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ABSTRACT 

T h i s r e p o r t c o m p i l e s t h e o r y and e v i d e n c e f o r t h e u s e of t h e 
economy-of-scale law in energy economics, p a r t i c u l a r l y in the e s t i m a t i o n 
of c a p i t a l c o s t s fo r c o a l - f i r e d and nuclear power p l a n t s . The economy-
o f - s c a l e law i s w i d e l y used in i t s s i m p l e s t f o r m : c o s t i s d i r e c t l y 
p r o p o r t i o n a l to capac i ty r a i s e d t o an exponent. An a d d i t i v e cons tan t i s 
an important component tha t i s not gene ra l l y taken i n t o account . Also, 
the economy of s c a l e i s p e r f o r c e v a l i d only over a l i m i t e d s i z e range. 

The m a j o r i t y of engineer ing s t u d i e s have e s t i m a t e d an economy of 
s c a l e exponent of 0.7 t o 0.9 f o r c o a l - f i r e d p l a n t s and an exponen t of 
0.4 to 0.6 fo r nuclear p l a n t s in the capac i ty ranges of 400 t o 1000 MWe. 
However, the m a j o r i t y of econometric ana lyses found l i t t l e or no economy 
of s c a l e f o r c o a l - f i r e d p l a n t s and on ly a s l i g h t economy of s c a l e f o r 
nuc lea r p l a n t s . This d i s p a r i t y i s expla ined by the f a c t t h a t economists 
have i n c l u d e d r e g u l a t o r y and t i m e - r e l a t e d c o s t s in a d d i t i o n t o t h e 
d i r e c t and i nd i r ec t c o s t s used by the engineers . Regula tory and t i m e -
r e l a t e d c o s t s have become an i n c r e a s i n g l y l a rge r p o r t i o n of t o t a l c o s t s 
d u r i n g t h e l a s t d e c a d e . In a d d i t i o n , t h e s e c o s t s a p p e a r e d t o have 
e i t h e r a very smal l economy of s c a l e or t o be inc reas ing as the s i z e of 
the power p lan t increased . We conclude t h a t ga ins in economy of s c a l e 
can only be made by reducing r e g u l a t o r y and t i m e - r e l a t e d c o s t s through 
des ign s t a n d a r d i z a t i o n and r e g u l a t o r y s t a b i l i t y , in c o m b i n a t i o n w i t h 
more f avo rab l e economic cond i t i ons . 

ix 



1. EXBCOTIVE StMMR? 

The question of optimum s i ze , whether i t r e l a t e s to a power p lan t , 
a p i e c e of equipment , or a new t echno logy , i s an economic one t h a t has 
f a r - r e a c h i n g i m p l i c a t i o n s . I f a l a r g e r power p l an t or p i e c e of 
equipment can be b u i l t and o p e r a t e d at lower cos t per u n i t , we have 
gains in overal l product ivi ty tha t are e s sen t i a l to an improved standard 
of l i v ing . 

Nuclear power p l a n t s showed economy of s c a l e as they p r o g r e s s e d 
from the sma l l d e m o n s t r a t i o n p l a n t s t o l a r g e r o p e r a t i n g u n i t s in t he 
200-600 MWe range of the 1950s and 1960s. However, when even l a r g e r 
un i t s b u i l t during the 1970s showed a level ing off or a revers ing of the 
t r end in economy of s c a l e , one i s concerned w i t h the causes and the 
f u t u r e c o m p e t i t i v e n e s s of the v a r i o u s power o p t i o n s in t h e coming 
decade. The purpose of t h i s r e p o r t i s t o examine the t h e o r y and 
evidence for using the economy-of-scale law in power plant economics. 

1.1 THEORY 

It i s widely observed and accepted in engineering that the cost of 
a p i e c e of equipment i s not d i r e c t l y p r o p o r t i o n a l t o i t s c a p a c i t y ; 
ra ther the p ropor t iona l i ty i s through the power law: 

K = a + bY° 

where K i s t he c o s t , Y i s t he c a p a c i t y , a and b a r e c o n s t a n t s , and a i s 
the scale exponent. The r e l a t i v e value of the constant a with respect 
to K can be very impor tan t in t h e r a t i o of t he c o s t s f o r two power 
p lants of d i f f e r e n t s izes . In add i t i on , economy of scale is va l id only 
over a l i m i t e d range; i t i s q u e s t i o n a b l e t h a t an e m p i r i c a l law w i t h 
f ixed constants can be val id over a wide range as , for example, from 100 
to 1300 MWe. 

Engineers have t r a d i t i o n a l l y looked a t the forward, or prospect ive , 
or "bot tom up," s t r u c t u r e of t h e c o s t s in e s t i m a t i n g t h e s c a l i n g 
exponent n.) w h i l e economis t s have c u s t o m a r i l y looked a t the o v e r a l l 
c o s t s r e t r o s p e c t i v e l y . As the o v e r a l l c o s t s have inc luded s e v e r a l 
s o c i a l , r e g u l a t o r y , and e c o n o m i c e l e m e n t s and have become an 
i n c r e a s i n g l y l a r g e r p o r t i o n of t o t a l c o s t s d u r i n g the 1970s and e a r l y 
1980s, economy of scale has become less evident . 

1.2 EMPIRICAL EVIDENCE 
E m p i r i c a l d a t a on p roces s equ ipment , l a r g e e l e c t r i c equ ipment , 

power p l a n t s , and o p e r a t i o n s and main tenance of power p l a n t s were 
examined to determine the extent to which the economy-of-scale l e v holds 
t r u e . 
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In process equipment, Phung e t a l . 2 found that the sca le exponent n. 
changes f rom a low of 0.52 f o r c e n t r i f u g a l pumps and d r i v e r s t o a h igh 
of 0.85 for process furnace and d i r e c t b o i l e r s . Lee's s tudy3 shows tha t 
economy of s c a l e e x i s t s in l a r g e e l e c t r i c equipment (s team t u r b i n e 
g e n e r a t o r s , power t r a n s f o r m e r s , h igh v o l t a g e d i r e c t c o n v e r s i o n 
equipment, and t ransmiss ion l ines) over t h e i r technological ranges. 

L i t e r a t u r e searches revealed e ight empir ical s t ud i e s deal ing wi th 
t he economy of s c a l e in f o s s i l - f i r e d and n u c l e a r power p l a n t s . The 
m a j o r i t y of the engineering s tud ie s es t imated a sca le exponent of 0.7 t o 
0.9 f o r c o a l - f i r e d p l a n t s and an exponent of 0.4 t o 0.6 f o r n u c l e a r 
p l a n t s in the c a p a c i t y ranges of 400 t o 1000 MWe. A s c a l e exponent of 
about 0.85 was suggested by a study fo r f o s s i l - f i r e d p lan t s between 100 
and 400 MWe, but no s imi l a r value was ava i l ab le fo r nuclear p l an t s . I t 
was w i d e l y b e l i e v e d , however , t h a t t h e economy of s c a l e f o r n u c l e a r 
p l an t s in t h i s range is very pronounced, fo r example, more saving as a 
becomes s m a l l e r . (Note t h a t when compar ing u n i t c o s t in $/kWe, t h e 
exponent a is transformed in to another exponent, s., wi th a. = n-1). 

TTie ma jo r i t y of econometric analyses in the l i t e r a t u r e found l i t t l e 
or no economy of sca le for c o a l - f i r e d p lan t s and only a s l i g h t economy 
of s c a l e f o r n u c l e a r p l a n t s . In o t h e r words , t he c o s t of a n u c l e a r 
p lan t in $/kWe decl ined only s l i g h t l y as the p lant s i z e increased. 

Studies deal ing wi th economy of s i z e of e l e c t r i c u t i l i t i e s found 
that the un i t cost exponent & va r i e s across company l i n e s and tha t the 
c o s t of g e n e r a t i o n a l s o depends on t h e s i z e of t h e g e n e r a t i n g u n i t . 
C h r i s t i a n s e n and G r e e n e 1 4 he ld t h a t t he economy of s c a l e f o r e l e c t r i c 
u t i l i t i e s i s s t e e p e s t a t t he s m a l l - s i z e end, becomes l e v e l f o r a wide 
range, and then reverses a t the very la rge s i z e s . R i e t t n e r and Landon1 

and S e i t z 1 indicated s i m i l a r f i nd ings , showing tha t a small number of 
extremely large f i rms may exhib i t diseconomy of sca le . 

With respect to f u e l s , the economy of s c a l e i s r e l a t i v e l y small 
(n *» 1) f o r coa l but cou ld be l a r g e (a < 1) f o r n u c l e a r f u e l . Th i s i s 
a t t r i b u t e d to t he f a c t t h a t the n u c l e a r f u e l c y c l e c o s t i n v o l v e s 
components such as t r a n s p o r t a t i o n and e x p e r t s e r v i c e s which do not 
depend on the s i z e of the r eac to r . Therefore , per un i t capaci ty cost can 
be very large for smal ler capaci ty . 

i ft 
Myers e t a l . found l i t t l e or no dependence of the number of p lan t 

p e r s o n n e l on the s i z e of t h e g e n e r a t i n g u n i t s in t h e range of 800 t o 
1200 MWe. Factors such as regula tory requirements , q u a l i t y assurance, 
and age of t he p l a n t have p r e d o m i n a t e d . This l e a d s t o more e x p e n s i v e 
s t a f f i n g cos t s per un i t capaci ty in the smal ler capac i ty r eac to r s . 

1.3 USE OF EdMJVlY OF SCALE 

S i n c e the e a r l y 1970s, U n i t e d E n g i n e e r s and C o n s t r u c t o r s , I n c . , 
(UE & C) hais been doing cost e s t ima tes fo r hypothe t ica l power p l an t s of 
var ious fue l types, including uranium, coa l , o i l , and na tu ra l gas. The 
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work has been s u p p o r t e d by t he Depar tment of Energy and t h e Nuclear 
Regulatory Commission and t h e i r predecessors . A s e r i e s of r epor t s has 
been p u b l i s h e d , t he l a t e s t of which i s DOE/NE-0051 (August 1985). 
Information in these repor t s c o n s t i t u t e a major bas i s fo r the OCNCEPT 
code which i s compiled and maintained by Oak Ridge National Laboratory. 

The approach used by UE <5c C i n c l u d e s d e f i n i n g t he d e s i g n b a s i s , 
f i x i n g c e r t a i n s t a n d a r d s and r e g u l a t i o n s , u s i n g c u r r e n t m a t e r i a l and 
p r i ce da ta , and es t ima t ing the "overnight" cost of a power p l an t . 

Other a g e n c i e s , v e n d o r s , and a r c h i t e c t - e n g i n e e r s have used t h e 
economy-of-scale law in t he i r cos t e s t ima tes of power p l an t s . Several 
observat ions can be made from review of t h e i r c o s t - s i z e s ca l i ng : the 
economy of s c a l e i s more pronounced f o r n u c l e a r p l a n t s than f o r c o a l -
f i r e d p l a n t s ; economy of s c a l e i s more pronounced in t h e lower r a t i n g 
range (100-400 MWe) than in the higher r a t ing range (400-1300 MWe); and 
as r e g u l a t i o n s became more s t r i n g e n t f o r b u i l d i n g and o p e r a t i n g a 
nuclear plant in the 1970s, economy of sca l e d i s favored small r eac to r s . 
This l a t e r observat ion was confused by the f a c t t h a t l a rge power p l an t s 
in the 1970s a l s o took a long t ime t o bui ld during which the e sca l a t i on 
and i n t e r e s t c o s t s d r a s t i c a l l y i n c r e a s e d , thus increasing the overa l l 
cos t of the completed f a c i l i t y . 

1.4 CONCLUSIONS 

Economy of s c a l e d e p e n d s on many f a c t o r s . A r t i s a n s and 
t e c h n o l o g i s t s have t r a d i t i o n a l l y b u i l t p r o t o t y p e s t o v e r i f y t h e 
w o r k a b i l i t y of an i d e a . If t h e p r o t o t y p e does not work, t he idea i s 
m o d i f i e d or abandoned; if i t d o e s , then b i g g e r and b e t t e r d e v i c e s a r e 
b u i l t based on the prototype. 

In t he power p l a n t s e c t o r , economy of s c a l e made p o s s i b l e t h e 
i n c r e a s e in p l a n t s i z e over t h e 1950s and 1960s. However, when p l a n t 
s i ze s increased beyond 1000 MWe in the 1970s, the point of diminishing 
re tu rn was passed. There a re severa l components t o the f i n a l cos t of a 
power p l a n t , i n c l u d i n g d i r e c t , i n d i r e c t , and v a l u e and t i m e - r e l a t e d 
c o s t s . The l a t t e r have assumed a l a r g e r f r a c t i o n of t o t a l c o s t s over 
t ime. 

The 1970s were a t u r b u l e n t e r a when t h e e n v i r o n m e n t a l and s a f e t y 
r e q u i r e m e n t s on power p l a n t s w e r e i n c r e a s e d even d u r i n g p l a n t 
cons t ruc t ion , when i n f l a t i o n and i n t e r e s t raites were h igh, and when the 
cons t ruc t ion dura t ions became longer than es t imated by a f a c t o r of two 
to th ree t imes , p a r t i c u l a r l y f o r la rger power p l a n t s . In the f u t u r e , as 
power p lan ts become more s tandardized and regu la t ion more s t a b i l i z e d , we 
expec t t h a t t he t i m e - r e l a t e d c o s t components w i l l d e c r e a s e and t h e 
e c o n o m y - o f - s c a l e law w i l l once a g a i n be s i g n i f i c a n t in power p l a n t 
economics. 



2 . TBBCKY CN THE BOGNCMY OF SCAIE 

2.1 AN EXPERIENCE-BASED LAW AND ITS LIMITATIONS 

I t i s widely observed and accepted in engineering that the cost of 
a piece of equipment i s not d i r e c t l y propor t ional to i t s capac i ty , but 
ra ther to t h a t capaci ty ra i sed to an exponent n: 

where K i s the c o s t , X i s t he c a p a c i t y , a and fe. a r e c o n s t a n t s , and a i s 
the scale exponent. 

The above o b s e r v a t i o n has a t e c h n i c a l b a s i s in t h a t the c o s t i s 
p r o p o r t i o n a l to the a r e a w h i l e t h e c a p a c i t y i s p r o p o r t i o n a l t o t h e 
volume. As the volume doubles, the su r face should increase by a f a c t o r 
s m a l l e r than two. In o t h e r words , the equipment can do t w i c e as much 
for a cost l e ss than double — hence the term "economy of scale ." 

Acceptance of economy of s c a l e f r e q u e n t l y assumes t h a t t h e 
t echno logy f o r both t he s m a l l e r and t he l a r g e r equipment i s t h e same. 
If the larger un i t a l s o incorporates improved manufacturing methods (as 
i s f r e q u e n t l y the c a s e because the l a r g e r u n i t i s a lmos t a lways 
developed a f t e - t he s m a l l e r u n i t ) , then t h e economy of s c a l e i s even 
b e t t e r than o r d i n a r y . I f t h e l a r g e r u n i t runs i n t o some p h y s i c a l 
c o n s t r a i n t s (e.g. ma te r i a l s t r eng th , f a b r i c a t i o n l i m i t a t i o n s ) , then the 
economy of s c a l e cou ld s low down or even r e v e r s e . Thus, one shou ld 
expect t h a t a "cos t v e r s u s c a p a c i t y " cu rve should be on ly " p i e c e w i s e " 
v a l i d . In o t h e r words , t h e r e i s a d i f f e r e n t v a l u e of a f o r d i f f e r e n t 
ranges of X. 

In power p l a n t economics i t i s e a s i e r somet imes t o compare t h e 
r e l a t i v e c o s t s of two p l a n t s i z e s by t h e u n i t c a p a c i t y c o s t . Let 
U = K/Y be t h e u n i t c a p a c i t y c o s t , say in d o l l a r s per k i l o w a t t of 
i n s t a l l e d capac i ty ./$/kW), then equation 1 can be modified as fo l lows : 

K = a + b Y" (1) 

U = U0 + b 'Y"" 1 

where HQ and b ' a re new cons tan t s . 

Equation 2 can a l s o be w r i t t e n 

(2) 

(3) 

The above equation i l l u s t r a t e s several p r o p e r t i e s of the economy of 
s c a l e : 

1. Only when UQ 2 = UQ j = 0 and b'o = b ' j can one have t h e 
econcmy- o f - s c a l e law i'n i t s s imples t and most f r equen t ly used form, 
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(4) 

2. If UQ £ * UQ I and both a r e of s i g n i f i c a n t magn i tude w i t h 
respect t o U, then an Attempt to determine the s ca l e exponent n without 
the knowledge of these constants can lead to s i g n i f i c a n t mis informat ion . 
The same conclusion can be drawn when bT2 / b ' j . 

The fol lowing numerical example i l l u s t r a t e s th<a case in po in t : A 
power u t i l i t y was to ld tha t a 800-MWe power plant would cos t $1500/kW to 
bui ld while a 1200-MWe p lan t would only cost $1300/kW to bu i ld . At the 
s i m p l e s t l e v e l of r e a s o n i n g , the economy of s c a l e i s d e t e r m i n e d f rom 
equation 4, 

I f t he u t i l i t y i s a l s o t o l d , however , t h a t no m a t t e r what s i z e 
p l a n t i t d e c i d e s t o b u i l d , the r e g u l a t o r y and owners* c o s t th roughout 
the dura t ion of cons t ruc t ion is $200/kW, then the sca l e f ac to r would be 
determined through equation 3, assuming b ^ = b ' j , 

n = 1 + In (1100/1300) / In (1200/800) = 0 .59 . 

If f o r r e a s o n s such a s longer c o n s t r u c t i o n t i m e and h i g h e r 
investment r i s k , the company incurs UQ 2 = $400/kW instead of $200/kW, 
then the sca le exponent a is ' 

n = 1 + In (1100/1100) / In (1200/800) = 1. 

The above example i l l u s t r a t e s the f a c t t h a t only in the most s t a b l e 
technological , economic, and regula tory environment can the economy-of-
sca le exponent be determined with confidence. When there a r e complica-
t i o n s , such as in the turbulent 1970s, the values of IZQ and b' and other 
inf luencing f a c t o r s tend t o render a s p e c i f i c value of n meaningless. 

2.2 COMBINING TEE SCALE EXPONENTS OF SEVERAL GCMFCNENTS 

A power p l a n t c o n s i s t s of s e v e r a l p l a n t components each of which 
may have a d i f f e r e n t economy of s c a l e . U n d e r s t a n d i n g t h e s e v a r i o u s 
components and t h e i r economies of s c a l e and c o n t r i b u t i o n towards t h e 
o v e r a l l p l a n t i s a l s o i m p o r t a n t t o r e s o l v i n g t h e d i s c r e p a n c y between 
prospect ive and r e t ro spec t i ve views of the e f f e c t of p lan t s i z e on power 
p lant economics. 

Let K be the p lan t cost fo r p lan t capac i ty X, % e f b e t h e r e fe rence 
p l a n t c o s t f o r the r e f e r e n c e c a p a c i t y Xftgf* and K j ^"d * be p l a n t 
component and re fe rence p lan t component c o s t s , r e spec t ive ly . 'TYien 

n = 1 + In (1300/1500) / In (1200/800) = 0.65 

K = (5) 

(6) 
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Let Mj be t he f r a c t i o n of component p l a n t c o s t w i t h r e s p e c t t o 
overa l l pleCnt c o s t . Then 

Mj = Kj/K ; XMj = 1. (7) 

Note tha t each Kj has a d i f f e r e n t s ca l e exponent Uj wi th respect to 
H^ef j and t h a t Mj may change f o r v a r i o u s d e s i g n and c o n s t r u c t i o n 
s i t u a t i o n s . In the s imples t form of the economy of s c a l e expressed in 
equation 4, equat ions 5 and 6 can be w r i t t e n 

K % e f = ( Y / y R e f ) n = 1 + n In ( Y / Y ^ f ) + . . . (8) 

I K j / « R e f = S ^ / W ^ = ZMj + S ^ l n t Y / Y ^ ) + <9> 

E q u a t i n g e q u a t i o n s 8 and 9 u s i n g only t h e f i r s t two t e r m s and t h e 
property of equation 7, one has 

n = JjVIjnj. (10) 

Thus , in t h e s i m p l e s t fo rm of t h e economy of s c a l e l a w , i g n o r i n g 
secondary f a c t o r s , the scale exponent of the power p lan t i s the sum of 
t he s c a l e exponen t s of the componen t s , each of which i s w e i g h t e d w i t h 
the cost f r a c t i o n of the component wi th respec t to the ove ra l l p l a n t . 

Comtois1 has used the equation 10 to expla in the f l a t t e n i n g of the 
economy of s c a l e ( i n c r e a s i n g v a l u e of a ) f o r power p l a n t s d u r i n g t h e < 
1970s. IXiring t h i s per iod , because of r egu la to ry requirements , double-
d i g i t i n f l a t i o n , d o u b l e - d i g i t i n t e r e s t r a t e s , and long c o n s t r u c t i o n 
t imer , the f r a c t i o n Mj of t i m e - r e l a t e d cos t s has increased d r a s t i c a l l y , 
from around 15% to as much as 60% of the f i n a l c o s t . Since the ca r ry ing 
cha rge i s d i r e c t l y p r o p o r t i o n a l t o t h e amount borrowed and s i n c e t h e 
borrowed amount i n c l u d e s a l a r g e component t h a t i s s i z e independen t 
(n = 1), the increase in i t s f r a c t i o n r e s u l t s in increas ing the value of 
a — hence a f l a t t e n i n g in the economy of s c a l e . 

T a b l e 2.1 i l l u s t r a t e s t h e v a l u e of a f o r two c a s e s . In Case 1 t h e 
f i nanc i a l component represen ts only 15% of t he t o t a l c a p i t a l cos t a t the 
t i m e of s t a r t of o p e r a t i o n . In Case 2 t h e f i n a n c i a l component 
r e p r e s e n t s 50% of t h e t o t a l c a p i t a l c o s t a t t j ie t i m e of s t a r t of 
o p e r a t i o n . In s p i t e of t h e assumed s i m i l a r economy of s c a l e of 
corresponding p lan t components, the overa l l exponent s ca l e of Case 2 i s 
0.760 w h i l e of Case 1 i s 0.554. 



3. EMPIRICAL EVIEENCE 

There a re innumerable examples in da i ly l i f e tha t a bigger u t e n s i l , 
p i e c e of equ ipmen t , or d e v i c e (a house , a r a n g e , a t r u c k , a coa l m i n e r , 
or a ship) cos t s l e ss per of uni t capac i ty than a smal ler one. Between 
1940 and 1965 as the demand f o r e e c t r i c i t y was g r o w i n g , l a r g e r and 
larger generat ing p l an t s were b u i l t a t a lower and lower rea l cost per 
i n s t a l l e d k i l owa t t . Some of the cost reduction was due to the e f f e c t of 
learning on the par t of engineers who were ab le to bui ld the p l an t s more 
e f f i c i e n t l y ( t he l e a r n i n g c u r v e ) . However, the i n c r e a s e in p l a n t 
capac i ty — the economy of s ca l e — was the most s i g n i f i c a n t f ac to r in 
reduc ing c o s t s . 

In t h i s sec t ion we w i l l examine the empir ical evidence of the s c a l e 
law in p r o c e s s equ ipmen t , l a r g e e l e c t r i c equ ipmen t , power p l a n t s , 
e l e c t r i c u t i l i t i e s , and operat ions and maintenance of power p l an t s . 

3,1 PROCESS EQUIPMENT 

Phung e t a l . 2 have published examples of process equipment cos t and 
the s c a l e exponent a (Table 3.1). These examples i n c l u d e f u r n a c e s , 
d i r e c t - f i r e d b o i l e r s , s h e l 1 - a n d - t u b e h e a t e x c h a n g e r s , a i r c o o l e r s , 
p r e s s u r e v e s s e l s , c e n t r i f u g a l pumps and d r i v e r s , and p r o c e s s gas 
c o m p r e s s o r s . The d a t a were a s sembled f rom v a r i o u s e n g i n e e r i n g d a t a 
sources and were based on 1968-1969 d o l l a r s . 

We note from t h i s t ab le tha t the sca le exponent a changes between 
0.52 f o r c e n t r i f u g a l pumps and d r i v e r s t o 0.85 f o r p r o c e s s f u r n a c e and 
d i r e c t - f i r e d b o i l e r s . This s u p p o r t s t he o b s e r v a t i o n in t h e p r e v i o u s 
sec t ion t h a t the s c a l e exponent i s v a l i d only wi th in a c e r t a i n range and 
t h a t i t changes f rom equipment t o equ ipmen t , sy s t em t o s y s t e m , 
circumstance t o circumstance. Appl ica t ion of economy of sca l e wi thout 
the appropr ia te empir ica l evidence is t h e r e f o r e not v a l i d . 

3.2 LARGE ELECTRIC EQUIHWENT AND TECHNOLOGIES 

Lee3 has s tudied cos t versus r a t i n g for several p ieces of e l e c t r i c 
equipment w i t h which he was invo lved in d e v e l o p i n g and in p r i c i n g . 
These include steam tu rb ine genera to r s , power t r ans fo rmers , high vo l tage 
d i r e c t cur ren t conversion equipment, and t ransmiss ion l i n e s . 

F i g u r e s 3.1 th rough 3.4 show Lee ' s d a t a . Al l p i e c e s of equipment 
e x h i b i t economy of s c a l e w i t h i n t h e i r t e c h n o l o g i c a l r a n g e s . The 
r a t i o n a l e f o r t h i s economy of s c a l e i s easy t o u n d e r s t a n d . If t h e 
l a r g e r equipment i s no t cheaper pe r u n i t r a t i n g , t hen i t would no t be 
deve loped or would no t compete w e l l in t h e m a r k e t p l a c e . L a r g e r 
equ ipmen t , as a r u l e , i s deve loped a f t e r t h e s m a l l e r ones , and hence 
b e n e f i t s from improvements in technology and l o g i s t i c s . The d i s t i n c t i o n 
between economy of s c a l e and learning i s not c l ea r in t h i s ins tance . 

7 
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Table 3.2 is a determinat ion of a based on Lee's data and assuming 
e q u a t i o n 4. The economy of s c a l e i s f r e q u e n t l y s t e e p e r a t t he lower 
ranges of t h e r a t i n g than a t the h i g h e r r a n g e s , i n d i c a t i n g a t r e n d 
towards d i m i n i s h i n g r e t u r n . This t r e n d i s a l s o s i m p l e t o u n d e r s t a n d . 
When the t echno logy i s e x t e n d e d , one e n c o u n t e r s l i m i t a t i o n s in t he 
s t r e n g t h of m a t e r i a l s , f a b r i c a t i o n f a c i l i t i e s , t r a n s p o r t a t i o n 
f a c i l i t i e s , and market demand. 

A range of r e l a t i v e cos t s fo r t ransmiss ion l ines was given by Lee 
due to the dependence of t ransmiss ion l i ne cos ts on tower design and on 
t e r r a i n . Note a l so tha t the r e l a t i o n s h i p between MW-mile and kV-mile i s 
quad ra t i c . 

3.3 FOSSIL-FIRED AND NUCLEAR POWER PLANTS 

Bowers e t a l .^ made a l i t e r a t u r e survey t o determine how the c o s t -
s i z e r e l a t i o n s h i p in e l e c t r i c g e n e r a t i n g s t a t i o n s was viewed by 
planners , economists, and engineers . They found 34 sources published or 
reported between 1965 and 1982. 

Only seven of these 34 sources deal with empir ical da ta ; the o thers 
dea l m o s t l y w i t h e n g i n e e r i n g e s t i m a t e s or t h e p r o f f e r i n g of l e a r n e d 
judgment . In i a d d i t i o n , an e m p i r i c a l work by t he Genera l E l e c t r i c 
Company (GE) wds not rev iewed by Bowers e t a l . The r e s u l t s of t h e s e 
eight empir ica l s tud ie s a re tabula ted in Table 3.3. 

foe GE Study 
The r e s u l t s of t h e GE s t u d y were r e p o r t e d by Lee®. Th i s s t u d y 

compiled cos t : da t a for 305 f o s s i l - f i r e d power p lan t s b u i l t in the United 
S ta tes between 1960 and 1972, using the cost information reported by the 
u t i i l i t i e s t o the F e d e r a l Power Commission (F igu re 3.5) . The economic 
c o h d i t i o n s d u r i n g the 1960-1972 p e r i o d were r e l a t i v e l y s t ab l e and the 
cons t ruc t ion time was not too long; t he r e fo r e , i n f l a t i o n did not d i s t o r t 
t he co^st ?f i g u r e s a s much as i t d id d u r i n g t h e 1970s. The GE a n a l y s i s 
at tempted to e s t a b l i s h a causal r e l a t i o n s h i p between the p lant cos t s and 
f a c t o r s such as p lant r a t i n g , mu l t i p l e u n i t s , outdoor or indoor tu rb ine , 
and publ ic or p r iva t e owners. 

The f i r s t cu t of t h e s t u d y a t t e m p t e d t o n o r m a l i z e the d a t a by 
comparing the average cos t (in $/kWe) of a l l un i t s completed in the same 
year and then u s i n g t h a t a s a base t o g e t r a t i o s of t h e i n d i v i d u a l 
u n i t s . Next, the Gross National Product (GNP) d e f l a t o r was appl ied t o 
t a k e the t i m e e lement out of t he a v e r a g e c o s t s . F i n a l l y , t he d a t a so 
normalized were analyzed for the e f f e c t of s p e c i f i c causal f a c t o r s . For 
example, a l l un i t s wi th outdoor b o i l e r s were i so la ted and t he i r average 
cost in $/kWe was ca l cu l a t ed . The r a t i o of t h i s average c a p i t a l cos t to 
t he a v e r a g e of a l l 305 u n i t s became an index of how s i g n i f i c a n t t h a t 
c a u s a l f a c t o r might be. An index w i t h +2.5 p e r c e n t impact was judged 
s i g n i f i c a n t . Table 3.4 l i s t s the r e s u l t s of the s i g n i f i c a n t f a c t o r s . 
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F i g u r e s 3.6 th rough 3.8 show the impact of p l a n t s i z e on c o s t f o r 
four cases : 

(a) normalized cost of a l l 305 f o s s i l - f u e l e d power p l an t s 
(b) normalized cost of s u p e r c r i t i c a l u n i t s 
(c) normalized cost of a l l u n i t s ad jus ted fo r CM" d e f l a t o r s 
(d) normalized cost of a l l u n i t s ad jus ted for (HP d e f l a t o r s with a 

two-year lag 

Several observat ions can be d iscerned: 

(a) There i s a d e f i n i t e trend towards lower cost as the p lan t s i ze 
inc reases . 

(b) There i s a l so learning as u t i l i t i e s bui ld more than one un i t 
on the same s i t e . 

(c) As t he p l a n t s i z e i n c r e a s e d above 200 MWe in t he 1360s , t he 
t rend was towards s u p e r c r i t i c a l steam condi t ions (3400 p s i a , 
1000°F). While t h e s e s u p e r c r i t i c a l b o i l e r s a l s o showed some 
economy of s c a l e (n = 0.72) , t h e r e was a c o s t p e n a l t y t o use 
s u p e r c r i t i c a l b o i l e r s between 200 and 400 MWe. 

(d) The s c a l e exponent between 300 MWe and 900 MWe i s approximate-
ly be tween 0.22 and 0.28 both f o r t he GNP a d j u s t e d c a s e and 
for the case with two-year lag in GNP adjus tment . 

Mnaz Studiesf 1978 and 1979 

Mooz5 of t h e Rand C o r p o r a t i o n c o l l e c t e d d a t a f o r 39 comple ted 
nuclear p l an t s . The regress ion equation conta ins a l inear term (n = 1) 
for the s i ze f a c t o r . When the ove ra l l regress ion r e s u l t s were p lo t t ed 
a g a i n s t r e a c t o r s i z e s , however , he found n = 0.8 f o r t he r ange of 500-
800 MWe, n = 0.5 f o r the range of 1100-1200 MWe, and n = 0.7 f o r the 
range of 500-1200 MWe. 

A fol low-up ana lys i s by Mooz6 in 1979 included data for 55 nuclear 
u n i t s . With t he expanded d a t a b a s e , he found t h a t c o s t s appear t o 
i n c r e a s e l i n e a r l y (n = 1) w i t h t h e s i z e of t h e p l a n t w i t h no s a v i n g in 
un i t cost as the s i z e increases . 

Stewart Study, 1979 
•» 

Stewart made an econometric ana lys i s of the average cos t of power 
g e n e r a t i o n r e l a t e d t o f a c t o r s such as u n i t s i z e , hea t r a t e , l o c a t i o n , 
and the number of u n i t s per s i t e . No d i s t i n c t i o n between c o a l , o i l , and 
gas was made. He found l i t t l e e f f e c t of s i z e on t h e u n i t c o s t of 
equipment ($/kW). Although in an a l t e r n a t e s p e c i f i c a t i o n of t h e 
regress ion equat ion, the cost in $/kWe decl ined as the s i z e increased, 
he concluded that l i t t l e f a i t h can be put on the sign of the e l a s t i c i t y 
of steam plant cost wi th respect to un i t s i z e . 



10 

TJiPves Study. 1980 

Nieves e t al.® made a regress ion ana lys i s of h i s t o r i c a l power plant 
c o n s t r u c t i o n c o s t s as a f u n c t i o n of u n i t s i z e , yea r of i n i t i a l 
commerc ia l ope ra t ion , , and r e g i o n a l l o c a t i o n in the Un i t ed S t a t e s f o r 
both c o a l - f i r e d and nuclear genera t ing u n i t s . The regress ion equations 
include dummy va r i ab le s ind ica t ing whether or not the plant is located 
in the South and indica t ing whether a f l u e gas d e s u l f u r i z a t i o n system 
was i n s t a l l e d when the p l a n t was b u i l t . The r e g r e s s i o n e q u a t i o n f o r 
n u c l e a r p l a n t s i n c l u d e s dummy v a r i a b l e s f o r t u rnkey c o n s t r u c t i o n , 
cool ing towers, and plant loca t ion . The cos ts were ad jus ted to constant 
d o l l a r s using information from the Handy-Whitman Index of publ ic u t i l i t y 
cons t ruc t ion cos t s . The regress ion equation given by Nieves e t a l . was 
used by Bowers e t a l . to determine the cos t s fo r d i f f e r e n t s i z e un i t s 
and to deduce t he c o s t - s i z e s c a l e exponent . The r e s u l t s were n = 0.52 
for c o a l - f i r e d u n i t s and n = 0.25 for nuclear un i t s . 

Kcmanoff Study, 1981 
Komanoff9 hypothesized tha t power plant c a p i t a l cos t s in the 1970s 

depended on the cumulative capac i ty of the technology (coal or nuclear) 
in a d d i t i o n t o o t h e r f a c t o r s such as l o c a t i o n , a r c h i t e c t - e n g i n e e r , 
vendor, and s i z e . He co l l ec ted h i s t o r i c a l data from u t i l i t i e s as these 
data were reported to the Federal government, then ad jus ted the data to 
a c o n s t a n t d o l l a r s b a s i s by u s i n g t he Handy-Whitman index and by 
e l imina t ing the i n t e r e s t during cons t ruc t ion 

Table 3.5 shows Romanoff's regress ion equation for 116 c o a l - f i r e d 
un i t s completed between 1972 and 1977, t o t a l i n g 70,509 MWe. Table 3.6 
shows h i s r e g r e s s i o n e q u a t i o n f o r 46 n u c l e a r u n i t s comple ted between 
3971 and 1978, t o t a l i n g 39,265 MWe. 

Komanoff found no economy of sca le for c o a l - f i r e d u n i t s and n = 0.8 
fo r nuclear u n i t s . The p o s i t i v e c o r r e l a t i o n between cost and cumulative 
capac i ty ind ica tes that there was a trend for c a p i t a l cost t o increase 
as more and more u n i t s were b u i l t (or as t i m e e l a p s e d ) . T h i s was 
c e r t a i n l y t h e r e a l i t y in t he 1970s due to i n c r e a s e s in r e g u l a t i o n 
requirements a f f e c t i n g the scope of design and cons t ruc t ion . However, 
Komanoff d id not i nc lude r e t r o f i t c o s t s of e a r l i e r p l a n t s ; hence , h i s 
regress ion ana ly s i s has only l imi ted v a l i d i t y . In add i t ion , there is no 
technica l or engineering reason why the cost of a p lant should increase 
as more p l a n t s a r e b u i l t u n l e s s one has e v i d e n c e t h a t s o c i e t y i s 
b a s i c a l l y a g a i n s t a t echno logy as i t grows beyond a c e r t a i n c r i t i c a l 
s i z e . 

Construct ion Labor Demand Svstan . Department of Labor. 1982 

The Construct ion Labor Eemand System1 0 of the Department of Labor 
made a regress ion ana lys i s of data compiled in a 1981 spec ia l survey of 
u t i l i t i e s . The ob jec t ive of the study was to provide a cons i s t en t se t 
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of e s t ima tes for c a p i t a l cos ts and const ruct ion labor requirements . The 
repor ted c a p i t a l cos t s were converted to 1980 d o l l a r s by u t i l i z i n g the 
Handy-Whitman index. With respect to the c o s t - s i z e r e l a t i o n s h i p , the 
r e p o r t found n = 0.92 f o r c o a l - f i r e d p l a n t s and n = 0.63 f o r n u c l e a r 
p l a n t s . 

National Economic! Research Assoc ia tes . I n c . r 1982 

P e r l 1 1 of t h e N a t i o n a l Economic Resea rch A s s o c i a t e s , I nc . , 
p e r f o r m e d r e g r e s s i o n a n a l y s e s of h i s t o r i c a l cos t s of 33 nuclear u n i t s 
and 245 c o a l - f i r e d u n i t s . The c o s t - s i z e r e l a t i o n s h i p was determined to 
be n = 0.7976 f o r c o a l - f i r e d u n i t s and n = 0.4937 f o r n u c l e a r u n i t s . 

3.4 ELECTRIC UTILITIES 

Several economists have used s t a t i s t i c a l and econometric techniques 
to study economy of s ca l e in the e l e c t r i c u t i l i t y i ndus t r i e s . 

Ling 1 2 made an exhaustive a n a l y t i c a l ana lys i s of economy of sca le 
f o r s e v e r a l e l e c t r i c u t i l i t i e s in t he l a t e 1950s. He found t h a t both 
i nves tmen t and o p e r a t i n g c o s t a r e d e c r e a s i n g f u n c t i o n s of sys tem 
capac i ty . He found the fol lowing sca le exponents fo r the t o t a l cost of 
generat ion a t four u t i l i t i e s : 

U t i l i t y s i z e 
sca l e exponent 

Range of validity n 
Consolidated Edison 1000 - 4000 MWe 0.493 
De t ro i t Edison 1000 - 4000 MWe 0.668 
Phi ladelphia E l e c t r i c 1000 - 4000 We 0.544 
Conmonwealth Edison 1000 - 4000 MWe 0.652 

Across company l i n e s , the c o s t of g e n e r a t i o n a l s o depends on the 
s ize of the generat ing u n i t . The sca le exponents for c o a l - f i r e d power 
p l an t s were found to be as fo l lows : 

Capi ta l cost 0.854 
Fuel cost 0.896 
Labor cost 0.487 

Ehrymes and Kurz1 3 examined the impact of technological progress 
and economy of s c a l e in the e l e c t r i c u t i l i t y i n d u s t r y f o r t h e p e r i o d 
1937-1959. They found t h a t t he economy of s c a l e was v a l i d and the 
impact of technology was p a r t i c u l a r l y s t rong during the 1950s. 

Chris tensen and Greene1^ held tha t economy of sca le is s t eepes t at 
the sma l l - s i ze end, becomes level fo r a wide range, and then reverses a t 
t h e very l a r g e s i z e s . They found t h a t t h e r e were s i g n i f i c a n t s c a l e 
economies f o r n e a r l y a l l f i r m s in 1955. By 1970, t h e bu lk of U.S. 
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e l e c t r i c i t y generat ion was by f i rms operat ing a t t he i r maximum economy 
of s c a l e ( f l a t a r e a of t he c u r v e ) . They conc luded t h a t a s m a l l number 
of extremely large f i rms may exhib i t diseconomy of sca le . Researches by 
H u e t t n e r and Landon and S e i t z 1 6 i nd i ca t ed s i m i l a r f ind ings . Figure 
3.9 i l l u s t r a t e s the diseconomy of scale for large e l e c t r i c u t i l i t i e s as 
found by Christensen and Greene. 

S t i g l e r 1 7 recognized in 1958 tha t the re i s a f a i r l y wide range of 
optimum s i z e s — the long run marg ina l and ave rage c o s t c u r v e s of t h e 
f i r m a r e c u s t o m a r i l y h o r i z o n t a l over a long range of s i z e . S ince a 
number of f ac to r s may be re levant in determining the optimum plant s i z e , 
decis ion makers must be a l e r t in i den t i fy ing these f ac to r s if they a re 
to make cor rec t decis ions. 

3 .5 FUELS AND OPERATIONS AND MAINTENANCE COSTS 

The power generat ion cost cons i s t s of c a p i t a l , f u e l , and operat ions 
and ma in t enance c o s t s t y p i c a l l y in the r a t i o 0 .6 /0 .2 /0 .2 f o r n u c l e a r 
p l a n t s and 0 .4 /0 .45 /0 .15 f o r c o a l - f i r e d p l a n t s . Economy of s c a l e a l s o 
extends to some fuel and O & M cost components. 

The economy of s c a l e f o r f u e l i s r e l a t i v e l y sma l l ( n » l ) f o r coa l 
but could be l a r g e (n < 1) f o r n u c l e a r f u e l . This i s because the 
nuclear fue l cycle cost involves components such as t r anspo r t a t i on and 
expert se rv ices which do not depend on whether the reac tor is large or 
small . At t h i s time we have not been able to compile empir ica l data on 
the economy of s c a l e of tht? f u e l components f o r e i t h e r c o a l - f i r e d or 
nuclear power p lan t s . 

Myers e t a l . 1 ® have been f o l l o w i n g t he O&M c o s t s f o r both c o a l -
f i r e d and nuclear p lants for a number of years . They found l i t t l e or no 
dependence of the number of p l a n t p e r s o n n e l on the s i z e of t h e 
generat ing u n i t s between 800 and 1200 MWe. Fac tors o ther than s ize a r e 
much more i m p o r t a n t t o the O & M c o s t s . For n u c l e a r p l a n t s , t h e s e 
include increases in regula tory requirements and qua l i ty assurance s ince 
the Three Mi l e I s l a n d a c c i d e n t . For c o a l - f i r e d p l a n t s , t he f l u e gas 
s c r u b b i n g o p e r a t i o n and t h e age of t h e p l a n t s a f f e c t s t a f f i n g 
requirements. 

Tab les 3.7 and 3.8 i l l u s t r a t e the O & M c o s t s f o r a n u c l e a r and 
c o a l - f i r e d p l a n t s , r e spec t ive ly , fo r the period before and a f t e r the TMI 
accident . Tables 3.9 and 3.10 i l l u s t r a t e the s i t e s t a f f requirements as 
of 1982. 

Figure 3.10 shows the r e s u l t s of the OMOOST computer cost fo r the O 
& M c o s t per kWh as a f u n c t i o n of u n i t r a t i n g and m u l t i p l e u n i t s a t a 
c o a l - f i r e d power p l a n t . The curve f o r the s i n g l e - u n i t p l a n t shows an 
economy of s c a l e exponent n = 0.1 in the range 400-1000 MWe. The curve 
f o r the d o u b l e - u n i t p l a n t shows an economy of s c a l e exponent of 0.45 
between 800 and 2600 MWe. 



4 . USE CP BOCNCMf CP SCALE 

The eeonomy-of-scale law was used extens ive ly during the 1960s and 
1970s as power p l an t s were b u i l t a t ever la rger s i ze s . In p a r t i c u l a r , 
t h e des ign of n u c l e a r p l a n t evo lved very r a p i d l y d u r i n g t h i s p e r i o d , 
from about '00 MWe s i ze in 1958 to 1300 MWe s ize in 1970. Also, during 
the 1970s e ra l renewable energy technologies , such as so lar c e l l s and 
biomass, *;ere promoted. Their products were not cost compet i t ive wi th 
f o s s i l and n u c l e a r energy but were b e l i e v e d t o be c o m p e t i t i v e i f the 
sca le of production were expanded. 

The use of the economy of sca l e in the economic ana lys i s of several 
energy technologies during the 1970s is out l ined below. 

4 . 1 ENERGY FOONCMIC DATA BASE AND IN THE CONCEPT CODE 

Since the ea r ly 1970s, United Engineers and Cons t ruc tors , Inc., (UE 
& C) has been doing cos t e s t i m a t e s f o r h y p o t h e t i c a l power p l a n t s of 
var ious fue l types: uranium, coa l , o i l , and na tura l gas. The work has 
been suppor t ed by t h e Depar tment of Energy and the Nucl ea r R e g u l a t o r y 
Commission and t h e i r predecessors . A s e r i e s of r e p o r t s 1 has been 
p u b l i s h e d , the l a t e s t of which i s lX)E/NE-0052 ( J u l y 1983). Data in 
t h e s e r e p o r t s c o n s t i t u t e a m a j o r b a s i s f o r t he CONCEPT_q.ode which i s 
compiled and maintained by Oak Ridge National Laboratory . 

The approach used by UE & C i n c l u d e s d e f i n i n g the des ign b a s i s , 
f i x i n g c e r t a i n s t a n d a r d s and r e g u l a t i o n s , u s i n g c u r r e n t m a t e r i a l and 
p r i e e data (as of the date of e s t ima te ) , and e s t ima t ing the "overnight" 
cos t of a power p lan t . While the t rack record of these cost e s t ima tes 
has been poor because of the moving t a rge t s in the turbulent 1970s, the 
same s y s t e m a t i c approach was a p p l i e d f o r a l l p l a n t types and f o r a l l 
plant s i z e s . 

Table 4.1 shows the c o s t - s i z e sca l ing exponents used in the GCNCEPT 
code. Note t h a t each component of t h e p l a n t has d i f f e r e n t s c a l i n g 
exponents. 

Tab le 4.2 shows t he e v o l u t i o n of c o s t - s i z e exponen t s used by 
UE & C a n d by Oak Ridge N a t i o n a l L a b o r a t o r y (ORNL) over a p e r i o d of 16 
years19*" . 

on 
Delene e t a l . have backed out the s i ze sca l ing exponents from the 

CONCEPT code. These exponen ts have been shown in Tab le 4.1 and a r e 
d i f f e r e n t f o r d i f f e r e n t components . A v a l u e of n = 0.5 i s shown f o r 
n u c l e a r p l a n t s and n = 0.62 f o r c o a l - f i r e d p l a n t s , s u g g e s t i n g a ve ry 
s teep economy of sca l e for both. 

The va lues of the s c a l e exponent sugges t ed by DeJene e t a l . a r e 
corroborated by the r e s u l t s of the computer outputs of OCNCEPT , shown 
in T a b l e s 4.3 and 4.4. The r e s u l t s a r e shown in 1984 d o l l a r s f o r t h r e e 
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s izes of nuclear and c o a l - f i r e d p lan t s hypothesized to be ordered for a 
locat ion near At l an ta , Georgia. The s izes of the un i t s a r e 400 MWe, 800 
MWe, and 1200 MWe. The c o s t s shown i n c l u d e d i r e c t , i n d i r e c t , and 
contingency components. The d i r ec t cos ts were fu r the r broken in to seven 
major p lant accounts and for each account in to equipment, m a t e r i a l , and 
labor . 

Figures 4.1 and 4.2 are reproduced from the Reference Book For The 
Energy Economic Data Base Program (EEEB), EOE/NE-0052. In t h e s e 
f i g u r e s , UE & C a l l u d e d in t h e i r " r e s u l t s " t h a t a s c a l i n g f a c t o r of n = 
0.7 is app l i cab le to LWRs and a sca l ing f a c t o r of n = 0.45 i s app l icab le 
t o p r o s p e c t i v e r e a c t o r s such as t he l i q u i d me ta l f a s t b r e e d e r and t h e 
Consol i d a t e d N u c l e a r Steam Supply (CNSS) r e a c t o r . I t a l s o r e p o r t e d a 
sca l ing exponent of n = 0.24 for the German experience. However, these 
values were not supported by w r i t t e n documentation or by the qua l i t y 
the data po in ts . 

4 .2 AGENCIES, VENDCRS, AND ARCHITECT ENGINEERS 

Tab le 4.5 t a b u l a t e s t he use of t he economy of s c a l e by members of 
the v a r i o u s o r g a n i z a t i o n s in t h e i r c o s t e s t i m a t e s f o r c o a l - f i r e d and 
nuclear un i t s . These organiza t ions include the E l e c t r i c Power Research 
I n s t i t u t e , the I n t e r n a t i o n a l Atomic Energy Agency, t he Depar tment of 
Energy, Westinghouse, General E l e c t r i c , Ebasco , G i l b e r t Commonwealth, 
and two German organiza t ions . 

Several observat ions can be made from t h i s t a b l e : 

1. Economy of £<$ale is more pronounced for nuclear p lan t s than for 
c o a l - f i r e d p l&nts . 

2. Economy of sca le is more pronounced in the lower r a t ing range 
(100-400 MWe) than in the higher r a t i n g range (400-1300 MWe). 

3. Al l o r g a n i z a t i o n s b e l i e v e d t h a t economy of s c a l e d i s f a v o r e d 
small r eac to r s in the 1970s. 

This prospect ive view by engineers i s , of course, q u i t e d i f f e r e n t 
from the r e t ro spec t i ve view by economists, as discussed e a r l i e r . 

One should n o t e t h a t many v a l u e s in Tab le 4.8 a r e not e n t i r e l y 
independent from the data in Table 4.2 of CRNL and HE SLCJ - For example, 
EPRI, IAEA, EOE, and several commercial o r g a n i z a t i o n s 3 0 " 4 6 and the 1983 
GE s tudy c i t e t h e CONCEPT code as a s o u r c e of d a t a . Pe rhaps t h e only 
independent d a t a i s t h a t coming f rom Gerpiany. Both Mandel of t he 
Rheinisch-West fa l i sches E l e k t r i z i t a t s w e r k e 4 2 and Gehr ing of K r a f t w e r k 
Un ion 4 3 used a s c a l e exponent f o r n u c l e a r p l a n t s more pronounced than 
t h a t of t h e CONCEPT code (n = 0.46 t o 0.24 as compared t o 0.5). These 
values a r e appl icab le only for the range of 600-1300 MWe. For the lower 
range, they a r e presumably even more pronounced. 
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4.3 BOCNCMY OF SCALE OF PLANT OCMPCNENTS 

The d i r e c t p l a n t c o s t i s u s u a l l y broken i n t o seven components . 
Their weighting as determined from the r e s u l t s of the GCNGEPT code shown 
in T a b l e s 4.3 and 4.4 a r e l i s t e d be low. 

rmponents nf direct cost Weight 
Coal Nuclear 

Land and land r i g h t s <0.01 <0.01 
S t ruc tures and improvements 0.13 0.26 
Reac to r /bo i l e r plant equipment 0.47 0.30 
Turbine p lan t equipment 0.23 0.24 
E l e c t r i c p lan t equipment 0.09 0.11 
Miscellaneous plant equipment 0.02 0.04 
Main condenser heat r e j e c t i o n system 0.05 JLU& 

Total 1.00 1.00 

Table 4.6 shows the r e s u l t s of the survey made in 1975 by Bowers e t 
a l . c a n v a s s i n g t he s c a l e exponents used by v a r i o u s o r g a n i z a t i o n s in 
t h e i r prospect ive cost es t imates for t he i r power plant p r o j e c t s . 

4 .4 FT® AND 1MFBR COST ESTIMATES 

Dur ing the 1970s and e a r l y 1980s t h e r e has been much e f f o r t t o 
deve lop t h e h i g h - t e m p e r a t u r e gas coo led r e a c t o r (HTGR) and t he l i q u i d 
metal f a s t breeder reac tor (IMFBR). P i l o t power p l an t s were designed 
and b u i l t a t r e l a t i v e l y small r a t ings f o r demonstrat ion purposes and for 
determining the economics of commercia l izat ion. For example, the Fort 
S t . Vra in HTGR was b u i l t a t 330 MWe (but o p e r a t e d a t l e s s than f u l l 
capaci ty) and the Clinch River Breeder Reactor (CRER) was designed (but 
not b u i l t ) a t 350 MWe. Plans for commercial r eac to rs of the same type 
f requen t ly used the economy-of-scale law to argue tha t the technology 
would be compet i t ive a t the larger s i z e . 

T a b l e 4.7 summar izes the v a l u e s of t he exponent n i n h e r e n t in t h e 
proponents' s tud ies . They a l l seem t o agree with the LWR data from UE & 
C and f rom t h e CONCEPT computer code d i s c u s s e d e a r l i e r . Evidence f o r 
t h e i r v a l i d i t y i s lacking, however. 

4 .5 OTHER TBCHOJOGIES 

There have been many c a p i t a l c o s t e s t i m a t e s f o r advanced energy 
p r o j e c t s including coal g a s i f i c a t i o n , s o l a r c e l l s , b iomass , and ocean 
thermal power p l a n t s . These technologies shared the fol lowing f e a t u r e s : 
(1) they were s u p p o r t e d by government f u n d s , (2) they were no t ye t 
commercialized or even b u i l t , and (3) they were small in sca le . 

P r a c t i c a l l y every cost study of the above na ture used the economy-
o f - s c a l e hypothesis to argue that a p a r t i c u l a r technology would genera te 
compet i t ive energy i f made large enough. To c i t e a few: 



16 

A l a r g e coa l g a s i f i c a t i o n f a c i l i t y on the o r d e r of 50,000 
b b l / d a y of o i l e q u i v a l e n t would e x p l o i t economy of s c a l e and would 
genera te compet i t ive gas. 7 

A cogeneration r e t r o f i t for the I l l i n o i s Center (a commercial-
i d e n t i a l bui lding development near downtown Chicago) i s not economic 
ause i t i s too small . 8 

r es 
because 

I t i s almost always more a t t r a c t i v e t o produce syn the t i c na tura l 
gas and power in large separa te complexes due to economy of sca le . 

. The economy of s c a l e ach ieved by u s i n g a l a r g e number of one 
computer vendor's products has r e su l t ed in an impressive savings in t ime 
and d o l l a r s . 5 0 

Economy of s c a l e a p p l i e s f o r o p e r a t i n g a f a r m of a n a e r o b i c 
d i g e s t i o n of o r g a n i c r e s i d u e s f o r methane p r o d u c t i o n . The c o s t was 
reduced from $l ,700/yr per ac re to $690/yr per acre when the farmed area 
increased from 10 acres to 50 ac res . 

. There i s economy pf sca le in recycl ing , s to rage , and dumping of 
l iquid i n d u s t r i a l wastes . 

Economy of s c a l e favors_„the l a r g e s t p r a c t i c a l s i z e p l a n t . 
Technology is the l im i t i ng f ac to" . 

The p r o d u c t i o n of ammonia f r o m b r a v a c a n e can e n j o y a 
s i g n i f i c a n t economy of s ca l e as the plant increases in capac i ty . 4 

Economy of s c a l e cou ld be a p p l i e d t o s o l a r and wind energy 
app l i ca t ion in Hawaii. 

. Economy of sca le must be u t i l i z e d in the m a t e r i a l s recovery from 
i n d u s t r i a l waste. 6 

. A l a r g e r c e n t r a l p r o c e s s i n g p i a n t f o r dry ing/dehumidi f ica t ion 
desiccant w i l l enjoy economy of sca le . 

. The o v e r a l l economy of s c a l e in p roduc ing i n d u s t r i a l gas i s 
s i g n i f i c a n t l y more pronounced a t the lower p lant s i zes than at higher 
o n e s . 5 8 

Economy of s c a l e in p e t r o l e u m r e f i n i n g , s t o r ^ e , and 
d i s t r i b u t i o n has many f a c t o r s including nontechnological ones. 



5. GGNdUSICNS 

The e c o n o m y - o f - s c a l e law i s r e a l but depends on many f a c t o r s . 
Ar t i sans and technologis t s have t r a d i t i o n a l l y b u i l t prototypes to v e r i f y 
the workabi l i ty of an idea. If the prototype does not work, the idea is 
m o d i f i e d or abandoned; if i t does , then b i g g e r and b e t t e r d e v i c e s a r e 
b u i l t based on the p r o t o t y p e , w i t h t he f o l l o w i n g g e n e r a t i o n l e a r n i n g 
from the preceding generat ion. Without economy of s ca l e , soc ie ty would 
not have those l a r g e and w o n d e r f u l l y e f f i c i e n t machines t h a t e x i s t 
today. 

In the power p lant s e c t o r , economy of sca le worked wonders during 
the 1950s and 1960s. Plant s i z e increased from l i t t l e more than 100 WJWe 
to wel l over 600 MWe with the measurable r e su l t of decreasing power cost 
in rea l terms. However, when plant s i zes increased beyond 1,000 MWe in 
the turbulent 1970s, the point of diminishing re tu rn was somehow crossed 
and no economy of s c a l e was s i g n i f i c a n t l y observed. This observat ion is 
most no t iceable for nuclear r eac to r s which increased f i v e f o l d in s i z e 
w i th in a decade and which went through many problems of cons t ruc t ion , 
opera t ion , and regula t ion . 

There a r e s e v e r a l components t o the f i n a l c o s t of a power p l a n t , 
each component having i t s own economy of sca le . When engineers speak of 
a s t e e p s c a l e exponen t , say n = 0.6 t o 0.4, they mean on ly f o r t he 
d i r e c t and i n d i r e c t c o s t components . Due t o t he s t r i n g e n t r e g u l a t o r y 
r e q u i r e m e n t s , i n f l a t i o n , h igh i n t e r e s t r a t e s , and long c o n s t r u c t i o n 
pe r iods , these components assumed a smaller and smal le r percentage of 
t h e f i n a l c o s t of a n u c l e a r p l a n t d u r i n g t h e 1970s — about 4096 as of 
1984. The other 6096 is t ime dependent and soc ie ty r e l a t e d . 

The 1970s were a t u r b u l e n t e r a when t he e n v i r o n m e n t a l end s a f e t y 
r e q u i r e m e n t s on power p l a n t s w e r e i n c r e a s e d even d u r i n g p l a n t 
cons t ruc t ion , when i n f l a t i o n and i n t e r e s t r a t e s were high, and when the 
cons t ruc t ion dura t ions became longer than the es t imated dura t ions by two 
t o t h r e e t i m e s , p a r t i c u l a r l y f o r p l a n t s c l o s e t o l a r g e p o p u l a t i o n 
c e n t e r s . Thus, a s much as 60% of t h e f i n a l p l a n t c o s t d id not have any 
economy of s ca l e , or even a negat ive economy of s ca l e . The economy of 
s c a l e of t he d i r e c t and i n d i r e c t c o s t components were overwhelmed by 
these nonengineering cost components. 

In the f u t u r e a s power p l a n t s become more s t a n d a r d i z e d and 
r e g u l a t i o n more s t a b i l i z e d , we expec t t h a t t he n o n e n g i n e e r i n g c o s t 
components w i l l decrease and the economy-of-scale law w i l l once again be 
s i g n i f i c a n t in power plant economics. 
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Table 2 .1 . Increasing Share of Non-Size-Related Costs 
Resul ts in Leveling of the Economy of Scale 

A Numerical Example 

Case 1 Hase 2 
Fract ion Scale Frac t ion Scale 

Plant component of cost exponent of cost exponent 

Land 0.01 0.0 . I 0.0 
S t ruc tures and improvements 0.20 0.5 0.11 0.5 
Reac to r /bo i l e r plant 0.20 0.6 0.09 0.6 
Turbine p lan t 0.10 0.8 0.05 0.8 
E l e c t r i c p lant 0.08 0.4 0.04 0.4 
Heat r e j e c t i o n p lant 0.02 0 .8 0.01 0.8 
Miscellaneous 0.05 0.3 0.03 0.3 

Engineering 0.10 0.2 0.05 0.2 
Construct ion services 0.08 0.45 0.05 0.45 
Owners' cos t s 0.05 0.5 0.05 0.5 

Dependent co s t s 0.11 1.0 0.52 1.0 

Overall 1.0 0.554 1.0 0.760 

Case Is S t a b l e c o n d i t i o n s , low i n f l a t i o n , low i n t e r e s t r a t e , s h o r t 
cons t ruc t ion dura t ion ( typica l of the l a t e 1960s) 

Case 2s TUrbulent condi t ions , high i n f l a t i o n , high i n t e r e s t r a t e , long 
cons t ruc t ion dura t ion ( typica l of the l a t e 1970s) 
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Table 3 . 1 . Examples of Equipment Cost and Size R e l a t i o n s h i p 

Equipment Size and range 
Cost 

Point va lue Exponent n 

Process Furnace 

D i r ec t Fired 
Bo i l e r s 

20-300 IVMBtu/hr 

20-30 MWBtu/hr 

$100,000; 30 MWBtu/hr 
• u n i t , f i e l d e rec t ed 

$20,000; 50 MVBtu/hr 
u n i t , f i e l d e r e c t e d , 
c y l i n d r i c a l , carbon 
s t e e l 

0.85 

0.85 

Shel l and Tube 
Heat Exchangers 

200-5,000 f t 2 $7,000; 700 f t 2 u n i t , 
as f a b r i c a t e d , 150 psi 

0 .65 

Air Coolers 200-5,000 f t 2 $20,000; 2,000 f t 2 

u n i t , f i e l d e rec t ed 
carbon s t e e l 

0.80 

P ressu re Vessels 2'CD x4'H to 
10'CD x 1001H 

$10,000 per u n i t 
4 .3 f t CD x 40 f t high 
v e r t i c a l , carbon s t e e l , 
50 ps i 

0.65 
v e r t i c a l 
0.60 
h o r i z . 

C e n t r i f u g a l 
Pumps and 
Dr ivers 

4,000-200,000 
C/H Factor 
(gpm x p s i ) 

$2,000 per u n i t , 
c e n t r i f u g a l c a s t iron 
C/H = 35,000 

0.52 

Process Gas 
Compressors 

30-10,000 Bhp 
(Brake horsepower) 

$140,000/1,000 Bhp, 
carbon s t e e l c e n t r i f u g a l 

0.82 

S o u r c e s : Doan L. Phung e t a l . , "Assessment of I n d u s t r i a l Energy 
Conservat ion by Unit P rocesses , " I n s t i t u t e f o r Energy Ana lys i s , Oak 
Ridge Associa ted I f t i i v e r s i t i e s , Report CRAU/IEA-80-4 (R), March 1980. 

Note; Some da ta on equipment c o s t s and cos t exponents were taken from: 

K. M. G u t h r i e , "Data and T e c h n i q u e s f o r P r e l i m i n a r y C a p i t a l Cos t 
E s t i m a t i n g , " Chemica l E n g i n e e r i n g , March 24; '^Capital Costs f o r 54 
Chemical Processes , " Chemical Engineerings June 15, (1969). 

H. Popper e t a l . , Modern Cos t E n g i n e e r i n g T e c h n i q u e s . M c G r a w H i l l 
Book Company, New York, (1970). 

M. S. P e t e r s and K. D. T immerhaus , P l a n t Des ign and Economics f o r 
rhemicnl Engineers, McGraw H i l l Book Company, New York, (1968). 

O f f - t h e - s h e l f p r i c e s f o r e q u i p m e n t w e r e a l s o t a k e n f rom s p e c i f i c 
m a n u f a c t u r e r s ( e . g . , Babcock and Wilcox Handbook on p r i c e s of 
f u r n a c e s ) . 
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Table 3 . 2 . Economy of Scale fo r Large E l e c t r i c Equipment 

Scale exponent n 

Fossil Steam Turbine Generators 

350 - 700 MV 0.68 
500 - 1000 MW 0.69 

Power Transformers 

230 kV 

200 - 400 mva 0 .58 
400 - 800 mva 0.67 
600 - 1200 mva 0.74 

345 kV 

200 - 400 mva 0.46 
400 - 800 mva 0.67 
600 - 1200 mva 0.80 

500 kV 

200 - 400 mva 0.47 
400 - 800 mva 0.55 
600 - 1200 mva 0.75 

High Voltage TTH Conversion Equipment 

100 - 1000 Wi 0.78 
1000 - 4000 MN 0.84 

Transmission Lines a 

225 - 500 kV 0 .98; 1 .20 b 

500 - 765 kV 0.80; 0.69 
765 - 1100 kV 0.59; 0 .28 

Source: Values were e s t ima ted from g raph ica l data by Thomas Lee, " the 
Case f o r E v o l u t i o n a r y O p t i m i z a t i o n , " F u t u r e S t r a t e g i c s f o r Energy 
Development - Question of Sca l e , proceeding of a conference CRAU-130, 
Oak R idge A s s o c i a t e d U n i v e r s i t i e s , P. O. Box 117, Oak R i d g e , IN, 
pp. 229-256 (1976) . 

a Note t h a t the r e l a t i o n s h i p between MW-mile and kV-mile is quad ra t i c . 
b Values were es t imated f o r each of the two curves given by Lee. 
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Table 3 .3 . Empirical Evidence of Cost -Size 
Rela t ionship in Power P lan t s 

Cost exponent 
n 

$/kWe exponent 
s 

Study Coal Nuclear Coal Nuclear 

1. Lee, 1976 0.85 na -0 .15 na 

2. Mooz, 1978 na 0.5-0.8 na -0 .5 t o -0 .2 

3. Mooz, 1979 na 1 na 0 

4. Stewart , 1979 a na a na 

5. Nieves e t a l , 1980 0.52 0.25 -0 .48 -0 .75 

6. Kcmanolf, 1981 1.00 0.80 0 -0 .20 

7. Construction Labor 
Demand System, 1982 0.92 0.63 -0 .08 -0 .37 

8. P e r l , 1982 0.80 0.49 -0 .20 -0 .51 

a Stewart concluded tha t "Although the re i s some decrease in $/kW wi th 
respect to the s i z e of the u n i t , t h i s i s smal l . L i t t l e f a i t h can be 
put on t h e s ign of t h e e l a s t i c i t y ( s c a l e exponent ) of s team p l a n t 
cost wi th respect to un i t s ize ." 
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Table 3 .4 . Index for Parameters Af fec t ing Capi ta l 
Costs of 305 Foss i l Fuel P lan t s (1960-1972) 

Average No. of Cost 
MWe u n i t s $/kWe index 

National 343 305 127.46 1.0 
F i r s t u n i t s 381 80 143.47 1.126 
Second u n i t s 354 76 122.86 0.964 
Nonf i r s t and 

nonsecond u n i t s 317 149 119.7? 0.939 
Conventional 

cons t ruc t ion 347 202 128.97 1.012 
Outdoor cons t ruc t ion 334 103 124.39 0.976 

Coa l - f i r ed 363 249 126.98 0.996 
Dual- fuel 251 56 130.54 1.024 
P r i v a t e u t i l i t i e s 366 258 126.20 0.99 

Public u t i l i t i e s 215 47 139.24 1.092 
Conventional bo i l e r s 258 237 127.87 1.003 
Supe rc r i t i c a l b o i l e r s 640 68 126.88 0.995 

{Source; Thomas H. Lee, "The Case of Evolut ionary Opt imizat ion," Future 
Strategies Eor. Energy Development - A ques t ion o l Scale, proceeding 
of a c o n f e r e n c e ORAU-130, Oak Ridge A s s o c i a t e d U n i v e r s i t i e s , P. O. 
Box 117, Oak R idge , TO, pp. 229-256 (1976) 
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Table 3 .5 . Kcmanoff's Regression Equation for 
116 Coal-Fired Units Completed Between 1972-1977 

$/KWe = 0.234 t1 f 2 f 3 f 4 f 5
0 - 6 1 5 

vdiere 

f j = Loca t ion f a c t o r ; 1.14 i f N o r t h e a s t , 1.26 i f Wes t , 0.76 if 
South C e n t r a l , 0.86 if S o u t h e a s t ( e x c l u d i n g S o u t h e r n 
Company) 

f 2 = Company f a c t o r ; 0.73 if Sou thern Company, 1.18 if American 
E l e c t r i c Power 

f 3 = M u l t i p l e u n i t f a c t o r ; 1 i f s i n g l e u n i t , 0.904 if m u l t i p l e 
un i t 

f 4 = Scrubber f a c t o r ; 1.26 if having scrubber 

f 5 = Cumulative nationwide coal i n s t a l l e d capaci ty f a c t o r ; t h i s 
was 260,400 MWe in 1971 

Source: Charles Komanoff, Power. Plant Cost E S G a l a t i ° n f Komanoff Energy 
Associa tes , New York, NY (1981). 
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where 

h 

h 

h 

u 

*5 

MW 

' 6 

Table 3 .6 . Romanoff's Regression Equation for 
46 Nuclear Units Completed Between 1971 and 1978 

$/KWe = 6.41 f 2 f2"0.105 ^ f g ^ - 0 . 2 fgO.577 

1.28 if locat ion i s Nor theas t , 1 elsewhere 

The number (1 or more) of reac tor the a rch i t ec t - eng inee r 
has been involved in 

0.903 i f mul t ip le u n i t , 1 if s i ng l e un i t 

1.34 i f " d a n g l i n g , " t h a t i s , i f t he u n i t was s t i l l under 
cons t ruc t ion a t the t ime of ana lys i s but same cost numbers 
had already been a v a i l a b l e 

1.20 if the un i t has cooling towers, 1 if once-through cooling 

Unit s i ze 

Cumulative nuclear capaci ty in the nat ion 

Source; Charles Komanoff, Power Plant Cost Esca la t ion . Komanoff Energy 
Assoc ia tes , New York, NY (1981). 
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Table 3 .7 . Comparison of 1982 and 1978 Annual OSM 
Cost-Estimating Guidel ines for a 1 x 1150 MWe 

PWR Plant a t 65% Capacity Factor 
(mi l l ions of 1982 d o l l a r s ) 

1978 1982 

Ons i te s t a f f 6.6 14.8 

Maintenance ma te r i a l s 2.3 4 .3 

Supplies and expenses 6.0 5.5 

Regulatory f e e s , inspec t ions , 
and reviews 

0.1 0.5 

O f f s i t e support se rv ices 0 3.7 

Insurance 0.4 6.0 

Adminis t ra t ive and general 2.2 8.6 

Total 17.6 43.4 

Sou rce : M. L. Myers , L. C. F u l l e r , and H. I . Bowers , "Nonfuel O p e r a t i o n 
and Maintenance Costs for Large Steam-Electr ic Power P lan t s - 1982," 
CKNL/TM-8324, Oak Ridge Nat ional Laboratory, Oak Ridge, TN (September 
1982). 
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Table 3 .8 . Comparison of 1982 and 1987 Annual CttM 
Cost-Estimating Guidelines for a 2 x 575 MWe 

Coal-Fired Plant a t 65% Capacity Factor 
(mil l ions of 1982 d o l l a r s ) 

1978 1982 

Onsi te s t a f f 9.9 9.5 

Maintenance ma te r i a l s 4.2 4.0 

Supplies and expenses 16.7 13.5 

Regulatory f e e s , i n spec t ions , 
and reviews 

0 0 

O f f s i t e support se rv ices 0 1.1 

Insurance 0 0.2 

Adminis t rat ive and general 1.7 8.4 

Total 32.5 36.7 

Source : M. L. Myers, L. C. F u l l e r , and H. I . Bowers , "Nonfuel O p e r a t i o n 
and Maintenance Costs for Large Steam-Elect r ic Power P lan t s - 1982," 
QRNL/TM-8324, Oak Ridge National Laboratory Oak Ridge, TN (September 
1982). 
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Table 3 .9 . Onsi te S ta f f Requirement for LWR Power Plants 
(800-1200 MVe Unit Size) 

Units per s i t e 

Function 1 2 3 4 

Plant manager's o f f i c e 
Manager 
Ass i s tan t 
Quali ty assurance 
Environmental control 
Public r e l a t i o n s 
Training 
Safety and f i r e pro tec t ion 
Administrat ive serv ices 
Health se rv ices 
Secur i ty 

Subtotal 

Operations 
Supervision (excluding s h i f t ^ 
S h i f t s 

Subtotal 

Maintenance 
Supervision 
C r a f t s 
Peak maintenance annualized 

Subtotal 

Technical and engineering 
Reactor 
Radiochemi ca l 
Engineering 
Performance, r e p o r t s , 

and technic ians 
Subtotal 

Total 

If not including s ecu r i t y 

If not including s ecu r i t y 
and peak maintenance 

1 1 1 1 
1 2 3 4 
6 6 7 8 
1 1 1 1 
1 1 1 1 

12 12 12 12 
1 2 3 4 

49 55 65 78 
2 2 2 2 

168 176 189 205 

9 9 18 18 
£2 104 15l£ 2M 
61 113 174 226 

12 14 26 28 
55 71 87 103 

HQ 1E5 2M 
122 195 278 351 

5 5 7 7 
8 8 12 12 

16 16 16 16 

21 M 22. M 
50 59 74 83 

401 543 715 865 

307 449 62-1 771 

252 339 456 551 

Spurce : M. L. Myers , L. C. F u l l e r , and H. I . Bowers, "Nonfuel O p e r a t i o n 
and Maintenance Costs f o r Large Steam-Elec t r ic Power Plants - 1982," 
CRNL/TM-8324, Oak Ridge National Laboratory Oak Ridge, IN (September 
1982). 
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Table 3.10. Qnsi te S taf f Requirement for Coal-Fired 
Power P lan t s Without PCD Systems 

(400-800 m e Unit Size) 

Units per s i t e 

Function 1 2 3 4 

Plant manager's o f f i c e 
Manager 
Ass is tan t 
Environmental 
Public r e l a t i o n s 
Training 
Safety 
Administrat ive services 
Health se rv ices 
Securi ty 

Subtotal 

Operations 
Supervision (excluding s h i f t ) 
S h i f t s 
Fuel handling 

Subtotal 

Maintenance 
Supervision 
C r a f t s 
Peak maintenance annualized 

Subtotal 

Technical and engineering 
Chemical 
Instrumentat ion and con t ro l s 
Technical performance and 

repor t ing 
Subtotal 

Total 

1 1 1 1 
1 2 3 4 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 

12 13 14 15 
1 1 1 2 
JL JL JL JL 
26 28 30 33 

2 2 4 4 
45 50 60 65 
12 12 12 l f i 
59 64 76 87 

6 6 8 10 
75 90 105 120 
15. 
96 126 158 190 

2 2 3 4 
2 2 3 4 

12 1& l f i 2 1 
16 19 24 29 

197 237 288 339 

Source : M. L. Myers , L. C. F u l l e r , and H. I . Bowers , "Nonfuel O p e r a t i o n 
and Maintenance Costs for Large Steam-Elect r ic Power P lan t s - 1982," 
CRNL/TM-8324, Oak Ridge National Laboratory Oak Ridge, TN (September 
1982). 
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Table 4 .1 . Cost-Size Scaling Exponents 
Used in the OCNCEPT Code 

Account 

Scal ing exponents 

Nuclear Coal 

Direct cos t s 

Land and land r igh t s 
S t ruc tures and improvements 
Reac to r /bo i l e r p lan t equipment 
TUrbine plant equipment 
E l e c t r i c p lan t equipment 
Miscellaneous plant equipment 
Main condenser heat r e j e c t i on system 

Indi rec t cos t s 

0.0 
0.50 
0.60 
0.80 
0.40 
0.30 
0.80 

0.0 
0.55 
0.60 
0.75 
0.50 
0.25 
0.95 

Construct ion se rv ices 
Home o f f i c e engineering and se rv ices 
Fie ld o f f i c e engineering and se rv ices 
Owner's cos t s 

0.45 
0.20 
0.40 
0.50 

0.60 
0.60 
0.70 
0.60 

Cost-weighted average 0.50 0.62 

Source; J e r r y Delene e t a l . , A R e f e r e n c e Data Ba&a for Nuc lea r and 
C o a l - F i r e d Power G e n e r a t i n g Cost Analysis . , Oak Ridge N a t i o n a l 
Laboratory, Oak Ridge, TN (February 1984). 
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Table 4 .2 . Chronological Use of Economy-of-Scale Exponents 
by United Engineers and Cons t ruc tors , I n c . , 

and by Oak Ridge National Laboratory 

Cost exponent 
n 

Organization Coa l - f i r ed Nuclear 

UE & C 

1966 0.76 na 
1968 na 0.75 
1978 0.70 0.45 
1979 0.74 na 
1981 0.70 0.40 
1982 na 0.63 
1983 na 0.70 LV« 

0.45 CNSS 
0.24 German 

CKNL 

1971 0.77 0.68 
1982 0.62 0.50 

Source: Data assembled from H. . Bowers e t a l . , T r e n d s i n Nuclear Power 
P l a n t C a p i t a l Investment Cost Ealim&ifiS. - 19?6 i f i 1 M 2 , NUREG/CR-
3500, ORNL/TM-8898, Oak Ridge N a t i o n a l L a b o r a t o r y , Oak Ridge , TN 
(September 1983). 
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Table 4 .3 . PWR Cost S t ruc ture In CENL CONCEPT Code (3/84) 
(mil l ions of 1984 d o l l a r s ) 

400 MWe 800 MWe 1,200 MWe 

Land and land r i gh t s 5 5 5 
S t ruc tu res 176 249 305 
Reactor plant 179 272 347 
Turbine plant 114 199 275 
E l e c t r i c p lan t 85 113 133 
Miscellaneous plant 31 38 42 
Heat r e j e c t i o n system 22 39 53 

D i r e c t , $M 612 915 1,160 

Construct ion se rv ices 92 126 151 
Heme o f f i c e eng. serv ices 248 285 309 
Fie ld o f f i c e eng. se rv ices 98 130 153 
Owner's cost 103 145 178 

I n d i r e c t , $M 541 686 791 

Contingency, $M 172 239 292 

Total 
$ M 1,325 1,840 2,243 
$/kW 3,313 2,300 1,869 

Source : H. Bowers, run of t h e CONCEPT Code f o r Doan L. Phung f o r c o a l -
f i r e d p l a n t s and PWR p l a n t s a t 400, 800, and 1200 MWe (March 30, 
1984). 
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Table 4 .4 . Coal-Fired P lan ts Cost S t ruc tu re 
In CRNL CONCEPT Code (3/84) 

(mi l l ions of 1984 d o l l a r s ) 

400 MNe 800 m e 1,200 MVe 

Land and land r i g h t s 5 5 5 
St ruc tu res 57 84 106 
Boiler p lan t 194 295 377 
TXirbine plant 82 139 189 
E l e c t r i c p lant 41 58 71 
Miscellaneous plant 15 18 20 
Heat r e j e c t i o n system 15 28 41 

D i r e c t , $M 409 627 809 

Construct ion Services 36 55 71 
Heme O f f i c e Eng. Services 24 35 45 
Fie ld O f f i c e Eng. Services 19 31 42 
Owner's Cost 49 75 97 

I n d i r e c t , $M 128 196 255 

Contingency, $M 80 123 159 

Total 
$ M 617 946 1,223 
$/kw 1,543 1,183 1,019 

Sources H. Bowers , run of t h e CONCEPT Code f o r Doan L. Phung f o r c o a l -
f i r e d p l a n t s and PWR p l a n t s a t 400, 800, and 1200 MWe (March 30, 
1984). 
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Table 4 .5 . Use of Economy of Scale By 
Various Organizat ions 

Organization 
Scale exponent n 

Coa l - f i r ed Nuclear 
Range of v a l i d i t y (MWe) 
Coa l - f i r ed Nuclear 

Remarks 
(D=direct cost 
I= ind i rec t 
T=total cos t ) 

EPRI, 1982 0.85 0.53 500-1000 500-1200 D&I, Ref . 3Q 

IAEA, 1976 na 0.71 na 600-1200 D&I, Ref . 31 
1979 0.75 0.40 300-800 600-1200 D&I, Ref . 32 

0.65 0.49 600-1000 600-1000 T 

DOE, 1979 0.76 na 900-1300 na D&I, Ref . 33 

W, 1977 0.81 0.86 na na T , Ref . 34 
Empirical 

exanple 

GE, 1969 0.64 0.75 500-1100 500-1100 T , Re f . 35 
1975 0.47 660-1220 T , Ref . 36 
1983 0.85 0.25 500-1000 600-1200 T , Ref . 37 

EBASCO, 1976 na 0.73 na 400-1260 T , Ref . 38 
1981 0.68 na 200-800 na T , Ref. 39 

2-uni t Subcrit 

0.76 na 600-1200 na T , 2 -un i t 
S u p e r c r i t . 

GILHbKJ', 1980 0.70 0.43 100-1200 600-1200 D&I, Ref . 40 
1981 0.73 0.43 100-600 600-1200 T , Ref . 41 

0.85 na 600-1200 na T 

GERMAN, 1976 0.74 0.46 150-600 600-1300 T , Ref . 42 
1979 na 0.24 na 700-1300 D&I, Ref . 43 

na = not ava i l ab l e 

Source: H. I . Bowers e t a l . , Trends I n Nualfi&r. EflWfiL Rlani Capi ta l 
Injtfi&lmfini C c a l E s t i m a t e s - 1976 i f l 1982. NUREG/CR-3500, ORNL/TM-
8898, Oak Ridge National Laboratory, Oak Ridge (September 1983). 
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Table 4 .6 . Resul ts of Survey of Cost-Size Sealing 

Reactor-
bo i l e r Turbine E l e c t r i c Misc. 

S t ruc tures p lant p lan t p lan t p lant 

Nuclear Plants 

OCNCEPT IV 0 .8 0.6 0.8 0.6 0 .3 
Archi tec t -engineer 0.66 0.66-0.9 0.75 0.45 0 .3 
Arch i t ec t -eng i nee r 0 .8 0.6 0.8 0.6 0 .3 
Archi tec t -engineer 0.8 0.6 0.8 0.6 0.3 
Ar ch i t ec t -eng i nee r 0 .8 0.85 0.8 0.8 0 .3 
U t i l i t y 0.95 0.95 0.95 0.95 0.95 
Contractor 0 .4-0 .6 0 .6-0 .8 0 .7 -0 .9 0 .5-0 .7 
Manufacturer 0.6 0.6 0.6 0.6 0.6 

Fossil-Fired P l a n t s 

OOtEPT IV 0.75 0.9 0.8 0.45 0 .3 
Archi tec t -engineer 0.66 0.93 0.73 0.45 0.32 
Archi tec t -engineer 0.75 0.9 0 .8 0.45 0 .3 
Archi tec t -engineer 0.75 0.9 0.8 0.45 0 .3 
Archi tec t -engineer 0.75 0.9 0.8 0.45 0 .3 
U t i l i t y 0.92 0.92 0.92 0.92 0.92 
U t i l i t y 0.7 0.9 0.7 0.6 0.6 
Contractor 0 .4 -0 .6 0 .6-0 .8 0 .7 -0 .9 0 .5 -0 .7 

Source: U.S. Depar tment of Energy, CONCEPT; A Computer Code f o r 
Conceptual Cos! Estimates fQL SteamEleotrio Power Plants, ERDA-108, 
p. 14 (June 1975). 
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Table 4 .7 . Economy of Sca le Used In Seme 
HTSt and LMFBR Cost Es t imates 

P lan t cos t 
exponent 

n 

HTCR Cost Rstimat.es. 10(1-600 MWe 

Nuclear p l a n t s 0.55 
C o a l - f i r e d p l an t s 0.67 
O i l - f i r e d p l a n t s 0.93 
Gas - f i r ed p l a n t s 0 .93 

TMFBR Cost Estimatesr 6(10-1500 MWe 

Reactor p lan t 0 .41 
S t r u c t u r e s 0.29 
Turbine p lan t 0.58 
E l e c t r i c p l an t 0 .58 
Miscel laneous p lan t 0.58 

Sources: 

C o l i n F . MacDonald and David L. Sonn, "ANew Small HTC® Power P l a n t 
Concept With Inherent ly Safe Fea tu res - An Engineer ing and Economic 
C h a l l e n g e , " Amer ican Power C o n f e r e n c e , A p r i l 18 -20 , 1983 I l l i n o i s 
I n s t i t u t e of Technology, Chicago, IL (1984). 

U.S. Depa r tmen t of E n e r g y , A s s i s t a n t S e c r e t a r y of N u c l e a r E n e r g y , 
P rog ram R e f e r e n c e Book f o r t h e Energy Economic D a t a Base P rog ram 
(EEEB), DOE/NE-0052, Appendix B-3, p. 28 (July 1983). 
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1400 

Figure 3.1. Cost and Rating of F o s s i l - F i r e d Steam TUrbine Generators 
Source; Thcmas H. Lee, Ref . 3 

F igure 3 .2 . Cost v s . Rat ing of Power Transformers 
Source: Themes H. Lee, Ref . 3 
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F igure 3 . 3 . Cost v s . Rating of HVDC Conversion Equipment 
Source: Thomas H. Lee, Ref . 3 

Figure 3.4. Cost vs.Rating of Transmission Lines (Excluding Right-of-Way) 
$ource: Themes H. Lee, Ref . 3 
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Figure 3 .5 . P lan t Construct ion Cost of 305 Foss i l Fuel P lan t s vs . Size 
Source: Thorns H. Lee, Ref. 3 \ 
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Figure 3 .6 . Normalized Cost of 305 Foss i l Fuel Power P lan t s v s . Size 
Sourcei Thomas H. Lee, Re f . 3 



46 

MWr-
AM until normal Lead <ar: 

T i m * 
hiuwir 
R»fM>nW dHhmM 

Figure 3.7. Normalized Cost for S u p e r c r i t i c a l Uni ts of 305 Foss i l Fuel 
Power P l an t s vs. Size 
SflUICfi: Thanes H. Lee, Ref . 3 
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F i g u r e 3.8. Normal i zed Cost ( I n c l u d i n g I n f l a t i o n ) of 305 F o s s i l Fue l 
Power P l an t s vs. Size 
Source: Themes H. Lee, R e f . 3 
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Figure 3 .9 . Average Cost CUrves in $/kWe as Function of Firm Size 
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F igure4-1 . Reduction in Incremental Cap i ta l Cost With Size 
U.S. E x p e r i e n c e 
Source; U.S. Department of Energy, Ref . 24 
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Figure 4.2. Reduction in Incremental Capi ta l Cost With Size 
Foreign Experiences 
Source; U.S. Department of Energy, Ref . 24 

f 

i 
A 
A i 

i 
ii •f 1 



51 

ORNL/TM-10195 

INTERNAL DISTRIBUTION 

1. T. D. Anderson 17. E. H. Krieg, Jr. 
2. R. S. Booth 18. J. R. Merriman 
3. H. I. Bowers 19. D. L. Moses 
4. R. B. Braid 20. F. R. Mynatt. 
5. J. R. Buchanan 21. K. J. Notz, Jr 
6. R. A. Cantor 22. F. S. Patton, Jr. 
7. A. G. Croff 23. J. W. Sims 
8. J. G. Delene 24. H. E. Trammell 
9. L. R. Dole 25-39. D. B. Trauger 
10. S. P. Dumont, III 40. R. E. Uhrig 
11. L. D. Eyman 41. J. D. White 
12. C. W. Forsberg 42. T. J. Wilbanks 
13. C. P. Frew 43. Central Research Library 
14. R. K. Genung 44. Document Reference Section 
15. J. E. Jones Jr. 45. Laboratory Records Dept. 
16. P. R. Kasten 46. Laboratory Records (RC) 

EXTERNAL DISTRIBUTION 

47. Chaim Braun, Electric Power Research Institute, P. O. Box 10412, 
Palo Alto, CA 94303. 

48. Dale Bradshaw, Power Planning, Tennessee Valley Authority, 1050 
Chestnut Street Tower 2, Chattanooga, TN 37401. 

49. John Crowley, Advanced Engineering Department, United Engineers 
& Constructors, 30 South 17th Street, Philadelphia, PA 19101. 

50. Frank Harrington, 8125 Chesterfield Drive, Knoxville, TN 37909. 
51. Ruth Johnson, Sci-Tek, 704 S. Illinois Avenue, Oak Ridge, TN 

37830. 
52. Ruth Maddigan, Economic System Analysis, Inc., 140 E. Division 

Road, C-l, Oak Ridge, TN 37830. 
53. Pete F. Pasqua, Nuclear Engineering Department, 315 Nuclear 

Engineering Building, The University of Tennessee, Knoxville, TN 
37996-2300. 

54-73. Doan L. Phung, PAI Corporation, P. O. Box 1135, Oak Ridge, TN 
37831. 

74. Angel Riviera, 634 Robertsville Road, Oak Ridge, TN 37830. 
75. William R. Schriver, College of Business Administration, The 

University of Tennessee, Knoxville, TN 37996. 



52 

EXTERNAL DISTRIBUTION (CONTINUED) 

75. John Sease, Automated Science Group, 800 Oak Ridge Turnpike, 
Oak Ridge, TN 37830. 

76. John Taylor, Vice President and Director, Nuclear Power Division, 
Electric Power Research Institute, P. O. Box 10412, Palo Alto, CA 
9 4 3 0 3 . 

77. Office of Assistant Manager for Energy Research and 
Development, ORO, DOE, Oak Ridge, TN 37831. 

78-107. Technical Information Center, Oak Ridqe, Tn 37831 


