversion economics. The burn-up component, as noted earlier, i s  a funct ion 
of e f f i c i e n c y  and f u e l  pr ice .  

Diesel Engine P l a n t s  

The d i e s e l  engine i n  t h i s  country dates from about t h e  year 1900. 
t i m e ,  the use of d i e s e l  engines has expanded tremendously, although for e l e c t r i c  
u t i l i t y  appl ica t ion ,  t h e i r  use  i s  l i m i t e d  by small u n i t  s i z e  and i n a b i l i t y  t o  burn 
coa l .  O i l  and gas f i r e d  d i e s e l  engines accounted for  about 1 .5  percent  of t o t a l  
c a p a c i t y  i n  1963. I n  recent  years ,  t h e r e  has  been some appl ica t ion  of small high- 
speed d i e s e l  engines for emergency and peaking s e r v i c e  on large u t i l i t y  systems, 
bu t  t h e  major appl ica t ion  is  i n  base load  serv ice  on small municipal systems. 
t h e  use of high cyl inder  pressures and temperatures, it is poss ib le  t o  obta in  h e a t  
rates as low as 9500 Btu per kwh as i n d i c a t e d  i n  Figure 2. As w i l l  b e  explained 
later,  the h e a t  rates i n  t h i s  f i g u r e  a r e  a l l  based on t h e  "higher hea t ing  value" of 

Since t h a t  

By 
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t h e  fuel, and hence vary somewhat with the  na ture  of t h e  fue l .  

Gas Turbine P lan ts  

The f i r s t  gas turb ine  used f o r  e l e c t r i c  power generation i n  t h i s  country w a s  
i n s t a l l e d  i n  1949. 
and t h e i r  primary appl ica t ion  i n  u t i l i t y  systems i s  for peaking and emergency stand- 
by service.  Unit s i z e s  are l a r g e  enough t o  be p r a c t i c a l  f o r  l a rge  u t i l i t i e s .  
f i r i n g  i s  n o t  f eas ib l e ,  but  gas t u r b i n e s  can handle a wide v a r i e t y  of o i l  and gas 
fue ls .  The major hea t  loss i n  t h e  gas turb ine  cycle  i s  the  exhaust; and where no 
attempt i s  made t o  recover t h i s  hea t ,  e f f i c i e n c i e s  a r e  r e l a t i v e l y  low. Heat r a t e s  
i n  the  range oi' 14,500 - 16,500 Btu per  kwh a r e  typ ica l ,  as shown i n  Figure 2. 
Where regenerators  a re  used f o r  exhaust hea t  recovery,  h e a t  r a t e s  as low as 13,000 
Btu per  kwh may be achieved. The use  of higher  f i r i n g  temperatures (above 1600 F) 
will i n  t he  fu tu re  reduce gas turb ine  heat  r a t e s .  

Gas turb ines  a r e  inherent ly  simple machines of low first cos t  

Coal 

Steam E l e c t r i c  P l a n t s  

The f i r s t  c e n t r a l  e l e c t r i c  generat ing s t a t i o n s ,  b u i l t  j u s t  p r i o r  t o  the  t u r n  
of t h e  century, consis ted of b o i l e r s  supplying sa tura ted  steam t o  rec iproca t ing  
steam engines dr iv ing  slow-speed generators .  By 1910, t he  steam t u r b i n e  was rap id ly  
supplant ing the rec iproca t ing  engine because of i t s  g r e a t e r  s i m p l i c i t y  and higher  
e f f ic iency .  

Figure 3 shows, schematically,  a modern steam cycle. I n  consider ing the  
e f f i c i e n c y  of such a cycle, it may be noted that the  major source of b o i l e r  l o s ses  
i s  i n  the  heat  contained i n  t h e  gases discharged through t h e  s tack .  I n  the l92O's, 
t he  introduct ion of economizers and a i r  preheaters  gave a s u b s t a n t i a l  reduct ion i n  
t h i s  loss by using the  s tack  h e a t  t o  preheat  incoming air  and feedwater. A second 
f a c t o r  i n  b o i l e r  e f f i c i e n c y  progress  w a s  t he  in t roduct ion  of pulver ized coal  f i r i n g  
which g r e a t l y  increased combustion e f f ic iency .  Other important developments have 
made it possible  t o  maintain high e f f i c i e n c y  at p a r t i a l  load. Some of these  a r e  
cont ro l  of gas flow by b a f f l i n g  and r e c i r c u l a t i o n ,  and steam temperature cont ro l  
through de-superheating, d i f f e r e n t i a l  f i r i n g ,  and burner angle cont ro l .  Modern coal  
f i r e d  b o i l e r s  have full load e f f i c i e n c i e s  of 90 percent or more. 

Another major loss occurs i n  the  condenser where h e a t  i n  t h e  turb ine  exhaust 
steam is  re jec ted  t o  the  cool ing water. This loss  i s  s u b s t a n t i a l l y  reduced by 
regenerat ive feedwater heat ing,  accomplished by e x t r a c t i n g  steam from various s tages  
of t he  turbine.  
recent  cycle  development i s  t h e  use of reheat .  
t he  turb ine ,  steam i s  returned t o  t h e  b o i l e r  and reheated t o  approximately i n i t i a l  
temperature f o r  re-entry t o  t h e  turb ine .  Nearly all la rge  steam p l a n t s  going i n t o  
serv ice  today incorporate  t h i s  f e a t u r e  which improves t h e  cycle  e f f i c i e n c y  4 t o  5 
percent.  A few p l a n t s  have used a second rehea t  which provides an addi t iona l  gain 
of about 2 percent.  

This device has  been u n i v e r s d l y  used f o r  over 30 years.  A more 
Af te r  expanding p a r t i a l l y  through 

Over the years ,  t u r b i n e s  have been designed i n  l a r g e r  and l a r g e r  r a t ings  
incorporat ing these  cycle improvements, while a t  the  same time, t h e r e  has been 
s teady improvement i n  turb ine  mechanical e f f i c i e n c y  brought about by c loser  cont ro l  
of running clearances and leakages,  advanced aerodynamic design of buckets and 
improved nozzle design. 

Figure 2 shows today 's  n e t  s t a t i o n  h e a t  rates f o r  steam p l a n t s  with steam 
condi t ions t y p i c a l  f o r  t he  s i z e s  shown. 
and 900°F temperature f o r  t h e  smaller  units t o  3500 psig,  10009 i n i t i a l  and 1050°F 
rehea t  f o r  the  l a r g e r  s i zes .  The approximate h i s t o r i c a l  t rend  of b e s t  s t a t i o n  h e a t  
r a t e s  i s  given i n  Figure 8. 

This  ranges from 850 p s i g  t h r o t t l e  pressure 
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Heating Value of Nels 

I n  t he  combustion of hydro-carbon fue l s  where water i s  a product, it i s  
necessary t o  consider what are c a l i e d  t h e  "higher" and "lover" hea t ing  values of 
t h e  f u e l s .  I n  p r a c t i c a l  thermodynamic machinery, t he  exhaust temperature is such 
t h a t  t h e  product water is i n  the form of vapor. The hea t  of  vapor iza t ion  repre-  
s e n t s  hea t  t h a t ,  i,7hile produced i n  combustion, i s  not ava i l ab le  t o  t h e  machine or 
process.  It  has become customary t o  sub t r ac t  t h i s  heat of vapor iza t ion  from t h e  
t o t a l  hea t ing  value of t h e  f u e l  and r e f e r  t o  it as t h e  "lower hea t ing  value". 
t o t a l  hea t ,  as would be determined by bomb ca lor imeter ,  i s  c a l l e d  t h e  "higher 
hea t ing  Val-ue". The thermal e f f i c i ency ,  or heat  r a t e ,  of a generating p lan t  thus 
deoends upon which hea t ing  va lue  i s  used in  i ts  determination. 
f u r t h e r  complicated by t h e  f a c t  t h a t  t h e  r a t i o  of higher hea t ing  value t o  lower 
hea t ing  value i s  not t h e  same f o r  a l l  f u e l s .  Typical values a r e  a s  follows: 

The 

The s i t u a t i o n  i s  

Fuel 

Coal 

Rat io  HHv LHV 
1.03 

O i l  1.06 
Natural  Gas 1.11 

In European prac t ice ,  lower hea t ing  value is  most commonly used; whereas i n  
t h i s  country,  higher hea t ing  value i s  t h e  usual r u l e .  An exception t o  t h i s  i s  i n  
t h e  d i e s e l  i ndus t ry  where HHV i s  used in quoting e f f i c i ency  f o r  o i l  f u e l  and LHV f o r  
gas f u e l .  

Operation and Maintenance Component of Power Costs 

Diese l  pl-ants and gas t u r b i n e  p l an t s  comprise r e l a t i v e l y  s m a l l  r a t i ngs  w i t h  
r e s u l t i n g  h igher  operation and maintenance cos t s  t han  a r e  experienced i n  steam 
e l e c t r i c  p l an t s .  hrrtherrnore, type of f u e l ,  s e rv i ce  conditions,  and annual capac i ty  
f a c t o r s  vary widely. I n  genera l ,  however, t y p i c a l  cos t s  fo r  a d i e s e l  or gas turb ine  
p l an t  w i l l  be i n  the  range of 0 .5  t o  5.0 mills/kwh for a capac i ty  f ac to r  of 80%. 

For steam e l e c t r i c  p l an t s ,  Figure 5 shows t y p i c a l  operation and maintenance 
c o s t s  f o r  coa l  f i r i n g .  G a s  and o i l  f i r e 6  plants have s l i g h t l y  lower cos t s .  

Generation System Economics 

From t h e  foregoing d iscuss ion  of investment cos t ,  hea t  r a t e s ,  and operation and 
maintenance c o s t s  fo r  t h e  d i f f e r e n t  types  of p l an t s ,  it w i l l  be seen t h a t  a wide 
range in power c o s t s  per  kwh i s  inev i t ab le .  
genera t ing  p l an t ,  cos t s  w i l l  vary  considerably because of d i f fe rences  i n  f u e l  a n d  
cons t ruc t ion  c o s t s  i n  d i f f e r e n t  p a r t s  of the country. 
t i o n s  of t h e  c o s t  of power generated i n  a s i n g l e  p l a n t  o r  u n i t  i s  t h e  question of 
t o t a l  system c o s t  which determines the impact of e l e c t r i c  energy on t h e  n a t i o n ' s  
economy. 

Even considering only one type of 

But beyoid these  considera- 

The f i r s t  f ac to r  t h a t  i n f luences  t o t a l  system generating c o s t  i s  the  na ture  
of t he  load. 
u t i l i t y  system va r i e s  through a two t o  one range. 
t o  one, or more. Figure 6 is a t y p i c a l  annual load dura t ion  curve. 
t h e  top  20 percent  of t h e  load  e x i s t s  f o r  only about 6 percent of t h e  time. 
Generating c o s t  f o r  t h i s  component of load i s  very high because of the f ixed  invest-  
ment charge which is d i s t r i b u t e d  over only a few kwh. 

I n  a 24-hour per iod ,  t h e  magnitude of load  on a t y p i c a l  e l e c t r i c  
I n  a year t h i s  v a r i a t i o n  i s  t h r e e  

It shows t h a t  

A t  t h e  o the r  extreme i s  the  
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bottom 30 percent of t he  load  which e x i s t s  100s of t h e  t i m e .  
which may be generated a t  minimum cos t .  
generating u n i t s  i s  important because of t h e  f l u c t u a t i n g  na ture  of t h e  load, and 
because excess capac i ty  must always be k e D t  i n  opera t ion  t o  provide a high degree 
of s e rv i ce  con t inu i ty  i n  t h e  event of sudden equipment breakdown. I n  addi t ion  t o  
t h i s  so-ca l led  "spinning reserve",  it i s  necessary t o  have some capac i ty  i n  co ld  
standby f o r  long-time outages, and t o  permit u n i t s  t o  be withdrawn from serv ice  f o r  
maintenance and inspection. I n  general ,  e l e c t r i c  u t i l i t y  systems have i n s t a l l e d  
capac i ty  represent ing  110 t o  120 percent of a n t i c i p a t e d  ueak load. This imposes an 
investment cos t  burden beyond t h a t  ca l cu la t ed  f o r  power conversion cos t  of a s i n g l e  
u n i t .  

This i s  t h e  base load  
As noted e a r l i e r ,  p a r t  load e f f i c i ency  of 

The second f a c t o r  in f luenc ing  t o t a l  system cos t  i s  growth. The indus t ry  has 
h i s t o r i c a l l y  grown at t h e  r a t e  of about 7 percent per year.  I n  the  pas t ,  t h i s  
growth, toge ther  with t h e  shaDe of t h e  load  dura t ion  curve, has very nea t ly  f i t t e d  
t h e  p a t t e r n  of progress i n  genera t ing  u n i t  e f f i c i ency  so  as t o  e l imina te  t h e  problem 
of obsolescence: new e f f i c i e n t  units could always opera te  a t  high load  f ac to r  i n  
t h e  bottom of the load curve while o lder ,  l e s s  e f f i c i e n t  un i t s  performed the  s h o r t  
time peaking function. Today, t h e  growth continues,  and t h e  load  dura t ion  curve 
r e m i n s  about t he  same, bu t  progress i n  e f f i c i e n c y  improvement has slowed. This 
gives an owportunity t o  apply s p e c i a l  forms of peaking generation whose ope ra t in s  
c h a r a c t e r i s t i c s  and low investment c o s t  a r e  i d e a l l y  s u i t e d  fo r  the s h o r t  duration 
peak load. 
t i o n  f o r  t h i s  bulK peaking serv ice .  

Pumped s torage  hydro and gas tu rb ines  a r e  beginning t o  f i n d  wide appl ica-  

One might a sk  whether t h e  in t roduct ion  of nuc lear  power does no t  c o n s t i t u t e  
t h e  beginning of another technologica l  cyc le  wherein progress i n  reducing fue l  cos t  
w i l l  again orove t o  be compatible with load  growth and the  shape of the  load curve. 
This could be the  case--but today t h e r e  e x i s t  forms of ueaking generation t h a t  were 
not ava i l ab le  60 years ago. 
design must include peaking generation a s  wel l  as t h e  most advanced forms of base 
load un i t s .  

And economic s tud ie s  ind ica t e  t h a t  optimum system 

This br ings  up the  t h i r d  major f a c t o r  i n  generation system economics: 
emergence of nev methods of system design ana lys i s  us ing  simulation techniques i n  
d i g i t a l  computers. 
a l t e r n a t e  20-year plans f o r  generation system expansion with a high degree of 
accuracy and a t  reasonable cos t .  
w i l l  perform an important s e r v i c e  i n  keeoing t h e  f u t u r e  cos t  of e l e c t r i c  power as 
lov as poss ib le .  

t h e  

It i s  now poss ib l e  t o  analyze t h e  performance and economics of 

These methods a r e  gaining wide acceptance and 

I n  conclusion, t h e r e  w i l l  be continued progress i n  t h e  economics of converting 
f o s s i l  f u e l s  t o  e l e c t r i c i t y ,  bu t  wrobably at a l e s s  spec tacular  rate than i n  
previous years.  
design s impl i f i ca t ion  and t h e  app l i ca t ion  of s t i l l  l a r g e r  u n i t s .  
toge ther  with automation, w i l l  r e s u l t  i n  lower opera t ion  and maintenance costs.  
S imi la r ly ,  i t  i s  expected t h a t  modest improvements i n  conversion e f f i c i ency  w i l l  be 
r ea l i zed .  
p l an t s  w i l l  continue t o  con t r ibu te  i n  a major way t o  low t o t a l  system generating 
cos t s  i n  t h e  fu tu re .  

There is  s t i l l  oppor tuni ty  f o r  lower investment c o s t s  through 
These same f a c t o r s ,  

Thus, t h e r e  seems t o  be l i t t l e  doubt bu t  t h a t  f o s s i l  fue l ed  generating 
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