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I NTRODUCT I ON 

On July 2 3 , 1 9 7 3 ,  the S e c r e t ary o f  the I n t e r i o r wro t e  t o  the  
Nati ona l P e t r o l eum C ounc i l ( s e e App endix A) : 

I n  o rd e r  t o  fur ther  as s i s t  us in as s e s s i ng the  p a t t e rns 
of future U . S .  ene r gy us e ,  the N a t i o n a l  P e t r o l eum C o un 
c i l  i s  r eque s t e d  t o  conduc t a s t udy whi ch w ou l d  ana ly z e  
and rep o r t o n  the p o s s i b i l i t i e s  for energy cons e rvat i on 
in the Un i t e d  S t a t e s  and the imp a c t  o f  s uch me a s u r e s  o n  
t h e  futur e ene r gy p o s ture o f  the N a t i on . 

I n  r e s p ons e t o  the  r eque s t o f  the  S e c r e t ary o f  t h e  I nt e r i o r , 
and in a c c o r danc e w i th i t s e s t ab l i s h e d  p r o c e du r e s , t h e  N a t i on a l  
P e t ro l eum Counci l f o rmed  a Commi t t e e  on Ene r gy Cons e rvati on unde r  
the cha i rmans h i p  o f  Mr . M .  F .  Gr anvi l l e , C h a i rman o f  t h e  Bo ard , 
Texaco I nc . The comm i t t e e  was as s i s t e d  by a c o o rd i n a t ing s ub 
commi t t e e  cha i r e d  b y  Mr . R .  C .  McC ay , Vi ce  P r e s i de n t , Texaco  I nc . , 
and s ix tas k group s . The tas k group s  w e r e  r e s p ons ib l e  fo r deve l 
op ing d e t a i l ed ana ly s i s  in  the fo l l owing a r e a s : P a t t e r n s  o f  C o n 
s ump ti on/Ene rgy Demand ; I ndus t r i a l ; Res i dent i a l / C omme r c i a l ; T r ans 
p o r t a t i on ; E l e c t r i c U t i l i ty ;  and C ons um e r  C on c e rns . ( S e e  App endix 
B for  Commi t t e e  and Tas k Group Ro s t ers . )  

The P a t t e rns o f  C o n s ump t i on/Energy Demand T a s k  G roup deve l 
op e d  demand p roje c t i ons whi ch s e rve as  a " b e n chma rk"  a g a· i ns t wh i ch 
the e ff e c t s  o f  energy cons e rvat i on p r op o s a l s  o f  the  four end - us e  
s e c t o r  t a s k  group s  can b e  comp ared . The C ons um e r  T a s k  G roup was  
formed  in  o r d e r  tha t cons umer and pub l i c  i nt e re s t s  mi ght b e  r e p r e 
s ented  in the  p r e p ara t i on o f  t hi s  s tudy . Th i s  r ep o r t  do e s  no t 
inc lude a s ep ar a t e  chap t e r  on c ons umer and p ub l i c i n t e r e s t; how 
eve r , the c omment s and conce rns o f  the memb e r s  o f  t h e  C o n s umer  T a s k  
Group a r e  re cogni z e d  and cons i de r e d  thr ougho u t  t h e  r e p o r t . C ons um e r  
conce rns w e r e  p a r t i cu l a r ly d i r e c t e d  t o  the  c ons e rva t i on p o t e nt i a l s  
i dent i f i e d  and the i r  imp ac t  o n  the pub l i c and s o c i e ty i n  g en e r a l . 

I t  i s  r e c o gn i z ed that whi l e  many memb e r s  o f  t h e  N a t i ona l P e 
tro l eum C ounc i l have know l edge  o f  op e r a t i on s  r e l a t i ng t o  a l l  a r e a s  
o f  end - us e  ene r gy c on s e rva t i o n , no t a l l m emb e r s  h a v e  t h e  r e q u i s i t e  
exp er t i s e  t o  d e a l  wi th a l l  a s p e c t s  o f  thi s r ep o r t . I n  the  cour s e  
o f  this  s tudy , w i d e  indu s t ry (nonp e t r o l eum )  p ar t i c ip a t i o n  and s up 
p o r t  was s o l i c i t e d  and ut i l i z e d . I n  addi t i o n , t h i s  r e p o r t  was  c i r 
cul a t e d , i n  d r a f t  fo rm , t o  num e rous i ndus t ry and t r ad e  a s s o c i a t i ons 
fo r the ir  review and commen ts p r i o r  to  the  comp l e t i o n  of t h i s  s tudy . 
( S e e  App endi x C fo r a L i s t  o f  I ndus t ry and T r a d e  As s o c i a t i ons c o n 
ta c t ed . ) The c ommen t s  r e c e i ved from th es e o r g an i z a t i ons have b e en 
c are fu lly c o ns i d e r e d  and incorp o ra t e d  i n  t h i s  r e p o r t  a s  app r op r i a t e . 

The Na tional Pe troleum Council re comme nds t h at i f  t his 
rep or t  do e s  n o t fu l l y re f l e c t  t h e  views o n  e n ergy c on
s e rv a t i o n  o f  a p ar t i cu l ar indus try or trade a s s o c i a t i o n  
o r  o th er i n t ere s t e d  group s ,  such v i e ws s h o u l d  be ex
pre s s e d  dire a tZy t o  t h e  Se cre t ary o f  t h e  In t e ri or for 
h is c o n s idera t i on. 
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The r e p o r t i s  the th i r d  and f in a l  vo l ume o f  the  Na t i ona l P e 
tr o l eum C ounc i l ' s  s tudy o n  ene r gy cons e rva t i o n . The  p r ev i ous  two 
vo l ume s and four t as k  g r oup r e p o r t s  d ea l t  w i t h  p o t e nt i a l s  f o r  ene r 
gy c ons erva t i o� i n  the near  t erm (1 9 7 4 - 1 9 7 8 ) . *  The  c o ns e r va t i on 
p o t entia l s  d i s c us s e d i n  thi s r ep o r t  a r e  d i r e c t e d  toward futu r e  
t e c hno l o g i c a l  chang e s  i n  the  p a t t e rns o f  e n e r g y  us e and c onc entr a t e  
o n  t h e  p e r i o d  1 9 7 9 - 1 9 8 5  and b eyond . The ene r gy c o n s e rv at io n  p o t en 
t i a l s  i dent i f i e d  i n  Phas e I (1 9 7 4 - 1 9 7 8 )  a r e  p r e s um e d  t o  c on t i nue  
and  ext end into  the Phas e I I  (1 9 7 9 - 1 9 8 5 )  p er i o d . The Phas e I I  wo r k  
h a s  expand e d  t h e  e ar l i er w o r k  wi th emphas i s  o n  t h e  imp a c t  o f  t e c h 
no l ogy o n  ene r gy us e .  F o r  r e f e r enc e, t h e  " I n t r o duc t i on" and " S umma 
ry" s ec t i ons  o f  t h e  P ha s e I ( Fu l l  Rep o r t )  a r e  i nc l u d e d  i n  App e nd i x  D. 

Throughout t he s e  r ep or ts,  t he Na t i ona l P e tr o l eum C ounc i l has 
c ons i d ere d  t hr e e  p rinc i p a l  appro aches  t o  e ne rgy c ons e rv a t i on : 

• M e a s ur es  tha t r e du c e  the consump t i on o f  e n e r gy by r edu c i ng 
the  l ev e l  o f  s ervi c es p r ovi ded  o r r educ i n g  t h e  l ev e l  o f  
a c t iv iti e s  p er fo rme d . 

• M e a s u r e s  t h a t  i nc r e as e the  e f f i c i ency o f  e n e r gy u t i l i z a t i on 
t hus r educ i ng cons ump t i on w i thout r e duc i ng t h e  l ev e l o f  
s e rvi c e s  o r  a c t iv i t i es . 

• Meas ures  that  woul d p ermi t s ub s t i tut i o n  o f  m o r e  p l e n t i ful 
e n e r gy r e s ourc e s  fo r t ho s e i n  s c a r c e s upp ly i n  t h e  g en e r -
a t i on 0f e l e c t r i c  p owe r . � 

Al l t hr e e  typ e s  o f  mea s ur e s  mus t  b e  pur s ue d  vi g o rous l y  s o  
ener gy c ons e rva t i o n  w i l l  achi eve i t s  prop e r  ro l e  i n  t h e  Na t i on ' s  
ove r a l l energy fu tur e .  Meas u r e s  in  t he f�r s t two c a t e g o r i e s  w e r e  
c ons i d e r e d  i n  Phas e I o f  t h i s  s tudy, whi l e  t h e  s ec o nd and t h i r d  
c a t e g o r i e s  a r e  t he ma j o r  focus o f  thi s r ep o r t . 

The Pha s e I I  r ep o r t  exami nes t echno l o g i c a l  deve l opments  tha t 
may cont r i bute t o  ene rgy cons erva t i on i n  t h e  p e r i o d  b eyond 1 9 7 9 . 
E s t imat e s  and p r o j e c t i ons o f  t o t a l  p o s s i b l e  " c o ns e rva t io n "  and 
abso l u t e  l eve l s  of futur e energy consump t i on have b e e n  avo i d e d  f o r  
a numb e r  o f  r e a s ons . F i rs t, i t  w a s  no t p o s s ib l e  wi t h i n  t h e  c o n t e x t  
o f  thi s s tudy t o  eva l ua t e  t h e  e c o nomi c a nd s oc ia l  a c c e p tab i l i ty o f  
a l l  the v a r i o u s  t echno l o g i c a l  p o s s ib i l i t i es examined  and t o  comb i ne 
them i n t o  interna l ly c o ns i s tent  p r ojec t i on s . And s eco nd ly, r educ 
t i o n  i n  energy u s e a s  evi denc ed by ab s o lu t e  c on s ump t i on l ev e l s  may 
no t r ep r e s ent the imp a c t  of " c o ns e rvat ion, " par t i cu l a r ly w.h e r e s uc h  
r educt i ons ar e the  r e s u l t o f  a s l owdown o f  e c onom i c  a c t i v i ty o r  t h e  
fa i lu r e t o  a t t a i n  o p t i mum l e ve l s  o f  e c o nomi .c g r ow t h . A s  a c o ns e 
quenc e, thi s  study i s  not  a proj e c t i on o f  ab s o lu t e  e n ergy c o n s e rva 
t i o n  achi evab l e  but  r a t he r  a d i s cus s i on  of ene rgy c on s ervat i on 
p o t e nt i a l . 

* The p r evi ous p ub l i c'at i ons on energy c ons erva t i o n  a r e  t i t l ed 
as  fo l l ow s : Energy Con s erv a t i o n  i n  t h e  Un i t e d  S t a t e s : Sh or t Term 
Po t e n t i aZ, 1974-19?B( I n t er im Rep o r t ) ; P o t e n tiaZ for En ergy C o n s erva
t i on i n  t h e  Uni t e d  S t a t e s: 1974-197B (Fu l l  Rep o r t ) ; and I ndus t r i a l ,  
Res i dent i a l / C ommer c i a l, T r ansp o r t a t i on, a n d  E l ec t r i c  Ut i l i ty T as k  
Group Rep o rt s . 
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SUMMARY 

I n  the  e ra o f  s e eming ly p l enti fu l  and inexp ens i v e  ene r gy that  
has now ended , t h e  p re s s u r e s  t o  uti li z e  th e  mo r e  e n e r gy - e ff i c i e n t  
equipment a n d  p ro c e s s e s t ha t  w e r e  avai l ab l e  and b e i ng d e v e l op e d  
w e r e  n o t  a s  c omp e l l ing a s  t ho s e  cur r e nt ly b ei ng g e ne r a t e d  by the  
higher  c o s t s  of  e n e r gy and the  p r o s p e c t s  that  e n e r gy in  i t s fa 
mi l i a r  fo rms may b e  l i mi t ed i n  t h e  futur e . T he r e  w i l l  b e  fo r c e s  
r e si s ting c hang e s  i n  ene r gy us e p a t t e rns . T he s e  fo r c e s  w i l l  s t em 
from: fi rs t c o s t c o ns i de r a tions ; c api t a l  avai l ab i l i ty ;  d i f f i culi t i e s  
o f  p r ovi ding s ound t e c hno l o g i c a l  as s e s s me n t s  o f  p rop o s e d  m e a s u r e s ; 
avai l abi li ty o f  q ua li f i e d  t ec hnic a l  manp ower ;  r a t e a t  whi c h  c h ang e s  
can b e  made i n  exi s ting mode s  o f  cons ump t i o n ; and d e si rabi li ty o f  
o t h e r  p r i o ri t i e s . The s e fac t o rs w i l l  have t o  b e  b a l anc e d, and a s  a 
re s u l t, di f ficu l t  c hoi c e s  may have t o  b e  made  through  t h e  p o li tic a l  
p ro c e s s e s o f  a fr e e  Na tion . 

PARAMETERS O F  S TUDY 

A U . S .  e n e r gy d emand p r o j e c t i on b a s ed o n  the c on tinua t i on o f  
the  hi s to ric t r e nd s  o f  t h e  e a r ly 1 9 7 0 ' s  was  d ev e l o p e d  fo r t hi s  s tud� 
Thi s  p r o j e c t i on was  u s e d  as  t h e  "b enchmark" fo r e s t ima t in g  cons e rva
tion p o t enti a l  and t i t l ed " P a s t T r ends -Cont i nu e  c ase . "  

The P a s t T r e nd s - Continue p r o j e c tions s hown in T ab l es 1 and 2 
are  o u t  o f  da t e , and do no t ful ly take  i n t o  a c c o un t  maj o r  f a c t o r s  
o f  t h e  r e c ent f ew y e ars  s uc h  a s  t h e  Arab o i l  emb a r g o  o f  1 9 7 3 - 1 9 7 4 , 
gr e a t ly i n c r ea s e d  e n e r gy c o s t s  o r  t h e  e c onom i c  r e c e s si o n  o f  1 9 7 4 -
1 9 7 5 .  I n  t his  time o f  r apid chang e , i t  i s  doub t fu l  t h a t  a g en e ra l ly 
agr e e d  up o n  p ro j e c ti o n  c ou l d  b e  deve l op e d . T h e  P a s t T r ends - Continue 
cas e is  di sp l ay e d  as a c omp aris on s t andard  o n ly . F o r  examp l e , a s s um� 
ing no chang e in t h e  " r e a l" c o s t o f  e n e r gy , t h e  s t andard p r o j e c t i on 
indi c a t es t h a t  c omp a c t  aut omob i l es (unde r 3 , 2 0 0  p ounds ) w ou l d  i n 
c r eas e from the  1 9 7 2  aut omobi l e  p opu l a t i o n  l ev e l o f  2 9  p e r c en t  t o  3 8  
p erc ent i n  1 9 8 5 . How t h i s  t r end could  b e  fur th e r  a c c e l e r a t e d  i s  t h e  
subj e c t  o f  the  T r ans p o r t a t i on Chap t e r . O t h e r  a r e as o f  c h ang e a r e  
a l s o  imp lici t i n  t h e  s t andard p r o j e c tion . 

The int e rme d i a t e d emand p roj e c tion found i n  t he D e c emb e r  1 9 7 2 , 
U . S .  Energy Out l o o k  Rep o r t  is  t he basis o f  t h e  P a s t T r e nd s - Co n t i nu e  
Cas e . * This  p r o j e c t i o n  wa s b a s e d  o n: e c onomi c g r owth  i n  t erms o f  
r e a l  Gro s s N a tiona l P r oduc t  ( GNP ) a t  a r a t e  o f  4 . 2 p e rc ent  p e r  y e a r ; 
no futur e chang e s  i n  r e a l  uni t  energy c o s t s ; p opu l a ti o n  g r ow t h  o f  
1 . 1 p e rc e nt p e r  y e a r ; inc r e a s ed  energy us e fo r e nvi r onm e n t a l  p r o t e c
t io n; no c hang e s  i n  basic environmen t a l l aw s  i n  exi s t enc e i n  1 97 2; 
and imp r ove d t e c hno l o gy f o r  fue l  s ub s ti tu t i on , and no c api t a l  l im
i t a t i o ns r e s t ri c t i ng g rowt h . 

* N a tiona l P e t r o l eum Counc i l , u.s. En e Pg y  Ou t l o o k��A R e p o P t  
o f  t h e  Nat i o na l Pe t P o l e um Co u n c i l ' s Commi t t e e  o n  U . S .  En e Pgy Ou t� 
l o o k , Wa s h i ng to n , D . C . : D e c emb e r  1 9 7 2 .  H e r eina f t e r  r e f e r r e d  t o  
as  U . S .  Ener gy Out l o o k  Rep o r t .  
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TABLE 1 

U . S .  ENERGY DEMAND PROJECTIONS 
PAST TRENDS-CONTINUE CASE 

(Quadri llion BTU's) 

1972 
Actual* 1978 1980 1985 

Residential 10.5 12.8 13.6 15.5 
Heating 7.0 8.2 8.6 9.6 
O ther 3.5 4.6 5.0 5.9 

Commercial 6.2 7.9 8.6 10.6 
Industrial 21.9 25.4 26.3 30.2 
Nonenergy 3.7 5.7 6.6 8.6 
Transportation 17.8 21.8 23.6 27.8 

Passenger Cars 9.4 11.6 12.5 14.6 
Trucks and Buses 4.0 4.9 5.4 6.4 
Aircraft 2.0 2.7 3.1 4.0 
O ther 2.4 2.6 2.6 2.8 

Electricity Conversiont 13.1 19.8 22.7 30.1 

To tal Energy Consump tion 73.2 93.4 101.4 122.8 

* The 1972 actual energy demand differs from that developed by the Bureau 
of Mines because slightly different energy-fuel conversion factors and sector 
definitions were used. 

t This category includes only energy losses in generation , transmission, 
and distribution . EZeatPiaity consumption is included in the appropriate sector 
above , as shown in the following memorandum, converted @ 3,412 BTU's per kilo
watt hour .  

1972 
Actual 1978 1980 1985 

Residential 1. 84 2..83 3.26 4.31 
Commercial 1.22 1.96 2.30 3.18 
Industrial 2.38 3.43 3. 89 5.28 

Total Electricity Use 5.44 8.22 9.45 12.77 

Total Electricity Losses 
(Percent of Utility Inputs) 70.5 70.7 70.6 70.2 
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TABLE 2 

ECONOMIC AS SUMPT IONS FOR ENERGY DEMAND PROJECTION 
PAST TRENDS-CONTINUE CAS E 

1 9 7 2 *  1 9 7 8  
Gro ss Nat ional Produc t (GNP ) 

1 9 8 0  1 9 8 5  

(Bill ion 19 7 2  Do llar s )  1 , 1 5 2 . 2  1 , 4 7 4 . 8  1 , 60 1 . 3  1 , 9 6 7 . 0  

Dispo sable Personal Income (DP I )  
(Billion 19 7 2  Dollar s )  7 9 7 . 0  1 , 02 1 . 4  1 , 09 8 . 9  1 , 3 2 0 . 0  

Indus t r ial Produc t ion 
(Federal Rese�ve Board Ind ex 1 9 6 7=100 ) 115 . 1  1 5 1 . 5  164 . 4  2 02 . 2  

Energy Cos t--Pr imary (Wellhead , Mine , etc . )  
(Percent of 1 9 7 0 )  1 00 . 0  1 00 . 0  100 . 0  100 . 0  

Population 
(Mill ions ) 2 08 . 8  2 21 . 7 2 2 6 . 1  2 3 7 . 6  

Civil ian Labor Force 
(Millions ) 8 8 . 6  9 6 . 6  9 9 . 2  1 05 . 6  

Hous eho ldst 
(Millions ) 65 . 3  7 3 . 9  7 6 . 7 8 3 . 0  

S ingle Family Dwe l l ings 
(Mill ions ) 4 7 . 6  5 1 . 9  5 3 . 2  5 5 . 7  

Occupancy Rat e  
(Percent) 9 1 . 3  91 . 1  9 1 . 1  9 1 . 5 

Automob ile Populat ion 
(Mill ions ) 8 6 . 3  1 05 . 2  1 11 . 6  1 2 6 . 1  

S tandard--Above 4 , 000 lb s .  (P ercent ) 3 0 . 0  2 8 . 8  2 7 . 5  2 6 . 2  

Int ermediate--3 , 2 00-4 , 000 lb s . (Percent ) 4 1 . 0  3 7 . 9  3 7 . 2  35 . 9  

Compac t , e t c . --Below 3 , 200 lb s . (Percent ) 2 9 . 0  3 3 . 3  3 5 . 3  3 7 . 9  

Automobile Ef f ic iency 
(Miles per Gallon) 1 3 . 4  1 2 . 6  1 2 . 6  1 2 . 6  

Truck Ton Mil es 
(Bill ions ) 4 5 1 . 0  5 9 2 . 0  6 5 1 . 0  8 08 . 0  

*Some 19 7 2  figures have been revised s ince calculat ions for the Past 
Trend s-Cont inue case were comp leted and any r evis ions are no t r e f lec t ed above . 

·rFamil ies , people who l ive together , and ind ividuals l iving alone . 
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All a ssu mp t io n s  fo r thi s c a se were  ac c ep t e d fo r deve l op ing the  
comp a r i s on st andard except  fo r p opu l a t i on g r ow t h  rate  whi ch wa s r e 
duc e d  t o  1 . 0 p er c e n t  p e r  y e a r . Thi s chang e wa s mad e  b ec au se o f  r e 
c en t  d a t a  t endi n g  to conf irm a l ower popu l a t i on g r ow t h  r at e  c o n 
s i st ent wi th the  Augu st 1 9 7 0 ,  S chedu l e  E o f  t h e  C e n su s  B u r e au . T h e  
ene rgy d ema nd a dj u stment for  thi s l ower  r a t e  wa s t h e  sub j e c t  o f  a 
s upp o r t i ng st udy i n  t h e  U . S .  Energy Ou t l o o k  Rep o r t . I t  a l so app e ar s 
now that  the  o r i g ina l p r o j e c t i on s  o f  GNP , D i sp o sab l e  P e r sonal  I ncome , 
and I ndu st r i al P r o duc t i o n  for 1 9 7 8 , 1 9 8 0 , and 1 9 8 5  a r e t o o  hi g h . 
Al though t h e  r e c e n t  pro l o ng e d  r e c e ssi on ha s de f l e c t e d  the  grow t h  
p ath  o f  t h e  eco nomy ( and o f  ene r gy con sump t i on) b e l ow t h a t  r e qu i r e d  
to  r e ac h  t h e se proj e c t i on s, i t  wa s dec i de d  n o t  t o  adj u st the se 
p arame t e r s i n  o r d er to  p re se rve the di rec t c ompa r a b i li ty b e tw e en 
e ar l i e r  analy se s  and t h i s stu dy .  H oweve r , i t  mu st b e  p o i nt e d  ou t 
that t o  the  ex t en t  that  the  e c onomi c p roj e c t i o n s a r e  no t r eache d, 
the a sso c i a t e d  ene rgy demand s woul d b e  l e ss and t h e  p o t ent i al r e duc 
t i on s in ene rgy c o n sump t i o n , due t o  con se rva t i on m e a sur e s  c i t ed in 
t h i s r e p o r t , coul d be  overs t a t e d. The  p e r c e nt a g e  r e duc t i o n s wou l d , 
howeve r ,  r ema i n  about t he sam e .  

T ab l e  1 show s t he P a st Tr e.nd s- Co n t i nu e  e ne r gy a sse ssment for 
1 9 7 8 ,  1 9 8 0  and 1 9 8 5  wh i l e  Tab l e  2 i n di c a t e s some o f  t he maj o r  p arame 
t e r s  b eh i nd the ene rgy a sse ssm en t . F a c t o r s  on Tab le 2 o ther than 
GNP , p opul a t i on ,  and ene r gy c o st s  w e r e  not  covere d i n  d e t a i l i n  the 
U . S .  E n e r gy Ou t l o o k  Rep o r t , but ar e e st imat e s  th ought t o  be c on si s
tent wi th the e a r l i er e nergy dem an d  p ro j ec t i on . The se add i t i o n a l  
da t a  a r e  b a se d  on in dependent a sse ssment s by stu dy p a rt i c ip ant s and 
wer e comp i l ed on a co n se n su s  b a si s. The i nd i v i du a l  e st imat e s  w e r e  
tabul a t e d  b y  the NPC s ta f f  an d w e r e  no t reve a l ed t o  the  stu dy p ar 
t i c ipant s. 

I n  o r d e r  to exam i ne c on se rva t i on p o t ent i a ls in sp e c i fi c  c o n 
sumi ng se c to r s, energy d eman d d a t a  for  1 9 7 2  a re d i v i d e d  on  sl i gh t l y  
d i ffer ent b a se s  i n  o th e r  se c t i o n s  o f  t h i s r epo r t . The  Tran sp o r t a 
t i o n  ana l y si s  ( Chap t er Thre e )  i nc l ud e s som e  mi sc e l l aneou s c a t e g o 
r i e s ( about  1 . 0 quadr i l l i o n  BTU ' s) t h a t  a r e  shown i n  t h e  indu st r i a l  
sec t o r  i n  T ab l e  1 .  T h e  I ndu st r i a l  Chap t er ( Ch ap t e r  One) c o n si de r s  
"nonene rgy"  us e s  ( 3 . 7  quadr i l l ion  BTU ts) wh i c h  i nc r e a se the  1 9 7 2  
indu st r i a l  c on sump t i on e st i ma t e  t o  2 4 . 3 quadr i l l i on BTU ' s. T ab l e  1 
data inc lude energy u se d  i n  a l l  dwe l l i ng s i n  the r e si dent i a l  se c t o r  
whi l e  t h e  " Re si d en t i a l "  se c t i o n  o f  Chap t e r  Two i n c lude s o n l y  struc 
ture s c o n t a i n i ng o n e  o r  two fami l i e s in i t s  ana l y si s. Energy con 
sumed i n  dwe l l ing uni t s  fo r thre e  o r  more  fam i li e s i s  a c c o unt e d  fo r 
in the " Commerc i a l "  se c t i on o f  Chap t e r  Two . T h e  ab ove adj u stmen t s 
a r e  shown i n  F i gure 1 .  

INDUSTRIAL 

P r o j e c t e d Pha se I energy saving s by 1 9 7 8  o f  ab out 1 0  p e r c ent 
per uni t of output i n  the  i ndu st r i a l  se c t o r , b a se d  on 1 97 2  energy 
con sump t i on ,  a r e a ssume d  to c arry through i n t o  Pha se II. A numb er 
o f  a c t i v i t i e s a r e  i n  p r o gre ss whi c h  sho u l d  evo k e  con si d e r ab l e  a t 
t en t i on t o  i ndu st r i a l  energy co n sump t i o n . No t the  l e a st o f  the se 
i s  the  cur r ent a t t en t i o n  fo cu se d  on the energy p ro b l em by the new s 
me di a .  Rep e t i t ive  p ub l i c i ty and h i g h e r  energy co st s  have no t only 
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a t t ra c t e d  the a t t e nt i on o f  end - us e r s , but the i r  r e s e a r ch and devel 
opment (R& D) o r g an i z a t i on s , eng inee r ing con t r a c t o r s , and new e quip 
ment de s i gne r s  and manu fa c t ure r s  a s  we l l . Nume rous  ene r gy cons e r 
va t io n  consu l t an t s  h ave eme r g e d  recen t l y , s ome op e r a t i n g  unde r gov
e rnme n t a l  ausp i ce s , who are eng a g e d  in  p rep a r ing  and  d i s t r ibut ing 
con s e rvat i on che ck l i s t s  and awaren e s s b u l l e t in s . T hi s  i n fo rma t ion 
sho u l d  p rovide incent i ve s  fo r the deve l opment of  future ene rgy con 
s e rva t i on p ro g r ams w i t h  p ar t i cu l a r  va lue t o  the s ma l l e r  indu s t r i e s . 
Al s o  s ur f a c ing a r e  e n g i ne e ring f i rms inte re s t e d  i n  p ro v i d i ng t e c h 
n i c a l  a s s i s t ance f o r on - go ing pr ogr ams  o r  i n  deve l op ing  new p r o g r ams . 
Wide r us e o f  currently ava i l ab l e  and deve l op ing t e chn o l o gy t h r ough 
out i ndus t ry cou l d  i nc r e as e energy c on s e rvat i on dur i n g  Pha s e  II . 

S ome e xamp l e s  o f  t e chno l o g i cal  deve l opment s t h a t  may c on t r ib 
ute are : 

• New p ro c e s s e s  whi ch inc lude c on t i nuous c a s t in g  o f  s t e e l , 
imp rove d s me l ting o f  a l uminum , and susp ens i o n  p re - he at e r  
k i lns  in  c eme nt manufa c t ure . 

• Adj us tmen t  in  p r o duct  re qui rements o r  s ub s t i tut i on s  o f  p rod
ucts t o  t ake  a dvantage  of l e s s en e d  ene r gy i n t en s i vene s s  
where  p o s s ib l e . 

• B o t toming cyc l e s  fo r the re covery o f  l ow l eve l h e a t . 

• Imp r ove d r e f r i g e rat i on ,  he a t i ng , and s ep a r a t i on me thods , 
and m i c r owave o ven dry ing in foo d  p r o ce s s in g . 

• Jo i n t  i ndus t r i al/re s i dent i a l/comme r c i a l  c omp l e xe s  t o  u t i l i z e 
o th e rw i s e  r e j e c t e d  l ow l eve l ene r gy fo r he a t i n g  and c o o l ing . 

• More e f f i c i en t  in - p l an t  p ower gene r a t i on and i mp rove d he a t 
e r s  and hea t  exchang e r s . 

• Flui d i z e d - bed comb us t i on o f  co a l . 

S ome high  g ai n s  in e f f i c i ency o f  ene r gy us e a r e  s hown i n  a r e a s  
o f  l im i t e d  s av ing s p o t en t i a l s . The comp l e x  and e x t en s ive op e r a t i ons  
in the indu s t r i a l  s e c t o r  p r e c l ude quan t i f i c a t i on of  the t o t a l  ene rgy 
s av in g s  or t o t a l  c ons e rva t i on p o tent i a l  dur ing the 1 9 19 - 1 9 8 5  p eri o d . 

RES I DENT I AL AND COMMERC I AL 

Ener gy s avings  in the re s ident i a l  and comme r c i a l  s e c t o r s  during 
the 1 9 7 9 - 19 8 5  p e riod can deve l op in  three a r e a s : (1 ) e x i s t ing hous 
ing and bu i l d ing s - - r e f l e c t ing a c o n t i nua t i o n  o f  s av i ng s  a s  quan t i 
f i ed i n  Pha s e  I ;  (2 ) new construc t i o n - - embodyi ng improved  t e ch 
n i que s ; and (3 ) mor e  e f f i c i en t  app l i anc e s , equ ipm�n t , and s y s t ems . 

The p r in c ip a l  fac t o r s  i n fluencing  the the rma l  e ff i c i ency o f  
hous i ng and b u i l d in g s  a re : g l as s  a re a , i n s ul a t i on , ext e r i o r  s o l ar 
shading , bu i l d i ng o r i entat i on and l ands c ap ing , app l i an c e s and equip 
ment us e d  f o r  s p ace  he a t ing and c oo l ing , wa t e r  he a t ing , l i gh t i ng 
and o ther s e rvice s .  
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S ome t e chno l o g i c a l  fac tors th a t  cou l d  a f f e c t c o n s erva t i on i n  
b o th the  r e s ident i a l  and commer c i a l  are as a r e: 

• More e f f i c i ent h e a t i ng and a ir cond i t i o n i ng s y s t em s , wa t er 
he a t er s , r e fr i g er a t or - fre e z er s , rang e s ,  and ligh t ing  s y s 
t ems . 

• Wa s te h e a t  r e c l ama t i on from r e fr i g er a t i ng s y s t em s , w a t e r  
he a t i ng s y s t ems , and exhau s t a ir b y  me ans o f  improved  h e a t  
exchang er s . 

• Us e o f  r e f l e c t iv e  g l a s s and more  w i d e s pr e ad u s e  o f  z o ne 
contro l s p a c e  he a t ing and c o o l ing s y s t ems . 

• Deve l opment and u s e  o f  improv ed  c omp onen t s  f or t o t a l  energy 
sys t ems wh i ch i nc l ude s wider app l i c a t i o n  o f  ab s orp t i o n  r e 
fr i g er a t i on . 

• Deve l o pment o f  h e a t  a c tu a t e d  h e a t  pump s and r e fr i g er a n t s 
wi th  improv e d  e f f i c i e ncy . 

• Deve l opment o f  g e o thermal and s o l ar e n e r gy e qu i pment  wh i c h  
inc l u d e s  o n - s i t e  wind - p owered  and s o l a r pho tovo l t a i c  e l e c 
tr i c i ty g enera t i o n . 

TRAN S PORTAT ION 

Bas i c  mod e s  o f  trans por t a t i on inc l u d e: h i ghway , a i rway , r a i l 
way , wa t erway , urb an pub l i c trans i t , and p i p e l i n e  s y s t em s . Ene r gy 
s av ing s in the s e  mo d e s  c an b e  made by : ( 1 )  r e du c e d  l ev e l s  o f  
s erv i c e; ( 2 )  t e chno l o g i c a l  improveme n t s  and i nnovat i on s ; and ( 3 )  
mod i f i c a t i ons  o f  t r an sp o r t a t i on u t i l i z a t i on p a t t e rn s . 

The maj o r  shor t - t e rm cons erva t i on opp o r tun i t i e s  i d e nt i f i e d i n  
Pha s e  I we r e  i n  the  h i g hway mode . Th i s  mo d e  h a s  t h e  h i g he s t  l ev e l  
o f  energy consump t i on i n  t h e  t r ans p o r t a t i o n  s e c to r . Dur i ng t h e  
Phas e I I  p e r i o d , s uf f i c i ent  t e chno l og i c a l  advanc e s  app e ar app l i c 
ab l e  i n  the h i g hway mo d e  and can b e  u s e d  t o  g e ne r a t e  a l ar g e r  p e r 
c e n t a g e  o f  s av i n g s  than i n  o th e r  mode s . B a s e d  o n  ava i l ab l e  and 
devel op i ng t e chno l o gy in the var i ou s  mod e s , s om e  avenu e s  of p o t en 
t i a l s av ing s a r e : 

• Reduc e d  p a s s eng er c ar eng ine  p owe r r e qu i r em e n t  inc lud ing  
r educ t io n  i n  v eh i c l e  we i g h t , mod i f i e d a x l e s  and  t r ansm i s
s i ons , r educ t i on s  i n  a e r odynam i c  d r a g , g r e a t e r  u s e  o f  
r ad i a l  t i r e s , and mo r e  e f f i c i en t  a c c e s s o r i e s . 

• U s e  o f  s m a l l e r  c ar s . 

• Cont i nued improvement s i n  eng ine  e ff i c i enc i e s  f o r  p a s s eng e r  
car  s e rv i c e . 

• Chang e s  i n  t r av e l charac t e r i s t i c s  wh i c h  i n c lude  imp r ov e d  
aut omob i l e t r af f i c  f l ow and incr e a s ed c a r p o o l ing . 
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• Improvement s i n  truck d e s ign and f r e i g h t  hand l i n g  and 
op e r a  t i o na! p r o c e dur.e s . 

• Ex t e nd e d  u s e  o f  mo re  e f f i c i ent  a i r cr a f t  eng ine s and w i d e 
b o d i e d  a i r cr a f t  and improved a i r cr a f t  u t i l i z a t i o n . T e c h 
no l o g i c a l  advance s  in a e r o dynami c s , ma t e r i a l s , and equip 
ment for  t r a f f i c  and f l i gh t  contro l .  

• Exp and e d  u s e  o f  c ompu t e r i z e d  manag ement  c o n t r o l s  i n  r a i l 
r o a d s  t o  op t im i z e  l o ad ing , s p e e d s , and r a t e s  o f  fue l  c o n 
s ump t i o n . 

• U s e  o f  mo r e  e f f i c i ent powe r p l an t s , l ar g e r  d i s p l a c ement 
hu l l s , imp r oved hu l l  d e s i gn to  r e duc e d r a g , and imp r oved  
c ar g o  hand l i ng p r o c e dur e s  in  wat e�b o rne t r an s p o r ta t i o n . 

• Expande d  u s e o f  bus e s  in  urban t r an s i t  s y s t ems  and vans in  
c arpoo l ing . 

• Improved e f f i c i e ncy through u s e  o f  l ar g e r  p ip e  s i z e s  i n  
p ip e l i ne op e r a t i on s , fr i c t i o n  r e duc t i on t e chn i qu e s ,  and 
advanc e s  in pump and c ompr e s s o r  d e s i g n . 

ELECTRIC UTILITY 

P r imary empha s i s  in  Pha s e  II is p l ac e d  on energy c o n s e rv a t i on 
p o t e nt i a l s  r e s u l t ing from t e chno l o g i c a l  chang e s  tha t can  b e  intro 
duc e d  i n  the 1 9 8 0 ' s .  A t t e ntion i s  g iven t o  l on g e r  t e rm c o n c ep t s  
and t o  p o s s ib l e  avenue s f o r  sub s t i tu t i o n  o f  fue l s . 

S ome examp l e s  o f  energy cons erva t i on p o t ent i a l s  r e l a t e d  t o  
t e c hno l o g i c a l  app l i ca t i on and deve lopment b y  e l e c t r i c  u t i l i t i e s  
are : 

• Was t e  he a t  u t i l i z a t i on , p ar t i cu l ar ly i n  s t e am- turb ine / c om 
bus t i on - turb ine cyc l e s  whi ch are  c o n s i d e r e d  t o  o ff e r  the 
g r e a te s t  p o t en t i a l  f o r  cons e rva t i o n  i n  the  g e ne r a t i on o f  
e l e c tr i c i ty i n  the 1 9 8 0 ' s .  Inc r e a s �s i n  e f f i c i ency o f  
cur r e n t  b e s t c omb ined - cyc l e  p l an t s  from ab o u t  3 9  p e r c en t  to 
SO p e r c ent  a r e  ant i c ip a t ed by 1 9 8 5 . 

• Ave r a g e  annu a l  e f f i c i ency for  e x i s t i ng f o s s i l  fue l ed 
s t e am cyc l e  uni t s  i s  ab out 3 2 . 7  p e r c en t , whi l e  tha t o f  
l i g h t- wa t e r  nuc l e ar uni t s  cur r e n t l y  o p e r a t ing i s  ab o u t  3 0 . 5  
p e r c en t . The mo s t  mo dern s t e am p l ants have e ff i c i enc i e s  
o f  ab out 3 8  p e r cent . T e chno l o gy ex i s t s t o  incr e a s e e f f i 
ciencie s of b o th s t e am cyc l e  and nuc l e ar unit s t o  ab out 4 0  
pe r c ent . 

• Only sma l l  fo s s i l  fue l  s av i n g s  wi l l  s t em f r om the deve l 
opment and u s e  o f  fue l  c e l l s  and g e o the rma l energy in  the 
Pha s e  II p e r i o d . Ove r  the l ong e r  t e rm , adde d  s av i n g s  l i e  
i n  the deve l opment o f  s o l ar g e ne r a t i o n  o f  e l e c tr i c i ty . 
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• T e chno l ogy i s  ava i l ab l e  for the H i g h  T emp e r a tur e G a s  C o o l ed 
Re a c t o r  (HTGR)  wh ich shou l d  b e  en t e r ing the �arke t i n  the 
1 9 8 0 ' s .  Te chno l o gy is a l s o  ava i l ab l e  for the b r e e d e r  r e 
a c t o r , but  comme r c i a l  deve l opment  w i l l  no t b e  achi eved unt i l  
a f t e r  1 9 8 5 . The rmonuc l e ar fus i o n  may b e  f o r thc om i ng in 
the d i s t ant  fu ture . 

• C omb ined d i s tr i c t  h e a t ing and p owe r  s y s t ems  r e s u l t ing from 
u t i l i ty/ indus try/ r e s i d ent i a l / c omme r c i a l  comp l ex e s  c an 
have thermal  e f f i c i enc i e s  a s  high a s  8 0  p e r c en t . However , 
the numb e r  o f  p o s s ib i l i t i e s  for  such c omb ined app l i c a t i ons 
is r e l a t iv e l y  l im i ted and , even whe n  p o s s ib l e , the ut i l i t i e s  
involved  mus t s t i l l  b e  prepared  to  p r ov i d e  a t  l ea s t s ome 
eme r gency b ack - up s e rv i c e . 

• Ener gy s t o r a g e  app l i c a t i ons w i th l im i t e d  p o t e n t i a l  for  
cons e rva t i on in  the 1 9 8 0 ' s  include  pump e d  hydr o e l e c t r i c  
and c ompr e s s ed a i r  s t o r a g e . 

• P o t ent i a l  ener gy s av ing s in the a r e a s  o f  t r ansmi s s i o n  and 
d i s tr ibu t i on a r e  sma l l  thr ough 1 9 8 5 . Subsequent  d eve l op 
ment and us e o f  u l tr a  h i gh vo l t ag e , d i r e c t  cur r ent , and 
cryo g e n i c  c ab l e  tr ansm i s s ion  may o f f e r  l ar g e  po t e n t i a l  
s av i ng s . 
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FURTHE R OBSERVAT I ONS AND COMMENT S 

Dur ing the c o u r s e  o f  t h i s  s tudy , wh i ch i nc l u d e d  t h e  p e r i o d en 
c omp a s s i ng the  Ar ab o i l  emb ar g o  o f  l a t e  1 9 7 3  and e a r l y  1 9 7 4 , i t  
h a s  b e c ome ev i d en t  t h a t  the  r o l e  o f  ene r gy i n  our  s o c i e ty i s  no t 
un iver s a l l y  und e r£to od . S ome g r o up s  h ave app a r e n t l y  ove r l o o k e d  the 
fac t tha t U . S .  e c onom i c  g r o wth and s t and ard  of  l iv in g  impr oveme n t s 
have b e en  c l o s e l y c o r r e l a t e d  w i th inc r e a s i n g  ene r g y  c o n s ump t i o n . 
I n s t e ad , i t  h a s  b e en  sug g e s t e d  that  the  Un i t e d  S t a t e s  ha s b e e n 
gui l ty o f  w i d e s p r e a d  "was t e" o f  the w o r l d ' s  ene r gy r e s ou r c e s . 
"Wa s t e" i s  an e c onom i c/ s o c i a l  c o n c ep t . P r i o r  t o  t h e  e n e r gy p r i c e  
inc r e a s e s  o f  1 9 7 3 / 1 9 7 4 , the  U . S .  e c onom i c / s o c i a l  s t r u c t u r e  w a s  
deve l o p e d  b y  s ub s t i tu t ing  ene rgy f o r  l ab o r ; t h e r eb y , imp r ov ing e c o 
nom i c  p r o du c t i v i ty , p r o v i d i ng mo r e  l e i s u r e t ime , and imp r o v i ng the  
s t andard  of  l iv i ng . S o c i e ty , a s  it  e x i s t e d  at  that  t ime , was  a 
p r o du c t  o f  i t s  p a s t e c onom i c  env i r onmen t . 

T o d ay , ene r gy p r i c e s  h ave incr e a s e d and s om e  o f  the  e n e r g y  r e 
l a t e d  p r ac t i c e s  t h a t  we r e  e c o nom i c a l l y  e f f i c i en t  a r e  no l ong e r  s o . 
Obv i ou s l y , c hang e s  in  e n e r gy u s e p a t t e r n s  s ho u l d  o c cu r . Howeve r ,  
many cur r e n t  e n e r g y  u s e p a t t e rns o f  the  Uni t e d  S t a t e s  c anno t b e  
chang e d  i n  a few y e a r s  w i thout  s ev e r e  e c onom i c  and s o c i a l  p e n a l t i e s . 

Ene r gy c o n s e r v a t i on i s  p a r t  o f  the answe r t o  t h e  g e ne r a l  qu e s 
t i on o f  fu ture  U . S .  ene r gy p o s tur e . Howeve r ,  e n e r g y  c on s e rv a t i o n  
i s  only  o n e  f ac e t  wh i c h  s h o u l d  b e  c o ns i d e r ed i n  c onj unc t i o n  w i th 
c o n t inu ing deve l o pme nt o f  ene r gy supp l i e s . Eve r y  p ub l i s h e d  f o r e
c a s t t o  d a t e o f  the  U . S .  ene r gy r e qu i r emen t s  in  1 9 8 5  indi c a t e s  th a t  
mo r e  en e r gy w i l l  b e  r e qu i r e d  than i s  b e i ng c o n s um e d  t o d ay - - even  w i th 
l ow e r  e c onomic g r ow t h  r a t e s  and s ub s t an t i a l  ene r gy c o n s e r v a t i on 
ach i evement s . Mo s t  inv e s t i g a t i ons i n t o  dome s t i c  e n e r g y  indep e ndence  
ind i c a t e tha t even  w i th fo r e s e e able r e du c t i ons  i n  t h e  r a t e  o f  
energy c onsump t i on , the  Un i t e d  S t a t e s  i s  e xp e c t e d  t o  b e  a t  l e a s t 
p ar t i a l l y  d e p e nd e n t  o n  fo r e i gn ene r gy s u p p l i e s  i n  the  f u tu r e . 

Co ns erva t i o n  o f  ene r gy s ho u l d  b e  an i n t e g r a l  p ar t  o f  an  ov e r 
a l l  na t i ona l ene r gy p o l i cy a f t e r  p r o p e r  c o n s i de r a t i o n  and d eb a t e  
r e g a r d i ng o th e r  na t i ona l p r i o r i t i e s  s u c h  a s  e c onom i c  g r ow t h , a l
l ev i a t i o n  o f  unemp l oym en t , s o c i a l  we l fa r e , e nv i r o nm e n t , n a t i on a l  
s e cur i ty ,  b a l anc e o f  p ayme nt s , e t c . P o l i c i e s  wh i ch a r e  i n  c o nf l i c t  
w i th ene r gy c o n s erva t i on and wh i ch f a i l  t o  a l l ow i nd iv i du a l  f r e e
dom o f  cho i c e  s hou l d  b e  c a r e fu l l y  ev a lu a t e d . 

T r ad e - o f f s  b e tw e e n  c ap i t a l  c o s t s and e n e r g y  c o s t s  a re c o mmo n , 
and thi s r ep o r t  emph a s i z e s  the  f r o n t - end cap i t a l  r e qu i r emen t s  o f  
ene rgy  c ons e r va t i o n  m e a s u r e s .  The c o r o l l ary o f  th i s  i s  a l s o  wor thy 
o f  no t e : a s ho r t a g e  o f  c ap i t a l  wh i ch c au s e s  d e f e r r a l  o f  c o ns e rva
t i on - o r i en t e d  exp e nd i tu r e s  o f t e n  w i l l  have  t o  b e  c o mp e n s a t e d  f o r  by 
ex t r a o r d inar i l y h e avy demand s up on f o s s i l  energy s ou r c e s , and p a r 
t i cu l ar ly up o n  p e tr o l eum . De f e r r a l  o f  n e e d e d  i nv e s tme n t s  i n  u t i l 
i ty g e ne r a t i ng c ap a c i ty c a l l ing f o r  u s e  o f  nonp e t r o l eum fue l s  
( nuc l e ar and c o a l ) m ay r e s u l t i n  l a t e r  eme r g e nc y  i n s t a l l a t i o n  o f  
turb ine f ac i l i t i e s  r e qu i r i ng p e t r o l eum fu e l s . 
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I t  shou l d  no t b e  a s s umed  tha t  i n c r e a s ed ene r gy s aving s  n e c es 
s a r ily r e s ul t  i n  e c onom i c  s av i n g s  f o r  c o n s ume r s . T h r o u g h  e n f o r c e d  
c o n s e rv a t i o n  s t a nd a rds,the c ons ume r could b e  r e qu i r e d  t o  i n s t all o r  
ind i r e c tly p a y  f o r  i n s t al l a t i o n  o f  mo re  c ap i t a l  e q u i pm e n t  than the  
r e s ul t a n t  e n e r g y  c o s t  s av i ng s would p ay f o r . A g o o d  examp l e  o f  
th i s  i s  i n s t alla t i on o f  s olar he a t i ng r e qu i r i n g  c o nv e n tio n a l  h e a t ing  
b ac kup . In  t h i s c a s e  the e n e r gy suppl i e r  wou l d  have  t o  p r ov i d e 
s t a ndb y c a p ab il i t y w h i c h  the c o n s umer  wou l d  h a v e  t o  p ay f o r . The 
n e t  r e s u l t  m i g h t  be h i g h e r  c o s t s  ( i nclud i ng the  c o n s um e r ' s  c o s t  o f  
c ap i t al )  t h a n  h e a t i ng d i r e c tly w i th o i l, g a s  o r  ele c t r i c i t y . 

Th i s  r ep o r t  d o e s  no t a t t emp t t o  ev a l u a t e  any t end e ncy o f  c o n 
s ume r s  t o  t r ans f e r  the e c o nom i c  s av i ng s a f f o r d e d  by c o n s e rv a t i o n 
me a s ur e s  t o  o th e r  e n e r g y  u s e s . F o r  ex ample , a u t om o b i l e  m i l e age 
dr i v e n  may t e nd t o  inc r e a s e as  m ile s per  g allo n  p e r f o rmanc e imp r o v e s .  

Ene r gy u s e p a tterns  w i l l  d i f f e r  f o r  e a ch g e o g r ap hic r e g i o n and 
end - u s e  s e c to r . Mand a t e d  r e du c t i o ns  o f  ene r gy u s e  c ou l d  c r e a t e  
hard s h i p s  i n  c e r t a i n  r e g i o n s  and s e c t o r s  o f  o u r  s o c i e ty .  W i t h i n  
th i s  f r amew o r k, the  mark e tp l a c e , wh i c h  h a s  l ong b e en o n e  o f  the  
mo s t  e f f i c i e n t  a llo c a t o r s  o f  s c a r c e  supp l i e s , s h ou l d  be  a l l owed  t o  
el im i n a t e  the i ne f f i c i en t  u s e s  o f  e n e r gy . Wh i l e  d i s t o r t i on s  a r e  
o c c a s i o nal l y  imp o sed u p o n  the marke t by e x t e r n a l even t s, s u ch a s  
the r e c e n t  Ar ab o i l  emb a r g o  o r  g o v e r nme n t  i n t e rv e n t i o n , t h e  sys t em 
should b e  a llowed t o  cle ar the i ne f f i c i e n t  u s e s  o f  e n e r gy a nd only 
s ho uld be  s upplem e n t e d  by pub l i c p ol i cy d e c is i o n s  when and i f  the r e  
a r e  o bv i ou s  a n d  u n t e n able inequ i t i e s  in  the  s h a r i ng o f  t h e  b u r d e n s  
wh i ch may b e  i nv o l ve d . The  o v e r r i d ing g o al s ho uld b e  t o  p r e s erve  
the  f r e e dom of  t h e  i nd i v i du al t o  s e l e c t  h i s  o p t i o ns  t o  f i t  h i s  
ne e d s  and r e s ou r c e s . *  

· 

Func t i o n i ng o f  the  marke t may no t e l i m i n a t e  s ome  i ne f f i c i en t  
u s e s  o f  ene r g y  a s  l ong a s  s ome s ou r c e s  o f  e n e r g y  s up p ly c on t i nu e  to  
b e  s ub j e c t  t o  r e gu l a t o ry a c t i o ns wh i c h  c au s e m i s a l l o c a t i o n  o f  r e 
s ou r c e s . Th i s  mus t b e  t a k e n  i n t o  a c c ount  i n  c o n s i d e r a t i o n  o f  
pub l i c  ene r gy p o l i cy .  

* Mand a t o ry and cur t a i lment  me a s ur e s  t o  a ch i ev e  ene r g y  c o n s e r 
v a t i o n  a r e  d i s cu s s e d i n  the  NPC ' s  Em e rg e n c y  Pr e p a r e dn e s s  fo r Pe t r o 
leum Imp o r t s  i n t o  th e Un i t e d  S ta t e s �  W a s hing t o n , D . C . : S e p t emb e r  
1 97 4 . 

1 4  



Ch ap te r  One 

INDUSTRIAL  

H i s to r i c a l l y , the  in dus tr i a l s e c t o r  has  s i gn i f i c an t l y  i nc r e a s e d 
i t s ene r gy e f f i c i e n cy . As r e p o r t e d  by  the C o n fe r e n c e  Bo ar d , i n dus 
tria l ene r gy u s e  p e r  un i t  o f  o utp u t  de c l i n e d  a t  a 1 . 6  p e r c e n t  a ver 
age  annu a l  r a te fr o m  1 9 5 4  t o  1 9 6 7 . *  Th i s  t r en d  i s  l i k e l y  t o  a c c e l 
e r a te i n  t he future . 

I n  o r d e r  to de te rmine th e ex t e n t  to  w h i ch i ndus t ry a s  a who l e  
coul d e f fe c t  e ne r gy c o n s e rva t i o n , e i gh t  i ndus t r i e s  wh i ch a c count  
fo r the maj o r  p o r t i o n  o f  th e ene r gy us e d  i n  the  i n d us t r i a l  s e c t o r  
were  s e l e c t e d  fo r e va l ua t i on . The s e  i ndus t r i e s  a r e : 

• Chemi c a l  

• I r o n  and S t e e l 

• Agr i c ul ture 

• F o o d  P r o ce s s i ng 

• P e t r o l e um 

• P ap e r  

• A l uminum 

• C e men t . 

Oppo r tun i t i e s  fo r imp r o vi n g  e f f i c i e n c y  o f  s te am - g e n e r a t o r  i n 
dus tr i a l  b o i l e r  s y s t e ms wh i ch comp r i s e  a l mo s t  o ne - h a l f o f  t h e  e ne r 
gy c ons ume d b y  in dus t ry a r e  a l s o cons i de r e d .  

The Phas e I r ep o r t  p r o j e c t e d  an o ve ra l l  i n du s t r i a l  s e c t o r  e n e r 
gy s avings  fo r the 1 9 7 4 - 1 9 7 8  t ime fr ame o f  app r o x i m a t e l y  1 0  p e r ce n t  
p e r  unit o f  o utp u t . t  The s avings  p e r  un i t  o f  o u tp u t w a s  b a s e d  on  
1 9 72 en e r gy cons ump t i on and  var i e d  s i gn i f i c an t l y  b e tw e e n  i n dus t r i e s . 
Ene r gy s av i ngs  range d from 2 0  p e r c e n t  fo r t h e  mo s t  he av i l y  ene r gy 
int ens i ve in dus t r i e s to  2 pe r c e n t  fo r farming ope r at i on s . The va r -
1ous e s t ima t e d  ene r gy saving s fo r t he indus t ry g roups b e c ame mo re  
s i gni f i cant a s  a r e s u l t of  the F e de ra l  Ene rgy Adm in i s t rat i on ' s ( FEA) 
Vo l un t ary Cons e r va t i o n  P r o g r am ini t i a t e d i n  S e p t e mb er 1 9 7 4 . A t  th a t  
t i me , r ep re s e n t a t i ve s  o f  t h e  FEA and t h e  De p a r tme n t  o f  C o mme r c e  me t 

* Th e  C o n fe r e n c e  B o ar d , En e r gy Cons ump t i on i n  Ma n ufa c turi ng � A 
Re p o r t  to the  Ene r gy Po l i cy Proje c t� " S ummary"  s e c t i on , C amb r i dg e , 
Mas s . :  B a l l i n g e r , 1 9 7 4 . 

tNa t i on a l  P e t r o l eum C o unc i l , Po te n ti a l fo r En e rgy C o n s e r v a t i o n  
i n  th e Un i te d  S ta te s : 1 9 ? 4 - 1 9 ? 8 �  Was hin g t o n , D . C . : S e p t e mb e r 1 0 , 
1 9 7 4 , pp . 2 7- 4 7 .  
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w i th p e tr o l e um i n d us t ry e x e c u t ive s in the firs t o f  six Indus try C on 
s e r va t i on C o n f e r en ce s .  Th ese co n fe r e n ces we r e  a i me d  a t  s ol i c i t i n g  
vo l un t ary  c ommi t me n ts fo r dev e l o p i n g  c o mp r e h e ns i ve con s e r v a t i o n p ro 
grams .  T h e  p e t r o l e um i ndus t ry p l e dg e d  a r e fine r y  e n e r g y  c o ns e rva 
t i o n  g o a l  o f  1 5  p e r c en t b y  1 9 8 0 . In l a t e r  c o n fe r e n c es w i t h r e p re 
sen t a t i ves o f  the c e me n t , a l um i num , chemi c a l , s t e e l , and  p ap e r  in 
dus t r i es , the p r o j e c te d  e ner gy r e duc t i ons g e n e r a l ly fo l l owe d t he 
cons e r va t i o n p o t e n t i a ls id e n t i fi e d  in Ph as e I .  P e r i o d i c  r e p o r t i n g  
o f  a ch i ev emen ts b y  e a ch i n dus t r y  g r o up t o  th e FEA s h o u ld s t i mu l a te 
con s e rva t i on a c t ivi t i es .  The fi rs t  o f  t hese r e p o r ts w a s  s c h e du l e d  
t o  cov e r  t h e  J a nua ry 1 thro ugh J une 30 , 1 9 7 5 o p e r a t i n g  pe rio d .  

T h e  10 p e r c e n t  p er un i t  of o u tp u t  re duc t i on i n ene r gy use in 
Ph as e  I amo un ts t o  ab o u t  2 . 2 0 quadr i l l i o n  B r i t ish T h e rma l  Un i ts 
(BT U's ) pe r y e ar . T h i s  s avin g ,  if conve r t e d  from t he vari o us fo rms 
o f  e ne r gy ( c o a l , g as , co ke , e t c . ) , to  an e q uiva le n t  i n  o i l w o u ld 
amo un t  t o  app r ox i ma t e l y 1 m i l l i on b a r r e ls a day b y  19 7 9 . Es sen t i a l 
l y , a l l  these  ene r gy g a i n s  s ho u l d  ap p l y  dur i n g  P h as e  I I . Re t r o g r es 
s i on i n t o  i n e f f i c i en t  op e r a t i n g  c o nd i t i o ns i s  n o t a n t i c i p a t e d  sin c e  
thes e  g a i ns w i l l h ave b e en made t h r o u g h  c ap i t a l  e xp e n d i t ur e s  in duce d 
b y  h i ghe r  e n e r gy p r i c es and  b e caus e  o f  c on t i n ue d  man a g e men t i n t e r 
es t i n  mo n i t o r i n g  o p e r a t i ng cos ts . T h e  t o t al en e r gy s av i n gs d ur i ng 
th e p e r i o d  may va r y  s omewh a t  de pen d i ng up o n  t h e  s t a t e o f  th e e c o n 
omy . 

C o ns e rva t i o n  a c t i vi t i es i mp l emen t e d  dur i n g  t h e  1 9 7 4 - 1 9 7 8 pe r i o d 
tha t w ill c a r ry t h r o ugh i n t o  Phase I I  a r e : 

• Phys i c a l c hanges o r  addi t i ons t o  p l an t  e q u i pmen t t o  r e cover 
he a t  o r  t o  r e duc e op e r a t in g  e ne r gy r e q u i remen t s . 

• Op e r a t i o n a l  s a v i n gs such as re duc i n g  unne c e s s ar y  i d l i n g  of 
e q u i p men t ,  re du c i n g  e x c ess i ve p r o c e ss o ve r dry i n g , and op t i 
m i z in g  the r e fl ux and r e cy c l e  ra t i os i n  r e f i ne r i e s  and  c h e m 
i c a l  p l an t s . 

• Ma in t e n an c e  a c t i vi t i es such as s te am l e ak and i ns ul a t i on 
re p a i rs ,  f r e q ue n t  c l e an i n g  o f  e x c h an g e r s , an d r e fr a c t o ry 
re p a i rs i n  h e a t e rs and b o i l e rs .  

• C o nt r o l  o f  l oss es and was t e  s u ch as usi n g  w o o d  re fus e , cu t 
t i n g  o i l , and  s o l i d  was tes as fue l s , an d r educ i n g  h y d r o c a r 
b on l oss es to  f l ares o r  vent s . 

• I n t e ns i f i e d  o p e r a t o r  s urve i l l an c e  an d s up e r v i s o ry c o n t r o l s  
t o  i mp r o ve o p e r a t i n g  e ff i c i e n cy and r e duc e  was t es . 

A numb e r  o f  a c t i v i t i e s  are  i n  p r o gr e s s  wh i ch s h o u l d  e vok e con 
s ide r ab l e  a t t e n t io n  to  i ndus t r i a l  ene r gy c o ns ump t i o n . No t the l e as t  
o f  the s e is t he curre n t  a t t e n t i o n  fo cus e d  o n  the  e n e rgy p r ob l e m b y  
t he news me d i a . Re p e t i t i ve p ub l i c i ty an d h i gh e r  e n e r gy p r i c es have 
not o n l y  a t t r a c t e d  the  a t t e n t i o n  of e nd - us e r s b u t  r es e a r ch an d de 
ve l opmen t ( R & D )  o r gan i z a t i ons ,  e ng i ne e r i ng con t r a c t o rs , and new  
e q u i p me n t  des i gn e rs a nd man u f a c t ur e r s  a s  we l l .  N ume r o us e ne r gy c o n 
s e rvat io n  c o ns u l t a n ts  h ave eme r g e d  r ece n t ly , s ome  o p e r a t i ng unde r 
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g o ve rnmen t a l  aus p ic e s, who are  eng a g e d  in  p rep a r i n g  and d i s t r i but ing 
cons e rvat i on chec k l i s t s  and awar en e s s bul l e t i ns . Th i s  i n fo rma t i on 
sh o u l d  pro vi de in c en t i ves for the  deve l o p me n t  o f  fut ur e  e n e rgy con 
s e r va t i o n  pr o gr ams w i th p ar t i c ul ar va l ue t o  t he sma l l er i n dus t r i es .  
Als o  s ur fac i ng ar e e n g i n e er ing firms i n t e r es t e d  i n  p r o v i d i n g  t e ch 
n i ca l  ass is t an c e  for o n - g o i n g  pr o g rams o r  i n  deve l o p i ng n ew p r o g r ams. 

The maj or i n c e n t i ve for c o n t inu i n g  e ne r gy c o ns erva t io n  p r o grams 
i s  th e cos t  o f  e n er gy . S in ce 1 9 7 1 , i n d us try e ner gy pr i c es h ave r is 
e n  more r ap i d ly than most  o th er oper a t i n g  and  ma i n te n a n c e  c os ts . 
Th e cha l l e n g e  o ffer e d  by these r i s i n g  e ne r gy c os ts s h o u l d assur e 
con t inue d act i v i ty i n  t he fo l l ow in g  ar e as : 

• Re - evaluat i on o f  p l ant o p e r a t i o n  w i th p r o p e r  s urve i l l ance . 

• Us e o f  R & D  o r g a n i z a t io ns t o  e xp l o r e fo r new  pro c e s s e s an d 
me th o ds wh i c h  are l ess e ne r gy i n t e ns i ve . 

• S e ar c h  for e n e r gy conserva t i o n  pro j e c ts wh i ch w i l l  b e  e c o 
n o m i c a l ly a t tr a c t i ve . 

CON S E RVAT ION I N  THE 1 9 7 9 - 1 9 8 5  P E R I O D  

E ner gy c o ns erva t i o n  g a i ns made dur i n g  P h as e  I a r e  e xp ec te d t o  
b e  s us t a i n e d  dur in g  t h e  1 9 7 9 - 1 9 8 5  p er i o d . I n  a d d i t i o n , t h e  de ve l op 
me n t  and i mp l emen t a t i on o f  new te chno l o gy in  t he var i o us indus t r i es 
w i l l  r es ul t i n  subs tan t i a l  c o ns e r va t i on p o t e n t i a l . S ome e x amp l es o f  
th ese  n ew d e ve l opmen t s  are : 

• New pr o ce ss e s  wh i ch i n c l ude c o n t i n uo us c as t i ng o f  s t e e l , i m 
pr o ve d  sme l t i n g  o f  a l um inum , a n d  s usp e ns i o n  pr e - h e a t e r  k i lns  
i n  ceme n t  man u fa c tur e . 

• Adj us tme n t  i n  pr o duc t r e qu ir e me n ts o r  s ub s t i t u t i o ns  o f  p ro d 
uc ts t o  t ake a dvant a ge o f  l es s e n e d e n e r gy i n t e ns i v en e ss 
wh ere p os s i b l e . 

• B o t tomi n g  cy c l e s  for the r e c ove ry o f  l ow l e ve l  h e a t . 

• Impr o ve d  r e fr i ge r a t i on , he a t ing , a n d  s e p a r a t i o n  me t h o d s , and 
m i crowave oven dry in g  i n  fo od p r oce ss i n g . 

• Jo i n t  i ndus tr ia l /r es i den t i a l / c o mm e r c i a l c o mp l e x e s  t o  u t i l i z e 
o t he rw i s e  re j e c t e d  l ow l eve l e ne r gy fo r h ea t in g  and  co o l i n g . 

• Mo r e  e f fi c i e n t  i n - p l an t  powe r  gene r a t i o n  and i mp r o ve d  h e a t 
e rs and h e a t  e x ch ang e r s . 

• F l u i d i z e d - b e d  comb us t io n  o f  c o a l . 

CON S T RA I NTS 

The ava i l ab i l i ty o f  c ap i t a l  and t e chn i c a l  manp owe r w i l l  c o n 
t in ue t o  b e  t h e  maj o r  c o ns t r a i n ts in  i mp l eme n t i ng ene r gy c on s e rva -
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t i on proje c t s  t hrough t h e  1979 - 198 5 per i o d. Ad4�t i onal en ergy 
demands t hat may be requ ired for s ome d e s irable saf ety and env iron 
men tal pro j e c t s  c o uld off s e t  s ome of the  c on s ervat i on ga i n s . 

Capi tal 

New te chnology that i s  develope d c o uld be cap i tal i n t e ns ive , 
e s pe c ially if it e ntails re placemen t of c o mplete opera t i ng units . 
Ris ing  c o ns tructi o n  c o s ts w ill mo derate the e conom i c  i n c e nt i ve of 
new energy saving d e velopme n t s .  I n  add i t i o n , cons ervat i o n  pro j e cts 
w i th i n  any i n d i v i dual company will have to c ompe te for th e re quire d 
cap i tal w i th oth er ne e ds s uc h  as plan t e xpans i ons , e nv ironmen tal 
improveme nts , and plant re v i s i ons re s ulting fro m  pro duct c hange s .  

Availability of T e ch n i cal Manpower 

During the s hort- term perio d cons iderable e n ergy cons ervat i o n 
can be achie ve d by s urve illan c e  of operat i o n s .  Th i s  can be effe c te d  
through the us e of knowle dgeable non t e c hn i cal pers onnel an d s ho uld 
cont i nue i n  the 1979-1985 perio d .  I n creas e d  us e of well traine d 
pe ople w ill pro vi de further opportun ity for e nergy s av i n g s . How
ever , for the more s oph i s t i ca t e d  ac t i vi t i e s , t e chn i cal manpower mus t 
be de d i ca t e d  to th i s  effor t. There s t ill e x i s ts the s tro n g  i ndustry 
conc ern e xpre s s e d  i n  th e Phas e I report re gard i n g  th e availabili ty 
of te chn i cal manpower to i dentify , e valuate , and i mpleme n t  energy 
c o ns ervat i o n  pro j e cts . Howe ver , the moveme nt of cons ultants and 
eng i ne er i n g  firms i nto th i s  fi eld s h ould pro v i de th e ne e de d  as s i s t 
anc e  to i n du s try . For "breakthro ugh" i deas , i n-depth re s earch w ill 
be re qu ire d by the i ndus tri e s  and po s s ibly , the academ i c  s e c t or s .  
T h e  e x tent of d e d i cati o n  and re s ults of th i s  effort w ill determ i n e  
th e e nergy c o n s e rvat i o n  ach i e veme n t s  i n  t h e  19 79 - 198 5  t ime frame .  

Environme ntal and Safe ty Requiremen t s  

Enviro nme n tal and s afe ty re quireme nts o f  th e early 1980 's may 
i ncreas e i ndus try's e nergy demands and offs et s ome of the e nergy 
cons ervat i o n  ach i e vements . For e xample , i mple me ntat i o n  of "zero 
d i s charge , "  th e nat i o nal goal of the 1972 F e d eral Wat er P o lluti o n  
Con trol Law , c o uld re s ult i n  increas e d  energy cons umpt i o n . 

TRADE-OF F S  

I n  s ome cas e s ,  e n ergy cons erva t i on opporturi i t i e s  1 n  i n dus try 
i nvolve certa i n  trade - offs wh i ch s h o uld be cons i dere d 1n th e o ver
all e valuat i o n . Some e xample s are: 

• Agriculture: Alth o ugh "no - till" farmi n g  w i ll re duce e nergy 
requirements , it c o uld als o  re duce the demand for me chan ize d 
farm e q u ipme nt and th us increas e unemploymen t in the farm 
machin ery indus try. 

• Steel: I f  s o me of our e xporte d s crap c o uld be re cycle d  i n  
o ur e x i s t i n g  mills , energy s av i n g s  w o uld re s ult . How e ver , 
de creas i n g  o ur s crap exports would affe ct balanc e  of pay 
ments and i nternati onal trade rela t i ons . 
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NEW AN D  IMPROVE D TE CHNOLOGY FOR IN DUSTRY 

Ra the r th an a t temp t i ng t o  c o ve r  a l l new t e chno l o g i e s ,  s p e c i f i c 
examp l e s  unde r de ve l opme n t  which c an b e  u t i l i ze d  dur i n g  th e 1 9 7 9 -
1 9 8 5  pe r i o d  we r e  s e l e c te d  fo r e ach o f  the indu s t r i a l  s e c t o r s . Th e s e  
are  d i s c us s e d  i n  th e fo l l ow i ng s e c t i ons . Une xp e c t e d  b re ak th ro u gh s  
may o c cu r  i n  va r i o us a r e a s  b u t  the e f fe c ts c anno t b e  e va l ua t e d . I t  
s h o u l d  b e  no te d th a t  s ome o f  th e e x amp l e s  a r e  app l i c ab l e  to  mo r e 
th an one  i ndus try and e x ch an g e  o f  te chno l o g i e s  b e twe e n  i n dus t r i e s  
shoul d b e  e n c o u r a g e d .  

CHEMI CAL INDUSTRY 

Deve l opme n t  o f  new te chno l o gy h a s  b e e n  a m a j o r  f a c t o r  i n  th e 
grow th o f  the chemi c al i n dus try to d a t e  and i s  e x p e c te d  t o  c o n t i nue 
to p l ay an imp o r tan t  r o l e  in th e fu tur e . App l i c a t i o n  o f  new t e ch 
no l o gy i n  a r e as s uch as  s ep ar a t i on s y s t ems and new c h e m i c a l  s yn th e 
s i s r o u t e s  w i l l  h ave a b e a r i ng on r e duce d e ne r gy us a g e . C u r r e n t e x 
amp l e s  unde r de ve l o pme n t  a r e  nonthe rma l s e p ar a t i on p r o c e s s e s  s u ch 
as l i qu i d - l i qu i d  e x t r a c t i on or r e ve r s e  o s mo s i s . I n  a d d i t i o n, new, 
l e s s  e n e r gy - i n t e n s i ve, h i ghe r y i e l d  syn th e s i s  p r o c e s s e s  con t i nue t o  
re ce ive maj o r  a t te n t i on i n  ind i v i dual  l ab o r a t o r i e s . 

New te chno l o gy s houl d con tr ib u t e  s i gn i f i c an tl y, p a r t i cul a r l y  i n  
new p l an ts tha t a r e  e conomi c a l ly  op t imi z e d, to r e fl e c t  th e new, h i gh 
c o s t o f  e ne r gy . B u t  the re i s  ano th e r ar e a  whe r e  s i g n i f i c an t  p o t e n 
ti a l  e ne r gy s av i n g s  c ou l d  b e  ach i e ve d  thr ough the app l i ca t i on o f  
e x i s t i n g  t e chno l o gy . The che m i c a l  i n dus try i s  one  o f  th e c o un t ry ' s  
ma j o r  c o ns ume r s  o f  b o th s te am and e l e c t r i c  p o we r . I n  1 9 6 7  the  
chem i c a l  indus try ' s  e s t i mate d s te am cons ump t i o n  was  1 . 3  t r i l l i o n  
p ounds p e r  ye a r  and th e e s t i ma te d  pe ak e l e c tr i c a l  p ow e r l o ad was  
1 5 , 0 0 0  m e g awa t t s  (MW). Of  the 1 5 , 0 0 0  MW e l e c t r i c p owe r r e q u i reme n t  
re fe r r e d  t o  ab o ve, the chemi c a l  i ndus try g e ne r a t e d  o n l y  ab o u t  2 , 9 0 0  
MW, o r  l e s s  than 2 0  p e r c e n t  o f  i ts demand . The ch em i c a l  i n dus t ry 
a c c o un t s  fo r ab o u t  2 0  p e r c e n t  o f  to ta l indus t r i a l  e ne r gy c o n s ump t i o n. 
The h i gh l o a d  fac t o r  o f  b o th s te am and powe r i n  th e chemi c a l  i ndus 
try indi c a te s  th a t  the comb ine d p r o du c t i o n  ( du a l  purp o s e p l an t s ) o f  
p r o ce s s  s te am and e l e c t r i c  p ow e r  c o u l d p ro du c e  b o th e ne r gy s av i n g s  
and envi r o nmen t al b ene f i t s . 

I n dus tr i a l  p r o c e s s e s  wh i ch u t i l i z e s te am typ i c a l l y  g e n e r a t e  i t  
by me ans o f  l ow p re s s ure, p a ck a g e  b o i l e r s  wh i ch op e r a te a t  a r e l a 
t i ve l y  l ow the rmal e ff i ciency . I n  th e s e  c a s e s, th e p o t en t i a l  e x i s ts  
fo r the  us e o f  h i gh p r e s s ur e  b o i l e r s  w i th the i r  r e l a t ive ly h i gh fue l 
e ff i c i ency, fo l l owe d by  b a ck - p re s s ur e  turb i n e s  th r o u gh wh i ch the 
s team p a s s e s  wh i l e  b e i n g  r e du c e d  to the de s i r e d  p r o c e s s  p re s s ur e . 
The turb i ne d r i ve s  a g e ne r a to r  and b y - p ro duc t e l e c t r i c p ow e r i s  p r o 
duce d� The ene r gy r e qu i r e d t o  p ro du c e  th i s  p o we r  i s  g r e a t l y  r e du c e d  
in c omp ar i s on w i th c onve n t i o n a l  c e n t r a l  s t a t i o n  p l an t s  i n  wh i ch the 
e xhaus t s te am i s  conden s e d  and the h e a t  c o n t e n t r e j e c te d  to  th e 
e nv i ro nmen t .  The comb in e d s te am/ e l e c t r i c  p l an t s  a r e  r e fe rr e d  t o  a s  
" dua l purp o s e" and app e a r  f avo rab l e  o n  the b a s i s  o f  b o th fue l and 
envi ronment al cons i de r a t i on s . 

In s ome c as e s, ins te a d  o f  u s i ng s te am fo r e l e c tr i c  g e ne r a t i o n, 
the s te am i s  e xp ande d thro ugh me ch an i c a l  dr i ve turb ine s p r i o r  to 
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i ts u s e  i n  the p ro c e s s .  Th i s  u t i l i z a t i on o f  e ne r gy i s  a s  eff i c i e n t  
a s  i f  t h e  s te am we r e  e xp ande d through turb ine s d r i v i n g  e l e c tr i c  
g e ne r a t o r s  p r i o r  t o  i t s  us e i n  the p r o ce s s .  S ome dua l p u rp o s e  
p l an t s  h ave b e e n  s u c ce s s fu l ly u t i l i z e d  i n  the chem i c� l i ndus t ry, 
among  o the r s, fo r 4 0  y e a r s  o r  mo r e . Howeve r, the re 1 s  a l ar g e r  
p o te n t i al fo r s uch p l an t s  than h as b e e n  r e a l i z e d  t o  d a t e . S e v e r a l  
fac to r s  a c c o u n t  fo r th i s: 

• S ma l l  s i z e o f  s ome un i t  p l an t s  mak i n g  e c on omi c a l  dua l pur 
p o s e  op e r a t i o n  imp r a c t i c a l . 

• G r a dual e vo l u t i o n  o f  p l a n t s  a t  a g i ve n  s i t e  i n  wh i ch i n c r e
me n t a l  addi t i o n s  o f  dual purp o s e  c ap a c i ty we r e  no t p r a c t i 
c a l . 

• H i s to r i c a l l y  favor ab l e  r a te s  f o r  th e p u r ch a s e  o f  p owe r from 
l o c al u ti l i t i e s . 

• I ndus t r i a l  mana g eme n t  re l uc tan c e  t o  a d d  th e b u r de n  of p owe r 
g ene r a t i o n  t o  the i ndus t r i al o p e r a t i on . 

• L ow fue l c o s t wh i ch d i s c o ur a g e d  a d d i t i o n a l  c ap i ta l  inve s t 
men t  t o  s ave fue l . 

P l an t  s i ze i s  a maj o r  cons i de r a t i on whe n  i n t r o duc i n g  t h e  dual 
purp o s e de s i g n . I t  i s  e s t ima t e d  tha t a s te am c a p a c i ty o f  a t  l e a s t 
4 0 0, 0 0 0  p o un d s  p e r hour  is ne e de d  to  j us t i fy t h e  a d d i t i o n  o f  e l e c 
tr i c  g e ne r a t i n g  c ap ac i ty t o  a b o i l e r . I n  1967, s ome 4 6  p e r c e n t  o f  
the chemi c a l  p l an t s  had  s te am c ap a c i ty r e qu i r eme n t s  g r e a t e r  than 
4 0 0,0 0 0  p o un d s  p e r  hour . Thus, in 1 9 6 7, the  ch e m i c a l  i n dustry th e o 
re t i c a l l y  h a d  the c ap ab i l i ty o f  e c on o mi c a l l y  gen e r a t i n g  a b o u t  8, 7 0 0  
MW o f  e l e c tr i c i ty - -ab o u t thre e t i me s  the a c tual  g e ne r a t i on . 

Cons t r a i n t s  

O ne o f  the i nh ib i t i ng fa c to r s  to u t i l i z a t i o n  o f  dua l p u rp o s e  
ope r a t ion s  i s  the e vo l u t i onary g row th o f  many c h e m i c a l  p l an t s . 
O th e r  c o n s t r a i n t s  i n  th i s  a r e a  i nc l ude c ap i ta l  ava i l ab i l i ty and 
e nvi r o nme n t a l  fa c to r s . W i th mo re c a r e ful e n e r gy p l ann i n g, future 
p l an t s  can be de s i gne d and c o ns tru c te d  w i th th i s  e n er gy· and e n v i ro� 
me n t a l  s av i n g s  i n  m i n d . The e ar l i e s t th i s  new c o ns t r uc t i o n  c o u l d 
b e  comp l e te d  i s  1 9 7 8 and thu s, the e ne r gy c o n s e rv a t i on p o t e n t i a l  
thr o u gh dua l p u rp o s e  op e r a t i ons  c an b e  e xp e c te d  i n  the  1 9 7 9 - 1 9 8 5 
t im e  f r ame . 

I RON AND S TE EL INDU S T RY 

C ur r e n t  p r a c t i c e  i n  s te e l mak i ng invo l ve s  the  e ne r gy - i n tens i v e  
sys tem o f  p r o duc i ng i nd i v i dua l i n g o t s  wh i ch r equ i r e  f r e que n t  
hand l ing  and r eh e a t  o p e r a t i o n s . Typ i c a l l y, l i qu i d  s t e e l  i s  t apped  
i n t o  a r e fr a c t o ry - l i n e d  l ad l e ; p ou r e d  o r  t e em e d  into  c a s t  i r o n  
ing o t  mo l d s ; t h e  c a s t i r o n  mo l d s  a r e  s t r ipp e d  f r om t h e  in g o t s  a f t e r  
t hey have s o l i d i f i ed ; t h e  i ng o t s  a r e  h e a t ed t o  a un i fo rm t emp e r a t u r e  
o f  2, 2 0 0 - 2,4 0 0 ° F  i n  fue l - f i r ed s o a k i n g  p i t s  o r  furna c e s; a n d  t he ho t 
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ingo t s  a r e  r o l l e d i n t o  s em i f i n i s he d  s i z e s  wh i c h  a r e  l a t e r  r e h e a t e d  
and ro l l e d  i n t o  s t r ip o r  s hap e s .  Th i s  me tho d  i s  b e i n g  mo di f i e d  a s  
n e w  p l ants  a r e  b ui l t  o r  as  o b s o l e te p l an t s a r e  r ep l ac e d  b y  t h e  mo r e  
e f f i c i e n t  c o n t i nuous c a s t i ng  p r o c e s s .  

S ome me as ure s th a t  c o u l d c ons e rve e ne r gy i n  the s te e l  i ndus try 
dep e n d  o n  de ve l opme n t s  i n  the me tal l ur g i c a l  p ro c e s s  te chno l o gy i n  
c o n t r a s t to  t h e  e ne r gy p ro c e s s  te chno l o gy . One n e w  p ro c e s s  tha t i s  
b e ing  u t i l i z e d  i s  t h e  co n t inuous c a s t i ng o f  s l ab s, b i l l e ts, e t c . ,  
wh ich  s ave s e ne r gy i n  two i mp o r tant ways . F i r s t, the s o a k i n g  p i t  
and i ngo t ro l l ing  ( s l ab mi l l )  o pe r a t i ons  a r e  e l imina te d, s av i n g  the 
fue l and e l e c tr i c i ty us e d  in the s e  op e ra t i on s . S e c o n d, i n  r o l l in g 
ingo t s  i n to s emi - fi n i s h e d  s hape s b o th e nds a r e s h e a r e d o f f  s in c e  
they con ta i n  de fe c ts . The s h e a r e d  e n d s  o r  c ro p s  may a c c o u n t  f o r  
ab o u t  1 5  p e r ce n t  o f  t h e  o r i g in a l  i ngo t we i gh t  and a r e  r e cyc l e d  
thr ough th e me l t i ng fu rna ce s . C o n t i nuous c a s t i ng e l im i n a t e s much 
of th i s  r e cyc l ing, imp r o v i ng y i e l d . 

L o ng - Te rm Ene r gy Cons e rva t i o n  P o t e n t i a l  

To t al i ndus t ry d a t a  f o r  s o ak i n g  p i t  fue l c o n s ump t io n  a r e  no t 
re adi l y  avai l ab l e . Wi de var i a t i o ns are  k nown to  e xi s t from p l an t  t o  
p l an t  due to d i f fe r e n t  o p e r a t i ng p r a c t i c e s . A r e a s o nab l e  e s t ima t e  
o f  t h e  i ndus t ry a ve r age  i s  1 . 2  mi l l i o n  BTU ' s p e r i n g o t t o n . A n  
e s t ima te o f  t h e  ave r a ge to t a l  ene r gy r e qu i re me n t s  f o r  i n g o t r o l l ing 
i s  app r o x i ma te l y 1 . 9 m i l l i o n  BTU ' s  p e r  i n g o t t o n . 

The e ne r gy s av i ngs  a s s i gnab l e  to imp r o ve d  y i e l d  from c o n t i nuous 
c as t ing  are de r i ve d from the ene r gy r e q ui r e d  to p r o duce  r aw s t ee l . 
I f  i t  i s  a s sume d tha t  th i s  s t e e l  i s  p r o du c e d  from s cr ap i n  an  e l e c 
t r i c  fur na c e, the n the y i e l d  i n c r e a s e re s ul t s  i n  e ne r gy s av i n g s  on  
the o r de r  o f  0 . 9 mi l l i o n  B TU ' s per  t o n  and  is  p r i n c ip a l ly e l e c t r i c a l  
ene r gy . To t a l  e ne r gy s av i n g s  from c o n t inuo u s  c as t i n g  b y  e l imina t ing  
i n g o t ro l l i n g  and  u t i l i z in g  r e cyc l e d  s cr ap p r o duce d i n  an e l e c tr i c  
furna ce  wo ul d b e  ab o u t  2 . 8  m i l l i o n  BTU ' s  p e r  i ng o t  t o n . Th i s  i s  
e q u i va l e n t  t o  ab o u t  4 mi l l i o n  BTU ' s p e r to n o f  s te e l  p r o duc t s  
sh ippe d .  

Cons t r a i n t s  

I n  1 9 7 3 , app r o x ima t e l y 1 1  m i l l i o n  t o n s  o f  s t e e l  w e r e  c o n t inu 
ou s l y c a s t . Th i s  f i gur e has  b e en i n c r e a s ing  e a c h  y e a r; howev e r, t h e r e  
ar e many g r a d e s o f  s t e e l  that  c anno t b e  c o n t inuou s l y  c a s t so n ew 
t e c hno l o gy and op e r a t ing p r ac t i c e s  mu s t  b e  d e v e l op e d  f o r  . t he s e  g r ad e s . 

B a s ed on  Ame r i c an I r on  and S t e e l  I n s t. i tu t e  e s t imat e s, t h e  c ap 
i t a l  c o s t  o f  a c o n t i nuou s c a s t ing fac i l i ty i s  a b o u t  $ 7 0  p e r  annu a l  
ton . Rep l a c ement o f  r o l l ing m i l l s  by c a s t ing  c anno t b e  j u s t i f i ed b y  
fue l  s aving s a l on e . Howev e r, a s  p r imary m i l l s  b e c ome o b s o l e t e, they 
w i l l  be  r ep l ac e d  by  c a s t ing  fac il i t i e s . Mo s t  add i t i o n s  of  n ew s t e e l  
c ap a c i t y  w i l l  undoub t ed l y  include  cont inu o u s  c a s t ing . 

A G R I CULTURE 

U . S .  fo o d s  and fee d s  are now n o rma l ly h ar ve s t e d  f rom cu l t i v a t 
e d  l ands, r ep re s e n t i n g  ove r 3 0 0  m i l l i o n  a c r e s . A g r i cu l t u r a l  l an d  
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t i l l ag e  sy s t ems (pre p ar a t i o n , fer t i li z a t i o n , and p l an t i n g ) r e q u i r e  
l a rg e  amo unt s o f  e ne rgy , p r ima r i ly i n  t h e  f o rm - o f d i e s e l  a n d  g a s o 
l i ne  e n g i ne fue l s . S ig n i f i c an t  ene rgy s av i n g s  t h r o ug h  mo r e  e ff i 
c ie n t  and  b e t t e r  u t i l i z a t i on o f  farm e q u ip m e n t  w i l l  r e q u i re c o n 
t i n u i ng e du c a t i ona l and t ra i n i ng p rog rams . 

C onven t i on a l  t i l l a g e  s y s t ems for maj o r  U . S .  c r o p s  ( e . g . , c o rn , 
s oyb e ans , whe a t )  are  mu l t i s t e p , i nvo l v i ng s uc h  op e r a t i on s  a s  p l ow 
i n g , p l an t i ng , fe r t i l i z ing , and c ul t i va t i ng .  E a c h  s ep a r a t e  st e p  
c on s ume s t ime a n d  e ne rg y . A l t e r na t e  sy s t em s , i n  wh i ch p ar t  o r  mo s t  
o f  the s e  s ep a r a t e  o p e r a t i o n s  h ave b e en e l im i n a t e d  o r  c omb in e d , ar e 
un de r re s e a r ch and d e ve l opme n t  (R&D). 

Th e g e n e r i c  t e rm " no - t i l l "  i s  us e d  t o  de s ig n a t e t h e max i mum 
devi a ti o n  f r om t h e  c o nven t i o n a l  sy s t ems . O t h e r i n t e rme d i a t e  s y s 
tem s  are  i dent i f i e d  a s  c omb i n e d  t i l l ag e  and p l an t ing ,  re du c e d p l ow ,  
d i s c - p l ant , and many o t h e r s. App l i c a t i o n  o f  o n e  o r  mo r e  o f  t h e s e  
t o  s uc h  l a rg e - vo l ume c r o p s  a s  c o rn and s oyb e an s  ( app ro x ima t e l y 7 5  
and 5 0  m i l l i o n  a c r e s , r e s p e c t i ve ly )  w i l l  un doub t e d l y  b e  a ch i e ve d . 

Long - T e rm C o n s erva t i o n  P o t ent i a l  

Energy s av ing s  f o r  new t i l l ag e  sy s t ems  h ave y e t  t o  b e  ful ly 
quant i f i e d  an d s e ve r a l  y e ars  w i l l  b e  r e q u i r e d  t o  d o  s o . Mo s t  o f  
the  new t i l l ag e  sy s tems ' re s e ar ch has  b e en app l i e d  t o  g r ow i n g  c o rn 
and s oyb e ans . P r e l i m i n a ry f in d i ngs  ind i c a t e  t h a t  c omp l e t e us e o f  
no - t i l l f o r  t he s e  two c ommo d i t i e s  c ou l d  re s ul t  i n  fue l s av i ng s  o f  
5 0  t o  7 5  p e rc e n t  o ve r  c onven t i o n a l  " t i l l "  me t h o d s . Annua l e n e rgy 
s av i ng s  o f  1 4  t o  2 1  m i l l i on b a rre l s  o f  fue l ( e qu i v a l e n t  t o  . 0 8 t o  
. 1 2 quadr i l l i o n  BTU ' s )  c o u l d  re s ul t  f r om t he n o - t i l l  app r o a c h . 
Fur the r e ne rgy s av i ng s  w ou l d  b e  in p r op o r t i on t o  i n cr e a s e d  u s e o f  
t h i s  app ro ach  f o r  o th e r  c u l t ivat e d  c r op s an d i n c r e as e d  u s e o f  l an d  
s u i tab l e  fo r c u l t i va t i o n . 

Cons t r a i n t s  

T h e  e ffe c t s  o f  n o - t i l l  on c r op y i e l ds , fe r t i l i z e r , h e rb i c i de s , 
chemi c a l s , an d e q u ipme n t  r e q u i reme n t s  h a ve n o t  b e en f u l l y  e va l u 
a t e d . P r o du c t i on l o s s e s  c ou l d  re duc e o r  e l i m i n a t e t h e  e n e r gy s av 
ings . P o s s ib ly o ne o f  th e i nt e rme d i at e  p ro c e dure s w i l l  p ro ve mo s t  
e f fe c t i ve . 

New sys t e ms c ou l d a l s o  have s ign i f i c an t  e f fe c t s  o n  t h e  m a c h i n 
e ry indus t ri e s . L e s s  e qu ipme n t  and d i ffe r e n t  t yp e  e qu ipme n t  w i l l  
b e  r e qu i re d . 

FOOD PROCESSING INDUSTRY 

P r o c e s s ing o f  fo o d  and man u fac t u r i n g  o f  c on s um e r fo o d  p r o duc t s  
are  e s s en t i a l  t o  the  ma in t en an c e  o f  a r e l i ab l e  and s a fe fo o d  s up p l y  
s ys t e m . B o th d e p e n d  h e av i ly up on  a d e q u a t e  s up p l i e s  o f  e n e r gy i n  a 
var i e ty o f  f o rm s . T h e  p e r i s h ab i l i ty o f  many f a rm p r o duc t s  an d the i r  
uns u i t ab i l i ty fo r human cons ump t i o n  i n  the i r  r aw s t a t e  r e q u i r e  p ro c
e s s i ng i n  o rd e r t o  p re s e rve nut r i t i on a l  q ua l i ty a n d  t o  a s s u r e  t h e  
de s i r ab i l i ty an d s a fe ty o f  th e c ons umer s ' fo o d  s upp l y . 
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Ene r gy c on s ump t i on i n  t he fo o d  manu f a c t u r i n g  i n dus t ry i s  d i 
re c t l y  l inke d  t o  U . S .  p o pu l a t i o n  g r owth and t o  a dv an c e s  i n  t h e  
s t an d a r d  o f  l i ving . The s e  f a c t o r s  app ly b o th dome s t i c a l l y  an d g l ob 
al l y . Ac c o r d in g ly , whi l e  e n e rgy c ons e rvat i o n  s av i n g s  c an b e  an t i 
c ip a t e d  on a BTU p e r  t on b a s i s  in t he y e a r s  ah e a d , t o t a l  e n e r gy c on 
s ume d i n  t h e  i n dus t ry i s  l i k e ly t o  i n c r e a s e ove r t ime d e s p i t e  e ne r 
gy c ons e rva t i on e f fo r t s . 

I n  p r ac t i c a l  t e rms , i t  i s  d i f f i c u l t t o  s e p a r a t e  s e c on d a ry 
a c t i v i t i e s  in  the  fo o d  i ndus t ry f r om fo o d  manu f a c t u r i ng p e r  s e . 
The ene r gy c ons e rva t i o n  ap p r o ache s d i s cus s e d  do  n o t  i n c lu de a c t i v 
i t i e s  in  f a rm i ng , t ran s p o r t a t ion o f  mat e r i a l s  t o  o r  f r om f o o d  p r o c 
e s s ing p l an t s , o r  en e r gy e xp en de d  i n  t h e  p ro duc t i on o f  p ac k a g i n g , 
e qu ipmen t o r  o th e r  pu rchas e d  ma t e r i a l s . 

L o ng - Term  C ons e rva t i on P o t e n t i a l  

T h e  f o o d p ro c e s s ing  i ndus t ry c an p r o b ab l y  a ch i eve on  t h e  av
e r age , e ne rgy s avi ng s  o f  b e tween  10  and  1 5  p e r c e n t  p e r  un i t  of  o u t 
put  b y  1 9 7 8 . Th i s  e s t ima t e  do e s  n o t  a s s ume s ub s t an t i a l  t e chn o l o g i 
c a l  o r  i ndus t r i a l  b r e ak t h r o ughs . I n  the  Ph as e I I  t ime  f r ame ( 1 9 7 9 -
1 9 8 5 ) , add i t i o n a l  s av i ng s  o f  b e tween 2 an d 5 p er c e n t  c an b e  e x 
p e c t e d . 

B e c au s e o f  the  w i d e  d i ve rs i ty o f  b o t h  p r od uc t s  an d p ro c e s s e s  
wh i ch r e p r e s e n t  t h e  fo o d  manu f a c t ur i n g  i n du s t ry , a s  we l l  a s  t h e  
s e a s o n a l  n a t u r e  o f  m u c h  o f  th e i ndus t ry ,  t h e r e  i s  n o  known b o dy o f  
d a t a  de s c r ib ing a c t ua l , t he o re t i c a l , o r  ob t a inab l e  e f f i c i e n c i e s  o f  
e xi s t ing s y s t ems e i t h e r  fo r the  t o t a l  i n du s t ry o r  fo r  any s i gn i f i 
c an t  p ar t  o f  i t .  

T e chno l o g i e s e i th e r  now b e in g  d e ve l op e d  o r  no t c ommo n l y  p ra c 
t i ce d  in the  Un i t e d  S t a t e s  c o u l d  b e  ut i l i z e d  i n  t he 1 9 7 9 - 1 9 8 5  t ime 
f r ame and c o ul d  p r o du c e  s ub s t ant i a l  addi t i o n a l  s av i n g s  o f  e n e rgy . 
Among th e mo s t  p r omi s i ng o f  t he s e  t e chn o l o g i e s  a r e : 

• Membrane  Co n c e n t ra t i on of L i qui d Fo o d :  Vi r t ua l l y  no  s tu d 
i e s  h ave b e en m a d e  on  t h e  ene rgy  r e q u i remen t s  n e c e s s a ry 
f o r  th e memb r an e  p r o c e s s in g  o f  l i qu i d  f o o ds . Howe ve r ,  e x 
t e ns ive s tud i e s  h ave b e en made on th e va r i o us d e s a l i n i z a 
t i o n  p r o c e s s e s , s o  t he s e  f i g ur e s c an b e  u s e d  a s  a g u i de 
l in e  f o r  p r o j e c t in g  po s s i b l e  are a s  whe re e ne rgy  m i gh t  b e  
c o ns e rve d . ( S e e  App e nd i x  E ,  Exh i b i t  I,  T ab l e  1 9 , r e g a r d 
i ng t h e  ene rgy r e qu i r emen t s  fo r s i x de s a l in i z a t i on p ro c 
e s s e s . )  Whi l e  no s im i l ar ana l y s i s  i s  ava i l ab l e  o n  a f o o d  
l i qui d s y s t em , i t  i s  c l e a r  t h a t  f o r  p u rp o s e s  o f  c omp a r i 
s on, the  r e ve r s e  o s mo s i s  p ro c e s s  i s  o n e  o f  t h e  mo s t  e f 
f i c i en t  p r o ce s s e s  f r om an ene rgy p o i n t  o f  v i ew . 

• Mi c r o wa v e  Dry i ng Pro c e s s : C omb i n e d  m i c r owave / a i r - d r y i n g  
s y s t ems  a r e  b e ing s tud i e d  as  a m o r e  e f f i c i en t  m e t h o d  f o r  
drying  v e g e t ab l e s  ( s e e  App e nd i x  E, Exh i b i t  I ,  T ab l e  2 0 ) . 
U s e s  o f  the se s y s t ems h av e  b e en s hown t o  a c h i eve  s av ing s o f  
up t o  9 5  p e r c e n t  i n  ene r gy r e qu i r e d . 
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• £�r o v e d Fo o d  P r e s e r v a t i o n  Te c h n i q u e s : 
va t i o n  t e chni que s  i n vo l ve p r ima r i l y the  
fo o ds . New me tho ds t ha t  m i g h t  i n vo l v e , 
t i o n  o r  c h e m i c a l  t r e a tmen t may p r o ve t o  
e n e r gy i nt e n s i ve . 

C u r r e n t fo o d  p r e s e r 
the rma l t r e a tme n t  o f  
f o r  e xamp l e , r a d i a 
b e  con s i de r ab l y  l e s s  

• A b s o rp t i o n  R e fr i g e r a t i o n : Was te h e a t  c a n  b e  us e d  t o  p r o duce  
c o o l i n g  s ys t e ms to  s a ve e n e r gy . 

The fo o d  p r o c e s s i n g  i ndus try a l s o  cons ume s l a r g e  amo un t s  o f  
e ne r gy i n  t r e � t i n g  i t s  was te ma t e r i a l s  fo r d i s p o s a l  an d h a s  d e ve l 
op e d  � h e  Ro t a t in g  B i o l o g i ca l  Sur fa c e  ( RB S ) Wa s t e  T r e atment P ro c e s s 
whi ch o ff e rs p o t en t i a l  fo r ene r gy s aving s . Th i s  b 1 o l o g i ca l  p ur i f i 
c a t i o n  o f  w a s te  w a t e r s , c o n t a i n i n g  b i o d e g r a da b l e  o r g an i c  p o l l u t an t s , 
o f fe r s  s o me p r omi s i ng  a l t e rna t i ve s t o  conven t i o n a l  w a s t e  t r e a tme n t  
te chn i que s us e d  i n  t h e  fo o d  i n dus try . Th r o u gh p r o p e r  e n g i ne e r i n g , 
t he p owe r r e q u i r e me n t  to ope r a t e  t h i s  s y s t e m  s ho u l d n o t b e  mo re than  
h a l f th e p owe r c o n s ume d by the  co nven t i o n a l a c t i va t e d  s lud g e  p r o c e s s .  

C o n s t r a i n t s  

Ene r gy c o n s e rva t i o n  a c t i ons  unde r t ak e n  by  i nd i v i du a l  f o o d  p r o c 
e s s ing  c omp a n i e s  r e f l e c t , f o r  the  mo s t  p a r t , l im i t e d  c ap i t a l  exp e n 
d i tu r e s  and invo l v e  r e ad i l y  ava i l ab l e  me a s u r e s .  An ob j e c t i v e  c o s t 
b ene f i t  ana l y s i s  o f  r e gu l a t i o n s  and s t and a r d s  g o v e rn i ng p r o du c t  p r o c 
e s s  em i s s i ons  and the  wo r k  a r e a  m i g h t  p e rm i t  mo r e  e f f i c i en t  u s e  o f  
e n e r g y  r e s ou r c e s  i n  many a r e a s  wi thout una c c ep t ab l e  r i s k  t o  the  
pub l i c  or  undue  i mp a i rment of  l ong r an g e  s o c i a l  and e nv i r o nme n t a l  
g o a l s . As i n  o t h e r  i ndus t r i e s , i nc r e a s e s  i n  t h e  c o s t s o f  i nd iv i dua l 
fue l s  w i l l  undo ub t e d l y  p r ov i d e fur th e r  i n c e n t i v e  t o  c o n s e r v e  a s  we l l  
a s  t o  c o nv e r t  t o  a l t e rna t iv e  s our c e s  o f  ene r gy . 

PETRO L E UM RE F I N I NG 

The  r e f i n i ng p r o ce s s  n o rma l l y  u s e s  e ne r gy i n  the  fo rms o f :  
fue l g a s , fue l o i l , e l e c t r i c  p owe r , s t e am ,  and  o c c a s i on a l l y , s o l i d 
fue l s  s uc h  a s  c o a l  ar. d c o ke . The  p r o c e s s i n g  o f  app r o x i ma t e l y  1 3  
mi l l i o n  b a r r e l s  o f  c rude o i l ( th e  1 9 7 4 / 1 9 7 5 d a i l y  a ve r a ge )  r e q u i r e s  
the e q u i va l e n t  o f  1 . 3  m i l l i o n  b a r r e l s  o f  o i l , o r  a b o u t  1 0  p e r c e n t  
o f  t he amo un t re f i n e d . Mo s t  o f  t h i s  en e r gy i s  e v e n tu a l l y  r e j e c t e d  
t o  a i r o r  w a t e r  as  l ow t e mp e r a t u r e  was te h e at .  T h e  s h arp l y  i n 
cre a s e d  c o s t o f  fue l s  s ub s t an t i a l l y  i n c re a s e s  the  i n c en t i ve s t o  
con s e r ve an d re co ve r  th i s  en e r gy . 

I n  o r d e r  to  ma t e r i a l l y imp rove e f f i c i e n c i e s , new  and  e s s en t i 
a l ly un t r i e d  me tho ds w i l l  b e  r e qu i re d . As o u r  t r a d i t i o n a l  e ne r gy 
s upp l i e s  de c re a s e  and b e come mo r e  va l uab l e , a n  i n t e n s i f i e d  R & D  e f 
fo r t  w i l l b e  ne e de d  to  de ve l op the  t e chn o l o gy fo r us e ful  r e c o ve r y  
o f  l ow t emp e r a ture wa s te h e a t  a n d  us e o f  mo r e  p l en t i fu l  fue l s  fo r 
p r o c e s s  h e a t . S o me R & D  e f fo r t s  unde r c o n s i de ra t i o n  a r e : 

• Ar e as p re s en tl y  unde r inve s t i g a t i on b ut wh i ch w i l l  r e qu i re 
an i n tens ive  R & D  e ffo r t  to  ach i e ve e conom i c a l  and p r ac t i c a l  
sys tems b e fo r e 1 9 8 5 . 
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- - Sys tems u s ing ab s o rp t i o n - me ch an i c al c yc l e s  w i th ammon i a 
water , l i th i um b r omide, o r  o th e r  wo r k i n g  f l u i ds i n  s in g l e 
o r  mul t i - s tage confi gur a t i o n . 

- - Rank ine cyc l e  s y s tems us ing f l uo r o c arb ons , b u t ane s , o r  
o the r comp ounds . The s e  cy c l e s  wi l l  h a ve t o  b e  imp r o ve d  
i n  e f fi c i ency (now l e s s  than 2 0  p e r c e n t )  and t e s t e d  fo r 
r e l i ab i l i ty .  O th e r  comp ounds w i th p r ope r t j e s  to imp ro ve 
cyc l e  e ff i c i e n cy mu s t  b e  fo und and r e l i ab l e  e q uipment 
mus t  be deve l op e d  to make the s e  p ro c e s s e s e conom i c a l l y  
o p e r ab l e . 

- - L ow temp e r a ture he a t  s t o r a g e  ( b o th o n  s e as on a l  and hourly 
p e r i o d  s ca l e s )  s ho u l d  b e  examine d c on c ur r en t ly wi t h  s tud
i e s  of h i gh temp e r a ture he a t  s to r a g e . 

• Ar e as whe re s i gn i f i cant R & D  i s  n o t  r e qu i r e d  b u t  whe r e  p l an 
ning and c o o r dina t i on among mu l t ip l e  us e r s  a r e  n e e de d . 

- - Fe as ib l e  j o i n t  indus tri a l  c omp l e x e s  whe r e in comp an i e s  a r e  
group e d  by ene r gy ne e d s . Such a group i n g  m i gh t  c o n s i s t  o f  
a n  e l e c t r i c  u t i l i ty ,  a p e tr o l eum r e f i n e ry , and a fo o d  p ro 
c e s s ing comp l e x . 

- - Jo i nt indus tr i a l / comme r c i a l / r e s i de n t i a l c o mp l e x e s  wh e r e in 
l ow temp e r a ture was te h e a t fo r he a t in g , c o o l ing , e t c . , 
m i g h t  b e  us e d . 

The s e  ende avo r s  woul d r e qu i r e  a h i gh d e g r e e  o f  c o o r d in a t i on and 
woul d b e  p r ima r i l y  of a " gr as s ro o t s "  n a tur e . Th i s  type o f  p l ann in g  
app e a r s  to b �  e s s e n t i a l  to a ch i e vi n g  b r e ak th r o u gh s  i n  ene r gy u t i l i 
z a t i o n . 

Long- Term Cons e rva t i o n  P o t e n t i a l  

Only a s ma l l p o r t i on o f  e ne r gy us e a  1 n  p e t r o l e um re f i n i n g  i s  
cons ume d i n  chem i c a l  change and me ch ani c a l  app l i ca t i ons . Mo s t  h e a t  
i s  e ven tua l ly r e j e c te d  t o  th e a tmo s p he r e  o r  w a t e r  a s  l o w  l ev e l  h e a t  
Tab l e  3 s hows e n e r gy re j e c t i o n  s ou r c e s  and temp e r a tu r e s  i n  a r e p r e 
s e nta t ive mo �e rn re finery de s i gn e d  for e ffi c i e n t  p r o c e s s i n g . 

• Us i ng 1 0 0  p e r c e n t  a s  a b a s e  and 1 5 0 ° F  as the l ow e s t  temp e r a ture 
l imi t fo r e ffe c t i v e l y  r e c o ve r ing h e a t , 80 p e r c e n t  of the s t a c k  gas 
l o s s  and 6 5  p e r c e n t  of the c o o l ing and c ondens i n g  ene r gy l o s s  i s  
the o re t i c a l l y  r e cove r ab l e . Rad i a t i o n  and f l a re l o s s e s  c an b e  ma t e 
r i a l l y  r e du c e d  by i n c r e a s e d  ins ul a t i o n  and p r o c e s s  r e v i s i o n s  b u t  
the e ffe c t  on over a l l  re covery o f  ene r gy � o u l d  b e  m i no r . O f  the 
to t a l  re fine ry ene r gy c on s ume d ( 1 . 3  mi l l i o n  b a r r e l s  p e r  day) a b o u t  
4 7  p e r c e n t , o r  6 0 0 tho us and b ar r e l s  p e r  d a y  c o u l d  the o r e t i c a l ly b e  
r e c ove r ab l e  as l ow l e v e l  h e a t  w i th fur th e r  d e ve l opment o f  t e chno l 
o gy and w i th a t tendant c ap i t a l  expend i tur e . 

Be c aus e t h i s  l ow l e ve l  h e a t  mus t b e  conve r t e d  t o  me chan i c a l  
ene r gy a t  l ow e f fi c i en c i e s  ( 1 2  p e r c en t ) , the ac tual p e r c e n t a g e  o f  
fue l s ave d woul d b e : 

4 7 %  ene rgy r e c o ve r ab l e  x 1 2 %  e ffi c i e ncy -- - = 1 4 %  fue l s av i ng . 4 0 %  no rma l power gene r a t ion e ff i c i e ncy 
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TABLE 3 

REFINERY ENERGY REJECTION SOURCES AND TEMPERATURES 

Maximum 
Temperature To tal Recoverab le 

Level Rej ection Ener gy 
Source of Rej ection ( o F) (Percent� (Per cent ) 

Heater and Boiler 
S tack Gases 450 10 8 

Cooling and Condensing of 
Process S treams 250 60 39 

S team Condensing 150 25 0 

Radiation , Safe ty Flares , 
Vents , etc . 5 0 

100 47 

The 1 4  p e r ce n t  fue l s aving for the 1 . 3  m i l l i on b arre l s  p er day 
us e d  wo ul d b e  1 8 0  thous and b arre l s  p er day comp are d to the the ore t 
i ca l  6 0 0  thous and b a rre l s  e quiva l e nt h e a t  re covere d .  

O ther Cons i dera t i ons 

Sub s t ant i a l  e ffo r t s to u s e the vas t quan t i t y  o f  l ow l e ve l he at 
have n o t  b e en l imi t e d  to the p e t ro l eum indus t ry .  Chemi c a l , me t a l , 
and o th er maj o r  indus tri e s  h ave a l s o  b e en i nvo l ve d . Mos t  o f  the 
energy inp u t  to any chem i c a l  or me chan i cal  pro ce s s  is  e ve n t ua l ly re 
j e c te d  a s  l ow temp e r a ture h e a t . Re duc i n g  t hi s  unre cove r e d  e nergy 
s ho ul d  be a maj or go a l  for fu ture e nergy cons e rva t ion re s e arch a c 
t ivi t ie s . However , further deve l opmen t o f  i mprove d me tho ds and 
equipment w i l l b e  n e c e s s ary in order to  re a l i z e the p o tent i a l s av 
ings i n  thi s f i e l d .  

Re s e arch b y  uni ve r s i t i e s  o ffers p o ten t i a l  for s uch de ve l opment . 
S ince the p o s s ib i l i ty o f  s ucce s s  for any one e ffort app e ars s ma l l , 
e s t ab l i s h i ng many co ordina te d pro j e c ts over a bro a d  range o f  i nd i 
vi dua l app l i c a t ions , a t  re l a t i ve ly l ow co s t  p e r  pro j e c t  may b e  mo s t  
produc t i ve . One maj or bre akthrough coul d gen e r a te the n e e de d  mo 
men tum in  the fie l d  o f  l ow temperature was t e  h e a t  r e c o very . 

PUL P , PAPER AND PAPERBOARD I NDUSTRY 

Energy us e p e r  ton o f  o u tput i n  the p ul p  and p aper i ndus try  
was pro j e c t e d  to  de cl ine by s ome 15  p erce n t  dur ing the Phas e I per
i o d  of  thi s  s tudy . I t  is  d i ffi c ul t to  pre d i c t  wha t  new p ap e r  mak ing 
te chno l o g i e s  or changes  in p ap er and paperb o ard pro duc t s  wi l l  a c tual -
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ly make s ub s t an t i a l  con tr ibu t i ons  to e ne r gy cons e rvat ion  in the l ong 
run . Howe ve r , s ome of the s e  mi gh t  incl ude : 

• New re fin ing  te chno l o g i e s  to rep l ace  the curr e n t  " hamme r on 
anvi l "  app r o a ch 

• Mo re  e x tens i ve us e o f  the rmo - me ch an i c a l  pulp i n g  whi ch 
gene r a t e s  h i ghe r f ib e r  y i e l ds 

• I mp rove d chemi c a l  re covery s y s tems fo r non - kra f t  pulp ing 

• Fre e z e  dry ing me thods o f  concen t r a t i n g  b l ac k  l i quo r s  

• I mp rove d fib e r  y i e l d  p e r  ac r e  wi th incre a s e d  e ff i c i ency 

• B e t te r  te chn i que s for r e c ove r ing h e a t  l o s s e s  £rom a i r  and 
w a t e r  e ff l uen t s  

• Manufac tur e  o f  l i gh te r  we i gh t  p ap e r s  the r e b y  c on s e rving  
f ib e r  

• Re duc t ion i n  the b r i gh tne s s  l eve l s  o f  p ap e r  th e re b y  con 
s e rving the ene r gy consume d in b l e a ch ing  and i n  th e manu
fa c ture of  chl o r i ne 

• Combus t ion o f  mo r e  wo o d  was te as  a s ou r c e  o f  ene r gy 

• Incre a s ed r e cy c l ing  o f  p ap e r  wh i ch r e qu i r e s  l e s s  t o t a l  
ene r gy than p ap e r  manufac ture d  from p r imary f ib e r s  b ut 
mo re p ur ch a s e d  ene r gy 

• Incre a s e d  i n t e g ra t i on o f  pulp and p ap e r  manufac ture thus 
avo i ding doub l e  dry ing . 

In  the p ap e r  manufa ctur in g  pr o c e s s ,  f ib e r s  a r e  de l i ve r e d  to  
pape r - fo rmi ng s cre ens on Fourdr i n i e r  mach i ne s , us i n g  a wa t e r  s o l u
t ion a t  ab o ut . 5  p � r c e n t  cons i s tency (i . e . , 1 p ar t  s o l i d s  t o  2 0 0  
parts  flui ds ) . From th e s cr e ens o r  the s o - c a l l e d  " we t end" o f  the 
mach ine , the pap e r  move s through a s e r i e s  of s uc t ion devi c e s  and 
p re s s e s  whe r e  the wa t e r  con tent is p ar t i a l l y r emo ve d .  The p ap e r  
then move s th rough dr i e rs whe r e  h e a t  i s  app l i e d  t o  r e duce f in a l  
•o i s ture con ten t t o  ab out 5 to 1 0  p e r ce n t . Thi s  i s  t h e  s o - c a l l e d  
h dry end" o f  the p ape r mak ing machine . 

H i gh con s i s tency forming and dry - fo rming o f  paper a r e  e xamp l es 
o f  po tent i a l  ene rgy s aving te chno l o g i e s  ( s e e  App endix E ,  Exhib i t  II 
for de ta i le d  d i s cus s ion) . Such comme r c i a l ly fe a s i b l e  p ro ce s s e s  
whi ch w i l l  al l ow p ap e r manufac ture rs t o  r e duc e s ub s t an t i a l ly o r  
e l imina te wa t e r  i n  pap e r  fo rming would h ave many a dvan t a ge s . Tho s e  
are a s  whi ch a r e  spe c i fi ca l ly r e l a te d  t o  ene r gy s av i ng s  i n  t he s e  
pro ce s s e s  are : 
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• H i gh Cons i s t ency Forming P r o ce s s 

- - L e s s  p ow e r  i s  re qui r e d  to  p ump the fib e r  s o l ut i on o r  
s to ck . 

- - The p ape r e n t e r s  the dry ing s e c t i on a t  a s i gn i fi c an t ly 
l ow e r  mo i s tur e  content the r eby re duc ing the e vap o r a t i ve 
ene r gy r e quir e d  p e r  ton o f  o utput . 

• Dry - F o rm1ng P r o ce s s 

- - L e s s powe r  i s  requir e d  to .  dr i ve the p ap e r  maki ng machine 
b e c aus e th e en t i re dry end has b e en s ub s t an t i a l ly r e duce d 
in  s i z e . 

- - The p re s s ing a s  we l l  as  drying  requi remen t s  a r e  r e duc e d .  

Cons tr a i n t s  

I f  b o th high cons i s tency and dry fo rmin g b e c ome comme r c i a l ly 
vi ab l e , th e ch ie f cons t r a in t  to the e ar ly and w i de s p r e a d  a do p t i on 
o f  the s e  te chno l o g i e s  w i l l b e  the c ap i ta l  c o s t s  o f  s cr app i n g  e x i s t 
ing e qu ipment  and i ns ta l l ing new mach ine s . How imp rove d ope r a t ing  
cos t s , due chi e fly t o  l owe r l eve l s  of  energy cons ump ti o n , w i l l  t rade 
off a g a i ns t the inve s tment in exi s t ing c ap i ta l , c anno t be a c curat e 
ly quan t i fi e d .  

The a dd i t iona l ene r gy r e qu i r e d  to o p e r a te  p o l l ut ion ab a t e ment 
equipment may o ve r r i de the p o t en t i a l  e ne r gy s avings  of a l l  co ns e r 
va t i on s tep s . One p rob l e m  in p r o j e c t ing the e ne r gy imp a c t  o f  envi 
ronmen t a l  re gul a t ion s i s  tha t  gui de l ine s h ave only  b e e n  r e c e n t ly 
promu l g a te d ,  and indi v i dual comp an i e s  h ave no t ye t had the ful l  
opp o r tun i ty to  ana ly z e  comp l e te ly the p rob ab l e  ene r gy r e qu i rements .  
Al s o , t he gui de l ine s are curren t ly b e ing cha l l en ge d  i n  cour t . 

The Nat i o n a l  C o unc i l  for Air  and S tr e am I mp roveme n t  h a s  e s t i 
mat e d  tha t w a t e r  and a i r  qua l i ty s t andards wou l d  r e qu i r e  an incr e a s e  
in pur chas ed energy p er un i t  o f  output o f  7 t o  1 1  p e r cent i n  the p a 
per  indus try b e tween 1 9 7 1  and 1 9 8 3 . Furthe rmo r e , the r e  a r e  ind i c a 
t i ons that i f  the 1 9 8 5  " z e r o  d i s charge"  targe t i s  enfo r c e d , the en 
ergy re qui rement s w i l l  b e  much g r e a t e r . 

I n  July 1 9 7 3 , the Ame ri can P ap e r  I n s t i tute r e t a i ne d  a cons ul 
tan t to eval ua t e  the imp a c t  o f  s ever a l  de s i gn a t e d  w a t e r  p o l l u t i on 
ab a t emen t  tar ge t s . Wi th r e g a r d  to z e ro d i s ch a r g e , the c on s ul t an t  
fo und tha t i f  cur r e n t  te chno l o gy whi ch mi ght b e  b o r r owe d from the 
s e a  wate r de s al ini z a t i on p ro gram we re in fac t cap ab l e  o f  r emo vin g  
al l adde d cons t i t uents  o f  p ap e r  i n  t h e  i ndus try ' s  e ff l uen t s , a ddi 
t i on a l en e r gy re qui remen ts mi ght t o t a l  a t  l e as t 4 5  p e r ce n t  o f  the 
1 9 7 2  indus t ry purch as e s  o f  fue l and p owe r . Th i s  i s  app r o x i ma t e l y  
the e quiva l en t  o f  9 5  mi l l ion a dd i t i o n a l  b arre l s  o f  fue l o i l annual 
ly , o r  2 6 0  tho us and b arre l s  p e r  day a t  1 9 7 2 p ro duc t i o n  l eve l s . 
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AL UMINUM INDUSTRY 

The a l uminum i ndus t ry ' s  ma j o r  us·e o f  ene r gy i s  i n  t h e  fo rm o f  
e l e c t r i c i ty r e q u i r e d  fo r the e l e c tr o l y t i c  r e duc t i o n  o f  a l umi n um 
o x i de t o  e x t r ac t me t a l l i c  al uminum . The l a t e s t  and mo s t  mo de r n  
s me l t e r s  (Hal l P ro ce s s )  us e ab out  6 . 5  k i l ow a t t  h o u r s  ( KWH) p e r  
p o und o f  a l uminum p r o duce d .  The p r e s e n t  a ve r a g e  fo r t h e  i n dus t ry 
i s  ab o u t  8 KWH wh e re as , i n  1 9 40 the ave ra g e  was  1 2  KWH . 

Re c en t ly , one a l uminum c omp any r e p o r t e d t h a t  i t  h a d  app l i e d 
fo r p a te n t s  o n  a new e l e c t ro l y t i c  me t h o d  o f  p r o du c i ng p r imary a l um
inum . Th i s  n ew p r o ce s s i s  e xp e c te d  t o  r e duc e the e l e c t r i c i ty r e 
qui r e d  by t h e  mo s t  e f f i c i e n t  un i ts o f  the  H a l l  P r o c e s s  ( p r e s e n t ly 
us e d  wor l dw i de )  b y  a s  much a s  3 0  p e r c en t , or  t o  ab o u t  4 . 5  KWH p e r  
p o und . 

The n ew p r o ce s s  ( s e e  F i gure  2 )  e mp l oy s  a l um i na - - th e  o x i de o f  
a l uminum wh i c h  c ur r e n t l y  i s  r e f i ne d  from b a ux i te o re . A l um i n a  ob 
t a in e d  from o r e s  o th e r than b aux i t e  wi l l  b e  e qual l y  s u i t ab l e f o r  
the n ew p r o c e s s . I n  t h e  sme l t in g  p ro c e s s , a l um i n a  i s  c o mb i n e d w i th 
chl o r ine i n  a re a c t o r  uni t  wh i ch che m i c a l l y  c onve r t s  the oxi de t o  
a l um i num ch l o r i de . The ch l o r i de i s  e l e ct ro l y t i c a l l y  p ro ce s s e d  i n  a 
comp l e te ly e nc l o s e d  c e l l which  s ep ar a t e s the c o mp o un d  i n t o  mo l te n  
al uminum an d ch l o r ine . T h e  l a t t e r  i s  c o n t inuo us l y  r e cy c l e d  b ack t o  
the r e a c to r  i n  a c l o s e d  l o op . The p r o c e s s us e s  a s y s t e m  fr e e  o f  
unde s i r ab l e  emi s s i on s  and a f fo r ds the e mp l oy e e  a s up e r i o r  wo rk i n g  
envi ronmen t .  I n  a ddi t i o n  t o  r e q u i r i n g  l e s s  e n e r gy , the  p r o ce s s  i s  
mo re to l e r a n t  o f  p owe r  i n t e rr up t i o ns than i s  t h e  H a l l P r o c e s s ,  and 
can a c cep t powe r r e duc t i on s  ne c e s s i t a t e d  dur i ng d a i ly p e r i o ds o f  
p e ak de mand b y  t he p u b l i c . To t a l  o p e r a t i n g  c o s t s  a r e  e x p e c t e d  t o  
b e  l owe r a n d  p l an t s c an b e  l o c a t e d o n  ·s ma l l e r  s i te s  w i th g r e a t e r 
l o c a t i on f l e x ib i l i t y . 

BAUXITE CH LORINE POWER 

l . l I l 
BAYER A LUMINA CHEMICA L  A LUM INUM E LECTRO LYTIC PRI M A R Y  

REFINERY REACTOR CH LORIDE CE L L  A LUM I NUM 

F i gur e 2 .  A l c o a  Sme l t ing  P r o c e s s . 

In the Hal l  e l e c t ro lyt i c  p r o c es s , a l umina i s  d i s s o lv e d  in mo l 
t en c ryo l i t e - - a fluo r i d e  chemi cal wh i c h  has  b e come inc r e a s i ng ly 
s c ar ce and co s t ly . The n ew p r o c e s s n o t  o n l y  d i s p o s e s  o f  t he n e e d  
fo r c ry o l i te b u t  a l s o  the e xpen s e  o f  c on t a i n i n g  f l uo r i d e  e mi s s i on s . 

L on g - Te rm Cons e rva t i on P o te n t i a l  

The f i r s t c omme r c i a l  p l an t  us i n g  t h e  A l c o a  S me l t in g  P r o ce s s  
i s  unde r c o ns t ru c t i o n  i n  Texas . The f i r s t un i t  w i l l  h a ve an 1 n 1 -
t i a l  c ap a c i ty o f  3 0 , 0 0 0  tons  p e r  y e a r  o f  p r ima ry a l umin um and i s  
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s ch e dul e d  t o  s ta r t up i n  l a t e  1 9 7 6 . C o mp l e t i o n  o f  t h e  e n t i re p l an t  
p r e s e n t ly p l anne d a s  a 3 0 0, 0 0 0  t o n  c ap a c i ty fa c i l i ty i s  n ow s ch e d 
ul e d  fo r 1 9 8 1 . 

Wh i l e  t h e r e  i s  g r e a t  h o p e  fo r the  new p r o c e s s  i n  " gr as s ro o t s "  
app l i c a t i on s, t h e r e  w i l l  n o t  b e  any o ve rn i gh t  ob s o l e s c e n c e  o f  e s 
tab l i s h e d  fa c i l i t i e s  fo r s me l t in g  a l umi num . Fur t h e r, i f  c ap a c i ty 
i s  adde d a t  e x i s t in g  s me l t e r s  i t  woul d p r ob ab l y b e  H a l l - typ e e quip 
men t . 

CEMENT INDUS TRY 

I n  1 9 7 1, t h e  U . S .  cemen t i ndus t ry c o n s ume d ab o u t  0 . 6  quadr i l 
l i o n  B TU ' s o f  e n e r gy p e r  y e a r . I nd i vi dua l c e men t p l an t s  us e d  fa r 
mo re en e r gy pe r t o n  o f  ceme n t  p r o duce d than p l an t s  i n  Jap an and 
Ge rmany : 

K I LN ENE RGY CONS UMPT I ON 
( Mi l l i on B TU ' s  p e r  Ton  o f  C emen t  P r o duce d )  

Y e ar 

1 9 7 1  

1 9 7 3  

u . s .  

6 . 1 1 3  

5 . 9 8 7  

Jap an 

3 . 8 0 0  

3 . 8 9 0  

G e rmany 

3 . 2 6 0  

3 . 6 2 0  

Two imp o r t an t  fac t o r s  h ave d i f fe r e n t i a t e d  the  U . S .  c e me n t  in 
dus t ry from  ceme n t  i ndus t r i e s  i n  o th e r  c o un t r i e s : t h e  Un i t e d  S t a t e s  
h a s  h a d  c o mp a ra t i ve ly e xp en s i ve l ab o r  and e n j oy e d  ab un dan t a n d  in 
expens i ve fue l . A s  a r e s ul t, the U . S .  c e men t p r o duc e r  h a s  c o n t in 
uo us ly r e duc e d  the amoun t o f  l ab o r  r e qu i r e d  i n  t h e  p r o duc t i o n  o f  c e 
men t . Sinc e 1 9 4 5, l ab o r  p r o duc t i vi ty f o r  U . S . c emen t manufa c tur ing  
h a s  i n c r e a s e d  f r o m  . 5 2 t o n s  per  man h o u r  t o  t h e  p re s en t  1 . 3  t o n s  p e r  
man h o u r . I n  the s ame p e r i o d, un i t  e ne r gy c o n s ump t i on h as d e c r e as e d  
from 8 . 0 5 m i l l i on B TU ' s p er ton  t o  5 . 9 9 mi l l i o n  B TU ' s p e r  t o n . The 
ga i n  in ene r gy p r o duc t i v i ty, a l t ho ugh s i gn i f i c an t, i s  l e s s  t h an one 
h a l f o f  the  g a i n  s hown i n  l ab o r  p r o duc t i vi ty . The  s i tu a t i o n  h a s  
chan g e d  a s  a r e s ul t  o f  the  h i gh e r  c o s t s  o f  e n e r gy . 

The d i f f e r e n c e  i n  e ff i c i e ncy o f  the new p l an t s  i n  J ap an and 
Ge rmany r e s ul t s  fr om us e o f  dry p r o ce s s e s  wh i ch mix the r aw ma t e 
r i a l  dry b e fo r e  c al c in i n g  v e rsus the o l d e r  U . S .  p l an ts wh i ch we t - mi x  
the ing r e d i e n ts b e fo r e  c a l c ining . Th i s  i s  the m a j o r  i n fl uence o n  
the amoun t o f  ene r gy cons ume d i n  var i ous coun t r i e s . 

The s ho r t - t e rm s te p s  th a t  the indus t ry h a s  b e e n  taking  to con 
s e rve ene r gy h ave included  the ins t a l l a t ion o f  c h a i n  s e c t i ons , minor 
k i l n  a l te r at i on s , i n s ul a t i ng r e fr a c to r i e s , dewa t e r in g  s lurry by 
addi t i ve s , a d d i ng h e a t  e xchange , i mprove d quarryi n g  and ma te r i al  
handl i ng ope r a t i ons , mor e  e ff i c i en t  d i s tr ibu t i on me tho ds , the a d j ust
men t  o f  r aw ma te r i a l s  b a l ance , and u t i l i z a t i on o f  w a s t e  h e a t  f o r  
dryi ng . The ful l  imp a c t  o f  the h i gh e r  e ne r gy c o s t s  w i l l  s timul a t e  
e duc a t i o n a l  p ro g r ams for indus try emp l oye e s  and the emp l oymen t  o f  
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ene r gy - s aving p r ac t i ce s  i n  a p l an t , s uch a s  i mp ro v i ng the s e a l s on 
a k i l n . 

A who l e s a l e  s w i tch o f  a l l we t and o b s o l e te d ry p l an t s  t o  the 
prehe a t e r  sy s tem cou l d  h ave r e du c e d  the to t a l  ene r gy cons ump t i o n  
i n  1 9 7 3  by about 1 4  p e r c ent . T h e  t e chno l o gy ex i s t s  for  mo s t  o f  
the t r ans forma t ion bu t t h e  co s t  wou l d  b e  l ar g e  in comp ar i s on w i t h  
the smal l s i z e o f  the indus t ry . Ab o u t  one - th i r d  o f  th e indus try 
change - ove r  from we t to dry c an b e  made by 1 9 7 8  fo r ab o u t  a 5 p e r 
cent g a in . B y  emp l oy i ng the s hor t - t e rm s te p s  l i s te d  and the change 
ove r r e commende d ,  a to t a l  ene r gy re duc t i o n  o f  1 0  p e r c en t  f o r  Ph as e I 
is  an t i c ip ate d .  

L ong - Te rm Con s e rva t i on P o ten t i a l  

A numb e r  o f  i nnovat i ons a r e  b e ing deve l ope d b y  the c eme n t  
indus try to re duce  ener gy cons ump t i on . S inc e fo r e i gn comp e t i to r s  
have us e d  h i ghe r c o s t ene r gy in the p a s t , a numb e r  o f  the s e  new p ro 
ce s s e s  and e qu ipme n t  de s i gns h ave b e e n  i mp l e me n t e d  b y  fo r e i gn f i rms . 

The newe s t s uch pro c e s s i s  a mo d i f i e d  s us p en s i on p r e - he a te r  
(SP ) k i ln s y s t em .  I n  th i s  sys tem , ab ou t 5 0  p e r c e n t  o f  the fue l i s  
b urne d in  the s ta t i onary por t i on o f  t h e  pyr o p r o c e s s ing e quipme n t  
( the p re - c a l c in e r )  a s  comp a r e d  t o  1 0 0  pe r ce n t  i n  th e r o t a t i ng k i ln . 
The p r i nc i p a l  a dvant age o f  th i s  typ e o f  e qu ipme n t  i s  s i gn i f i can t ly 
h i gh e r  p r o duc t i v i ty . The e ne r gy - s aving c ap ab i l i ty i s  ab ou t 8 0  tho u 
s and BTU ' s p e r  ton . 

Fur the r , the mod i f i e d  S P  s y s t em c an b e  u s e d  t o  b urn k e r o g en i c  
raw mat e r i a l s  ( tho s e  conta in ing o rg an i c  mat t e r )  a s  fue l wh i ch c an 
no t b e  b urne d i n  the s t andard S P  sys t em . A t h i r d  d i s t in c t  advan 
tage o f  a p r e - cal ci ne r  i s  i ts ab i l i ty to r e duce h e a t  was t e  when i t  
b e come s  ne ce s s ary t o  by - p a s s  gas e s  in  o r de r  t o  r e move the vo l at i l e  
s a l ts that p l ug the o r d inary S P  k i l n s y s tem . F o r  e xamp l e , a 2 0  
percent  by - p a s s on an o r d in ary S P  k i ln woul d expend 3 5 0  thous and 
BTU ' s per ton o f  c l inke r , but on ly ab o u t  1 5 0  thous and BTU ' s  p e r  ton 
woul d be was t e d  in a s imi l ar by - p as s in a p re - c a l c in e r  s y s tem . 

O th e r  me tho ds o ffe r ing po tent i a l  fo r ene r gy cons e rva t ion are : 

• G r inding o f  many typ e s  o f  r aw mat e r i a l s  in  the newe r r o l l e r  
m i l l s h a s  a p o ten t i a l  for s aving a n  a ve r a ge o f  1 5  p e r c en t  
o r  mo r e  o f  the ene rgy norma l ly r e qu i r e d  fo r r aw gr inding . 
Us e o f  r o l l e r  mi l l s  i s  n o t  fe a s ib l e  fo r a l l s ourc e s  o f  r aw 
ma te r i a l s  p ar t i cu l a r l y  tho s e wi th h i gh s i l i c a  c o n t e n t . 
Ro l l e r  mi l l s  c an a l s o  us e wa s te k i ln h e a t  t o  r e mo ve up to  8 
p e r c e n t  mo i s ture from the r aw ma t e r i al s . The r e  i s  s ome 
op t im i s m  tha t  a f t e r  fur th e r  r e s e a rch , the r o l l e r  m i l l  may 
b e  us e d  to s ave up to  2 5  p e r ce n t  o f  the ene r gy now r e qui r e d  
for f i n i s h  g r inding o f  cemen t . 

• I mprove d  burne r s  us ing the L inde o r  Lur g i  s w i r l  de s i gn s ave 
ene r gy by r e duc ing  exce s s  a i r  r e qu i r e me n t s . S ubme r g e d  
b urner s  and f l u i d  b e d  p r o c e s s ing a l s o a d d  e f fi c i ency t o  the 
ceme n t  p r o du c ing s y s tem by  r e du c i n g  r a d i an t  ene r gy l os s e s . 
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P o s s ib i l i ti e s  o f  s upp l emen ting the t r ad i t i ona l fue l s  ( co a l , 
o i l , g a s ) w i th aux i l i a ry ener gy s ou r c e s a r e  b e ing  e xp l or e d . 
P o t e n t i a l  fue l s  th a t  may b e  us e fu l  a r e  o i l  s ha l e s , c o a l  
s h al e s , s awdus t ,  pe tro l e um coke , s hr e dde d r e fus e , and was te 
mo t o r  o i l s . Us e o f  s u ch fue l s  dep ends o n  ava i l ab i l i ty o f  
s uf fi c i en t  quan t i t i e s , l o c a t i on , ava i l ab l e  equipmen t , and 
in  s ome c a s e s , addi t i onal  r e s e ar ch . 

• A new ene rgy cons e rving p o l l u t i on con t ro l dev i ce  s hows p rom
i s e as he a t  r e cove ry equipme n t  from k i l n  fl ue g a s e s . 

Cons tra i nts  

As a p r e requi s i te for any me aningful  r e duc t i on i n  ene r gy con 
s ump t i on in  the c emen t indus try , i t  i s  n e ce s s ary tha t  the p r e s en t  
financ i a l  and te chno l o gi c a l  cons t r a i n t s  b e  r e s o l ve d . S o me c on 
s tr a i n t s  are : 

• Ins u f f i c ie n t  c ap i t a l  and inadequ a t e  r e turn - o n - inve s tme n t  to 
make maj o r  l ong - t e rm fue l cons erva t i on me a s ur e s  fe a s ib l e  

• S tr i n g e n t  e nvi ronme n t a l  s tandards 

• Re s tr i c t i ve a l k a l i sp e c i f i c a t ions . 

Due to  an t i qua t e d  fa c i l i t i e s , ma j o r  g a i n s  in U . S . ene r gy e f f i c i ency 
are p o s s ib l e  pr ovide d th a t  th e fi nanc i a l  cons t r a i n t s  p r e s en t ly 
fac ing the cement indus try are r e s o l ve d . 

Ceme n t  manu f a c tur ing i s  h i gh l y  c ap i t a l  i n tens i ve and r e p l a c e 
me n t  o f  e x i s t in g  p l ants  to a dop t new te chno l o gy w i l l  b e  v e ry e xp en 
s ive . Never the l e s s , ove r the nex t s eve r a l  y e ar s  the U . S .  c ement 
indu s try w i l l pha s e - in n ew , mor e  ene r gy - e f fi c i en t  t e chn o l o gy . B e 
caus e o f  the amoun t o f  the c ap i t a l  r e qui re d i n  r e l a t i on t o  the ce 
me n t  i ndus try ' s  f i nanc i a l  r e s our c e s , the ra te  a t  wh i ch the new te ch 
no l o gy w i l l  b e  adop te d  i s  e xp e c te d  to b e  s l ow b u t  c on t i nuous . As 
the n ewe r and l ar ge r  produc tion  fac i l i t i e s  a r e  b u i l t , the c e ment 
indus try is  e xp e c te d  to r e a l i z e l owe r uni t fue l c o s t s . 

INDUSTRIAL BOIL E RS 

B e caus e o f  the p re s en t  envi ronme n t a l  l e g i s l a t ion , many h i gher  
s ul fur co a l s  canno t b e  burne d in indus t r i a l  b o i l e r s  un l e s s  very ex
pens ive s ul fur d i o x i de ( S 0 2 ) removal s y s tems a r e  ins t a l l e d  to  con 
di t i on - e x i s t i n g  f l ue gas e s . A promi s in g  new c o mb us t ion me tho d that 
can work fo r a l l k i nds of co a l s  re gardl e s s  of s ul fur con t e n t  is  the 
fl u i d i z e d  b e d  comb us t i on p ro ce s s . Th i s  p ro ce s s  has b e en in the 
p i l o t - p l an t  s t age  fo r ne a r l y  two ye ars  and i s  a l ow temp e r a t ur e  com
bus t i on p r o c e s s  tha t  us e s  l ime s tone in a s l owly moving b e d . Much 
o f  the as h and s u l fur i s  remove d in the b e d , vas t ly r e duc ing  the 
ne e d  fo r co s t ly s t ack  gas  cond i t i oning  s y s tems . Howe ve r , the p r o ce s s  
whi ch h a s  e x ce l l en t  p o ten t i al for  smal l e r  i ndus tr i a l  b o i l e r s  i s  
s t i l l  i n  the e ar l y  de ve l opmen t a l  s ta g e s . 
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Four imp o r tant cha ra c te r i s t i c s  d i s t i ngu i s h  f l u i d i z e d- b e d  com 
bus ti on from tha t wh i ch take s p l ace  i n  c o a l - fi re d  b o i l e r s  now o n  
the marke t :  

• The cp a l  may b e  b urne d wi th in a flu i d i z e d - b e d  ve ry rap i dly 
and i n  a l imi t e d  sp ace . Comp a r e d  wi th e x i s t in g  t e chno l o gy ,  
the inc r e a s e in the vo l ume t r i c he a t  r e l e a s e  r a te i s  on the 
o r de r  o f  1 0  to  1 .  

• The he a t  i s  trans fe r r e d  to th e b o i l e r  tub e s  r ap i dly and 
mor e  s i gn i fi cantly uni fo rmly . Comp a r e d  w i th e x i s ting  
te chno l o gy , the  imp rovement in  the a ve ra g e  heat  f l ux r ange s 
b e twe e n  3 and 6 .  

• A c l os e l y  s p ac e d  arrangemen t o f  the b o i l e r  tub e s  i s  p r ac t i 
cal  the reby making th e f l u i d i z e d - b e d  b o i l e r  comp a c t . Com
p a r e d  with ex i s t ing t e chno l o gy , the  r a t i o  "heat  t r an s fe r  
sur f a c e  p e r  un i t  h e a t  r e l e a s e  vo lum e "  may b e  inc r e a s ed by 
a fact.o r of 1 0  . . 

• A f l ui d i z e d - b e d  p ro v i de s  a h i gh ly r e a c t ive zone in  wh i ch 
comb us t i o n  may b e  c ar r i e d  o u t  ve ry r ap i dly . Op e r a t in g  tem 
p e r a tur e r e duc t i ons o f  as much a s  1 , 0 0 0 ° F  a r e  fe a s ib l e .  

Long - Term C ons erva t i o n  Po tent i al 

The s e  four char ac te r i s t i cs make the fo l l ow i ng advan tage ous fe a 
ture s  p o s s ib l e  i n  flui d i z e d - b e d  b o i l e r s : 

• Equipmen t c o s t r e duc t ion o f  5 0  p e r c en t  from e x i s t in g  t e ch 
no l o gy s ys t ems . 

• Re duc t ion in a i r  po l l ut i on caus e d  by ox i de s  o f  s ul fur o r  
n i tro gen a t  l owe r co s t  than any ava i l ab l e  a l t e r n a t i ve . 

• I nc re a�e in  the rmal e f f i c i e ncy s o  t h a t  mo re  e ne r gy mi gh t b e  
ob t a i n e d  from e a ch pound o f  c o a l . 

• Ab i l i ty to b urn coa l s  having l ow a s h  fus i o n  t e mp e r a tures  
w i thout  cre a t i n g  s l ag g ing prob l ems . 

• Ab i l i ty to b u rn hi gh ash fue l s  w i th o u t  incur r i n g  s ub s t an 
t i a l ly h i gh e r  ope r a t in g  cos ts . 

F l u i di z e d - b e d  comb us t i o n  o f  co a l  i s  p r a c t i c a l  and l ar g e  
fluidi z e d - b e d  b o i l e r s  c an b e  as s emb l e d  in f ac t o r i e s  a t  a r e l a t i ve ly 
l ow co s t .  · The cos t r e duc t i on a r i s e s  no t only  from the  char a c t e r 
i s t i cs o f  fl u i d i z e d - b e d  comb us t ion but  more imp o r t an t ly fr o m  the 
e conomi e s  made p o s s ib l e  by manufacturing l ar g e - c ap a c i ty p a c k a g e d  
b o i l e rs . A p ackaged  un i t  i s  o n e  tha t  i s  e s s en t i a l ly s h op fab r i ca 
ted  and s h i ppe d to the purchas e r ' s s i te . Previ o us ly , the advan t a g e s  
o f  s hop fab ri c a t i on h ave neve r  b e en app l i e d  to  c o a l - f i r e d  b o i l e rs 
ab ove 5 0 , 0 0 0  p o unds p e r  hour c ap ac i ty .  The s ta t e  o f  t h e  a r t in 
p ackaging has  p r o g re s s e d to the p o i n t  whe r e  i t  is  l e s s  c o s t ly to 
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purcha s e and in s ta l l  two p acka g e d  un i ts than a s in g l e  un i t  r e qui r 
ing a s s emb ly  i n  the f ie l d . 

Cons tr a i n ts 

The fo l l owing t e chn i c a l  c on s t r a in t s  app l y  t o  b o i l e r  
u t i l i z at i on : 

• Envi ronme n t a l  c ons t r a ints  on the d i s po s a l  o f  l ime s tone - as h . 

• Te chn i ca l  p r ob l ems o f  ma i n t a i n ing the f l ui d i z e d - b e d  and con 
t r o l l ing forma t i on o f  th e l ime s t one - a s h . 

• Mater i a l  o f  cons truc t i on to ensur e l ong op e r a t i n g  p e r i o d s  
w i th accep t ab l e  op e r a ting fac to r s . 
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Chap ter  Two 

RE S I DENT I AL / COMME RC I AL 

F o r  purp os e s  o f  th i s  s tudy , the r e s i dent i al and comme r c i a l s e c 
to r s  we r e  s ep a r a t e d  and e xamined indivi dua l ly . The r e s i de n t i al 
s e ctor  i s  de f i n e d  a s  c ons i s t in g  o f  s in g l e  f ami ly dwe l l in g s , hous ing  
un i ts for two fami l i e s , and mob i l e  home s . The comme r c i a l  s e c to r  i s  
de fine d a s  c ons i s t i n g  o f  a l l mul t i - fami ly hous in g f o r  thr e e  o r  mo re 
fami l i e s  a s  we l l  a s  p ub l i c  and o the r comme r c i a l  b u i l d in g s . I n  th i s  
chap te r ,  the s p l i t  b e tween r e s i den t i a l  and comme r c i a l  ene r gy c on 
s ump t i on di f f e r s  from tha t emp l oye d i n  the P a s t Trends - C on t i nue 
case  (s e e  " P ar ame te r s  o f  S tudy , "  Summary ) , in that  the ene r gy con
s ume d  i n  dwe l l i ng un i t s  of  thr e e  o r  mo re  f ami l i e s  is  a l l o c a te d  to  
the comme r c i a l  r a th e r  than th e r e s i den t i a l  s e c tor . Th i s  r e a l l o c a ·  
t ion i s  made due t o  the s imi l ar i ty i n  c ons truc t i on b e twe en s uch 
mul t i - fami ly un i ts and comme r c i a l  uni ts as oppo s e d  to r e s i de n t i a l  
s truc ture s . The re for e , ene r gy s aving p o s s ib i l i t i e s  f o r  ap ar tmen ts 
are b e t t e r  e xamine d in  the comme r c i a l  p o r t i o n  o f  th i s  chap te r . 

The fo l l owing di s cus s i ons o f  the re s i den t i a l  and comme r c i al 
s e c to r s  are  p r imar i ly e xamina t i on s  o f  te chno l o g i ca l  i mp r o veme n t s  in  
equipme n t  whi ch may incre a s e  the  e ff i c i ency of  ene r gy u t i l i z a t i on 
wi th in e ach a re a . Bui l ding componen t s  o r  s y s tems wh i ch c o u l d  r e duce 
demand for dep l e t ab l e  e ne r gy re s ource s through us e o f  nondep l e t ab l e  
res our c e s  are  a l s o  e xamined . 

G e o the rma l and s o l ar (inc lud ing winds  and t i de s ) a r e  examp l e s  
o f  nondep l e tab l e  ene r gy s ourc e s . Sys t ems u t i l i z ing  the s e  s our c e s  
wi l l  l i k e l y  o ffer  s i gni f i c ant l ong - t e rm p o t en t i a l  f o r  cons e rv a t i on 
o f  dep l e t ab l e  ene r gy r e s ourc e s . Howeve r ,  i t  app e a r s  tha t the maj o r  
impact  o f  the s e  s y s tems on t h e  N a t i o n ' s  ene r gy p o s tur e  w i l l  b e  i n  
the p e r iod  b eyond 1 9 8 5  and i n t o  t h e  n e x t  century . 

Te chno l o g i e s  pr e s e n t l y  ex i s t  for on - s i t e d i r e c t  u t i l i z a t i o n  o f  
s ome o f  the s e  energy s ourc e s . S ome examp l e s  a r e  h e a t  pump s and 
s o l ar he a t ing/ c o o l ing sys t ems . The app l i c a t i o n  o f  the s e  s y s tems i s  
l im i t e d  g e o g r aph i c a l l y  b y  the d e g r e e  o f  t emp e r a tu r e  var i a t i o n  and 
continu i ty of s o l ar energy . Ther e fo r e , in many ar e a s , s uch s y s t ems 
mus t  be augmented by b ack - up sys t ems u t i l i z i ng dep l e tab l e  e n e r gy 
r e s ource s .  Thi s  dup l ic a t i on o f  sys t ems wi thin the s truc tu r e  i n 
creas e s  ini t i a l  consumer i nv e s tmen t  co s t s . I n  the futur e , a s  l ar 
ger numb e r s  o f  s uch dup l i c a t e  sys t ems are  p l ac e d  i n  o p e r a t i o n , s av 
ing s in  ope r a t i onal co s t s may no t  b e  c o r r e l a ted  t o  s av i n g s  i n  dep l e t 
ab l e  r e s ource s . For  examp l e , the u t i l i z a t i o n  o f  h e a t  pump s o r  
s o l ar h e a t ing to  cons e rve energy m i g h t  s t i l l  r e qu i r e  tha t t h e  c o n 
sumer have a s tand - by he a t ing sys tem . T h e  ene r gy s upp l i e r  wou l d  
have to ma i n t a i n  i nc r e a s ed capac i ty .  The r e fo r e , consumer  c o s t s i n  
the a g gr e g a t e  m i ght  we l l  i nc r e a s e .  Th i s  woul d  no t n e c e s s ar i ly r e 
sul t  i n  a l l  s e c t i o n s  o f  the Na t i on a s  the s upp l i e r s  i n  many o f  the 
areas  tha t wou l d  us e s o l ar sys t ems have the i r  capac i ty s i z e d  f o r  
s e a s onal p eaks  and have exc e s s  c ap ac i ty . 
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P r e s en t ly , the cons ume r  mus �  b as e  hi s p u rc ha s e d e ci s i o n  on the 
marke t  value of the equipmen t , the c o s t of the  ene rgy b e i n g  aug 
men t e d , and the  c l imat i c  cond i t i ons o f  the a r e a . I f  s o l a r  equip 
ment co s t s  a r e  r educ e d  thro ugh innova t i ons i n  manufacturing  methods  
and/ o r  energy co s t s  cont i nue t o  e s c a l a t e , a t  s ome p o i n t  the i nve s t 
ment  w i l l  b e come v i ab l e . The t iming o f  the  imp ac t  o f  n ew t e chno l o 
g i e s  i n  th i s  a r e a  i s  dep endent on r e s e ar ch and deve l opmen t  (R& D ) , 
and the i nve s tmen t  incent i ve s  that e x i s t .  

RES I DENT I AL 

F o r  the Phas e I I  p e r i o d  ( 1 9 7 9 - 1 9 8 5 ) , energy s av i n g s  p o t en t i a l s  
i n  the r es i dent i al ma rke t  are  divi ded i n t o  thr e e  a r e a s : 

• E x i s t in g  ho us ing 

• New cons t ru c t i on - - " add - on" and " r ep l a c emen t "  hous ing  s e c 
t o r s  

• Re s i dent i al equipment and app l i an c e s . 

The t e chn iques for  imp roving r e s i dent i a l  ene rg� e ff i c i enc i e s  i n  the 
exi s t i ng h o us ing and new cons truct ion marke t s  w e r e  examined  in the 
Phas e I rep o r t . *  Ther e fo r e , this  d i s cus s i on i s  p r imar i ly an exami 
nat i on o f  r e s ident i a l  equipment and app l i an c e  t e chno l o g i e s  whi ch 
o ff e r  p o t ent i a l s  fo r ene r gy cons ervat i on .  

I t  i s  imp o r t an t  to  emphas i z e  that  ene r gy s av i n g s  i n  the  new 
cons t ru c t i on marke t w i l l  be affected  through up g r ading  b u i l ding 
s t andards so  that they wi l l  be  mor e  ene r gy e f fJ c i en t  than the  s t an 
dards emp l oyed t o d ay . Howeve r , i t  mus t  b e  r e co gn i z e d  that t o d ay ' s 
s t andards are  g r e a t ly imp r oved ove r p r evi ous s t andards and c o de s . 
I n fact  vari ous s tu d i e s  made by the Nat i onal As s o c i a t i on o f  Home 
Bu i l d e r s  confi rm that t o d ay ' s  s t andards are app roxima t e ly 60 p e r c ent 
mo re e f fi c i ent than tho s e  u t i l i z e d  40 t o  6 0  y e a r s  ago . 

Futur e s tandards , s uch a s  tho s e  out l ined  tn Phas e I whi ch 
cou l d  b e  e ffec t i ve by 1 9 7 8 ,  could b e  ab out 3 0  p er c ent mo r e  e f f i c i ent 
than p r e s ent day s t andards . Thi s p o int  i s  ext r eme ly i mp o r t an t  
s ince i t  i s  p r o j e c t e d  t h a t  dur ing t h e  dec ade o f  t h e  1 9 8 0 ' s  fo r 
eve ry two r e s i dent i a l  uni t s  bui l t , one w i l l  b e  u s e d  to  r ep l a c e  a 
demo l i s hed uni t .  Thus , a very i n e f f i c i en t  uni t  c an b e  r ep l ac e d  by 
an extreme ly e ff i c i en t  o ne and cons equent ly l ar g e  s aving s  c an ac crue . 

Re s i dent i a l  Marke t D e s c r ip t ion 

T ab l e  4 p re s en ts the  1 9 7 3 , 1 9 7 8 , and 1 9 8 5  e s t imat e d  t o t a l  r e s 
i dent i a l  hous ing b as e  and the 1 9 7 4 - 1 9 7 8  and 1 9 7 9 - 1 9 8 5  add - ons , ac 
cording to  hous ing typ e (s ing l e  fami ly , two fami l y , and mob i l e  

* Nat ional  P e t ro l eum Counci l ,  Po t e n t i a l fo r Energy Con s erva ti o n  
i n  t h e  Uni t e d  Sta t e s : 1 9 7 4 - 1 9 7 8 �  Washingt on , D . C . : 1 9 7 4 , pp . 4 9 - 5 5 . 
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TABLE 4 

EFFECT OF NEW CONSTRUCTION 
ON TOTAL HOUS ING MIX IN THE RES IDENT IAL MARKET 

S :i_ngle Family* Two Family Mobile Home s To tal 
Uni t s  Percent Uni t s  Percent Uni t s  Percent Uni t s  Per c ent 

19 7 3  Es t ima t ed 
Market 4 8 , 7 1 7 , 900  8 5 . 0  5 , 5 38 , 400 9 . 7  3 , 0 2 3 , 7 0 0  5 . 3  5 7 , 2 8 0 , 00 0  100 . 0  

19 7 4-19 7 8  
Add-Ons"t 3 , 4 8 0 , 600 5 4 . 5  8 3 6 , 600  1 3 . 1  2 , 0 6 9 , 200  3 2 . 4  6 , 38 6 , 4 00 100 . 0  

19 7 8  Es t imat ed 
Market 5 2 , 19 8 , 5 0 0  8 2 . 0  6 , 3 7 5 , 000 1 0 . 0  5 ,  0 9 2 , 900  8 . 0  6 3 , 6 6 6 , 4 00 100 . 0  

1 9 7 9-1985 
Add-Onst 4 , 9 7 9 , 3 0 0  5 9 . 7  884 , 100 10 . 6  2 , 4 7 7 , 100 2 9 . 7  � 3 4 0 , 500 100 . 0  

1 9 8 5  Es t imat ed 
Market 5 7 , 1 7 7 , 800 7 9 . 4  7 , 2 5 9 , 100 10 . 1  7 , 5 7 0 , 000 1 0 . 5  7 2 , 006 , 900 1 0 0 . 0  

No te : Adj us t ed to  conform wi th Chap ter Two d e f init ion o f  "res iden t ial marke t . "  
* To tals vary from Tab l e  2 due t o  sour c e  d i f f erenc e emp loyed to provide data on two family and 

mob ile home uni t s .  
t Demo l i t ions factored out . 
Sourc e :  Na t ional As s o c ia t ion of Home Builders , Housing Requirements in the 1 9 70 's and 1980 's� 

Washington , D . C . , January 1 9 7 4 , Tab le 3 - 2 1 . 



home s ) .  An anal y s i s  o f  t h e  d a t a  indi c a t e s  t h a t  i n  t h e  futur e , 
s i ng l e  fami ly un i t s  w i l l  p r o v i d e  f o r  a smal l e r  p e rc ent a g e  o f  t h e  
Na t i on ' s  hou s i ng r e qu i r ement s .  Due t o  t h e  l ar g e  e x i s t i n g  hous i n g  
b a s e , a t o t a l  chan g e in hous i ng mix w i l l  evo lve  s l ow l y . Th e r e fo re , 
the s in g l e  fam i l y  un i t  w i l l  r ema i n  t he maj o r  s o u r c e  fo r p o t en t i a l  
r e duc t i ons  in  r e s i dent i a l  ene rgy cons ump t i on unt i l  1 9 8 5  and b ey ond . 

Re s i d e n t i a l  Ene r gy Cons ump t ion 

Th e P a s t T r ends - Cont inue  r e s i dent i a l  demand p r o j e c t i on s  w e r e  
adj us t e d  on Tab l e  5 t o  a r r i ve a t  equ i v a l ent f i gur e s  f o r  th i s  chap 
t e r ' s  d e f i n i t i o n o f  the r e s i d e n t i a l s e c to r . Th e " t o t a l  r e s i d e n t i a l  
ene r gy d emand " co l umn inc l ud e s  conve r s i o n  l o s s e s  f r om th e g e ne r a t i o n  
o f  e l e c tr i c i ty . O n  Tab l e  6 the s e  f i gu r e s  from 1 9 7 2 - 1 9 8 5  a r e  dep i c te d  
by typ e o f  ener gy ( fo s s i l  o r  e l e c tr i c i ty ) . Und e r  th e P a s t Tr ends 
C o n t inue c a s e p ro j e c t i o ns , t o t a l  r e s i d en t i a l  ene rgy  r e qu i r em e n t s  
b e tw e e n  1 9 7 9 - 1 9 8 5  w e r e  p r o j e c t e d  to  i n c r e a s e a t  a n  ave r a g e  annua l 
r a t e  o f  3 . 5 p e r c e n t  p€ r y e ar . F o r  th i s  s ame p e r i o d  and und e r  the 
s ame c as e , f o s s i l  fue l demand woul d i n c r e a s e b y  an ave r a g e  annu a l  
r a t e  o f  1 . 3  p e r c e n t  p e r  y e ar wh i l e  e l e c tr i c i ty d emand wou l d  i n c r e as e 
a t  a r a t e  o f  6 . 2  p e rc en t . Thus b y  1 9 8 5, t o t a l  e nd - us e  ene r gy r e 
qu i r emen ts  i n  the  r e s i de n t i a l  mark e t are  p ro j e c t e d  t o  b e  1 2 . 0 4 3  
quadr i l l i o n  BTU ' s .  O f th i s  amo un t , 8 . 6 9 4  quadr i l l i on BTU ' s ( 7 2  p e r 
c e n t )  w i l l  b e  d e r iv e d  from f o s s i l  fue l s  w i th th e r e ma i nd e r  ( 2 8  p e r 
c en t )  b e i n g  s upp l i ed i n  the f o rm o f  e l e c tr i c i ty . 

Due t o  t h e  ac c e l e r a t e d  g r ow th i n  t h e  c o n s ump t i on o f  e l e c t r i c 
i t y , e l e c t r i c  c onve r s i o n  l o s s e s  ( B TU ' s l o s t i n  the c o nve r s i o n  o f  a 
fo s s i l  fue l t o  e l e c tr i c i ty )  wou l d  inc r e as e b y  an av e r a g e  o f  5 . 8  
p e rc e n t  p e r  year . By 1 9 8 5, conv e r s i on l o s s e s  ( 7 . 9 quadr i l l i o n  BTU ' s )  
woul d b e  equiv a l e n t  t o 6 6  p e r c e n t  o f  a l l the  B TU ' s ( 1 2 . 0 1 6 quadr i l 
l i on BTU ' s )  cons ume d b y  the r e s i den t i a l  mark e t  i n  1 9 7 2 . Th i s  f ind 
ing i s  a r e s u l t  o f  the f a c t  tha t  e l e c tr i c i ty t r a d i t i on a l l y  h a s  h a d  
a n  ene r gy e f f i c i e n cy o f  3 0  p e r c ent  ( s e e  Tab l e  7 ) . G a s  and o i l  h ave 
comp a rab l e  numb e r s  o f  9 3  and 8 8  p e r cent , r e s p e ct i v e l y . By mu l t i 
p ly i n g  t he s e  r a t i o s  b y  t h e  e s t imat e d  ut i l i z a t i on e f f i c i ency , t h e  
t o t a l  e ff i c i e n c i e s  o f  t h e  var i o u s  fue l s  fo r d i f f e r e n t  r e s i de nt i a l  
app l i c a t i o n s  h av e  b e en compu t e d . 

Ar e a s  o f  Cons e rva t io n  P o t en t i a l  

I n  t h e  1 9 7 4 - 1 9 7 8  p e r i o d ,  t h e  b u l k  o f  e ne r gy s av i ng s  p o t e n t i a l  
w i l l  b e  d e r ived  f r om app r o ache s app l i e d  t o  th e e x i s t i ng hous i n g  m ar 
ke t :  ( 1 )  l i ving h ab i t s / l i f e - s ty l e s ; ( 2 ) up g r a d i ng th e rm a l  p e r fo r m 
anc e l e ve l s ; and ( 3 )  h e a t i ng and a i r - cond i t i on i n g  m a i n t e nanc e . 
Ene r gy s av ings  p o t e n t i a l  due to imp r oved  b u i l d i ng s t andar d s  f o r  
b o th add - o n  and r e p l aceme n t  h o u s i ng w i l l b e  ab o u t  o n e - ha l f  o f  the 
po t e n t i a l  s av i ng s for ex i s t i ng hous i ng . 

Howeve r , i n  the  1 9 7 9 - 1 9 8 5  p e r i o d , the r e l a t i v e  impo r t an c e  o f  
th e p o s s ib l e  s av in g s  ar e as w i l l  b e g i n  t o  s h i f t . N e w · cons t r uc t io n ,  
b o th a d d - o n  an d r ep l ac ement hous i ng , wi l l  o ff e r t h e  l a r g e s t  p o t en 
t i a l fo r cons e r va t i on .  T h e  maj o r i ty o f  t h i s  p o t en t i a l  i s  due 

3 8  



(.N 1.0 

Res id en t ial 
Consump t ion* 

1 9 7 2  1 0 . 5  + 

1 9 7 8  1 2 . 8 + 

1 9 80 1 3 . 6 + 

1 9 8 5  1 5 . 5  + 

TABLE 5 

COMPUTAT ION OF RE S IDENTIAL ENERGY DEMAND 
(Quadril lion BTU ' s ) 

Adj u s tment 
E le c t r i c  Convers ion All o c a t ed Factor 

t o  Res id ent ial S ector* _{Percent ) t  

( 3 3 . 8% X 1 3 . 1 ) = 4 . 4 X 80 . 7 

( 34 . 4% X 1 9 . 8 )  = 6 . 8 X 7 9 . 1 

( 34 . 4% X 2 2 . 7 )  = 7 . 8 X 7 8 . 1 

( 3 3 . 7% X 3 0 . 1 )  = 1 0 . 1 X 7 7 . 7 

* Pas t Trends-Cont inue cas e ,  Tab l e  1 , "Parame ters o f  S tudy " s e c t ion . 

= 

= 

To tal Res id en t ial 
Energy D emand 

1 2 . 0 

1 5 . 5  

1 6 . 7  

1 9 . 9  

t P er c ent o f Pas t T r ends-Cont inue res iden t ial demand cons id ered as t o t a l  res idential s e c t or 
demand a s  def ined in Chap t er Two , r ema inder a l lo c a t ed to c ommer c ial sector . 



TABLE 6 

GROWTH IN RE S IDENT IAL ENERGY CONSUMPTION 
(Quadrill ion BTU ' s ) 

Energy 1 9 7 2 1 9 7 8* 1 9 8 0* 1 9 8 5 *  

Fo s s i l  Fuel 6 . 9 8 9  7 . 885 8 . 0 7 5  8 . 6 9 4  

Elec t r ic i ty 1 . 484 2 . 2 3 9  2 . 5 4 6  3 . 3 4 9  

S ub to tal 8 . 4 7 3  10 . 124 1 0 . 6 2 1  1 2 . 0 4 3  

Allocated Electric 3 . 54 3 5 . 3 9 5  6 . 1 00 7 . 8 7 9  
Conve rsion Los s e s  

To tal 1 2 . 016 1 5 . 5 1 9  1 6 . 7 2 1  1 9 . 9 2 2  

* P roj ec t ed f i gures based o n  Tab le 1 ,  "Parame t e rs o f  S t udy " 
s ection . (Adj us ted to conform wi th Chap ter Two d e f in i t ion o f  
residen t ial s t ructures . )  

to  the p o s s i b l e  imp rovements  in future b u i l d i n g  s t andards  o ve r  cur 
r ent s t andards . E v en though an equa l numb e r  o f  r e p l a c ement  and 
add - on hous i ng s t a r t s  ar e p ro j e c t e d fo r the Phas e I I  p er i o d , r e 
p l acement s s hou l d o ff e r  a l ar g e r  cons e rva t i on p o t en t i a l  s i n c e  they 
w i l l  be  s ub s t i tut e d  for t h e  o l d e r, mo r e  i n e f f i c i ent  un i t s b e i ng 
demo l i s h e d . Exi s t in g  c ons truct i on w i l l  cont inue to  b e  a s i gn i f i 
cant b as e  for  p o t en t i a l  s avings  dur ing  thi s p e r i o d . L o n g - t e rm r e s i 
dent i a l  e q u i pment s av i n g s  are  exp e c t ed t o  o ff e r  s om e  mod e r a t e  p o s 
s i b i l i t i e s  fo r r e du c t i on i n  e n e r gy d emand . 

S uc c e s s i n  cons e rving  ene r gy by t h e  var i ous  a c t i on s  that  h ave 
b e e n  exam i n e d  wi l l  dep end on s p e c i fi c  incent i v e s . Whi l e  any of the 
app r o aches  coul d be  mand a t ed , a s uc c e s s ful cons e rva t i on p ro g r am 
wi l l  mo r e  l i ke ly r e ly on vo l un t a ry comp l i an c e  by  t h e  c o n s ume r . The 
mo s t e f f e c t i v e  i n c en t i ve to g a i n  vo l un t a ry a c c ep t an c e  o f  the c o n 
s e rva t i on t h em e  i s  t h e  e c onomi c one . S ome a dd i t i on a l  r e s p ons e t o  
e i th e r  p a t r i o t i c  o r  s o c i a l c ons i de r a t ions c o u l d  b e  s i gn i f i c an t  i n  
t h e  b e havi o r  o f  r e s i den t s . Th e s e w i l l  u s ua l l y  b e  t emp e r e d  by  c o s t 
cons i de r a t i ons whi ch c o u l d b e  s up p l emen t e d  by gove rnment a c t i on . 
The e f fe c t s  o f  c o s t cons i d e r a t i ons  d i f f e r  fo r e a ch c a t e g o ry t h a t  
cons ume s ene rgy . 

Re g a rd l e s s  o f  t h e d e g r e e  t o  whi ch the s e  i n f l u en c e s  a r e  vo l un 
t a ry o r  manda t o ry , t h e  s uc c e s s o f  a cons erva t i on p ro g r am p a r t i cu 
l ar l y  i n  t h e  r e s i d ent i a l s e c t o r  dep ends almo s t ent i re ly o n  c r e d i 
b l e  and cont i nu i n g  communi c a t i ons  p ro g r ams d e s i gn e d  t o  b u i l d  and 
maint a i n  the p ub l i c  awa r en e s s  for the n e e d  to c on s e rve  ene rgy . 
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TABLE 7 

HIS TORICAL ENERGY EFF I CIENCY OF FUELS IN RES IDENTIAL APPLI CATIONS 
(P ercent ) 

Es t imate 
Energy Sys tem · Ut i l izat ion To tal 

E f f i c i ency Ef f ic iency E f f i ci ency 
Typ e  o f  App l i c a t i on (Column 1 )  (Co lumn 2 )  (Co lumn 1 x Column 2 )  

Home Hea ting 
Gas 9 3  6 6  6 1  
Electr i c  (Res is t ance Only) 30  98 29 
Oil 88 66 5 8 

Wa t er Hea ting 
Gas 9 3  6 5  60 
E lectric 30 91 2 7  
O i l  8 8  6 0  5 3  

Cooking 
Gas 9 3  4 0  3 7  
Elec t r i c  30 75  23  

Clo thes Dry ing 
Gas 9 3  6 5  6 0  
Elec tric 30 6 5  20  

Air Cond i t ioning 
Gas 9 3  3 5  3 3  
Elec tric 30  2 0 5 *  6 2  

S ource : " Cons erva tion o f  Ene rgy " a Na t i ona l Fue l and Energy P o licy S t udy : Prop o s ed 
by Commi t te e  o f  Interior and Ins ula r  Af fairs , U . S .  S ena te Res olut io n  #4 5 ;  EPA 6 5 0 / 2- 7 4-003 , 
"A S tudy o f  Air P o llutan t Emi s s ions From Res ident ial Hea t ing Sys t ems : ' App endix C ,  Par t s  
1- 3 . 

* Co ef f i c i en t  o f  performanc e .  



The Phas e I s tu dy r e co mmended t hat an e x t ens i v e  and c o o r d inat e d  
commun i cat i o ns n e tw o r k  i nvolv i ng bo t h  i ndus t ry and gove rnm e n t  be 
d eve l oped . Such pro g rams have be en e s tabli s he d  and s hould be en 
c o urage d  i n  t h e  futur e . A d e tailed d i s cus s i o n  of c ons e rvat i o n  po 
t e nt ials f o r  t h e  e x i s t ing  hous i n g  mar ke t , new c o n s t ru c t i o n , and 
eq uipme n t  and applian c e s  is pr e s ent e d  in t h e  followi ng s e c t i o ns . 

Co ns e rvat i o n  i n  the Ex i s t i ng Hous ing Marke t 

Cons e rvat i o n i n  t h i s  s e c t o r  i s  depend ent  o n  t h r e e  maj o r  var i a 
bl e s : c han g i n g  l if e - s ty l e s , upg rad ing th e rmal p e rfo rman c e  l e vels , 
an d mai n t enance  of heat ing , ven t i lat i n g , and a i r - c o n d i t i o n ing s y s 
t ems ( HVAC) . 

• Co n s e rvat i o n  t h rough c han g e s  i n  life - s tyle i n clud e s  i t ems 
s uc h  as home heat t h e rmo s tat s e t t i n g s  an d eff i c i e n t  us e of 
applian c e s . Te chniques  s u c h  as t h e s e w ill d epend on be 
hav i o r  of i n d i v i dua l r e s i de n t s  and mu s t ,  fo r al l pra c t i cal 
purpos e s , be cons i d e r e d  vo l untary . Op e rat i onal co s t  s av i n g s  
d u e  t o  a r e d uc t i o n in ene rgy cons ump t i o n  s ho uld provi d e  t h e  
h i ghes t mo t i vat i o n . 

There  may be s ome r e spons e t o  pat r i o t i c  and / o r  s o c ial ap 
pea l s  s uch as the  d e s i r e to  s uppo rt t h e  a ims of t h e  c oun 
t ry ,  f ear of d ependency on o t h e r  c o unt r i e s , t h e  d e s i r e  t o  
pr o t e c t  o u r  f i n i t e  natural r e s o u r c e s , o r  t h e  d e s i r e  t o  
cons e rv e  i n  g e n e ral . S i nce  t h e s e appeals c o u l d  a l s o  r e s ult 
in cos t s av i n g s , t h e r e  s ho uld be no c o nfli c t . W e l l - plann e d , 
c o o r d i nat e d , and c reat i v e  nat i o nal pro g rams s ho uld be effe c 
t i ve i n  o btai n i n g  voluntary r e spons e .  The s he e r  s ize and 
numbe r of uni t s  i n  the r e s i dent i al mar ke t wo uld mak e  manda
t o ry c o n t r ols d iffi cult to enfo r c e . 

• Co n s e rvat i on t hrough t h e  upg rad i n g  of t h e rmal p e rfo rmanc e  
levels i n clud e s  i t ems s u c h  a s  add i n g  c e i l i n g  i n s ulat i on ,  
s t o rm w in d ows and d o o rs (perman ent o r  plas t i c  fi l m ) , and 
weat h er s t r ipp i n g  and/ o r  caulki n g . T he s e  a c t i ons, w h i le vol
untar� c o uld i nvolve s i gnifi can t i n i t i al c o s t .  Thus , t h e  
k e y  mo ne tary m e s sage t o  t he c on s um e r  s hould b e  a c t ual dollar 
s av i n g s  r e s ult i n g  from r e du c e d  ope rat i o nal c o s t s . Tax r e
l i ef l e g i s lat i o n  t o  as s i s t  t h e  c o n s um e r  c o uld s t i mula t e  t h e  
d e s i r e d  a c t i on . Government ag e nc i e s  c o u l d  als o e n courag e  
energy c o ns e rvat i o n  meas u r e s  by offe r i ng and/ o r  g uaran t e e i ng 
low i n t e r e s t loans . 

• Mo t ivat i on s  t o  c o n s e rv e  e n e r gy t hr o u g h  e q u i pment mai n t e nan c e  
ac t i ons s ho uld b e  enc ourag e d , a l t ho u g h  t h i s  may i nvolv e  ad
d i t i o nal c o s t t o  t h e  homeown e r . 

I nfluen c in g  e i t h e r  the  own e r  o r  t h e  r e s i dent  of r e nt al prope r 
ty t o  spend money t o  s av e  ene r gy i s  n o t  eas y , s h o r t  of c o mpuls o ry 
improvemen t s  t o  m e e t  n ew o r  r ev i s e d  bu i ld i n g  c o d e s . Tax r e l i ef 
le g i s lat i on o n  r e n t al un i t s  may be effe c t i v e  i n  mo t i vat i n g  own e rs 
o r  r e s i dent s  t o  upgrad e  t h e i r  s t ru c t u r e s . 
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Con s e rvat i on Through N ew Cons t ruc t i on 

Cons erva t i on t hr ough n ew c ons t ruc t i on f e a t ur e s  i n c l ud e s  s uch 
i t ems a s  op t im i z in g  hous e s hap e ,  r e du c i n g  w i n dow a r e a , and i n s t a l 
l ing add i t i onal i n s u l a t i o n . The e f f e c t ivene s s  o f  t he s e  c on s e rva t i on 
t e chn i qu e s  d ep ends on b eh avi o r  o f  b ot h  t h e  b u i l d e r  and t h e  b uy e r . 

E xp endi tur e s  on n ew homes t o  r educ e op e r a t i ng c o s t s  c ou l d  ap 
p e a l  t o  the  own e r  even though hi gher  f i rs t c o s t s  w ou l d  b e  i nvo lve d . 
The bui l d e r  t r ad i t i on a l ly r e s i s t s  hi g h e r  cons t r uc t i on c o s t s un l e s s  
th e f e a t ur e s  have un ive r s a l  app e a l  o r  a r e  r equ i r e d  b y  the  own e r  o r  
s ome o th e r  a g ency . H i g h e r  co s t s may p u t  t he b u i l d e r  a t  a comp e t i 
t ive d i s advan t ag e . 

Some o t her  m e a s u r e s  whi c h  c o u l d  i n f l u e n c e  ene r gy c ons e rva t i on 
in  this  area  a r e : 

• Bui l d i n g  c o d e s  whi c h  have s p e c i fi c  p e rf o rman c e - or i en t e d  
s t andar ds f o r  a l l  r e s i dent i a l  cons t r uc t i o n . 

• L i fe - cy c l e  c o s t s  ( fi rs t  c o s t p lus l i f e t im e  op e r a t i ng c o s t s ) 
fo r t h e  b uy e r . T h i s  i n f o rma t i on c o u l d b e  u s e d  i n  c ons i d e r 
i n g  t h e  purchas er ' s  o r  bui l d e r ' s  q ua l i f i c at i on f o r  l o ans . 

• E duc a t i on and inc ent i v e s  to  encour a g e  a d d i t i o n a l  e xp endi 
tur e s  o n  ene r gy c ons e rvat i on f e a t u r e s . 

• Encourag emen t  o f  ar chi t e c t s  by c l i en t s  t o  d e s i gn fo r e n e r gy 
op t imi z at i o n . 

Cons e rva t i on Through N ew Equipment and App l i an c e s  

As i n  the new cons t ruc t i on a r e a , mo t i va t i on f o r  ene rgy cons e r 
vat i o n  cou l d  b e  p romo t e d  b y  s upp lying  t h e  purchas e r  w i t h  info rma 
t ion whi ch c ou l d  i nc lude  l i fe - cy c l e  c o s t s  and i n s t r uc t i o n s  fo r e f f i 
c i ent op e r a t i on o f  equ ipment . Thi s  w o u l d  a i d - t he c o n s um e r  o r  bui l d 
e r  i n  t h e  s e l e c t i on p ro c e s s . T ax r e l i e f  o r  s om e  o the r i n c e n t i v e  
sys t em c ou l d  b e  o f f e r e d  t o  i ndus t r i e s  t h a t  deve l op e n e r gy - e f f i c i ent 
p r o duc t s . This  i n c e n t ive could a l s o  be  o ff e r e d  to  the buy e r  o f  s uch 
app l i an c e s . 

E qu ipment and app l i ance  t ec hno l o gy wh i ch m i g h t  b e  emp l oy e d  b y  
1 9 8 5  and whi ch cou l d  o ff er s i gni f i c ant  r e duc t i ons  i n  r e s i d en t i a l  
ener gy consump t i o n  i s  cons i d e r e d  b e l ow .  Thi s t e c hno l o gy i nvo lves  
components  and sys t ems that  a r e  i n  v a r i ous s t a g e s  o f  deve l opment : 

• Tho s e  comme r c i a l i z e d but no t i n  s i gni f i c an t  d i s t r i bu t i on 

• Tho s e  r eady f o r  o r  c l o s e t o  comme rc i a l i z at i o n  

• Tho s e  i n  l ab o r a t o ry deve l opment 

• Thos e i n  t h e  c o n c ep tual s t a t e  of deve l opmen t . 
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Th e t e chno l o g i e s wh i c h a r e  in the  l ab o r a t o ry o r  c o n c ep tua l 
s t at e  o f  deve l opment  wi l l  have l i t t l e , i f  any , imp a c t  on cons ump 
t i on i n  t h e  p e r i o d  unt i l  1 9 8 5  even i f  p er f e c t e d  i n  t he n e a r  fu tur e .  
At the  s ame t i m e , t h e  imp ac t  o f  t e chno l o g i e s  t h a t  a r e  comme r c i a l l y 
f e as i b l e  m ay b e  d i l u t e d  by p r o duc t i o n  b o t t l en e c ks and c ap i t a l  fund 
s h o r t a g e s . 

T ab l e s  8 - 1 1  l i s t  equipmen t wh i ch c o ul d e nh an c e  the  c on s e rva 
t i on o f  e ne rgy and a c comp any the di s cus s i on s  o f  the s e  �omp on en t s  and 
s y s t ems . Thes e t ab l e s  a l s o s how the p ro s p e c t i ve e c on om i c v a l ue t o 
th e  consum e r  o f  e ach t e chno l o g i c a l  deve l opment  o n  a f o ur - p o i n t  s c a l e  
o f  exc e l l ent , g o o d , fa i r , o r  p o o r . 

H e a t  Pump D e s cr i p t i o n  

The h e a t  p ump i s  a sys t em wh i ch i s  d e s i gn e d  t o  t r an s f e r  h e a t  
from a c o l d e r  t o  ho t t e r  l o c a t i o n . Th e h e a t  from t h e  c o l d e r  l o c a 
t io n  mus t b e  up g r ad e d  ( i . e . , t emp e r a ture  i n c r e as e d  i n  the  s y s t em t o  
e f f e c t  t h e  t r an s f e r ) .  P r op e r ly des i gne d  sys t ems c an b e  us e d  fo r 
bo t h  h e a t ing and c o o l i ng . 

I n  t h e  he a t i ng cy c l e , h e a t  i s  a b s o rb e d  fr om a n  o u t s i d e  s ourc e 
by  a s u i t ab l e  r e f r i g er an t . Thi s he a t  i s  up g ra d e d  i n  t h e  s y s t em by  
comp r e s s i o n  of  the  r e fr i g e r an t or  by o ther  m e t h o d s . The up g r ad e d  
h e a t  i s t h en t r an s m i t t e d  to  t h e  a r e a s  t o  b e  he a t e d  t hrough a conden 
s er exchang e r  a r r ang ement  and t h e  cyc l e  i s  r ep e a t e d . The r e fr i g e r a 
t i on cyc l e i s  th e r ev e r s e o f  t h e  he a t i ng cy c l e . 

The e ff e c t iven e s s o f  th e s y s t em d ep ends on t h e  s y s t em d e s i gn 
and t h e  t emp e r a t ur e  di f f e r en c e s o f  the  h o t  and c o l d  l o c a t i on s  i n 
vo l v e d  ( i . e . , e f fe c t i ve ne s s  d e c r e a s es  w i t h  i n c r e a s i n g  t emp e r at u r e  
d i f fe r en ce s ) . Th e r e fo re , t he h e a t  p ump i s  no t as  e ff i c i en t  i n  
co l d e r  a r e as (whe r e  t emp e r at ur e s  b e l ow 2 0 ° F a r e  exp e r i e n c e d ) d u e  t o  
s up p l em en t a l  h e a t ing r eq u i r emen ts . T h e  p r imary a dv an t a g e  o f  t h e  
he a t  pump l i e s  i n  r e duc i n g  the  fue l n e e d e d  f o r  h e a t i ng b y  u t i l 
i z ing l ow g r ad e  h e a t  energy ava i l ab l e  i n  the  s u r r o und ing  e nv i r o n 
ment tha t c o u l d  no t o th e rw i s e  b e  u t i l i z e d  f o r  t he s e  purp o s e s . 

Typ e s  o f  H e a t  Pump Sy s t e m s  

Eva lua t i on s  of  var i ous typ e s  of  heat  pump s y s t em s  a r e  g iv e n  in 
Tab l e  8 .  The fo l l ow i n g  i s  a d i s cu s s i on of e a c h  s y s t em . 

• E l e c tr i c  H e a t  Pump : Al though e l e c t r i c a l l y  d r iven  p r e s e n t l y  
ava i l ab l e  h e a t  pump s a r e  no t a s  e f f i c i en t  a s  p r e s e n t  d i r e c t 
f i r e d  s y s t ems , they a r e  mo r e  e f f i c i en t  than c onven t i on a l  
e l e c t r i c  r e s i s tance h e a t ing i n  mo d e r a t e  c l ima t e s . T h e  
e n e r g y  d emand r e duc t i on o f  4 0  p e r c e n t  a s s o c i a t e d  w i t h  t h e  
a i r - to - a i r  e l e c tr i c  h e a t  pump r e f e r s  t o  the e n e r g y  s av e d  b y  
i t s  sub s t i tu t i on f o r  e l e c t r i c  r e s i s t an c e  h e a t ing . Fur t h e r  
d ev e l opment o f  the  wa t e r - to - a i r  a n d  w a t e r - t o - wa t e r  h e a t  
pump s u s e d  in  c o nj unc t i on w i t h  s o l ar e ne r gy and l i qu i d  h e a t  
s t o r a g e  f ac i l i t i e s  c o u l d  r e du c e  u s a g e  a s s o c i a t e d  w i th r e s i s 
t anc e h e a t i n g  b y  6 0  p e r c e n t . The app l i c ab i l i ty o f  t h e  l a s t  
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Comp onent Product 
or Sys tem 

Electric Hea t Pump 
(Air- to -Air Sys t em) 

Electric Heat Pump 
(Wa ter -to -Air ; Water
to-Wa ter Sys t ems ) 

Gas Hea t Pump (Air
to -Air Sys t em) 

Oil Heat Pump 

TABLE 8 

EVALUATION OF HEAT PUMP S 

Stage of 
Development 

P ro duc t ion 
Capacity 

Minor Devel
opment 

Laborat ory 
( 3- 5  Y ears ) 

Recommended 
Development 

P o t ent ial Demand 
Reduction on Like 

Energy S our ces 

40%* 

60% *  

50%t 

S O%t 

* Based on reduc t ion from e lectrical res istance hea t ing . 

Cos t  /Ef f iciency 
Eva luat ion 

Good-Excel lent 

Fair 

Goo d
Excellent 

Good
Excellen t  

t Based o n  reduc t ion from convent ional g a s  or o i l  heat ing . 

two sys t ems w i l l  vary g e o g r ap hi c a l l y  d e p e n d i n g  o n  t h e  l o c a l  
ava i l ab i l i ty o f  wa t e r  and the amoun t  o f  s o l ar r ad i a t i o n  r e 
c e ived . V i ab l e  ins t a l l a t i ons a r e  no t a s s umed  f e a s i b l e  unt i l  
a f t e r  1 9 8 5 . 

• Ga s He a t  Pump : U t i l i z ing ava i l ab l e  t e chno l o gy , en e r gy 
s av i ngs  p o t ent i a l s  a s  h i gh as  S O  p e r c e n t  a r e  e s t ima t e d  fo r 
g a s  h e a t  p ump s when c omp ar e d  w i th conven t i on a l  g as h e a t i n g  
s y s t ems . Cur r ent  hardware a i me d  a t  t e c hn o l o g i c a l  e f f e c 
t i vene s s  may b e  comme r c i a l i z e d  by 1 9 7 9 - 1 9 8 0 . 

• Oi l H e a t Pump : Al though indu s try do e s  no t have an o i l  h e a t  
pump a t  p r e s en t , i t  i s  thought t h a t  emp h a s i s w i l l  b e  p l ac e d  
on the deve l opmen t  o f  a c e nt r a l  typ e un i t , a s  opp o s e d  t o  the  
window typ e a s s o c i a t e d  w i th the  e l e c tr i c  he a t  pump c o n c ep t . 

H e a t ing Sy s t e m s  

Eva l ua t i on s  of  p o tent i a l  h e a t ing s y s t ems a r e  g iv e n  i n  T ab l e  9 .  
The fo l l ow ing i s  a d i s cus s i o n  o f  each  c omponen t . 

• He a t  Exc h a n g e r s : The h e a t  exchang e r s  now i n c o rp o r a t e d  in  
he a t i n g  equipment have b e en d e s i gn e d  and bui l t  fo r l ow fi r s t 
c o s t .  The h e a t ing  equipment manufac t ur e r  p r o duc e s  m ai n ly 
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TABLE 9 

EVALUAT ION OF HEATING SYSTEMS 

Component Produc t S tage of  Poten t ial Energy Co s t / Ef f ic iency 
or Sys tem Development Demand Redu c t ion Evalua t i on 

Hea t Exchangers Limited Good-
(Component ) Produc t ion 10-15 % Exc ellent 

P i l o t  Thermo- Limit ed 
generators Produc t ion 5 - 10% Good 

( Component ) 

Aut oma t i c  Dampers Limi t ed 3-4% Good 
(Component ) Produc t ion 

Modula t ing Burners Limi ted 
(Component ) Product ion 10% Good 

Full Control Com- Advance Good-
bus t ion Air Field Test 10-2 7 %  Exc e ll ent 

( Sys t em) 

Blue Flame Burner Limi ted Fair-
(Component ) Product ion 4 %  Good 

S tack Mount ed Limited 
Damp ers Pr oduc t ion 5-10% Good 

( Comp onent ) 

t o  comp e t e  i n  t h e  new cons truc t ion mar ke t . Thi s mar k e t  i s  
e x t r em e ly c omp e t i t iv e  and o r i en t e d  t oward  a l ow f i r s t c o s t 
cons i d e r a t i o n . The p r e s en t  equipment i s  r a t ed from 6 5  to  
75  p e r c e n t  e f fi c i en t . A uni t  u t i l i z ing n ew heat  t r ans fe r 
t e chno l o gy i s  p r e s ent ly  ava i l ab l e  that  has an e ffi c i en cy 
app ro aching 8 5  p ercent . The t e chno l o gy e xi s t s fo r the  p r o 
duc t i on o f  uni t s  one - fourth the  s i z e  o f  and 1 0  t o  1 5  p er c en t  
mo r e  e f fi c i en t  than conventi ona l un i t s . Howeve r ,  hi gh f i r s t 
cos t r ema ins  a d e t e r r en t  t o  i t s  ut i l i z a t i on . 

• Au toma tic Damp e r s , Modu l a ting Bur n e r s , Pi l o t  Th ermo g e n e r 
tor s : The s e  c omponent s are  a l l known energy s av e r s  i n  the 
3 t o  1 0  p e r c en t  c a t e g o ry . A l l of the s e  are i n  l im i t ed p r o 
duc t i on a s  they are in l im i t e d  d emand . Mo s t  manufac tur e r s  
do no t i nc o rp o r a t e  the s e  c omponen t s  a s  f e a tu r e s  i n  r e gu l ar 
p r o duc t i on b e c au s e  they are p l ac e d  in  an uncomp e t i t ive  f i r s t  
co s t  p o s i t i o n . The h i gh c o s t o f  au t oma t i c  damp e r s  r e s u l t s  
f r o m  t h e  a s s o c i a t e d  s a f e ty r e qu i r ement s .  

• FuZZ Con tro l Combus tion A ir Sy s t e m: The e l e c tr i c  h e a t  pump 
now i n  p r o duc t i on when coup l e d  w i th a conven t i on a l  natural 
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gas , p r op ane  o r  o i l  furnace c o u l d enab l e  a 1 0  t o  2 7  p e rc en t  
ener gy s avings  ove r t h e  us e o f  a n  e l e c tr i c  a i r  cond i t i oning  
and fos s i l  fue l  h e a t ing sys t em . Thi s c an b e  a c c omp l i s he d  
wh en t h e  h e a t  p ump i s  u t i l i z e d  i n  i t s  f e a s i b l e  g e o g r aph i c a l  
r an g e  a s  b o t h  a co o l ing and h e a t ing un i t , a n d  a f o s s i l  fue l 
h e a t i n g  s y s t em ( no t  e l e c tr i c  s t r i p ) i s  us e d  fo r b a ck - up 
heat ing . 

• B l ue F l ame B u rn e r : The b lue f l ame burn e r  i s  d e s i gned  to  
funct i on a t  hi gh e f fi c i ency and  w i th l o w  emi s s i ons . The  
burn e r  op e r a t e s  wi th a d i s t in c t  b lu e  f l ame and the  f lue 
gas e s  are r e cy c l e d  through the  heat e xchang e r s . C l aims  o f  
s l i gh t ly h i gh e r  e f f i c i enc i e s  than tho s e  o f  c onven t i on a l ly 
des i gned  burn e r s  are made fo r t h i s  comp on en t . 

• A u toma t i c  S t a c k  Mo un t e d  Damp er s : The aut oma t i c damp e r  c an 
b e  i n t e g r a-t e d  into  ex i s t ing o i l - f i r ed s y s t ems . The r e  i s  no 
n e e d  to r ep l ac e  or mo di fy exi s t ing burner s  s in c e  the damp e r  
do es  n o t  chan g e  t h e  no rma l op e r a t i on o f  an o i l - f i r ed sys t em .  
The damp e r  i s  ins t a l l e d  i n  the s t ack b e tw e en the h e a t  p l an t  
and t h e  ou t s i d e  exhaus t op en ing . I t  i s  e l e c t r i c a l l y  conne c 
t e d  i n  s e r i e s  wi th th e sys t em ' s cont r o l uni t wh i c h  p r ev e n t s  
the  o i l  burn e r  f r o m  op erat i ng wh i l e  the d amp e r  i s  i n  a c l o s e d  
p o s i t i on .  Que s t i on s  i nvo lving s a fe ty s t andards have l imi t e d  
t h e  i ns t a l l at ion o f  thi s c omponent . 

App l i an c e s  

Evaluat i ons o f  app l i anc e s  o ffer ing p o t en t i a l  e f f i c i e ncy imp r ove 
men t s  are g iven i n  Tab l e  1 0 . The fo l l owing i s  a d i s cu s s i o n  o f  e ach 
component or sys t em . 

• Compr e s s o r s : C omp r e s s o r  e f f i c i ency may b e  i n c r e a s e d  i n  the 
range of  10  p e r c ent by incorp o r a t ing mo r e  e ff i c i ent  de s i gn 
app l i cat i ons . Comp r e s s o r  e ffi c i ency o ff e r s  g r e a t  p o t en t i a l  
when inc l ud e d  i n  t he r e fr i g e r a t i on uni t whe r e  t h e  t o t a l  
sys t em e f f i c i ency may b e  c a l c u l at e d . 

• Mo t o r s : Mo t o r s  o ffer  l i t t l e  incre as e d  ene r gy e ff i c i ency 
wi thin  the conf ine s o f  current te chno l o g i c a l  deve l opments . 
As s umed i nc r e as e d  ene r gy e f f i c i en c i e s  o f  5 p e r c e n t  may b e  
ove r r a t e d  i n  th e current  o r  near  futur e d e s i gn o f  e l e c tr i c  
mo tor s . 

• Re fri g e ra to r /Fr e e z e r : E ff i c i e ncy incre as e s  a ch i ev e d  thr ough 
the de s i gn o f  compr e s s o rs and i n  o th e r th e rma l t r e a tmen t  
o f f e r  s y s tem  e f f i c i enc i e s  r ang i ng f r o m  1 5  t o  2 5  p e r c e n t . 

• Home L i g h ting : L i gh t ing e ff i c i en c i e s  a r e  ach i evab l e  no t 
only through d e s i gn b u t  a l s o  thr ough the app l i c a t i on o f  
mo re  e ff i c i en t  e xi s t i ng l i gh t in g  s o ur c e s  ( i . e . , u ti l i z ing 
f l uo r e s cent  ins t e ad of  incande s c ent  l i gh ts ) . E f f i c i en c i e s  
may b e  achi eved in  l i gh t ing thro ugh b e t te r  me tho ds  o f  
l umina i r e  d e s i gn and therma l pro t e c t i o n  o f  the b a l l as t .  
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TABLE 10 

EVALUAT ION OF APPLIANCE S 

S tage o f  Po tential Energy Co s t / Ef f ic iency 
Sys t em Development Demand Reduc tion Evalua t ion 

Comp res s o rs 
( Component )  Full P roduc t ion 10% Exc ellen t  

Mo tors 
(ComponerL t )  Ful l Production 5% Good 

Refrigerat ion/ 
Freezer (Sys t em) Limi ted Produc tion 15% Excellent 

Home Ligh ting 
(Sys t em ) Limi t ed Produc t ion 15% Exc el lent 

Water Hea t er s  
(Sys t em) Full Produc tion 15% Excellent 

Dishwashers 
( Sys t em) Full Produc t ion 5% Goo d 

Gas Range 
Conve c tion Oven 
( Comp onen t )  Limi t ed Production 37%  Excellen t 

So lar Wa ter 
Heating ( Sys t em) Limi t ed P roduc tion 10-20% P o o r-Good* 

* Re la ted to  geographic location . 

• Wa t er He a t ers : Wa t e r  heat ing sys t ems whi ch account for the 
s e cond l ar g e s t i t em o f  ene r gy cons ump t i o n  in a home requi r e d  
emphas i s on de s i gn f o r  thermal e ffi c i ency . Th i s  inc l ude s 
imp roveme n t s  in  h e a t  exchange and i ns ul a t i o n  me tho ds . Such 
change s  may imp r ove e ff i c i e ncy by 1 5  p e r c e nt . 

• Di s hwa s h e rs : D i s hwa s h i ng app l i an c e s  o ff e r  l i t t l e  oppo r t u 
ni ty fo r improved  ene r gy e f f i c i enc i e s . Howeve r , i f  cons i d 
e r e d  a s  p ar t  o f  a sys t em whi ch i n c l u d e s  wa t e r  h e a t i n g  and 
wa t e r  u t i l i z a t i on , s ome ene r gy s avings  p o t e nt i a l  i s  o ff e r e d . 

• Gas Rang e  Co nv e a t i on Ov en : A g a s  conve c t i on oven i s  cur 
r ent ly b e ing f i e l d  t e s t e d  and w i l l b e  o n  the  mark e t dur i ng 
the l a t t e r  p ar t  o f  1 9 7 5 . Th i s  uni t  c an r e duce  c o o k ing  t ime 
o f  s ome f o o d s  by 6 0  p e r c en t , and wi l l  r e du c e  ene r gy r e 
qu i reme n t s  up to  3 7  p e r c en t . 
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• So Z a r  Wa t e r  H e a t i ng :  T e chno l o gy i s  c ur r e n t ly  avai l ab l e  to  
u t i l i z e s o l ar ene r gy for dome s t i c  wa t e r  h e a t ing . A l s o , s ome 
o f  the s o l ar home h e a t ing sys tems b e ing t e s t e d  inc lude  do 
mes t i c  water  h e a t ing as we l l  as  s p ac e  h e a t i n g . S o l a r  do 
me s t i c  wa t e r  h e a t ing sys t ems h ave b e e n  u s e d  i n  c e r ta i n  ar e as 
o f  the s o u th e rn Uni t e d  S t a t e s  and i n  o th e r  p a r t s  o f  the 
wo r l d  whe r e  conventi onal ener gy s o ur c e s  h av e  no t b e en r e ad 
i ly avai l ab l e . The s e  s ys t ems can r educ e d ep l e tab l e  e n e r gy 
r e s ource r e qu i r eme nts  by 1 0  to 2 0  p e r c e n t . 

So Z ar En e r gy Sy s te m s  

Eva lua t i ons  of  po t ent i a l  s o l ar h e a t ing and c o o l ing s y s t ems are 
g iven in Tab l e  1 1 . E f f i c i en t , c o s t - e f f e c t ive and d i r e c t  u s e  of  s o l ar 
energy , an abundan t and nondep l e t ab l e natural r e s ource , has  b een  
a con t i nuing ende avo r over the centur i e s . E ffo r t s  a r e  b e ing  a c 
ce l e r a t e d  in  the Uni t e d  S t a t e s  t o  u t i l i z e thi s ene r gy r e s o u r c e  
di r e c t ly in  l ine w i t h  ener gy e conomi e s  and env i r o nmen t a l  p rob l ems . 
Almo s t every maj o r  un ivers i ty now op e r a t e s  a s o l ar ene rgy l ab o r a 
to ry . The numb er  o f  s p e c i a l i s ts now manufactur ing and marke t i ng 
comp onent s i s  g rowing ( 1 4  i n  the Uni t e d  S t at e s  a s  o f  Jun e  1 9 7 4 ) . 
The F e d e r a l  Government r e c ent ly app roved $ 6 0 mi l l i on for  s o l ar 
r e s e arch ove r a five y e ar p er i o d  i n  addi t ion t o  $ 5 3  mi l l i on a l -
re ady al l o c a t e d  fo r fi s c a l  y e ar 1 9 7 5 .  

TABLE 1 1  

EVALUATION OF SOLAR HEATING AND COOLING SYSTEMS 

Sys tem 

Heat ing Sys t em 
(Water-to-Water : 
Water-to-Air )  

Hea ting Sys t em 
(Air- to-Air ) 

Hea ting / Cooling 
Sys tem 
(Wa ter- to-Air )  

Heating/ Coo ling 
Limi t ed Electri cal 
Sys t em 
(Wa ter- to-Ai r )  

S tage o f  
Developmen t 

L imi t ed Pro duc tion 

Limi ted Produc tion 

Benchmodel 
(2 Year s )  

P ro t o typ e 

* Related to geo graphi c locat ion . 
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P o t ential Energy 
Demand Reduc t i on 
on Convent ional 

Energy S ources 

30%- 60% 

20%- 60% 

30%- 7 5% 

30%- 7 5% 

Co s t /E f f ic i ency 
Evalua tion* 

Poor-Good 

P oor-Fair 

Poor-Good 

Poor-Good 



The N a t i on a l  S c i ence  Found a t i on and th e Rand Co rpo ra t i on pub 
l i s h e d  So l a r  H e a t i ng and Coo l i ng o f  Bui l di ng s ;  Ph a s e Z e r o  S tudi e s  
and p r e s e n t e d  i t  t o  the I n t e rna t i o n a l  S o l ar E ne r gy S o c i e ty i n  Co l o 
rado , Augus t 2 0 - 2 3 ,  1 9 7 4 . The maj or  po i nts  i nc l ud e : 

• S o l ar energy fo r h e a t i ng , coo l ing , and dome s t i c  ho t w a t e r  
i s  t e chni c a l ly f e a s ib l e . I t  i s  e c onomi c a l ly comp e t i t ive 
w i th e l e c tr i c - r e s i s t ance he a t i ng today ; i mprovemen t s  are 
requi r e d  b e fo re s o l a r  sys t ems wi l l  be  comp e t i t i v e  w i t h  gas  
and o i l . 

• I n  s p i te o f  the ob s t a c l e s , s o l ar s y s t ems manuf a c tur ing  w i l l  
b e  a t  an annu a l  r a t e  o f  $ 1 b i l l i on t o  $ 1 5  b i l l i on b y  the  
year  2 0 0 0 . New cons truc t io n  w i l l  be  th e p r i n c i p a l  marke t .  

• Pro o f - o f - conc ep t  e xp e r imen t s  are  a ne c e s s ary s t e p  i n  the  
p r o c e s s  of  the  pro gram b e fo r e  w i de s p r e ad demons t r a t i on . 

• Var i ou s  typ e s  o f  incentives  w i l l  b e  ne e d e d  t o  a c c e l e r a t e  
w i d e s p r e ad us e . 

So l ar energy us e in  individual  s truc tur e s  w i l l have a s i gni f i 
cant imp a c t  o n  e n e r gy cons ump t i on on ly i n  the l on g  run ( as w i t h  
cen t r a l  s t a t i on t e chno l o gy , no t e d  i n  the  fo l l ow i ng ) . Rea s onab l e  
e s t i mat e s  fo r 1 9 8 5  p ut s aving s from s o l ar ene r gy a t  l e s s  than one 
four th o f  1 p e r c e n t  o f  t o t a l  na t i onal ene r gy r e qu i r ement s . 

Ab s tr ac t s  by  O ak R i dge  N a t i on a l  L ab o r a t o ry ( O RN L ) from p ap e r s  
d e a l i ng w i th s o l ar ener gy i nd i c a t e  a w i d e  r ange  o f  app r o ach e s  and 
cons i d e r a t ions  from c e n t r a l  s t a t i o n  to home s . Th e FEA p l ac e s  s o l ar 
ene r gy , c e n t r a l  s t a t i o n  t e chno l o gy i n  the s ame t ime fr ame as  the 
b r e e de r  r e a c tor  wi th r e gard to the i r  b e i ng l o ng - r ange  s o l u t i ons  to  
our energy prob l ems . Th e Nat i onal  Bur e au of  S t andards  (NB S )  is  cur 
rent ly d e s i gn i n g  a s o l ar home to t e s t c o n f i gur a t i on o f  b o th the 
s tr uc tur e and s y s tem . 

Th e s c i en t i f i c  g o a l  o f  ach i e v i ng the b e s t c ap tur e  r a t i o  e ffe c 
t ivene s s  o f  s o l ar ene r gy emphas i z e s  th e c e n t r a l  s t a t i o n  concep t . 
Th i s  i s  a l ong - t e rm app ro ach . Conver s e ly , the s h o r t - t e rm app r o a ch 
invo lve s u t i l i z a t i on o f  ava i l ab l e t e chno l o gy i n  an i nnova t ive , c o s t 
e f f e c tive  sys t em f o r  the bu i ld ing s truc ture o r  h o me . Ov e r  the long  
t e rm ,  b o th app ro ache s cou l d  provide  a new p r i mary o r  s upp l e me n t ary 
s ource of ener gy . ( Fo r  fur the r d i s cus s i o n  of s o l ar ener gy s e e  Chap 
t e r  Four , " S o l ar E n e r gy "  s e c t i on ,  and App e nd i x  H ,  Exh i b i t s I V  and V . ) 

COMMERC I AL 

I n  Phas e I ,  the  e xamina t i on o f  the  comm e r c i a l s e c t o r  empha s i z e d  
mea s ur e s  fo r r e duc i ng ene r gy consump t i on i n  e xi s t ing  s t ructures . 
The Phas e I I  ana ly s i s  o f  the comme r c i a l  s e c t or exam i n e s  the  avenue s  
ava i l ab l e  f o r  r e ducing t h e  no rma l p r o j e c t e d  inc r e a s e i n  e n e r gy c o n 
s ump t i on i n  the  n e w  con s t ruct i on mark e t  fo r th e 1 9 7 9 - 1 9 8 5  p e r i o d . 
Thr e e  i n f l ue n c e s  on th i s  t rend a r e  di s cus s ed :  
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• The imp a c t  o f  cur r ent t e chni que s that can b e  app l i e d  t o  
new cons t ruct i on ,  a numb e r  o f  wh ich  wer e  s ug g e s t e d  f o r  
app l i c a t i o n  to exi s t i ng bui l d i ngs i n  Phas e I . *  

• The e f fect  o f  new t e chno l o g i e s  that  a r e  b e coming ava i l ab l e  
o r  wi l l  b e  ava i l ab l e  wi t hi n  the  next  d e c a d e , as s um i ng r e 
s e ar ch cont i nues  t o  b e  o r  i s  fo s t er e d . 

• Me th o d s  fo r mo t ivat ing imp l ement a t i on o f  t h e  i n f l uenc e s  
no t e d  ab ove . 

Areas  o f  Cons e rvat i on P o t e nt i a l 

Th e r e  are t hr e e  p r ime areas  r e l at ive t o  a bu i l ding  wh i ch c an 
affe ct  op t imum en e r gy us e .  They are  the bui l ding  enve l op e , b u i l d 
ing sys t ems , and s e l f - imp o s e d  act i on s . The  f i r s t two c an b e  im
p l emen t e d  through obj e c t ive eng i ne e r i ng de s i gn , t h e  t h i r d  invo lves  
the human e l ement . 

Bui l ding Enve l o p e  

T h e  de s i gn o f  t h e  ou t e r  f a c e  o f  a bui l d ing and t h e  ma t e r i al 
us ed in i t s  co ns t ruct i on det ermine the bui l d ing ' s  r e s i s t an c e  t o  
heat g a i n  o r  l o s s wh i ch r ep r e s ents  a l ar g e  p o r t i on o f  the  s t ruc 
ture ' s  en e rgy exp end i t ur e . Some fact o r s  in f l uenc i ng t h e  t h e rmal  
e f f i c i ency o f  the  bui l ding inc l ude : g l a s s a r e a , ins u l a t i o n  i n  
wal l s  and roo fs , e xt e r i o r  s o l ar s hading , and b u i l di ng o r i en t a t i o n  
and/ o r  l ands cap ing . 

Bas i c  me tho ds o f  r e duc i ng heat  l o s s  and g a i n  through bui l ding 
wal l s  were  l i s t e d  in Pha s e I .  When t h e s e metho ds a r e  app l i e d  to  
new cons t ruct i on ,  th e co s t  i s  cons i de rab ly l e s s  t h an wh en r e t r o f i t 
t ing exi s t i ng s t ructur e s . 

Bui l ding Syst ems 

Bui l di n g  s y s t ems  cons i s t  o f  the me chan i c a l  an d e l e c t r i c a l  
componen t s  uti l i z e d  i n  a s t ruc ture for  h e a t i n g , a i r  condi t i on ing , 
wat e r  heat i ng , l i gh t ing , an d oth e r  s ervi c e s . Th e de s i gn o f  t h e  
sy s t ems and s e l e c t i on o f  t h e  mode o f  o p e r a t i on wi l l  g r eat ly  i n f l u 
ence the ene rgy us e wi thin a bui l d i ng . I n  r e cent  y e a r s  t h e r e  has 
b e en s ome e ffo r t t o  r e duc e the heat l o s s  and g a in of comme r c i a l  
bui l d ings , but th i s  e ffo r t  h a s  b e en n e g at e d  b y  t h e  ins t a l l a t i o n  o f  
s oph i s t i c a t e d  sys t ems d e s i gne d for comfo r t  wi th l i t t l e  o r  n o  emphas i s  
o n  e f f i c i en t  ut i l i z a t i on o f  energy . Th i s  i s  the p r i n c i p a l  r e as on 
for the vas t incr e as e  in  ener gy cons ump t i o n  in b u i l d in g s  cons tructed  
in the  late  1 9 6 0 ' s  v er s u s  tho s e  c ons tru c t e d  in  the 1 9 5 0 ' s .  Th e con 
t inue d e xpans i on of a i r  cond i t ioning s a tur a t ion i n  new b u i l d ing s has  

* Nat iona l P e t ro l eum C ounc i l , Po t e n tia l for En ergy Co ns e r v a tion 
in t h e  Uni t e d S ta t e s ;  1 9 7 4 - 1 9 7 8 3  Wa s hingt o n , D . C . : 1 9 7 4 , pp . 5 5 - 6 0 . 
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a l s o ad de d to  t o ta l  ener gy u s age . Bu i l d i n g  s y s tem comp o n e n t s  and 
de s i gns th a t  ar e ava i l ab l e  and c an e ffe c t  con s e r va t i on inc l ud e  the 
fo l l owing ( s e e App endix  F ,  Tab l e s  2 3  and 2 4  for c a l cul a t i on s  p e r 
ta ining t o  the s e  i t ems ) . 

E l e a tr i a  He a t  Pump s 

Al though e l e c tr i c a l ly dr iven h e a t  pump s a r e  no t as e ff i c i e nt 
as d i r e c t - f i r e d , fo s s i l  fue l s y s tems , they are cur r e n t l y  b e i ng u s e d  
t o  r ep l ac e  e l e c tr i c - r e s i s tan c e  h e a t ing in  n e w  r e s i den t i a l  c o n s truc 
t i o n . The u s e  o f  e l e c t r i c h e a t  pump s in  comme r c i a l  b u i l d in g s  i s  
no t a s  ext ens ive a s  i n  th e re s i den t i a l  marke t ;  howeve r , the i r  s ub 
s t i tu t i o n  for  r e s i s t ance h e a t ing can po t ent i a l ly  r e duce  the e l e c tr i c  
heat  energy us age  b y  app r oximate ly  4 0  p e r c en t . The comme r c i a l  s y s 
tems are  mo r e  comp l ex than the p r e fab r i c a t e d  r e s i den t i a l  typ e uni t s , 
but can r e a d i l y  b e  incorp o r a t e d  into  the h e a t i n g , ven t i l a t i n g , and 
ai r - cond i t i o n in g  s y s t em .  

Sy s t e m  D e s ign 

The de s i gn of s y s t ems  to  e ff e c t  ene r gy cons e rv a t i o n  i s  a vas t 
sub j e c t  and c anno t b e  d i s cus s ed ful ly wi th in the  l im i t s  o f  thi s 
r epor t . P o t e nt i a l  s avings  of  5 to 3 0  p e r c e n t  r e s u l t in g  from the 
app l i c a t ion o f  th i s  t e chni que are cons e rv a t ive and a c c r ue a s  a r e 
s ul t  o f  the fo l l owing  gene ral  app roach e s : 

• E l imina t e  s imu l taneous he a t ing and co o l ing o f  a r o om o r  zone 

• Redu c e  h e a t ing and c o o l ing capa c i t i e s  whe n  l o ad is  r e du c e d  
wi tho u t  was t ing energy 

• De s i gn s y s t ems to  o p e r a t e  a t  or  near  op.t imum e f f i c i ency wi th 
r e duced bu i l d ing l o ads 

• Co o l  w i th o u t s i d e  a i r  wh enever po s s ib l e 

• S e l e c t  e qu ipment fo r e ff i c i e nt op e r a t i o n  

• S e l e c t  l i ght l eve l s  and s o ur c e s  to r e du c e  e ne r gy cons ump 
ti on . 

Hi g h e r  E l ea tria Effiai e nay Ra t i ng s  ( EER ) 

Improved ai r condi t i oning comp r e s s o r E E R  can r e duc e ene r gy 
consump t i on dur i ng the coo l ing cyc l e  in a b u i l d i ng by  mo r e  than 2 0  
p e r c e n t . Thi s  e quipment i s  avai l ab l e  a t  a s l i gh t l y  h i gh e r  f i r s t 
co s t . 

He a t  R e a.Zaim fro m  R e fr i g e ra t i o n  

Sup e rmarke ts c an u t i l i z e a s y s tem d e s i gn wh i ch t ak e s  advan t a g e  
o f  t h e  h e a t  f r o m  the l ow temp e r ature r e fr i ge r a t i on comp r e s s o r s  f o r  
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wa t e r  heat ing and s p a c e  h e a t i ng . Th i s  s ame concep t can b e  us e d  in 
o th e r  comme r c i a l  bui l dings  for wa t e r  h e a t i ng dur ing the co o l ing 
s e as ons . 

Mdro e  E[fi a i e n t  L i g h t Fix t uro e s  

E i ght - fo o t  f l uo r e s c ent tub e s  a r e  now ava i l ab l e  wh i ch emi t the 
s ame l eve l of l i gh t  a t  a co s t  of 6 0  wa t ts v e ro s u s  th e s t andard 8 0  
wa t t s . 

Se l f - Impo s e d  Ac t i on s  

S e l f- i mp o s e d  a c t i ons i n c l ude t emp e r ature c o n t r o l w i t h i n  th e 
bui l d ing , mo de o f  equipment ope r a t ion , and in many ins t an ce s , the 
extent o f  the ma int enance  exp endi tur e s . S avin gs from r e duc i ng 
int e rn a l  t emp e r a tur e s  dur ing o c cup i e d hours , · in c re a s in g t e mp er atur e s  
dur i ng c o o l ing cy c l e s , and n i gh t  s e tb a ck o f  the rmo s t a t s  dur i n g un 
o c cup i e d  hours  and we ekends we r e  e s t ima t e d  i n  Pha s e I .  

P o t en t i al s aving s dur ing the he ating  s e as o n  c an r ep re s ent  a 
3 5  p e rcent  r e duct i on in s ome bui l dings . C o o l i n g  requi r ement  r e duc 
t ions can p rovi de ano ther 7 to  1 0  p e r c en t . Ho s p i t a l s  and nurs ing 
home s are no t l i ke ly cand i d a t e s  fo r thi s  app r o a c h  to  cons e rvat i on .  
Twenty p e rcent has b e en s e l e c t e d  as th e ave r a g e  s aving s whi ch can 
b e  rea l i z e d  by th i s  me tho d . I t  i s  a cons e rvat i ve f i gur e , i f  i t  i s  
as s ume d that the  me as ures  w i l l  b e  ful ly emp l oy e d .  

Chr ono l o gy o f  Techno l o g i c a l  Advan c e s  

T h e  fo l l owing i s  a s ynop s i s  o f  a l terna t i ve s  f o r  ene r gy cons e r 
vation l i s t e d  accordi ng to the i r  d e g r e e  o f  te chno l o g i c a l deve lop 
men t . Th i s  i s  p r o v i d e d  to g ive s ome concep t i o n  o f  wha t  i ndus try 
has done and i s  do i ng thro ugh r e s e arch to improve  us e of ene r gy 
r e s ourc e s . Some p r e s en t ly avai l ab l e t e chno l o gy has  gone unus e d  due 
to  l ow energy co s t s . Th i s  condi t io n  is chang ing  and th i s , a l ong 
wi th improved b u i l d i ng s t andards wi l l  r e new the d e s i gn i ndus t ry ' s  
intere s t  in  them . 

Ava i l ab l e  Te chno l o gy 

• Us e e l e c tr i c  driven h e a t  pump s i n  p l a c e  o f  e l e c tr i c 
r e s i s t ance  h e a t ing to r e duce cons ump't i on o f  e l e c tr i c  e n e r gy . 

• Us e contro l l e d c ombus t i on fo r fo s s i l  fue l equi pment  t o  
incre as e un i t  e f f i c i ency and reduce cons ump t i on o f  f o s s i l  
fue l s  . 

• Us e r e f l e c t ive g l as s  t o  r e duce  s o l a r  heat  g a i n  by 5 0  p e rcent 
over s tandard g l as s and 2 5  p e rcent over t in t e d  g l as s and 
to r e du c e  e l e c t r i c i ty consump t i on dur ing  the  c o o l ing cy c l e · 
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• U s e z o n e  cont ro l s y s t ems t o  r e du c e  o ve r h e a t  i n  nonun i fo rm 
h e a t i ng and c o o l ing  s i tua t i ons thereby r e duc i n g  f o s s i l 
fu e l  and e l e c t r i c  energy cons ump t ion . 

• Emp loy  p rop e r  t e s t i ng , a dj us t ing , and b a l an c i ng ( TAB ) o f  
h e a t i n g  and a i r condi t i o ning s y s t ems t o  ens ure that  de s i gn 
s p e c i f i c a t i on s  are  m e t . 

• I mp ro ve e f f i c i ency o f  app l i an c e s  t o  r e duc e e l e c t r i c  and 
fo s s i l  ene r gy con s ump t i on in ap a rtment s .  ( P r e d i c t i o n s  o f  
a 5 p e r c en t  p o t en t i al reduc t ion have b e en ma de . ) 

• Us e h e a t  e xchang e rs t o  r e c l aim heat  from drain wat e r  t o  
r e duce e l e c t r i c  and fo s s i l  fue l cons ump t i o n  in  comme r c i a l  
bui l dings  and apa r tment s . 

• Us e g e o thermal ene r gy where avai l ab l e  and e conom i c a l ly 
fe as ib l e  f o r  centra l h e a t ing and co o l ing comp l exes . 

• Us e energy from s o l i d  was t e s  in  cent r a l  h e a t ing and c o o l ing 
comp l ex e s . 

• Re c l a im h e a t  from foo d  r e fr i g e rat i o n  c o mp re s s o rs t o  r e duc e 
s p a c e  h e a t i ng an d wa t e r  h ea t in g  ene r gy r equi rement s . 

• Us e a i r  condi t i o n ing comp r e s s o r s  w i th h i gh e s t  e l e c t r i c a l  
e ff i c i ency rat i n g s  (EER)  to  r e du ce e l e c t ri c ene r gy cons ump 
t io n . 

• Re c l a i m  ene rgy from exhaus t a i r  in  c omme r c i a l  bui l d i n g s  to 
r e du c e  h e a t ing and co o l ing en ergy requi r em ent s . 

• Us e h i g h  e ff i c i en cy ven t e d  f l uo r e s cent f i x t ur e s  t o  r e du c e  
e l e c t r i c ene rgy c on s umpt i on . 

Te chno l o gy Under Deve l opment (Fo r 1 9 7 9 - 1 9 8 5 ) 

• Deve l op a heat  a c t uat e d  h e a t  p ump t o  r e du c e  fo s s i l  fue l 
cons ump t i on . 

• I mp rove the rma l charact e r i s t i c s  o f  c l o t h ing fab r i c s that  
a r e  s ui t ab l e  fo r co l d  wat er wash ing . 

• I mp rove e ff i c i ency o f  r e fr i g eran t s  fo r a i r  cond i t i on ing and 
r e fr i g er at i on sys t ems . 

• I mp r o ve comp onent s fo r t o t a l  ene r gy s y s t ems inc luding  ab s o rp 
t i on co o l ing equipment . 

Future Te chno l o gy (Af t e r  1 9 8 5 )  

• Emp l oy d i r e c t  on - s i t e u t i l i z a t i on o f  s o l ar ene r gy whe r e  
g e o g r aph i ca l l y  feas ib l e . 
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• Emp l oy s o l ar pho t o vo l t a i c  conve r s i on sys t ems  whe r e  g e o grap h 
i c a l ly feas i b l e . 

• Emp l oy wind powe r e d  on - s i te e l e c tr i c  gene r a t i o n  wh e r e  g e o 
graph i c a l l y  f e a s ib l e . 

Po tent i a l  T e chno l o g i c a l  and I ns t i tu t i onal  C o n s t r a i n t s  

• L ac k  o f  inv e s tment incent ive s ( f i r s t c o s t s v e r s u s  l i fe 
cyc l e  c o s t s )  and ava i l ab i l i ty o f  c ap i t a l . 

• L a c k  o f  p e r f o rmance  o r i ented  bui l d ing c o d e s . 

• Ava i l ab i l i ty o f  t e chn i c a l  manpowe r , d e s i gne r s , eng i ne e r s , 
e t c . 

• Lack  o f  educ a t i o na l  p r o g r ams a imed a t  c o n s e rv a t i o n  n e e d s . 

Cal cul at ion o f  Cons e r v a t i o n  P o t en t i a l  

Energy s avings  po ten t i a l s  fo r the Ph as e I I  p e r i o d  h ave  b e e n  
c a l cu l a t e d  t o  ind i cate  the ir re l a t ive d e gr e e  o f  imp a c t  and are  
shown in d e t a i l in  App end ix F .  I t  i s  no t r e al i s t i c  t o  as s ume th at  
the fu l l  imp a c t  of  al l f a c t o r s  nece s s ary t o  e ff e c t th e s e  r e duc t i ons 
w i l l  o c cur . I t  is b eyond the s cope  of th i s  r e po r t  to  cons i d e r  al l 
p arame t e r s  wh i ch wou l d  a f f e c t  ach i evab l e  ove r a l l ene r gy s av i ng s ; 
therefore , no ac cumu l a t ive quan t i f i c a t i on o f  s av i n g s  i s  made . T o t a l  
po ten t i a l  imp a c t  c an b e  r e ach e d  o n l y  i f  a l l  comme r c i a l  cons truc t i o n  
dur ing th e Phas e I I  p e r i o d  we r e  d e s i gne d and b u i l t  to  u t i l i z e  ma t e r 
ial s and t e chnique s for th e s p e c i f i c  purpo s e  o f  ene r gy cons ervat i on . 

Imp l emen t a t i o n  o f  C ons e rv a t i o n  Me a s u r e s  

I n  t h e  Phas e I r epo r t , mo tivat ing i n f l uenc e s  for  t h e  app l i c at ion 
of ene rgy cons e rv i ng me tho ds in exi s t ing cons truc t i on were d i s cus s e d . 
Many o f  the s e  sug g e s t ions al s o  app l y  to the new c ons t ruc t i o n  marke t . 
In prac t i ce , the me ans o f  mo tiva t i on for th e new cons t r uc t i on mark e t  
i s  mo re eas i ly app l i e d , than i n  th e c as e  o f  r e tro f i t t i ng e x i s t i ng 
s tructur e s . 

Fac tors  i nf l uenc ing the de g r e e  o f  c ons e rva t i on ach i eve d are 
the bui l d i ng owne r s , d e s i gne r s , and r e gu l a tory b od i e s . Th e b u i l d i ng 
owne r i s  h i s tor i c a l l y  and ob j e c t ively  i n t e r e s t e d  in  an a t tr ac t ive 
s tructure at the l owe s t c ap i t a l  inves tmen t ,  s i nce  i nve s tment s  are 
made t o  p r o duce re turns . Th e d e s i gne r p r imar i ly a t t emp t s  t o  pro 
vide an ae s the t i c a l ly p l e as ing bui l d ing , hop e fu l ly a r ch i t e c tur a l ly 
s ingul ar and wi t h i n  b udge t l im i t a t i ons . Th e eng i ne e r  i s  char g e d  
wi th mak i ng the s truc tur e comfo r t ab ly hab i tab l e  dur ing vary ing  
ext e rnal c ondi t i on s , ye t w i th i n  budge t r e s tr i c t i o n s . I n  s o  do i ng , 
he mus t a l s o  me e t  c e r tain  minimum bui l d ing s t and ards e s t ab l i s hed  
by r e gu l a t o ry b odi e s . Th e s e  are  usua l l y  and h i s t o r i c a l ly r e l a t e d  
t o  s afe ty ,  h e a l t h , and we l far e . 
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The l imi t ing fac t o r  i n  achi ev ing g r e a t e r  e n e r gy cons erv a t i o n  
of ten i s  the c ap i t a l  r e qu i r ement . By incr e a s ing  the  i nv e s tmen t , a l l  
par t i e s  c ou l d  r e a l i z e the i r  goa l s ; howeve r ,  th i s  wou l d  no t app e a r  
pra c t i c a l  in  today ' s  e c onomy . A mo r e  s u i t ab l e  s o l u t i o n  wou l d  b e  t o  
exp l o i t  t h e  e c onom i c  t r ad e - o ff b e twe en t h e  a l t e r n a t ive l ev e l s  o f  
ini t i a l  inv e s tment and t h e  c o r r e spond i ng energy s av i n g s  a ch i ev ab l e  
wi th app rop r i a t e  empha s i s  o n  energy cons erv a t i on . 
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Chap te r Thr e e  

TRAN SPORTAT I ON 

The p e o p l e  and the e conomi c s truc tur e o f  the Uni t e d  S t a t e s  
have b ene fi t t e d  from the u t i l i z a t i o n  o f  one o f  the b e s t trans p o r t a 
t i on sys tems in the wo r l d . The promp t  and e ff i c i en t  d i s t r i b u t i on 
o f  i ndus tr i a l  and a g r i cul tura l  o u tput h a s  h e l p e d  to c re a te the h i gh 
e s t s tandard o f  l i ving  in the wo r l d  to day . S in c e  trans p o r t a t i on 
ut i l i z e s  a l mo s t one - qua r t e r  o f  the Nat ion ' s  t o t a l  ene r gy r e q u i r e� 
ment , i t  i s  a pr ime are a fo r cons i de r ing ene r gy cons e rva t i on s tr a 
te g i e s . 

A l arge numb e r  o f  tr ans por t a t ion ene r gy cons e r va t i o n  op t i ons 
and the i r  imp a c t s  were  as s e s s e d  for the s h o r t  t e rm in the Pha s e  I 
s tudy and we r e quan t i f i e d  b a s e d  on a g i ven s e t  o f  a s s ump t i ons . *  
Howeve r , th e i mp a c t  o f  the s e  sho r t - term cons e rva t i on me a s ur e s  c an 
no t b e  quan t i fi e d  w i th any h i gh de gre e o f  c e r ta i n ty fo r the 1 9 7 9 -
1 9 8 5  t ime frame . S ome o f  the s h o r t - te rm me a s ur e s  are  d e e me d  to 
h ave l on g - term imp a c t s , and are inc l ude d in th i s  s tudy . Any quan 
t i fi ca t i on fo r th i s  t i me p e r i o d  i s  done o n l y  to de l ine a t e  the r e l a 
t i ve de g re e  o f  imp a c t  th e s e  me as ure s m i gh t  h ave , b u t  a r e  no t an 
a t temp t to  de r i ve ab s o l ute s avings po ten t i al s . 

Thr ee me t ho d s  a r e  ava i l abl e t o  r e duce e ne r g y  inten s i ty w i t hin 
the t r an sp o rt a t i on s e c t o r : t e chno l o g ic a l innovat ion o r p r og r es s  
c an imp rove t h e  e ff i c i ency o f  t he ind i v i du a l  t r ans p o rt at ion un i t ; 
ut i l i z a t ion pat t e rn s  c an be  mo di f i e d  t o  imp r ov e e ff i c i en ci e s 
through h i g he r l o a d  fac t or s � an d t he l ev e l  o f  s e rv i ce s  p ro v i de d  
c an b e  r e duce d .  

Th i s  chap t e r  encomp as s e s  an a s s e s sment o f  t e chno l o g i c a l  p o ten 
t i a l  for a ch i ev ing energy cons e rva t i on in the t r ans p o r t a t i o n  s e c t o r  
dur ing t h e  1 9 7 9 - 1 9 8 5  p e r i o d . The b a s i c  app ro ach i s  to  d i s c us s the 
e ffi c i enc i e s  wh i ch cou l d  be achi eved thro ugh t e chno l o gy w i thout re 
v e r t ing to manda t e d  cur t a i lment o f  s e rvi c e s  r e nd e r e d  by the t r ans 
p o r t a t i on s e c t or . 

Even though the maj o r  p o r t ion  o f  the U . S .  trans p o r t a t i on s ys 
tem i s  o p e r a t e d  b y  the p r i va t e  s e c to r  o f  the e conomy , i t  i s  a l s o  
one o f  the mo s t  h i gh ly r e gu l a te d  s e c to r s . Fe de r a l  and s t a t e  gov
e rnments  h ave e s tab l i s h e d many dep a r tmen t s  and  a g e nc i e s  to o ve rs e e  
the o r de r l y  grow th o f  and t o  ens ure th e avai l ab i l i ty o f  adequa t e  
trans p o r t a t i on s e rvi c e  through o u t  t h e  d i ve r s e e conomy . S ome p o l i 
c i e s  and re gul a t i ons  s e t  fo r th by gove rnme n t  h ave a b e ar ing on the 
amo un t o f  fue l cons ume d in tr ans p o r t a t i on b u t  no a t temp t wi l l  b e  
made t o  quant i fy the i r  e ffe c ts . I t  s houl d b e  no te d , h oweve r , tha t 
confl i c ti ng gove rnme n t a l  po l i c i e s  o f t en e xi s t and s ome r e gul a t ions 
a c tua l ly ne ce s s i ta t e  g re a ter  us a g e  of  ene r gy . Many e x i s t ing r e gu 
l a t i ons are b e ing re - e v a l ua te d  by gove rnme n t  i n  l i gh t  o f  the ne e d  

* Nat i on a l  P e t ro l e um Co unc i l , Po t e n t i a l  fo r En e rgy Co ns e rv a 
ti on i n  t h e  Un i t e d  S t a t e s :  1 9 ? 4 - 1 9 ? 8 3  Wa s hin g t on , D . C . : 1 9 7 4 ,  pp . 
6 1 - 9 1 . 
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for e ne r gy c on s e rv a t i o n . Th i s  g o ve rnme n t  r e - e va l ua t i o n  s h o u l d 
r e c o gn i z e  th a t  a c o o rd in a t e d  " s y s t ems app r o a ch "  i s  a s  n e c e s s ary in 
th e r e gul a t i o n  o f  t r an s p o r t a t i o n  as it i s  i n  veh i c l e  or e n g i n e  
de s i gn .  

Mo s t  o f  the s av i n g s  p o t en t i a l s  de f i n e d  i n  th i s  s tudy a r e  b as e d  
o n  the app l i c a t i o n  o f  new o r  e x i s t i n g  b u t unus e d  t e chno l o gy . S ome 
o f  th e s e  p o ten t i a l  s av i n g s  may be a ch i e ve d as a r e s ul t o f  ene r gy 
c o s ts , wh i l e o th e r s  w i l l  r e q u i r e  di f f e r e n t  i n c e n t i ve s o r  d i s i n c e n 
t iv e s  s u ch a s  new o r  r e vi s e d r e gu l a t i ons . Wha te v e r  t h e  c a s e ,  the 
tr ans p o r ta t i o n  s ys tem p l ays an i n t e g r a l  r o l e  in the e conomi c s truc 
ture o f  the N a t i on . The e c onom i c  imp a c t  of any change inc l u d ing 
i n t e rmo d a l  s h i f ts imp o s e d  on tha t  s y s tem mus t  be c a r e fu l l y  mon i 
t o r e d  and b a l an c e d  w i th the ob j e c t i v e s  o f  ene rgy c o n s e r va t i on . 
Wh i l e  i t  i s  r e co gn i z e d  th a t  i n t e rmo d a l  s h i f ts i n  th e tr an s p o r t a t ion 
s e c to r  may o ff e r  p o te n t i a l  f o r  ene r gy c o n s e r v a t i o n , de t a i l e d  ana l y 
s i s o f  l on g - t e rm p o t e n t i a l s  was c ons i de r e d  t o  b e  b ey o n d  the s c op e 
o f  th i s  te chno l o g i ca l  app r a i s a l . Sho r t - t e rm i n t e rm o d a l  s h i f t s  we re 
di s cus s e d  i n  Ph as e I .  

T o  d i s cu s s  l on g - t e rm e ne rgy c o ns e rvat i on p o t en t i a l s in t he 
t r a n sp o r ta t i on s e c t o r , t he b as i c  mo de s - - h i g hwa y , a i rway , ra i lway , 
wa te rway , urb an p ub l i c  t rans i t ,  and p i pe l in e s - - w e r e  an a l y z e d  s ep a 
r a t e l y . The h i g hway mo de ( s e e  F i g ure 3 )  r ep r es en t s ab o u t  t h r e e 
fou r ths o f  t he ene r gy c on s um e d  in t h e en t i r e t r an s p or t a t ion s e c 
to r .  F o r  t h i s r e a s on ,  t h e  Pha s e  I r ep o rt c ons i de r e d  t he h i ghway 
mode the mo s t  p r o du c t ive are a f o r  s ho r t - t erm ene r g y  c o n s e rvat i on 

U R BAN PU B L I C  TRANSIT ( Less than 1 %} RAI LWAYS (3%} 

A I R WAYS ( 1 2%} 

WATERWAYS (4%} 

H I G HWAY 
(75%} 

P I P E L I N ES (6%} 

H EAVY TRUCKS 
A N D  BUSES (7%} 

F i gure 3 .  Comp onen t s  o f  T r an s p o r t a t i on Ene r gy C on s ump t i on - - 1 9 7 2 . 
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s t r a te g ie s . S im i l a rl y , t he l on g - t e rm ( Ph a s e  I I )  t echno l o g i c a l  
con s iderat i on s  o f  t h i s  repo rt c once nt rate  o n t he h i ghway mo de . 

HI GHWAYS 

Th e h i ghway mo de of t r ans p o r ta t i on i s  u t i l i z e d  fo r ab o u t  8 8  
percent  o f  the Na t i on ' s  pas s enge r movemen t ,  e s s en t i a l l y  a l l  l o c a l  
s hipmen ts  o f  g o o d s , and ne a r l y  one - four th o f  th e i n te r - c i ty move 
ment o f  fre i gh t . As d i s cus s e d in Phas e I ,  the h i ghway mo de  a c coun ts 
fo r ab out 7 5  p e r c e n t  of the ene r gy us e d  b y  a l l  fo rms o f  trans p o r t a 
tion , o r  ab out  1 8  p e r ce n t  o f  the N a t i o n ' s  to t a l  ene r gy c on s ump t ion . 

I n  e xamin i ng th e p e r i o d  b eyond 1 9 7 9 , i t  i s  unc e r tain  wh i ch o f  
the h i ghway me as ur e s  i den t i fi e d  i n  Pha s e I wi l l  a c tua l ly b e  em 
p l oye d . Howeve r , the c on t i nua t ion o f  tho s e  s tr a te g i e s  th a t a r e  im
pl eme n t e d  w i l l  r e s ul t i n  con t inued fue l s avings  dur ing th e l a t te r 
time frame . Once a l l  sho r t - t e rm s avings  op t i ons  o f  mo de s t imp a c t 
have b e en imp l eme n te d , the al te rna t i ve s  fo r ach i e v i n g  h i gh e r  l e ve l s  
o f  cons erva t i o n  are  the us e o f  t e chno l o g i c al innova t i o n  o r  e conomi c 
al ly di s rup t i ve r e duc t i ons in  trans po r ta t i on s e rvi ce . S in c e  r e duc 
t i ons in trans p o r ta t i on s e rvi c e  are no t gene r a l ly advo c a t e d , fu ture 
hop e s  for energy cons erva t i on r e s t  with t e chno l o g i c a l  innovat i on 
in te rms o f  e ff i c i enc i e s  o f  ene r gy us age . Howeve r , i t  mus t b e  
re co gn i z e d  tha t wh i l e  incen t ive s  can b e  p r o vi d e d  t o  a c ce l e ra te i n 
nova t i on , te chno l o g i c al advanceme n t  w i l l  no t re s p ond pe r s e  t o  
mandate . The con s ume r can b e  gu i d e d  by l o gi c a l  and r e a s onab l e  
incent ive s and the marke t sys tem o f  s upp l y  and demand wi l l  provide  
the  mo s t  de s i r ab l e  r e s u l t . 

Pas s enger Ca r s  an d L i ght Truc k s  (Wit h Co nven t i onal  P i s t on Eng i ne s ) 

S ign i f icant imp rovemen t s  in t he fue l  e c ono my o f  p a s s enge r c a r s  
wi th conven t i on a l  spark  i gn i t e d  p i s t on eng i nes a re an t i c ip at e d . 
The indiv i du a l  c a t e g o r i e s  o f  t hes e p o t ent i a l  imp r ov emen t s  an d t he 
magn i tude o f  e ffe c t  on fue l e c o nomy ar e dep i c t e d  o n  Tab l e  1 2 . 

The ind i v i dua l ga s o l ine s av i ng op t i on s l i s t ed on T ab l e  1 2  r ep 
re s ent max imum t h eo re t i c a l  r e duc t i on s  i n  ga s o l in e c ons ump t i on .  How 
eve r , s eve r al fac t o r s  w il l  a ffe c t  t h e  s pe e d  a nd e x t ent o f  t he actual 
imp r ovement which c an be  . re al i s t i cal ly a c hi eved . Amo ng t hes e  a re :  

• The comp l e x it y  o f  t rade -o ffs  amon g em i s s ions , dr i ve ab i l i ty ,  
r e l iab i l i ty ,  an d mi l e age wh i ch aut o mo t ive de s igne r s  mus t  c on 
s i de r , and t he ava i l ab i l ity o f  f ini t e  t e c hno l o g i c a l  a nd p ro 
duc t i on r e s o u rce s . Th es e fa c t o r s  l im i t  t h e de g r ee t o wh i ch 
t he o r e t ic a l  l imi t s  can b e  app r o a c he d .  I f  max imum imp l emen t a 
t i on o f  every po t en t i a l  c hang e  we r e  e mp l o yed , t he r e s ul t 
woul d b e  a car  w i t h drive ab i l i t y , r e l i ab i l i t y  o r  comf o rt 
and conven ience aspe c t s  which m i ght be una c cep t ab l e  to t h e  
mo t o r ing p ubl ic . 

• Per s onal d r iv ing charac t e r i s t i cs may a f fe c t  t h e  r e a l i z a t i on 
of t h e  full  m i l e ag e  imp rovement p r e d i c t ed from l ab o rat ory 
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TABLE 1 2  

MAXIMUM THEORETICAL CHANGE I N  FUEL CONSUMPT ION 
1985 VERSUS 1974  MODELS 

(Per cent ) 

Fac tors Af f e c t ing Fuel Consump t ion 

Reduct ion in Engine Power Requirements 

Reduc ing Weigh t s  (Same Pas s enger Capac i t ies ) 

Improving Transmis s ion and Axles 

Ut iliz ing Rad ial Ply Tires 

Reduc ing Wind Res is tance 

Improving Acces s ory E f f i c ienc ies 

Improved Engine Des ign 

"Economy" Cars 

Smaller S iz e  

Lower Power /Weight Rat io s  

Change in 
Fue l  Consump t ion 

- 10 

- 10 

3 

3 

4 

5 

5 t o  - 1 0  

6 

Not e : These percentage improvement s  are not arithme t ically add i t ive . 

Assump t ions : 

• Emiss ion and Safety S t andard s f r o z en at 19 7 5 / 19 7 6  level 

• 91 RON Unl eaded Gasoline 

• 19 7 4  Sales Mix (See Table 15)  

• EPA 55/ 4 5  Urban-Highway T e s t  Cycle . 

t e s t s . "Ho t ro d"  ac ce l e ra t i ons , wa s t e fu l  b r ak i ng maneuve rs ,  
and very h igh - s p e e d  drivin g  o f  a t yp e n o t  rep re s e nt ed in t he 
Env i ronmental  Protect i on Ag e ncy (E PA) o r  o th er r e co gni z e d  
t e s t  cyc l e s  inc r e a s e  g a s o l ine c ons ump t ion . Ac t ua l  dr i v ing 
expe r ienc e o f  a dive rs e g r o up o f  mo t o r i s t s  may n o t corre s 
p ond to care ful ly me asur ed t e s t s  co ndu c t ed w i t h  p r o f e s s ional 
t e s t  dr ive r s . 

• Mo s t  o f  t he po t en t i a l  opt i on s  fo r mi l e s p er g a l l on improve 
men t ( such as  l o ck - up t ransmi s s ions ) r equ i r e  t he app l i ca t ion 
of n ew t e c hno l ogy . Ve ry few opt i on s c an b e  ach i eve d  by o ff 
the - she l f  appl icat ion o f  current ly ava i l ab l e  de s igns . New 
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t e c hno l o gy a l ways r e qu i r e s  l e ad t ime , a fact  w h i ch i s  o f t en 
unde re s t ima t e d , an d invo lve s s o me un ce r t a int y .  Transmi s s i on 
imp rovemen t s  such a s  t i g ht c o nve r t e rs , c onve r t er c l u t c h e s , 
r e duc e d  s h i ft s p e e d s , o ve r dr ive , e t c . , a r e no t comp a t i b le 
with  t he s t a tu t o ry emi s s ion s t anda rds  s che dul e d  fo r 1 9 7 8 . 
Th e r e fo re , t o  a t t a i n  s t atut ory n i t ro g en o x i de (NOx ) l eve l s , 
l o o s e r  t r an sm i s s ions and h i gh er d r ive rat io s w i l l  b e  r e 
qui r e d  on t h o se  c a r s  wh ich ca n b e  ce r t i fi e d .  

I t  i s  e s t imat e d  t hat ove ra l l  r e duc t i on s o f  ab o u t  3 0  p ercen t  in 
gas o l ine c on s ump t i on c o u l d  be a ch i eved by c a r  mo de l s  s o l d  in t he 
e a r l y  1 9 8 0 ' s  a s  compared  t o  t he 4 6  t o  5 1  p e r c en t  i ndi ca te d  b y  t he 
s imp l e  addi t i on o f  t h e  in d i v i dua l gas o l ine s av ing o p t i ons  de s c r ib e d  
previ ous l y . A 3 0  p e rcent r educ t i o n  i n  g a s o l in e c ons ump t ion c o rre s 
ponds to  an inc r e a s e  o f  4 3  p e rcent i n  m i l e s  p e r  g a l l on . Th i s  
re duc t ion in g a s o l ine c o n s ump t ion  c o r re s p on ds w it h  the  g o a l  s e t  by 
the Admin i s t ra t i on ' s  and aut omob il e in dus t ry ' s  v ol un t ary a g reemen t 
that a 4 0  p e r cent g as o l ine r e duc t i on , o r  2 0  m i l e s  p e r  g a l l on b e  
ach i eved b y  the e a r l y  1 9 8 0 ' s .  Tab l e  1 3  t r ans l a t e s  the s e  ove r a l l 
improvement s in e ff i c i ency into  the var i ous  c ar s i z e s . 

Th i s  imp rovemen t c an b e  ach ieve d  b y  a co mb i nat ion o f  improved 
e ff i c i ency fo r e ve ry c ar s i z e  and a s h i ft  t o  smal l e r  ca r s . I f  t h e 
1 9 7 4  s al e s  mix  rema in ed cons t ant , t he e f fic i ency imp r o vemen t s  s hown 
on Tab l e  1 3  wi l l  p ro duc e onl y a 2 5  p erc e nt ave rage  r edu c t ion i n gas 
o l ine c o n s ump t ion . Th i s  c o r re s p onds  t o  a 3 3  p er c en t  in c r eas e in 
mi l e s  p e r  ga l l on from 1 3 . 9  to  1 8 . 5 .  In  t hi s  ev ent , g r ea t e r imp ro ve 
ment s woul d b e  r e qu i r e d  w i thin each c ar s i z e  c a t e g o ry t o  ful f i l l  t he 
Admin i s tr at i on ' s  go a l . 

Reduc t i on s in Eng i ne Power Requ i r emen t s  

• We i g h t : A reduc t i on i n  eng i ne powe r re qu i r emen t s w it ho ut 
affe c t ing p a s s en ge r car ryin g cap ac it y o r o ve ra ll  ut i l i ty c an 
b e  acc omp l i s h e d  b y  a r e duc t ion i n  car we i ght . Fo r examp l e , 
a 4 0 0 -p ound we i ght reduc t i on i n  a 4 , 0 0 0  p o un d  c ar w i l l  p ro 
v ide ab out an 8 p er c e nt fue l e c onomy imp ro vem en t in c i t y 
s ub urban typ e dr i v ing . Eve n l arg e r  r e duc t ion s a r e  p o s s ib l e  
i n  heav i e r  c a r s . We i ght re duct i on s a r e  a l r ea dy b e i ng imp l e 
men t e d  by t he aut o in du s t ry a s  n ew mo de l s a r e in t ro du c e d  
int o t h e  mark e tp l ace . Th e rap i di t y  w i t h  wh ich t hi s  e f fe c t  
c an b e  ful l y  r eal i z e d  mu s t  awa i t  app rop r iat e c ap i ta l  avai l 
abi l i ty ,  a s  s i gni fi c ant we i g ht r educ t ion s c an o nl y  b e  acc om 
p l i s he d  b y  c ap i ta l  intens ive c hang e s  i n mo de l  c o n f i gurat ion s . 

• TPa n s m i s s i o n s  and A x Z e s : Chang e s  i n  t r ans m i s s ions  and 
axl e s  c an a l s o  i mprove f uel e co no my w it h ab o ut a 6 p e r ce nt 
imp r o veme nt in c it y - s uburb an typ e d r iv in g  and 2 0  p e rcen t 
in fre eway t yp e dr i vin g . The po t en t i al from t he s e o p t i on s  
i s  an o ve r a l l  imp rovemen t o f  1 0  p e r ce nt i n  fue l e c on omy . 
The t r an s m i s s i ons in u s e  t o day w i l l  s ign i fi c ant l y  a ff ect 
the s i z e  o f  t h i s  po t en t i a l  g a in . At t he momen t , i t  app ears 
that a 4 - sp e e d  automat i c  t r an s mi s s io n w i t h d ir e c t  dr iv e 
( excep t fo r  l ow g e a r )  w oul d b e  t he mo st e f fi c i en t  f r om a 
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0\ 
N 

1 9 7 4  
Models 

S tandard 10 . 7  

Int ermediate 1 2 . 1 

Compact 13 . 8  

Subcompact 2 2 . 3  

1 3 . 9 

TABLE 1 3 

ESTIMATED PRACTICAL EFFICIENCY 
IMPROVEMENTS FOR VARIOUS CAR S IZES 

Miles per Gallon ( Ind ex : 
Early 

1 9 80 ' s Percent  1974  
Models Improvement Models 

15 . 5  45  1 2 9  

16 . 7  39  114 

18 . 4  33  101 

25 . 6  15  6 2 

20  43  100 

Gallons per Mile 
1974  Model Year = 100 ) 

Ear ly 
1 9 80 ' s P ercent 
Models* Improvement 

9 0  3 1  

84 28 

7 5  2 5  

5 4  1 3  

7 0  30  

* Assumes 1 9 7 5  emiss ion s tandards and no  weight increase due to  safety s t andards . 
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fue l c o n s ump t io n  an d p e r forman ce s t andp o in t . T h e  t orque 
c onve r t er l o ck - up fe a t ur e a c c o un t s fo r mo s t  of  t he fue l 
e c onomy ga i n  wh en u s e d  in conj un c t ion w i th l o w  ax l e  rat i o s . 
The a dd i t ion o f  a fourt h g e a r  i s  n o t  c os t  b e n e f i c i a l , b e 
cau s e  f i r s t  c o s t  exc e e d s  l i fe - t ime fue l c o s t  s av i ng s . Th e 
fo ur th g e a r , howeve r , do e s  r e s t o r e  a c c e l e ra t ion p er f o rman ce 
w i t hout p en a l i z in g  fue l e c onomy . 

I t  i s  i mp o r t ant t o  r ea l i z e  t ha t w h il e t hes e c han g e s i n t ra ns 
mi s s i on charac t e r i s t i c s  c an in c r ea s e fue l  e c onomy , t hey  a l so  
w i l l inc r e a s e  emi s s i ons s ign i f i c an t l y . Chan g e s  w il l  b e  r e 
qu i re d in eng ine c a l ibrat ions t o mak e c omp en s a t o ry r e duc t i on s 
in em i s s i on s  by t he eng in e mo d i f i c a t io n  ro ut e . P r o g r e s s  in 
ut i l i z in g  t h i s  opt i on , t he re fo r e , may b e  s lo w  b e caus e o f  t he 
emi s s ion cont r o l  comp l i c a t ion . 

• Tire s :  The u s e  o f  r ad i a l  p l y  t i r es can p rov i d e  an e s t i mat ed 
imp rovement in fue l e c onomy of 2 . 5  t o  5 p e r c e n t . Many manu 
fac t ur e r s  have a l r e ady taken advan t a g e  o f  t h i s o p t ion a nd 
many 1 9 7 5 c a r s  are  s upp l ied  w i t h  r ad i a l  t ir e s . 

• Win d  Re s i s ta n c e : Pr e s en t  ve h i c l e dra g c o e f fi c i en t s  indic ate  
that  impro vemen t in  ve hi c l e  w ind r e s i s t a nce  c an b e  ac com 
p l i s h e d . Dep e n d in g  on current c o nf i gurat ions t he amo un t  
o f  p o t en t ial  improvement var i es w ide ly .  Howe ve r , b y r e duc 
in g t h e  ae ro dyn amic  dr ag coe f f i c ient b y  1 0  p er ce nt and t he 
front a l  a rea by 5 p e rcen t , 7 0  MPH fue l  e c onomy w i l l  in 
cre a s e  by approx ima t e ly 6 p ercent  w hi l e  t he 5 5  MPH fue l 
e c onomy w i l l  improve by about 3 pe r ce nt . At s p ee d s  b e low 
3 5  MPH t he ae rodynam ic drag e ff e c t  i s  m in imal . 

• A c c e s s o r i e s : Ac c e s so ry e f f i c i enc i e s c an a l s o  a ffe c t  t ot a l  
ve h i c l e  fue l e conomy . A 1 0  p erc e nt imp ro vemen t i n  acc e s 
s o ry e f f i c ienc i e s  woul d imp rove o ve r al l fuel  e conomy by a l 
mo s t  2 pe r c e nt ; b as e d  on an e s t ima t e  t hat 2 0 p ercent  o f  
t o t a l  ve hic l e  fue l cons ump t i on i s  c ons um ed b y a c ce s s or i e s . 
I t  i s  e s t imat e d  t h at the  t o t a l  p o t en t ia l  s av i n g s  i n  p o we r  
r e qu i remen t s  fo r en g ine - d r iven a c ce s s o ri e s  (i . e . , a i r  con 
d i t i on ing , eng in e fan , wat e r  pump , a nd a l t e rnat o r ) , c oul d 
g ive an e s t imat ed 4 p e rcen t i n  fue l e c onomy . Ai r c ondi t i on 
e r s  and en g i ne fan s o f fe r  t he l arg e s t  p o t en ti al . Th e s e  im 
p r o vemen t s a r e  b e ing i n st i t ut e d  by t he veh i c l e  manu fac t ur e r s  
as r ap i dl y  a s  p o s s ib l e , b ut t h e i r  o v e r a l l  adop t i on w il l  t a k e  
s eve r a l  y e a r s . 

Improve d  Eng ine De s ig n  

The re i s  alway s t he po t e nt i a l  for  imp rov emen t i n  fuel  e c ono my 
through eng in e  d e s i g n  mo d i f ic at ion s s uch a s  imp r o v ed c omb us t i on 
chamb e r  de s ign . Tab l e  1 2  indi cat ed t hat a 5 p e rc e nt inc r ea s e  i n  
e f fic i ency o f  c onvent ional p i s t on en g ine s i s  p r o b ab ly  t he ma x imum 
avai l ab l e .  The extent  t o  which s uc h  an imp roveme n t  w i l l  b e  ava i l 
ab l e  w i l l  vary wide l y  depen ding upon t he p art i c ul a r  eng ine . 
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"Ec onomy " Car s 

• Sma l l e r  S i z e : Veh i c l e  s i z e  ca n a l s o  h ave a maj o r  e ffe c t  o n  
g a s o l ine deman d . Tab le  1 4  s hows t he app r o x imat e r e l a t ive 
g as o l ine consump t ion p er m i l e i n  r el a t ion t o ve hic l e  s i ze .  
P er s ona l cho i c e  o f  car s i z e  re fl e ct s  t he dr i ve r ' s fe e l ings  
r e g ar d i n g  s a fe ty , comfo r t , and s t yl ing , a nd t he e c onom i cs 
o f  op e rat ing c o s t s  a s  wel l as  f i r s t  c o s t . Due t o  t he p r e 
s ent e conomic s i tua t ion , i t  i s  d i ff icul t t o  p r o j e c t  futur e 
c u s tome r dem an d . Tab l e  1 5  p r es en t s s e ve r al po s s ib l e  s a l e s  
s h i ft s  whi c h  c o ul d  re duc e  ga s o l i ne c onsump t i o n o f  g iven 
mo de l ye a r  c ar s  by 5 t o  1 5  p e rc e nt i f  s al e s  mix c h an g e  a lo ne 
wer e  t he on l y  fa c t o r  cons ide re d  in imp r o ving fue l e c onomy . 

TABLE 14 

EFFECT OF VEHICLE SIZE ON GASOLINE CONSUMPTION 
( Index : Standard Size Vehicle = 100 ) 

Approximate Re lative Gas oline 
Cons ump tion per Mi le 

S tandard Size 100 

Intermediate 90 

Compact 80 

Sub compact 50 

TABLE 15 

ALTERNATE SALES MIXES FOR REDUCED GASOLINE CONSUMPTION 
(Percent ) 

Reduction in Gas oline ConsumEtion 

19 7 4  Sales 5 Percent 10 Percent 15 Percent 
Mix Alternate Sales Mixes t o  Achieve Reductions 

S tandard Size 2 7  12 1 7  11 7 5 

Intermediate 20 25 15 20 10 10 

Comp act 25 30 35 25  45  35  

Subcompact 2 8  33  3 3  44 38 50 

100 100 100 100 100 100 
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The ach ievemen t o f  1 0  p e rcen t ga s o l in e s av ing s would  enta i l  
s ub s tan t i a l  d e c r ea s e s  i n  s a l e s o f  s t an dard and in t e rme diat e 
s i z e  c ar s  wh ic h app e a r s  t o  b e  an e x t reme a s s ump t i on . The 
s al e s  mix c hang e  requ i red fo r a 1 5  p er c e nt s av i ng s i s  un � 
real i s t ic , s inc e imp rovemen ts i n c onve nt io na l  s i z e  c a r s , as  
d i s c us s e d  in p r ev i o us s e c t ion s , are  a mor e f ea s ib le s ource 
of g a s ol ine s av ing s . H oweve r ,  d i f fe r en c e s  i n r e l a t i v e  
p r i c e s o f  t he c a r s , t he c o s t  o f  fue l s ,  a nd t he s t a t e o f  t h e 
economy may in te rp l ay and d i c t at e o t h erw i s e . 

• Po wer - t o - We ig h t Ra t i o : I n  many c a s e s  a r edu ct ion o f  eng in e 
s i z e  c an imp r ove fue l e c onomy . B y  incr eas ing t he 0 - 6 0  MPH 
ac ce l e r a t i on t ime o f  a 3 , 8 0 0  p oun d c a r  from 1 3  t o  1 7  s e c 
onds , fue l e conomy can imp r ove  b y  5 p er ce nt . Re duc e d  acc e l 
e r a t i on p e r fo rmance  o f  l a rg e  and m i d - s i z e c a r s  t o  t ha t  o f  
sma l l c a r s  c an in creas e m i l e s  p e r g a l l on e f fic i en c y  b y  1 5  
and 1 0  pe rcent , r e s p e c t ive ly . How eve r , t he p ub l i c  may b e  
r e l uc t an t to  buy s ign i fi cant ly l ower p er fo rm in g ve h i cl e s . 
A t o o  l o� p owe r - t o -we i gh t rat io  inc r e a s e s  em i s s ion s wh i c h 
r e s u l t s  in  l e s s  e conomi cal  eng i ne c a l ib r a t ions  tha t are  re 
qui r e d  to ma i n t a i n  emi s s ion l eve l s . 

I n  many c a s e s l a rge r  eng ines h ave b e en c ho s en for s pe c i f i c  
ve hi c l e  appl icat i on s  s o  t h at emi s s ion r equi r emen t s  c an b e  
me t .  F o r  ins t anc e , t he d i ffe r en c e  b e t we en fe de r a l and 
Cal i fo rn i a  emi s s ion s t an dar ds for t h e  1 9 7 5 mo de l y ea r  has  
meant that  many manufac t ur e r s  do  n ot mark et t he l o we r  p owe r 
to -we ight r a t i o  opt i on for  many ve hi c l e s  in Ca l i fo rn i a  b e 
c au s e  o f  t he s ta t e ' s  hi ghe r em i s s ion s t andards . Even t ho ug h  
a l ower powe r - t o -we i g ht rat io  w il l imp rove  fu el e c onomy , 
emi s s i on requi r emen t s  may p r ec l ude s uch a dvant a g e . 

Effe c t  o f  Em i s s ions and S afe ty S t andards  on P a s s en ge r Car  Fue l 
E con omy 

B o t h  s afety and emi s s ion c ont r o l  r equ i r em en ts h av e an a dve r s e  
e ffec t o n  fue l  e c onomy . Mo s t  s a f e t y  r equi rem en t s add we i gh t  t o  a 
ve hic l e . As  p r e v i ou s l y  p o in t ed o ut , we ight r educ t io n  i s  a s i gn i f i c ant 
op t i on for  imp r ov in g  fue l e conomy . The e f f e c t  o f  emi ss ion r equ i r e 
men t s  on fue l  e c onomy i s  mo r e  s ub t l e . Eng i ne adj u s t men t s  ( s uch a s  
spark t im ing , fue l - a i r  m ixture , e t c . )  mu s t  b e  made t o  p r o v i de m inimum 
em i s s ions  a s  oppo s e d  t o  max imum fue l e c onomy . The eng ine s e t t ing s  
fo r m in imum emi s s i on s  an d t ho s e  for max i mum fue l  e c ono my a r e  no t t he 
s ame and r e su l t  in reduc e d  fue l e conomy wh en s e t  f o r  m in imum emi s s i ons . 
The e ffec t s  o f  s a fe t y  an d em i s s i on r e qu i r em en t s  a r e di s cus s e d  in mo re 
de t a i l  in t he s ub s e quent p o r t i ons o f t h i s  s e� t ion . 

Sa fe t y  Effe c t  

Pre s ent s a fe t y  s t anda r d s  ( i s s ue d  and p r op o s e d  f o r  fut ure y e a r s ) 
w i l l have a ma j o r i n fl uen c e  on de t e rm i n in g  t o t a l  veh i c l e  we i g ht which 
in turn , a ffe ct s fue l  con s ump t ion . Th e r e la t i on s h ip b e twe en in 
c r e a s e d  we ight  and fue l c ons ump t ion for  a c it y - s uburb an dr iv ing 
schedu l e  is  a l mo s t  l inea r . S even t o 8 mo r e  gal l on s o f  fue l  a re  
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r e qu i r ed fo r e ac h  add it i onal 1 0 0  pounds  o f we i ght p e r 1 0 , 0 0 0  m i l e s  
o f  dr iv in g . Howeve r , t he s e  i nc reas e s  d o  no t t ak e  into  c o n s i de ra 
t i on t he fact  t hat a s  veh ic l e  we i ght inc r e a s e s , p e r fo rman c e  i s  r e 
duc e d . The re f o re , val id comp ar isons  o f  fue l e c onomy p o t ent i al can 
on l y  b e  made b e twe en c a r s  wi th e qual  p er f o rman ce . To compen s ate  
for t he p e r fo rman c e  e ff e c t , a fact o r  o f  1 1  t o 1 5  g a l l on s  p e r 1 0 0  
p ound s  p e r  1 0 , 0 0 0  m i l e s  i s  frequ en t l y  app l i e d  dep e n d i ng o n c ar 
s i z e . An add i t i onal  p rob l em ari s e s  be caus e h eav i e r  s us p en s i on 
comp onent s  are r e qu i r e d  fo r in cre as e s  i n  b o dy o r eng ine  we i ght . 

Amon g  the r e qu i r ements  cons i de re d  by th e Fe der a l  Gove rnmen t  for 
the time p e r i o d  o f  th i s  r e p o r t  i s  one that  c a l l s  for  an inc r e a s e in 
the s p e e d  o f  th e o c cup an t  p ro te c t i on s tandar d  b ar r i e r  c r a s h  t e s t 
from the p r e s e n t  3 0  MPH l eve l to 4 5  o r  5 0  MPH fo r the 1 9 8 1 mode l 
ye a r . E xp e r i ence  w i th e xp e r ime n t a l  s a fe ty veh i c l e s  i nd i c a t e s  th i s  
could  a d d  3 7 5  t o  1 , 0 0 0  pounds t o  veh i c l e  we i gh t . Adding th i s  we i gh t  
t o  the we i gh t  penal ty as s o c i a te d  wi th current s a fe ty s tandards  wo uld 
re s ul t i n  ab o u t  a 2 5  pe rcent  incre a s e  ab ove unr e gu l a te d  veh i c l e  
we i gh t  fo r s a fe ty r e gu l a t i ons . Th i s  2 5  p e r c e n t  incr e a s e i n  car  
we i gh t  woul d  n e g a t e  ab o u t  two - th i rds of  the  o ve r a l l 30  p e r ce n t  r e 
duc t i o n  i n  gas o l ine con s ump ti on wh i ch coul d b e  a ch i e ve d  b y  emp l oying 
al l the fac to r s  d i s cus s e d  i n  th e p r ev i ous s e c t i o n . 

Emi s s i o n  Effe c t  

Tab l e  1 6  i l l u s tra t e s  the range o f  e ffe c t s  var i ou s  e mi s s ion 
requ i r emen ts coul d have on fue l  e conomy . The f i gur e s  are b as ed on 
the 1 9 7 3/ 1 9 7 4  emi s s i on requi r ements  and the E PA urban/ h i g hway fue l  
e conomy s ch e du l e s  we i gh t e d  on a r a t i o  o f  5 5 / 4 5 . I n  the 1 9 7 5 / 1 9 7 6  
mo de l ye ar , the c a t a ly t i c  c onve r t e r  i s  b e in g  emp l oye d  t o  p r o v i de 
the final  hydr o c a rb on - carb on mono x i de (HC - CO )  c l e anup in the e x 
haus t s y s tem wh i ch permi t s  b as i c  eng ine adj u s tme n t s  f o r  i n c r e as e d  
fue l e conomy r a th e r than mi nimum emi s s ions . T h e  fue l i mp rovemen t 
from 1 9 7 3 / 1 9 7 4  to 1 9 7 5 / 1 9 7 6  var i e s  from a t  l e as t 2 0  p e r cen t in s ome 
mo de l s  to a s l i gh t  l o s s  in o th e r s . EPA rep o r ts an ave r a g e  1 3  p e r 
cent improvemen t  fo r 1 9 7 5  mode l s  v e r s us 1 9 7 4  mo de l s . Par t o f  the 
gain i s  due to  a s h i ft i n  the fue l  e co nomy con tr o l  app r o a ch from 
b a s i c  e n g i ne mo d i f i c a t i on hardware to the us e o f  ca taly t i c  conve r t 
e r s  and p a r t t o  fac to r s  no t re l a te d  t o  emi s s i on c o n t ro l s . At  p re 
s en t , the con t i nu e d  us e o f  ca taly t i c  conve r te r s  i s  in  q ue s t i on and 
thus , the gains  in fue l  e conomy a s s o c i a te d w i th th i s  app r o ach may 
be l o s t .  

I f  the mo r e  s tr ingent 1 9 7 7  o r  1 9 7 8  s ta t u t o ry s t andards  are 
requir e d , fue l e conomi e s  w i l l  de c re a s e  as  eng ine a d j u s tme n t s  are 
made fo r minimum em i s s i ons . I t  i s  e s t i mate d that  1 9 7 7  s tandards 
wi l l  r e s ul t i n  r e du c e d  ave r a ge mi l e s  per g a l l on o f  1 9 7 7  mo de l s  
ove r  1 0  p e r c e n t  b e l ow 1 9 7 5 / 1 9 7 6  mode l s . I t  i s  e s t ima te d tha t  1 9 7 8  
s tandards  wh i ch c an only b e  mo d i f i e d  by l e g i s l a t io n  w i l l  r e duce 
ave r a ge mi l e s  p e r  gal l on o f  1 9 7 8  mode l s  by an addi t i on a l  1 5  p e r cent  
to  a mi l e s  p e r  ga l l on i ndex of  7 5  to 9 5  ve r s us 1 0 0  fo r 1 9 7 3 / 1 9 7 4  
mode l s .  I t  may b e  p o s s ib l e  to re gain  s ome o f  th i s  fue l e conomy loss  
by the app l i ca t i on of  o th e r  s ophi s t i ca te d  emi s s i on c on tr o l hardware 
i n  future y e a r s . Whe th e r  o r  no t th i s  w i l l u l t ima t e l y  o c cur in  a 
p r o du c t  wh i ch c o n s ume r s  are wi l l ing to pur cha s e  i s  no t known . 
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TABLE 16 

EFFECT OF EMISSIONS CONTROLS ON PAS SENGER CAR FUEL E CONOMY 

Regulated Emissions Relative Average 
(Grams 12er Mile) Fuel E conomy 

U . S .  Emiss ions S tandards * HC co NOx ( Index : 1 9 7 3 / 1 9 7 4=100)  

Uncontrolled (pre-1970)  15 . 0  90 . 0  6 . 2  115 

19 7 3 / 19 7 4  3 . 0  2 8 . 0 3 . 1 100 

19 75-19 76  ( Interim) 1 . 5  15 . 0  3 . 1  95-120 

19 7 7  (Original) 0 . 41 3 . 4  2 . 0  85-95 

19 77  ( Interim) 1 . 5  15 . 0  2 . 0  90-115 

19 7 8  ( Current S tatutory) t 0 . 41 3 . 4  0 . 4  75-95 

* Califo rnia limits not shown . 

t S atis factory hardware emiss ions performance and durability 
have not been demons trated . 

Even i f mo re s oph i s t i c a te d  hardware i s  deve l op e d  t o  the p o i n t  
whe re i t  c an b e  app l i e d  t o  the au tomob i l e  to me e t  s ome o f  the mo re 
s tr ingent  1 9 7 7  o r  1 9 7 8  s tandards , it  mi gh t  be p o s s ib l e  t o  h ave im
prove d  fue l e conomy w i th the s ame s oph i s t i c a t e d  h a r dware i f  l e s s  
s tr ingent emi s s i on r equi remen ts  were pe rmi s s ib l e . Evi dence  indi 
c a t e s  that the r e  wi l l  l i ke ly b e  s ome t r ade - o ff b� twe en max imum fue l  
economy and min imum em i s s ions . Gove rnment p o l icy make r s  mu s t  pro 
vide gu i d e l ine s for nat iona l p r i o r i t i e s  in t h i s a r e a . 

Curren t l y , C ongr e s s i s  c ons i de r i ng var i o us p rop o s e d  revi s i ons  
to the p re s en t  s t a tuto ry emi s s ion s t andards . Th e H C , CO  an d NOx 
l e ve l s vary w ide l y  among t he p ropo s a l s b ut a r e  w i t hin t he r an g e s  
pre s en t e d  on Tab le 1 6 . Th e s e  p l an s  a l s o  di ffe r a s  t o t ime s c he dul e 
for imp l emen t a t i on . Due t o  t h e  dive rs i ty o f  t he p ropo s a l s , i t i s  
d i ff i cu l t  t o  ana ly z e  t he i r  r e l at ive impac t s  o n  fue l e c onomy . How 
ever , mo s t  o f  t he p l an s  woul d r e s ul t  in futur e  ca r s  w i t h l o wer 
e f f ic i en c i e s t han 1 9 7 5 / 1 9 7 6 mo de ls . 

Any change in s ta tuto ry s tandards b eyond 1 9 7 7  r e qu i r e s  C on gr e s 
s i onal  approva l . Ac t i ons to fre e z e s tandards  a t  c ur rent  1 9 7 5 / 1 9 7 6  
l eve l s  shoul d b e  cons i de r e d  fo r the fo l l ow i n g  r e a s ons : 

• The ne e d  to  b a l ance a i r  qua l i ty wi th ene rgy cons e rva t i on 
was  no t cons i de r e d  in the 1 9 7 0  C l e an A i r  Ac t .  

• S c ient i f i c  in fo rmat ion r e l a t in g aut omob i l e  e mi s s i o ns an d 
a i r  qua l ity  deve lo p ed in th e pa s t  four ye a r s  sugge s t s  t hat  
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the p r e s en t  NOx and o th e r  s t andards may b e  o ve r l y  re 
s t r i c t ive . 

• The numb e r  o f  c a r s  on the ro a d  in 1 9 8 5  i s  expe c t e d  to b e  
much l owe r th an was e nvi s i oned a t  the t ime the 1 9 7 0  C l e an 
Ai r Ac t was wri t ten . Th i s  i n  i t s e l f  wi l l i mp r o ve a i r  qua l 
i ty .  

• P r e s en t  s t an dards  wi l l  cont i nue t o  imp ro ve a i r  qual i t y  fo r 
the next 1 0  yea rs a s  o l de r  c a rs a r e  r ep l a c e d  b y  n ewe r one s . 
Fr e e z i ng s t anda r ds a t  1 9 7 5 / 1 9 7 6  l e ve l s  w i l l  c on t inue to 
e ffe c t  s ub s tan t i a l  r e du c t i ons in p o l l u tan ts . Add i t i o n a l  
re duc t i ons tha t  coul d b e  expe c t e d  f r o m  s ta tu t o ry s t andards 
b e yond 1 9 7 7  wou l d be s ma l l  thr o ugh the e a r l y  1 9 8 0 ' s .  

• Free z ing  s t andards a t  1 9 7 5 / 1 9 7 6  l eve l s  w i l l  fac i l i ta te devel 
opme n t  o f  new engines  and con tro l sys tems wh i ch , wh i l e  p oten 
t i a l l y  h i gh l y  e ffi c i en t , a r e  inc a p ab l e  o f  me e t ing s che dul e d  
s ta tu to ry s tandards . Examp l e s  o f  p o s s ib l e  i mp roveme n t s  a r e  
the s tr a t i fi e d  charge  engine and th e l e an b urn p r i n c i p l e . 
Some vers ions  o f  the s e  innovat i o ns h ave b e en imp l emen t e d  · 

wh i l e  o th e r s  are  unde r  deve l opmen t . Al l o f the s e  p r o grams 
a r e  inh ib i t e d  by  the exi s t ence o f  p re s en t l y  s chedul e d  s t atu 
t o ry s t andards b e c aus e o f  the i r  s h o r t  comp l i ance t imes . 

Al t e r e d  Trave l Cha r ac t e r i s t i c s  

The re  a r e  t hr e e  a r e a s  wh ere c han g e s  i n  t rav e l cha ra·c t e r i s t i cs 
by 1 9 8 5  p r ovi de p o t en t i a l s fo r fuel c ons e rva t i on t ha t  a r e s ign i fi 
can t ly d i ffe rent t han tho s e  deve l op e d  in Phas e I .  Th es e a r ea s  a re 
carp oo l s , 5 5  MPH spe e d  l im i t , a nd impro vemen t s i n t ra ffi c f l ow . 

CaPp o o Z s  

The Pha s e  I r ep o r t  g ave 3 . 0 p e r s o ns a s  t he  r ea l i s t i c ave rage  
l oading fo r s tandard p as s en ge r - c a r  c arpo o l s . Howeve r dur i ng 1 9 74 ,  
c omp any s p on s or e d  van p o o l  p r o g r ams h av e s hown t hat t hes e 1 0  t o  1 2  
pa s s en g e r  ve hic l e s  c an b e  a s ign i fi c ant component o f  an o rg an i z e d 
carp oo l  e ffo rt . By  1 9 8 5 , vans cou l d  p ro vi de f o r  ab o u t 2 0 p ercent 
o f wo r k - t r i p  c a rpo o l ing . I n  a dd i t ion , a s  a r es u lt o f  p l anne d  
na t i on a l  p ro g rams t o  max im i z e  aut omob i l e p a s s e ng e r  l o a d s, p art i c ip a 
t i on in commut ing c arp oo l s  s ho ul d  b e  a t  th e p r ac t i c a l  max imum l ev el ;  
e s t imat e d  t o  be  7 5  p er cent o f  a ll automob i l e work  t r ip s . W i th maxi 
mum c arpo o l ing , t he ave ra g e  l o ad o f  a l l carp oo l s  wou l d  b e  4 . 0  p er 
s on s  p e r  c ar . I n  t he 1 9 7 2 b a s e  c a s e , p r i va t e p a s s en ge r  veh i cl e 
wo r k - t r ip t r ave l us e d  2 0 . 2  p er c e n t  o f  t o t al t rans p o rt at ion fue l . 
Us ing t hi s  b a s e , t h e  s aving s i n  t r a ns p or ta ti on fue l a s  a r es u l t 
o f  inc r e a s e d  ca rpo o l in g would  b e  7 . 3 p e rc en t o ve r th e current l ev e l  
and 4 . 9 p e rcent  o ve r  e s t imat ed 1 9 7 8 l eve l s ,  i f  max i mum ca rpo o l in g  
we re ach ieve d . A de t a i l e d  d i s c us s i on o f c a rpo o l ing i s  i nc l ude d i n  
App end i x  G ,  Exhib i t  I .  
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5 5  MPH Spe e d  L im i t 

Mo s t  o f  t he h i g hway t r ave l at  t he 5 5  MPH s p e e d l im i t  w i l l o ccur 
on the Ma i n  R�ral Ro ads . * Re l at ive fue l cons ump t i on at t he no rma l 
5 5  MPH · s p e e d  d i s t r ibut ion fo r Ma i n  Rural  Ro ad t r av e l  w it h  1 9 7 3 a s  
1 0 0  woul d b e  9 4  fo r  1 9 7 4  and 9 0  f o r  1 9 8 5 . 

I n  t he 1 9 7 2  b a s e  c a s e , t rave l on Ma i n  Rura l Ro ads  u s e d  1 9 . 3  p e r 
cent o f  t o t a l  t rans p o rt a t ion fuel . Th e r educ e d  s p e e ds  a t  t he p r e s 
en t l eve l o f  comp l iance  an d a t  t h e  no rmal 5 5  MPH a s s ume d fo r 1 9 8 5  
woul d re sul t in p e rcen t a ge r e duct ions i n  th e b a s e c a s e fo r t o t a l  
tran sp o r tat i on fue l o f  1 . 2 p erce nt in 1 9 7 4 and 1 . 9  p er ce n t  in 1 9 8 5 . 
A d e t a i l e d  d i s cu s s i on o f  t he 5 5  MPH s p e e d l im i t  i s i nc l ude d i n  Ap 
pendix G ,  E xh ib i t  I .  

Impro v e me n t  in  Tra tfi a F l o w  

Tra f f i c  cont rol  me a s ur e s  s uch a s  curb p a rk i ng p ro h i b i t ions , 
one -way s t re e t s ,  and t r a ff ic - r e spon s ive s ignal c ont r o l s  c an improve 
the fl ow o f  t r a f f ic on u rban art er ial s t re e t s . I t  i s e s t ima t ed 
t hat  the u s e  o f  t he s e  measur e s  c o ul d e l iminate  b e tween 0 . 5  and 2 . 5  
unn e ce s s ary s t o p s  pe r ve hi c l e  m i l e  o f t r av e l . B y  emp h a s i z ing p ro 
grams o f  t h e s e  t yp e s ,  it  i s  e s t ima ted t hat t ra ffi c f l o w imp ro ve 
ment s fo r the  next  1 0  years  c o ul d  re s ul t in t h e e l imin a t io n o f  one 
unne ce s s ary s to p , an d a 3 0 - s e c ond wa i t  p er ve h ic l e  m i le  o f  t rave l 
on urban a r t e r ial  s t r e e t s  durin g mo rn in g and ev ening p eak t r af f i c  
per i od s  i n  1 9 8 5 . S t ud i e s h ave s hown t ha t  t he av er ag e  ext ra fue l  
u s e  for e ach �uc h  s t op - an d -wa i t  de l ay i s  0 . 0 1 g a l l on . Trave l  on 
the urb an a r t e r i al s du ring t he peak p e r io ds is 1 8  p e r c e n t  o f  t ot a l 
urban t r ave l , and in the  b a s e  year , 8 . 8  p erc e nt o f  t o t a l  t r an sp o rt a 
t i on fue l u s e . B y  1 9 8 5 , t he t raffic  f low imp roveme n t s  s ho ul d r e 
s u l t  in a 9 . 9  p er cent r e duc t ion i n  p eak p e r i o d fue l  c o ns ump t io n and 
a 0 . 8 8 pe rcent reduc t i on in t o t a l  t r anspo rtat i on fu�l u s e .  

C ommerc i a l  Truck ing 

H i s t o r ic a l l y , t he Nat ion ' s  c o mme rc ial t r uck in g i ndu s t ry h a s  
accoun t e d  fo r a lmo s t  a l l l o c a l c a rgo t r ans po rt at i on a n d  ab o u t  one 
qua r t e r  o f  a l l  in t e r - c i t y  f r e i ght t on m i l e s . Th e c ont i nua t ion o f  
t he energy - s av ing s t ra t e g i es imp l emen ted  duri ng Phas e  I w i l l  r es ul t  
in add i t i onal  fue l  saving s i n  t he 1 9 7 9 - 1 9 8 5  t ime fr ame . Howeve r ,  
a po int o f  d im in i sh ing re t urn s w il l u l t ima t e l y  b e  r e ache d . Fo r 
examp l e ,  once a t ruck f l e e t  h a s  c onve rt e d  al l o f  i t s  t ru c k s  t o  
r ad i a l  t i re s , n o  fur t her s avings  c an b e  expec t e d  f r om t hi s  s t rat e g y . 

One area  where fue l s av ing s can c ont i nue t o  in cr ea s e i s  the o n 
go ing e f fort  t oward imp ro v in g  l o ad fac t o rs i nvo l v i ng s h ipp e r  coop -

*Ma i n  Rur a l  Ro ads : A Fe d e r a l  H i ghway Admini s tr a t i on gr oup i ng 
o f  appr oximate ly 6 0 0 , 0 0 0  mi l e s  o f  rur a l  h i ghways i s  made up o f  the 
rur al I n t e r s t a t e  and F e de r a l -Aid  Pr imary Sys tem and o th e r  m a j o r  
rur a l  r o ads . T h e  Ma i n  Rur a l  Ro ads carry at  l e as t 7 5  p e r c en t  o f  a l l  
rur a l  h i ghway t r ave l . 
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e r at ion i n  s u c h  ar e a s  a s : s ch e dul ing fle x ib ility , i n c r ea s e d  s ize o f  
in d iv i dual s h ipments , and cons oli dat i on o f  s h ipm ent s  i n  b ot h  p i c k 
up an d delivery an d i nte r - c it y  movements. To date , t h e  r e s ults i n  
the s e  a r e a s  h ave b e en q u it e  r ew a r d i ng. W it h  a n  i nc r eas i ng awa r en e s s  
on t h e  part o f  c a r r i e r s , s h ippe rs , and c once rn e d  g ov e r nment agen c ie s  
a s  t o  t h e  n e e d  for  c ont inue d pro gre s s  on fuel s av ing s , mo r e  c o o pe r a 
t i on an d c on st ruct ive r e sult s  c an b e  e xpe cte d i n  t h e  f ut ur e. I n  
exam i n ing and evaluat i n g  po s s ible me a s ur es f o r  t he c ons e rvat ion o f  
truck fuels , one o f  t h e  maj o r  pr oblems en c o unte r e d  i s  t he lack o f  a 
g o o d  metho d to me a s u r e  fu el e c ono my. Th i s  l a c k h a s  b e e n  not e d b y  
the Department o f  T r an s portat i on ( DO T )  and t he E PA. * 

Tec hn olo g i c al impro vements de s ign ed s p e c i f i c ally w it h  en e rgy 
s av in g s  potent i al in m i n d  w ill be i n co rpo rat e d  i nt o  t h e  ve h i cle s 
ut iliz e d  b y  c o mme r c i al moto r truck fle et s .  F u el c on s e rvat i on str at 
e g i e s  in it i at e d  b y  t h e  mot o r  c arr i er i n du st ry w ill als o  cont i nue in 
the future. Regulat i on s  and law s  o ften p r e c lude t he appl i c at i on o f  
many fuel - s av ing oppo rtun it i es ; howeve r ,  te c hnolo g i c a lly b a s e d  e f f i 
c i ency improvements may b e  ava ilab le , a nd i f  ut i l ize d b y  1 9 8 5 , may 
impr ove the fuel e f f ic i ency o f  c o mme rc i al t ruck fle et s .  A r e a s  o f  
potent i al fuel c on s e rvat i on in t h e  tru ck ing i n du s t r y  a r e  c ont a i ne d  
i n  the following d i s c u s s ion. 

G o ve rnment P ol i c i e s  and Re g ulat ions  

Many department s and a g e n c i e s  h av e  b e e n  e stabl i s h ed and n ume r 
ous law s have b e en enact e d  b y  fe de r al and st at e  gove rn m ents t o  pro 
v i d e  fo r the o rd e rly growt h  an d t h e  e n s u r e d ava ilab il ity o f  ade quat e  
c o mme r c i al tru c k ing s e rv i ce s  t hr o ug h o ut t he e c ono my. Anot he r pur 
po s e  o f  t he s e depa rtment s , ag enc i e s , and laws i s  t o  e n s u re h ealt h 
and s af ety pr ot e ct ion f o r  t h e  Nat i on. Un fort un at ely , t he c on fl i ct 
in g g o al s  o f  s o me pol i c i e s  and r e g u lat ion s promulgat ed b y  g o ve rn 
ment r e s ult in pen alt i e s  in t e rms o f  fuel e f f i c i en c i e s . 

Veh i cle d e s i gn r e g ulat i ons pr omot ing s a fety and env i ronmental 
prote ct i o n  are r e c o gn ized as b e ing n e c e s s a ry. Howe ve r , que sti ons 
h ave b e en r a i s e d  that c urr ent r e q u i r ements may be o v erly str ingent. 
It i s  s ug g e ste d that in th e a r e a  o f  new motor veh i cle r e qu i r ements 
mor e cons i de rat i o n  s h o uld be g i ven to c o st - b ene f it stud i e s  an d to 
a c o o r d inate d "sy stems approach "  in r e gulat i o n. 

The d iv e r s ity amo ng t he stat e laws g ov e rnin g t h e  s ize , we i g ht ,  
and type o f  tracto r s  and t r a il e r s  operat ing w it h in e ac h  j ur i s di c 
t i on pro mote s ine f f i c i en c i e s  an d r e du c e s p r o duct i vity. A standard 
izat i on o f  stat e  c o d e s c o uld r e s u lt i n  inc r e a s e d  p r o du ct i v it y  and 
thus fu el s a v i n g s .  

Con s i d e r at i on s ho uld b e  g iv e n  t o  t he po s s ibl e  fuel penalt i e s  
that m i g ht r e s ult from t h e  c o n fl i ct in g o b j e ct iv e s  o f  r e g ul at i o n s  
emanat in g from v a r i ou s  a g enc i e s .  Th e r e  s ho uld b e  a c ont i nuat i o n  o f  

* U . S .  Department o f  Tr ans portat i on and the U . S. E nv i ro nmental 
P rote cti on Agency , Potential fo r Mo to r Vehicle Fuel E c o n o m y  Imp r o v e
ment- - R ep o rt to the Co n g res s �  Was h i ngton , D . C . : O cto b e r 2 4 , 1 9 7 5 . 
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con s t ruct ive me asure s whi ch have al r e a dy b e e n  fo s te re d  by t he I n t e r 
s t a t e  Comme r c e  Comm i s s i on ( I CC)  and en co urag e d  b y  FEA a nd DOT . 
Thr ough c l o s er co op e rat i on towa rds c ons t ruc t iv e  ends , i t  i s  fo r e 
s e e ab l e  t hat s ign i f i c ant s t r ide s toward s ub s t ant i a l  ene r gy s avings 
can b e  real i z ed . 

Impr oved Ve h i c l e De s ign 

The s tr e aml in ing of t ruck b od ie s  and imp ro v ement s in  t r an s m i s 
s ion s and eng i n e s  can y i e l d fue l saving s  i n  t he fut ur e . 

• S t r e a m l in ing : By s tream l i n in g  b ot h  t r ac t o r s  and t r a i l e r s , 
the amoun t o f  a i r  r e s i s tance c aus ed b y  a ve h ic l e  mov ing 
a l ong a highway can b e  re duce d . The  Na t io nal S c ience Fo un 
dat i on h a s  fun ded ae rodynami c  r es e arch t o deve l op dev i c e s  
which coul d  r e su l t  in fue l s av ing s for t he mo t o r  fre i ght 
indu s t ry . A d i s cu s s ion of t h e advan t ag e s  and d i sa dv an t a g e s  
of t h e s e  devic e s  i s  g iven i n  App en dix G ,  E xhi b i t  I I . 

• Tran sm i s s i on s  an d  Eng i n e s : As a r es u lt o f t he na t ional 5 5  
MPH sp e e d  l imi t , many compa ni e s  when p l ac i ng o rde r s  for 
new tracto r s  a re spe c i fy ing t ha t t he t r an sm i s s i on b e  � e a r ed 
to g ive max imum e f f i c i ency o f  op erat io n  w it hin t ha t  s pe e d  
l im i t . Res e arc h i s  cont inuing t o  imp rov e b ot h  t he d ie s e l  
and the  turb ine eng in e . Th e e ff i c ie ncy o f  b ot h  o f  t he s e  
eng ine s app e ars t o  b e  incr eas i ng a t  an e q ua l  p ace . One 
p robl em affect ing th e gen e r al u s e  o f  t he t urb in e eng ine , a t  
l e as t in  the near fu ture , i s  the comp l ex t r ansmi s s i on r e 
qui r e d  to  r e duce the 1 0 , 0 0 0  r evo l u t i ons p e r  minu t e  ( RPM) 
of the eng ine . To day , ab out 8 0  p e r c ent o f  l o c a l  c ar tage 
trucks are powe red by gas o l ine eng ine s . I f  the e f f i c i e ncy 
of t he d i e s e l  eng i ne imp roves and p o l l ut i on control  de vi ce s  
incr e a s e  t h e  fue l  cons ump t i on o f  gas o l ine -pow ere d eng in es 
r e l at ive t o  that o f  die s e l -pow ere d eng ines ,  a ma j o r s h if t  
t o  d ie s e l - p owered t r ucks w il l  o cc ur . Th i s  s h i ft ha s al re ady 
b egun in Cal i forn i a . Th i s  shi ft i s  no t a comp l e t e  s o l ut io n  
t o  t h e  p rob l em b e c au s e  di e s e l  en g i nes c o s t  mo re , we i gh 
more , and are no i s i e r  t han a comp arab l e  ga s o l ine eng in e . 

When gove rnmen t re gul at i on fo rces  di sp ropo r t i o nate a t t en t i on 
to b e  g iven to one phase  o f  de s i gn ,  o th ers  w il l g ene ra l l y  s uf fe r . 
An examp l e  o f  t h i s i s in gas o l ine ve h i c l e s  wher e a ir po l l ut ion r egu 
lat i on s  have r e s ul te d in  r e duce d amo un t s  o f  ce r t a in c omp o un ds in 
the exhaus t at the expen s e  o f  i ncreas e d  fue l cons ump t i on , main 
t enance comp l e x i ty , and i ncreas e d  operat in g c o s t s . Th e p re s en t  
me thod of d i ffe rent gove rnmen tal ag enc ie s r e g ul a tin g s ep a r a te p a rts  
of the veh i c l e  with l i t t l e in te ra g ency coordi na t i on c oul d b e  imp rov ed . 

Trucking indus try eng ine e r s  have e s t ima t e d  tha t  i f  a l l o f  the 
government r e gul a t i ons affe c t ing veh i c l e  p e r f o rmanc e as  propo s ed 
in the l a t e  fal l o f  1 9 7 4  are promu l g a ted a s  wr i t t en , the end r e s u l t 
wi l l  mean an add i t i o n  o f  1 , 5 0 0  pound s t o  t o t a l  veh i c l e  we i g h t . 
Since the max imum gro s s  vehi c l e  we ight (we i g h t  o f  v eh i c l e  and cargo ) 
i s  s e t  by l aw ,  th i s  cou l d  mean o ther th ings b e ing e qu a l , that  the 
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reve nue p r o duc ing fre i gh t  car r i e d  by a t ract o r - t r ai l e r  comb i na t i o n 
would  h ave t o  b e  r e duce d b y  1 , 5 0 0  poun ds . Th i s  wo ul d r e s u l t i n a 
l os s o f  r eve nue , a reduc t i on in  p roduc t iv i ty , a nd a n in c r ea s e i n  
t h e  amo unt o f  fue l  consumed r e lat ive t o  t he amo un t  o f  fr ei gh t  t ran s 
p o r t e d . There fo r e , a " s y s t ems app roach " in r e gul a t ions c ou l d p rov e 
bene f i c i a l  t o  ve h ic l e  de s i gn . 

I mpr ove d Ve h i c l e  U s a g e  

S ince  t he Na t ion fa ce s a c o nt i nuing dep e n dence o n i n s e c ure im 
p o r t e d  s upp l i e s  o f  p e t r o l e um and t he p ro s p e c t  o f  s t e a di l y  r i s ing 
fue l  c o s t s ,  th ere i s  a p r e s s ing need fo r g r eat e r  p roduct ivi ty in a l l  
bus in e s s , indus t r ia l , and trans p o rt at i on u s er s o f p e t r ol eum . L o o k 
ing a t  the Nat i on ' s  future en e r gy nee ds , e a ch mo de o f  t r an s p o r t a 
t ion mus t  dev i s e  me t hods  fo r t r ans p o rt i ng a g i v en un i t o f  fr e i ght 
as e ff i c i en t l y  a s  po s s ib le . Th i s  nee d fo r i nc r ea s e d  t r an sp o r t at ion 
p roduc t i v i t y  app l i e s  t o  a l l  typ e s  of fre i ght . I f  mo r e  un i ts o f  a 
g iven typ e o f  fre i gh t  c an b e  move d p er s hipmen t , t he c os t  p e r  un i t  
fo r t r an sp o r t a t ion and the amo un t o f  fuel c ons um ed p er un i t  w i l l  
decreas e . Me t ho d s  o f  i mp ro ving veh i c l e  u s a g e  a r e  e xami n e d  i n  t he 
fo l l owing d i s cu s s i on .  

• Radi o Communi ca t i on s : Th e u s e  o f  ra di o  c ommun i cat i ons  a s  a 
t o o l  fo r s av ing fue l and i nc r eas i ng p r o du c t iv i t y  for  t he 
trucking i ndus t r y  w i l l f i nd i t s  gr ea te s t  app l ic a t i on in 
l oc a l  p i ck - up and  de l i ve ry ope rat ion s . I t  i s  e £t ima t e d  
that in p i ck - up an d de l i ve ry t yp e  op e rat ion s , fo ur t rucks  
c an do  t h e wo rk of  f ive i f  radio  c on t ro l l e d , a l l owing mo r e 
fre i g h t  to  b e  han dl e d  p er t r uck . I f  t e c hno l o gy in  t h i s  
a r e a  con t inue s t o  imp ro ve , ut i l i z a t io n  o f  r ad i o  c ommun i c a 
t i on s  on a n a t i onw i de b as i s  c an b e  an e f fe c t ive t o o l  t o 
improve t ruck e ff i c i enc i e s . Th e e x t e n t  t o  w h ich  r a di o  
commun i c at i on s  c an a s s i s t in  r e duc i ng the amo un t  o f  fue l 
c o n s umed b y  t h e  t r uc kin g i ndu s t ry dep en ds o n  t he t yp e  o f  
ope ra t i on s  an d t h e  l o cat i on o f  t he  mo to r c a rr i e r . 

• Twi n - TP a i Z e Ps : In  h i ghway fre i gh t  t r ans p o r t at ion , o n e  im 
me d ia t e  me t ho d  o f  incr e a s i ng p ro duc t i v ity an d r educ i ng the. 
amoun t  o f  fue l  c on s um e d  i n  th e e a s t e r n an d  s o u th e rn r e g i ons 
o f  the Un i te d  S t at es l i e s  i n  p ermi t t in g  t he o p e r a t ion o f  
twin t r a i l e r  comb i na t i on s . Twin - t r a i l e r s - - a c o mb i na t ion 
cons i s t ing o f  a t r uck  t r ac t o r  drawing two s ho rt  s emi 
t ra i l e r s  conne c t e d  by a c onve rt e r  dol l y - - ar e n o w  o p e r a t in g  
i n  more  t h an hal f o f  t h e  s t a t e s . T o  p rovi de l o w  c os t , e ff i 
c i en t  h ig hway t r an s p o r t a t i on t o  t h e  Na t ion  i n  t he fut ur e , 
the  t r uc k i n g  indu s t r y  mu s t  b e  ab le  to  u t i l i z e i ts mo s t  e ffi 
c i en t  and p r o duc t ive un i ts i n  a l l  s t a t e s . Ac t ion to  p e rmi t 
t he o p e ra t ion o f  twin - t r a il e r  c omb i na t io n s  in the r ema i ni ng 
2 0  s t at e s  which p ro hib i t  o r  re s t r i c t  t hes e un i t s  c o u l d  p ro 
v i de a s ign i fi c an t  bo o s t  to  t r ansp or t a t ion p roduc t iv it y , 
s ave fue l , and reduce  no i s e  p o l l ut i on a s  we ll a s  t ruck t ra f 
f i c . 

• Ra t e s  a n d  Pa c ka g i ng : Th e p ubl i c a t i on o f  r a t e  s c he dul e s  w i th 
g r e a t e r  e mpha s i s  on fre i ght de ns ity c o u l d  r e s u lt i n  fue l 
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s avings for  the  mo t o r c a rr i er  i ndus t ry .  Fo r e x amp l e , 
fre i ght den s ity  co uld  be  i nc reas e d  b y  s hipp ing g oo ds i n  a 
nona s s e mb l e d  s t at e o r  p r i o r to f inal p ac k ag i ng . 

• Ga t e w a  a n d  De v i a t i on Pr o c e dur e :  I n  e ar l y  1 9 74 ,  the I n te r 
s t a t e Comme r c e  Co mmi s s 1 on ( I CC e s t ab l i sh e d  p ro c e e di ng s t o 
e l imin a t e  the  s o - c al l e d  ga t eway p o int  fo r i r r e g u l a r  rout e 
carr i e r s  w i th t he o b j e ct ive o f  c ons e rvi n g  fuel . The g at e 
way e l im ina t i on rul ing doe s no t  app l y  t o gene r a l  f r ei ght 
carr i e r s who op e ra t e  o n  f ixe d r o u t es us ual l y  at  r egu l a r  
in t e rval s .  

• Po o L in g  o f  Se r v i c e s : Th e I CC i s  a l l o wi ng mo r e  p o o l ing o f  
s e rv i c e  amo ng carr i ers . Th e o ppo rt un i ty t o inc r eas e e ff i 
c iency t hr o ugh poo l ing  ar i s e s  wh ere n ume ro us c a r r i ers  h ave 
autho r i ty t o  s e rve a s pars e l y  p opul a te d  a r e a  and whe·.re  t r a f 
f i e  f l ow i s  ins uf f i c i en t  to  s upp o r t  r e g u l a r  d a i ly o p e r a t i ons 
b y  each c a r r i e r . A cont i nuing ove rv i ew h a s  b e en p r ovi de d t o  
en s ure  that  monopo l ie s  c r e a t e d  b y  t he p o o l i ng o f  s ervi ce s 
do n o t  re s ul t  in t h e rai s ing o f  p r i c e s  a nd/ o r  l imi t in g  t he 
qua l i ty o f  s e rv i ce . 

• T h e  Mo t o r - Fo r -Mo t o r  Sub s t i t u t e  Se rv i ce :  An e xp e r im en t ap 
p r oved by the I CC wit h curren t fu el cons e rva t ion e f fo r t s  
i n  mind , ha s proven t o  be  a s uc c e s s ful m ean s o f  s av in g fuel 
in s e l e c t e d int e r - c i ty op e r at i on s by  a l l o wi ng c a r r i e r s  t o 
l imi t t he extent t o  wh ich t r uc k s  a r e  mo ved w it h l es s - th an 
ful l l o ads be tween p o in t s . The I C C  h a s  r ece nt l y  app roved 
the t a r i ff  o f  t he M i ddl e At l ant i c  Con fe r e nce Ca rr i ers , 
al l owing t hem t o  ut i l i z e t hi s  s e rv i ce t o a l l p o int s and 
p l ace s s e rve d by t hem . Th e p ro g r am c anno t s o l ve a l l  t r a f 
f i c  imb a l an c e  prob l ems b ut i t  do e s  ho l d  t he p romi s e  o f  co n 
s truc t i ve p r o g r e s s .  

• Impr o v e d  Fre i g h t Ha n dL i n g : The Equipm en t  I n t e r ch an g e  As 
s o c ia t i on has  b e e n  r e spons ib l e  fo r s ign i fi c ant i mp ro vemen t s  
i n  t h e  f r e e  f l o w  o f  goods  among mo t o r  c a rr i er s . Th i s  i s  
be ing  accomp l i s he d  by  agreemen t s amo ng t he p ar t i c i p an t s 

A I RWAYS 

t o  expe d i t e  the  handl ing o f  int e r - l i ne fr e i g h t  whe re t he 
de s t inat i o n  o f  goo ds cro s s e s  o p e r a t iona l  b o un da r i es .  The 
p r o g r am h a s  re s ul te d in mo re  c o n t ro l a nd e ff i c i en cy fo r 
int e r - c i ty  drivers  and a l s o  i n  co ns e r va t ion  o f  fue l . Th i s  
p r o g r am al s o  has  t he e nco urag eme n t  o f t he I CC .  

The cur rent consump t io n  o f  av i a t i on fue l s  r ep r e s en t s  ab out 1 1  
p e r c ent  o f  t h e  t o ta l  fue l u s e d  i n  the tr ans p o r t a t i o n  s e c to r . Th i s  
c o n s ump t i on l eve l  r e s u l t e d  from t h e  s t e ady g r owt h i n  ai r t r av el due 
to pub l i c  deman d  for  i t s  c onven i en ce and  s p ee d . A i r t ra ns p o r t at i on 
accoun t s  fo r 8 0  p ercent o f  t he p ub l i c  c a r r i er i nt e r - ci t y  p a s s enge r 
mi l e s  in t h e  Un i t ed S t at es an d 9 3  p e rc e nt f o r  t r ave l t o  c i t i e s  o ut 
s ide the  Un i t e d  S t a t e s . Al so , ove r  6 b i l l i on t on m il e s  o f  c ar g o  
s ervice  i s  prov i de d  b y a i rl in es . Te c hno l o gi c a l  a dvance s  ho l d l ong -

7 3 



t e rm p r o m i s e  for  c on t inue d imp rovemen t 1 n  a i r t rans p o r t a ti on ene rg y  
ut i l i z a t i on . 

Curre n t  T e c hno l o gy No t Ye t Ful ly I mp l emen te d  

S ince t he b e g inn in g  o f  av iat ion t he r e  ha s b e en a s te a dy s t r eam 
o f  t e c hno l o g i c a l  a dvance s t hat has  ma de t h i s  mo de s a fe r , mo r e  r el i 
ab l e , more  comfo r t ab l e , mo r e  c o nven i en t , and mo re ene r g y  e ff i c ien t . 
Today , t here e x i s t s  advan c e d  t e c hno l o gy t hat h a s  no t yet  b e c ome 
fu l l y  emp loyed  in t he t o t a l  U . S . a i r l ine fl e e t . Th i s  c ur r en t l y  
ava i l ab l e  a dvanc e d  t e c hno l o gy w i l l  p rovi de al l , o r n e a rl y  a ll ,  o f  
t he i mp ro ve d  ene r g y  u t i l i z a t ion tha t c an r ea l i st i c a l l y  b e  expe c t e d  
dur ing t he Phas e I I  p er i o d . 

An examp l e  o f  t h is kind o f  t ec hno l o gy i s  t he p h as i ng o ut o f  
pure t urb o j e t - p ow e r e d  a i r c raft  and r ep l ac i n g  t he m  w i th mo r e  e ff i c ient 
turb o fan - p owe r e d  a i rc r a f t , an d eve n mo r e e ff i c ient h i gh by - p as s rat i o , 
turbo fan - p owe r e d , w ide -b od i e d  a i rcraft . A l s o , s o - c a l l ed " s t r et c h e d " 
a i r c r a f t  w i t h  b e t t e r  s e at -m i le c o s t  c haract e ri s t i c s  c o nt inue t o  b e  
deve l op e d  and t o  t ake t heir  p l ace  i n  t he a i rl in e  f l e e t . 

Whi l e  i t  i s  i mpo s s ib le t o  accurat e ly p ro j e ct t he fut ure i mp a c t  
of  t h i s cur rent advanc e d  t e c hn o l o gy , t he f o l l o wing t ab ul a t i on dep i ct s  
t he improvemen t  i n  ava i l ab le t on mi le s ( ATMS ) o f  t r ans p o rt a t i on p e r 
gal lon o f  fue l  c o n s ume d t hat h as b e en ac hieve d i n  r ece nt ye a r s . Th e 
p e r i o d  c ove r e d  in c l ude s t h e  l i fe span t o  dat e o f  t he w ide -b o di e d 
a i r c r a f t  wh i c h  numb e r e d  ab out 3 0 0  in t he U . S . s c he du l e d a i rl ine 
f l e e t  a t  t he end  o f  1 9 7 4 . 

AVAI LAB LE TON M I L ES P ER GALLON P ER Y EAR 

1 9 6 9  

4 . 2 2 

1 9 7 0 

4 . 3 9 

1 9 7 1  

4 . 6 5  

1 9 7 2 

4 .  7 2  

1 9  7 3  

4 . 8 2 

* P r e l i minary ( 9  mont h s ) 

1 9  7 4 * 

5 . 1 0  

Ano t he r  p r om i s ing a spe c t  o f  t e c hno l o gy t hat s houl d s upp o r t  a 
change  in t h e  p r o c e dure s for a i rspace  u s e i s  imp rov ed a i rc r a ft a l 
t ime t ry s y s tems . Th e s e  imp rove d  s y s t ems a r e  c u�ren t l y  i ns ta l l e d 
in mo s t  o f  t he U . S .  a i rl in e fl e e t . W i t h  a c ha ng e in Fe de r a l  Av i a 
t ion Adm in i s t ra t i on ( FAA) rul e s  c once rn i n g  ve r t ica l  s p a c ing  b e tween 
u s ab l e  h igh a l t i tude fl i ght c rui s ing l eve ls , mo r e  a i r c r aft  c oul d 
cru i s e  at t he op t i mum e ffic ient  a l t i t ude s . Ano t he r  examp l e  o f  
ex i s t ing t e c hno l o gy curren t l y  b e ing imp l em en te d  is an a ir t r a ff i c  
contro l automa t i o n  b as e  wh i ch a l l ows i mp rov ed i den t i f i c at i on and 
rout ing of a ir c r af t  en ro u t e  and i n  a i rp o rt t e rminal  phas e s  o f  
f l i g ht . Al s o , maj o r  e ffo r t s  ar e un de r way t o  i mp ro ve t he e f fi c i ency 
o f  a i rp o rt s . Any r e s u l t ing r e duc t ion i n  de lays and c i rcui t o us r o ut 
ing s p r ov ide s b e t t e r  fuel ut i l i z a t ion . 
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New T e c hno l ogy in Re s e a rc h  S t age 

B e yond t he 1 9 8 5  p e r i o d , new advance s in t e chno l o gy n ow b e ing 
re s ear ched and s t imul a t e d  by t he change d fue l  s it ua t io n  ho l d  p rom 
i s e  fo r fur t her i mp ro vement  in ene rgy u t i l i z a t i on when th e n ex t  
g ener a t i on of a i r c ra ft  arid eng i�es c o me s  int o a i r l i n e  s e rv i c e  (p e r 
hap s b e g inn ing in t he l a t e  1 9 8 0 ' s ) . R & D  for maj o r  imp r o veme n t s  
i n  a i r c r a f t  ene rgy e ff i c i ency i s  a t op p r i o r i t y  o f t h e  N a t ional 
Aeron au t i c s  and Space  Admini s t ra t ion ( NASA) . NASA ' s  n e a r - t e rm 
t e c hno l o g ie s ( t ho s e  t e c hno l o g i e s  NASA b e l i eve s c a n b e  de v e lo p e d  
b e fo re t h e  e a r l y  1 9 8 0 ' s ) i n cl ude : s up e rc r i t i c a l a e r o dynam i cs ,  c om 
po s i t e  mat e r i a ls , advanc e d  p ropul s i on ,  imp ro v e d  d ig it a l  fl i gh t  c on 
tro l s ,  an d " ac t ive " cont ro l s . NASA c la ims  t he s e ne a r - t e rm t e c h 
no l og i e s c oul d a l l ow fue l c on s ump t ion t o  b e  r educ e d  3 5  p er c e nt b e l ow 
pre s ent day wide - b o d i ed t r an sp or t  a i rc ra f t . As i s  t he c a s e  w it h  
current a dvan c e d  t e chno l o g i es , any new te c hno l o g ie s  w i l l  t ake ye a r s  
a f t e r  in i t i a l  i n t ro duc t i on t o  b e come ful l y  e ffe c t ive t h r o ugho u t  t he 
a i r l ine fl e e t . 

Po s s ib l e  Te c hno l og i c a l  Advance s in t he Di s t ant Fut u r e  

NASA ' s  l ong - t e rm t e chno l o gy wh i c h  m i g h t  cut fue l c o n s ump t i o n  
ano the r 2 0  p e rc ent from t oday ' s  wide - b o d i e d  a i r c r a ft l eve l inc lude s : 
l aminar fl ow cont ro l u s ing  b o un dary - l aye r t e chn i qu e s  a n d  a r evo l u 
t i onary concept  o f  c omp l i an t  s k in a i r c r af t . O t her futur e p o s s ib il 
i t i e s  inc l ude unconvent ion a l  de s ign s suc h a s  f l y in g  w ing s u s i ng t he 
s p an - d i s t r ibut i on l o ad c onc ep t . 

U s e  o f  l iqu i d  hydro gen a s  an al t erna t ive fue l i s  un de r s tudy 
but woul d r e qu i re t o t al l y  n ew a i r c ra ft de s ign s an d hydr o gen p ro duc 
t ion and suppl y  d i s t r ibut i on s y s t em s  wh ich a r e  non e x i s t en t  a t  t h i s  
t ime . I f  t he de c i s ion were  m ade t o  us e l i qui d hyd r o g en , t he 
earl i e s t  d a t e  for  in cep t i on i s  t he 1 9 9 0 - 2 0 0 0  p e r io d .  

RA I LWAYS 

The ra i l way mo de i s  r e c o gn i zed  a s  o n e  o f  t he mo s t  e f f ic i en t  
me ans fo r t ran sp o r t in g g o ods . Th i s  mo de u t i l i z e s  o nl y  3 p er cent 
of  t he t ot a l  fue l c ons ume d in th e t r an s p o rt at i on s e ct or and has 
l ow emi s s i on l e ve l s . Ra i l r o ads a c co un t  fo r n e a r l y  3 9  p er ce n t  o f  
al l in t e r - c i t y  fre i ght ton  mi l e s . Tho ugh r a i l w ay s  c ons um e  o n l y  
a smal l pe rcentag e o f  t he t ot a l  fu el u s e d , a p o ten ti al e x i s t s  fo r 
imp roved e ff i c i ency w i t h in t h i s mo de . Th e fol l o win g i s  a de s c r ip 
t i on o f  t he a r e a s  wh ere , in l ight o f  on - g o i ng r e s e a r ch , energy  c on 
s er va t ion and e nvi r onmen t a l  p ro te c t ion c o u ld r es u l t  b y  r a i l ro ad s . 

• The p r e s ent  d i e s e l - e l e c t r i c  l o como t ive i s  a h i gh l y  e ff i c ient  
ene r gy conve r s i on s y s t em . I t  ach i ev e s  h i gh e ff i c i ency l eve l s  
i n  fue l ut i l i z at ion  and , th e r e fo r e , n o  p o t ent i a l  e x i s t s  for  
s i gn i f i c ant change s in fue l  cons ump t i o n . 

• I n  v iew o f  t he c o s t  o f  fu el, much a t t en t i o n  ha s b e e n  p a id 
t o  op e ra t ing p rac t i ce s  wh ich w oul d op t imi z e  fue l u t i l i za 
t i on . 
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• The d i e s e l  eng in e i s  a r e l at ive ly l o w  s ourc e  o f po l l utan t s .  
U t i l i z in g  p r e s ent eng inee r i ng de s ign mo d i f ica t i on s ,  i t  i s  
c omp a t ib l e  w i t h p roj e c t e d  emi s s ion s tan da rds . 

• I n  t he a r e a  o f  env ironmen tal c on tr o l s , o n l y  n o i s e  r e duc t ion 
t ec hn o l ogy p r e s e nt s a p o s s ib l e  t hr ea t  t o t he e ff ic iency o f  
t h e  d i e s e l  l o como t ive . 

• G a s  turb ine s , d i r e c t  c oa l - fi re d  t urb i ne s , o r  o th er fo rms 
of b a s i c  energy c o nve r s i on sys t ems d o  no t app ea r p romi s i ng 
a s  a r ep l aceme n t  for t he d i e s e l  eng i ne as a s e lf - co n t a i ne d  
p ow e r  p l an t  on a l o como t ive . 

• T e c hno l o gy for t h e  adop t i on o f  t he e l e c t r ic l o c omo t iv e ha s 
b e en deve l op e d . E l ec t r ic l o co mo t ives  a r e b e ing u s e d  in a 
f ew s e l e ct ed s i t es in t he Un i t ed S t at e s . Th e e l e c t r i c  l o 
como t ive i s  advan t a g e ou s  b e c aus e a var i ety o f  fo s s i l a nd 
nuc l e ar fue l s c an b e  u s ed t o  g en e ra t e  e l e c t r i c i t y  which in 
turn , p r o v i de s p ow e r  for t he l o como t i ve .  Howe ve r ,  t he h i g h  
c ap it a l  c o s t  o f  e l ec t r i c  sys t ems a nd t he n e c e s s i ty fo r i n 
sur ing c o n t inu i t y  o f p owe r a t  a t ime when u t i l it i e s  a r e  
b e in g  p re s s e d  t o  s upp l y  p r e s ent e l e c t r i c  p o we r  dem ands , 
t end t o  s tand in t he way o f  an e a rl y a nd mo re g en e r a l  ut i l i 
z a t i on o f  t h i s  advancemen t . 

T r a in P e r fo rman c e  Cal cu l a t o r s  

A numbe r  o f  n e w  ana lyt i c a l  t oo l s  a r e  b e c omi ng avai l ab le t o  t h e  
r a i l ro a d  indus t ry . Th e s e  p e rm i t  c a re fu l  c a l cu l at i o n s r e g ar d in g  the  
forc e s  in  t r a i n s  an d  the  ene rgy invo l ve d  i n movi n g  t r a i n s  w i th 
var i ou s  l oads  a t  var iou s s p e e d s . E ar l i e r  ve r s i o n s  o f  t r a i n  p e r 
forman c e  c a l c ul at or s  h ave b e e n  ext ens iv e ly app l i e d  i n  mo r e  e f f i 
c ien t de s ign o f  t r a ff i c  p a t t e rn s  and t he de t e rmi nat i on o f  o p t imum 
op e r a t ing cond i t i on s . B o t h  l ead to m in i m i z i ng fue l c on s ump t ion . 
Wh i le t he s e t o o l s  can a l s o  b e  u s ed t o  m i n im i z e  f o r c e s in t ra i ns , 
t he r eby incr e a s ing e qu ipmen t l i f e  a nd r educ i ng p o t en t i a l  fo r de 
r a i lment ; i t  i s  exp e c t e d  t hat t he i r  app l ic a t ion w i l l  a ls o  inc r ea s e  
fue l  op t im i z at i on . 

Emi s s i on Cont r o l s 

New t e chn ique s t o  me asure  vi s ib l e  emi s s i on s  have b e en d e ve l ope d .  
The s e  t e chn i q u e s  a r e  exp e c t e d  t o  b e  app l i e d  e x t en s ive l y  i n  l o c omo 
t ive r ep a i r  s ho p s  and w i l l a s s ur e  tha t  r ep a i r s  t o  l o c omo t iv e s  a r e  
cons i s t ent wi th  envi ronment a l  contro l s , a n d  t h a t  t h e  l owe r i nv i s i b l e  
emi s s i on l e ve l s from current new l o como t iv e s  a r e  ma i n t a ined . Th e 
t e chni que  app l i e d  to  a s s u r e  comp l i an c e  w i th env i ronment a l  cont ro l s  
o n  v i s ib l e  emi s s i on s  wi l l  a l s o  c ont r ib u t e  t o  m a i n t enanc e p e r formanc e 
whi ch ensur e s  o p t imum fue l consump t i o n . 

One n e g a t ive f ac t o r  i n f l u en c i n g  fue l  c ons ump t i on a nd en g i ne 
e ff i c i e n cy i s  eme rg ing in t he E PA c o nce r n o ve r n o i s e  emi s s ion s 
fr om l oc omo t ive s . I f  a requ i remen t were  i n tr o duc e d  f o r  muffl e r s , 
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s ome de t e r i or a t i on in t he e ff e c t ive l i fe o f  a l o como t iv e  and in 
prob ab l e  fue l con s ump t i on may r es ult .  The b ac k - p r e s s ur e  i nc r ea s e  
that may r e sul t from a muffl e r  ob s t ruc t ion i n  t he f l ow o f  exhau s t  
g a s e s  coul d r e duce  t he e ff ic i ency o f  c omb us t i on i n t he d i e s e l  l o 
c omot ive . Howe ve r , evidence  i s  eme rg in g w h ich  indi cat e s  t ha t 
some muffl er s may b e  l e s s  re s t r i c t ive t han t h e  s p ark a r re s t o r s  
they a r e  int ende d t o  r ep l ace . 

Al t e rn a t e  Power S o ur c e s  for  Locomo t ive s 

Gas  turb ine l o como t i v e s  have b e en c ons truc t e d  but  h ave no t 
b e en fo und e ff e c t ive i n  prov i d ing the  l ar g e , va r i ab l e  amount s o f  
ene rgy tha t mu s t  b e  gene r a t e d . Ac c o r ding ly , o th e r  int e rnal  and 
ext e rnal  c omb us t i on eng i n e s  have b e en exam i ne d ; b u t  none , w i t h  the  
pos s ib l e  excep t i on of  the  e l e c t r i c  l o como t i v e , h a s  b e en found to  
b e  as  a t t r a c t ive  a s  t h e  d i e s e l - e l e c t r i c  l o c omo t ive  wh i ch is  now in 
s e rv i c e . 

Di e s e l  Eng i n e s  

S o m e  p r o gr e s s  has  b e en made by chang ing the  d e s i gn d e t a i l s  f o r  
l o como t i ve·  d i e s e l  eng ine s  t o  r e duce o x i d e s  o f  n i t r o g e n  w i t ho u t  
chang ing o r  inc r e a s ing t he carbon monox i d e  emi s s i o n s . The  p r e s ent 
d i e s e l  l o c omo t ive as mo di f i e d , app e a r s  t o  be c o mp a t i b l e  wi t h  l ong 
t e rm emi s s i on s t anda r d s . 

WATE RWAY S 

Ma rine  t r ans p o r t a t i on ene r gy produc t i v i ty ( the  ton  mi l e s  o f  
cargo de l ive r e d  p er un i t  o f  ene rgy con s um e d )  i s  p r i nc ip a l ly a func 
t i on o f  the fo l l ow i ng fac t o r s : 

• Ve s s e l  s p e e d  

• P ay l o ad p e r  voyage 

• D i s t anc e b e tween p o r t s  

• Fue l con sump t i on en r o ut e 

• Load/ un l o a d  rat e 

• Fue l con sump t i on at p o r t  . 

I n  order  t o  ra i s e b o t h  ve s s e l  p r o duct ivi t y  ( r ev enu e  t on s  
hau l e d  p e r  yea r )  an d e ne rgy produc t iv i t y , i t i s mo r e  e conom i c al 
and mor e  energy e ff i c ient  t o  i ncr e a s e  p ayl o ad p e r v oyage  r a t h e r  
t han inc rea s e  ve s s e l  spe e d . Th i s  i s  due t o v es s e l  c on s t ruc t ion , 
op era t in g  c o s t s , and fue l consump t ion w h ich  a re d i r ec t ly r e l at ed 
to powe r  r e qu i r ement s .  F o r  t hi s  r e a s o n ,  t ec hno l o g i ca l i mp r o ve 
ment s in h igh - v o l ume bul k c a rgo , mar i n e  t r ans p o r t a t ion a r e  mo re  

7 7  



econom i c al when d i r e c t e d  t o  increas e d  ve s s e l  o r  b a rg e - t ow di s 
p l ac emen t c omb i n e d  w i t h qui c k e r  c argo l o ad i ng a nd d i s cha rge s y s 
t em s . Neve r t he l e s s , q u ick - d e l ive ry c ap ab i l i ty i s  a n imp o rt an t  r e 
qu irement in c on t a ine r i z e d  an d o t her nonb u l k  c argo  a nd p as s en ge r  
mar ine t r an s p o r t a t i on . H e re , a s  wel l a s  w i t hin t he ov e ra l l v e s s e l 
de s ign p arame t e r s  o f  bulk  cargo  s e rv i ce , imp ro veme n ts i n ve s s e l  
sp e e d , and fue l c ons umpt i on r a t e s  a t  vary ing  s p e e ds o ffe r s i gn i f 
i c an t  opp o r t un it i e s  fo r inc r e a s e d  v e s s e l  p ro du c t i v i t y  a nd fu e l  
c o n s ump t ion e f f ic ienc y . 

Ava i l ab l e Te c hn o l ogy 

Ve s s e l  D i sp l ac ement 

O i l  t anker s having a d i s p l ac ement of 5 0 0 , 0 0 0  de a dwe ight  t ons 
( DWT ) ; ore - b u l k - o i l  c omb ina t i on ve s s e l s  o f  2 5 0 , 0 0 0  DWT ; dry c argo 
b ar g e - on - s h ip o r  c on t a i ne r  ve s s e l s o f  2 5 0 , 0 0 0  DWT ; i nt e g ra t ed t ug 
b a r g e  ve s s e l s o f  1 0 0 , 0 0 0  DWT ; an d inl and wa t e rway t ow s  o f  5 0 , 0 0 0  
DWT are  curr e n t l y  i n  us e or  under de s i gn . One e xamp l e  o f  p o t e nt i a l  
ene r gy s avings  fo l l ows . O n  a r ound - tr ip voya g e  from the P e r s i an 
Gul f v i a  t he Cape  o f  Go o d  Hop e t o  t he U . S . Gu l f  Co a s t  and b ac k , i t  
i s  e s t ima t e d  t hat a 1 2 0 , 0 0 0  DWT t anke r c ons ume s ab out  6 0  p er c en t 
as muc h fue l  p er t on o f  cargo  t r an spo rt e d  a s  a 5 8 , 0 0 0  DWT t anke r ;  
wher e a s  a 2 6 5 , 0 0 0  DWT ve s s e l  c ons umes  onl y a b o ut 4 5  p e r c e nt o f  t he 
fue l  r e q u i r e d  p e r  t on o f  car g o  as t h e  5 8 , 0 0 0  DWT t anke r . Ye t ,  due 
to  the  2 5  year  l i f e o f  many ve s s e l s ; po r t  dra f t  and h andl in g s i ze  
l im i t at ion s ; b o t t l en e c k s  in  inl and wat e rway c hann e l dep t h s  and 
lock throughp u t  c ap ab i l i t i e s ; and l im i t e d  r e qu i r emen t s  fo r c e r t a i n  
r o u t e s ; t h e  ave r ag e  s i z e ve s s e l  o r  b ar g e - t ow cur r en t l y  i n  u s e i s  
b u t  a fr ac t i o n  o f  the current  te-chno l o g i c a l  o p t imum . 

P ropul s i on E ff i c i ency 

P r e s ent  s t eam - t urb ine and d i e s e l - en g in e  d r iv e p ower p l an ts have 
the rmal e ff i c i enc i e s  o f  about  2 5  an d 3 5  p er c e n t , r es p e c t iv e ly , whi l e  
t h e  p r e s en t  mar in e  g a s t urb in e h a s  a th ermal e ff i c i en c y  o f  ab out 2 3  
p e r c en t . Al t hough t hi s  put s t h e  p r e sent ga s t ur b i ne e n g i ne a t  a 
fue l e f f ic iency d i s a dvan tage  fo r mo s t  b u l k  c a r g o  ma r in e  s e rv i ce s , 
it s l ower we ight t o  power r a t io o f 1 t o  2 poun d s  p er ho rs epower 
comp a r e d  t o  s p ec i f i c  we i ght s of  1 5  t o  3 5  p o unds p er ho r s e power for 
s t e am - turb ine s  an d d i e s e l  eng ines make s ma r ine g as t urb ines  t he 
mo s t  f e a s ib l e p ow e r  s o urce fo r h igh - spee d , s ma l l - d i sp l a c e men t hy dro 
fo i l  and surface - e ff e c t  s hips . Nume r o us s ma l l imp ro v emen ts i n  the 
fue l e f f ic i ency p e r fo rmanc e o f  e ac h  p ropul s i o n  s ys t em i nc l ud i ng n o t  
on l y  p o w e r  p l an t s  but a l s o d r i v e  t r a ins and p ro p e ll e rs , c a n b e  i n 
corp o r a t e d  i n t o  the cons truc t i on o f  up d a t e d  ve r s i o n s . Examp l e s  o f  
s uch imp r ovement s are : comput e r i z e d fue l and a i r - int ake mon i t o r ing 
and ve s s e l - op e ra t ing c ontrol  s y s t em s ; advan c e d r eh eat  s t e am p ro 
p ul s io n ; mo de rn mar ine rad i ant  b o i l e rs ; imp ro ve d me d ium - an d  s l ow 
spe e d  d i e s el eng ine s ; an d c on t ro l l ab l e p i t ch p rope l l e r s . 
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Hydrodynami c E ff ic i en cy 

Among t he pr inc ipal  a r e a s  o f  imp r o ve d hydr odynam i c e f fi c i en cy 
is the r e o p t im i z a t i on o f  s h ip , barge , an d t ug hul l de s ign t o r educe 
drag and i mp r ove wave -mak ing r e s i s t anc e , s t ab i l i ty , c a rgo  s t o r ag e 
spa c e , and s e awo r t h ine s s . O t he r  p r e s en t  t e c hn o l o g y  in cl ude s t he 
us e o f  va r ious hul l c o a t ings  and f i lms t o r educe f l u i d  fr i c t i on ; 
op t imi z e d  b a rnacl e remo val and hul l c l e an in g s c h e dul e s ; an d i n 
c r e a s e d  us e o f  in t e g r a t e d  tug b a r g e  s y s t em s . I n t e g ra t e d  t ug b a r g e  
s y s t ems emp l o y ing a un i f i e d - hu l l  c onf igurat i on o f  pus h e r - t yp e  tug 
l o cked t o t he n ot c he d  s t e rn o f t he ba rg e c omb ine the imp rove d 
hydrodynam i c s , s p ee d , and maneuve r ab i l i t y o f  a s h ip - typ e in t e g ra t e d 
hul l  d e s ign . Such a c on f i g ur a t ion r e s u lt s in n o  r el a t i v e mo vemen t 
be twe en b a r g e  an d tug a s  comp ared t o  a towe d  o c e an b arg e w i t h t he 
f l ex ib i l ity o f  o p e r a t in g  the t ug indepen de nt l y o f  t h e  b a rge . 

Wa t e rway Sys t em C apac i t y  

C ap ac i ty r e s t r a int s po t en t i al l y  l imi t ing  fue l e f f i c i en cy im 
provemen t s  through us e o f  l a rg er d i sp l ac ement ve s s e l s e x i s t  w it h 
r e sp e c t  t o  de epwa t e r p o rt s  accommo da t ing ve ry - l arg e and ul tra - l a rge  
s i z e  c a rgo  c ar r i e r s  ( VL C C ' s  an d UL CC ' s ) ; d r a f t , len g t h , and w i d t h  
r e s tr i c t ion s on maj o r  in l an d r ive r s ; b a r g e  an d v e s s e l  l o ck h an dl ing 
l im i t a t i on s ; and b r idge  ob s t ruc t i on s s uch a s  n a r r ow s p an s  b e twe en 
p i e r s  and l imi t e d  v e r t i c a l  c l e arance s .  Th e De e pwa t e r Po r t s Ac t 
of 1 9 7 4  enab l e d  p r op o s ed cons t ruct i on o f  de epwa t e r  p o rt s  on  t he 
At l an t i c ,  Gu l f ,  and Pac i f i c  C o a s t s . P l ans a r e  a l s o  mo v ing ahe ad 
for r e l i e f  o f  s ome o f  the b o t t l ene cks on the M i s s i s s ipp i , Oh i o , and 
I l l ino i s  R ive r s . Howe ve r , an t i c ip at ed future  t ra f f ic g rowt h  r e 
qu i r e s  add i t i o n a l  cap a c i ty e xpan s i on by imp ro vin g l o ck s , r emo vin g 
ob s t ruc t i on s , and dre dg ing 1 2  fo o t  chann e l s in key s e gmen t s o f  t he 
in l and wat erway s y s t em . Pr ovi s i on s  fo r 1 2  fo o t  c hann e l s a r e  c a l 
cul a t e d  to bo o s t  c ap a c i t y  by  ab out 4 0  t o  5 0 p e rcen t .  I n  a dd i t i on , 
improved n av i ga t i onal and c ommun ic a t i on a i d s ,  we a t h e r  a dv i c e , an d 
i cebre ak ing t e c hn i que s a re ab l e  to  cont r ibut e t o  ve s s e l  fuel  c o n 
sump t i on e ff i c i en cy . 

Terminal  and C argo H andl in g C apab i l i ty 

I nc r e a s e d  t e rm ina l and cargo h an dl i ng c ap ab i l i ti es c an e ffe ct  
fue l  s av ing s by r e duc ing ve s s e l  fue l con s ump t i on d ur in g t he l o a d ing 
and unl o ad ing pha s e s .  Thes e p ha s e s  o ft en r ep r es e nt a s ign i f i c an t  
s hare o f  t o tal  r o un d - t r ip voyag e t ime . S h ip b o a r d  and t e rm in al 
cargo han d l ing and p l ac eme nt , and data r e c o r d i ng a u t omat ion sys -
tems c an e ff e c t s ign i f i c an t  saving s . Ul t im a t e ly t he s e c o ul d  b e  e x 
tended t e c hno l og i c a l l y  t o  incl ude comp l e t e l y  automa t e d , un s t a ffe d 
l oad ing an d unl o a d ing  sys t ems . Co nt a in e r - s h ip s ,  ro l l - on/ ro l l - o ff 
ve s s e l s ,  and r a i l  c a r  fe r r i e s p rovi de s i gn i f i c a nt imp ro v em en t s  in 
cargo handl in g e ff i c iency . New and h i gh e r c a rg o  c ap ac i t y c hann e l s  
dredg e d  in r ive r s ,  inl an d l ak e s , can a l s ,  an d  harbo r s  a s  w e l l a s  
con s truc t i on o f  h i g h  vo l ume , h ighl y aut oma t ed i nt e rmo da l t r an s p o r t a 
t i on sys t em s  ho l d  po t en t i al s for s ub s t ant i a l  un i t  fu e l  s av i ng s .  New 
and l ar g e r cap ac i t y  mar i ne  t e rm inal b e r t hs , s t o r age a r e a s , c omput e rs , 
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and overhe ad cr an e s r e qui r e d  t o  ac h ie ve such i nc r ea s e d aut oma t e d 
cargo  han d l ing shoul d p rov ide e c o nomi c b ene f i t s  a s  w e l l  a s  ove ra l l  
ma r in e  fue l e c o nom i e s . 

New T e c hno l o gy in Deve lopmen ta l  S t ag e  

I mp roved Ga s - Turb in e Power P l an t s  

I mp r oved ga s - turb ine  eng ine s which e mp l o y  a s up e rchar g e d  h eavy 
duty ga s tur b ine  and s t eam cyc l e  as a p ropul s i on p l an t have b e en 
prop o s e d  fo r hi gh - s p e e d  U . S . Navy ve s s e l  app l i cat i on s . Th e com 
b in e d - cyc l e  s y s t em r a i s e s  c al c ul a t e d  a l l -purp o s e  t herma l e ff i c i e ncy 
to the 3 1 - 3 2  p er c e n t  range . Th i s  exc e e d s  t ha t  o f  c onvent i onal 
s t e am - turb in e power p l ant s an d app r o ache s t hat o f  d ie s e l - en g i ne 
un i t s .  

I mproved Nuc l e a r  Pow er P l ant s 

Un t i l  r e c en t l y , nuc l ear  power p l an t s for m a r in e app l i c a t i o n s  
have no t b e en comp e t i t i ve w i t h  c o nven t i onal p l an ts exce p t  p o s s i bl y  
f o r  submar ine c argo  t r ansport s un de r  t hi c k  i c e  f i el d s  and o t her 
very h i g h  ho r s epowe r appl i ca t i on s . The s p ec ia l  s h i e l d in g  and con 
t a inment e qu ipmen t , e l abo rat e s a f e t y  and co nt r o l  devi ce s , and h i g hl y  
s k i l l e d  p er s onne l r e qu i r e d  al l c o nt r ibut ed t o  th e p a s t  n on c o mp e t i 
t iven e s s  o f  nuc l e a r  p l ant s . How eve r ,  t h e  r e c e n t  t r ip l in g  o r  qua 
drup l ing o f  fuel p r ic e s  fo r c onvent i onal p l an t s  has  t en de d  t o  e ro de 
t he i r  comp e t i t ive adv an t a g e  ove r nucl e ar p ow e r  p l an t s . Fur t he r  
impr ovement o f  t he de s i g n  t o  in c lu de l o wer c o s t , l igh te r we i ght 
nuc l e ar powe r  p l an t s c omb in e d  w i t h  futur e imp ro v eme n t s  in c omme r 
c ia l  fam i l iar i t y  w i t h  an d e xp e rt i s e  in ope ra t ing n uc l e ar fac i l i t i es , 
ar e exp e c t ed t o  make n uc l e ar pow e r  p l an t s  e c onomi c a ll y  c omp e t i t iv e  
with  convent i ona l p owe r p l an t s  in  add i t io n  to  m a r i ne app l i c a t i ons 
in the fut ure . 

I mp roved Hyd r o fo i l s  an d Hove rcra ft 

Hydr o fo i l s an d ho ve rcr aft are p r e s ent l y  c omp e t it ive  on l y  in 
s e l e c t e d  h i gh - sp e e d  m i l i t ary , coas t guard , c ommut e r  a nd d i f f i cul t 
t e r r a in fre i ght s e rvi ce such a s  t rave r s ing r ive r s , s wamp s , and i ce 
f i e l d s . Howeve r , rec en t  en g in e e r ing an d  fe a s i b i l i t y  s t ud i e s  in d i 
c at e  t hat fur t he r  imp rovemen t in  l ow we ight - t o - ho r s epow er  p l an t s , 
conc e ivab ly  the comb ined - cyc l e  g a s  turb ine o r  l i ghtwe i ght nuc l ea r  
p l an t s  p r e v i ous ly d i s cus s e d ,  cou l d  make h i gh s p e e d  v e s s e l s  s uch a s  
hydro fo i l s  and s ur fac e - e f fe c t  s h i p s  co s t  comp e t i t i ve in mar i n e  p a s 
s eng e r  and fre i ght app l i cat ions fo r c r a f t  having s p e e d s  o f  4 0  kno t s  
and d i s p l a c emen t s  o f  1 , 5 0 0  and 3 , 5 0 0  t ons . Wh i l e  such app l i c a t i o n s  
wo u l d  p rob ab ly b e  mo r e energy int ens ive than l ar g e r  s i z e d  conven 
t i ona l ly powe r e d  v e s s e l s , neve r the l e s s , they m i gh t  r ep r e s ent  imp roved 
fue l  e f f i c i ency through i n t e rmo dal s h i f t s  from h i ghe r fue l cons ump 
t i o n  h i ghway o r  a i r  c a r r i e r  t r anspo r t a t i on . 
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New Wat e rway Ro utes  

New wat e rway r o ute s , ext ende d int e r co as t a l  w a t e rway s  o r  deeper , 
h i gh e r  cargo c ap ac i ty channe l s  dredg e d  in i n l and r iv e r s , l ak e s , c a 
na l s , and harb o r s  w i l l  imp rove fue l cons e rva t i on b y  p e rmi t t ing 
gre a te r  us e of  l ar g e r  d i s p l acement b ar g e s  and v e s s e l s . Howeve r ,  
eva l ua t i ons s houl d b e  made o f  trade - o ff s  b e tw e e n  env i r onment a l  con 
s i de r a t i ons , ne t ene rgy s av ings , and co s t s a s s o c i a t e d  w i th the  fo r e 
go ing p r o j e c t s . 

New Long e r  Range  Te chno l o gy 

C l o s e d - Cyc l e  B r ayton o r  S t i r l ing Eng i n e s  

P r imar i l y c l o s e d - cyc l e  B rayton or  S t i r l ing eng i n e s  i n c o rpo r 
at ing mul t i - fue l c ap ab i l i ty and h i gh e f f i c i ency ar e now i n  t h e  R&D  
s t age . Such  c l o s e d  sys t ems a r e  b e l i ev e d  to have the  t e chno l o g i c a l  
capab i l i ty t o  achi eve  3 0  t o  3 5  p e r c ent s y s t em t h e rma l e f f i c i ency 
at d e s i gn r a t e  power l o ads  w i th ve ry good  e ff i c i ency at p ar t i a l  
powe r l o ads . 

Concep t s  fo r Fut ur e  P ow er P l an t s 

Naval a rc hi t e c t s  a re c onduc t i ng re s e ar c h  o n imp ro v e d  ae ro 
dynam ic s a il s t ruc t ur e  ve s s e l s ,  s uch a s  t h e  " Dyna - S h ip " c o nc ep t . 
Thi s conc e p t  i s  de s igne d to emp l oy w in dpow e r , app r ox im a t e ly 7 2  
p e rcent o f  t h e  t i me in No r t h  At l ant i c  s e rv i c e , t o p rop e l  a 1 7 , 0 0 0  
ton v e s s e l  a t  s p e e d s  up t o  2 0  kno t s ; wh i l e u s i ng aux i l i ary c on 
vent ional  eng in e s  t he r ema i n i ng 2 8  pe rce n t  o f  t he t ime , a t o ve r a ll 
conven t i onal  fue l  con sump t io n  rat e s  o f onl y  5 p er c e n t  o f  t hat us e d  
b y  c onvent i onal  c a rgo v e s s e l s . 

Ano ther  new mechan i c a l  power t r ansm i s s i on c o n c e p t  unde r  R&D  
fo r b o th t e r r a i n  and mar ine env ir onment s  is  the s e gment e d  magne t 
homop o l a r  to rque conve r t e r .  Thi s  devi c e  i s  d e s i gn e d  to conv e r t  
un i d i r e c t i o n a l  t o rque o f  cons t ant  s p e e d , s uch a s  t h a t  p ro v i d e d  by 
a s t e am - turb ine p rime mo ver  into va r i ab l e  s p e e d  o u tput t o rque in 
e i ther forward or rever s e  d i r e c t i on s . Advan t a g e s  a f fo r d e d  by such 
a concep t a r e  an e ff i c i ent , l i ghtwe i ght , l ow vo l ume de s i gn w i t h  
po tent i a l  app l i c a t ion o v e r  a w i de range o f  s p e e ds and ho r s epower 
rat ings varying from hund reds  to  tens  o f  thous ands of ho r s epower . 

URBAN PUBL I C  TRANS I T  

The Phas e I repo rt conc lude d that b e tw e e n  1 9 7 4  and 1 9 7 8 , mo d 
e r a t e  ne t mo t o r  fue l s av ings  coul d b e  a ch i eve d thro ugh mo r e  i n t e n 
s ive ut i l i z at i on o f  e xi s t ing and p o t ent i a l  e xp ans i on p o s s ib i l i t i e s  
o f  pub l i c t r ans p o r t  s ys t ems . Addi t i onal  ene r gy s av in g s  o f  s im i l ar 
magn i t ude ar e ant i c ipa t e d  in  the 1 9 7 9 - 1 9 8 5 p e r io d . A maj o r  f a c t o r  
affe ct ing mas s t r ans p o r t a t ion in  the Un i t e d  S t a t e s  i s  i t s  s u i t ab i l 
i ty t o  s ub urb an l iving p a t t e rns . Evo l ut io n  o f  u rb an pub l i c t r ans i t  
i n  the Un i t e d  S t a t e s  has  p ar t i cu l ar r e l e vance t o  c o n t emp o r a ry ur 
b an t r av e l . 
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I n  1 9 7 0 , 7 8 4 m i l l i o n  urb an pas s eng e r  mi l e s  we r e  t ra ve l l ed i n  
the  Un i t e d  S t a t e s , of  wh i ch 7 p e r c en t  were  b y  v a r i ous mo de s o f  ur 
b an p ub l i c t r ans i t . S in c e  Wo r l d  War I I  the r e  has  b e en a d e c l ine in  
the us e of  pub l i c  t r ans p o r t at i on w i th the  e x c ep t i on of  t ax i cab s . 
Dur ing th i s  p e r i o d  p a t ronage re ach e d  i t s  h i ghe s t  l eve l a t  2 3  b i l l ion 
r id e s  per  y e a r . By  1 9 7 2 , pub l i c  t r ans i t  ut i l i z a t i o n  was  6 . 6  b i l l i on 
r i d e s . The gre a t e s t de c l ine in pub l i c t r ans p o r t a t i on r i de s  t o o k  
p l ac e  outs i de the commut ing t o  and from wo rk ar e a s  wh i ch h a s  r e s u l 
t e d  in g r e a t e r  c rowd ing dur ing p e a k  l o ad hour s and und e r  ut i l i z at i on 
dur ing o ff - p eak  hours . Th i s  de c l ine i s  a t t r ib u t ab l e  t o  d i s p e r s a l  
o f  popul a t i o n  out s i de o f  urb an a r e a s  wh i ch h a s  r e s u l t e d  i n  s ub urb an 
l iv i ng typ i f i e d  by l ow hous ing and popu l a t i o n  d e ns i t i e s . Suburb an 
l iv i ng has fo s t e r e d  t r ave l wi th a l ar g e  numb e r  of o r i g ins  and d e s 
t inat ions  mo r e  c ondu c ive to the p r iv a t e  au t omob i l e  than c o nven t i o n 
a l  pub l i c t r anspo r t a t i o n . 

Urb an pub l i c t r ans p o r t  sys t ems cons i s t o f  two p r in c i p a l  modes - 
ra i l  or  o th e r  f i x e d  gu i deway sys t ems and thos e u t i l i z ing pub l i c 
roads . Mo t iva t i on t o  incr e a s e ut i l i z a t i on o f  p ub l i c t rans p o r t a t ion  
w i l l  d i ffe r b e twe en urb an a r e as . Exp ans i on o f  f i x e d  guideway sys 
t ems w i l l  b e  l im i t e d . C o s t s  fo r s uch sys t ems a r e  v e ry h i gh , p r e s 
ent ly ave r a g ing ab out $ 4 0  mi l l i on a mi l e . The s e  s y s t ems a r e  gen 
e r a l ly  l im i t e d  t o  ar e a s  w i th h i gh popul a t i on dens i ty c o r e s  and t o  
corr i do r s  wi th s uf f i c i ent r id e rs h ip p o t ent i a l . At p r e s ent , 9 o f  
the 2 5  l ar g e s t urb an are as i n  the Un i t e d  S t a t e s  have f i xe d  r a i l sys 
t ems in  p l a c e  or  unde r  cons t ruc t i o n  ( s e e  App end i x  G ,  Exh ib i t I I I , 
Tab l e  3 0 ) . 

I n c r e as e d  R i de r s h i p  

Expans i on and mod e rn i z at i on o f  e x i s t ing r a i l f ac i l i t i e s  w o u l d  
b e  a p o t ent i al incent ive to  incre as e d  r i de r s h i p . Whe r e  f i xe d  r a i l 
t r ans i t  sys t ems do no t e x i s t  a t  p r e s ent , cons i d e r a t i o n  shou l d  b e  
g iven t o  a l t e rn a t e  mo d e s  wh i ch woul d ut i l i z e e x i s t ing pub l i c  r o ads . 
I n  many ins t anc e s , p ub l i c t rans p o r t  c o u l d  b e  e xp and e d  mo s t  e xp e d i 
t i ous ly  by incre as ing  the numb e r  o f  bus e s . Such e xp ans i o n  wou l d  
depend o n  pub l i c a c c ep t ance  and ma int enan c e  o f  l o ad f a c t o r s  on an 
e xpande d bus  sys t em . 

Pub l i c  Ac c ep t anc e 

Pub l i c  a c c ep t anc e i s  o f  maj o r  imp o r t  in  i n c r e a s ing bus  r i der 
s hi p . Th e drama t i c  d e c l ine  in r i de r s h i p  on  t h e  Na t i on ' s  bus , s ub 
way , and commu t e r  r a i l l in e s  over the p as t 2 0  y e a r s  i s  p r i nc ip �l l y  
a t t r ibutab l e  t o  the  p r i vat e automob i l e .  W i th the  d i s p e rs a l  o f  r e s 
idences , s hopp ing c e n t e r s , j ob l o c a t i ons , s cho o l s , e t c . , f e a s ib l e  
a l t erna t i v e s  t o  p r iv a t e  aut o s  have b e c ome mo r e  d i f f i cu l t  t o  i mp l e 
ment . Even whe r e  pub l ic t rans p o r t  i s  an a l t e rn a t ive , the p r i va t e  
auto i s  p r e fe r r e d  b y  t h e  pub l i c  b e c aus e o f  s e rvi c e c h a r ac t er i s t i cs 
inc lud i ng : s p e e d , c om fo r t , p r i vacy , and c omp l e t e  indep enden c e  from 
any s ch e du l e . S t imu l a t ing a s h i f t  t o  pub l i c  t r a ns i t  wou l d  r equ i r e  
s ervi c e  charac t e r i s t i cs app r o aching t h e  p r i va t e  aut omob i l e , i n c l u 
ding mo r e  ext ens ive  coverage , s ho r t e r  do o r - t o - do o r  t r ave l t im e s , 
mo r e  fre quent s e rvi c e , incr e a s e d  comfo r t , e t c . The s e are  d i f f i cu l t  
go a l s  fo r any pub l i c  t r ans i t  s y s t em to a t t� i n  a n d  the i r  r e al i z a t i on 
wou l d  be  di f f i cul t t o  achi eve . 
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S ome s t ep s could  b e  t aken t o  incr e a s e the a t t r a c t i vene s s  o f  
urban pub l i c t r ansp o r t  t o  p otent i a l p a t rons . F i rs t , t r ave l t ime 
cou l d  be  r e duc e d  by u t i l i z i ng bus - only- l anes , p r i o r i ty a c c e s s o f  
bus es  t o  hi ghways and tunne l s , and bus - a c t i va t e d  t r a f f i c  s i gn a l s . 
The s e wou l d  a l l ow b us es  t o  incr e as e t he i r  s p e e d  i n  urb an s t r e e t s . 
S e cond , mor e emphas i s  c o u l d  b e  p l ac e d  on sy s t ems that  a r e fu l ly o r  
p o t ent i a l ly demand - r e spons ive . Current ly , t h e r e  a r e  many on - g o i ng 
or  p l anned exp e r iment s w i t h  Di a l - A - Bus concep t s . Fo r examp l e , one 
sys t em ' s pr imary m i s s i on is  t o  s e rve trave l e r s  b e tw e e n  s uburban 
r e s i denc e s  and a commu t e r r a i l s ta t i on . Dur ing o f f - p e a k  p e r i o d s , 
the sys t em s e rve s  the  needs  fo r l o c a l  t r ave l among d i ve r s e  o r i g ins 
and des t ina t ions . Al though mo r e  wo rk is  r equ i r ed fo r comput e r 
i z i ng the vehi c l e  l o c a t ing and rou t ing func t i ons , t h i s typ e  o f  
s e rvi ce i s  b eyond the  p i l o t  pro g r am s t ag e . Th e aver a g e  l o a d  fac t o r  
may b e  l ower  than tha t curr en t ly achi eve d by s che du l e d  bus e s  s i nce  
peop l e  wi l l  us e thi s s y s t em l i ke a t ax i  s e rvi ce , p ar ti cu l ar ly dur 
ing the o f f - p e ak p e r i ods . I f  s o , op er a t i ng co s t s c ou l d  b e  v ery 
h i gh and ne t ene r gy s av ing s ins i gn i f i cant . 

The app e a l  o f  urban pub l i c  t r ans p o r t  can b e  incr e as e d  through 
the coop e r a t i o n  b e tween s uburban communi t i e s and c e nt r a l  c i t i e s i n  
bui l d i ng e ff i c i ent a r e a -wi de pub l i c t r ans p o r t a t i on s ys t ems i n  wh i ch 
the va r i ous mode s are  p l anned and int e g r a t e d  c ar e ful l y  t o  p r ov i d e  
t h e  var i e d  trans po r t a t i on s e rv i c e s  r equ i r e d  b y  a l l  p o t e n t i a l  us e r s . 

Ma int a ining L o a d  Fa c t or s  

The s e c ond e l emen t o f  ma j or impo r t  i n  d e t e rm i n i ng t h e  e x t ent  
to  wh i c h  the bus  f l e e t  c an b e  expanded  is  t h e  l eve l o f  ave r a g e  
load  facto r . T h i s  f a c t o r  d e t ermines  t h e  p o t en t i a l  ne t energy s av 
ings r es u l t ing from swi t ch i ng p e op l e  from c a r s  t o  pub l i c  t r an s p o r t  
and a l s o  i n f l uenc e s  t h e  op e ra t ing cos t p e r  p a s s eng e r  c a r r i e d . I n 
creas e s  i n  urb an pub l i c  t r ans i t  t r i p s  w i l l  b e  l ar g e ly fo r commu t 
i ng t o and fr om w o r k . 

Curr en t ly , over  8 0  p e r c e n t  o f  a l l  wo r k  t r i p s  a r e  made by car . 
Thes e t r i p s  account f o r  ab out 3 5  p e rcent  o f  t o t a l  c a r  m i l e s d r i ven . 
Pub l i c  t r ans i t  s hou l d  b e  ab l e  t o  inc r e a s e i t s  r o l e  i n  thi s a r e a . 
However , i t  mus t b e  r e co gni z ed tha t pub l i c t r ans i t  i s  mo s t s u i t ab l e  
t o  b r i ng p e op l e  i nt o  c en tr a l  di s t r i c t s . P lac e s  o f  w o r k  a r e  s p r e ad 
ove r  l arg e g e og r aphi c  a r e as even i n  the ma in p opu l a t i on c e n t er s . 
I n  the 1 0  l arg e s t  popu l a t i on c ent e r s (N ew Y o r k , L o s  Ang e l e s , Chi 
cago , Phi l ade lphi a ,  D e t ro i t ,  S an F r an c i s co ,  Was h i ng t o n , D . C . , B os 
ton , P i t ts burgh , and S t . Loui s )  abou t  4 7  p e r c e n t  o f  the  emp l oy e e s  
l ive and wo r k  i n  t h e  s uburb s ; only 1 7 p e r c e n t  l ive  i n  s uburb s and 
wor k  in the c i ty ;  2 9  p er c ent b o t h  l i ve  and wo r k  in  c e nt r a l  c i t i e s ; 
and the r ema in ing 7 p er c en t  l i v e  i n  the  c i ty but  wo r k  i n  the  s ub 
urb s . I ncr eas ing  the numb e r  o f  urban bus e s  c o u l d  eventua l ly r e s u l t 
in l ow e r  av erage  l o a d  f a c t o r s  and h i g h e r  op e r a t ing c o s t s . 

I t  i s  d i ff i cu lt to  as s e s s  the p o t e nt i al s avings  i n  mo t o r  fue l s  
r e s u l t ing from �xpans i o n  o f  urban pub l i c  t r ans p o r t . What eve r the 
achi evab l e  s aving s , t hey w i l l  p r ob ab ly b e  s ma l l  i n  ab s o lu t e  t e rms 
and r e l a t ive  t o  the  t o t a l  fue l cons umed  by the U . S .  t r ans po r t a t i on 
s e c t o r . Fo r examp l e , i f  1 0 0 , 0 0 0  urb an bus e s  w e r e  adde d t o  the  p r e s -
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ent f l e e t o f  5 0 , 0 0 0 , ne t mo tor  fue l s av i n g s  f r om s w i t ch ing c ommu t e r s  
from c a r s  t o  b us e s  wo ul d o n l y  b e  7 9  thous and b ar re l s  a d ay ( s e e  Ap 
p e nd i x  G ,  Exh ib i t  I I I ) . Th i s  i s  l e s s  than 2 p e r c e n t  o f  the g a s o l ine 
curr ent ly cons ume d by the Nat i on ' s  pas s e n g e r  c a r s . Such an incr e a s e 
in  the  urb an bus  fl e e t  wou l d  r e qui r e  a cons i d e r ab l e  e xp ans i o n  in  f a 
c i l i t i e s  for the a s s emb ly o f  b us e s , and the manufacture  o f  components  
such as  engine s , ax l e s , e t c . 

P I PE L I NE S  

P ip e l in e s ys t em s  o ffe r t he p o t en t i a l  o f  p ro vi ding e x t reme l y  
e n e r g y  e ff i c i e n t  t r an sp o rt a t i on for a l im i t e d  r.um be r  o f  mat e r i a l s .  
At p r e s ent , mo s t  p i p e l ine sys t ems a r e  e mp l o y e d  i n th e mo vemen t o f  
c rude p e t r o l e um and pe t ro l eum p ro duc t s , and n at ur a l g a s . Mo s t  
l i ke ly , t h i s  s i tuat i on w i l l  r ema in b as i c al l y  t he s ame dur i ng t he 
1 9 7 9 - 1 9 8 5  p e r i o d ; howe ve r , a po s s ib le inc r ea s e  in the u s e  o f  p ipe l in e 
s y s t em s  fo r t ran spo r t ing s ome s ol i ds , mo st  no t ab l e  c oal , v i a  s l urry 
t e chn iqu e s  co ul d o ccur . P o t en t i a l  energy s avi n g s  from p ip e l i n e s  
a r e  cons i de r e d  in  t h e  fo l l owing di cus s i on . 

Cur rent Te chno l o gy 

• Pi p e  Si z e : The h i gh l eve l o f  en e rgy e ff i c i ency that  i s  
avai l ab l e through the us e o f  p ip e l i n e s  c an b e  at t a i n e d  by 
mai n t a i n ing  a r e l at ively  h i gh ra t i o  o f  p ip e  d i ame t e r  t o  
mat e r i a l  f l ow ra t e . Th i s  i s  typ i c a l ly t h e  c a s e in new p ip e 
l i ne s y s t ems . However , a s  the d eman d o n  a g i ve n  p ip e l ine  
s ys t em inc r e a s e s , throughput is  r a i s e d by the addi t i on o f  
ho r s ep owe r t o  the  e xi s t i ng l in e , t h e r eby r e duc i ng the  ene rgy 
e f f i c i ency o f  the s y s t em .  As a r e s u l t  o f  thi s p r o c e s s ,  i t  
i s  e s t imat e d  that the ave rage  energy e ff i ci ency ( 8 0 0  BTU ' s 
p e r  t o n  m i l e )  o f  a l l U . S .  p i p e l i ne s y s t ems i s  no t pa r t i cu
l a r ly h i gh . 

The ab ove po in t s  o u t  t he k ey t o  en e r g y  c on s e rva t i on i n  
t he p ip e l ine mo de - - the us e o f  l a rg er p ip e  s i z e s  i n t he 
cons t ruc t i on o f  n ew s ys t ems , a nd e ar l i e r  " r

'
o op i n g " ( t he 

add i t i on o f  pa ral l e l  p ip e  t o  an e x i s t ing l ine ) o f i n 
p l ac e  s y s t ems  a s  f l o w  rat e s  a re i ncr eas e d . Th e oppo r 
t un it y  f o r  ene rg y  c o ns e rvat ion t hr o ugh t h e  u s e o f  l a rg e  
p ip e  s i z e s  w i l l  b e  l im i t e d  in the p o s t - 1 9 7 8  p er io d .  Fu 
ture r e duc t i on s in t h e  g r owth r a t e o f  U . S .  ene rgy  deman d  
w i l l  d imin i s h  t he n e e d  f o r  e xp an de d p i pe l in e  c ap ac i t y  
unl e s s a dd i t ional u s a g e s  a re de ve lo p e d . 

• Exc ha ng e s : The p r e s ent c rude o il a nd p e t r o le um p r o duct 
t ra n s p o r t a t i on s y s t em i s  owne d an d o p e r at ed by t he p r i v a t e 
s e c t o r  w i t h  e ach  in d iv i dual  ent e rp r is e  han d l ing  i t s  own 
t r an s p or t a t i on r equi remen t . Cons e quen tl y , s om e amo un t  o f  
crude o i l  and p r o duct i s  t rans po r t e d  in op po s i te d i r ec t i on s  
b y  two o r  mo re  indiv i dua l s . Th ere  i s  a g r e a t  de a l  o f e x 
c hang e a c t iv i t y  where in c rude o il o r  p ro du c t  a t  o n e  l oc a 
t ion i s  exchan g e d  fo r c r ude o i l o r  p ro duc t a t  ano t h er l o -
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cat i on . H oweve r , a s i gn i fi cant amo un t o f  c ro s s t r af f i c  
s t i l l  e x i s t s . Much o f  t h i s  c ro s s  t r a f f ic i s  c on duct ed 
through t he p ip e l in e s ys t em .  

The e l iminat i on o f  s ome amo un t o f p i pe l i ne t ran sp o rt  
t hr o ugh t he us e o f  e xchan g e s , t here fo r e ,  i s an obv i ou s  
e n e r g y  s av i ng dev i c e . How eve r , imp l emen ta t io n o f  t he 
t e chn ique b e yon d i t s  c ur r en t l ev e l i s n o t  c o ns i de re d  
p ract ical  b e caus e mo r e  prob l ems  woul d b e  c r e at e d  t han 
s o l ve d . The  probl ems woul d a r i s e  from t he n e c e s s i t y  o f  
c r e at ing s ome s o rt o f  ce nt ra l , i n t e r c omp any , p l ann in g 
autho r i t y  t o  de t e rmine t he o p t imum t r an s p o r t a t i on p at t e rn s . 
Such a s ys t em woul d ,  in  t he cour s e  o f  s av in g  a s ma l l 
amount o f  ene rgy , part ia l l y  s ub s t i tute a p l ann e d  e c onomi c  
env ironment fo r a marke t e c onomi c  envi ronmen t . Th i s , in 
t urn , woul d s erve t o  r e duc e t he ope ra t ing e ff i ci ency o f  
t h e  a f fe c t ed indu s t ry far mo re t han t he r e s ul t an t  ene r gy 
s a v in g  woul d wa r ran t . 

• S l urry P i p e l in e s : As i de nt i f ie d  in t he Pha se I s tu dy ,  
coal  s lur ry p ipe l in e s  a re b e ing c o ns i de r e d  a s  an al t e rnat e 
to  ra i l r o ads  o r  oth er mo de s  for  t r ans p o rt in g  c oal from 
we s te rn f i e l ds to  var i ou s l o ad c e n te r s .  ( S e e  App en d i x  H ,  
E xh ib i t  V I  for a de t a i le d  d i s c us s ion o f  s l urry p i p e l ine s ) .  

As c onc l uded  i n  the Pha s e  I s t udy , t he de te rm i na t i on o f  
whe t h e r  o r  n o t  t o  ut i l i z e  s l ur ry p ip e l in es w i l l  l i k e l y  
b e  made o n  t h e  b a s i s  o f fa c t o r s  o t h er t han en e r g y  e ff i 
c i ency . 

New Techno l o gy in Deve l opment S t a g e  

• Fr i c t i o n  R e du ci ng Po lyme rs : I nj e c t i on o f  p o l ym e r s  i n t o  
c rude o i l  s t reams can s ub s tant i al ly r e du c e  fr i c t ion wi thin  
the p ip e l in e . Thi s r e s u l t s  in  a de c r e as e i n  p owe r r equi re 
men t s  a t  a cons tant ra t e  o f  f l ow o r  an i n c r e a s e i n  f l ow 
r a t e  a t  a cons tan t  l ev e l  o f  p ower i nput . 

• L i q u i d  P o c k e t  R e du c t i o n : L i qui ds t end t o  a c cumu l a t e  i n  l ow 
p l ac e s  in g a s  g a the r ing l i nes  that  a r e  l o c a t e d  in hi l ly 
t e r rain . S tudi e s  are  unde r  way t o  d e t e rm i ne i f  "p i gg ing"  
( c l eaning of  a p ip e l in e  by fo r c i ng a s o l i d  p l ug t h ro ugh 
the l ine ) o r  s ome  o the r means c an be emp l oy e d  to r e duc e 
the p r e s s ur e  l o s s e s  caus e d  by thi s p henomenon . 

• In t e rna l P ip e l i n e  Coa t i n g : C o a t ing p ip e l ine s on the  
i n t e r i o r  has the  dua l effect  of  r e du c i n g  co rro s i o n  and 
fr i c t i on , the l a t t e r  redu c e s  the ene rgy cons ump t i on o f  the 
s y s t em .  Current ly , gas l in e s  are co a t e d  wh i l e  l i qui d 
l i n e s  are no t .  The co a t ing i s  no rma l ly app l i e d  p r i o r  to  
t he ins ta l l a t i o n  of  a n ew l ine , but  " i n  p l a c e " c o at i ng o f  
ex i s t ing p i p e l i ne s  i s  i n  the deve l opment a l  s t a g e . The " i n  
p l a c e "  c o a t ing p ro cedure wou l d  ext end t h e  l en g t h  o f  p ip e 
l in e  avai l ab l e  f o r  app lying i nt e rnal  c o a t i ng s . 
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The s e  t hr e e  t e chn i q ue s  are thought to  o f f e r  ve ry l imi t e d 
p o t ent i a l  for  ene r gy c on s e rvat i o n . I mp ro veme n t s  i n  p ump , comp re s 
s or , o r  dr i v e r  e f f i c i en c i e s  wou l d  have much l a rger  ene r gy s aving  
p o t en t i al b ut do no t app e ar t o  be  in  the  o ff i n g . 
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Chap t e r Four 

E L ECTRI C UT I L I TY 

Ene r gy co ns e rva t i o n  p o t ent i al in  the  e l e c t r i c  ut i l i ty s e c t o r  
i n  t h e  Pha s e  I I , 1 9 7 9 - 1 9 8 5  p er i o d  has b e en app r a i s ed emphas i z ing 
t e chno l o g i cal  and op e r at ional  chang e s  wh i ch co u l d  e x i s t  on a c o m 
me r c i a l  s c a l e  by  the  mi d - o r  l a t e  1 9 8 0 ' s .  Add i t i ona l ly , a t t en t i on 
i s  g i ven t o  l on g e r - rang e concep t s  wh i ch m i gh t  cont r i but e t o  e ffi 
c i ency  i mp r o veme n t  l a t e r  i n  th i s  c ent ury o r  e a r l y  i n  t h e  next . 
Al s o  co ns i de r e d  i s  t h e  p o s s i b l e ext ent o f  fu e l  s ub s t i t ut i on dur i ng 
the next 1 0  ye ars  whi ch could  a chi eve reduc t i ons  i n  e l e ct ri c ut i l 
i ty us e o f  o i l  an d g a s . 

No a t t emp t i s  made t o  e s t imat e ene rgy s av i n g s  a c h i evab l e  
t hrough a coo rdin a t e d  p l an o f  deve l opment o f  n ew t e c hno l o gy and · 
cus t ome r cons e rvat ion e f fo r t s . Sp e c i fi c  examp l e s  o f  p o s s i b l e  s av 
ings a r e  c i t e d  when s uch examp l e s  i l lus t r at e t h e  r e l at i v e  p o t en 
t i al r ep r e s ent e d  b y  a g i ven inno vat i o n  o r  t ec hn i c a l  a dvanc e .  The 
many t e chno l o g i ca l  chang e s  di s cus s e d  i n  t h i s  r ep o rt s ho u l d  b e  
v i ewed  a s  p o s s ib i l i t i e s  and no t a s  c e r t a i nt i e s . Only  d e t a i l ed 
e conomi c eva l ua t i on s  can r eveal  whi c h  t e chno l o g i c a l  a dvanc e s  a r e  
comme r c i a l ly vi ab l e and t he rat e at wh i c h t h ey c an b e  i n t r o duc e d . 

ELECTRI C I TY PRODUCT I ON EF F I C I ENCY 

Gen e r a t i on Te chno l o gy an d Concep t s  P e r t inent t o  t h e  1 9 8 0 ' s  

Convent i o na l  S t e arn Cy c l e  

The na t i onal  aver a g e annua l e ff i c i en cy fo r fo s s i l  un i t s  i s  
ab out 3 2 . 7  pe r c en t . Thi s i s  a c t ua l ly b e l ow t h e  h i gh o f  3 2 . 8  p e r 
cent a ch i e v e d  i n  1 9 6 8 . The F e d e r a l  Powe r Commi s s i on ( F P C ) at t r ib 
ut e s  t h i s  de c l ine  to  a d e c r e a s e  in  the q ua l i ty o f  c o a l  b urn e d  and 
to an i n c r e a s e i n  the us e of r e s i dua l o i l  to m e e t  s u l fur o x i de 
emi s s i on r e gu l a t i ons . The s e  fac t o r s  o f fs e t  t he e ff e c t s  o f  t he i m 
p roved  e f f i c i ency o f  ab out 3 8  p e r cent o f  n e w  gene r a t i ng uni t s  in 
s t al l e d  a s  we l l  a s  the  r e t i r ement o f  o l de r  un i t s  op e r a t ing a t  
ab out 2 0  t o  2 5  p e r c en t  e f fi c i ency . 

L i ght-wa t e r  r e a c t o r  nuc l ear un i t s  current ly  op e r a t e at about 
3 0 - 3 1 p er c ent t h e rmal e f f i c i ency on an annual  b a s i s . Th e rma l e f 
fi c i en cy fo r th e s e  p l ant s i s  ext r eme ly imp o r t an t , de s p i t e  t h e  r e 
l a t ive l y  l ow co s t  o f  fu e l . When capab i l i ty p ena l i t i e s are  imp o s e d  
o n  nuc l e a r  un i t s  i n  th e fo rm o f  fixe d l i c en s ab l e  t h e rmal  p ow e r  
rat ing s b e l ow d e s i gn output s , e ff i c i ency i s  r e duc e d . Cont inu e d  
app l i ca t i on o f  t h e  p r oven s t e am- r eh e a t  cy c l e  t o g e th e r  w i t h  p r o 
j e ct e d  advance s  i n  s t e am i n l e t  p r e s s ur e  wi l l  i n c r e a s e the  e f f i 
c i en cy l eve l o f  t he s e  uni t s  t o  abo ut 3 6  p e r c e n t , c o r r e s p on d i ng t o  
a 3 4 - 3 5 p e r c ent ave r a g e  annua l e ff i c i ency . S in c e  t he s e  uni t s  a r e  
p l anne d  p r imar i ly for  b as e  l o ad op e r a t ions , t h e  a c tua l  o p e r a t ing 
annua l  e ff i c i ency l eve l of  the  Na t i on ' s  ins t a l l e d c ap ac i ty o f  
nuc l e ar p l ants  w i l l  app ro ach that  o f  the to t a l  ins t a l l e d  fo s s i l  
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p l an t s  de sp i te the  d i f f e r ence  b e tween th e e f f i c i en c i e s  o f  th e b es t  
un i ts o f  e ach typ e . 

T e chno l o gy exi s t s today t o  extend s t e am - cyc l e  e f f i c i enc i e s  to  
the  4 2  p e r c e n t  l eve l . However , prac t i c al op e r a t ing cons i de r a t i ons 
and e nv i ro nmen t a l  l im i ta t i ons may imp e de the r e a l i z a t i on of thi s 
po tent i a l . B e s t p l an t  therma l e ff i c i enc i e s  a r e  no t exp e c te d  t o  
s urp as s  4 0  p e r c e n t  for  e i ther  fo s s i l  o r  nuc l e ar f ue l e d p l an t s . 

C omb ined Cyc l e - - S t e am Turb ine / C ombu s t i o n  Turb ine 

The nat i on a l  ave r a g e  annu a l  therma l p er f o rmanc e is  exp e c t e d  
t o  r ema i n  a t  ab ou t 3 3  p e r cent  f o r  b o th f o s s i l  and nuc l e ar uni t s . 
L i t t l e  d i f f e r e nc e  in  the e f f i c i enc i e s  o f  the s e  two typ e s  w i l l  b e  
r e a l i z e d  o n  a n  ave r a g e  annu a l  b a s i s  b e c au s e o f  t h e  p r o j e c t e d  d i f 
ferenc e s  i n  l o ading  p r ac t i c e s . O f  a l l  typ e s  o f  thermal  power g e n 
e r a t i on , t h e  c omb ine d - cyc l e  power p l an t  h a s  t h e  g r e a t e s t  p o t e n t i a l  
f o r  improved e f f i c i ency in t h e  1 9 7 9 - 1 9 8 5  p e r i o d . A c omb ined - cyc l e  
p l ant p r o duc e s  e l e c tr i c a l  p ower  from a comb ina t i on o f  c ombu s t i on 
and s t e am turb ine s , w i th the s t e am g ener a t e d  by the  h e a t  o f  the 
combus t i on turb ine exhaus t .  Thus , add i t i o n a l  e l e c t r i c a l  power i s  
produ c e d  wi thou t a n  incr e a s e i n  t o t a l  fue l  consump t i o n  over  that  re 
qu i r e d  f o r  the c ombu s t i on turb ine s . 

N ew c o nv e n t i on a l  s te am p l ants  have a th e rmal  e f f i c i ency o f  
ab out 3 8  p er cent , comp ar e d  t o  ab out  3 9  p e r c e n t  e ff i c i ency for  cur 
rent comb in e d  cy� l e s , wh i ch should incr e as e to  ab o u t  4 2  p e r c e n t  by  
1 9 7 7 . I mproved  comb i ned - cyc l e  e f f i c i ency c an be  r e a l i z e d  b y  i n 
cr e as ing comb us t i on turb ine inl e t  t e mp e ratur e . Cur r en t ly , turb ines  
op e r a t e  a t  ab o u t  2 , 0 0 0 ° F . Th e combus t i o n  turb ine  i ndus t ry has  b e en 
incre as ing t urb ine i n l e t  t emp e r atu r e s  a t  a r a t e  o f  6 0 - 6 5 ° F p er ye ar . 
By 1 9 8 5 , i t  i s  exp e c t e d  the indus t ry w i l l  a ch i eve i n l e t  t emp e r 
a tur e s  o f  2 , 7 0 0 ° F  through ma t e r i a l  imp rovement s  and advan c e d  c oo l 
ing t e chnique s . The r e s u l tant e f f i c i ency woul d b e  o v e r  S O  p e r cent . 

Th e comb ine d - cyc l e  p l an t  can a l s o  us e a l t e rn a t e  fue l s , s u ch 
as  synthe t i c  o i l  o r  g a s  b as e d on c o a l , o i l  from s h al e , and h i gh 
s ul fur r e s i du a l  o i l . The s e  fue l s  may no t b e  i n  a s  g r e a t  a demand 
in  o ther  ene r gy us ing  s e c to r s . The e l e c t r i c  u t i l i t i e s  c an s h i f t  to  
a l terna t e  fue l s  e ff i c i en t ly , at  the s ame t ime me e t ing exp e c t e d  
env i ronmenta l r e gu l a t i o ns , through t e chno l o gy now b e in g  d e v e l o p e d . 
Two s i gn i f i c an t  a l t e rnate  fue l p r o c e s s e s  b e ing  d e ve l o p e d  fo r 
e l e c tr i c  u t i l i ty u s e ar e co a l  l i que fac t i o n  and l ow - B TU co a l  
gas i f i ca t i on . L i que f i e d  c o a l  and s ynthe t i c  fue l from o i l  s ha l e  c an 
b e  us e d  d ir e c t ly i n  the comb ined - cy c l e  p l an t  w i tho u t  down g r ad i ng 
p l ant e f f i c i e n cy . I n  add i t io n , the s e  fue l s  c an b e  s to r e d  i n  t anks 
fo r u s e  as  r e qu i r e d  to me e t  the dai ly l o ad cyc l e , o r  the y  c an b e  
shipp e d  b y  p i p e l ine , r a i l o r  b arge to d i s t an t  p ower  p l an t s . Ad 
vanc e d  l ow-BTU c o a l  gas i f i c a t ion R& D p r o g r ams i n  conj unc t i on w i th 
comb ine d - cyc l e  p owe r p l an t s  s ho ul d b e  in op e r at i o n  by t he end o f  
this  de cade wi th  c omme r c i a l  i mp l emen ta t i on i n  the l a t e  1 9 8 0 ' s . 
The s e  i n t e g ra t e d  p l an t s  s h o ul d  ach i e ve the rma l e ff i c i enc i e s  o f  4 0  
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p e r cent as comp ared  to  3 6  p e rcent  fo r an e quival e n t  s t e am p l an t  
wi th s t ack g a s  cl e an - up .  

Comb i ned  Cyc l e - - S t e am Turb ine /Mag net o hy dr o dynami c (MHD ) 

The  MHD conve rs i on p r o ce s s  can b e  de s c r i b e d  a s  a g en e r a t o r  
wh i ch s i mul t aneous ly op e r a t e s  as  bo t h  a the rma l e xp ans i on eng i n e  
and an e l e c t r i c generat o r . Suc c e s s fu l deve l opment  o f  MHD g e ne r a t i on 
coul d p r o duce maj or  ene r gy cons e rvat i o n  b en e f i t s  by  ra i s ing  t h e  
e f f i c i ency o f  l a r g e  c en t r a l - s t a t i on g e n e ra t i ng f a c i l i t i e s . MHD 
g en e rato rs , l i ke  o t h e r  h e a t  eng i ne s , a r e  s ub j e c t  t o  e c o nom i e s  o f  
s c a l e , and i t s  inh e r en t ly h i gh t emp er a t ur e  mak e s  MHD an i de a l  t op 
p ing cy c l e  fo r p r e s ent  day s t e am e l e c t r i c  t e chno l o gy . Ove r a l l 
p l ant e ff i c i enc i e s  o f  6 0  p er c ent o r  b e t t e r  a r e  p r e d i c t e d . Mo r e  
imp o r t an t ly , MHD c an ut i l i z e  nat i ve co a l , o i l  r e f i n i ng r e s i du a l s , 
char s , and o ther  " d i r ty "  fue l s  whi ch wo ul d b e  d i f fi cul t t o  us e 
e f fe c t ive ly i n  a mo r e  c onven t i onal  mann e r . F o r  a mo r e  de t a i l e d  
d i s c us s ion  o f  the MHD s y s t em s e e  App endi x H ,  Exh i b i t  I .  

High T emp e r a t ure G a s - Coo l e d Re a c to r (HT G R ) / C l o s e d - Cy c l e G a s  
Turb i ne Sy s t em 

Whi l e  mo s t  gas - coo l e d  r e a c t o r s  h ave b e en deve l op e d . fo r  us e wi th 
s t e am- turb i ne powe r  conve r s i o n  sys tems , th e p o t en t i a l  b en e f i t s  o f  
a c l o s e d - cy c l e  gas  t urb i ne dr i ven by the r e a c t o r  co o l an t  gas  have 
b e en r e c o gn i z e d  fo r s ome t ime . The Gas  Turb ine HTGR p owe r p l an t  i s  
a comb ina t i on o f  the He l i um- Coo l e d  HTGR and a c l o s e d - cyc l e  He l i um 
Gas Turb ine p owe r  conve r s i on sys t em . The f i r s t c omponent  ( th e  
r e ac to r [HTGR] ) i s  deve l op e d  and i s  comme r c i a l l y a c c e p t ab l e f o r  us e 
wi th mo dern s t e am turb i ne p l an t s . B a s i c  te chno l o gy e x i s t s fo r de 
s i gn and de ve l o pmen t  o f  the s e cond compone n t , ( th e  He l i um G a s  T ur 
bine ) ; howeve r , fur the r  t e chno l o g i cal  deve l opmen t wi l l  b e  ne ce s s ary 
b e fore  comme r c i a l  app l i ca t i on c an b e  a ch i e ve d . 

P o t ent i a l  advan t a g e s  o f  such a d i r e c t - cy c l e nuc l e a r  p owe r 
p l an t  wo ul d b e : 

• Mo r e  e ff i c i ent  us e o f  the h i gh t emp e r a t u r e  c ap ab i l i ty o f  
the r e a c t o r wi thout the t emp e ra t ur e  d e g r a d a t i on that  o c curs 
i n  the s t e am g e ne r a t o r of an i nd i re c t - cy c l e p l ant 

• S imp l i f i cat i o n  by r e ducing the numb e r  o f  sys t ems and 
componen t s  

• Mo r e  comp a c t  p ower  conve r s i on sys t em due t o  h i gh - dens i ty 
wo rk ing f l u i d i n  the c l o s e d - cy c l e g a s  t urb i n e  

• E conomi c a l  adap t ab i l i ty to  dry - c o o l i ng . 

• I n c o rp o r a t i on o f  a s e c ondary p ower cyc l e  t o  a t t a in 
a h i ghly  e ff i c i ent e l ec t r i c  g en e r a t ing b inary - cyc l e  
p l ant 
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• U s e  o f  r e j e c t e d  h e a t  for  wat e r  de s a l in i z a t i on , di s t ri c t  
h e a t ing , o r  p r o c e s s  h e a t  for  the chemi c a l  indus t r y . 

Comb ining an HT GR w i t h  a d i r e c t - cyc l e  He l i um G a s  Turb ine  p ow 
er  c onve r s i on sys t em could  improve p l ant  p er fo rmanc e w i t h  cons e 
quent cons erva t i on o f  f inanc i a l , fue l , and wa t e r  r e s ou r c e s .  A 
fur ther  d i s cus s i on o f  the HT GR g a s  turb ine cyc l e  i s  o f f e r e d  in 
App endix  H ,  Exh ib i t  I I . 

S imp l e - Cyc l e  C ombu s t i on Turb ine I mp r ovemen t s 

The mo s t  mo d e r n  c ombus t i on turb ine p e ak i ng p l an t s  have a the r 
ma l e ff i c i ency o f  up t o  3 0  p e r c en t . I mprovemen t  o f  c omb u s t io n  turb ine 
e f f i c i ency is p r imar i ly a func t i on of two p ar ame t e r s - - comp r e s s o r  
p r e s s u r e  r a t i o  and turb ine i n l e t  t emp e ra tur e . Hi gh f i r i n g  t em 
p er a t ur e s  a t  l ow p r e s sure  r a t i o s  r e s u l t  i n  s i gn i f i c an t  incr e a s e s  
i n  p owe r but do  n o t  inc r e a s e cyc l e  e f f i c i ency . W i t h  c onvent i on a l  
a i r  c o o l ing , e f f i c i ency f a l l s  o f f  above 2 , 4 0 0°F d u e  t o  incr e a s e d  
c o o l ing a i r  r e qu i r emen t s wh i ch mo re than o ff s e t  t h e  i n c r e a s e i n  
e f f i c i ency from h i gher  t emp eratur e . For  h i gh p r e s sur e r a t i o  c om 
bus t i on turb ine s , h i g h e r  turb ine in l e t  t emp e r a t ur e s  y i e l d  s ub s t an 
t i a l  g a in s  in cyc l e  e ff i c i ency . Further  g a in s  c an b e  r e a l i z e d  
t hr ough r e du c e d  c o o l ing a i r  r e qu i r ement s .  C on s e quent l y , c ombu s -
t i on turb ine d e s igns  in the  1 9 7 9 - 1 9 8 5  p e r i o d  w i l l  empha s i z e  in 
c r e a s e d  f i r ing t emp er a ture s w i t h  op t imum p r e s s u r e  r a t i o s  t h a t  w i l l  
b en e f i t  b o t h  p e ak ing - ga s  turb ine and c omb in e d - cyc l e  app l i c a t i on s . 

I nc r e a s ing turb ine inl e t  t emp e r atur e s  above 2 , 4 0 0 0 F w i l l  r e 
qu i r e  maj o r  chang e s  in b o t h  turb ine b l ade  mat e r i a l s  and c o o l ing 
t e chn i que s .  By 1 9 8 0 , impr ovement s in me t a l lurgy and c onve c t i on 
a i r  c o o l ing a r e  exp e c t e d  t o  incr e a s e  turb ine in l e t  t emp e r atur e s  
t o  about 2 , 3 0 0 ° F i n  ins t a l l e d  un i t s  and b y  1 9 8 5 , t o  about  2 5 0 0 ° F .  
E f fo r t s  t o  inc r e a s e  t emp eratur e s  ab ove t h i s  l ev e l  c o u l d  p r odu c e  
eng ine e r ing t e s t  un i t s  w i t h  in l e t  t emp e r a t ur e s  o f  2 , 8 0 Q O F  t o  
3 , 0 o o o F by  t h e  m i d - 1 9 8 0 ' s .  Mat e r i a l s  p r o g r ams  inc lude deve l op 
men t a l  wo rk in c e r am i c  turb ine comp on en t s , turb ine  b l ad e  c o a t ing s , 
c l adding s , and c omp o s i t e  mat e r i a l s .  Maj o r  c o o l ing deve l opment s  
unde r  way inc lude c onvec t i on c o o l ing , t r an s p i r a t i o n  a i r  c o o l ing , 
and wa t e r  and s t e am c o o l ing . 

The l eve l o f  n i t r i c  o x i d e  (NOx ) emi s s i o n s  ( a  func t i on o f  
f i r ing t emp e r a t ur e )  w i l l  t end t o  inc r e a s e  w i t h  h i gh e r  turb ine in 
l e t  t emp e ra ture s .  Un t i l  1 9 8 0 , c ombus t i on t e c hn o l o gy imp r ovement s  
and wat e r  inj e c t i on t e chn i qu e s  w i l l  o ff s e t  NOx i nc r ea s e s  due t o  
h i gher  f i r ing t emp e r a t ur e s . Aft e r  1 9 8 0 , maj o r  chang e s  i n  c ombus 
t i on s y s t ems ( p r emix ing , c a t a lys t s )  wi l l  c ome i n t o  u s e . 

C omb ined D i s t r i c t / I ndu s t r i a l  H e a t ing and _ P owe r G ene r a t i on 

C omb ined d i s t r i c t  heat ing and p owe r g en er a t i on s y s t em s  have 
not b e en con s t ruc t e d  e x t en s ively  in the Un i t e d  S t a t e s  b e c au s e o f  
the l ar g e  c ap i t a l  inv e s tment r equ i r e d ; the  h i s tri r i c a l ly l ow c o s t  
and ava i l ab i l i t y  o f  p r imary fue l s ; and t he p o l i t i c a l  d i ff i cu l t i e s  
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o f  financ ing such sys t ems in a free - ent e rp r i s e  e c onomy w i t h  s t r ong , 
aut onomous , l o c a l  g ove rnmen t s . The s e  sys t ems have found w i d e r  
app l i c a t i on i n  E u r o p e  wh e r e  typ i c a l  d i s t r i c t  h e a t ing p ower s t at ions 
are  d e s i gned t o  p r o duce  only 3 5  p e r c ent of the i r  p ower a s  e l e c t r i c 
i ty by p ar t i a l l y exp and ing s t e am in a turb ine  g en e r a t o r . Th i s  
s t e am i s  then supp l i e d  through an ext en s ive p ip ing s y s t em t o  s a t 
i s fy the b a s i c  h e a t ing r e qu i r emen t s  o f  c omme r c i a l , indus t r i a �  and 
r e s ident i a l  cu s t ome r s . 

Bas e d  on de l i ve ry o f  b o th e l e c t r i c i ty and h e a t ing s t e am , 
ove r a l l power p ro duct i on e ffi c i en c i e s  c an b e  a s  h i gh a s  8 0  p e r c ent . 
One e c onom i c  e s t imat e made b e f o r e  the r e c ent  i n f l a t i on in c on 
s t ruc t i on c o s t s , p r o j e c t e d  a sys t em co s t  o f  $ 1 5 0  p e r  k i l owat t  o f  
t o t a l  de l ive r e d  p ower . Such sys t ems o ff e r  c i t i e s  s ome advan t a g e s  
i n  p o l lut i on cont r o l  and fue l swi t ching . Howeve r ,  the i r  imp a c t  
i n  t h e  1 9 8 0 ' s  wi l l  p r o b ab ly b e  ne g l i g ib l e  s in c e  b a c kf i t t ing an 
ex i s t ing c i ty w i t h  such a sys t em wou l d  b e  p r o h i b i t ive l y  exp e n s ive . 
Such sys t ems s hou l d  b e  c on s idered  for  p l anned new communi t i e s 
wh ich wi l l  b e  deve l op e d  around new indu s t r i a l  p arks . 

I n  add i t i on t o  c omb in ing power g en e r a t i on w i t h  d i s t r i c t  h e a t 
ing , t h e r e  e x i s t s  the  po s s ib i l i t y  o f  c omb in ing l ar g e  ut i l i t y  own 
ed powe r p l ant s w i th  maj o r  indus t r i a l  fac i l i t i e s  r equ i r ing l ar g e  
amount s o f  p r o c e s s  s t e am and e l e c t r i c  p ower . Such a p r o s p e c t  
mer i t s  c on s i de r a t i on b e c aus e o f  t h e  s i gn i f i c ant  fue l s av ing s 
wh ich c o u l d  r e s ul t . Opp o r tun i t i e s  for c on s t ru c t ing s uch c om 
p l ex e s  are  not  a s  numerous  a s  c ommon l y  b e l i ev e d  a s  b o t h  u t i l 
i t i e s  and indu s t r i a l  f i rms  have c r i t e r i a  o t her  t han fue l u s e 
wh ich are  c ons i d e r e d  when s e l e c t ing p l ant  s i t e s . 

n on - S i t e "  Gene r a t ion Sys t ems  

D i r e c t  c o n s ump t i on o f  fue l used in s upp l y i n g  the  ener gy r e 
qu i r emen t s  o f  the r e s i d en t i a l / c omme r c i a l  and indu s t r i a l  s e c t o r s  
may b e  reduced  through ins t a l l a t i on o f  s y s t ems var i o u s l y  d e s c r ib e d  
a s  " On - S i t e , "  " S e l f - G ene r a t ion , " " C onve r t ed Ene r gy , "  o r  " To t a l  
Ene r gy" sys t ems . The amount o f  e l e c t r i c i ty g e n e r a t e d  b y  t h i s 
c oncep t  has  b e en sma l l  and d e c l in ing s in c e  t h e  1 9 2 0 ' s .  Ext ens ive 
ut i l i z at i on wou l d  r educ e  p e ak and t o t a l  p ower g e n e r a t i on demands  
o f  the e l e c t r i c  ut i l i ty indus t ry . Ac t u a l  r e a l i z ed s av ing s at  
any one ins t a l l at i on c an on ly be  d e t e rmined  by a thor ough , d e t a i l 
e d  ana lys i s  o f  each  p o s s ib i l ity . 

Mo s t  r e a s on s  for  int e r e s t  in consumer en e r gy c onve r s i on s y s 
t ems a r e  r e l a t e d  t o  r e cent increas e s  in  p e t r o l e um p r i c e s  and p ro 
grams t o  achieve  l e s s  dep endence up on o i l  imp o r t s .  S ome o th e r  
r e a s ons  may inc lude : 

• C on s ume r conce rn r e g a r d ing the cons e quen c e s  o f  future vo l t 
age  r e duc t i on s  and l o ad s he dding wh i ch cou l d  r e s u l t  from 
announ c e d  ut i l i ty c ance l l at ions and de l ays i n  c ons t ru c t i on 
o f  new gen e rat i on c ap ac i ty . 

• I mp rovement in  r e l a t i ve e c onom i c s  for  s uch s y s t ems s in c e  
fue l  p ri c e s  are  increas ing . The p o t e n t i al h i g h e r  c onve rs ion  
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e ff i c i en c i e s  o f  s uch s y s t ems woul d  make them mo r e  a t t r a c 
t iv e . Ut i l i t i e s us ing fue l o i l f o r  p ow e r  g e n e r a t i on have 
l o s t mo s t  o f  the i r  vo l ume  p r i ce p ur cha s i ng advan t a g e  over  
comme r c i a l  and i ndus t r i a l  cus t om e r s . 

• Gove rnmen t  r eque s t s  fo r comme r c i a l  and i n du s t r i a l  p r o gr ams 
t o  r e duc e e n e r gy l o s s e s  are r e s u l t ing in i den t i fi c at i on o f  
opp o r t un i t i es fo r imp ro ve d  ene r gy u t i l i z a t i on . 

• Gove rnment ag ency demons t r at i on p r o g r ams (HUD , DOD , e t c . ) 
may , i f  s u c ce s s fu l , increas e int e r e s t i n  s uch s y s t ems . 

• Re l i ab i l i ty o f  s uch sys t ems when p r op e r ly e ng i n e e r e d  and 
s ervi c e d . 

• A var i e ty o f  i n t e rnal combus t ion and s imp l e - cy c l e  g a s  t urb ine 
sys t em typ e s  and s i z e s  can be p rovi ded . Sma l l to int e rme di 
a t e  s i z e d  comb i ne d - cyc l e  gas - t ur b i n e  p owe r e d uni t s  ar e deve l 
op e d  and may b e  ava i l ab l e  p r i o r  t o  1 9 7 8 . 

On t h e  o th e r  hand , the r e  are  a numb e r  o f  r e a s ons  d eve l opment 
of s uc h  s y s t ems may b e  d e f e r r e d . The s e  inc l ude the fo l l owing : 

• Mo s t  s y s t ems are b a s e d  on s ca r c e  o i l  o r  na tur a l  g a s  fue l s  
whe r e as u t i l i t i e s  c an p r o duce  ene r gy w i t h  c o a l  o r  nuc l e ar 
fue l . 

• C ap i ta l  r equi r ement s fo r fac i l i t i e s  a r e  s h i ft e d  from t h e  
u t i l i ty s e c t o r  to  t h e  r e s i dent i a l , indus t r i a l , o r  c ommer 
c i a l  s e c t o r . S e cur ing c ap i t a l  funds fo r the s e  l at t e r  s e c 
t o r s  may b e  d i f f i c u l t  i n  the  face o f  s eve r e  comp e t i t i o n . 
The s e  funds  may b e  n e e de d  fo r us e i n  the b a s i c  bus i ne s s  
ent e rp r i s e .  

• Such s ys t ems may r e duc e the  f l exib i l i ty o f  t h e  bus i n e s s t o  
me e t  exp anding o r  cont racting  bus i n e s s condi t i ons . 

E s t imat e s  o f  t h e  maximum p o t e n t i a l g r o w t h  arid r e s u l t an t  di r e c t  
e ffe c t s  o f  c o n s ume r ene r gy c onve r s i on s ys t ems up on ut i l i ty p ow e r  
gene rat i on ar e inc luded on Tab l e  1 7 . 

G e o th e rma l 

S t r i c t l y  s p e ak ing , t h e  s i gni f i can c e  o f  t h e  deve l opment o f  the  
geo therma l en e rgy p o t en t i a l  in  th e Un i t e d  S t a t e s , is  no t i n  n e t  
ene rgy s aving s but i n  the s h i ft o f  demand t o  h i t h e r t o  unexp l o i t ed 
ene r gy s ourc e s . The t o ta l , wo r l dwi de , ins t a l l e d , e l e c t r i c - g e n 
e r a t i ng cap ac i ty us ing  g e o the rmal ene rgy i s  about 1 , 1 9 7  me g a 
wa t t s  (MW) , o f  wh i ch t h e  U . S .  c ap a c i ty i s  5 0 2  MW ins t a l l e d a t  the 
G ey s e r s  G e o t h e rma l F i e l d  in  C a l i fo rn i a . In  t h e  l a s t t hr e e  y e a r s , 
numerous gove rnme n t a l  agenci e s , p r ivat e o r g an i z at i o n s , and ind i 
vi dua l s  have p ub l i sh e d  e s t imat e s  o f  t o t al , ins t a l l e d , e l e c t r i c 
gene rat ing c ap ac i ty e xp e c t ed fr om g e othe rma l ene rgy fo r the  ye ar 
1 9 8 5 , rang ing from 2 , 4 0 0  MW to 1 3 2 , 0 0 0  MW . Nume rous  l eg a l , i ns t i 
tut i ona l , envi ronment al , and t e c hn i c a l  b ar r i e rs h ave  de t e r r e d  de -
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TABLE 1 7  

POTENTIAL EFFECTS O F  CONSUMER ENERGY CONVERSION SYSTEMS 
UPON uTILITY OPERATIONS AND FUEL CONSUMPTION-- 1985 

Ins talled Generat ing Capac i t y  (MW) 
Elec tric Generat ion (Bill ion KWH) 

Ut i l i ty Central Stat ion Fuel 
Replacement ( Quadr ill ion BTU ' s ) #  

Incremental On- S i te Fuel Consump t ion 
( Quadrillion BTU ' s ) 

High Range 
Low Range 

Energy Convers ion Fuel Savings 
(Quadrillion BTU ' s ) 

H igh Range 
Low Range 

Res iden t ia l / Commerc ial 
Conver s ion of  Applicat ion to  New 

Exis t ing S i t e s *  Cons truc t ion--19 7 8- 1 9 8 5 +  

90 , 000 

5 5 0 §  

5 . 9 5 

1 . 88 
4 . 70**  

4 . 07 
1 . 25 

14 , 000 

8 7 �  

0 . 9 4 

0 . 29 
0 . 7 3** 

0 . 65 
0 . 2 1 

Industr ial 'f. Total 

38 , 000 142 , 000 

200 8 3 7  

2 . 15 9 . 04 

1 . 30 

3 . 47 
6 . 7 3 

0 . 85 

5 . 5 7 
2 . 3 1 

* Assumes ins tallat ions equal to 9 percent (500 , 000 ) of es t imated potent ial f ea s ible s i t e s  through 1 9 7 7  and 
average capacity  of 2 MW per s i t e . 

t Assumes that a maximum o f  20 percent of new resid en t ia l / commercial elec t r ic requiremen t s  will be suppl ied 
by on-site  generat ion sy s t ems . 

* Assumes that self-generat ion port ion ( 14 . 7  percent ) of ind u s t r ial s e c t ion t o tal elec t r ic energy requ ire
ment s  will b e  ma intained through 1985 . 

§ Based on a high assump t ion of 70 percent u t i l i z a t ion of generat ion capac i t y . 
� Based on assump tion o f  a maximum of 20 percent of new residential/ commerc ial electric requirement s  b e ing 

supplied by on- s ite  genera t ion systems and Phase I e s t ima te of electric energy port ion of  1985  total res iden t ia l /  
commerc ial energy requiremen t s . 

# Assumes an average transmiss ion loss  of 7 percent for cen tral stat ion power transmiss ion and central s tat ion 
heat rate of 10 , 000 BTU ' s  per KWH in 1 9 8 5 . Average heat rate for industrial self-generat ion assumed to be as low 
as 6 , 500 BTU ' s  per KWH . 

**Energy consump t ion for on- s i t e  electricity generat ion is assumed at 100 percent e f f ic iency for load and is 
used for the high range . Low range values are at 40 percent of  savings and reflect pos s ible imbalance among 
heat ing , cool ing , and electr ical requiremen t s . 



ve l opme n t  o f  a v i ab l e  g e o the rmal in dus t ry in the Un i te d  S t a t e s . 
Geo the rma l e xp l or a t i o n  te chn i que s have b e en de ve l op e d  to  i de n t i fy 
l o c a l i z e d a r e a s  o f  g e o the rmal p o t ent i a l  and have p e rmi t t e d  de 
l i n e a t i o n  o f  a numb e r  o f  s eparat e p ro s p e c t ive  a r e a s , t h e  maj o r i ty 
o f  wh i c h  a r e  l o c a t e d  on feder a l  l and s i n  t h e  we s t ern Un i t e d  S t a t e s . 

A l t hough 7 5  p e r cent o f  the wo r l d  cap a c i ty i s  i ns t a l l e d  at  
vapo r - domina t e d  f i e l ds , it  is  exp e c t e d  that mo s t  new g e o t h e rma l 
fi e l ds d i s cove r e d  and exp l o i t e d  w i l l  b e  o f  the  l i qu i d - domi n a t e d  
typ e . D e s p i t e  op t i mi s m  exp r e s s e d ab out the fut ur e o f  g e o t h e rmal 
ene r gy , the  G eys e r s  G e o the rma l F i e l d is  th e on ly comme r c i a l  deve l 
opment fo r e l e ct r i c  p owe r g ene r at i on in t h e  Uni t e d  S t at e s . The 
de l ay by the U . S .  Bur e au of Land Manag ement ,  i n  b o t h  r e l ea s ing  
fede r a l  l ands fo r g e o t he r ma l  l e a s i ng and i n  p ro c e s s i n g  i s s uanc e  o f  
l e a s e s  o n  t ho s e  f ew l ands wh i ch have b e en r e l e a s e d  and b i d  on , i s  
no t on ly de l ay ing exp l o ra t o ry wo rk o n  the  f e de r a l  p r o p e r ty , but i s  
a l s o  s l owing the  e xp l o r a t ion  o f  p r i vate  l ands adj a cent t o  f e de r a l  
p ro p e r t i e s . Exp l o ra t i on comp an i e s  ho l d i ng  p r i va t e  l and l o cat e d  
adj a c ent t o  p o t ent i a l federal  g e o t h e rma l l an ds a r e  r e l uc t an t  t o  
dr i l l  o n  the i r  l imi t e d  l an d  ho l d i ng s . Shou l d  hi gh t emp e r a t ur e  
flui ds b e  fo und , then t h e  a dj acent f e de r a l  l ands op ened fo r l e as e 
a ft e r  the fact , c o u l d  b e  l o s t t o  comp e t i t o r s � 

G e o thermal energy has  i t s  own envi r onment a l  p rob l ems wh i ch 
mus t b e  r e c o gni z e d .  The s e  i n c l ude t he r e l e a s e o f  no x i ous o r  
nui s anc e gas e s  ( e . g . , hy dro gen s u l fi de ) ; evap o r a t i on o f  mas s iv e  
quant i t i e s o f  wa t e r  fo r p l ant condens e r  h e a t  r emova l a n d  r e j e ct i on ; 
co nt aminat i o n  o f  g r o und wat er sys t ems dur ing  w i thdrawa l and i n j e c 
t i on o f  g eo th e rma l b r ines ; g r o und s ub s i d ence  caus e d  by r emova l o f  
l arge  quant i t i e s o f  w a t e r  fr om a r e s e rvo i r ; gene r a t i o n  o f  e a r t h  
movemen t wh en sp ent b r ine s are  inj e ct e d  i n t o  fau l t s ; a n d  l an d - us e 
imp a c t s  a s s o c i a t e d  w i t h  b r ine gathe r i n g  and d i s p o s a l s ys t ems . 

Ob t a i ning the  l ar g e  quant i t i e s  o f  wa t e r  ne e d e d  t o  p r ov i d e  for  
p l ant c o o l ing ( ab ou t  50  t o  60  acre  fe e t  per  y e a r  p e r  MW) o r  t o  r e 
p l en i s h  g e o th erma l r e s ervo i r s  i n  o r d e r  to  fo r e s t a l l  the p o s s ib i l i ty 
o f  g r ound sub s i d ence  i s  a p ar t i cu l a r l y  s ev e r e  p r o b l em i n  a lmo s t  a l l  
ar e a s  whe r e  g eo therma l r e s erve s ex i s t .  Du e t o  the  l ow , i nh e r e n t  
e f f i c i ency o f  conve r s i on to  e l e c tr i c i ty o f  g e o t h e rmal  p l an t s , they 
r e qu i r e  as much a s  thr e e  t ime s the c o o l ing wa t e r  of conv en t i onal  
f o s s i l  fue l e d  fac i l i t i e s . The  pr i nc i p a l  g e o therm a l  r e s e rvo i r s  
found to  d a t e  h ave b e en l o c a t e d  i n  ar i d  r e g i o ns whe r e  wa t e r  i s  
ava i l ab l e  a t  a h i gh co s t . 

The vapo r - dom ina t e d , g e o the rma l sys t em ( d i r e ct - s t e am cyc l e )  
enco unt e r e d  i n  the G ey s e r s  F i e l d  p re s ent s l i t t l e  d i f f i cu l t y  t o  
comme rci a l  deve l opme n t ; howeve r , s uch s y s t ems a r e  r a r e  in  nature . 
The I mp e r i a l Val l ey r e g i on o f S o uthern C a l i fo rn i a  cont a i n s  a l arge  
and unus ua l ly ho t g e o t h erma l area  known a s  t h e  S a l t o n  Sea  G e o 
therma l F i e l d  ( s ome t imes  cal l e d  the But t e s  G e o t h e rmal  F i e l d ) . Th i s  
f i e l d  i s  ext reme ly s a l i n e  cont a i n i ng almo s t 3 0  p e r cent  d i s s o lv e d  
s o l i ds . Thi s h i gh t emp e r ature b r i n e  caus e s  ext ens i ve s c a l ing  and 
c o r ro s i o n  p ro b l ems i n  b o t h  we l ls and surface  equipment h inde r i n g  
s uc c e s s fu l  deve l opment o f  t he f i e l d  f o r  e l e c t r i c p owe r p r o duct i on .  
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R&D e ffo r t s  a r e  b e ing condu c t e d  t o  ut i l i z e  t h i s h i gh t emp e r ature  
res ourc e , but  i t  is  no t exp ect e d  that  comm e r c i a l  deve l opment wi l l  
b e  p o s s ib l e  i n  t h e  n e a r  future . Even i f  i t  b e come s t e chni c a l ly 
p o s s ib l e  to  c o nt r o l the  use  of  s uch h i gh t emp e r a t ur e  s a l ine  b r i n e s , 
the co s t  may b e  s uc h  as t o  rul e  out i t s  p r a c t i c a l  us e  fo r e l e ct r i c  
pow e r  generat ion . 

Va ri ous f e de r a l  a g enc i e s  have b e en invo lved  in a div e r s ity  o f  
p r o j e ct s , e a ch a s s o c i a t e d  wi th some asp e c t  o f  g e o the rma l R & D . The 
Mary s vi l l e  Geo the rma l P r o j e c t  conduc t e d by  the Nat i o na l S c i en c e  
Foundat i on ' s  Rann D i v i s i o n  invo lved t h e  dr i l l ing o f  a t e s t  we l l  
near  Ma ry s v i l l e , Mont ana , t o  e s t ab l i s h  t h e  v i ab i l i ty o f  t h e  ' ' h o t  
dry rock"  geo t he rma l re s ervo i r  con c ept . The  At om i c  Ene rgy Comm i s 
s io n ' s Divi s i on o f  App l i e d Te chno l o gy wo r k i ng t hr o ugh L o s  Al amo s 
S c i ent i fi c  Lab o r ato ry d r i l l e d  two t e s t  we l l s  in c en t r a l  New Mexi c o . 
Th i s  p ro j e ct was a l s o  di r e c t e d  t owar d inv e s t i g a t ing  the  p o s s i b i l i ty 
for ext ract ing energy from hot  dry ro c k  g e o t h e rmal  a r e a s . The U . S .  
Bure au o f  Re c l amat i on has dr i l l e d  s i x we l l s and e r e c t e d  exp e r imen t a l  
t e s t fa c i l i t i e s  a t  i t s  Eas t Me s a  Geo the rma l Re s o ur c e s  P ro j e ct Deve l 
opme nt s i t e  in  the I mp e r i a l  Val l ey t o  i nve s t i g a t e the  po s s i b i l i ty 
fo r comme r c i a l ly de s a l t in g g e o t he rmal f l u i ds t o  o b t a i n  p o t ab l e wat e r . 
The s e  and o t h e r  g o v e rnment R&D  p roj e c t s  have cont r i b ut e d  t o  o ur 
know l e dg e  o f  g e o t herma l r e s o ur c e s  and p o t en t i a l  r e s our c e  ut i l i z a t i on 
t e c hnique s . Howeve r ,  s i gni f i cant wo rk mus t b e  comp l e t e d  b e fo r e  a 
comme r c i al ly vi ab l e  g e o t herma l  indus t ry come s i n t o  ex i s t en c e . 

Hy dro e l e c t r i c Power  

Hydro e l e c t r i c  p owe r wi l l  p l ay a re lat ive ly de c r e as i ng ro l e  in  
future e l e c t r i c  p ow e r  p r o duc t i on , even thoug h i t s  ab s o l ut e  c ap a c i ty 
wi l l  in c r e a s e .  At p r e s ent , hy dro e l e c t r i c  p ow e r  cont r i but e s  1 4 . 5 
p e rc en t  o f  t h e  e l e c t r i c e nergy de l ivered  i n  t he Uni t e d  S t at e s . * 
Thi s cont r ib ut i on i s  e xp e c t e d  t o  de cr e a s e to  ab out 5 p e r c e n t  by 
1 9 9 3 . Howeve r ,  hy dro e l e c t r i c  gene r at ion wi l l  c o nt i nue to  b e  an 
imp o r t ant s our c e  o f  e l e c t r i c i ty in s ome  g e o g r ap h i c a l  r e g i o n s  ( e . g . ,  
P ac i f i c  s t at e s ) and wi l l  b e  o f  i n c r e a s ing imp o r t an c e  wi t h  r e g ard  
to  p e aking  p owe r .  The d e v e l opment of  n ew t e chno l o gy w i l l  b e  
di r e c t e d  l arg e l y  toward i n c r e a s in g generat i on c ap a c i ty , us i ng s i t e s  
wi th low e r  heads , and imp ro v i ng cons t ruc t i o n  t e c hn i q u e s . 

P re s ent ly , in the con t i guo us Un i t e d  S t a t e s  t h e r e  are  5 4 , 8 8 5  
MW o f  ins t a l l e d  hy drop ower c ap a c i ty . By 1 9 8 3 ,  an addi t i on a l  
1 1 , 4 0 0  MW cap ac i ty w i l l  b e  op e rat ing . Thi s i n c lude s the 6 , 8 7 8  MW 
now b e ing cons t ru c t e d . Ab out one - ha l f  o f  the  p r e s en t  c ap a c i ty and 
8 0 p e rcent  of t ha t  unde r  cons truc t ion or p ro j e c t e d  by 1 9 8 3 , w i l l  
b e  i n  the Pac i f i c  s ta t e s . A fur ther  1 2 , 2 0 4  MW a r e  i d e n t i f i e d  a s  
p o s s ib l e addi t i o ns b e tween 1 9 8 3  and 1 9 9 3 . Wi t h  the s e  i n c r e a s e s  i n  
cap a c i ty , a t o t a l  o f  7 8 , 5 8 7  MW woul d ex i s t by 1 9 9 3 , a n  i n c r e a s e o f  
4 3  p er cent o v e r  the  p re s ent l e ve l . T h e  i n c r e a s e i n  g ene r a t i on b e 
tween 1 9 7 4  and 1 9 9 3  o f  the addi t i on a l  c ap a c i ty wou l d  amoun t t o  4 9  

* F e der a l  Powe r Commi s s ion News Re l e a s e  No . 2 0 3 3 3 ,  Wa s h i ng ton , 
D . C . : May 2 4 ,  1 9 7 4 . 
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b i l l i o n  k i l ow a tt hour s ( KWH) p e r  y e ar , o r  the  equi val e n t  o f  8 0  
mi l l i on b ar r e l s  o f  o i l . *  

I n  add i t i o n  t o  t he s e  p ro j e c t i ons , an e s t imat e d  3 8 , 0 0 0  MW o f  
undev e l o p e d  p o t ent i a l fo r hydr o e l e c t r i c  g ene r a t i o n  e x i s t s . Th i s  
excludes  s i t e s  wh i ch woul d b e  p re c luded b y  b e i ng c l a s s e d a s  w i l d  
o r  s c e n i c  r i ve r s  and cons i ders  only p l an t s  o f  2 5  MW o r  mo r e . Th i s  
w o u l d  r e s u l t  i n  an addi t i onal g en e r a t i on o f  a b o u t  1 0 0  b i l l i o n KWH 
p er y e ar , wh i ch i s  e q u i v a l ent to burn i ng 1 6 0  m i l l i on b a rr e l s  o f  
o i l . About 3 2 , 5 0 0  MW o f  unde v e l o p e d  c ap a c i ty e xi s t s i n  A l a s ka , b u t  
ful l  exp l o i t at i on w o u l d  r e q u i r e  cons t ruc t i on o f  l ong t r an smi s s i on 
l in e s  t o  t he c o n t i guous Un i t ed S ta t e s . 

No maj o r  t e chno l o g i c a l chang e s  are  p r o j e c t e d  for  t h e  n e x t  2 0  
y e ars , a l t hough a numb e r  o f  imp rovemen t s  o n  e x i s t i n g  e q u i pment and 
s i t e s  w i l l  t ak e  p l ac e . T h e  maj o r  g o a l s  w i l l  b e  t o  ut i l i z e p r e s e n t ly 
mar g i n a l  s i t e s  and to i nc r e as e the hydr o e l e c t r i c  p e ak i ng c ap ab i l 
i t i e s . One t r en d  i n  hydro e l e c t r i c  t e chno l o gy w i l l  b e  t o  i n c r e as e 
c ap a c i ty o f  e x i s t i n g  s i t e s  by c ons t ru c t i n g  l o w e r  p o o l  a f t e r b ay s  
and ins t a l l i n g  r ev e r s i b l e  p ump s that  c an b e  us e d  f o r  b o th pump i n g  
a n d  g en e r a t ing . I n  add i t i o n , l ar g e r  s i z e uni t s , u p  t o  6 0 0  MW , are  
b e ing i n s t a l l e d  o r  p r oj e c t ed fo r us e .  Other  deve lopments  i nvo l v e  
s i t e s  w i th l owe r he ads i n  the  r ange o f  1 5  t o  3 5  f e e t . Ax i a l - f l ow ,  
tub u l ar - type turb i n e s  and bulb  uni t s  o f  t h e  t yp e  d ev e l op e d  i n  E u 
rope  a r e  b e ing i n s t a l l e d  an d p rop o s e d  f o r  t h i s  purp o s e .  I mp ro v e 
ments in d e s i gn and b u i l di ng o f  d ams , and i n  t unne l i n g  and und e r 
gr ound e x c ava t i ons a r e  e xp e c t e d  t o  b e  r e s p ons i b l e  f o r  i n c r e a s� d  
e c onomi e s  i n  hy dro e l e c t r i c  con s t ruc t i on .  I n  conne c t i o n  w i t h  t h i s , 
the u s e  o f  unde r g round p owerhous e s  for  e conomy r e a s on s  and/ o r  s i t e  
r e s t r i c t i o ns i s  e xp e c t e d  t o  o c cur . t  

D i s t r i b u t e d  Gen e r a t i on and S t o r a g e  T e c h n i que s 

D i s t ri b u t e d  G e ne r a t i o n 

D i sp e rs e d  p owe r g e n e r a t i on i s  a n on t r ad i t i on a l  c o n c ep t w h e r e  
g en e r a t ing uni t s  are  l o ca t e d  w i t h i n  t h e  d i s t r ib u t i on n e two r k .  
Th i s  r e s ul t s  i n  a r e duc t i o n  o f  t r ans mi s s i on l i ne r e q u i r e me n t s  and 
of t rans mi s s i on l o s s e s  i n  add i t i on to  d i s p e r s i n g  p o l l u t i on s ou r c e s , 
r e duc i n g  s y s t e m  r e s e rve r e q u i remen t s , and o th e r  b e n e fi t s . 

The fue l  c e l l , the  mo s t  p r om i s ing d i s p e r s e d  g e ne r a t i on c a n 
d i d a t e , o f f e r s  s i gn i f i c an t  ene r gy s av i ng p o s s i b i l i t i e s b e c au s e o f  
i t s  ant i c i p a t e d  l ow h e a t  r a t e s  and h i g h  e ff i c i en c y  und e r  p ar t i al 
l o ad . Howeve r ,  t h e  i mp a c t  o f  fue l c e l l s  on e n e rgy c o ns ump t i o n  
p r i o r  t o  1 9 8 5 w i l l  b e  m i n i ma l . The mo s t  p ro b a b l e  e s t ima t e  o f  
max i mum fue l c e l l  c ap a c i ty b y  1 9 8 5  ( 5 , 0 0 0  MW) p r o du c e s  a c on s e r -

* F e d e r a l  P o w e r  C ommi s s i on News Rel e a s e  N o . 2 0 2 9 3 ,  Wa s h i ng t o n , 
D . C . : June 1 3 ,  1 9 7 4 . 

t F e d e r a l  P ow e r  Comm i s s i on , T h e  1 9 7 0  Na t i o n a l  Po w e r  Sur v e y : 
Par t I ,  Was hi ng t o n , D . C . : D e c emb er 1 9 7 1 ,  p p . I - 7 - 1  t o  1 - 7 - 3 0 .  
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vat ively  e s tima t e d  annua l fue l s avings o f  0 . 0 2 4  quadr i l l i on B TU ' s .  
Th e u l t ima t e  marke t p o t ent i a l  has b e e n  e s t imat e d  a t  1 5  p e r c en t  o f  
new and/ o r  r ep l ac ement c ap ac i ty in the  i n t e rme d i a t e  l o ad marke t . 
The fue l ce l l  i s  i n  the e a r ly s t ag e s  o f  comme r c i a l  deve l opmen t  
and unc e rt aint i e s  r emain ab o ut t h e  e conomi c v i ab i l i ty o f  t h e  con 
c ep t  as we l l  a s  fue l s upp ly for fue l  c e l l  us e .  

Di s tr i b u t e d  S t o r a g e  

T h e  u s e  o f  s to r a g e  a t  p o i n t s  wi thin t h e  d i s tr ibu t i on s y s t em 
wou l d  a l l ow l ar g e  e f f i c i en t  fos s i l  and nuc l e ar p l an t s  t o  p r o v i d e  
p e a k  powe r ( p e a k  shav i ng )  and int erme d i a t e  p o w e r  ( l oad  l ev e l i ng ) . 
I t  wou l d  a l l ow the expans ion o f  b a s e l o ad c ap a c i ty b eyo nd tha t wh i ch 
wou l d  b e  f e a s ib l e  w i thou t s t o r a g e . The s i gn i f i c anc e o f  s t o r a g e  i s  
no t i n  ne t ene r gy s av i n g s  ( typ i c a l ly a 2 5  p e r c en t  l o s s  i s  exp e r i 
enc ed in  the round t r ip ) , but  in the s h i f t ing o f  d emand t o  mo r e  
p l ent i fu l  energy s ourc e s . Und e r  one a s sumed p ene t r a t i o n  s c enar i o , 
the s av ings i ri  fo s s i l  fue l s  i s  3 quadr i l l i o n  BTU ' s  in  1 9 9 0  and 1 8  
quadr i l l i o n  BTU ' s i n  2 0 0 0 . Annu a l  imp a c t o f  d i s tr ibu t e d  s t o r a g e  
p r i o r  to  1 9 8 5  mu s t  b e  cons i d e r e d  neg l i g ib l e  b e c au s e  a l l  forms  o f  
s to r a g e  a r e  i n  t h e  e a r l y  s t a g e s  o f  deve l opment . T h e  equ ipment  
c l o s e s t to  pr a c t i c a l i ty is  the  l e ad acid  b a t t e ry and even i f  i t s  
u t i l i z a t io n  we r e  expe d i t e d , i t  i s  e s t ima t e d  tha t the f o s s i l  fue l  
s av ing s through 1 9 8 5  wou l d  app r ox ima t e  o n l y  0 . 3  quadr i l l i o n  BTU ' s .  

Large  Cent r a l  Energy S t or a g e  

Pump e d  S t o r a g e  

P re s ent l y , pump e d  s to r age is  t he on l y  s i gn i f i c an t  me tho d o f  
s to r ing e l e c t r i c  ene r gy a t  l arge cent r a l  s i t e s . P r e s e n t  i ns t a l l e d  
capa c i ty fo r pump e d  s to rage  i s  8 , 2 0 0  MW and i s  p ro j e c te d  t o  inc re as e 
to ab out 4 1 , 0 0 0  MW by 1 9 9 3 .  A re cent  r ep o r t  by t h e  Fe de r a l  P owe r 
Commi s s ion h as i d en t i f i e d  ab out 1 5 5  s i te s  i n  the s t a t e s  o f  C a l i fo r 
n i a , Ar i z ona , N evada , and Ut ah having a p o t en t i a l  o f  3 4 1 , 1 0 0  MW . *  
The s e  are  s i t e s  that  could  b e  e c onomi c a l ly deve l o p e d  w i t h  e x i s t ing 
t e chno l o gy and they r ang e i n  s i z e from a minimum o f  1 , 0 0 0  MW t o  a 
maximum o f  7 , 8 0 0  MW. The imp ac t  o f  thi s coul d b e  p r o found in  t e rms 
o f  i t s  e ff e c t  on ene rgy s t o r a g e  and l o ad manag emen t . Mo r e  evalu 
a t i on i s  ne eded t o  de t e rmine the amount o f  pump e d  s t o r a g e  that  c o u l d  
actua l ly b e  us e d  c ons i d e r i ng s y s t em requ i r ement s ,  env i r o nmen t a l  
prob l ems , and t r ansmi s s i o n  c o s t s . I n  addi t i on t o  the  s i t e s  i d e n 
t i fi ed in  t h e  S outhwe s t ,  t h e  FPC  s t a f f  has  i n d i c a t e d  that  a p o t en 
t i a l  o f  s imi l ar magni tude exis t s  i n  the E as t and s urvey s a r e  und e r  
way to d e t e rmine s uch s i t e s . 

S ince  thi s i n fo rma t i o n  i s  s o  r e cent , no  e ffo r t s  h ave b e en i n i 
t i at e d , as  y e t , t o  exp l o i t  the p o t ent i a l  o f  p ump e d  s to r a g e . The 
maj o r  e ffo r t  to  d a t e  on i n c r e as ing the p o t en t i a l  of pump e d  s t o r a g e  

* F ede r a l  P ower Commi s s i on ,  Po t e n t i a l Pump e d  S t o r a g e  Proj e c ts 
i n  t h e  Pa c i fi c  S o u t hw e s t , Was hington , D .  C . : 1 9 7 5 . 
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has  b e en deve l opment o f  underground s t o r a g e . B e c aus e o f  i t s  minimal  
surface  i mp ac t , undergr ound pump e d  s to rag e is  a p romi s i n g  m e t ho d  o f  
o ff - p e ak ene r gy s t o r a g e . The b as i c  n e e d  i s  t o  imp rove t h e  e co nomi cs 
of s uch s y s t ems by imp roving cons t ruc t i on t e chn i que s . Pump e d  s to r 
ag e fo r p eaki ng wi l l  b e c ome incr e a s i n g l y  imp o r tant  a s  fue l s  fo r con 
bus t i o n  turb i n e s  a r e  dep l e te d . The undeve l op e d  p o t en t i a l  r e c en t ly 
i d ent i fi ed by the  F P C  o f fers  hop e that t h i s  e ff i c i en t , f l e xi b l e  
metho d  o f  ene rgy s t o r a g e  w i l l  p l ay a much l ar g e r  ro l e  than p r ev i o us 
ly ant i c ip a t e d . Howeve r , as  i n  the cas e o f  o th e r  fo rms o f  e l e c t r i c 
i ty s t o r age , the  s i gn i fi can c e  o f  pump e d  s t o r a g e  i s  no t i n  ne t 
energy s avings , but  i n  s h i f t s  t o  mo r e  p l en t i fu l  e n e r gy s our c e s . 

Co mp r e s s e d  A i r 

Comp r e s s e d - ai r s t o r a g e , l ike  p ump e d  hy dro e l ec t r i c  s t o r ag e , i s  
not  an energy s aving  t e chn i qu e . I t  i s  a means o f  c ons e rving s c a r c e  
p e t ro l eum fue l s  b y  s h i f t ing much o f  t h e  ene r gy requi r emen t s  o f  g as 
turb ines  t o  o ff - p e ak p owe r from nuc l e ar o r  c o a l  p l ants . I n  the 
a i r - s t o r a g e  concep t , air is  comp r e s s e d in o f f - p e ak p e r i o ds , an d the 
comp r e s s e d air i s  s to r e d  in  underground c averns . Dur i n g  p e ak p er i 
ods , comp r e s s e d a i r  i s  u s e d  i n  the combus t i o n  cy c l e  o f  gas  turb ines 
t o  i n c r e as e t he i r  e l e c t r i c a l  output . The advan t a g e  o f  a i r  s t o r a g e  
wou l d  b e  t he imp r o v e d  fue l  economy o f  g a s  turb ine s f r o m  ar o und 1 2  
thous and BTU ' s p e r  KWH to around 4 to  5 thous and B TU ' s p e r  KWH . 
(An addi t i onal  ap p r o x imat e 7 . 4 thous and B TU ' s p e r  KWH woul d  b e  pro 
vi ded dur i ng o f f - p e ak p e r i ods  t o  comp re s s the  a i r , the  ove r a l l  s y s 
t em h e a t  rat e woul d  b e  o f  the o rder  o f  1 1 . 4  thous and BTU ' s p e r  KWH . ) 

The wo r l d ' s  f i r s t a i r - s to rage p e aking  p l an t  ( 2 9 0  MW) i s  s che d 
u l e d  t o  b e  ins t a l l ed i n  G e rmany i n  1 9 7 7 . S tud i e s  t o  de f i n e  t h e  ap 
p l i c ab i l i ty o f  the t e chn i que  t o  the U . S .  p l an t s  have r e c en t ly b e en 
ini t i a t e d .  W i thout the  r e s u l t s  o f  thes e s tud i e s , i t  i s  i mp o s s i b l e  
t o  accur at e ly p r o j e c t  the  imp l ement a t i on o f  t h i s  t e chno l o gy . The 
e ar l i e s t es t imat e d  da t e  for a U . S .  comme r c i a l  p l an t  is  1 9 8 3 ; t h e r e 
fo r e , the  imp a c t  o f  fue l  s aving p r i o r  t o  1 9 8 5  w i l l  b e  ne g l i g i b l e . 

Burn i ng o f  G arb a g e  and Re fus e 

Th e re are  s ev e r a l  p r omi s i ng me tho ds  fo r g e n e r a t ing e l e c t r i c 
i ty from r e cove r e d  ene r gy i n  re fus e .  The combus t i b l e  frac t i o n  can 
b e  ext r a c t e d  e i th e r  by s h r e dd i ng or p ulp i ng and f e d  a s  a s upp l e 
men t a l  fue l  t o  convent i ona l ut i l i ty s t eam b o i l e r s . The  7 0  t o  8 0  
p e rc ent by we i gh t  o f  mun i cip a l  r e fus e wh ich  i s  combus t ib l e , r e 
p l ac e s  ab out 1 0  p er c ent o f  t he normal h e a t ing ene rgy s upp l i e d  t o  
th e b o i l e r .  The ne t envi ronment al  imp a c t  comp a r e d  t o  i n c i n e r 
at i on, i s  a t t r a c t ive ; the  econom i e s  o ft en comp a r e  favo rab l y  wi t h  
l and - f i l l  p ro j e c t s  and us ua l ly exc e e d  i n c i n e rat i o n p r o j e c t s . 

P rep a r e d  t ra s h  c an a l s o  b e  chemi cal ly decomp o s e d  t o  p r o duc e 
an o i ly l i qu i d  o r  a gas ; this  fue l can then b e  burn e d  in  s t e am 
b o i l e r s . Al t e rna t e ly , e i th e r  t h e  t r a s h  o r  d e comp o s i t i on p r o duc t s  
can b e  bu rne d and t h e  ho t gas e s  us e d  t o  p o w e r  a g a s  turb i n e . 
Wi d e ly vary ing i n  charac t e r i s t i cs , co s t s , and app l i c ab i l i ty ,  s ev -
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eral  di f f e r ent en e rgy r e c overy concep t s  may p r ove v i ab l e . T h e  
Envi ronment a l  P ro t e c t i on Ag ency has  p ro j e c t e d  a p ra c t i ca l  p o t en 
t i a l ene rgy r e co ve ry c ap a c i ty by 1 9 8 5  o f  7 0 0  t r i l l i on BTU ' s o f  
fue l , or  l e s s  t han 7 0  b i l l i on KWH o f  e l e c t r i c i t y . 

Envi ronmen t a l  P ro t e c t i o n  Mea sur e s  and Th e i r  I mp a c t s  o n  E ff i c i ency 
o f  E l e c t r i c  G ene ra t i o n  

Envi ronmen t a l  p r o t e c t i on equipment , i n  many c as e s , c o n s ume s 
a c ons i de r ab l e  f ra c t i on o f  p ower - p l ant cap a c i ty . Th i s  i s  due to  
the powe r cons um e d  i n  op e r a t ing t h e  equ ipme nt an d the l o s s i n  p ow 
e r  p l ant e f fi c i ency by adding t h e  equ ipment t o  t h e  p ower  g e n e r 
at ing s y s t em .  The l o s s i n  p ower  p l ant c ap a c i ty mus t b e  rep l ac e d , 
in  mo s t  c a s e s , by l e s s  e f f i c i ent cy c l ing and p e ak i ng equipme nt 
wh i ch cons ume s add i t i onal fue l  an d may r equi r e  a dd i ti onal  envi 
ronment a l  equipment . I n  s ome c a s e s , t h e  fab r i c a t i on , op e r a t i on , 
feeds t o ck t rans po r t a t i on , an d was t e  d i s p o s a l  f o r  envi ro nment a l  
con t ro l  equipment con s um e s  cons i de rab l e  amoun t s o f  ene rgy . 

Coo l ing Towe r s , Ponds , and Sp r ay Canal s 

The rma l was t e  cont r o l  eq uipment op e ra t e s  on t h e  l a t en t  h e a t  
o f  vap o r i z a t i on a n d  con s um e s  l a rge amo un t s  o f  wat e r  and p ow e r  a s  
comp a re d to  th e us e o f  onc e - through coo l i ng s y s t em s . The  p r i n 
c i p a l  a dvan t ag e  o f  t h e  the rma l was t e  cont ro l eq ui pment o r  s y s t ems 
s uch as co o l ing t owe rs , s p r ay p onds , and l ag o o n s  is that they c an 
ope r a t e  in  a near ly c l o s e d - cy c l e  mo de and do n o t  d i s charge  l a r g e  
quan t i t i e s  o f  h e a t e d  wa t e r  i n t o  the  envi ronment . The  us e o f  
c l o s e d - cyc l e  co o l ing wa t e r  s ys t ems consume s a d d i t i on a l  ene rgy b e 
caus e wat e r  mus t b e  p ump e d  t h ro ugh t he sys t em in  l a r g e  quant i t i e s  
and a t  h i gh f l ow r a t e s  due t o  t h e  h i gh e r  t emp e r a t ur e  o f  t h e  r e 
cyc l e d  c o o l ing wat e r . As t h i s  wat e r  mus t b e  evap o r a t ive ly c o o l ed , 
a cons i de r ab l e amo unt o f  p ower  i s  requ i r e d  t o  op e r a t e the  fans 
wh i ch d r ive a i r  t hro ugh t he c oo l ing t owers . 

Many c o o l ing s y s tems per form mo s t  e f f e c t iv e l y  a t  h i gh e r  
wa t e r  temp e r a ture s .  However , th i s  s ame t emp e r a tu r e  inc r e a s e ad 
vers e l y  a f fe c t s  the e f f i c i e ncy o f  the powe r p l an t  b e c au s e  i t  
caus e s  the  s t e am t o  condens e a t  a h i gh e r  t u r b i n e  b a c k -p r e s s ur e  
an d i n c r e a s e s  t h e  t urb i ne h e at r a t e . I n  s ome c a s e s , the  t urb ine  
back-pr e s s ur e  can be  so  h i gh that  p r e s s ur e  d ro p s  a c ro s s  t h e  t ur 
b ine ' s b l a de s  and r e t a r ds t h e i r  mot i o n . T h i s c aus e s  t h e  t u rb i n e  
to  b e  n e a r l y  inop e r a t ive  a n d  i t s  o utput mus t  b e  cut b a c k  unt i l  
th e b a c k  p r e s s ur e  drop s i n t o  i t s  output rang e . T h i s o utput cut 
b ack c an caus e an e f fi c i ency l o s s  o f  around 5 p e r c ent . New p owe r 
gene rat ing sys t ems tha t  we re d e s i gn e d  to  us e co o l ing t owe r s  may 
exp e r i ence  energy s av ing s only s l i ght ly h i ghe r  than the p owe r c o n 
sump t i on o f  th e p ump s a n d  fans . The  turb i n e s  a r e  de s i gn e d  t o  
op erat e a t  h i g h e r  co o l i ng wat er t emp e rat ure s a n d  any p o s s i b l e  i n 
cre a s e i n  e f fi c i ency by e l imina t i ng c l o s e d - cy c l e  co o l ing s y s t ems 
wi l l  be l e s s  t h an 0 . 5  p er c en t  of c ap ac i ty .  
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S t ack G a s  S c rubb e rs 

Th e Envi ronment a l  P ro t e c t io n  Ag ency has  r e c ent ly d e s i gna t e d  
the l ime / l imes t on e  s l ur ry we t s crubb e r  as  t h e  b e s t comme r c i al ly 
ava i l ab l e equipment fo r e l iminat i ng su l fur d i o x i de ( S0 2 ) from 
f l ue g a s . The s e  s crubb ing  sys t ems requi r e  the e x t en s i v e  us e o f  
p ump s , fan s , and s t e am wh i ch r e s u l t  i n  ene rgy l o s s e s i n  t h e  e l e c 
t r i c generat ing  s y s t em .  I n  addi t i o n , minor  l o s s e s  a r e  e xp e r i en c e d  
due t o  auxi l i a r i e s  and ins t rument a t i on , and ene rgy i s  � equ i re d  t o  
s upp ly and p ro c e s s  chemi cal  f e e ds t ock f o r  the  S0 2 s cr ubb er s . 
Quan t i t i e s  o f  l ime o r  l ime s tone fe e ds t o c k  mus t b e  t rans p o rt e d t o  
t he p owe r p l an t  p rep a r e d  by crus h i ng and g r i n ding  and m i x e d  wi t h  
p ro c e s s e d  wa t e r  to  fo rm a s l urry . Aft e r  the  s l ur ry has  b e e n  r e 
duc e d  t o  ca l c i um s u lp h a t e  o r  s ulph i t e  in  t h e  s crubb e r s , i t  i s  th en 
d i s char g e d  in t h e  f o rm o f  a wet  g e l at inous s l udg e w e i ghing over 
thre e t i me s  a s  much a s  t he o r i g inal  f e e ds t o ck , due to the a dd i t i o n  
of  wat e r  an d S0 2 .  Thi s  s ludg e mus t b e  imp o un d e d  an d t re at e d  i n  
o rder t o  p revent i t  from b e coming an envi ronment a l  ha z a r d . The 
ene r gy r e q ui r e d  t o  dewat e r , t ransp o r t , and c onve r t  t h e  s l udg e to  
an inert s ub s t an c e  ha s n o t  b e en p r e c i s e ly e s t imat e d , a s  adequat e 
p r o ce s s e s  have n o t  b e e n  deve l op e d  t o  p e r fo rm t h e s e fun c t i on s . 
Tab l e  1 8  p rovi d e s  s ome data t o  e s t ima t e  ene r gy l o s s e s  i n  l ime and 
l i me s t on e  s c rubb ing sys t ems . 

F r om th e s e  da t a  i t  has  b e en e s t i mat e d  t hat fo r a typ i ca l  co a l 
f i r e d  p owe r p l ant o f  5 0 0  MW cap ac i ty , p owe r t o  op e ra t e  t h e  equipment 
is app roxima t e ly 3 p e r c ent of cap ac i ty , s t e am con s ump t i on app r o x i 
mat e ly 3 p e r c en t  o f  c ap a c i ty , and f e e ds t o ck and s l udg e h an d l i ng 
app roximat e ly 2 p e r c ent o f  cap ac i ty . T o t a l  energy requi r e d  t o  op e r -

TABLE 1 8  

TYPICAL SCRUBBER REQUIREMENTS FOR 500 MW POWER PLANT 
BURNING 3 PERCENT SULFUR COAL WITH AN 80 PERCENT LOAD FACTOR 

(Es t imated Annual Requirement)  

Scrubber Limestone Lime 

Bas ic Alkali (Tons ) 2 10 , 000 9 5 , 000 

Process Water (Thousand Gallons) 60 , 000 1 , 800 , 000 

Power Demand (KW) 8 , 000 12 , 000 

Power Energy (Thousand KW) 5 3 , 000 82 , 000 

Annual S team Demand (Million BTU ' s ) 800 , 000 800 , 000 

S team Energy (Million BTU ' s ) 620 , 000 620 , 000 

Sludge Disposal (Tons ) 660 , 000 420 , 000 
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a t e  env i ronmen t a l  c ontr o l  equipment for  th i s  typ i c a l  p l an t  i s  ap 
pr o x ima t e ly 8 p e r c ent o f  p l ant c ap ac i ty . The s e  e s t ima t e s  a r e  no t 
we l l  d e f i ne d  a s  only a sma l l  amount o f  op e r a t ing d a t a  e x i s t s  and 
may be inac cur a t e  due to  the l imi ted  op e r a t ing p e r i o d s . 

Chemi c a l  T r e atme n t  

Ch em i c a l  t r e atment o f  bo i l i ng ,  condens e r , and c o o l ing t ow e r  
b l owdown ,  a n d  c l eaning was t e  wat e r , c o a l  p i l e  run o f f , a n d  a s h  p o n d  
dra inag e  und e r  p r e s en t  wat e r  qua l i ty r e g ul a t i ons requ i r e s  l e s s  
than 0 . 1 p e r c ent o f  p l ant gene rat ing cap a c i ty . The s hut down o f  
th i s  eq uipme nt coul d caus e s i gn i fi cant env i ro nmen t a l  damag e  and 
p rovi de only sma l l fue l s avings . The app l i c a t i on o f  n ew wat e r  e f 
fl uen t regul a t i on s  wh i ch ar e b e i ng con s i de r e d  b y  EPA c o u l d c aus e 
add i t i onal ene rgy c o n s ump t i on . A cas e i n  p o int  i s  t h e  app l i c a t i on 
o f  di s charge  l im i t a t i ons t o  e ff l uents  on a g r o s s r a t h e r  than a n e t  
b as i s . I f  t he gro s s  b as i s  i s  us e d , t h en a l l  wat e r  d i s char g e d  from 
th e p l an t  may have to b e  t re a t e d  s o  that  t h e  di s charg e d  wat e r  i s  
c l e an er than the inp ut wat e r  f rom the s o ur c e . Th i s  i s  a r e c ent 
devel opme n t  and no e s t ima t e  of ene r gy l o s s  has ye t b e en mad e  but 
it could be on t he o rder of 1 p e r c ent of p l an t  c ap a c i ty ,  wh i ch i s  
ab ou t the l eve l o f  p ump and fan l o s s e s for  coo l ing t ow e r  op e r a t i on . 

E l e c tr o s t a t i c  P r e c i p i t a tor s 

The he a l th r i s k  due to  p ar t i cul a t e s  h a s  b e en we l l  do cume n t e d  
and t h e  e l imina t i on o f  pr e c ip i t a t o r s  d o es no t app e a r  t o  b e  j us t i 
f i e d  on a fue l  cons e rva t i on b a s i s . E l e c t r o s t a t i c  p r e c ip i t a t o r s  u s e  
only ab out 0 . 1  p e r c e n t  o f  a powe r g ene r a t ing s y s t em ' s c ap a c i ty .  
The r e t r o f i t  o f  o l de r  mechan i c a l  dus t  c o l l e c to r s , i n  s ome c a s e s , 
inc r e a s e s  p ower g e n e r a t ing e f f i c i ency i f  h i gh e r  c ap a c i ty d r a f t  f ans 
are ins ta l l e d t o  p r ov i de for  the h i gher p r e s s u r e  drop  a c r o s s  the 
pr e c i p i t a t o r . 

C l e an Us e o f  C o a l  Bas e d  on Low - BTU G a s i f i c a t i o n  f o r  P ro du c i ng 
E l e c t ri c i ty 

I n  the fut ur e , when burn ing c o a l  fo r the  p ro du c t i on o f  e l e c 
t r i c a l  en e r gy , ut i l i  t i e s  wi l l  have t o  choo s e  wh e th e r  t o  'r emove un 
de s i rab l e c ons t i t uent s b e fo re o r  aft e r  c omb us t i o n . A f t e r  c o m 
bus t ion , t h e  p rob l em o f  removin g c o a l  a s h  f r o m  t h e  exhaus t g a s e s  
ha s l a r g e l y  b e en s o lv e d  t hro ug h  ins t a l l a t i o n  o f  e l e c t ro s t at i c  p r e 
c ip i t at o rs . Remo val  o f  S0 2 from the  exhaus t g a s e s  p o s e s  a g r e a t e r  
p rob l em . To day t h e r e  i s  d i s a g r e ement w i t h in and o ut s i de o f  t h e  
ut i l i ty i ndus t ry abo ut the  adequa cy o f  e x i s t ing so 2 s t a c k  g a s  
" s crubb ing"  sy s t ems . Th e a dequacy o f  t he s e  devi c e s  t o  me e t  i m 
p o s e d  l imi t s , the i r  r e l i ab i l i ty ,  an d the i r  co s t  vary w i de l y  a t  
dif ferent ins t a l l a t i on s . 
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I n  an e f fo r t  t o  a l l ev i a t e  the s e  di ffi cul t i e s , eng i n e e r s  h ave 
revi v e d  a t t emp t s  to  deal w i th the s u l fur c o nt ent o f  c o a l  a t  an 
e a r l i e r  s t a g e  in the combus t i on p ro c e s s . S eve r a l  concep t s  have 
been p rop o s e d an d are in vary i ng s t a g e s  of deve l opment . Many o f 
t he s e  concep t s  p r o duce  a c l e an l ow - BTU gas  by the  r emova l o f  b o t h  
unde s i rab l e  a s h  and chemi c a l  cons t i t uent s t o  p rovi d e  fue l fo r c om 
b us t i o n .  One p ro c e s s  under deve lopment and exp e c t e d  t o  s ucce e d  
i n  l a r g e  s c al e app l i c a t i ons i n  the 1 9 7 9 - 1 9 8 5  p e r i o d i s  the  Lur g i  
c o a l  g as i fi ca t ion  p r o c e s s .  The Lurg i p r o c e s s  a c c o mp l i s h e s  g a s 
i fi ca t ion  by r e a c t ing co a l  w i t h  a i r  an d s t e am a t  h i gh p r e s s u r e s . 
Unde s i r ab l e  comp o unds can b e  r emo ve d  f rom t h e  g a s  by s eve r a l  
me t ho ds and the hydrogen s ul fi de r emove d from t h e  g a s  i s  us ua l ly 
conve r t e d  t o  e l ement a l  s u l fur for d i s p o s a l . 

I n  the mo r e  di s t ant futur e , o t her gas i fi c at i on p ro c e s s e s 
app e a r  a t t rac t ive . The  Lurgi  p r o c e s s  requi r e s  h i gh s t e am fl ows 
wh i ch l e ad to a l o s s  o f  l a t en t  h e a t  from s t e am p a s s ing  to t h e  s t ack . 
F l u i di z e d b e d  p r o c e s s e s op e rat ing at 1 , 1 0 0 ° C  and e l evat e d  p r e s 
s ur e s  o ff e r  the p o s s i b i l i ty o f  comp l e t e  ut i l i z at i o n o f  al l s t e am ,  
as  we l l  as  carbon fe d t o  them wh i l e  avo i di n g  t h e  l ow e r  t emp e ra t u r e  
p ro b l em o f  a s h  a dhe r ing t o  t h e  coal  p a r t i c l e s . 

When comp a r ing p r o c e s s e s  fo r the p ro duc t i on o f  l ow - B TU g a s  
v e r s u s  synth e t i c  p ip e l ine h i g h - BTU gas , i t  i s  fo un d  that  l ow - BTU 
gas p ro du c t i on i s  much s imp l e r  s in c e  o xygen , me thanat i o n , and car 
bon d i o x i de ( C0 2 ) s h i ft conve r s i on fa c i l i t i e s  a r e  n o t  r e q ui r e d . 
For  l ow - BTU p r o c e s s e s , l owe r cap i t al  requi r ement s ,  l ow e r  op e ra t ing 
co s t s , an d higher ene r gy r e cove ry e ffi ci ency a r e  p re d i c t e d . Mo r e 
o ve r , d i r e c t  int e g r a t i o n  w i t h  a power p l an t  wi l l  p ermi t r e cove ry 
o f  s ens i b l e he a t . E ffi ci enci e s  ove r 8 0  p er c en t  fo r l ow - BTU g a s 
i fi c at i on sys t ems a r e  exp e c t e d . The r e  a r e  s t e am b o i l er l o s s e s o f  
5 t o  7 p e r c en t  as s o c i at e d  wi t h  the us e o f  l ow - BTU g a s  i n  b o i l e r s  
de s i gne d  for na t u r a l  g a s ; s ome o f  t h i s  l o s s can b e  avo i de d  i n  n ew 
un i t s  by des i g ning the  b o i l e r  for l owe r exi t g a s  t emp e r a ture s . 

As wi th a l l metho ds o f  g ener a t i ng ene r gy , from c o a l  i n  an 
envi ronmen t a l ly a c ceptabl e mann e r , there  are s e r i o us was t e  mana g e 
men t p ro b l ems r e g ar d ing the r emove d cons t it uent s . The Un i t e d  
S t a t e s  l ag s  far b ehind  E urop e i n  the ut i l i z at i on o f  a s h ; t h e  maj o r  
Europ e an us e s  fo r a s h  and s l ag a r e  for conc r e t e agg r e g at e s  and 
addi t i ves  t o  c ement s  in  c ement b l o cks  an d dam cons t ruc t i o n . I n  
1 9 6 9 , only 1 6  p e rc ent o f  recove red  a s h  wa s us e d  i n  t h e  Un i t e d  
S t a t e s  fo r t hi s  p u rp o s e  a s  opp o s e d  t o  3 0  p e rcent  i n  Europ e . T h e  
Uni t e d  S t a t e s  fa c e s  a maj o r  di s p o s a l  p rob l em wi t ho u t  b e t t e r  indus 
t ry uti l i z at io n  o f  a s h . S imi l arly , the s u l fur by - p ro duct from 
co a l  g a s i fi cat i on - - p ower  p l ant  comb inat i ons may e a s i l y be  p r o j e c 
t e d  t o  exc e e d  the  t o t a l  U . S .  demand fo r s u l fur . G a s i fi cat i o n p ro 
c e s s e s a l s o  cons ume l a r g e  quant i t i e s  o f  wat e r  w i t h  a l l o f  t h e  us ual 
h e a t e d  e ff l uent mana g em en t  p ro b l ems . 

No i s e  Supp r e s s i o n  T e chn ique s 

One o f  the  g r e a t e s t po t ent i a l  s ources  o f  commun i ty no i s e  i s  
p robab l y  the me chani c a l  draft  c oo l ing t ower  wh i ch c an b e  con t ro l l e d 
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by s t a t i c  me tho ds . I f  l and i s  ava i l ab l e  for  i s o l a t i n g  t h e  c o o l ing 
towe r , th en the e f f e c t s  on the commun i ty wo ul d p r o b ab ly be ne g l i 
g i b l e . I f  the c oo l i ng t ower  i s  l o c a t e d  i n  a cong e s t e d  urb an a r e a , 
the n e c e s s a ry l and fo r buffer  z o n e s  may b e  un ava i l ab l e  and eng i 
n e e r e d  devi ces  s uch a s  the  acous t i c  enc l o s ur e  o f  p ump s , t h e  us e o f  
low- sp e e d  pump s , and a t t enua t i ng b a ff l e s , may b e  requi r e d . The 
app l i ca t i on o f  t he s e  dev i c e s , a l though exp e n s i ve , i s  no t ene rgy 
con s ump t i v e  exc ep t fo r smal l l o s s e s of e ff i c i ency . A fur t h e r  d i s 
cus s i on o f  no i s e  s upp r e s s i on i s  g i ven i n  App end i x  H ,  Exh i b i t  I I I .  

Very Long - Term Po tent i a l s  for Fu e l  Sub s t i tu t i on 

B r e e d e r  Re a c t o r s  

One e l e c t r i c  gene r a t i ng concep t b e ing deve l op e d  to  r e l i eve 
dependence on fo s s i l  fue l s  is  the b r e e der  r e a c t o r . B r e e d e r  r e 
a c t o r s  r e qu i r e  uranium fue l  s upp l i e s , a s  do p r e s e n t  l i ght - wa t e r  
reac t o r s . However , o n l y  1 - 2  p e r c ent o f  t h e  energy  po t e n t i a l l y 
ava i l ab l e  in  na tur a l l y  o c curr ing uran i um r e s our c e s  i s  u t i l i z e d  w i th 
l i ght - wa t e r  r e a c t o r s . The b r e ed e r  r e a c t o r  c an u t i l i z e 6 0  p e r c en t  o r  
mo re  o f  t h e  t o t a l  ene r gy ava i l ab l e  from uranium ; t h e r e b y , e x t end ing 
us ab l e  fue l  r e s e rve s for  hundr eds  of y e a r s . 

Re a c t o r  t e chno l o gy fo r the s p e c i f i c  form o f  a f a s t b r e e de r  
r e a c t o r  whi ch has  t h e  e ar l i e s t  p o t en t i a l  i s  t h e  l i qu i d  me t a l  
fas t b r e eder  r e a c t o r  ( LMFBR) . Th i s  r e a c t o r  u t i l i z e s  s o d ium f o r  
coo l ing . T h e  f i r s t l ab o r a tory  s c a l e  uni t o f  the LMFBR wa s c o n 
s truc ted in  the Un i t ed S t a t e s  in  1 9 4 6 ; the f i f t e enth un i t  cons t ruc ted 
in the  wo r l d  b e g an in  1 9 7 4 . The  l a r g e s t  LMFBR  p l an t s  op e r a t ing to 
day are  p r o t o typ e c omme r c i a l  uni t s  b e i ng deve l op e d  ou t s i d e  the Un i t ed 
S t a te s . A s im i l a r  p l ant is  s chedu l e d  for  the T e nne s s e e Va l l ey Au 
thor i ty ( TVA) el e c tr i c a l  g r i d  b y  1 9 8 5 . The G a s  C o o l e d F a s t Re a c t o r  
( GCFR)  u s ing t h e  thor ium cyc l e  h a s  a l s o  h a d  s i g n i f i cant indus try 
supp o r t  dur ing the p a s t 8 to 10  year s and c ou l d  be d emo ns t r a t e d  s o on 
a f t e r  the LMFBR . By 1 9 9 0 , the f i r s t comme r c i a l  b r e e d e r  r e a c t o r s  
m i gh t  b e  i n  oper a t i o n  b u t  w i l l  make o n l y  a sma l l  c o n t r i b u t i o n  t o  the 
gene r a t i on o f  e l e c t r i c a l  energy . 

I ni t i a l  b r e e d e r  r e a c tor  fu e l  co s t s shou l d  b e  l ower than l i ght 
wa t e r  nuc l e ar fue l  co s t s ; LMFBR p l an t  co s t s , wh i l e  mo r e  expens ive 
ini t i a l l y , may ul t ima t e l y  prove l ower b e c au s e  of  l ower p r e s s ur e  op 
e r a t i on o f  the r e a c t o r , h i gher e l e c tr i c a l  g e ne r a t i o n  e f f i c i ency , and 
a r e s u l t ing sma l l e r  p l ant s i z e p e r  un i t  o f  e l e c t r i c a l  ou tpu t . C on 
s erva t i o n  o f  fu e l  and r e duc e d  l and d i s turb anc e f r om m i n ing a r e  o ther  
maj or  advantag e s  of  b r e eder  r e a c t o r s . Nuc l e a r  s af e t y  and was t e  d i s 
po s a l  prob l ems a r e  no t tha t d i f f e r en t  from tho s e  o f  p r e s e n t  l i ght 
wa t e r  r e a c t o r s . D i sp o s a l  o f r a d i o ac t ive was t e s  from ex i s t i ng nu 
c l ear  r e a c t o r s  i s  s t i l l  the sub j e c t  o f  much r e s e ar ch and i nve s t i g a 
t i on and for th e ve ry l ong t e rm , improved s o lu t i on s  to  th i s  prob l em 
mus t b e  found . 
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So l ar Ene r gy 

S o l a r  ene r gy encomp a s s e s the f o l l owing t e chno l o g i e s : h e a t 
ing an d co o l ing o f  b u i l ding s , s o l ar th e rmal conv e rs i on t o  e l e c t r i c 
l ty vi a the  Ran k i n e  cy c l e , wind e l e ct r i c  ene r gy s y s t ems , pho t o 
vo l t a i c  c onve r s i o n  o f  s un l ight  di r e c t l y  i n t o  e l e ct r i c i ty , h i e 
conve r s i o n , and o c ean thermal g radi ent conve rs i on . Ut i l i ty com
pani e s  are  s upp o r t ing R&D p r o g rams i n  al l of t h e s e a r e a s . The 
maj o r  p ro b l em a r e a s  cons i de re d  cruc i a l  from a ut i l i ty s y s t em s t and 
p o int  are : c o s t s  and r e l i ab i l i ty , int e g ra t i o n  o f  s o l a r  p owe r 
p l an t s  i n t o  the  t o t a l  ut i l i ty s ys t em ,  and s y s t em cons i d e r a t i on s  
de al ing wi th s t o rag e a n d  b a c k - up ene rgy r equi rement s .  

By 1 9 8 5 , s o l ar energy t e chno l o gy wi l l  b e  r e ady fo r s ub s t i 
tut i on i n  only a s ma l l frac t i on o f  the t o t a l  U . S . e n e rgy r equi r e 
ment s . Almo s t a l l  s o l ar energy wi l l  b e  us e d  f o r  h e a t i ng o f  re s i 
denc es  ( p rimar i ly d i sp l ac ing bas e l o ad e l e c t r i c a l  h e a t i n g ) . A 
cons i d e r ab ly sma l l e r p a r t  o f  U . S . ene rgy requi r emen t s  wi l l  b e  p r o 
vi ded by wind ene rgy s ys t ems . Al though i t  i s  e x t r eme ly d i f f i cu l t  
t o  e s t ima t e  the  r a t e  o f  i n t r o duc t ion o f  s o l a r  s ys t ems ·  a t  thi s 
t ime , a r e a s o n ab l e  e s t imat e  o f  fue l  s avings  by 1 9 8 5 woul d  s e em t o  
b e  an upp e r  l imi t o f  0 . 2 5  quadr i l l i on B TU ' s  ( 0 . 1 2  m i l l i o n  b arr e l s  
p er day o i l  equival en t ) , o r  l e s s  than one - four t h  p e r c en t  o f  e s t i 
mat ed t o t a l  nat i on a l  energy r equi r emen t s  i n  1 9 8 5 . *  

C e n t r a l  s t at i on g enerat i on o f  e l e c tr i c i ty v i a  s o l ar - Ranki n e  
s t e am- cyc l es and d i r e c t  pho tovo l ta i c  conver s i on ar e un l i ke ly t o  
have any s i gni f i c ant  i mp ac t  b e fo r e  the  l a t e  1 9 9 0 ' s .  A p o s s ib l e  
excep t i o n  t o  thi s mi ght ari s e  i f  a maj o r  b r e akthrough i n  s i l i co n  o r  
cadmium s u lp h i de s o l ar c e l l s  were  t o  o c cur ( in whi ch c as e , p e rhap s  
1 0 , 0 0 0  MW coul d  b e  i n  p l ac e  by the e ar ly 1 9 9 0 ' s ) . Wi thout  s uch 
b r e akthroughs , it is e s t imat ed tha t i n  the y e ar 2 0 0 0 , s o l a r  e n e r gy 
cou l d  s up p ly 2 . 0  t o  2 . 5  p er c ent o f  the Nat i on ' s  t o t a l  e n e r gy n e e ds 
( a lmo s t  a l l  coming from s o l ar heat ing and coo l i ng ) . S e e  App en d i x  
H ,  E xhi b i ts I V  and V d e t ai l e d  d i s cus s i ons o f  s o l a r  h e a t i ng and 
co o l ing sys t ems , and s o l a r  thermal conve r s i o n  s y s t ems . 

Contr o l l ed The rmonu c l e ar Fus i o n  

C on t r o l l e d  the rmonuc l e ar fus i on o ff e r s  p o t e nt i a l  a s  an e s 
s en t i a l ly inexhaus t i b l e  ene rgy s ourc e . I t  i s  b rought ab out  by 
fus ion  o f  l i ght nuc l e i ( hydro g en ,  deut e r i um , and t ri t i um )  wh i ch r e 
l e as e s  l arge  quant i t i es o f  ene r gy . F o r  t h i s t o  o ccur i n  a con 
t r o l le d  mann e r  s o  that  the nuc l e ar energy c an b e  us e d  t o  p r o duc e 
e l e c tr i c i ty , two events  mus t o c cu� : ( 1 )  the l i gh t  nuc l e i  mus t b e  
heat e d  t o  t emp e rature s e xc e e ding 1 0 0  mi l l i on° K i n  o rde r t o  over 
c ome the i r  mutual  COULOMB r ep u l s i on and fus e ; and ( 2 ) a s uf fi c i en t  
numbe r  o f  nuc l e i  mus t b e  confined fo r a l ong  enough t im e  s o  that  a 
n e t  re l e a s e o f  energy o ccurs . 

* Prog r ams und e r  way o r  p l anne d  by the F e d e r a l  G ove rnment 
and E l e c t r i c Pow e r  Re s e arch I ns t i tute  (EPRI ) w i l l , dur i ng the  next 
3 - 5 years , p rovi d e  l ong - n e eded  techn i ca l  and e co nomi c p ar ame t e rs 
fo r  each e s t ima t i o n . 
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Two me tho ds a r e  b e ing purs ued t o  a ch i eve t he s e  go a l s . The 
firs t invo lves confining the p l a s ma ( co l l e c t i on of the l i gh t  nuc l e i  
i n  a n  i on i z e d  s ta t e )  b y  i n t e r a ct i on w i th a s up e r imp o s e d  magne t i c  
fi e l d . S imul t ane ous ly , energy i s  fed i n  by a var i e ty o f  s cheme s 
to r ai s e  the temp e ratur e  to  the p o i n t  o f  t h e rmonuc l e ar i gn i t i on . 
To da t e , t he b e s t p ro s p e c t  i s  the To komak dev i c e  und e r inve s t i g a 
t i on a t  five U . S .  l ab o r a t or i e s . The o the r m e t ho d  r equi r e s  the 
us e o f  powe r fu l  l as e r  b e ams t o  b o th c omp r e s s  and heat a s o l i d 
deut e r i um - t r i t i um p e l l e t  t o  i gni t i on . The b e s t e s t ima t e s  now 
ava i l ab l e  are that  the T okomak wi l l  s uc c e s s ful ly demons t r a t e  p r o 
duct i on o f  the rmonuc l e ar energy by burning  deut e r i um and t r i t i um 
by 1 9 8 2 . 

Beyond th i s  p o i nt , t h e r e  are  va s t  eng i n e e r i n g  p ro b l ems that 
n e e d  t o  b e  s o lve d to  b r ing about a s u c c e s s ful  demons t rat i on r e 
acto r . The e s t i ma t e i s  that a r e a c t o r  can b e  bui l t  by 1 9 9 5 . Sub 
s eq uent to  th i s , a p e r i o d  o f  1 0  t o  2 0  y e a r s  c o u l d e l ap s e  b e fo re 
s ub s t ant i a l  generat ing c ap a c i t y  ut i l i z ing fus i o n  wo u l d  e xi s t . 
The re fo r e , in th e 1 9 7 9 - 1 9 9 5  t ime frame , e l e c t r i c i ty g enerat e d  by 
fus ion w i l l  have a ne g l i g i b l e  e ffect  on the Nat i o n ' s  ene r gy s upp ly 
unl e s s  s i gni fi cant b r e akthr o ughs o c cur . The r e  is the p o s s i b i l i ty 
tha t  fus i on co ul d have an indi r e c t  e f f e c t , i f  t h e  conc ept o f  the 
two - c omp onent to rus (TCT ) p r e s ent ly b e ing p u r s ue d by t h e  Ene r gy 
Re s earch and Deve l opment Admi n i s t ra t i on ( E RDA ) i s  s u c c e s s ful . At 
thi s fac i l i ty ,  a Tokomak is r a i s e d to  a p r e - i gn i t i on l eve l a t  
whi ch t i me add i t i ona l ene rgy i s  f e d  in b y  a b e am o f  n e ut ra l  p art i 
c l e s  ( s e c on d co mp o nent o f  l i ght nuc l e i ) .  Fus i on r e a c t i o n s  wo u l d  
oc cur r e l e a s ing l a rge  numb e r s  o f  energ e t i c  neutrons . 

Even a t  · thi s p o int  a net  energy g a i n  wo ul d s t i l l  not o c cur . 
However , by us i ng neu t r ons t o  b r e e d  P l ut on i um o r  Uran i um 2 3 3  from 
fer t i l e  mat e r i a l , a net energy gain may be p o s s i b l e . S e ve r a l  
mo des  are  under s t udy i n c l ud i ng a pure b r e e ding  mo de a s  we l l  a s  
one whi ch b r e e ds a n d  p ro duc e s  power . Such p r o c e s s es wou l d  t ake 
p l a c e  unde r l e s s  s t r i ng ent  phy s i c s requi r emen t s  an d app e a r  t o  
p o s s e s s  fewer eng ine e r i ng di f f i c ul t i e s t h an me r e ly t h e  p ro duct i o n  
o f  e l e c t r i c i ty from fus i o n . The r e for e , t h e  p o t en t i a l  exi s t s fo r 
imp a c t  b efo r e  1 9 9 5 .  Whe the r t h i s  w i l l  o ccur dep ends on t h e  s y s 
t ems r e s e a rch and e conom i c  feas ib i l ity analy s e s  p r e s e n t l y  unde r 
way . 

E LECTRI C I TY TRANSM I SS I O N  E FF I C I ENCY 

Al t erna t ing C urrent  (AC ) T e chno l o gy 

I n  addr e s s ing  me tho ds  fo r imp roving t rans m i s s i o n  e f f i c i ency , 
cons i de r a t i on s ho u l d  b e  g i ven to  l e ve l s  o f  p owe r t r an s mi t t e d , d i s 
tance t ransmi t t e d , and annua l l o a d  fact o r s . On s ho r t  l in e s , l o s s  
r educ t i on c an b e  achi eved by i ncre as ing c onduc t o r  c r o s s - s e c t i o n a l  
ar e a  o r  bund l ing phas e conduc t o r s . On long  l in e s  a t  t r ansmi s s i on 
vo l t age s , l oading i s  d e t e rmined mo r e  by s ur g e  i mp e d an c e  o f  t h e  l ine 
than by t he the rma l charac t e r i s t i cs of the  condu c t o r . On v e ry long 
l ines , l o ad ing is  l im i t e d  t o  s l i gh t ly l e s s  t h an s ur g e  imp e dance 
l o ad ing b e c aus e of  d i ffi cul t i e s with vo l t a g e  r e g u l a t i on . ( S ur g e  
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imp e danc e  l o ading i s  the l o ading at  whi ch the vo l t a g e s  a t  s ending 
and r e c e iving ends of t h e  l ine ar e equal  i n  magn i t ud e  and r e ac t ive  
p owe r g ene r a t i on and con s ump t i on wi thin the l in e  is  b a l anc e d . I t  
var i e s  from S O  MW a t  1 3 8  k i l ovo l t s  [ KV ]  t o  app r o x i ma t e ly 5 , 0 0 0  MW 
at 1 , 1 0 0 KV . ) 

U t i l i z a t i on o f  vo l t ag e s  in  the ul t ra - h i gh vo l t ag e  (UHV )  rang e  
wi l l  b e  requi r e d  in t h e  fut ure to  t ran s p o rt v e ry l a r g e  b l o ck s  o f  
power  us ing a minimum numb e r  o f  t rans mi s s i on l i ne s . The s e  UHV c i r 
cu i t s  w i l l  b e  o f  the 1 , 1 0 0 KV ran g e  and wi l l  o ve r l ay e x i s t i ng extra  
hi gh vo l t a g e  (EHV )  sys t ems in a mann e r  s imi l a r  t o  t h e  way EHV sys 
tems p r e s ent ly ove r l ay l owe r vo l t age  sys t ems . Exi s t ing t e chno l o gy 
has advan c e d  t o  wh e r e  UHV sys t ems can b e  deve l op e d . Th e r e  i s  s t i l l  
wo rk t o  b e  don e  on the env i ronmen t a l  p r o b l ems a s s o c i at e d  wi th UHV 
sys t ems . I n  t e rms o f  t r ansmi t t i ng very l a r g e  b l o ck s  o f  p owe r , the  
cap i t a l  inv e s tment , and the  numb e r  of  r i gh t s  of  way , UHV can now be  
comp e t i t ive  w i t h l ower vo l t ag e  t ransmi s s i o n . L o s s e s i n  t rans mi t t ing 
very l ar g e  b l o ck s  of p ower  a r e  l e s s  at  UHV than EHV l eve l s . I t  i s  
e s t i ma t e d  that  a sys t em us ing  1 , 1 0 0  KV wo u l d  have up t o  five  t i me s 
the s avi ng s in t rans mi s s i o n  l o s s e s over a comp ar ab l e  5 0 0  KV sys t em . 

Di r e c t  Current ( D C ) T e chno l o gy 

A DC t r ansmi s s i o n  l i ne i s  mo r e  energy e f f i c i en t  than an equi v
a l en t  AC l ine , b ut t h e  ext r eme co s t  o f  the  conve r t e r / i nver t e r  t e r 
mina l s  a t  e a ch en d o f  a r e l at ive ly s ho rt DC  l ine  cann o t  b e  i gn o re d . 
S imi l a r ly , i t  wo u l d  b e  i mp o s s i b l e  t o  ut i l i z e  e x c l u s i v e ly unde r 
g round cab l e s  ins t e a d  o f  ove rhead w i r e s  j us t  b e caus e t he und e r g ro und 
sys t em wo ul d be mo r e  en e r gy cons erving . An opt i mum d e s i gn mus t b e  
deve l op e d  fo r e ach ene r gy t rans mi s s i o n  op t i on whe re an exac t com
promi s e  is  re ache d b e tween the co s t  o f  e n e r gy an d the  c o s t o f  
ma te r i a l s . Th i s  i s  wh a t  a u t i l i ty at temp ts t o  do i n  de s i gn ing 
i ts powe r t r ans mi s s i on ne twork . Th i s  o p t imum wi l l  conce i vab ly be  
reach e d  in  a no rma l cour s e of  e ven t s  in a we l l - p l anne d  de s i gn p ro 
gram . 

Thi s  s ame b as i c incent ive has l e d  to  var i ous imp roveme n t s  in 
ove rhe a d  an d unde r g r ound AC and DC t r ans m i s s i on s y s t ems us e d  by the 
indus try to day . The s e  imp r ovemen t s  have b e en c l o s e ly t ime d wi th the 
b as i c  ne e ds di c t a t e d  by the ove r a l l e co nomi c c ondi t i on s  a t  the t ime 
the s e  imp roveme n t s  w e r e  i n i t i at e d . I f  op t imi z e d  c o s t  i s  no t t h e  
common denominato r fo r s uch imp rovement s ,  t he r e  app e a r s  t o  b e  no 
b as i s  fo r r e ach ing  a de c i s i on r e g ar ding t he e ff i c i ency o f  t h e  meth 
o ds for t r ansmi t t i ng e l e c t r i c  powe r . Some t h eo r e t i ca l ly p o s s i b l e  
ways t o  r e duce  l o s s e s  i n  t r ans mi s s ion sys t ems a r e : 

• Inc reas e the  conduc t o r  s i z e  o f  t h e  l in e  t o  p rovi d e  g r e a t e r  
condu c t i vi ty 

• I nc r e a s e  t h e  ins u l a t o r  l engt h  t o  r e du c e  l eakag e cur r e n t s  

• Conve r t  l i n e s  t o  DC  s o  AC l o s s e s c a n  b e  e l iminat e d  
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• Move l in e s  unde rground t o  t ak e  a dvan t a g e  o f  t h e  inhe r e n t l y  
l ower  l o s s e s  o f  s u ch s y s t ems 

• Take the sho r t e s t  p o s s i b l e  rout e s  

• Re duc e l o s s e s i n  t rans fo rmers , cap a c i t o r s , e t c . , wi th in 
s ub s t a t i ons 

• S i t e  g e n e ra t i o n  p l ant s c l o s e r  t o  l o a d  c ent e r s . 

Hi gh Vo l t age  T r an s m i s s i on as  a Comp e t i t o r  o f  Fue l T rans p o r t  

Fr equent ly , h i gh vo l t age  p ow e r  t ran smi s s ion  i s  s ug g e s t e d  a s  
an a l t e rn a t i v e  to  t h e  s ur fa c e  t r an spo r t a t i on o f  fue l . A comp a r i s on 
o f  the  en e r gy requ i r e d  for  t ransp o r t a t i on o f  ene r gy in t h e  fo rm o f  
co a l  b y  s l ur ry p ip e l ine  o r  rai l an d EHV t ran s mi s s i on o f  p ow e r  
us ual ly r e ve a l s  t h a t  s u r f a c e  mo d e s  a r e  g e n er a l l y  mor e  ene r gy e f fi 
c i ent . F i g ur e  4 indi c a t e s  t ha t  a s lurry p ip e l i ne o f  1 , 0 0 0  m i l e  
l ength consume s l e s s  en e r gy than e i t he r r a i l ro a d  o r  EHV t ran smi s 
s i on . Fo r a 5 0 0  mi l e  t rans p o r t  di s t an c e , p ip e l i n e  and r a i l  cons ume 
about the s ame quant i ty of  ene rgy , whe r e a s  EHV t r ansmi s s i o n  i s  
s t i l l  s i gn i f i c ant ly hi gher . F i g ur e  5 s hows t h e  r e l a t i ve c o s t  p e r  
ton o f  the ene r gy us e d  i n  t rans p o r t a t i on b y  t h e  t h r e e  mo d e s . Thi s 
comp a r i s on s hows t h a t  a s l urry p ip e l i n e  i s  t h e  mo s t  e ff i c i ent , fo l 
l ow e d  by r a i l  and then  EHV . Thi s i s  un de r s t andab l e  s i ne � mo r e  
than 5 0  p e rcent  o f  the ene rgy consume d i n  t h e  p ip e l i n e  s y s t em i s  
coal  b urn e d  i n  the s l urry dewat e r ing p l ant . E s s ent i a l ly , a l l o f  
the ene rgy us e d  i n  the  r a i l ca s e  i s  d i e s e l  o i l , wh i l e  i n  the EJN 
cas e i t  i s  e l e ct r i c  p ower . Bo t h  cas e s  a r e  b a s e d  on h i gh - va l ue 
re fi ne d  p roduc t s . 

As a b a s e  cas e , ( t r ansp o r t a t ion o f  2 5  mi l l i o n  tons  o f  c o a l  p e r  
year p e r  1 , 0 0 0  mi l e s )  the p ip e l in e  s y s t em i s , from an en e r gy s t and 
po int , 9 7 . 4  p e r cent  e ff i c i en t . The comp a r ab l e  f i gur e fo r a r a i l 
ro a d  uni t t r a in i s  9 6 . 1  p e r c en t , and fo r EHV i s  8 3  p e r c e n t . A 
comp l e t e  d i s cus s ion i s  g i ven in App e n d i x  H ,  E xh i b i t  VI . 

Ve ry Long - Te rm Deve l opmen t s  i n  Powe r T ransmi s s io n  a n d  P o t ent i a l  fo r 
Ene r gy Con s e rvat i on 

P o t en t i a l  l o ng - t e rm deve l opme nt s  in p owe r t ransmi s s i on i n c l ude 
the us e of cry o g en i c  cab l e s  and hy d r o g en fue l c e l l s . The r e  is  
l i t t l e  l i k e l ihoo d of ut i l i z ing e i ther  of the s e  dur i ng t h e  Phas e I I , 
1 9 7 9 - 1 9 8 5  p e r i o d .  D i s cus s i ons  o f  t he i r  p o t ent i a l s  a r e  g i ve n  i n  
App en di x H ,  Exhib i t  V I I .  

Di s t ribut i on E ff i c i e ncy 

The e l e c t r i c a l  di s t r i b ut i o n  s ys t em d e l i v e r s  ene r gy from l a rge 
transm i s s i on sy s t em s ub s t a t i ons t o  indi v i dua l cus t om e r s  s upp l i e d  by 
the ut i l i ty .  Op t imi z at ion o f  the sys t em i s  comp l i ca t e d  b e c aus e o f  
the var i e ty o f  s ma l l  l in e s  an d t rans fo rme r s  wh i ch mus t b e  i n s t a l l ed 
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at  v a r i ous t i mes  as  c us t om e r  demands chang e .  I n e f fi c i en c i e s  r e s u l t 
p r ima ri l y  from r e s i s t an c e  l o s s e s in  conduc t o r s  and i ron magn e t i z ing 
l o s s e s  in  di s t r i but i on t rans fo rme r s . P o s s i b i l i t i e s  fo r r e duc i ng 
l o s s e s  inc lude the us e o f  l a r g e r  co nduc t o r s , op e ra t i o n a t  h i ghe r 
vo l t a g e  l e ve l s , and ext ens i o n  o f  t ransmi s s i o n  l in e s  t o  s ub s t a t i on s  
ne a r e r  t h e  maj o r  l o a d  a r e a s . Al s o , t h e  e f fi c i en cy o f  op e ra t i o n  o f  
new f e e de r  cap a c i t o rs a n d  d i s t r i but i on t rans fo rm e r s  has  s hown s ome 
s ma l l imp ro vement b e caus e of the ava i l ab i l i ty o f  b e t t e r  mat e r i a l s . 
Al l o f  th e s e  op t i ons , howeve r i are  mo r e  e xp en s i v e  and make l a r g e r  
deman ds o n  na tural  r e s our c e s  s uch as  i ron , copp e r ,  a n d  l an d . 

Ach i eving  s i gni f i c ant ener gy s av i n g s  w i t h i n  e l e c t r i c  u t i l i ty 
d i s t r ibut i o n  s ys t ems i s  un l i k e l y  in the  fo r e s e e ab l e  futur e . P r i 
mar i ly ,  t h i s i s  due to  the  fa c t  that  advanc e  t e chno l o gy fo r s i gni f 
i c an t ly r e duc i ng t r ans fo rme r o r  l ine  l o s s e s  ( e . g .  cryo g e ni c s )  w i l l 
p robab l y  not  b e  app l i c ab l e  to sma l l s c a l e  equipment o p e r a t ing  a t  
d i s t r i but ion vo l t a g e  l eve l s . The un i t  c o s t s  o f  s uch app l i c a t ions  
woul d be  as t ronom i c a l  even if  t e chn i c a l l y  f e a s i b l e . Current l y , 
d i s t r ib u t ion l o s s e s  av e r a g e  about 5 to 6 p e r c en t  o f  t o t a l  ne t gen 
e rat i on . However , und e r p eak - l o ading cond i t i on s  e s p e c i a l l y dur ing 
s umme r ,  inc r emen t a l  d i s t r ib ut ion l o s s e s  may run as h i gh as 2 0  to 
2 5  p e r c en t . Re duc ing t he s e  h i gh inc r emen t a l  l o s s e s  may be the mo s t  
promi s ing near - t e rm app roach t o  r e ducing o v e r a l l  l o s s e s . 

Me tho ds t o  r e duc e p e ak - p e r i o d  l o s s e s  ent a i l ,  fo r the  mo s t  
p a r t , h i ghe r d i s t r ibut i on vo l ta g e s  and l a r g e  c ap a c i ty t r an s fo rme r s . 
The s e  me tho ds  a l l  i nvo lve  h i gher  t o t a l  co s t s , and i n  many i n s t anc e s , 
h i gh e r  un i t  c o s t s . F o r tuna t e ly , inc r e a s ing cus t om e r dens i t i e s  and 
i n c r e a s ing us e p e r  cus t ome r c an he l p  r e duce  the s e  co s t s  p e r  KWH 
d i s t r ib ut e d . The growth in  the numb e r o f  r e s i d ent i a l cus t ome r s , 
the  main  u s e r s  o f  d i s t r ibut i on sys t ems , has  b e en ave r a g i ng mo r e  than 
2 p e r c ent p e r  y e a r  and i s  exp e c t e d  to cont inue a t  o r  n e a r  thi s r a t e  
through t h e  m i d-1 9 8 0 ' s .  Growth o f  us e p e r  cus t ome r has  b e en ne ar 
5 p e r c e nt per  y e ar and may r ema in a t  t h i s l eve l  if  e l e c t r i c  h e a t ing 
cont inue s i t s  r e c ent rap i d  exp ans i on . 

Ano the r p o s s i b i l i ty fo r the  r e duct i o n  o f  i n c r emen t a l  l o s s e s 
dur i ng p e ak p er i o ds i s  the us e o f  ene rgy s t o ra g e  devi c e s  i n  var i o us 
p a r t s  o f  t he di s t r i b ut i on s ys t ems . The s e m i gh t  i nc l ud e  b at t e r i e s , 
fue l  c e l l s , an d me ch an i c a l  sys t ems s uch a s  f l y  whe e l s . Ag a in ,  how 
eve r ,  c ap i t a l  c o s t  l imi t a t i ons may r e s t r i c t  such  s ch em e s  t o  a r e a s  
o f  h i gh cus tome r dens i ty . 

SUMMARY 

Thr ough 1 9 8 5 , ove r a l l imp rovement i n  conve r s i on and t r an s mi s 
s ion e ff i c i en cy i n  the  e l e c t r i c  ut i l i ty i ndus t ry i s  e xp e c t e d  t o  b e  
re l a t i ve ly s ma l l  i n  p e rcentage  t e rms . As  s t r e s s e d in  s eve r a l  s e c 
ti ons o f  th i s  r ep o r t , imp rovement s in  b ot h  s t e am and i n t e rn a l  com
b us t i on - cy c l e e ff i c i enc i e s  wi l l  p robab l y  be  o ff s e t  by addi t i o na l  
ene r gy r equi r eme n t s  as s o c i at e d  wi th envi ronmen t a l  p rot e c t i o n  
me as ure s . Howeve r ,  m i n o r  imp rovement s in t h e  ne t  e ff i c i e ncy o f  
the  i ndus t ry r ep re s e n t  con s i de rab l e  quan t i t i e s  o f  p r ima ry ene rgy . 
Fo r e xamp l e , a 1 p e r c en t  incre a s e  i n  the  cur r ent t h e rma l e ff i c i ency 
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na t i onwi de wo ul d r e duce  the amount o f  pr imary ene rgy r e qu i r e d  p e r  
KWH b y  about 3 0 0  BTU ' s .  As s uming t o t a l  g enera t i on o f  e l e c t r i c i ty 
in  1 9 8 5  wi l l  b e  b e tween 3 and 4 t r i l l i on KWH , s uch an imp ro vement 
wo ul d mean en e rgy s avings  of from 9 0 0  to 1 . 2  t r i l l i on BTU ' s ,  o r  
th e equiva l en t  o f  4 1 0  t o  5 5 0  thous and b a r r e l s  o f  o i l  p e r  day . 

O f  va ri ous t e chno l o g i c a l  advances  whi ch c o u l d l e a d  to e f f i c i en 
cy imp r ovement s in the  coming 1 0  t o  1 5  y e a r s , t h e  comb ine d cy c l e  
( s t e am turb i n e / combus t i o n  turb i ne ) now app e a r s  t h e  mo s t  p romi s ing . 
Ini t i a l ly , p r o duct i on un i t s op e r a t i ng on t h i s  cyc l e  wi l l  requi r e  
o i l  o r  g a s  a s  a p r ima ry inp ut , b ut the i r  h i gh conve r s i on e ff i c i en 
c i e s  may j us t i fy the  us e o f  s uch fue l s . L at e r , i f  a dvanc e d  t e ch 
ni que s for c o a l  g a s i f i ca t i on b e come ava i l ab l e ,  t h e  comb i n e d  s t e am 
turb i n e / combus t i on turb i ne cy c l e  w i l l  s upp ly t h e  means  whe r e by c o a l  
can b e  us e d  i n  a c l e an fo rm at r e l at ive ly h i gh the rma l e ff i c i en c i e s . 
Advan c e d  co mb ine d c ombus t i on turb ine  t e chn o l ogy  coul d r e s u l t  i n  
cyc l e  e ff i c i enc i e s  a s  h i gh as  5 0  p e rcent b y  1 9 8 5 . 

· 

Beyond th e  p o t ent i a l  f o r  cons ervat i on o f  t o t a l  BTU ' s ,  t h e r e  
exi s t s  t h e  p o s s i b i l i ty o f  di sp l ac ing cons i de r ab l e  amo un t s  o f  o i l  
and gas . Cur rent ly , us a g e  o f  th e s e  two fue l s  comp r i s e s  about 3 0  
pe r cent o f  a l l  p r imary ene rgy cons umed b y  e l e ct r i c  ut i l i t i e s . A 
v i g o ro us p rog ram o f  c o a l  and nuc l e a r  deve l opment  co u l d  p e rmi t 
r e duc e d  consump t io n  o f  o i l  and gas  i n  the  ut i l i t y  s e ct o r  to  a s  
l i t t l e  as  5 p e rcent  o f  t o t a l  ene r gy req ui r ement s b y  t h e  mi d - o r  
l a t e - 1 9 8 0 ' s .  Suc h  di s p l a cement cou l d  r e s u l t  i n  a l eve l o f  us e in 
1 9 8 5  of abo ut 4 qua dri l l i on BTU ' s  p e r  y e a r , or  t he equiva l en t  o f  
s ome 1 . 8  mi l l i on b a r r e l s  p e r  day o f  c rude p e t r o l e um .  Th i s  i s  a 
reduc t i on o f  1 . 3  mi l l i o n  equival ent b a r r e l s  o f  p e t ro l eum p e r  day ,  
o r  5 8  p e rc ent  from the  1 9 7 4  l eve l s  o f  us e .  Wi thout co a l  and nuc l e ar 
deve l opment , howeve r , t he e l ec t r i c ut i l i t y  indu s t ry wi l l  con t i nue 
to cons ume t he s e  fue l s , e sp e c i a l ly o i l , as a s i gn i fi c ant  p o r t i on o f  
i t s  p r imary en e r gy s up p ly . The fac t o r  o f  fue l sub s t i t ut ab i l i ty i s  
an imp o r t ant s ubj e c t  i n  the  e l e c t r i c  ut i l i ty i ndus t ry and a di s cus 
s i on o f  fue l s ub s t i t ut i on p o s s i b i l i t i e s  in the  1 9 8 0 ' s  i s  g i ven i n  
App en di x H ,  Exh ib i t  V I  I I .  

Much o f  the p o tent i al fo r s ho r t - t e rm d i s p l a c emen t o f  o i l  re 
s id e s  in the conve r s ion o f  e xi s t ing dua l - fi r e d  cap ac i ty from o i l  
t o  co a l . The Pha s e  I repo r t  ind i c a t e d  up t o  5 0 0  thous an d b ar r e l s  
p e r  day o f  p e t ro l e um pro duc ts  coul d b e  s ave d b y  s uch c onve r s i ons . *  
Addi t i on a l  o i l  coul d al s o  b e  di s p l ace d through the  emp l oyment  o f  
pump e d  s to rage  hy drop owe r a s  an a l t e rnat i ve t o  c omb us t i on turb i ne s  
fo r p e ak ing . O ther  s avings i n  b o th o i l  and t o t a l  ene r gy out l in e d  
in t h e  Phas e I s tudy wou l d  have l i t t l e  s i gn i f i cance  fo r t h e  mi d -
1 9 8 0 ' s .  The s e  l a t t e r  p o s s i b i l i t i e s  r e l a t e d  t o  s ho r t - t e rm me a s ure s 
whi ch coul d b e  t aken p r i o r  t o  1 9 7 8  but wh i c h  d i d  no t r e p r e s en t  de 
s i rab l e  l ong - t e rm prac t i c e s  ( e . g . , vo l t a g e  r e duc t i ons ) .  

F i nal ly , a curs o ry r e v i ew o f  t e chno l o g i c a l  p r o s p e c t s  for  e n 
e rgy s avings  b eyond t h e  1 9 8 0 ' s  reve a l s  eno rmo us p o t e n t i a l  for  tap -

* N a t ional  P e t ro le um C ounc i l , Po t e n ti a l  fo r Ene r gy C o n v e r s a 
ti on : 1 9 7 4 - 1 9 7 8 3  Was h in g t on , D . C . : 1 9 7 4 , pp . 9 3 - 1 0 2 . 
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p ing  new e ne r gy s o ur ce s , and some l imi t e d  p ro s p e c t s  fo r inc r e as i n g  
conve r s i on e ff i c i enc i e s  b eyond pro j e c te d  l e ve l s  i s  p o s s ib l e  by the 
l a t e  1 9 8 0 ' s .  B re e de r  re a c t o r s , hi gh t emp e r a ture gas r e a c to r s , g e o 
th e rmal s o urc e s , and ul t ima t e l y  fus i on r e a c t o r s  may e ve n t ua l ly 
a l l ow e l e c t r i c i ty p r o duc t i on to  b e  de r i ve d from fue l s  w i th vi r t ua l 
l y  un l im i t e d  s upp l y  p o tent i a l s . The w i de s ca l e  u s e o f  e l e c t r i c i ty 
gene r a t e d  from b re e de r  and fus i on re a c t o r s  coul d p e rmi t s i gn i fi c ant 
ene r gy s avin g s  in are a s  s uch as  fue l t r an s p o r t  an d p r o c e s s in g . E x 
p l o i t a t ion  o f  th e s e  advance d op t ions i n  gene ra t i on p a r k s  c o u l d  a l s o  
pe rm i t us e o f  e xc e s s  h e a t  r e l e as e d  i n  the e l e c t r i ty p r o duc t i on pro 
c e s s fo r a var i e ty o f  an c i l l ary purpo s e s  w i th a t t endan t i n c re a s e s  
in ove r a l l e ff i c i ency o f  fue l r e s ource ut i l i z at i on . 
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LETTER O F  REQUEST 



APPEND I X  A 

United States Department of the Interior 

In Reply Re fer To : 
AS-EM 

Dear Mr .  True : 

OFFICE OF THE SECRETARY 
WASHINGTON, D.C .  20240 

July 2 3 ,  19 73 

I n  his energy s t at ement o f  June 29 , the P res ident announced additional 
s t eps b e ing taken to conserve America ' s fuel supp lies and their use , 
and called upon privat e indust ry  to respond to the energy cons ervat ion 
dire ct ives with all the imaginat ion and res ource fulnes s that has made 
this Nation the richest on earth . 

In De cemb e r  19 72 , the Nat ional Petroleum Council s ubmit ted to me a 
comprehensive summary report on "U . S .  Energy Outlook , "  the s upport in g  
detailed t ask force repo rts b eing now received f o r  each fuel as com
plet ed . The results o f  this exhaus t ive work done by the energy indus
tries has been o f  maj or value to the Department and other agencies o f  
Governmen t , shedding considerab le light o n  the U . S .  fuel supply situ
at ion in part icular . 

In order to further ass is t us in as sessing the p at terns of future U . S .  
energy use , the National Petro leum Council is reques t ed to conduct a 
study which would analyz e and report on the pos s ib i l i t ies for energy 
conservat ion in the United States and the impact o f  such measures on 
the future energy posture of the Nat ion . 

You are reques t ed to s ubmit a progress report by January 1 ,  19 74 . 

Mr .  H .  A. True , Jr . 
Chairman 
National Petroleum Council 
1625 K S t reet , N .  W.  
Washington , D .  C .  20006 

S incerely yours , 
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R .  E .  Seymour 
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Wi l l i am P r i t s ky 
Man a g e r  o f  En g ine e r i ng S e rv i c e s  
Al uminum As s o c i a t i on 

C l e ve S chne e b e r ge r  
Vi ce  P r e s i de n t  fo r P ub l i c  A f fa i rs  
Po r t l an d  Ceme n t  As s o c i a t ion  

Dr . Ron a l d J .  S l i nn 
Vi c e  P re s i de n t  
Pulp and Raw Mat e r i a l s  
Ame r i c an P ap e r  I n s t i t u t e  



PATTERNS O F  CONSUMPT I ON/ ENERGY DEMAND TAS K GROUP 
OF THE 

CHA I RMAN 

W .  R .  F in g e r  

NAT I ONAL PE TROLEUM COUNC I L ' S  
COMM I T TE E  ON ENERGY CONSERVAT I ON 

COCHAI RMAN 

S en i o r  P l ann ing S up e rvi s o r  
Co rp o r a te P l ann i n g  Depar tmen t 
Exxon Company , U . S . A .  

Dr . Marqui s R .  S e i de l  
Sen i o r  E c onomi s t 
O ff i c e  o f  th e Ch i e f E n g ine e r  
Fe de ra l  P owe r C ommi s s ion 

John M .  Ab e l ,  Man a g e r  

S E C RE TARY 

Pe t e r  J .  Cove r  
Commi t t e e  C o o r d in a t o r  
Na t i onal  Pe tro l e um C o un c i l  

* * * 

E c onomi c & C o rp o r a t e  P l ann i ng 
Un ion O i l  Comp any o f  C a l i forn i a  

L awr ence  J .  Go l ds te in 
E conomi s t  
Pe t r o l e um I n dus try Re s e a r ch 

Founda t i on , I n c . 
J .  E .  B l a ck 
Di re c tor o f  Econ omi c s  R .  L .  Howar d , D i r e c to r  

C o rp o r a t e  E conom i cs  and P l anning & E conomi c s  Dep a r tmen t 
Gul f O i l  Company - - U . S . P l ann ing I n fo rma t i o n  

Ph i l l ip s  Pe tro l eum Comp any 
Thoma s  L .  C ranme r 
P l ann ing As s o c i a te Le e L e i b a ch e r 
P l ann ing & E c onom i c s  Depar tment 
Mob i l  O i l  C o rp o r a t i on 

E c onomi c s  Dep ar tme n t  
S t andard O i l  C omp any ( I n d i an a )  

CHAI RMAN 

Dudl ey J .  Taw 

E dward Symonds 
V i c e  Pre s i dent 
Pe tro l eum Depar tme n t  
F i rs t  N a t i onal  C i ty B ank o f  N e w  Yo rk 

RE S I DEN T I AL / C OMME RC IAL TASK GROUP 
OF THE 

NAT I ONAL PETROLEUM COUN C I L ' S  
COMM I TTE E  ON ENERGY CONSERVAT I ON 

COCHA I RMAN 

He in z R .  T re s ch e l 
Vi ce P r e s i den t , Marke t ing 
The E a s t Oh io  Gas  C ompany 

Manage r ,  Bui l dings  P r o gram 
O ffi c e  o f  Ene r gy Cons e rva t i on 
N a t i on a l  B ur e a u  o f  S t andards  

SECRE TARY 

John H .  Guy , I V  
As s o c i a te Commi t te e  C o o rd in a t o r  
N a t iona l Pe tro l eum C ounc i l  
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R .  A .  B e a l s 
Equipment Deve l opme n t  D i r e c to r  
Na t i ona l O i l  Fue l I n s t i tute 

Theo do r e  C .  G i l l e s 
Corp o r a t e  Manag e r  
Env i ronme n t a l  Sys t ems 
Lennox I n dus t r i e s  I n c . 

P aul C .  G r e i n e r  
Vi ce Pre s i de n t  
Marke t Deve l opmen t 
E di s on E l e c t r i c  I ns t i tu t e  

Char l e s  L .  Ho e b e l  
Was h ing ton Rep r e s en t a t i ve 
C ar r i e r  C o rp o ra t i on 

* * * 

John F .  Mas on , Gene r a l  Manage r 
Fue l O i l  S a l e s  D i v i s i o n  
Texaco I n c . 

Char l e s  E .  P e ck 
Group Vice  P r e s i de n t  
Owne s - C o rn ing  F ib e r g l as C o rp . 

Kenne th W .  P e rs on 
Vi c e  Pre s i d e n t  
B us ine s s  Deve l opme n t  
Minne apo l i s Gas  C omp any 

P aul C .  K .  Smi th 
Re s i d e n t i a l  Marke t in g  Mana g e r  
Ame r i c an G a s  As s o c i a t i on 

Fred L .  Tyl e r , D i r e c t o r  
Re s i dent i al Mar ke t i n g  
Nor the rn N a t ur a l  G a s  Comp any 

S PE C I AL ASS I S TANTS 

John C .  Arno l d  
Re s e ar c h  Marke t Anal y s t 
Tne E as t Oh i o  G a s  Comp any 

J e r a l d W .  F o s t e r  
Man age r 
I n s ul a t ion Marke t Deve l opmen t 
Owens - Corn ing  F i b e r g l a s  C o rp . 

Wa l l a c e  H . F r i ck 
Te chn i c a l  Marke t in g  Man a g e r  
The E a s t Oh i o  G a s  C o mp any 

G l enn Lovin  
Wa s h i ng t on Rep re s en t a t i ve 
E l e c t r i c  Ene r gy As s o c i a t i on 

Dan i e l  E .  Mo rgenro th 
Manage r ,  Mark e t De ve l op me n t  

Cons truc t i on G r o up 
Owe ns - Co rn ing  F ib e r g l as C o rp . 

War ren Wal e e n , Man a g e r  
Cen t r a l  P l an t  Deve l o pmen t 
Mi nne ap o l i s  G a s  C o mp any 

TRANS PORTAT I ON TASK GROUP 
OF  THE 

NAT I ONAL PETROLEUM COUNC I L ' S  
C OMM I TTEE ON E NE RGY CONSERVAT I ON 

CHA I RMAN 

E .  R .  Heyding e r  
Man a ge r , E c on omi c s  D i v i s i on 
Marathon O i l  Comp any 

ASS I S TANT TO THE C HA I RMAN 

Rob e r t  L .  B e r g e r  
E c onomi c s  D i vi s i on 
Mar a thon O i l  C o mp any 
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COCHA I RMAN 

Myron Mi l l e r , D i re c to r  
O f f i c e  o f  T r an s p o r t a t ion  Ene r gy 

P o l i cy 
U .  S .  Depar tme n t  o f  T r an s p o r t a t i on 

S E C RE TARY 

John H .  G uy , I V  
As s o c i a te Commi t t e e  C o o r d i n a t o r  
N a t i onal  P e t r o l e um C ounc i l  



* * * 

R .  G .  Ayre s 
Sen i o r  P ro ce s s & De s i gn 

En g in e e r  
Ph i l l ip s  Pe tro l eum C o mpany 

Wi l l iam C .  B a rn i ch , I I I  
Dire c to r  o f  Gove rnme nt Affa i r s  
Nat ion a l  As s o c i a t ion o f  Mo t o r  

Bus Owne rs 

Dr . F r e d  W .  Bowdi t ch 
Exe cut ive As s i s t an t  to  the 

Vi c e  P re s i den t 
Veh i c l e Emi s s i on Mat t e r s  
Envi ronme n t a l  Ac t i vi t i e s  S t a f f  
Gene ral  Mo t o r s  C o rp o rat i on 

John F .  Brennan 
As s i s tan t  to  the Vi ce P re s i den t 
Re s e arch & Te chni c a l  S e rvi c e s  

Divi s ion 
Ame r i c an Tr uck ing As s o c i a t ions , 

Inc . 

Timo thy N .  Ga l l agher 
Spe c i a l  As s i s tant fo r Energy 

to the S enio r Vi c e  P r e s i de n t  
Op era t ions a n d  A i rpo r t s  
A i r  Trans p o r t  As s o c i a t io n  o f  

Amer i c a  

H .  S .  Ke l ly 
Fue l s  P ro gr am Mana g e r  
Pro duc t s  De p ar tment  
Mob i l  O i l  C o rp o ra t ion 

R .  R .  Man i on 
Vi ce  P r e s i de n t  
Op e r a t i ons  an d Ma intenance  
As s n . of  Ame r i c an R a i l r o ads 

Gr an t  E .  Me d i n  
Manage r ,  P l ann i n g  S e rvi c e s  
At l an t i c  R i c h f i e l d  Comp any 

Mark W .  Ow ing s , Man a g e r  
Mar ke t i ng E conomi cs  
C o rp o r a t e  P l ann in g & E conomi c s  

Depar tme n t  
Gul f O i l  Co rp o r a t ion 

John H .  Rabb i t t , Man a g e r  
I ndus try A f fa i rs 
S un O i l  Company 

Wo o drow W .  Ran k in 
Dep uty Di re c t o r  
Trans p o r t a t i o n  De ve l opment 

Divi s ion 
H i ghway Us e r s  F e de r a t ion  for  

S a fe ty an d Mob i l i ty 

S PE C I AL AS S I STANT 

Rudi Win z inge r 
Pe tro l eum E conomi c s  Ana l y s t 
Gul f O i l  C o rp o r a t ion 
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· APPEND I X  C 

TRADE AS SOC IAT I ONS 



APPEND IX C 

The fo l lowing i s  a l i s t  o f  t rade a s s o c i at i o n s  t o  whom th i s  r e 
port  has  b e en s ubmi t t e d  fo r r ev i ew and comment : 

Air  Transport  As s o c i at i on o f  Ame r i c a  

Th e Aluminum As s o c i at ion 

Ame r i can Bo i l e r Manufactur e r s  As s o c i a t i o n  

Ame r i can I ron and S t e e l  I ns t i tute  

Ame r i c an Pap e r  I ns t i tu t e  

Ame r i can So c i e ty o f  H e a t ing , Re fr i g e r a t ing a n d  A i r cond i t i on ing 
Eng ine e r s  

Ame r i c an Truck ing As s o c i a t ions , Inc . 

As s o c i at i on o f  Ame r i c an Ra i l roads  

Edi s on E l e c t r i c  I ns t i tute  

Groce ry Manufac tur e r s  o f  Ame r i c a 

Hi ghway Us e r s  F e d e r at i on 

The Hydr o n i c s  I ns t i tut e 

Manufac tur ing Chemi s t s  As s o c i a t ion 

Mechan i c a l  Cont r a c t o r s  As s o c i a t i on 

Mo t o r  Veh i c l e  Manufactur e r s  As s o c i a t ion 

Nat i ona l As s o c i a t i on of  Home Bui l d e r s  of  the Un i t ed S t a t e s  

Nat ional  As s o c i a t ion o f  Mo tor  Bu s Owne r s  

Nat ional  Mine r a l  Wo o l  Insu l a t ion As s o c i a t i on , I n c . 
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APPEND I X  D 

I NTRODUCT I ON AND SUMMARY 

REPRI NTED F ROM 

PHASE I REPORT 



APP E ND IX D 

I NT RODUCT I ON 

I n  t he a f t erma t h  o f  r e c e n t  i n t ern a t i o n a l  even ts wh i c h  h a ve l e d 
to the  Na t i on ' s  awar e n ess o f  p o t en t i a l e n er gy sh or t a g es , i t  wo u l d 
appe ar e v i d e n t , i n d e e d  obv i ous , t h a t  c o n t i n g en c y  p l a ns mus t b e  
formu l a t e d  imme d i a t e ly t o  pr o v i d e  for t h e  e v en t u a l i t y o f  re c u rr i ng 
shor t a g es. On e imme d i a t e  s t e p  t oward t he so l u t i on is t o  cu t b a ck  
the  use of  a l l  fo rm s of  ener g y. Th i s  r e p o r t addr es s es i t s e l f  to  
many a l t er n a t i ves for d e cr e as i n g  t h e  use of  e n er gy and i n c reas i n g  
t h e  e f f i c i en cy o f  i ts u t i l i z a t i on: some o f  t h es e  w i l l  o c c ur n a t u 
ra l l y b e c ause o f  i n cr e as e d  p r i c es and t he s c ar c i t y o f  av a i l ab l e  
energy ; s ome w i l l  b e  a c h i e ved vo l un t a r i l y  by th e p u b l i c ' s  r espo n se 
t o  ener gy c o nserv a t i on p l e as ;  some w i l l  r e q u ir e  c h a n ges i n  g o v ern 
men t a l  po l i c y ; and o t h ers may f a l l wi t h i n  o n e  o f  t h ese c a t e g or i e s  
but  wi l l  b e  ac h i evab l e  on ly a f t e r  ext ens i v e  r es e a r c h  an d d e v e l opment  
an d c anno t  b e  imp l emen t e d  i n  t h e  n e ar t erm . Al l of  t h ese me asur es 
have va l ue i n  t h a t  t hey a c h i eve t h e  g o a l  o f  en e r gy c ons e r v a t i on. 
However , t he answer is n o t  t h a t  s i mp l e . Re duc t i o ns ar e a "mu s t , "  
but i t  may b e  d i f f i cu l t  t o d is t i ngu ish b e twee n  esse n t i a l  an d c a p r i 
c i ous uses o f  e ner gy. Many ene r gy  c o nsum i n g  m o d es a n d  d e v i c es wh i c h  
wer e o n c e  c o ns i der e d  l uxur i es h ave now b e c o m e  i n t e gr a t e d i n t o  c o nsum p 
t i on p a t t erns and , a t  l e as t f o r  the  shor t t erm , m ay b e  c l as s i f i e d  as 
essent i a l  use s  un l e ss o t h er tr ade - o f fs ar e r e c o gn i zed and a c c e p t e d  
by t he pub l i c. 

Pr i c e  p l a ys a m a j o r  r o l e  i n  t h e  c o nsumer ' s  p er c e i v e d  v a l u e o f  
ado p t i n g  a c o nserva t i on  me asur e. G i v e n  t he s i gn i f i c a n t  i n c r e a s es 
in t he pr i c e  o f  e n er g y  o ver t h e  p a s t  y e ar , r e i n fo r c ed by t h e t h r e a t  
o f  a sc a r c i ty o f  supp l y , t he c onsumer or o th e r us e r  has a do p ted 
d i ffer e n t  p er c ep t i ons o f  e ner gy va l u es. A l t h o ugh t h e r e  is i nsu f 
f i c i e n t  f i e l d  i n f orma t i on t o  de t e rm in e  a c c ur a t e l y p r i c e / deman d 
e l as t i c i t i es , d emand l eve ls o f  t h e  p as t  few mo n t hs de f i n i t e l y  i n 
d i c a t e d  tha t t her e has b e en some l essen i n g  i n  d em a n d  as a func t i on  
o f pr i c e . 

T her e is a s i gn i f i c a n t  p r o b l em i n  a s s ess i n g  the r e a l  i mp a c t  o f  
conserv a t i on me asur es b e c ause t h e y  ar e a m i x tur e  o f  r espon s es i n 
c l ud i n g , b u t  n o t  l i m i t e d  t o , m a r k e t c l e ar i n g  p r i c es ,  t hr e a t  o f  
sc ar c i t y and e t h i c a l c on c ern a b o u t  the  l e v e l o f  e n e r g y  u s a g e. G i ven 

, the mar k e t  as i t  is c ompr is e d , i t  is imp oss i b l e  to i d en t i fy wha t  
degr e e  o f  c o nserv a t i o n  w i l l  o c cur n a t ur a l ly as a r esu l t  o f  pr i c e . 
T hus , i t  · i s ver y  d i f f i c u l t t o  de t erm i n e  wha t o p t i o ns a re feas i b l e 
and wha t ac t i ons sho u l d  b e  t a k e n  t o  r e du c e  e n e r gy c on s um p t i o n . 
Wh i l e ener gy c onserva t i o n  i s  impor t ant  and  ess en t i a l , any  p r o g ram  
must b e  i n t egr a t e d  into  o th er na t i on a l go a ls , such as  e c o n om i c  
gr ow t h , so c i a l  we l l - b e i n g and environm e n t a l  c l e an - up . F o r i ns t anc e ,  
pro gr ams such  a s  t h e  C l e an A ir Ac t o f  1 9 7 0 , · t h e  fe d e r a l  h i g hway 
sys t em and c e r t a i n  z o n i n g  r e gu l a t i ons ,  a l l  c o n f l i c t  w i t h  e ner gy 
c o nserva t i on. T h e  imp a c t o f  t h ese  pro grams o n  t h e  g o a ls o f  t h e  
Na t i on mus t b e  c ar e fu l l y  e v a l u a ted b e fo r e  ma k i n g  any  t r ade - o f fs . 

Wha t ever po l i cy de c is i ons ar e m a d e , th e y  s ho u l d  n o t  er o d e  t he 
pub l i c ' s  free dom o f  cho i c e  in s e l e ct ing op t i on s . Ene r gy con s ump t i on 
p a t t e rn s  are  s o  r e g i ona l i z e d that an a l l  encomp a s s ing  p o l i cy i s  

Edi t o P ' s  No t e : App end i x  D i s  repr i n t e d  from Po t e n t i a l fo P 
En e Pgy Co n s e Pv a t i o n  i n  t h e  Un i t e d  S t a t e s : 1 9 7 4 - 1 9 7 8 ,  Wa s h i n g t o n , 
� . C . : S e p t emb e r  1 0 , 1 9 7 4 , pp . l - 1 2 . 
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c e r t a i n t o  c r e a t e  h ar ds h i p s  fo r c e r t a i n s e c t i o n s  o r  s e gmen t s  o f  
the Nat i on and t h e  e c onomy . 

The conc e p t  an d po l i cy o f  ene rgy cons erv a t i on mu s t  invo l v e  a 
sub s t ant i a l l y  d i ffe rent  out l ook con c e rn ing  e n e r g y  u s e  on the  p a r t  o f  
the ind i v i du a l  than o n  t ha t  o f  the  Un i t e d  S t a t e s  a s  a wh o l e  i f  i t  i s  
t o  b e  e f fe c t ive . Pr e s ent us e  p a t t e rn s  have evo l v e d  o v e r  a p e r i o d  o f  
ye a r s  wi t h i n  a framewo rk o f  e c onom i c s  and inc ent ive s t h a t  t o day a r e  
rap i d l y  c hang ing o r  outmo de d .  Wh a t  i s  impo r t ant i s  the  r e a l i z a t i on 
t ha t  our  pr e s en t  ene rgy env i r onment i s  d i ffe r en t  than t h a t  o f  t h e  
pas t and w i l l  probab l y  c o n t inue t o  move e v en fur t h e r  from t h e  p r e v i ou s 
no rms . 

The fo l l owing d i s cus s ion i s  pre d i c a t e d  upon e n e r g y  c on s e rv a t ion  
a s  de fined w i t h in t h e  fo l l owing parame t e r s : ( 1 )  m e a s u r e s  that  in 
c r e a s e  the e ffi c i e n cy o f  u t i L i z a t i o n o f  en e r g y  w i tho ut  a f f e c t ing t he 
s e rv i c e s  prov i d e d and ( 2 )  me a s u r e s  tha t r e du a e  t h e  c o n s ump t i o n  o f  
ene rgy b y  r e duc ing  the  l eve l o f  s e rvi c e s  p r o v i ded . 

The Un i t e d  S ta t e s  i s  now expe r i enc ing  a s ho r t a g e  o f  dom e s t i c a l l y  
produ c e d , env i ronmenta l l y a c c ep t ab l e  fue l s . On e r e a s on f o r  t h i s  
s hor t a g e  i s  t he inc r e a s e d  r a t e  o f  ene rgy demand g r o w t h  s i nce  the m i d -
1 9 6 0 ' s , c o up l e d w i th the  s imu l t aneous  s l owdown o f  dome s t i c  s upp ly 
expans ion , wh i c h  re s u l t e d  in an inc r e a s ing  i nab i l i ty t o  me e t  un r e 
s t r i c t e d  demands wi t h  ava i l ab l e  ind i g enous  s upp l y . The o u t c ome h a s  
be en a rap i d l y  inc r e a s ing dependenc e on fore i gn o i l  s up p l i e s , a 
s i tua t i on w h i c h  was  brought into  s harp fo cus by t h e  Arab o i l  emb a rgo 
o f  Oc t o b e r  1 9 7 3 . 

As v i ta l  a s  ene rgy i s  t o  t he Na t i on , t he pub l i c  ha s b e en g en 
er a l l y  unawa r e  o f  po t en t i a l  ene rgy s ho r t a g e s  and the n e e d  to con 
s e rve energy r e s ourc e s  p r i o r  t o  the  Arab o i l  emb a r g o , even though 
warn ing s i gn s  app e a r e d  fo r many ye ar s . De s p i t e  the  ac tua l s ho r t 
a g e s  expe r i e nc e d  dur ing the emb ar g o , s ome r e s pons i b l e  i nd i v i dua l s  
have adhe r e d  t o  the  b e l i e f  that  no r e a l  d i s p ar i ty e x i s t s  b e twe en 
supp ly  and po t en t i a l  demand . Howeve r ,  the  fac t s  ade qua t e l y  s uppo r t  
the g r owing c onc e rn over ene r g y  s hor t a g e s  wi t h i n  t h e  Un i t e d  S t a t e s . 

Dome s t i c o i l  produc t i on c ur r ent ly  s upp l i e s  ab out  two - th i r d s  o f  
the Nat i on ' s  o i l  demand , and dome s t i c  produc t i on i s  d e c l i n i n g . 
Gradu a l  int e g r a t i on and the inc r e a s ed us e o f  o t h e r  s o u r c e s  o f  ene rgy 
into an d by t he d i s t r ibut i on and con s ump t i on s y s t em have enc oun t e red 
s o c i a l  and env i r onment a l  prob l ems and thus d e l ays . Cons e quent ly , an 
ene rgy ba l anc e d i s t o r t i on has  evo lved , b e c au s e  o f  wh i c h t he Nat i on i s  
becoming , inde e d  h a s  b e c ome , inc r e a s ing l y  depend e n t  o n  fo re i gn - b a s ed 
s upp l i e s  t o  fu l f i l l  i t s  r e qu i rement s . I n  the fu tu r e , m a i n t a i n ing a 
hea l t hy nat i ona l e c onomy , fu l l  emp l o yment and r e a s on ab l e  env i r on 
men t a l  s t andards  w i l l  r e qu i r e  n a t i ona l g o a l s  and p r i o r i t i e s  on en 
ergy wh i c h  inc l ude b o t h  cons e rv a t i on and e xpans i on o f  dome s t i c  
en e r gy supp l i e s . 

The fo r e g o ing ob s e rvat i on do e s  no t imp l y  any l ac k  o f  na tur a l  
ene rgy r e s o ur c e s  w i thin  t h e  Un i t e d S t a t e s - - th e y  a r e  s t i l l  abundant . 
The prob l em inh e r e n t  in the expans ion o f  dome s t i c  ene rgy s upp l i e s  
i s , however , one o f  f i nding e c onomi c a l l y  f e a s ib l e  and env i r onmen 
ta l l y  a c c e p t a b l e  way s o f  l o c a t ing , deve l o p i ng and u t i l i z i ng s u c h  
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resources , and o f  i n t r o du c i n g  them i n t o  ex is t i n g supp ly , d is t r i b u t i on 
and c onsump t i on  c h anne ls .  Such  ways mus t be found . 

Res t o r a t i o n o f  a more app rop r i a te b a l ance be twee n U . S .  domes 
t i c  ene r gy demand and ene r gy sup p ly w i l l  re qu i re c o nse rva t i on  and an 
awa reness and a c ce p t ance o f  a "c onse rva t i on  e th i c "  by t he Amer i c a n  
pub l i c . But , ene r gy conserva t i on a l one i s  i n c apab le o f  res t o r ing  
such  a b a l ance . On ly a c ompre hens ive n a t i o n a l ene rgy po l i cy i nc o r 
po r a t i n g  a l l  aspe c ts o f  sup p ly and  demand c o ns i de r a t i ons is c apab le 
o f do i ng so . 

The a c t ua l  magn i tude o f  ene r gy c onse rva t i o n a c h ieved w i l l de 
pend on pr i ces and , fu r t hermo re ,  o n  t he r a te o f  deve l o pmen t o f  ad 
d i t i on a l  s o u r ces o f  ene r gy and on the i n ter -subs t i t u t a b i l i ty o f  fue ls ,  
wh i ch in  turn wi l l  depend  on  po l i c ies , l aws ,  re gu l a t i ons a nd g o vern 
men t  a c t i ons a t  a l l  leve ls ,  pa r t i cu l a r ly t h a t  o f  the Fe de r a l Gove rn 
men t . The h i g he r  p r i ce o f  ene r gy gene ra l ly h as c a use d a maj o r  in 
cre ase i n  t he numbe r o f  o p t i ons t o  expand ene r gy sup p l ies . S im i l a r ly ,  
the re are now a l a r ge numbe r o f  e c onomi c a l ly r a t i on a l  resp o nses on  
the demand s i de .  I t  now  p a y s t o  use ene r gy more e f f i c ien t ly , and  
pe rhaps t o  mo d i fy o u r  ene rgy l i fe -s ty le . 
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SUMMARY 

Any me an i n g fu l dis c uss i on o f  ene r gy c o ns e r v a t i on mus t b e  
p re d i c a t e d upon an un de rs t an d i n g by the  p ub l i c o f  h ow ene r gy is 
supp l i e d  and d is t r i b u t e d t o  i n di v i dua l c onsume rs . D is cuss i on o f  
t h e  ac cep t ab i l i ty o r  des i r ab i l i ty o f  ene rgy c o nse rva t i on me asu r es 
mus t  b e  b ase d on - - in fac t, dep e n ds up on � - pub l i c  aw areness t h a t  
th e re is a c ommon ne e d  o r  mo t i v a t ion t o  c ur t a i l i ne f f i c i e n t  c on 
sumpt i on o f  e n e r gy at a l l  l e ve ls . C ons e rv a t i on ass o c i a t e d w i th 
den i a l  o r  w i th the  subs t i tu t i on o f  l ess des i rab l e  g o o ds o r  
se rv i ces w i l l  g ene r a l ly e l i c i t  a n e g a t i ve  p ub l i c resp onse . H ow 
e ve r ,  cons e rvat i on c an an d sh ou l d  also c a r ry t h e  conno t at i on o f  
mo re e f fi c i en t  an d e conomi c us age  o f  ene r gy e n t a i l in g chan ge i n  
u t i l i z a t i on p a t t e rns . 

E xc ess i ve e n e r gy c o ns um i n g p at t e rns and t h e  s ubs t i t u t i o n o f  
ene r gy fo r manp owe r h ave b e en e n c ou r age d by v a r i ous g o v e rnme nt a l  
p o l i c i es and by a c h an g i n g e c onomy an d s o c i e ty .  T h is e v o l v i n g  
ch an ge i n  consump t i on  p at t e rns, howe v e r  des i r ab l e  o r  undes i r ab l e , 
h as b e en in t e ns i f i e d  by e x t e ns i ve adve r t is in g and o th e r  p ro g r ams 
a ime d a t  p romo t in g e n e r gy c onsump t i on i n  a w i de v ar i e ty o f  fo rms . 

G row i n g  ene r gy c onsump t i on can b e  d i re c t ly r e l a t e d t o  t h e  
subs t an t i a l  ch an ges t h a t  h ave evo l ve d  i n  t h e  l i fe -s ty l e  o f  o u r  
N a t i on . P r o du c t i v i ty i n  i n dus t ry h as in c r e ase d w i t h  t h e  g r ow i n g 
subs t i tu t i on o f  m ach i nes fo r l ab o r, r esu l t i n g i n  fewe r m an - h o u rs 
an d sho r t e r w o rk i n g  w e e ks. A l t e rn a t i v e  a c t i v i t i es now c ons um e  
t h e  t ime fo rm e r ly s p ent  at  wo rk, and l i v i n g p a t t e rns o f  t h e  
Ame r i c an wo rke r h ave ch an ge d  dras t i c a l ly .  M i g r a t i on from inn e r  
c i t i e s  t o  the sub u rbs h as t aken p l a ce . N e w  t r ansp o r t a t i on p a t 
t e rns h ave e vo l ve d, as h ave new c onsume r b uy in g  h ab i ts .  A l l o f  
th es e  fac t o rs h ave  c on t r ib u t e d  t o  t h e  unp re c e de n t e d  g r ow t h  o f  
th is c ount ry ' s  e co n omy and, imp o r t an t ly, the  l e ve l  o f  ene r gy 
c onsump t i on i n  t h e  Un i t e d  S t at es .  

ENE RGY CON SUMPT I ON AND D I ST RI BUT I ON PATT E RN S  

B ase d on c u r r e n t  l e ve ls o f  t e chno l o gy, e n e r gy fo r Ame r i c ans 
is m a i n ly ass o c i at e d  w i th and re l at e d  t o  c ru d e  o i l p r o du c ts , 
natu r a l  g as an d c o a l . Hy d ro p owe r, ge o th e rm a l, so l a r ene r gy and 
nucl e a r  ene r gy h ave con t r i b ut e d  to a much s ma l l e r  e x t e nt . 

H is t o r i c a l ly, t h e  p ro duc t i on o f  e n e r gy i n  th e Un i t e d  S t at es 
h as b e en a fu nc t i on o f  p r i v at e  indus t ry unde r o u r f re e - en t e rp r is e  
sys t em . H oweve r , gove rnmen t h as b e come invo l ve d  t o  t h e  e xt e n t  
th a t  t h e  p ri v a t e  s e c t o r  is now o ve r l a i d  w i th a c omp l e x se t o f  
l e g is l at i on an d re g u l at i o ns rang i n g  fr om t a r i ffs an d f is c a l p o l i 
c i es t o  i n t e rven t i on by r e gu l at o ry b o di es o f  v a r i ous k in ds .  
Pub l i c  i ns t i tu t i ons c on t r o l, i n  o ften  c o n f l i c t i n g  w ays, such 
d i ve rs e  iss ues as p r i ce, envi r onmen t a l d e g r a d at i on, s a fe ty, c on 
sum e r p ro t e c t i on an d i n dus t r i a l  c on c en t ra t i on . T h e  supp ly s i de 
o f  t h e  ene r gy s e c t o r  h as evo l ve d  i n t o  a c l ass i c  e xamp l e  o f  a 
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"mixe d"  p r i vate /pub l i c  e c on omy . The deman d  s i de o f  the ene r gy 
s e ct o r  di ffe rs in  that  h i s t o r i ca l ly the re h as b e en l e s s  gove rnme nt 
invo l vement an d a l owe r l e ve l of g ene ra l pub l i c  conc e rn . 

I t  i s  di ffi c u l t t o  find e v i dence o f  an ene rgy p o l i cy re l at ing 
vari ous gove rnment ac t i ons  one to ano th e r .  H oweve r , t h r o ugh o u t  
our h i s t o ry o f  p ub l i c  invo l veme n t  in ene r gy m at t e rs , the re  h as 
b e en , w i th ce r t a i n  no t ab l e excep t i ons , a gene r a l  re l i an c e  on 
p r ivate -mark e t  s o lut i ons  an d on a b e l i e f  th a t  l ow - c o s t e ne r gy i s  
goo d f o r  the h e a l th an d g rowth o f  the e c onomy . Ene r gy s upp ly an d 
dem an d in re s p e c t  o f  any ene r gy form h ave r a r e l y  b e e n a fo cus o f  
pub l i c  i n t e r e s t . 

F I ND I N GS 

An alys e s  o f p o t en t i a l ene r gy cons e rv a t i on me a s u r e s o r  
p ro ce du r e s  i n  th e imme d i a t e  s h o rt - t e rm p e r i o d  th rough 1 9 7 8  we re 
c a re fu l ly de ve l op e d  b y  the en d - u s e  s e c t o r  t as k  g roup s - - I ndus t r i a l , 
Res i dent i a l / C omme r c i a l , T rans po rt at i on and E l e c t r i c Ut i l i ty .  Th e 
e v a l u a t i ons de ve l op e d  b y  thes e s t udy g ro up s  are  b r i e fly  s t a t e d 
b e l ow . * 

I n dus t r i al  

S e ve n  i n dus t r i e s - - i r on and s t ee l , a l um inum , chemi c a l , 
pe t ro l eum , a gr i cu l ture and fo o d  p ro c e s s in g , p ap e r  an d au t omob i l e 
manufac tu r i n g - - a c coun t in g fo r app roxima t e l y  7 5  p e r c e n t  o f  th e 
ene r gy us e d  by  U . S .  indus t ry in 1 9 7 2 , w e r e  e v a l u a te d by  th e 
I ndus t ri a l  T as k  G r oup . The re s u l t s  are  p re s en t e d  in  the  fo l l owing  
app r a i s al :  

• I n c r e as e d  fu e l  co s t s  and po t en t i a l  s h o r t age s are  the  mo s t  
imp o r t an t  inc en t ive s fo r indu s t ry t o  cons e rve . S avin gs 
evo lvin g from th i s  awarene s s  w i l l r e s u l t  p r i ma r i ly from 
cons c i ou s  ene rgy man agemen t  p r o g r ams wh i ch i n c l ud e  e x i s t 
ing op e r at ions , n ew equ ipment and p r o c e ss d e s i gns . 

• S c rap r e cy c l e  in th e m e t a l  indu s t r i e s  i s  an imp o r t ant  and 
s i gn i fi c an t  s ou r c e  o f  ene rgy s avings . At s ome l eve l s , 
gove rnment p o l i cy and fo r e i gn t r ade r e l a t i on s  may b e  in 
c on f l i c t  with i n c re as e d  re cy c l in g . 

* Edi t o P ' s No t e : A ggPe ga ti o n  o f  En e Pgy Co n s e Pv a ti on P o t e n ti a l .  
The fo l l owing s e ct i ons  p re s e n t  e s t im a t e d  fu tur e  e n e r gy s av i n g s . 
Howe ve r ,  the re ade r i s  c au t i on e d  aga i n s t a t t emp t i n g  t o  a gg re gate  
the s e  e s t ima t e d  s av in g s  for  the purp o s e  of  ar r i v i ng a t  an  ove r a l l 
s avings  p o t en t i a l fo r the N at i on . Th e a s s ump t i ons made , the op t i ons 
ava i l ab le and the range s of e s t imate d s av i n g s  s e t  fo r t h  are  e i the r 
inte rdependent o r  mutua l l y  exclus ive and , the r e fore , nonadd i t ive 
in any me aningful way . 
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• Cons t r a i n ts i n  a ch i e v i n g e n e r gy con s e rvat i on g o a l s  are  the  
l im i t at i ons on · avai l ab i l i ty o f  c ap i t a l  and  t e chn i c a l  man 
p owe r an d th e re s t r i c t i ons o f  envi ronm en t a l  s t andards . 

• One maj or are a common t o  mo s t  i n du s t r i e s  i s  s t e am 
gene rat i on an d u s e . Emphas i s  s h ou l d  b e  p l a c e d  on mo re 
e ff i c i ent t o t a Z s y s t e m  de s i gn s u ch th a t  the max i mum 
wo rk outpu t i s  c ap tu re d .  

• I n  th e 1 9 7 4 - 1 9 7 8  p e r i o d , a t  l e as t  an ave rage  1 0 - p e rcent  
s avings  in  e ne rgy us age p e r  u n i t o f  o u tp u t  c an be  ac c om 
p l i s h e d  i n  t h e  i n du s t ri al s e c t o r . T h e  p e r ce n t a ge s  vary 
from 5 to 2 0  pe rcent , dep endin g on th e i n du s t ry e v a l uate d . 
I n t e n s i fi c at i o n  o f  p ro gr ams de s i gne d t o  e xch ange  i n fo rma 
t i on and te chno l o gy th rough out a l l i n dus t r i e s  cou l d  e f fe c t 
gre ate r e n e rgy s av i n g s . Th i s  e xch an g e  i s  e s p e c i a l ly 
imp o r t an t  t o  tho s e  h i gh ly de cen t r a l i z e d  s m a l l - s c a l e  
indus t ri e s  w h e r e  t e chn i c a l  manp owe r and e xp e r t i s e  may b e  
l a ck i n g , an d in  c e rt a in indus t r i e s , s uch a s  a gr i cul ture , 
wh e re the re are many independe n t  un i t s . W i th i n  t h i s  
p o rt i on o f  the  i n dus t r i a l  s e c t o r , inde p e n den t i den t i f i c a 
t i on o f  more e ffi c i en t  ene r gy u t i l i z a t i on i s  d i f f i cu l t t o  
a c c omp l i s h . 

Re s i de n t i a l / C omme rc i a l 

Al though h i gh e r  ene rgy p r i ce s  w i l l  re s u l t
.

i n  a c t i ons t o  con 
s e rve ene rgy , a n a t ionw i de ene rgy cons e rvat i on p r o g r am c oup l e d  w i th 
a h i gh l e ve l  o f  commun i c at i on i s  n e e de d  t o  ob t a i n  b ro ad , cont inu i n g 
s avings i n  th i s  s e c t o r . 

O f  the tw o b ro ad s ub di v i s i ons  o f  the  re s i de n t i a l  s e ct o r - - e x i s t 
in g cons t ru c t i on and new c ons t ru c t i on - - e xi s t in g c o ns t ru c t i on con 
s ume s  ab out 9 8  p e r c e n t  o f  al l res i dent i al ene r gy an d i s , in  th e 
s h o rt te rm ,  the  are a o f  gre ate s t  ene r gy cons e rvat i on p o t e n t i a l . 
The thre e are as o ffe r i n g gre ate s t  p o tent i a l fo r ne ar - t e rm ene rgy 
s avings , t o ge th e r  w i th examp l e s  o f  s p e c i fi c  a c t i on , a re :  

• L i vin g H ab i t s / L i fe - S ty l e s  

- - L owe r th·e rmos t at s e t t i ng i n  he a t in g  s e as on 

- - H i gh e r th e rmo s t at s e t t in g i n  c o o l i n g s e as on 

- - L owe r w at e r  he at e r  tempe rature 

• I ns u l a t i on 

- - C e i l in g  ins ul at i on 

- -We ath e rs t r ipp i n g  an d c au l k i ng 

- - St o rm d o o rs an d s t o rm w i ndows 

1 4 3  



• He a t in g/ C o o l ing  

- - Furnace  tune - up 

- - Ai r condi t i one r tune - up . 

I n  the new cons t ruc t i on mark e t , revi s i ons  in  bu i l d i n g  c o d e s  
a r e  ne e de d  t o  imp rove ene r gy e ff i c i ency in n ew r e s i denc e s . 

I n  the comme r c i al s e c t o r , two cons e rvat i on ac t i ons  w ou l d  
ac count fo r mo re  th an one - hal f o f  the  p o t en t i al s aving s ach i e vab l e 
by 1 9 7 8 . Th e s e  are : 

• Maximum temp e rature s in the h e at in g s e as on o f  6 8 ° F in 
ap artment s  and h o t e l s / mo t e l s , and 6 5 ° F  in o t h e r e s t ab l i sh 
men t s  ( h o s p i t a l s  an d nurs ing h ome s excep t e d) du r i n g o c cu 
p i e d  h ours  

• T emp e r at ure s of  5 ° F  and l 0 ° F  b e l ow m aximum h e a t i n g  s e ason 
temp e rature s dur i n g uno ccup i e d  h ours . 

G i ven ade quate  financ i a l  incent i ve s , s u ch as l ow - inte re s t  
l o ans  an d inve s tme n t  t ax c re di t s , a h i gh l e ve l  o f  imp l eme n t at i on 
o f  c ons e rvat i on act i ons requ i r in g inve s tmen t b y  r e s i dent i a l an d 
comme r c i a l  owne r s  c an b e  exp e c t e d . 

T ransp o r t at i on 

I n  th e t rans p o rt at i on s e ct o r , the areas  o ffe r i n g maj o r  c ons e r 
vat i on opp o r tun i t i e s  fo r p o tent i a l s av i n g s , in s t at e d  re l a t ive 
o rde r of imp o r t anc e , are : 

• H i ghway ( P as s enge r C ars ) 

- -More  sma l l cars  

- - I n c re as e d  c a r - p o o l ing 

- - Mo di f i e d  exh aus t emi s s i ons an d gas o l in e re gu l a t i ons 

- - Imp rov e d  aut o  de s i gn 

- - Re du c e d  s p e e d  l im i t s  

- - I mp rove d veh i cl e  maint enance . 

• Ai rway s  

- - Re duc e d  f l ights  t o  inc re as e l o a d  fac t o r  

- - I mp ro ve d  op e ra t ing e ffi c i en c i e s . 

S ome o f  the ene rgy s avin gs in  the s e  are as  w i l l  re s u l t  from incre as e d  
ene rgy p ri ce s , o th e rs from v o l un tary act i on , and s t i l l  o th e rs w i l l 
re qui re new o r  revi s e d  re gu l at i on s . 
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T o t a l  rai lw ay , wat e rway , mas s t r an s i t , p i p e l ine an d o t h e r m i s 
ce l l ane ous t r an s p o r t a t i on us e s  ac count fo r l e s s  th an 2 0  p e r c e n t  o f  
the ene rgy cons ume d b y  t h e  t ran s p o rt at i on s e c t o r , thus o ffe r ing a 
mo re l im i t e d  po t ent i a l  fo r ene rgy cons e rva t i o n  ove r th e s h o r t  t e rm .  

M as s t rans i t  s y s tems wi l l  no t cont r i b u t e  s i gn i fi c an t l y t o  c on 
s e rvat i on i n  the n e ar - t e rm pe r io d . E va l u at i on o f  s uch s y s t ems 
s h ou l d  c omme nce imme d i at e l y in o rde r to h ave l o n g e r - t e rm e f fe c t . 

I n di vi du a l  ch o i ce in t rans p o r t at i on s h ou l d  b e  m a i n t a ine d ,  b u t  
a comp romi s e  mus t b e  e f fe c t e d  whe re in t h e  indi v i du a l  mo t o r  fu e l 
bu rn ing un i t  b e com e s  mo re e ffi c i e nt an d at the  s ame t ime t h e  indi 
vi du a l  e x e r c i s e s  mo re j u di c i ous ch o i c e in t h e  u t i l i z a t io n  o f  th e 
un i t .  

E l e c t r i c  U t i l i t i e s  

Un de r th e mo s t  s t re nuous  ene r gy c ons e rv at i on e f fo r t s , s avings  
in  fu e l  u s e d  f o r  e l e c t ri c p ow e r  gene ra t i on i n  1 9 7 8  c o u l d equal  
s ome 5 p e rcent of  the  1 9 7 2  en e r gy us e d  fo r p owe r p r o du c t i on . A 
maj o r  p a r t  o f  the s e  s avings  wou l d  depend l ar ge ly on s ub s t ant i a l  
ch an ge s  i n  exs i t in g l aws an d re gul at i ons . 

Ab out h a l f o f  the  po tent i a l fu e l  s av i n g s  w ou l d  de p e n d  on 
e l imin at i on o f  the  p rop o s e d  re qu i remen t fo r c l o s e d - cy c l e  c o o l in g . 
The rema ining po s s ib l e con t r ib u t o rs t o  p o t en t i a l  ene r gy s avin gs 
in de s cendin g o r de r are : 

• De fe r r i n g  requi reme n t s  for  s t ack g as  s u l fu r  s c rubb i n g  
s y s t ems . 

• Opt imum us e o f  th e mos t e f fi c i en t  p owe r g ene r a t i on e qu i p 
ment . 

• Modi fi c at i on o f  new l o s s  o f  c o o l an t  s a fe ty re gu l at i on s  
gove rn i n g  nu c le ar p l ants , vo l t age re du c t i ons an d p e ak 
l o ad s h i ft s . 

I n c re as e s  in the p r i c e o f  p rimary ene r gy w i l l  de c r e a s e  the  
con s ump t i on of  e l e ct ri c i ty in th e con s um in g  s e c t o rs but  w i l l  h ave 
onl y  a smal l e f fe ct  on the  e f fi c i en cy o f  e l e c t r i c a l  gene r a t i on b y  
1 9 7 8 . 

I f  a l l co al / o i l  conve rt i b l e  c ap ac i ty we re  s w i t che d t o  c o a l , 
annu a l  o i l  s avings  in 1 9 7 8  cou l d  b e  4 0  t o  SO p e rcent  o f  o i l c on 
s ume d b y e l e c t r i c  ut i l i t i e s  i n  1 9 7 2 . 

PRI CE/ DEMAN D C ONS I DE RAT I ON S 

Op t ima l r e duc t i on o f  ene r gy demand g rowth w i l l  re s u l t  f rom 
mark e t  r e s p ons e s  t o  p r i ce in creas e s ; c l e a r e r an d more s t ab l e 
marke t s i gn a l s  on s upp ly and deman d w i th l e s s  mark e t  di s t o rt i on 
due to  c e rt ain pub l i c  p o l i c i e s ; incen t i v e s  an d d i s i n c e n t ive s t o  
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encour a g e  l e s s  e ne r gy int ens ive pract i c e s ; and a b ro a d e r  p ub l i c  
awarene s s  o f  the  ne e d  fo r cons e rvat i on ( i . e . , a nat i onal  " c ons e r 
vat i on e th i c " ) . 

Re s ul t s  o f  t h e  cal c u l a t ions  in r e s pons e t o  the  FEO  r e qu e s t  
for  a c ons i de rat i on o f  two c as e s  o f  i n c r e as e d  p ri c e s - - an ins t an t a 
neous  i n c re as e in r e a l  p r imary ene r gy c o s t o f  1 0 0  p e r c ent an d 1 5 0  
pe rc en t  ove r 1 9 7 0  p r i ce l e ve l s but  o c currin g i n  1 9 7 4 - - ar e  p r e s ent e d 
in T ab l e 1 . * Th is  t ab l e  e s t imat e s  th e re du c t i on i n  en e rgy cons ump 
t i on t h a t  wou l d  r e s u l t  from th es e p r i ce  ch ange s .  Ene r gy c on s e rva 
t i on opp o rtun i t i e s  r e duc ing  deman d p a tte rns and imp rovi n g  th e 
e ffi c i ency o f  en e r gy uti l i z at ion are mo re b ro ad ly e xp l o re d  b y  the  
end- us e s e ct o r  t as k  group s . 

TABLE 1 

1978 ESTI MATED END-USE CONSUMPTI ON RESPONSE TO INCREASES I N  THE P R I CES OF PRIMARY 
ENERGY*-COMPAR ISON OF ACTUAL 1972 CONSUMPTI ON AND 1978 

PAST TRENDS-CONTI NUE BASE CASEt 

Percent Change 
I n  Consumption 

100 Percent Primary 150 Percent Primary 
Price I ncrease Price I ncrease 

Consumption 
( Quadrillion BTU's) 1978 Past Trends- Versus Versus 

Continue 1978 1978 
1978 Past Trends- Versus Versus Past Trends- Versus Past Trends-

End-Use 1972 Actual Conti nue 1972 1972 Continue 1972 Continue 

R esidentia l  1 0.5  1 2.8 +2 1 .9 + 1 5 .2 -5.5 + 1 3.3 -7.0 
Commercia l  6.2 7 .9 +27.4 +2 1 .0 -5. 1 + 1 9 .5 -6.3 
I ndustr ia l  2 1 .9  25.4 + 1 6.0 + 9. 1 -5.9 + 6 .4 -8.3 
Transportat ion 1 7 .8  2 1 .8 +22.5 + 1 5 .2 -6.0 + 1 2.4 -8.3 
E lectric Conversion 1 3. 1  1 9.8  +5 1 . 1  +42.0 -6; 1  +38.2 -8.6 
N onenergy 3.7 5 .7  +54.0 +48.6 -3.5 +45.9 -5.3 

Total 73.2 93.4 +27.6 +20.4 -5.7 +17.6 -7.8 

*See Primary Energy Costs, ibid. 
t Past Trends-Continue base case is based u pon continuation of h istoric trends of e nergy consu mption pre-October 1 973 

embargo and assu mes no i ncrease i n  real energy costs. This represents one of many poss ib le  U .S .  e n ergy futu res that might have 
occurred if the o i l  i mport shortfa l l  and rapidly increasing energy price s ituations of late 1 973 a n d  early 1 974 had not occurred. 

Note: Based on Chapter O ne, Table 2. 

FURTHER OBSERVAT IONS AND COMMENT S  

The app r ai s a l s  o f  t h e  end - us e s e c t o r  t a s k g r o up s , as  we l l  as 
the da t a  deve l op e d  by the  Pat t e rns of Cons ump t i on/ Ene r gy Demand 
Tas k Group , when v i ewed individual ly o r  as a who l e , s u g ge s t c e r t a in 
gene r a l  comme n t s  r e l evant to the fo rmu l a t i on o f  a nat i o n a l  e n e r gy 
cons e rvat ion  p r o g ram fo r the 1 9 7 4 - 1 9 7 8  t ime p e ri o d . The fo l l ow ing 

* Pri m ary Ene rgy Cos t s � i b i d .  
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l i s t o f  s u ch gene r a l  comment s a l s o  inc ludes r e fl e c t i ons  o f  the  
Consume r T as k G r oup : 

• The re w i l l  de fini t e l y  b e  s ome re du c t i on in  dem an d as a 
resu l t  o f  h i gh e r  ene rgy c o s t s , e s p e c i al ly in tho s e  are as 
whe re c o s t s  are mon i t o r e d  c l o s e l y - - i . e . , in the indus t r i a l 
an d comme r c i al  s e c t o rs . I n  o th e r  s e c t o rs - - e . g . , p ri vat e 
t r ans po r t at i on an d re s i dent i al - - the  r e s p ons e w i l l  b e  s l owe r 
and mo re de p endent on p ro gr ams e ducat ing t h e  c on s ume r in 
ways  to  a c comp l i s h  e n e r gy c ons e rvat i on and mone t a ry s avings . 
Su ch p ro g r ams s h ou l d  b e  s p ons o re d  b o th b y  gove rnmen t  and 
indus t ry .  

• W i de s p re ad cons um e r  r e s p ons e t o  ene r gy cons e rvat i on p ro g rams 
wi ll o n ly b e  e l i c i t e d  an d sus t a in e d  wh en th e re i s  a c onv i c 
t i on that  th e re i s  e qui ty in th e s h a r ing n o t  only o f  the  
" s h o r t age s " b ut a l s o  o f  the  b ur dens of  addi t i on a l  c o s t s . 

• I n  the s h o r t  t e rm and fo r an inde f i n i t e  p e r i o d , ene r gy 
cons e rvat i on mu s t  b e  cons i de re d  an e s s ent i a l comp one nt o f  
a na t i on a l  ene rgy p o l icy . On the o th e r  h an d , t h e  imp l i 
c a t i on th a t  ene r gy cons e rvat i on a l one c an ove r c ome the  
s upp ly/ deman d gap is  un re a l i s t i c . W i t h ou t  th e con t i nue d 
an d a c c e l e r at e d  deve l opmen t o f  dome s t i c s upp l i e s  o f  ene rgy , 
the  s h o rt f a l l in ene rgy s upp ly wi t h i n  the  Un i te d  S t at e s  w i l l  
cont inue an d grow . 

• Re cent l y  p rop o s e d  re s e arch and deve l opmen t p r o gr ams , p a r 
t i cu l a r ly w i th i n  the pub l i c  s e c to r , con c en t r a t e  o n  i n c re as 
in g ene rgy s upp l i e s , an d r i gh t ly s o . Howeve r ,  the r e  i s  
a l s o  a n e e d fo r  a s i gni f i c an t  l e ve l o f  re s e a r ch and de ve l 
opme nt e ff o r t  on the end us e s  o f  ene r gy an d on mo re e ffi 
c i ent w ay s  o f  u t i l i z ing ene rgy . A p art i a l l i s t  o f  p o s s ib l e  
are as o f  inqu i ry wou l d  inc lude l and - us e  p l ann in g , hous i n g  
typ e s  an d c onsume r p re fe rence , transp o r t a t i on modes  an d 
s y s tems , an d bu i l din g c odes  an d s t anda rds . 

• Pub l i c  p o l i c i e s  in con fl i c t w i th ene r gy c ons e rva t i on s h ou l d  
b e  re - e xamine d .  Su ch p o l i c i e s  wou l d  i n c lude , b u t  are  not  
l imi t e d  to : 

- - F e de r a l  P owe r C ommi s s i on re gu l a t i on o f  inte rs t at e  s a l e s  
o f  n a tura l  g a s  

- - Some I nt e rs t at e  C omme rce  C ommi s s i on re gu l a t i ons  on t r ans 
po rt at i on 

- - Ut i l i ty r a t e  s t ru c ture 

- - Funding o f  h i ghway s ys tems in p re fe ren c e  to mas s t rans i t  

- - B ui l ding  c o des  and regul a t i ons . 

• C a re fu l  e va lu at i on o f  the  cos t s  t o  pub l i c  h e a l th an d 
we l fare and t o  the envi ronme nt s h ou l d  b e  in c lude d  in any 
cons i de ra t i on o f  re l axa t i on in o r  de fe r r a l  o f  envi ronmen 
t a l  s t an da rds . 
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• The mark e tp l ace  h as l on g  b e en  the mo s t  e f fi c i en t  a l l o c a t o r  
o f  s ca r c e  s upp l i e s . Wh i l e  di s t o rt i ons are  o c c as i on a l ly 
imp o s e d  up on the  mark e t  by e x t e rn a l  event s ,  s u ch a s  the  
re cent Arab o i l  emb a r go o r  gove rnmen t i n t e rven t i on , th e 
s y s tem s h ou l d b e  a l l owe d t o  c l e ar the ine f f i c i en t  u s e s  o f  
ene r gy an d shou l d  on ly b e  s upp l emen t e d  b y  pub l i c p o l i cy 
de c i s i on s  when and i f  th e re are  ob vi ou s and un t en ab l e  
ine qu i t i e s  i n  th e s h a r in g o f  the burdens  wh i ch may b e  
invo l ve d .  

CONC LU S I ON S  

N a t i on a l  G o a l s  an d P o l i cy - - Ene r gy and C ons e rvat i on 

Ev ent s i n  l a t e  1 9 7 3  an d e a r l y  1 9 7 4 , as re l at e d  t o  the e n e r gy 
p o s tu re o f  t h e  Un i t e d  S t a t e s , h ave a g a i n  demons t ra t e d  the ne c e s s i ty 
fo r a n a t i on a l  ene rgy p o l i cy wh i ch mu s t  i n c l ude b al an c in g ene r gy 
cons e rvat i on and o t h e r  nat i on al in t e re s t s . G ove rnmen t  h a s  b e en 
act ive in  many are as re l a t ing to  ene r gy p o l i cy ;  h oweve r ,  th e re i s  
s t i l l  n o  n a t i on a l  e ne r gy p o l i cy inte rre l at i ng th e v a r i ous gove rn 
men t  ene rgy a c t ions  t aken s o  far . 

The de ve l opmen t o f  a b a l an c e d  na t i on a l  ene r gy p o l i cy by  th e 
Fe de r a l  Gove rnme n t , i n c lu ding cons e rvat i o n  as  a m a j o r  c omp on en t , 
remains u r gent . Addi t i on a l  component s o f  s u ch a p o l i cy i n c lu de 
the c on t i nu e d  an d acce l e r a t e d deve l opment  o f  dome s t i c s upp l i e s , 
the  fo rmu l a t i on o f  r e al i s t i c  env i ronmen t a l  c l e an - up ob j e c t iv e s  
an d the  equi t ab le and rat ional  di s t ribut i on o f  t o t a l  ene r gy c o s t s . 
Such a p o l i cy mus t  b e  b a l ance d ag a ins t the N a t i o n ' s  g o a l s  and 
po l i c i e s  re l a t ing  t o  e conom i c  growth , ful l emp l oyme n t , s o c i al we l l 
b e i ng an d ,  t o  an incre as ing  extent , fo re i gn p o l i cy .  
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E xh i b i t  I APPEND I X  E 

FOOD PROC E S S I N G  I NDUSTRY 

TABLE 1 9  

MEMBRANE CONCENTRAT ION O F  L I QUID FOOD S 
(Energy Required per 1 , 000 Gal lons of  Desal ted Sea Wa t er )  

Desalinizat ion Proces ses 

Proces s es Us ing Heat 

Mul t i - S t age Flash Dis t i l la t ion 
Long-Tub e  Ver t i ca l  D is t illation 

Proces ses Us ing Ele c t ri c i ty 

Electrodialys is 
Vapor Compres s ion Dis t i l la t ion 
Free z ing 
Reve rs e Osmosis 

1964  Techno logy 
Thous and BTU ' s  KWH 

1 , 020 
1 , 0 2 0  

250 
610 
6 10 
5 1 0  

3 0 0  
3 0 0  

2 5  
6 0  
6 b  
50  

Es t ima t e  For 
1980 Techno logy 

Thous and BTU ' s  KWH 

610 
6 10 

150  
3 6 0  
3 6 0  
310 

1 80 
180 

15 
35 
35 
30 

No te : Techno logy used in d es alini zation o f  s ea water is  app li cab le to 
memb rane concentration o f  liquid foods ( s e e  " Food Pro ces s ing Indus t ry , "  Chap ter 
One) . 

S ource : Spi egler , K . S . , ed . , Princip les of Desa Ziniza tion3 Academic Press , 
1 9 6 6 . 

TABLE 20 

MI CROWAVE DRY ING P ROCE S S E S  

Mois t ure Conten t  (Pe rcen t )  

Ini t ial 
Final 

Ene rgy Requi re d for Drying 
(BTU ' s  per Pound of Water Removed ) 

Convent i on al Air Drying 
Comb ined Hot Ai r-Mi crowave Sys t em 

Ho t  Ai r P o rt ion 
Mi crowave P o rt i on 

1 5 1  

Cut Vege t ab le 
P roducts 

30 
5 

4 5 , 00 0  
2 , 1 35 
1 , 4 16 

719 

Onions 

35 
4 . 5 

45 , 000 
2 , 1 70 
1 , 6 32 
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Exh ib i t  I I  

H I GH CONS I STEN CY FORMI N G  

F i b e rs s us p ended i n  wat e r  have a t end ency t o  f l o c cu l a t e  
i . e . , t o  fo rm l o c a l  coher ent n e tworks . I t  i s  gen e r a l ly a c c ep t e d  
t h a t  t he s e  ne tw o r ks a r e  ma inly  a r e s u l t  o f  t h e  c o l l i s i o n  a n d  me 
chani c a l  en t an g l ement o f  f i b e rs in  a turb u l en t  s he ar fi e l d . The 
two mo s t  imp o r t an t  fact o r s  cont r i but ing t o  t he f l o c cu l a t i on of  the 
fibers  are  the s t i f fne s s  and l ength - t o - r a d i u s  of  the  f i b e rs . When 
the turbul ence s ub s i de s , indivi dua l fib e r s  a s s ume f i x e d  p o s i t i ons  
( in the new n e twork)  by c oming t o  r e s t  a g a i ns t n e i ghb o r i ng f i b e r s  
b e fo r e  they h ave r e g a i n e d  the i r  un s t r a i n e d  s h ap e s . Thi s f l o c cu l a t i on , 
wh i c h  i s  unde s i r ab l e  in  conven t i on a l  p ap e r  making , i s  u t i l i z e d  in 
the h i gh cons i s tency p ap e r forming p r o c e s s . 

H I GH - CONS I STENCY FO RM I N G  (HC F )  P ROCE S S  

I ns t e ad o f  t ry i n g  t o  p r event f l o c cu l at i on , the  H C F p r o c e s s  
faci l i t a t e s  t h i s  p h enomenon t o  the h i g he s t p o s s i b l e  d e g r e e , and in 
such a way , that a cont inuous ma t r i x  of f i b e r s  is deve l op e d  i n  a 
sp e c i a l ly des i gn e d  h e adbox . A l arg e  numb e r  o f  f i b e r s  p e r un i t  vo l 
ume i s  requi r e d  t o  deve l op s uch a ma t r i x ,  i . e . , t h e  concent r a t i on 
mus t b e  hi gh . F l o e s  in  the  p u lp s us p ens i o n  mus t fi rs t b e  d i s p e r s e d  
to  a l l ow the indi v i dual  f i b e rs t o  as s ume n ew p o s i t i ons i n  a mo r e  
homo g eneous and con t i nuous mat r i x . Thi s i mp l i e s t h a t  r e l at i v e ly  h i gh 
s he a r ing fo rces  mus t  b e  g en e r a t e d  w i t h i n  t h e  h e adb ox . Onc e  the new 
mat r i x  has b e en forme d , a l l  di s rup t ing fo r c e s  mus t be avo i de d . I t  
i s  this  homogeneous  mat r i x  o f  f i b e r s  t h a t  fo rms t h e  s he e t  o f  p ap e r  
after  i t  has b e en c omp r e s s e d .  

I t  i s  obvious t h a t  t h i s  h i gh c ons i s t ency fo rmi ng  p r o c e s s i s  
qui t e  d i f fe r en t  from the  convent i onal  me tho d o f  making  p ap e r  from 
l ow cons i s t ency pulp . The s he e t  of p ap e r  is  fo rme d a l r e a dy w i thin  
the  he adb ox and  no t on the  wire  as it  is  i n  t h e  Fourdr i n i e r  p r o c e s s . 
The s imi l ar i ty w i th an ext rus i on p ro c e s s i s  app a r en t . C omp a r e d  w i th  
the mo r e  mo dern tw i n - w i r e  fo rme r s , the  H C F  h e adbox c an b e  r e g arded  as  
a forme r in i t s  own r i ght . 

A s he e t  fo rmed a t  hi gh c ons i s t ency c an b e  exp e c t e d  t o  have a 
fe l t e d  and p o rous s t ructure . The l ow d r a i n a g e  r e s i s t an c e  o f  s u ch a 
s t ructure w i l l  make i t  e a s i e r t o  dewat e r  t h e  s h e e t  on t h e  w i r e  and 
in the p r e s s s e c t i on . I t  i s  a l s o  known that  the  r a t e  o f  drying  i s  
hi gher fo r a p o rous  s he e t . Al l thes e fac t o r s  w i l l  r e du c e  ene rgy 
r equ i r emen t s  cons i d e r ab ly . 

The Swe d i s h  Fo r e s t P r o duc t s  Res e ar c h  L ab o r a t o ry r ep o r t s  t h a t  
the fi rs t comme r c i a l  i n s t a l l a t i on o f  i t s h i g h  cons i s t ency fo rmin g  
p r o c e s s was d u e  f o r  s t ar t  up in F i n 1and in  J anuary 1 9 7 5 . A l t hough 
they exp e c t  a s i gni f i c ant ly  l ower  p ow e r  c ons ump t i o n  fo r the  w e t  end 
of the p ap e r machi n e , they w i l l  only b e  in  a p o s i t i on t o  r ep o r t  
actua l ene r gy s avings , once t h e  F i nn i s h  i n s t a l l at i on i s  eva l ua t e d . 
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Exhib i t  I I  

The  f e l t e d  s t ru c t ur e  s hou l d  g ive the  p ap e r  s ome uni que  me chan 
i c a l  p rop e r t i e s . The z - s t r ength ( i . e . , the  s t r en g t h  p e rp endi cu l a r  
t o  t h e  p l ane o f  t h e  s he e t )  s hould  b e  excep t i o n a l ly hi gh . Th e r e 
s i s t an c e  t o  c omp r e s s ive  fai l ur e  wi l l  t he r e fo r e  a l s o  b e  h i g h  b e c aus e 
o f  the l ow t endency t o  de l amina t e . I t  can a l s o b e  exp e c t e d  t h a t  
the  s h e e t  w i l l  l e ave the p r e s s  s e c t i on wi t h  a c o mp ar a t ive ly w e l l  
p re s e rved bu l k . *  

W i t h  r e g ar d  t o  h i g h  c ons i s t ency forming in  p ar t i cu l ar , t h e r e  
are indi c at i on s  th at s he e t  s tr ength i n  t he p l ane  ( t e a r )  i s  l ow e r  
than that fo r p ap er manufactured in the  l ow cons i s t ency p r o c e s s .  
Howeve r , h i gh cons i s t ency formed p ap er do e s n o t  s how mu c h  hi gher  
s t r eng t h  p erp endi cul ar to  the p l ane o f  the  s h e e t  ( bu rs t ) . 

An addi t i o n a l  p r ob l em may b e  i n  t h e  finding  t ha t  t h e r e  i s  po o r 
e r  r e t ent i o n  o f  f i l l e r  ma t e r i a l s  s uc h  a s  c l ay i n  h igh c o n s i s t en cy 
as c omp ar e d  t o  conven t i ona l p ap e r  making . 

DRY FORMI NG  

The ma t e r i a l  that  fo l l ows d e s c r i b e s  a p r o t o typ e c omme r c i a l  dry 
fo rming ma chine  a t  S t . Anne ' s  B o a r d  Mi l l  C o . , L t d . , Eng l and . F i gur e 
6 i s  a d i ag r am o f  the  b as i c  p r incip l e s  emp l oy e d  fo r p ro du c i n g  p ap e r 
board  typ e ma t e r i a l s  by a dry metho d . 

,_._.....,
CONSO L I DATI ON 

LU LU LU SPRAYS 

I 
VACUUM 

FA BRIC 
CLEANING 

FIBER 
PREPARATION 

SIZE 
PRESS 

l 
COATING 

WINDER 

CA LENDER 

SO U R C E :  Dr. B ryan W. Attwood, " Dry Forming Developments at St. Anne's Board M i l l  Co. Ltd .,  "Proceedings 
of the 1 08th Con ference, October 23-24, 1 974. 

F i gur e 6 .  The Dry Forming P r o c e s s .  

* T h i s  s e ct io n  on the  m e c han i c s  o f  h i gh c o n s i s t ency f o rming has  
b e en e x c e rp t e d  from a r ep or t  p rep ar e d  by K . J .  Gunds t r an , B .  No rman , 
and L .  Re ime r o f  the  Swedi s h  F o r e s t P r o duc t s  Re s e a r c h  Labo r a t o ry , 
S t o c kho lm, Sweden . 
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Exh ib i t  I I  

I n  b r i e f ,  the  f i b rous raw mat e r i a l  i s  f i r s t dry d e f i b r a t e d  by 
me ans o f  s u i t ab l e  equipment s uch as a hammer mi l l . Any n ec e s s a ry 
chemi c a l s  can b e  added in dry form a t  thi s s t ag e . The f i b e r / a i r  
s us p ens ion i s  t ransp o r t e d t o  uni t s  wh i ch d i s t r i b u t e  the  f i b e r s  
even ly a c r o s s t h e  w i d t h  o f  a forming w i r e  o r  f a b r i c .  E ac h o f  t h e s e 
disp ens ing  heads  c ons t i tu t e s  a "p ly . " The f i b e r s  a r e  s u c k e d  down 
onto the fab r i c  by m e ans  o f  s u c t ion b o x e s  s i tu a t e d  und e r  t h e  fab r i c 
( a s s o c i a t e d  w i th e a ch  b a t t e ry o f  t hr e e  d i s p en s e r s  i s  a vacuum box) . 
At the s ame t ime , t he r e  i s  a c i r cul a t ion  o f  app r ox i ma t e ly 1 0  p e r 
cent o f  uns c r e ened f i b e r  back  to  the  h ammer  mi l l . 

Th e fo rme d web c an b e  l i gh t ly c omp r e s s e d by h e a t e d  ro l l s  ar 
rang ed in the f ab r i c run , a f t e r  wh i ch the  web  i s  t r e a t e d  w i t h  an 
aqueous s p r ay c o n t a i n i n g  any n e c e s s ary auxi l i ary mat e r i a l s . The 
web then pa s s e s t o  a z one i n  wh i ch cons o l i d a t i on of t he b a s e web 
takes p l a c e . The  r ema inder  of the machine is u s e d  to mo d i fy the 
bas e web in  o r d e r  to g i v e  it the d e s i r e d c hara c t e r i s t i c s . Equip 
ment s uch as  a s i z e  p r e s s , i n - l i ne co a t e r s  and as s o c i a t e d  d r i e rs 
are us e d . The machine t e rmina t e s  wi t h  a s i ng l e  c a l endar s t o c k  and 
wind- up s t and . * 

* Thi s s e c t i on on the me chan i c s  o f  dry f o rm i n g  ha s b e e n  exc e rp t 
ed  from a rep o r t  p r e p a r e d  by Bryan W .  A t two o d , T e c hn i c a l  D ep ar tment 
Mana g e r , S t . Anne ' s  Board Mi l l  C o . , L t d . , B r i s t o l , Eng l and . 
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APPEND I X  F 

RE S I DENT IAL / COMMERC IAL 



CAL CULAT I ONS 

AP PEN D I X F 
ENE RGY USE I N C REASE I N  THE COMME RC I AL S E CTO R  

A s  s t a t e d  in the  b e g i nning o f  t h e  Re s i d ent i a l / C omme r c i a l  C hap 
t e r , the P as t Trends - Cont inue cas e en e r gy d emand p r o j e c t i ons  as s o c i 
ated  wi th thr e e  o r  mo r e  fami ly dwe l l i ng  uni t s  w e r e  r e a l l o c a t e d  from 
the r e s i dent i a l  t o  the comme r c i a l  s e c t o r  for thi s exami na t i on .  T a 
b l e  2 1  s hows the  c a l cu l at i o ns r e a l l o c a t i n g  the  e n e r gy us e d  by the 
ap ar tment typ e ( 3  fami ly and ove r )  dwe l l i n g  un i t s . Thi s t ab l e  a l s o  
shows the c a l cu l a t ions  a l l o c at i ng e l e c t r i c conve r s i on l o s s e s (p ro 
j e c t e d  in the P as t  Tr ends - C on t i nue c a s e )  t o  ap a r tmen t s  and c omme r 
c i a l  bui l d i ng s . At the  b o t tom o f  T ab l e  2 1 , the cumu l a t i ve t o t a l s  
( inc luding conve r s ion l o s s e s )  a r e  l i s t e d  b y  p e r i o d  f o r  t h e  comme r 
c i a l  s e c t o r  i n  quadr i l l i on BTU ' s .  

T ab l e  2 2  p rovi d e s  a mo re d e t a i l e d b re akdown and s umma t i on o f  
the increment a l  incre as e s  i n  energy us e i n  t h e  ap a r tment and c omme r 
c i a l  bui l ding c a t e go r i e s . The upp e r  ha l f  d i s t in gu i s he s  t o t a l  BTU 
incre as es  b e tween fo s s i l  fu e l s , e l e c t r i c i ty , and conve r s i on l o s s e s  
as s o c i a t e d  wi th the g en e r a t i on o f  e l e c t r i c i ty , a s  we l l  a s  the t o t a l  
increment a l  inc r e a s e s  i n  t he s e c t o r  fo r t h e  p e r i o ds  1 9 7 9 - 1 9 8 0 , 1 9 8 1 -
1 9 8 5 , and 1 9 7 9 - 1 9 8 5 . 

The c omp ound annua l g rowth r at e s , s h own on the  b o t t o m  o f  Tab l e  
2 2  fo r the p e r i o d  1 9 7 2 - 1 9 8 5  i s  5 . 3 8 p e rcent  and 1 9 7 9 - 1 9 8 5  i s  5 . 1 8 
p e rcen t . 

ENE RGY C ONS ERVATI ON TE CHN I QUES 

Tab l e s  2 3  and 2 4  l i s t  the t hr e e  c a t e g o r i e s  o f " e n e r gy cons e rv a 
t i on te chn i ques  ( bui l d ing  enve l op e , bu i l d i n g  sy s t ems , and s e l f - im 
p o s ed a c t i o ns ) and r e l at e s  the i r  e s t ima t e d  e ff e c t  on comme r c i a l  
bui l d in g s  and ap artments  s ep ar a t e ly by end - us e s  o f  ene rgy l i s t e d a t  
the top o f  each  c o l umn . Fo r examp l e , the  d e s i gn o f  the  enve l op e  o f  
a bu i l ding  det e rmines  i t s r e s i s t an c e  t o  h e a t  l o s s o r  g a i n . Oppo s i t e 
the bui l ding enve lop e c a t e g o ry on Tab l e  2 3  a r e  fi gur e s  i nd i c a t ing  
tha t  a 15  p er c ent r e du c t i on i n  en e r gy us e c an be  r e a l i z e d  i n  the  
heat ing and  ai r condi t i on ing r equ i remen t s  of  a l l  comme r c i a l  s t ruc 
tur e s  ( ap ar tmen t s  a r e  eva l ua t e d  on T ab l e  2 4 )  i f  t h e  s t ructure  i s  
des i gned  w i t h  cons e rvat i on a s  a p r ime r e qu i s i t e . Thi s f i gure  i n 
c l udes  many fac t o r s  s uch a s  g l as s  a r e a , bui l d i n g  o r i en t a t ion , e t c . 
Thi s s ame p r o c e dure  o f  as s i gn ing var i ous v a l u e s  f o r  t e chn i q u e s  was  
fo l l owed unde r  bui l di n g  s y s t ems and s e l f - i mp o s e d  p r a c t i c e s . Al l  
f i gures  on Tab l e s 2 3  and 2 4  are  cons erva t ive  w i th r e s p e c t  t o  indus 
try c l a ims . 

The T ab l e  2 5  ma t r i x  dep i c t s  t o t a l  fue l and e l e c t r i c i ty ene r gy 
inc reas e s  by bui l ding  typ e . I t  i s  as s umed that  chan g e s  wo u l d  o c cur 
in the vo lume of cons t ru c t i on in the var i o u s  bu i l d i n g  typ e s b e tw e en 
1 9 7 2  and 1 9 8 5 . I n  the  Phas e I r ep o r t  mat r i x , r ep r e s en t i ng  1 9 7 2 c on 
di t ions , each  bui l ding  typ e was a s s i gn e d  a p e r c e n t a g e  o f  t h e  t o t a l  
ene r gy us e d  by the c omme r c i a l  s e c t o r . F o r  t h i s  exam i n a t i o n , t he s e  
p e r c en t a g e s  were  r e app o r t i on e d  to r e f l e c t  an i n c r e a s e o r  d e c r e a s e 

1 5 9  



in the futur e vo lume s o f  cons t ruct i on in  c e r t a i n  c a t e go r i e s . H o s p i 
t a l s  we r e  incr e a s e d  by 2 0  p er cent , s up e rmarke t s  and s to r e s  by 1 0  
p e r c ent , and s choo l s  and c o l l e g e s  were  r e duc e d  t o  b a l an c e  the t o t a l . 
The s e  chan g e s  a r e  r e f l e c t ed in t he f i g ur e s  on T ab l e  2 5 . Unde r the  
c a t e g o ry of  s t o r e s, the  fi r s t co l umn indi c a t e s  t h a t  2 2  p e r cent of  a l l  
fo s s i l  fue l and 3 4 . 3 p e rcent  o f  the e l e c t r i c  e n e r gy u s e d  i n  comme r 
c i a l bui l ding s was  u t i l i z e d in s to r e s . The s e t o t a l s  a r e  t h en b ro 
ken down i n t o  the i r  var ious  end - us e s . At the  b o t tom o f  T ab l e  2 5 , 
the ene rgy u s e d  in e ach e nd - u s e  c a t e g o ry , b r o ken down by typ e o f  
ene r gy i s  t o t a l ed . 
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TABLE 2 1  

INCREASE I N  COMMERC IAL SECTOR ENERGY CONSUMPTION- - 1 9 7 8-1985 
(Quadrillion BTU ' s )  

Commer c ial Sector ( Exc lud ing 
Apar tment s )  

Calculat ion o f  Elec t r ic Convers ion Lo s s : 

To tal Convers ion Lo s s  (All Sector s )  
x Percent of  Lo s s  At tributed t o  

Commercial Sector 
Commercial Sector Convers ion Lo s s  

Commercial Sector Energy Demand 
( Exc lud ing Elec tric Convers ion Lo s s ) 

Apar tment s  

Calculat ion of Electric Convers ion Lo s s : 

To tal Conver s ion Lo s s  (All S e c t or s )  
x Per cent of Los s  At t r ibuted t o  

Res ident ial Sector 
x Per cent o f  Res ident ial E s t imat ed 

to b e  Apar tment s  
To tal Apar tmen t s  Electric Convers ion 
Lo s s  

Calculat ion of Apar tment s  Energy Demand 
( Exclud ing Ele c t r ic Conver s ion Lo s s ) : 

Total Res ident ial Energy Demand 
x Percent of Res ident ial Es t imated 

t o  b e  Apar tment s  
= Apar tment s  Ener gy Demand 

Cumulative To tal Energy Demand 
(Commerc ial Sector and Apar tment s )  

Commerc ial Sector Convers ion Lo s s  
Commerc ial S e c t or Energy Demand 
Apar tments Convers ion Lo s s  
Apar tments Energy Demand 

To tal Energy Demand 

1 9 7 8  

19 . 8  

2 3 . 8 4 %  
4 .  7 2 0  

7 . 9  

19 . 8  

3 4 . 4 % 

2 0 . 9 % 

1 . 4 2 4  

12 . 8  

20 . 9 % 
2 . 6 7 5  

4 .  7 2 0  
7 . 9  
1 . 4 2 4  
2 . 6 7 5  

1 6 . 7 2 2  

1 9 8 0  

2 2 . 7  

2 4 . 3 4 %  
5 . 5 2 5  

8 . 6  

2 2 . 7  

3 4 . 4 % 

2 1 . 9 % 

1 .  7 1 0  

13 . 6  

2 1 . 9 %  
2 . 9 7 8  

5 . 5 2 5  
8 . 6  
1 .  7 10 
2 . 9 7 8  

1 8 . 8 1 4  

1 9 8 5  

3 0 . 1  

2 4 . 9 0 % 
7 . 4 9 6  

10 . 6  

30 . 1  

. 3 3 . 7 %  

2 2 . 3 % 

2 . 2 6 2  

15 . 5  

2 2 . 3 % 
3 . 4 5 7  

7 . 49 6  
10 . 6  

2 . 2 6 2  
3 . 45 7  

2 3 . 815 

No te : Based on Tab l e  1 ,  "Parameters o f  S tudy" s e c t ion . To tals  may 
no t add due to round ing . 
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TABLE 2 2  

INCREASE I N  COMMERC IAL S ECTOR ENERGY CONSUMPTION TREND S -- 1 9 7 8- 1 9 8 5  
( Quad r i l l ion BTU ' s ) 

Incremental Inc rease in Consum� t ion 
End-Use End-Use To t a l  Elec t r i c  Con- Total 

Elec t r i c i ty Fo s s il Fue l  End-Use vers ion Lo s s  Elec t r i c i ty 

Commercial S e c t o r  
( Exc luding Apar tment s )  

19 7 9 - 1 9 8 0  . 34 0  . 3 6 0  . 7 00 . 804 1 . 14 4  
1 9 81-19 8 5  . 88 0  1 . 1 2 0  2 . 000 1 . 9 7 1  2 . 8 5 1  
1 9 7 9 - 1 9 8 5  1 . 2 2 0  1 . 4 8 0  2 . 7 0 0  2 .  7 7 5  3 . 9 9 5  

Apar tment s *  

19 7 9 - 1 9 8 0  . 12 3  . 1 8 1  . 3 0 4  . 2 8 6  . 40 9  
1 9 8 1- 1 9 8 5  . 2 4 7  . 2 3 1  . 4 7 8  . 5 5 2  . 7 9 9  
1 9 7 9- 1 9 8 5  . 3 7 0  . 4 1 2  . 7 8 2  . 8 3 8  1 . 2 0 8  

To t a l  Comme r c ia l  
S e c  tort 

1 9 7 9 - 1 9 8 0  . 4 6 3  . 5 4 1  1 . 004 1 . 09 0  1 . 5 5 3  
1 9 8 1- 1 9 8 5  1 . 12 7  1 . 35 1  2 . 4 7 8  2 . 5 2 3  3 . 6 5 0  
1 9 7 9 - 1 9 8 5  1 . 5 9 0  1 . 8 9 2  3 . 4 8 2  3 . 6 1 3  5 . 2 0 3  

No te : Based on Pas t Trend s -Cont inue ca s e , Tab le 1 ,  "Parame t er s  o f  S tudy " s e c t ion . 

Total 
Energy 

1 . 504 
3 . 9 7 1  
5 . 4 7 5  

. 5 9 0  
1 . 0 3 0  
1 . 6 2 0  

2 . 0 9 4  
5 . 00 1  
7 . 09 5  

* "Apar tmen t s "  calculated a t  2 1 . 9  per cent o f  r e s i d ent ial s e c t o r  energy u s e  f o r  the 1 9 7 9- 1 9 8 0  per iod 
and 2 2 . 3  p e r c en t  o f  r e s ident ial s e c t o r  ene r gy use f o r  the 1 9 8 1 - 1 9 8 5  period . 

t Comp ound annual growth r a t e s  calculated as f o l lows : 

1 9 7 2 - 1985 

1 9 7 9 - 1985 

1985 To t a l  
Consump t ion 

2 3 . 8 1 5  

2 3 . 8 1 5 

+ 

+ 

Base P eriod 
Consump t ion 

1 2 . 0 5 1  ( 1 9 7 2 )  

1 6 . 7 2 2  ( 19 7 9 ) 

Base P e r i o d / 1 9 8 5  
Consump t ion Ra t io 

1 .  9 7 6 2  

1 . 4 2 4 1  

C ompound Annual 
Growth Rat e  

5 . 3 8 P e r c ent p e r  Year 

5 . 18 P e r c ent per Year 
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TABLE 2 3  

POTENTIAL SAVINGS I N  COMMERCIAL SECTOR ENERGY CONSUMPTION--NEW CONSTRUCTION 1 9 7 9  
(Percen t )  

Water Heat ing Heat ing Air Cond i t ion ing l�igh t ing Other Build ing 
Areas of Conservat ion Elec t r i c  Fos s il Electric  Fos s i l  Electric Fos s i l  E J. e c t r i c  Elec t r ic Fo s s il Class  

Build ing Envelope 0 0 15 1 5  15 1 5  0 0 0 All 

Build ing Systems 
Heat Pump (Elec t r i c )  0 0 40 0 0 0 0 0 0 All 
S y s t em Des ign 15 15 30 30 30 3 0  0 5 5 All 
Higher EER 0 0 0 0 20 0 0 0 0 All 
Heat Reclaim Ref r igera t ion 60 60 60 6 0  0 0 0 0 0 Supermarke t s  
Mor e  E f f i c ient Ligh t 

F ixtures 0 0 0 0 0 0 15 0 0 All 

Self-Imposed Act ions 
Reduce Light ing Levels 0 0 0 0 0 0 2 5 0 0 All 
Temperature Management* 5 5 2 0  2 0  20  2 0  0 0 0 All 

No t e : Apa r tmen t s  not inc luded (see Tabl e  2 4 ) . 

*Assumes a 5 ° F reduct ion in space heat ing , a 5 ° F thermo s tat s e tback at night and on weekend s ,  and a 5 ° F  increase in cool ing 
t emperatures . 
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TABLE 2 4  

POTENT IAL SAV INGS I N  APARTMENT PORTION O F  COMMERC IAL 
SECTOR ENERGY CONSUMPTION--NEW CONS TRUCTION 1 9 7 9  

(Percen t )  

Areas of Conservat ion 
Wa ter Hea t ing 

Electric Fo s s il 
Heat ing 

Electric Fo s s i l  
A i r  Cond i t ioning 
Electric Fo s s il 

Build ing Envelope 

Build ing Systems 
Heat Pump ( Elec t r i c )  
Higher EER 
Higher Equ ipment E f f ic iency 
Mor e  E f f icient Ligh t  

Fixtures 

Self-Imposed Ac t i ons 
Temperature Management *  

0 

0 
0 
0 

0 

5 

0 

0 
0 

10 

0 

5 

15 

40 
0 
0 

0 

2 0  

1 5  

0 
0 

10 

0 

2 0  

15 

0 
20 

0 

0 

20 

1 5  

0 
0 
0 

0 

2 0  

Light ing 
Ele c t r ic 

0 

0 
0 
0 

1 5  

0 

O ther 
Elec t r i c  Fo s s il 

0 0 

0 0 
0 0 
0 0 

0 0 

0 0 

*As sumes a 5 ° F reduct ion in spa�e heat ing , a 5 ° F  thermo s t a t  s etback at night and on weekend s ,  and a 5 ° F  
in cool ing temperatur e s . 

increase 



TABLE 2 5  

TOTAL INCREASE IN FOS S IL FUEL AND ELEC TRIC ENERGY CONSUMPTION 
BY BUILD ING CATEGORY AND END-U S E--19 7 8- 1 9 8 5  

( Quadrillion BTU ' s ) 

Percent per Space Air Water 
Build ing Category Heat ing C ond it ioning Heat ing Light ing Other To t a l  

Apar tments 
Fo s s il Fuel -- . 3 1 9  0 . 0  . 0 69  0 . 0  . 0 2 4  . 4 1 2  
Ele c tric End-Use -- . 2 3 7  . 018 . 05 0  . 01 2  . 05 3  . 3 7 0  
Gro s s  Ele c t r ic *  -- . 7 7 0  . 0 6 0  . 1 6 2  . 04 2  . 1 7 4  1 . 2 0 8  

Stores 
Fos s il Fuel 2 2 . 0  . 2 7 0  . 0 2 3  . 0 3 1  0 . 0  . 00 1  . 3 2 5  
Electric End-Use 34 . 3  . 11 8  . 1 84 . 0 15 . 08 3  . 01 8  . 4 18 

1-' I Gro s s  Elec t r ic *  -- . 3 8 8  . 60 2  . 04 9  . 2 7 2  . 05 9  1 . 3 7 0  
C]\ 
CJ"1 

' Schools 
Fo s s il Fue l  18 . 8  . 2 3 7  . 00 4  . 0 3 6  0 . 0  . 00 1  . 2 7 8  
Electric End-Use 10 . 9  . 04 7  . 0 3 7  . 00 8  . 0 3 4  . 00 7  . 1 3 3  
Gro s s  Elec tr ic* - - . 15 4  . 1 2 1  . 02 6  . 111 . 02 3  . 4 3 5  

Supermarket s  
Fos s il Fuel 10 . 1  . 13 4  0 . 0  . 0 14 0 . 0  . 00 2  . 15 0  
Ele c t r ic End-Use 15 . 1  . 08 1  . 03 6  . 00 9  . 02 7  . 03 1  . 18 4  
Gros s  Elec t r ic* - - . 2 6 6  . 1 1 8  . 0 2 9  . 08 8  . 10 2  . 6 0 3  

Hos p itals 
Fo s s il Fue l  12 . 6  . 14 1  . 00 6  . 0 3 9  0 . 0  . 00 1  . 18 7  
Elec tric End-Us e 9 . 8  . 0 3 7  . 049 . 0 11 . 00 8  . 0 15 . 1 2 0  
Gro s s  Elec t r ic* - - . 12 1  . 16 2  . 0 3 6  . 0 2 6  . 04 8  . 3 9 3  

(Cont inued ) 
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TABLE 2 5  ( CONT ' D . ) 

TOTAL INCREASE IN FOS S IL FUEL AND ELECTRIC ENERGY CONSUMPTION 
BY BU ILD ING CATEGORY AND END-USE--1 9 7 8- 1 9 8 5  

( Quadrillion BTU ' s ) 

Percent per 
Build ing Cat egory 

Off ices 
Fos s il Fuel 
Elec tric End-U s e  
Gro s s  Electric* 

Ho tels 
Fo s s il Fuel 
Elec tric End-Us e  
Gros s  Electric* 

Colleges 
Fo s s il Fuel 
Electric End-U s e  
Gro s s  Electric* 

Other 
Fo s s il Fuel 
Electric End-U s e  
Gros s  Electric* 

To tal 

8 . 5  
11 . 5  

7 . 6  
6 . 8  

5 . 9  
3 . 0  

14 . 5  
8 . 6  

Fos s il Fuel 100 . 0  
Elec tric End-Us e 100 . 0  
Gro s s  Electric* 

Space 
Heat ing 

. 10 8  

. 04 5  

. 14 7  

. 09 1  

. 02 6  

. 08 4  

. 0 7 1  

. 011 

. 0 3 6  

. 1 7 5  

. 044 

. 14 4  

1 . 5 4 6  
. 64 6  

2 . 110 

Air 
Cond it ioning 

. 00 7  

. 05 6  

. 184 

. 004 

. 03 2  

. 10 6  

. 003 

. 01 6  

. 05 2  

. 00 2  

. 02 4  

. 0 7 9  

. 04 9  

. 45 2  
1 . 484 

Water 
Heat ing 

. 010 

. 00 5  

. 0 1 7  

. 0 1 7  

. 00 6  

. 01 9  

. 012 

. 00 2  

. 00 7  

. 0 3 6  

. 00 9  

. 02 9  

. 2 6 4  

. 1 15 

. 3 7 4  

Light ing 

0 . 0  
. 0 2 4  
. 0 7 9  

0 . 0  
. 01 4  
. 04 5  

0 . 0  
. 00 7  
. 0 2 3  

0 . 0  
. 0 1 9  
. 06 2  

0 . 0  
. 2 2 8  
. 7 4 8  

No t e : To tal commerc ial s ec tor energy consump t ion increase is  7 . 09 5  quadrillion BTU ' s .  
* Inc ludes convers ion l o s s e s  from generat ion o f  electric ity . 

Other 

. 00 1  

. 010 

. 03 2  

. 00 1  

. 005 

. 01 7  

. 001 

. 00 1  

. 00 3  

. 00 1  

. 00 9  

. 0 2 9  

. 0 3 3  

. 14 9  

. 48 7  

Total 

. 1 2 6  

. 140 

. 45 9  

. 11 3  

. 0 8 3  

. 2 7 1  

. 08 7  

. 03 7  

. 12 1  

. 2 14 

. 105 

. 34 3  

1 . 8 9 2 
1 . 5 9 0 
5 . 2 0 3 
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Exhib i t  I 

H I GHWAYS - - PAS SENGE R  CARS AND L I GHT T RUCKS 

CARPOO LS 

In 1 9 7 2 , the typ i c a l  vehi c l e  us e mix fo r e a c h  1 , 0 0 0  non t r ans i t  
wo rk t r i p s  i s  g iven on T ab l e  2 6 . Thi s mix r e qu i r e s  6 , 6 6 5  vehi c l e  
m i l es p e r  1 , 0 0 0  t r i p s . * 

Total 

TABLE 2 6  

NONTRANS IT WORK TRIP VEHICLE USE--1 9 7 2  
(Per 1 , 000 Trips ) 

P ers ons p er Car 
Vehi cle Trips (Averag e )  

5 2 5  1 

1 3 1  2 

31 3 

2 4  4- 6 

711  1 . 41 

P erson Trip s  

5 2 5  

2 6 2  

9 3  

1 2 0  

1 , 000 

The typ i c a l  veh i c l e  us e fo r 1 , 0 0 0  t r ip s  th a t  c an be ach i e ve d 
by 1 9 7 8  i s  g i ve n  on Tab l e  2 7 . Wi th th i s  veh i c l e  us e the  ave rage  
carp o o l  l o a d ing wou l d  b e  incre as e d  to 3 . 0  p e r s on s  p e r  c a r  and c a r 
poo l s  would a c c ount fo r 6 5  p e rcent o f  a l l  t r ip s . 

The 1 9 7 8  vehi c l e  us e mix requi r e s  5 , 6 1 4  vehi c l e  mi l e s  p e r  1 , 0 0 0  
t r i p s  inc luding 0 . 4 mi l e s added t r ave l for  e a ch n ew c a rp o o l t r ip . 
Thi s exp anded us e o f  c a rp o o l s  wou l d  r edu c e  w o r k  t r ip t r ave l 1 5 . 7  
p e rcent over t he 1 9 7 2  l ev e l . 

By 1 9 8 5  wi th c a rp o o l s  c a r rying 7 5  p e r c en t  o f  a l l non t r ans i t  
work t r i p s  and c arp o o l  o c cup ancy i nc r e a s e d  t o  4 . 0  p e r s ons  p e r  c a r  
b y  t h e  us e o f  vans , the  vehi c l e  us e mix  g iven on T ab l e  2 8  wou l d  b e  
typ i c a l . 

The 1 9 8 5  mix  r equi r e s  4 , 2 6 0  vehi c l e  mi l e s  p e r  1 , 0 0 0  t r ip s  i n 
c luding 0 . 4 mi l es added t r ave l f o r  each  new c a rp o o l t r i p  and 1 . 5  
mi l e s  for  e ac h  van p o o l  t r i p . Thi s exp ande d  u s e o f  mul t ip l e  o c cu 
p ancy vehi c l e s  wo u l d  r e duce work t r ip t r ave l 2 4 . 1 p e r c e n t  ove r the 
1 9 7 8  cas e and 3 6 . 1  p e rcent  over the 1 9 7 2  l eve l . 

* De r i ve d  from i n format i on r ep o r t e d  i n  t h e  Na� i o n a Z Pe r s o na l 
Tran s p o r t a t i o n  S t u dy , U . S .  Dep ar tment o f  T r ans p o r t a t i on . 
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To tal 

Total 

No 

TABLE 2 7  

NONTRANSIT WORK TRIP VEHICLE USE-- 1 9 7 8  
(Per 1 , 000 Trip s )  

Vehicle TriEs Persons p er Car 
Change New CarEools (Average ) 

3 5 0  

33 

3 1  
2 4  

1 
1 6  2 

2 
1 1 3  3 

3 
4- 6 

5 6 7  1 .  7 6  

TABLE 2 8  

NONTRANSIT WORK TRIP VEHICLE USE-- 1 9 8 5  
(Per 1 , 000 Trip s )  

Vehicle TriEs 
No Change New CarEools 

Persons per Car 
(Average ) 

2 5 0  

2 8  

3 5  
1 7  

44 4 

6 9  

1 2  

33 

1 
2 
2 
3 
3 

4- 6 
1 0  

2 . 2 5 

5 5  MPH S PE E D  L I M I T 

P e r s on T r iES 

3 5 0  
32 
66 

339 
93 

1 2 0  -- -

1 , 000 

P erson TriEs 

2 5 0  
1 3 8  

5 6  
3 6  

105 
85 

330 

1 , 000 

S t udi e s  in 2 7  s t a t e s  in  1 9 7 4  s h owe d tha t  t r a f f i c on Ma in Rur a l  
Ro ads h a d  s l ow e d down , and 8 5  p e r cent  o f  t h e  fre e  mo ving  ve h i c l e s 
we re  trave l in g  a t  6 1  mi l e s  p e r  hour ( MPH) o r  l e s s . I n  1 9 7 2 , on 
th e s e  s ame r o a ds , 8 5  p e rcent  we r e  trave l ing  a t  s p e e ds up to 7 0  MPH . 
The d i s t r i but i on o f  the 1 9 7 2  and 1 9 7 4  t rave l on the s e  r o a ds by 5 
MPH inc remen t s  i s  g i ven on Tab l e  2 9 . 

The " norma l 5 5" d i s t r i b u t i o n  g i ven on T ab l e  2 9  i s  the us ua l  
comp l i an ce wi t h  a 5 5  MPH s p e e d  l im i t  ( 8 5  p er c e n t  o f  ve h i c l e s  t rav-

1 7 0  
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e l ing  a t  o r  l e s s  than 5 5  MPH ) . I t  i s  a s s ume d tha t by 1 9 8 5  the  com
b in a t i on of  c on t i nue d e n fo r c eme n t  of  t h e  5 5  MPH l im i t and i nc r e as e d  
p ub l i c  a c cep t an c e  o f  i t s  n e e d  w i l l  re s ul t  i n r ur a l  t r ave l a t  the  
"no rma l 5 5 " s p e e d  d i s t r i b u t i on . 

Us ing  the  fue l c on s ump t i o n  c urve rep r e s e n t a t i ve o f  the  c u r r e n t  
mix o f  ve h i c l e s - - the r e l a t i ve chan g e  i n  to t a l  fu e l  c on s ump t i on fo r 
tr ave l on t he Ma i n  Rur a l  Ro ads b e tw e e n  1 9 7 2 , 1 9 7 4 , and  1 9 8 5  ( as s um 
in g a " n o rma l 5 5 " s p e e d  di s t r i b u t i o n )  c a n  b e  de t e rm i n e d .  The  fue l 
c on s ump t i on  va l ue s  us e d  in th i s  an a ly s i s  a r e  g i ve n  i n  t h e  fo l l ow in g  
t ab ul a t i o n . 

Under Over 
Mil es per Ho ur 4 0  40-45 45- 50 5 0- 5 5  55- 60 60- 65 65- 70 7 0  

Gal lons per Mil e . 0 505  . 0 505  . 0515  . 0 540 . 0 5 6 5  . 0 6 1 5  . 0 6 5 5  . 0 700 

TABLE 29 

DI STRI BUTION OF TRAVEL IN EACH SPEED INCREMENT 
(Percen t )  

Normal 
1 9 7 2  1 9 7 4  5 5  MPH 

Under 4 0  MPH 2 3 4 

4 0- 4 5  MPH 4 5 1 3  

45-50 MPH 1 0  1 6  3 1  

50- 5 5  MPH 14 2 9  3 7  

55-60 MPH 20 30 12 

6 0- 6 5 MPH 1 9 1 2  3 

65- 7 0  MPH 1 7 4 

Over 7 0  MPH 14 1 
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H I GH WAY S - - COMME RC I AL TRUCK I N G  

I MP ROVE D VEH I C L E  DE S I GN - - S TREAML I N I N G 

The fo l l ow i n g  is a d is c uss i on o f  t he Na t i on a l S c i en c e  F o unda 
t io n ' s  " Res e a r c h  App l i e d  to  N a t i on a l  N e e d "  p r o g r am i n  a e r o dyn am i c  
res e a r ch a n d  o f  d e vi c es tha t co u l d  a c h i eve fue l c o ns e rva t i o n  i n  
t he mo to r fre i g h t  i ndus t ry . On e o f  t he d e v i c es b e i n g  c o ns i de r e d  
is a "s i mp l e  sh ap e "  wh i c h  is a t t a c h e d  t o  t h e  s h a rp c o rn e rs o n  t h e  
fr on t o f  a t ra i l e r b o dy o r  s t r a i gh t  t ruck , and  is des i gn e d  t o  r e 
duce e ng i ne powe r was te d  i n  o v e r c o m i n g  a i r  res is t an c e . An o th e r  
un i t is a s t r e am l i n e d h o us i n g  devi ce  whi ch f i ts o n  t h e  t r a i l e r  and  
p a r t i a l l y  f i l ls t h e  g ap b e twe en t r ac t o r  an d t r a i l e r . Th is is t he 
a re a wh i c h p resen ts o ne o f  t h e  most d i f f i cu l t p r o b l e ms re g a r d i n g  
a e r o dy n am i c  drag . Wh i l e  t h e  fue l s ave d by t h e  use o f  t h es e  an d 
s im i l a r  de vi ces c u r r e n t ly b e i n g in ves t i g a te d  c o u l d p r ove t o  b e  sub 
s t an t i a l , t he r e  a r e  s ome l e ga l  and/ o r  e c o no m i c c o ns i de r a t i o ns whi ch  
a r ise and  mus t  b e  s o l ve d  b e fo r e t he fue l savi n gs a c t ua l ly b e c omes 
a r e a l i t y .  

When a de v i c e  is ins ta l l e d  a l o n g  t h e  fr o n t  o f  t h e  c a r g o  c o n 
ta in e r , n o  p r o b l em is g e ne r a l ly e n c o un t e r e d  p r o v i d e d  t h e  a d d i t i on 
al  we i gh t  o f  the  add - o n  de v i c e  is n o t  s ubs t an t i a l . H owe ve r , i f  
the  d e v i ce  is i ns t a l l e d  o n  t h e  t op fr on t and/ o r  t op s i d e  o f  t h e  
truc k b o dy o r  t r a i l e r , the  ve h i c l e  gen e r a l l y  e x c e e ds t he h e i gh t  
an d/ o r  w i dth  l im i ts sp e c i fi e d  b y  l aw .  Th is app r o a c h  t o  d r a g  r e 
duc t i o n  w i l l  o n ly w o r k  on s t an d a r d  re c tan gul a r  s t r a i ght  t r u c ks o r  
tra i l e rs .  I t  is n o t  des i gn e d  fo r use o n  sp e c i a l i z e d  e qu ipmen t such  
as tank or f l a t  b e d  t r a i l e rs .  

The " B ul l Nos e "  dev i c e  w h i c h  is a t t a c h e d  t o  t h e  fr o n t  o f  a 
t ra i l e r  p a r t i a l ly f i l ls th e g ap b e tw e e n  the t r a c t o r and t r a i l e r . 
Us e o f  t h is de v i c e  c a n  p rese n t  l e g a l  an d e co n o m i c p ro b l ems s i n c e  
a numb e r  o f  s t a t es sp e c i fy t h e  max i mum t r a i l e r  l e n g t h  a l l owe d w i t h 
i n  the c o n f i nes o f  i ts b o r de rs . F or e x amp l e , i f  t he ma x i mum l e g a l  
t ra i l e r  l e n g th i n  a g i ve n  s t a t e is 4 5  fe e t  a n d  a " B ul l  N ose " de v i c e  
is a t tach e d , l e n g t h e n i n g  t h e  t r a i l e r , t h e n  s o me s t a t es wo u l d  b e  
fo r c e d  t o  f i nd t h e  t r a i l e r  i n  vi o l a t i o n o f  t h e  l aw .  E v e n  t h o u g h  
t his add i t i o n a l  l en g t h  i s  a t t a c he d t o  t he fro n t  o f  t h e  t r a i l e r , a n d  
does no t i n c r e ase  t he t o t a l  veh i c l e  c o mb i n a t i on l e n g th , l o ng e r  t h an 
is c urren t l y  a l l ow e d , i t  is s t i l l  c o ns i de re d i n  v i o l a t i o n  o f  t h e  l aw . 
l aw .  

When  " B ul l  Nos e "  de v i c es ar e des i gn e d  i n t o  t h e  t r uck  o r  t r a i l 
e r  t o  ke ep w i t h i n  t he l e g a l  w i d t h , l en g th and  h e i gh t  r es t r i c t i o ns 
o f  t he l aw ,  c a r go c ap a c i t y is r e duce d .  Re duc in g t h e  c a r g o  c a p a c i ty 
o f  a ve h i c l e  a lso  re duc es fre i g h t  reven ue . Th is amo un ts t o  a l oss 
o f  app ro x ima te l y $ 2 . 2 0 p er y e a r  p e r  p o und o f  p ay l o a d  d isp l a c e d . 
Th is i s  a r e duc t i on i n  p ro duc t i v i t y t h a t  sh o u l d n o t  b e  i gno r e d , es 
p e c i a l l y in  t i mes o f  in fl a t i on an d re cess i on . The  amoun t a n d  c os t  
o f  t h e  fu e l  save d b y  t hese de v i c es mus t b e  we i gh e d  a g a i ns t  s e ve r a l  
o f f - se t t in g fa c to rs : the l oss o f  car g o  p e r  ve h i c l e ; th e l oss o f  
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fre i gh t  r e ve n ue p e r  veh i c l e ; the c o s t o f  an e x t ra ve h i c l e  ( i n c l ud 
ing the fue l i t  c o n s ume s ) ; the  e xp en s e s  o f  an add i t i on a l  dr i ve r ; 
and the c o s t o f  fa c i l i t i e s  r e qu i r e d  t o  han d l e  the s am e  amo un t o f  
fre i gh t . 

Ano t h e r  p o s s i b l e p r o b l em w i th s t r e aml in i n g  ve h i c l e s  i s  the  
adde d ma in t e n an c e  and  l ab o r  c o s t s  tha t co ul d be  e nc o un t e r e d, i f  
the s e  fa c t o r s  a r e  n o t  g i ve n  p r o p e r  cons i d e r a t i o n  i n  the  s t re am l ine  
des i gn . An  e xamp l e  o f  an e xp e r ime n t  un de r t ake n i n  th i s  area  i s  
one  b y  the Ry de r  S y s t e m . The e xp e r i me n t  has  r ep o r t e d  " o u t s t an d i ng 
re s ul t s "  on  p re l i m i n a ry t e s t s  o f  a new t r a c t o r  d e s i gn . A i r dr a g  
i s  r e p o r t e d to  b e  " s i gn i f i c an t l y  l e s s  than o th e r t r a c t o r s  in  the i r  
fl e e t, "  a n d  a l though no s pe c i fi c  fi gure  o n  fue l s avi n g s  i s  g i ve n, a 
" ve ry app re c i ab l e "  g a in was  i nd i c a t e d .  A l s o, p r e l i mi n a ry s t ud i e s  
a t  Texas  A & M  Un i ve r s i ty h ave conc l ude d that  mo d i f i c a t i o n s  t o  the  
ends  o f  tan k  t r a i l e r s  c o u l d be  b ene fi c i a l  in r e du c i n g  a e r o dyn am i c  
dr ag . 
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URBAN PUB L I C TRANS I T  

TABLE 30 

URBANIZED AREAS OF THE UNITED STATES 
WITH POPULATIONS OVER 1 MILLION--19 7 0  

Dens ity 
(1 , 000 People 

Populat ion Eer sguare Mile)  
Area (Millions ) Total Central City 

New York-New Jersey 16 . 2  6 . 6  2 6 . 3  
Los Angeles-Long Beach 8 . 4  5 . 3  7 . 0  
Chicago-Northwest Indiana 6 . 7  5 . 3  15 . 2  
Philadelphia-New Jersey 4 . 0  5 . 4  15 . 2 
Detroit 4 . 0  4 . 6  11 . 0  

San Francis co-Oakland 3 . 0  4 . 0  11 . 0  
Bos ton 2 . 7  4 . 0  13 . 9  
Washington-Maryland-Virginia 2 . 5  5 . 0  12 . 3  

Cleveland 2 . 0  3 . 0  9 . 9  
St . Louis 1 . 9  4 . 1  10 . 2  

Pittsburgh 1 . 8  3 . 1  9 . 4  
Minneapolis-S t .  Paul 1 . 7  2 . 4  7 . 1 
Houston 1 . 7  3 . 1  3 . 8  
Baltimore 1 . 6  5 . 1  11 . 6  

Dallas 1 . 3  2 . 1  3 . 3  

Milwaukee 1 . 3  2 . 7  8 . 0  
Seattle-Everett 1 . 2  3 . 0  6 . 4  
Miami 1 . 2  4 . 7  9 . 8  
San Diego 1 . 2  3 . 1  3 . 6  
Atlanta 1 . 2  2 . 7  3 . 9  

Cincinnati-Kentucky 1 . 1  3 . 3  5 . 9  
Kansas C ity 1 . 1  2 . 2  3 . 9  
Buffalo 1 . 1  5 . 1  11 . 2  
Denver 1 . 0  3 . 6  7 . 6  
San Jose 1 . 0  3 . 3  3 . 7  

Fixed Rail 
Sys tem 

Yes 
No 
Yes 
Yes 
No 

Yes 
Yes 
Under Con-

s truct ion 
Yes 
No 

No 
No 
No 
Under Con-

s truc t ion 
No 

No 
No 
No 
No 
Under Con-

s truct ion 

No 
No 
No 
No 
No 

Source : From printed material accompanying a speech by Former Secretary 
Claude S .  Brinegar , Department of Transportation , at a S c ient ific Amer ican 
Round Table Discus sion , March 17-18 , 1974 . 
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NET MOTOR FUE L SAV I N G S  F ROM AN 
ADD I T I ONAL 1 0 0  THOUSAND U RBAN BUS E S  

As s ump t i on s : 

a .  Ave r a g e  c a r  o c cup a n cy 
( To an d from  wo rk )  

b .  Ave r a g e  c a r  mi l e s  p e r  g a l l on 

c .  Ave r a g e  b us l o a d  fa c t o r  

d .  Ave r a g e  bus mi l e s  p e r  g a l l o n  

e .  Numb e r  o f  a dd i t i o n a l  bus e s  

f .  Ave r a g e  annua l m i l e s  p e r  b us 

g .  P a s s e nger mi l e s  s hi f t e d  
from c a r s  t o  b us e s *  

1 . 6  

1 3 . 1 

1 3 . 3 

4 .  0 

1 0 0 , 0 0 0  

3 1 , 5 0 0  

4 1 . 9  b i l l i on s  

* B u s  l o a d  fa c t o r  x ave r a g e  annua l m i l e s p e r  b u s  
x numb e r  o f  b u s e s  ( i . e . , 1 3 . 3 x 3 1 , 5 0 0  x 1 0 0 , 0 0 0 ) . 

Ca l c u l a t i on s : 

S i n c e  " ave r a g e  c a r  o c cup ancy " i s  de f i n e d a s  P a s s eng e r  mi l e s  the  
V eh i c l e  mi l e s  

p a s s en g e r  mi l e s  d i ve r t e d  from c a r s  can b e  conve r t e d  i n t o v e h i c l e  

mi l e s  by : 

Veh i c l e  m i l e s  
P a s s eng e r  mi l es 

Ave r a g e  c a r  o c cup ancy = 

4 1 . 9  X 1 0 9 

1 . 6  

2 6 . 2  b i l l i on mi l e s p e r  y e a r  

Fue l  s av i n g s  f r o m  no t us i n g  c a r s  a r e  thus : 

F ue l  s avi ng s 
Veh i c l e  mi l e s  

M i l e s p e r  g a l l o n  
2 6 . 2  X 1 0 9 

= 1 3 . 1 

= 2 b i l l i on g a l l ons p e r  y e a r  

= 1 3 0  t ho us and b a r r e l s  p e r  day 
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The s e  fue l s aving s  mus t b e  r e duc e d  by the  fue l us e d  by the  

addi t i onal  bus e s  whi ch i s : 

= 
Numb er o f  b us e s  x Ave r a g e  annua l mi l e s = 

Mi l e s  p er g a l l on 

= 7 8 7 . 5 mi l l i o n  g a l lons  p e r  y e ar 

= 5 1 . 4  thous and b a r r e l s  p er day 

1 0 0 , 0 0 0  X 3 1 , 5 0 0  
4 . 0  

Ne t mo t o r  fue l s av i ng s  ar e thus 1 3 0  mi nus 5 1 . 4  or  7 8 . 6  t h o us and 

barre l s  p e r  day . 
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MAGNETOHYDRODYNAMI CS ( MHD)  

The rmo dynami c a l ly , e n e r gy is  e x t r a c t e d  fr om an e xp and i ng f l u 
i d  i n  a n  MHD mach ine by r e ducing  t h e  temp e r a t ure  a n d  p re s s ur e  and 
in cre as i n g  th e vo l ume of the f l u i d  as  in a conve n t i o na l  expans i on 
turb ine . I n  mo s t  app l i c a t io ns t o day , t he fl u i d  i s  o p e r a t e d  a t  a 
s uffi c i en t l y  h i gh tempe r a ture s o  tha t i t  b e come s i o n i z e d  ( a  con d i 
t ion known a s  a p l a s ma) . E l e c tr i ca l ly , i t  i s  a conduc t o r  and i t s 
mo t ion i s  d i re c t e d  thro ugh a magne t i c  fi e l d . Th i s  caus e s  a current  
to fl ow in  a d i r e c t ion wh i ch is  mutua l ly p e rp en d i cul ar t o  b o th the 
mo t i o n  and the f i e l d  a s  in any o the r p i e c e  of e l e c t r i c a l  machinery . 
Th i s  current i s  c o l l e c t e d  and d ir e c t e d  to an e xt e rn a l  e l e c t r i c a l  
c i r c ui t whe re i t  c a n  p e r fo rm the var i e ty o f  t as ks . One dev i c e  
s e rve s b o th fun c t i ons and i s  the re fo r e  c l as s i f i e d  a s  a d i r e c t  con 
ve rs i o n  mach ine . 

Today ,  extens i ve p ro gr ams are  unde r way throughout the wo r l d  
wi th mo s t  o f  the e ffo r t  conce n t r a t e d  in the Un i t e d  S t a t e s , J ap an , 
and the U . S . S . R . Re s e ar ch pro j e c ts h ave a s  the i r  a im the augmen ta 
t ion o f  theore t i ca l  und e r s t anding o r  the deve l opment  o f  components  
( e . g . , l ong - l i fe channe l s  and  e f fi c ie n t  b urne r s y s tems fo r d i r e c t  
fir ing o f  c o a l  o r  o the r he avy hydr o c arbon fue l s ) . A� te rna t i ve l y , 
s imp l i fi e d  gas i fi e r s  to e ffe c t i ve ly us e the s e  " d i r ty "  fue l s  are  
al s o  b e ing e xp l or e d . O the r a r e a s  o f  r e s e arch  i nc l ude : 

• Air p rehe a t e r s  c ap ab l e  o f  furni sh ing c omp re s s e d  c omb us t i on 
a i r  at  tempe ratur e s  of  3 , 0 0 0 ° F  o r  mo r e . 

• Channe l s  wh ich  can wi th s tand the r i g o r s  o f  a 4 , 5 0 0 ° F  o r  
h i g h e r  s e e de d p l a sma a t  near - s oni c ve l o c i t i e s . 

• E l e c t r o d e s  and e l e c t ro de c o a t ings  wh i ch c an i n t e r fa c e  wi th 
th i s  p l asma and e ff e c t ive ly r e c e ive  or s upp ly  h i gh c u r r e n t s  
from the p l asma wi thout propens i ty to  s ho r t - c i r cui t o r  o the r 
wi s e  f a i l .  

• S e ed r emova l s y s t ems wh i ch c an r emove v i r tua l ly a l l  the e n 
t r a i n e d  s e e d ,  a ne c e s s i ty for  e co nom i c  op e ra t i o n  a s  we l l  a s  
p o l lu t i on c o nt ro l . 

• Means f o r  e ff e c t ive  wa s t e he a t  r e c ov e ry , a n e ce s s i ty s ince 
the ene rgy c on t e n t  o f  th e exhaus t gas  is  h i gh , eng ende r e d  
b y  th e n e e d  t o  e xp e l e xhau s t a t  a t emp e rature  condu c iv e  t o  
g o o d  co nduc t ivi ty . 

• Dev e l opment  o f  s up e r c ondu c t ing magne t s , b o th a s  a n e c e s s i ty 
fo r p r o duc i ng h i gh magne t i c  f i e l ds and a s  an ec onomi c ne c e s 
s i ty f o r  r e du c i ng th e ene rgy consump t i o n  o f  c onvent i ona l 
f i e l d  winding . 
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H I GH TEMPERATURE GAS COOLED REAC TOR (HT GR) / 
C L O S E D - CY CLE  GAS TURB I NE SYSTE MS 

Th e c l o s e d - cyc l e  gas  t urb i ne h a s  b e en  us e d  fo r t h e  l a s t  3 0  
ye ars  ( ma inly i n  E urop e ) , i n  fo s s i l fue l - f i r e d  p l an t s  fo r e l e c t r i 
cal  powe r gene ra t i o n  comb in e d  w i t h  d i s t r i c t  h e a t i ng . N i n e  fo s s i l 
f i r e d  c l o s e u - cy c l e  g a s  t urb i ne s  w i th o ut p u t s  r an g i n g  up t o  3 0  Me g 
awa t t s ( MW)  are  i n  s e rvi c e . The fundame n t a l  d i f f i c u l ty tha t has  
h inde r e d  de ve l o pme n t  of  the  c l o s e d - cyc l e  g a s  t urb i n e  fo r us e w i th 
fo s s i l fue l s  r e s i de s  in the means fo r t rans fe r r i n g  che m i c a l l y  p ro 
duc e d  h e a t  i n t o  the cyc l e , r e q u i r in g  a h e a t  e xc h an g e  s ur fa c e  o p e r 
a t i ng a t  temp e r a t ure s even h i ghe r t han the  p e a k  wor k i n g  fl u i d t e m 
p e r a tur e , a n d  fac i ng s i mul t an e ous l y th e p r ob l e ms a s s o c i a t e d  w i t h  
co r ro s i o n  by c omb us t i o n  p r o duc t s . Nuc l e ar powe r e l i m i n a t e s  t h i s  
prob l em a l t o g e the r b y  p ermi t t i ng d i r e c t  h e a t i n g  o f  t he c l e an , non 
corro s i ve wo rk i n g  f l u i d . 

The Gas  Turb i n e  H i gh Temp e rature  Gas  C o o l e d  Re a c t o r  (HT G R) 
power p l an t  i s  an i n t e g r a t e d  de s i gn w i t h  t h e  r e a c to r , tu rb oma c h i n 
e ry , h e a t  e xchang e r s , and the  e n t i r e  h e l i um inve n t o r y  c o n t a ined i n  
a P r e s t r e s s e d C o n c r e t e  Re a c t o r  Ve s s e l . One p ropo s a l  f o r  a 1 , 1 0 0  
MW p l an t  i n c l ude s thr e e  par a l l e l e d  p ow e r  conve r s i on l o o p s . Th e 
turb omach i n e ry i n  e a c h  l o op cons i s t s o f  a mu l t i - s t a g e  g a s  turb ine , 
and a mu l t i - s t a g e  ax i a l  comp r e s s o r mo un t e d  on a h o r i z o n t a l - s i ng l e 
s ha f t  wi th a 3 , 6 0 0  r evo l u t i ons p er m i nu t e ( RPM ) gene r a t o r . 

The fo l l ow i ng a r e  s o me o b j e c t i ve s  whi c h  s hou l d  b e  c o n s i de re d  
i n  the p l annin g s t age  fo r p l an t  de s i gn s : 

• S a fe ty fe a t u r e s  a f fo r d i n g  p r omp t  l i c e n s ab i l i t y 

• Re q u i r e d  e l e c t r i c g e n e r a t i n g  p l an t  ava i l ab i l i ty ,  ma i nt a i n 
ab i l i ty ,  durab i l i ty ,  and e a s e o f  o pe ra t i on 

• Mo s t  e c o nom i c a l  ove r al l p l an t  de s i gn c on s i s t e n t  w i t h  the 
fi r s t two o b j e c t i ve s . 

Th e i n c e n t ive s  to  comb ine  a HTGR w i th a d i re c t - cyc l e  He l i um 
Gas Turb ine powe r conve r s i o n  s ys t e m  come from i mp r o ve d  p l an t  p e r 
formance  w i th c on s e q ue n t  con s e rva t i o n  o f  f i n an c i al , fue l , a n d  wa t e r  
re s o u r ce s . The dry - co o l e d  G a s  Turb i n e  HTGR p l an t  i s  3 6  p e r c en t  e f 
fi c i ent ; the we t - coo l e d  b i nary cyc l e  G a s  Turb ine  HTGR i s  4 4  p e r c e n t  
to 4 6  p e r cent e ff i c i en t . Th e b ene f i t s  d e r ived  inc l ude : 

• Energy C ons erva t i on 

- - Th e  Gas  Turb i ne HT G R  wo ul d o f f e r  imp r o v e d  and e conomi c 
u t i l i z a t ion o f  nuc l e ar fue l s  and r e a l i z e s av i n g s  o f  
fo s s i l  fue l s . 

• E l e c tr i c  Powe r G ene r a t i o n  E conomi c s  fo r 1 , 1 0 0  MW P l an t s  
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- - F or  a dry - c o o l e d G a s  Turb ine  HT GR p l an t , g e n e r a t i on c o s t  
i s  2 3  p e r c e n t  l e s s  than f o r  a dry - c o o l e d  L i gh t  Wa t e r  R e a c 
t o r  p l an t  and 1 2  p e r c e n t  l e s s  than f o r  a we t - towe r c o o l e d  
L i gh t  Wa t e r  Re a c t o r  p l an t . 

- - F o r  a we t - towe r - co o l e d  HT G R  s te am - cy c l e  p l an t  and a dry 
towe r G a s  Turb i n e  HTGR p l an t , g e ne r a t i on c o s t s a r e  n e a r l y  
i de n t i c a l . 

- - F o r  a dry - c o o l e d  G a s  Turb ine HT GR p l an t , g ene r a t i on c o s t  
i s  1 2  p e r c e n t  l e s s  t h an f o r  a dry - t ow e r  c o o l e d  HT G R  s t e am 
cyc l e  p l an t . 

- - F o r  a b in ary cyc l e  G a s  Turb ine HT G R  p l an t , g e n e r a t i on co s t  
i s  1 4  p e r c e n t  l e s s  than f o r  the HT G R  s t e am cyc l e  p l an t  f o r  
e qu a l  1 , 4 4 0  MW r a t e d  p l an t s . 

• Wa t e r  C ons e rv a t i on 

- - Fo r  a dry - c o o l e d  G a s  Turb ine  HT G R  p l an t , z e ro w a t e r  c o n 
s ump t i o n  p r ov i d e s  e s s en t i a l ly un l im i t e d s i t in g  f l ex i b i l i ty . 

- - F o r  a we t - c o o l e d  b in a ry cyc l e  G a s  Turb i n e  HT G R , h i gh p l an t  
e f f i c i ency m i n im i z e s  r e j e c t  h e a t  a n d  r e duc e s  t h e rm a l  p o l 
l u t i on . 
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ENE RGY I MPAC T  O F  NO I S E SUPPRE S S I ON TE CHN I QUE S 

Th e Wa l s h - H e a l y  A c t  and the O c c up a t i o n a l S a fe ty an d He a l th 
Ac t ( OSHA )  p r o v i de a l e g a l  de fin i t i o n  o f  wh a t  c on s t i tu t e s  p o tent i 
a l l y  h a z ardous no i s e  l eve l s  i n  i ndus t r i a l  e nv i ro nme n t s , and s e t s 
l imi t s  t o  th e no i s e  e xpo s u r e  o f  wo rke r s  i n  the s e  e nv i ro nme n t s . 
The s e  l imi t s  a r e  s h own o n  T ab l e  3 1 . 

TABLE 3 1  

OSHA PERMIS S I BLE SOUND LEVELS 

Daily 
Exposure S o und Level 0E tional Octave Band Sound-P ressure Levels (dB ) 

(Hrs . )  S low ResEons e  ( dBA) 6 3  1 2 5  2 5 0  5 0 0  1 , 000 2 , 000 4 , 000 8 , 000 

8 9 0  110 103  9 7  9 1  8 8  8 6  8 6  8 7  
6 9 2  
4 9 5  1 2 8  1 1 6  1 0 6  9 8  9 2  8 9  8 3  9 2  
3 9 7 
2 1 00 1 2 5  1 1 5  1 0 6  9 9  94 93 9 9  
1- 1 / 2  1 0 2  
1 105 135  1 2 7  1 1 6  1 0 7  100 98  1 05 

1 / 2  1 1 0  1 3 5  135  125  1 1 5  1 0 7  1 0 4  112  
1/4  1 1 5  1 3 5  135  1 3 2  1 2 1  1 1 2  1 1 0  1 1 9  

Source : O ccupa tional Safety and Hea l th Ac t of  1 9 7 0 . 

Th e s o un d  p r e s s ure  l e ve l s  s h own on  T ab l e  3 1  mus t b e  a t t a i n e d 
by the de s i gn e r s  o f  t he powe r  p l an t  i n  o r de r t o  p r o t e c t  e mp l oy e e s .  
The de s i gn s  i n c l ude a c o us t i c a l l y  e ng i ne e r e d  r o t a ry equipmen t , an d 
vib r a t i on i s o l a t i o n  to  p r e vent  s tr u c tu r e  b o rn e  s ound an d re - r a d i a 
t i on a s  a i rb o rne  s ound to t he e x t e r i o r  o f  the p l an t . The s e  me th 
ods u s u a l l y  dep end o n  s ound ab s o rp t i o n  and a t te nu a t i o n  wh i ch do no t 
cons ume much e ne r gy . The p r i n c ip a l  excep t i on t o  th i s  c a s e i s  the  
g a s  turb i n e  gene r a tor  wh i ch may be  l o c a t e d  v e ry c lo s e  t o  a c ommuni ty 
s o  tha t muffl e rs and  re s o n a t o r s  may b e  us e d  t o  dyn ami c a l l y a t tenu
a t e  th e n o i s e  and  v i b r a t i on s . H owe ve r , t h e  mu f f l e r s  for  t yp i ca l  
gas  turb i n e s  ( GT )  c aus e e f f i c i e n cy l o s s e s  o f  ab o u t  0 . 2  p er c en t  an d , 
as  the GT  i s  ty p i c a l l y  us e d  fo r p e ak i n g  o r  cyc l i n g , the  e n e r gy l o s s  
woul d b e  qu i te s m a l l .  

The No i s e C o n tro l A c t  ( NCA) o f  1 9 7 2  w a s  p a s s e d  by th e U . S . 
Con gre s s  i n  r e co gn i t ion  o f  the ne e d  to  de a l  w i t h  n o i s e  a s  an e me r g 
in g e n v i r o nme n t a l  p rob l em o f  n a t i on a l  c o n c e rn . Wh i l e  t h e  O c c up a 
t i onal  S a fe ty and H e a l t h  A c t  o f  1 9 7 1  de a l t  w i th the no i s e p rob l em 

1 8 5  



Exh ib i t  I I I  
as  r e l a t e d  to  wo rke rs , the NCA was  de s i gn e d  to  p r o t e c t  the h e a l th 
and we l fare  o f  the commun i ty from d i f fe r i ng amp l i tu de s , quant i t i e s , 
and qua l i t i e s  o f  n o i s e . 

The Envi ronmen t a l  P ro te c t i o n  A g e n cy ( E PA) i s  p r imar i l y  con 
ce rn e d  w i th the c o n t r o l  o f  no i s e  from i n t e r s t a t e  c a r r i e r s  and w i th 
the s ou r c e  emi s s i on c o n t r o l o f  no i s e  from p r o duc t s . The s t a t e s  and 
t he i r s ub di v i s i ons  h ave the re s p ons i b i l i ty o f  d e t e rmi n in g  the  no i s e  
l eve l s whi ch a r e  a c ce p t ab l e  t o  the commun i t� b ut the E PA was  g i ven 
th e r e s p o n s i b i l i ty to  a s s i s t  l o ca l  gove rnme n t s  i n  de t e rm i n i n g  the s e  
l e ve l s . F i gure  7 i l l u s t r a t e s  the  s o un d  p re s s ur e  l e ve l s  wh i c h  c i t i 
zens  f i n d  ob j e c t i on ab l e  o r  a c c e p t ab l e . 

,,._,,,,_, 
COMMUN I TY REACTION 
VIGO ROUS COMMUNITY ACTION 

_ _.:oo ;:;o;o: ::o\ ,,,,,,,, ,,,,,,,,,,._,._,,,_,,,,,,,,,,,,,,, 

SEVE RA L  TH REATS OF LEGA L 
ACTION, O R  STRONG APPEA LS 
TO LOCA L OFFICIALS TO STOP 
NOISE 

WIDESP READ COMPLAINTS O R  
SING LE TH REAT O F  LEGA L 
ACTION 

SPO RA DIC COMPLAINTS 

NO REACTION, A LTHOU G H  
NOISE IS GENE RA L LY NOTICE-
A B LE 45 
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I : : :::"' 
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I I I I 
70 75 80 85 90 

NO RMA LIZED COMMUNITY NOISE (EQU I VA LENT LEVE L IN DECI BE LS) 

SOU R C E :  F rank L. Cross, J r.,  Assessing Noise I mpact on the Environment, Pollution Engineering, N ovember 1973, p.52. 

F i gur e 7 .  C ommon C ommun i t y  Re ac t i o n  t o  I nt r u s i v e  N o i s e . 
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S OLAR HEAT I N G  AND CO OL I N G  S Y S T E MS 

Expe r imen t a l  inve s t i g a t i o n s  o f  s o l a r he a t i ng con cep t s  an d 
fac i l i t i e s  s p an a pe r i o d  o f  mo re t h an 4 0  y e a r s . E a r l y  fa c i l i t i e s  
in cl ude d t h e Mas s a chu s e t t s  I ns t i t u t e  o f  Te chn o l o gy ( MI T )  s o l a r  
hous e b e gun i n  1 9 3 0 , a s ma l l  h ome b e gun b y  D r . Ge o r ge L o f  i n  1 9 4 5 , 
an d the r e cen t Th oma s s on h ome . Sys tem conc ep t s  h ave r an g e d  from 
ac t i ve l i qui d- t o - a i r  t o  a i r - t o - a ir he a t in g  wi th  s to ra g e , to  s i m 
p l e  c i r c ul a t in g  w a t e r  s ys tems s uch a s  t h e  H a r o l d  H ay , S ky th e rm 
con ce p t . Ne a r l y  a l l  o f th e s e  c on c ep t s  a re b a s e d on a f l a t - p l a te 
c o l l e c to r t o  co nve rt s o l a r  e n e rgy i n to t he rm a l  ene r g y . 

T h e  b a s i c  de ve l o pment  and a na l y s i s  o f  th e fl a t - p l a t e  co l l e c to r 
was don e  b y  Ho t t e l  & Wo ert z wi th mo re re cen t  e f fo r t s  p r e s en t e d  by  
Wh i l l i e r .  E a r l y  e conom i c  an a l y s e s  on  s o l a r  h e a t in g fo r in d i v i dual  
re s i den c e s  p re s en t e d  b y  T yb o ut and L o f  c o ve re d a b r o a d s p an o f  
cl ima t i c  re g i on s  o f  t he Un i t e d  S t a t e s ; p ar ame t r i c  v a r i at i on s  i n  
fact o r s s u ch a s  c o l l e c t o r t i l t  an g l e ; re l a t i v e  s t o r a g e c ap a c i t y ; 
an d co l l e cto r s i z e . Al l an al y s e s  we re e v a l uat e d  i n  o r de r  to  
re commen d the  mo s t  co s t  e f fe c t i ve s ys t e m . S ub s e quen t a n a l y s e s  
we re e x t e nde d t o  inc l ude s o l a r  h e a t ing an d co o l i n g  s ys t ems . 

Th e s e  ana l y s e s  s h o we d  th a t  s o l a r fl a t -p l a t e c o l l e ct d r  i n s t a l l e d  
cos t s  o f  $ 2 t o  $ 4 p e r s qu ar e  fo o t  we re re q ui r e d i f  s o l ar h e at ing 
and/ o r  comb ine d h ea t i ng an d c o o l i n g  s ys t ems  we r e  to  be  compe t i t ive 
wi th a l t e rn a t i ve e ne r gy s ou r ce s . H i ghe r fue l c o s t s  may a l l ow co l 
l e ct o r co s t s  up t o  $ 6 to  $ 8 p e r  s q ua r e  fo o t  in s p e c i f i c  s i t u a t i on s . 
The requ i r emen t t o  manu fa c tur � , marke t , and i n s t a l l  s o l a r c o l l e c 
tors  i n  t h i s  p r i ce  range i s  s t i l l  the s i ng l e  mo s t  i mp o r t an t  a s p e c t  
as s o c i a t e d  w i th s o l ar he a t i ng an d a i r  cond i t i o n i n g  ( SHAC ) s y s t e m  
uti l i z a t i o n . 

To da te , a b r o a d  range o f  s y s t e m , s ub s y s t e m , and c o mp on e n t  
concep t s  h ave b e e n  s tu d i e d  fo r SHAC app l i c a t i on s . S o l a r h e a t in g  
e ffo r t s  a r e  b e i ng con cen t r a t e d  o n  d i r e c t  u t i l i z a t i on o f  t h e  the r 
ma l e ne r gy c o l l e c t e d  ( o r  v i a  a s to r a ge s y s t e m) o r  s o l ar a s s i s t e d  
h e a t  p ump s . Re c e n t  s tudy re s ul t s i nd i c a t e  th a t  s o l ar s p a c e  he a t in g  
sho ul d b e  compe t i t i ve w i th e l e c t r i c  h e a t i n g  i n  the s o u thwe s t e rn ,  
no r the a s t e r n , and p o r t i o n s  o f  the s o uth e a s te rn and m i dwe s te rn p a r t s  
o f  t h e  coun t ry o n  a n  e n e r gy d i s p l aceme n t  b a s i s  ( s e e  F i gure  8 ) . 

S o l a r  c o l l e ct o r  un i t s  are  cu rre nt l y  av a i l ab l e  w i t h  a n o m i n a l  
p r i c e  r an ge o f  $ 1 0 t o  $ 2 0 pe r  s qu a r e  fo o t .  T he s e  t yp i c a l l y  h a ve 
rol l - bon d a l um inum o r  s t e e l  ab s o rb e r p l a t e s  w i t h  n o n s e l e c t i ve o r  
l ow s e l e c t i v i t y , b l a ck co a t in g s  an d two l ay e r s  o f g l a s s  ( o r  p l a s t i c )  
g l a z in g  ma t e r i al s . Cont ro l o f  the w o r k i n g  f l ui d ' s  a c i di t y  an d us e 
o f  inh i b i t o rs i s  gene ra l l y  r e commen de d  t o  m i n i m i z e  c o r ro s i o n  
ten den c i e s . E xp e r i en c e  w i th re c e n t l y  dep l oy e d  s o l a r  co l l e ct o r s  in 
di cate s t h a t  copp e r  ab s o rb e rs may b e  n e c e s s a ry t o  ob t a in a d e qua te  
ho t wat e r  comp a t i b i l i ty .  
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SOU R C E :  G eneral Electric Corporation, Space D ivision, Executive Summary: Solar Heating and Cooling of Buildings, 
Phase 0 Feasibility and Planning Study, Final Report, Docu ment N u mber 74SD42 1 9. Mav 1 974. 

F i gu r e  s .  Mar ke t P ene t r a t i o n  P r o j e c t ion Summary - 
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E xh ib i t  I V  

The c o s t s  o f  s o l a r co l l e c t o r s  are e xp e c t e d  t o  drop s i gn i f i c an t 
l y  from the i r  p r e s e n t  p r i ce i f  ma s s  p ro duce d .  Fo r p ro duc t i on quan 
t i t i e s  o f  1 0 0 , 0 0 0  t o  1 m i l l i o n s q uare fe e t  p e r  y e a r  ( n o mina l l y 1 0 0 -
1 , 0 0 0  home� ) , one  s upp l i e r  e xp e c t s  a p r i c e t o  t h e  home b ui l de r  o f  
$ 3  to $ 5  p e r  s quar e fo o t . Ano t h e r  s upp l i e r p ro j e c t s  $ 4 . 7 0  p e r  
s q uare  fo o t  fo r s i ng l e  p ane un i t s  and $ 5 . 8 9 p e r  s q uare fo o t  fo r 
doub l e  p ane uni t s  a t  a p ro d uc t i on quan t i t y o f  3 2  m i l l i on s q uare 
fe e t  p e r  year . I t  i s  l i ke l y that  the p r i c e  o f  s o l a r c o l l e c t o r s 
w i l l  de cre as e e ven fu r t he r as  mo re s upp l i e r s  b e c o me awa r e  o f  the 
p o t en t i a l  mar ke tp l a c e . 

Dur i n g  th e l as t  y e a r , p r o t o type d e mons t r a t i o n  p ro j e c t s  h ave 
b e e n i n i t i a t e d , in c l ud i ng p ar t i a l  s o l a r s p a c e  h e a t ing  o f  fo ur pub 
l i c s ch o o l s  ( B al t i mo re , Ma r y l and ; B o s t o n , Mas s achus e t t s ; Minneapo l i s , 
Minne s o t a ; an d Wa r r en t on , Vi r g i n i a ) , d e ve l o pmen t and t e s t in g  o f  a 
s o l a r t r ans po r t ab l e  l ab o rato ry fo r h e a t i n g  and c o o l i n g  e x p e r i me n t s ; 
and a s o l ar h e a t e d and c o o l e d home us ing  ab s o rp t i on a i r  cond i t i on 
i n g  a t  C o l o rado S t a t e  Un ive r s i ty .  I n  a d d i t i o n , r e c o mmen da t i o n s  h ave 
b e en mad e fo r e x te n s i ve demo ns t ra t i o n p r o j e c t s  t h r o ughout t h e  Un i te d  
S t a t e s  o ve r  t h e  n e x t  2 - 3  y e a r  p e r i o d . The s e  p ro j e c t s  w i l l  s p an s i n 
g l e  fami l y  re s i denc e s , mul t i - fam i l y res i de n c e s , c o mme r c i a l / i nd us t r i 
a l  b u i l d i ngs , and agr i c ul t u r a l  b u i l d in g s . 

I t  may be  i ns t r uc t i ve t o  c omp are e s t i ma t e s  p rep are d fo r the 
Nat i o n a l  S c i en c e  Fo un da t i on by Gene r a l  E l e c t r i c  f o r  t he r a t e  o f  
pen e t r a t i on o f  th i s  te chno l o gy w i th two o th e r s : o n e  made b y  t h e  

YEAR 75 76 77 78 79 80 8 1  82 83 84 85 86 
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PHOTO PRODUCTI ON/CONVERSION 
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SOU R C E :  Project Independence Report. Y E A R  

F i gur e 1 0 . P o t en t i a l  for S o l ar H e a t ing  and C o o l ing  o f  B u i l d ing s . 

O f fi ce o f  S c i e n c e  and Te chno l o gy , *  and ano the r ma de by  t he FEA in  
th e P r o j e c t  In de p e n de n c e  R e p o r t . t  ( S e e  F i gu r e  9 fo r Fe d e r a l  I mp l e 
me n t a t i o n  P e r s pe c t i ve . )  

The O f f i c e  o f  S c i e n c e  an d Te chno l o gy h a s  e s t i ma t e d  a 2 . 7  p e r 
cen t ( ap p r o x i ma t e l y  5 . 4  quadr i l l i o n  B TU ' s p e r  ye a r )  r e duc t i o n  in 
the n e e d  fo r nucl e a r and fo s s i l  fue l s  in  the  ye a r  2 0 0 0  on  t h e  a s 
s ump t i on t h a t  s o l a r en e r gy c o ul d p ro v i de an a ve r a g e  o f  8 0  p e r c e n t  
o f  t h e  he a t in g  and c o o l i n g  r e qui remen t s  in 5 0  p e r c e n t  o f  n e w  r e s i 
den t i a l  and comme r c i a l  b ui l d in g s  ( r i s i n g  fr om a 1 0  p e r c e n t  i n s t a l l 
me n t  r a t e  in 1 9 8 5 ) . Th e s e  s a v i n g s  r e p re s e n t  a 1 0  p e r c e n t  p e n e tra 
t ion i n t o  the b u i l d ing  s p a c e  cond i t i on i n g  s e c to r . 

F i gure  1 0  s h ows the FEA e s t i ma t e s  o f  p e n e t r a t i on fo r s o l a r 
he a t i n g  and c o o l i n g  i n  two c as e s : ( 1 ) bus in e s s  as  us ua l , an d ( 2 )  
an a c ce l e r a t e d  c a s e . I t  c an b e  s e en th a t  the  b us i n e s s  a s  us ua l  
c a s e p r o duc e s  0 . 3  quadr i l l i o n  BTU ' s p e r  y e a r  o f  s e n s i b l e  h e a t i n g  i n  
the ye ar 1 9 8 5 . The s e  e s t imat e s  we r e  f o r  the  app l i c a t i o n  o f  s o l ar 
ene rgy t o  s up p l y  the s p a c e  h e a t i n g  and w a t e r  h e a t i n g  r e qu i r emen t s  

* O f f i ce o f  S c i e n c e  a n d  Te chno l o gy ,  A n  A s s e s s m e n t  o f  N e w  Op 
t i o n s  i n  En e r gy R e s e a r c h  an d De v e l o p me n t � O S T #  AE T - 9 ,  N o v emb e r , 
1 9 7 3 ,  p .  1 1 2 . 

t FEA , P r o j e c t  In de p e n de n c e  R e p o r t � Wa s h i n g t o n , D . C . : Novem
b e r , 1 9 7 4 , pp . 1 4 1 - 1 4 5 . 
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E xh ib i t  I V  

o f  a l l  n ew e l e c tr i f i e d  r e s i d e n c e s  a n d  s ma l l  c o mm e r c i a l b u i l d i ngs . 
The r e fo r e ,  u s i n g  a h e a t  r a t e  o f  1 0  th ous and B TU ' s p e r  k i l owa t t  h o ur 
to  p r o v i d e  th e e l e c t r i f i c a t i o n , the  fue l s av i n g s  r ep r e s e n t e d  b y  th i s  
p e n e t r at i o n  are  app rox ima t e ly 0 . 9  quad r i l l i o n  B TU ' s p e r  y e a r  ( ab o ut 
0 . 8 pe rce n t  o f  na t i on a l  e ne r gy r e q u i reme n t s  i n  1 9 8 5 ) . I t  s h o u l d  
b e  n o t e d , h oweve r , th a t  n o t  a l l s o l a r e n e rgy app l i c a t i o n s  w i l l  b e  
i n  l i e u  o f  e l e c t r i c  he a t i ng an d c o o l i ng i n s t a l l a t i O J I S . A p o r t i on 
o f  the  s o l ar ene r gy us e d  i s  l i k e l y  t o  rep l a c e  fo s s i l fue l h e a t ing  
wh e re the s av in g s  w oul d b e  p r o p o r t i on a t e ly l e s s . 

I t  i s  a l s o  u s e fu l  t o  c omp a re the  ab ove e s t ima t e s  w i th t h e  re 
s ul t s o f  a s tudy conduc t e d  by  G e n e r a l  E l e c t r i c  f o r  t h e  N a t i on a l  
S c i e n c e  F o un d a t i o n . * Th i s  s t udy repre s e n t s  t h e  mo s t  s op h i s t i c a t e d 
an a l y s i s  ma de t o  da t e  o f  t h e  mark e t  pe ne t r a t ion  e xp e c t e d  fo r s o l a r  
h e a t i ng an d c o o l in g . Th e re s u l t s  are  s hown i n  F i gure  8 and in d i 
c a t e  ab o ut 3 0 0 , 0 0 0  s o l a r - e q uippe d b u i l d i ng s  i n  e x i s t en c e  i n  1 9 8 5  
an d an an nua l s o l a r s en s i b l e  h e a t i ng c ap a c i ty o f  2 5  b i l l i on k i l o 
wa t t  h o urs , o r  0 . 0 8 quad r i l l i on B TU ' s .  I f  t h e s e i n s t a l l a t i o n s  d i s 
p l a c e  e l e c t r i c a l  r e s i s t an c e  h e a t i ng , the  a s s o c i a t e d  p owe r p l an t  
fue l s a v in g s  a re  0 . 2  quad r i l l i on BTU ' s ,  o r  l e s s  t h an on e - qua rt e r  
p e r c e n t  o f  n a t i o na l  re q u i remen t s  i n  1 9 8 5 . 

* G e n e r a l  E l e c t r i c  C o rp o r a t i on , Sp a c e  D i v i s i on , Ex e c u t i v e  
Summary : So l a r  He a t i ng a n d  Co o l i ng o f  B u i l d i ng s ,  P ha s e  0 F e a s i 
b i l i ty and P l a n n i ng S t u dy , Fina l R e p o r t ,  D o c ument Numb e r  7 4 SD 4 2 1 9 , 
May 1 9 7 4 . 
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Exh ib i t  V 

S OLAR THE RMAL C ONVE RS I ON SY STEMS 

The s o l a r  t h e rm a l  c o nve rs i on al t e rn a t i ve s  b e i n g  c o n s i de re d  i n 
c l ude : ( 1 )  c en t r a l re c e i ve r  s y s t ems and ( 2 )  d i s t r ib u t e d  c o l l e c t o r  
s ys tems . E c o nom i c  ana l y s e s  p e r fo rme d by  t h e  Ae ro s p ac e  C o rp o r a t i o n 
unde r c on t r a c t  t o  the  Nat i ona l S c i e n c e  Fo undat i o n  p ro j e c t  b us b a r  
ene rgy c o s t s  o f  app r o x i ma t e l y  3 0  m i l l s  ( 1 9 7 4 do l l a r s ) p e r k i l owa t t  
hour  ( KWH ) fo r a 1 9 9  me g aw a t t  ( MW )  cent r a l  r e c e i v e r  s o l a r t h e rma l 
s ys t em ,  and 5 0  t o  1 0 0  p e r c e nt g re a t e r c o s t s  f o r 1 0 0  MW p a r ab o l o i d a l  
d i s h  and p a r ab o l i c  t rough  s ys t e ms fo r in t e rme d i a t e  l o a d  app l i c a t i on s  
( 6  ho urs  o f  s t o rag e ) . The s e  c o s t  e s t ima t e s  we r e  m a d e  ut i l i z i ng  a 
s imul a t e d  1 9 9 0 demand mo de l fo r the  S o uth e rn C a l i fo rn i a  E d i s o n g en 
e ra t i on s ys t em and b a s e d  o n  a s o l a r  mo de l f o r  I ny o ke rn , C a l i fo rn i a . 
Compa r a t i v e  p e r f o rmance  for  o t he r c i t i e s  t h r o u gh o u t  t h e  S o u thwe s t  
in d i c a t e  th at  c o s t s  w o u l d  b e  1 0  t o  1 5  p e r c e n t  mo re fo r t h o s e  l o c a 
t ions c omp a r e d  t o  I ny o k e rn a s s um i n g  t he s ame demand p r o f i l e  p e r 
t a i n e d . 
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E xh i b i t  V I  

H I GH V O L TAGE T RANSMI S S ION  AS A COMPET I T O R  
O F  FUE L T RANS P O RT 

BAS I S  O F  COMPAR I S ON 

The fo l l ow in g  c omp a r is o ns a r e  b as e d  on wes t e rn c o a l  w i th  a 
h e at i ng va l ue o f  8 . 5  t h o us an d  BTU ' s  p e r p o un d . T h e  c o n ve rs i on 
from e l e c tr i c  p ow e r  o r  d i es e l fue l  t o  BTU e q u i v a l e n t  is o n  a d i 
r e c t  b a s is ( i . e . , e l e c t r i c  p ow e r  a t  3 . 4 1 3  tho u s and BTU ' s  p e r  k i l o 
wa t t  h o u r , [ KWH ] and  d i es e l fue l at  1 4 0  t h o us a n d  B T U ' s  p e r  g a l l on ) . 
I n  al l c as es , e l e c t r i c  p owe r ' s  cos t  is $ 0 . 0 1 p e r  KWI I , wh i ch is e 
q u i va l e n t  t o  $ 2 . 9 3  p e r m i l l i o n  BTU ' s . 

Ra i l  

Th e ra i l ro a d  f i g v r es a re b as e d  on  op e r a t i o n  o f  1 1 0  c ar un i t  
t ra i ns c o nsum i ng 1 . 4 g a l l ons o f  d i ese l fue l p e r 1 , 0 0 0  g r oss t on 
mi l es and inc l ude fue l c o ns ume d dur ing  emp ty re t urn o f  t h e  t r a ins .  
Ra i l ro ad m i l es a re t a ke n  t o  b e  ab out  3 0  p e rc e n t  g r e a t e r  t h an p i p e 
l i ne o r  e xt r a - h i g h  vo l t ag e  ( EHV ) t r ansm iss i o n  d is t an c e  on t h e  b as 
is that  t h e  e x is t i ng r a i l ne tw o rk w i l l  he u s e d , whe re as a n e w  d i 
re c t  p ip e l i n e  o r  E HV s ys t e m  w o u l d  b e  b u i l t .  Th is m i l e ag e  fa c t o r  
h as b e en deve l o p e d  from s e v e ra l sp e c i f i c  c a s es . Howe ve r , i t  c an 
vary , d e p e n d i n g  o n  sp e c i f i c  app l i ca t i ons .  I n add i t i o n  t o  d i es e l 
fue l c o nsump t i on , a BTU l oss o f  1 p e r c e n t due t o  w i n d a g e  h a s  b e en 
i n c l ude d i n  th e ra i l  c ase . 

EHV T r ansm iss i on 

L oss es i n  t ransm i ss i o n  a t  EHV w e r e  de r i ve d f r o m  th e 1 9 7 0  Na 
t i o n a l P o w e r  S u r v e y  o f  th e F e de ra l  P owe r C omm i ss i on , wh e re l osses 
fo r l in e  s i z es o f  3 4 5 k i l o vo l t s  ( KV ) , 5 0 0  KV , and 7 6 5  KV we re  
g i ven . T ab l e  32  summ a r i z es t h e  data  use d .  

Load 
(MW) 

900 

2 , 000 

4 , 000 

TABLE 3 2  

LOS SES I N  EXTRA-HIGH VOLTAGE TRANSMI S S ION--19 7 0  

Coal 
Equivalent 

(MMTA) (MW 

2 . 7  

6 . 0  

12 . 0  

Los s 
p er 100 

30 

38 

68 

Miles ) 
Loss p er 100 Miles 

( Percen t )  

3 . 3 

1 . 9  

1 . 7 

Lo s s  ( B i l l ion 
BTU ' s  per 100 

Miles p er Year ) 

8 9 6  

1 , 135 

2 , 0 30 

S ource : Federal P ower Commi s s ion , Na tiona l Power Survey� 1 9 7 0 . 
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E xh ib i t VI 

Th e c o nve r s i on of  l i ne l o ading  i n  me g awa t t s  (MW) to  t h e  e q u i v 
a l en t  co a l  t on n a g e  r e q u i re d t o  gene r a t e  t h a t  p owe r w a s  b a s e d  o n  
we s t e rn c o al , whe r e  3 m i l l i o n  t on s  p e r y e a r  o f  c o a l  woul d b e  r e 
qu i r e d  to  fi re a 1 , 0 0 0  MW p l ant . 

S l ur ry P i pe l i n e  

Ene rgy r e q u i remen t s  fo r p ip e l ine  t r an s p o r t a t i o n  o f  c o a l  w e r e  
de r � ve d  from  a r e c e n t  de t ai l e d s t udy o f  a p ip e l ine s y s t em fo r 
t r a ns p o r t a t i o n  o f  2 5  mi l l i o n  t o ns p e r y e a r  o f  c o a l  f o r  a d i s t ance  
of  1 , 0 0 0  mi l e s  a c ro s s  th e c en t ra l  Un i t e d  S t a t e s . E n e r gy r e qu i re 
men t s  f o r  s l u r ry p re p a r a t i on , ag i t a t e d  s t o r a g e  t an k s , p ip e l in e  
p ump s , an d dewa t e r ing  a r e  inc l ude d . A l l o t he r  e ne r g y  r e q u i rement s  
as s o c i a t e d  w i th th i s  s y s t em are  i nc l ude d e xc e p t f o r  t h a t  c on s um e d  
b y  mo t o r  ve h i c l e s  and a i rp l ane s us e d  i n  p i p e l in e  o p e ra t i o n  and  
ma int enan c e . 

The ene r gy c o n s ume d by the 1 , 0 0 0  m i l e , 2 5  m i l l i o n  t o n s  p e r  
y e a r , b as e  p i p e l ine s y s tem i s  2 . 6  p e r c e n t  o f  the e n e r gy t r an s p o r t 
e d . S ou r c e s  o f  t h i s ene r gy a r e : e l e c t r i c  powe r , 2 3  p e r c e n t ; l ow 
p re s s ur e  e x t r a c t i on s te am ,  1 5  p e r cen t ; an d c o a l , 6 2  p e r c en t . 

E l e c t r i c  p owe r i s  us e d  in the s l ur ry p re p ar a t i o n  p r o c e s s t o  
gr ind  th e c o a l  to  a s i z e s u i t ab l e  f o r  s l urry p ip e l i n e  t r ans p o r t a 
t ion . O th e r  ma j o r  u s e s  o f  e l e c t r i c  powe r  i n  the  s lurry p re p a r a 
t ic n  p ro ce s s  a r e  fo r t r an s fe r pump s and s l ur ry s t o r a ge t ank a g i t a 
t o r s . Th e p o we r  us e d  fo r c rush i ng and gr i n d i ng ( ab o u t  7 5  p e r c e n t  
o f  the t o t a l  fo r p r e p ar a t i on )  i s  a s av i n g s  t o  t he c o a l  c us t o me r  
( i . e . , t he powe r  p l an t )  s ince  the c o a l  i s  crus h e d  t o  an e ve n  f i n e r  
s i ze fo r the p u l ve r i z e d  c o a l  b o i l e r . Th e r e fo r e , c re d i t  h as b e en 
c ons i de r e d  in  the c a l c ul a t i on o f  s avin gs t o  t he p owe r p l an t . Th e 
n e t  p o we r  r e q ui r e d  fo r s l urry p r ep ar a t i on i s  ab o u t  2 . 5  p e r c e n t o f  
the p o we r  r e q u i r ement us e d  fo r the b a s e c as e . E ne r gy c o n s ump t i on 
in s l ur ry p r e p ar a t i on i s  p r o po r t i on a l  to t h e  t on s  p r ep a r e d .  

E l e c t r i c  p ow e r  i s  a l s o  us e d  to  d r i ve t he mai n  p ip e l i n e  p ump s 
an d the i r  aux i l i ary e qu i pmen t . Th i s  p owe r r e q u i r e me n t  r e p re s en t s  
ab out  1 7 . 5  p e r c e n t  o f  t h e  BTU ' s  cons ume d i n  the  b as e  c a s e . P ump 
ing p o we r var i e s  ap p r o x ima t e ly wi th the s qua r e  r o o t o f  th r o ughp u t  
and i s  p r o p o r t i o n a l  t o  p ip e l ine l en g t h . 

The ma in e n e r gy r e q u i remen t fo r the dewa t e r i n g  t e rmina l o f  
the p ip e l i ne s y s t e m  i s  co a l  b urn e d  i n  the the rma l  dr i e r s  wh i ch i s  
7 7 . 5 p e r ce n t  o f  the e n e r gy r e q u i reme n t  in the dewa t e r in g  t e rm i n a l . 
The c o s t o f  t h i s  c o a l  i s  made up o f  the  F . O . B .  m i n e  p r i c e o f  the 
co a l  p l us the i nc r e me n t a l  c o s t o f  t r an s p o r t a t i o n  o f  ab o u t  1 - 1 / 2  
p e r c en t addi t i on a l  co a l  i n  the  p i p e l ine  s ys t e m . L ow p re s s ur e  e x 
t r ac t i on s t e am i s  a l s o  u s e d  i n  the dewa t e r i n g  p ro c e s s  whi ch  i s  ob 
ta ine d from the p o w e r p l an t  to  wh i ch the co a l  i s  b e i n g  de l i ve r e d . 
Th i s  i s  b a s i c a l l y  wa s te h e a t  wh i ch i s  f i gur e d  i n t o  the co a l  comp ar 
i s on a t  $ 0 . 2 5 p e r  m i l l ion BTU ' s .  E x t r ac t i on s t e am r e p re s en t s  ab out  
20  p e rc e n t  of  t he e ne r gy r e q u i r emen t a t  the dewa t e r i n g  t e rm i n a l . 
The remain i n g  3 p e r c e nt o f  t he e ne r gy r e q u i remen t i s  p rov i de d  b y 
e l e c t r i c  p owe r . Dewa t e r ing  en e r gy r e q u i r e me n t s  a �e p r o po r t i o n a l  
to  s y s t e m  thro ughp u t . 
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Exh i b i t  V I  
B a r ge 

Ob v i o us ly , e f f i c i en t  b ar g e  t r ans p o r t a t i o n  dep ends  o n  the  a v a i l 
ab i l i t y o f  s u i t ab l e  wa t e rway s  wh i ch w i l l  a l l ow mul t i - b a r g e  un i t s to 
b e  trans po r t e d . A b a s i c  en e r gy r e q u i reme n t  o f  5 4 0  B TU ' s  p e r  ton 
mi l e  is cons i d e r e d  no rma l for  t h i s fo rm o f  t r an s p o r t . The  w a t e r 
way d i s t ance  w i l l , i n  e ve ry c as e , b e  l o n g e r  than the  d i r e c t  d i s t ance  
from  t e rm i n a l  to  t e rmina l . Howe ve r , th e f i gure s s h own here  a r e  no t 
a dj us t e d  for th i s  fa c t . Any c omp ar i s on o f  s p e c i f i c  ca s e s  us i n g  
b a r g e  trans p o r t o r  mul t i - mode  t rans p o r t  mus t c o n s i de r  t h e  di f fe r 
ence s in tran s p o r t  d i s t ance  inhe ren t i n  t h e  a l t e rna t i ve mo de s o f  
trans p o r t a t ion . 
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Exh i b i t VI I 

VE RY LON G - TERM DEVE LO PMENTS I N  POWE R 
TRANSM I S S I ON AND POTENT IAL  FOR ENERGY C ON S E RVAT I ON 

C RYOGE N I C  CAB L E S  

Te chno l o gy in  c ryo gen i c  cab l e  s y s t e ms h a s  n o t a dvan c e d to  a 
s u f f i c i e n t  d e g r e e  t o  b e  cons i de r e d  fo r p o t e n t i a l  l o s s  r e duc t i o ns  
wi t h i n  t h e  1 9 7 9 - 1 9 8 5  p e r i o d . S upe rconduc t i ng  t r ans m i s s i o n  t e c h 
no l o gy c an b e  e xpe c t e d  t o  b e  i n t r o d uc e d  b e twe en 1 9 8 5  and 1 9 9 0 . A 
ful l - s c a l e , w or k i ng p r o to typ e i s  e xp e c t e d  t o  b e  r e a dy b y  1 9 7 9 , and 
a ful l y  comme r c i a l  c ab l e  capab l e  o f  c o mp e t in g  e c o n o mi c a l l y  at the 
3 , 0 0 0  me g a vo l t - amp e r e  ( MVA) l e ve l  i s  e x p e c t e d  to be a va i l ab l e  by 
1 9 8 4 / 1 9 8 5 . 

An in cre a s i ng t r en d towa r d  un de r g r o un d  t r ans mi s s i o n  i s  e x 
pe c te d . Th e s e ar ch fo r i n c r e a s e d  un d e r g r o und l i n e  p o we r  dens i t i e s  
( e . g . , for ce d o i l  c o o l e d  c ab l e s ) w i l l  r e s ul t i n  p ow e r  l o s s  ra te s 
th r e e  t ime s t he l o s s  r a t e s found in  conven t i on a l  und e r g r oun d  c a 
b l e s . Th e us e o f  cryo g e n i c  c ab l e s  cou l d  r e du c e  the s e  l o s s  r a t e s b y  
4 0  p e r c e n t  i n  the  c a s e o f  r e s i s t i v e  c ry o g e n i c s  ( ap p r o x i m a t e l y  7 0 °  
Ke l v in [ K ] ) an d 9 4  p e r c e n t i n  t h e  c a s e o f  s up e r conduc t i n g  c ry o g e n i c s  
( ap p r o x i ma te l y  4 ° K ) , b o th re l a t i ve t o  fo r c e d  o i l  c o o l i n g .  

L o o k i n g  a t  h i gh c ap a c i ty (mo r e  th an 2 g i g a - vo l t - amp e r e  [ GVA ] ) 
cab l e s  in  the y e a r  2 0 0 0 , und e r  the a s s ump t i o n s  o f  a qua drup l i ng o f  
e l e c t r i c al gene r a t i ng c ap a c i ty and a 5 , 0 0 0 GVA - mi l e  m a rk e t f o r  s u 
per co nduc t i ng c ab l e s , o n e  c an e s t i ma te a n  annua l r e duc t i on o f  l i ne 
l o s s e s  o f  0 . 4  q ua dr i l l i o n  B TU ' s ( e qui va l en t  t o  2 0 0  thous an d b a rr e l s  
o f  o i l  p e r  day ) , r e l a t i ve t o  l o s s e s  w h i ch w o u l d b e  e xp e r i enc e d  i f  
fo r c e d  o i l  c oo l ed c ab l e s  w e r e  us e d . Th e s av i n g s  fo r cab l e  c a p ac i 
t i e s und e r  2 GVA have  n o t  b e en  e s t ima t e d  h e r e . F o r  th e s e  c a p a c i ty 
l eve l s , comp r e s s e d g a s  i ns u l a t e d  c ab l e s  (w i th l o s s  r a t e s  o n l y  1 - 1 / 2 
to 2 t i me s tho s e  in s up e r c onduc t i n g  c ab l e s )  may f i n d  app l i c a t i on . 

The f a c t o r s  w h i ch make i t  d i f f i cul t , a t  th i s  t i me , t o  e s t ima t e  
the r a t e o f  i n t r o duc ti o n  o f  c ryo gen i c s  a r e : th e r e l a t i v e  amo un t s  
o f  di s tr ib u t e d  v e r s u s  c e nt r a l  gene r a t ing  c ap ac i ty ;  t h e  r a t e  and 
de gr e e  t o  wh i ch unde r g r o un d i n g  of t r an sm i s s i on c ab l e s w i l l  t a k e  
p l a ce ; th e numb e r  o f  c i r c u i t - m i l e s  o f  h i gh c a p a c i ty cab l e s  wh i c h  
w i l l b e  r e q u i re d ;  a n d  the  re l i ab i l i t y a n d  e c onomi c s  o f  t h e s e  s y s 
tems . 

HYDRO GEN AS  A ME D I UM FOR TRANS PORT I N G  " E L E C TR I C I TY "  B E TWE E N  POWE R  
PLANT AND CUS TOME R ' S FUE L  C E L L  

As hy dro gen p r o du c e d b y  e l e c t r i c  p owe r w o u l d b e  mo r e  c o s t l y  
than the p owe r i ts e l f ,  th e r e  mus t b e  o f fs e t t i n g  e c o n o m i e s  o f  t ran s 
m i s s i on and d i s t r i b ut i o n  o f  hydro gen  fo r i t  t o  b e  e c onomi c a l l y com
p e t i t i ve . 
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Exh ib i t  VI I 
The a dvan t a g e  o f  p i p e l i n in g  fue l de r i ve s  from  the  e c onomi e s  

o f  s c al e  a s  t he sy s t em s i z e i s  in c r e a s e d  t o  ve ry l ar g e c ap a c i t i e s , 
l owe r ing t he un i t - e n e r gy t ran s fe r  co s t . E l e c t r i c  powe r s y s t em s  
a ch i e ve th e s am e  e f fe ct by g o in g  t o h i g he r  t r an smi s s ion vo l t a ge 
l e ve l s .  I t  i s  e s t i ma t e d  th a t  a s t a n dar d 3 6  i n c h  g a s  l i n e  c o u l d  
c a rry hy dro gen e qu i va l ent t o  2 1  t r i l l i on  B T U ' s  p e r  ho u r ,  o r 6 , 1 5 4 
Wv . Th i s  i s  a b o u t  s i x t i me s t he cap a c i ty o f  a l ong 5 0 0 - KV l in e  
w i t ho u t  c o mp en s a t i on . An o th e r  a dvant a g e  o f  hy d ro gen g a s  t r an s 
mi s s io n woul d b e  t h a t  s i gn i f i c an t q uan t i t i e s  may b e  s t o r e d  in the  
p ip e l in e  by v a ry i n g  op erat ing p re s s ure .  

I t  i s  no t c e r t a i n  t h a t  e x i s t ing n a t ural  g a s  ma in s c o u l d s a fe l y  
han d l e hyd ro g e n  b e ca u s e  o f  i t s  h i gh l ea k age  c o e f f i c i e n t . Un l e s s  
a de quat e s e a l i n g t e chn ique s a r e  deve l o p e d , a new d i s t r i b ut i on s y s 
t em m i gh t  b e  re q ui re d . 

2 0 0  



Exh ib i t  V I I I  

F UE L  S UB S T I T UT I ON POS S I B I L I T I E S  PE RT I NENT TO  THE 1 9 8 0 ' S  

The e l e c t r i c  u t i l i ty i n dus try i s  an i mp o r t an t  are a t o  p romo t e  
th e ene r gy cons e r va t i on e f fo r t  t o  c on s e rve s c a r c e  fu� l r e s o ur c e s . 
Two r e as o n s  e x i s t :  ( 1 )  the i n dus t ry i t s e l f i s  a s i gn i f i c a n t  us e r  
o f  s ca r c e  fue l s  and i n s o far a s  i t  c an imp r o ve i t s  e f f i c i e n cy b y  
conve rs i on o r  s h i ft in g  i ts g e ne r a t i ng r e q u i re me n t s  t o  mo r e  p l e n t i 
ful fue l s , deman d s  on s c a r c e  s upp l i e s  w i l l  b e  r e duc e d ; and  ( 2 )  
e l e c tr i c i t y gene r a t e d  from p l en t i fu l  r e s o ur c e s  c an b e  s ub s t i t u t e d  
fo r s ca r c e  fue l s  i n  en d - us e mar ke t s , s av i n g  no t o n l y a t  t h e  p o i n t  
o f  ul t i ma t e  cons ump t i o n , b u t  a l s o  i n  p r o c e s s i ng a n d  t r ans p o r ta t i o n  
ma rke t s . On l y  th e f i r s t o f  th e s e r e a s ons  f a l l s  w i t h i n t h e  s c o p e  
o f  th i s  rep o r t . Th e fo l l ow in g  i s  a n  an a l ys i s  w h i ch  quan t i f i e s  t h e  
e l e c tr i c  powe r i ndus t ry ' s  po t en t i a l  for  mi n i m i z i ng  i t s o wn u s e  o f  
o i l and g a s  th r o ugh 1 9 8 5 , und e r  vary i n g  a s s ump t i on s  o f  g r ow th i n  
e l e c t r i c  ene r gy demand s . 

For  th i s  an a l y s i s , s e ve r a l  u t i l i ty vi ew s  we r e  s o l i c i t e d  r e 
g a r d i n g  the  p o s s i b l e  r a nge s o f en e r gy deman d s  and fu e l  mi x e s  fo r 
th e 1 9 8 0 - 1 9 8 5  p e r i o d . B a s e d  on  the s e  e s t i ma t e s , r e p re s e n t a t i ve 
min imum and max imum g rowth s ce n a r i o s  we re e s t ab l i s h e d  a l on g  w i th 
fue l mi xe s wh i ch con fo rme d w i th r e a s o n ab l e  c on s t r a i n t s  on fue l 
avai l ab i l i ty whi l e  ho l d i ng g a s  and o i l  us e t o  a r e a l i s t i c  m i n i mum . 
Both  s c e nar i o s  app e a r  o n  Tab l e  3 3 . 

Th e l ow g r ow th c a s e a s s ume s a s t e ady  i n c r e a s e i n  th e d emand 
fo r e l e c tr i c i ty b e tw e e n  1 9 7 4  and 1 9 8 5  a t  t h e  r a t e  o f  4 . 5  p e r c e n t  
p e r  y ear . T o  s up p l y  th i s  e n e r gy , i t  p ro j e c t s a " l ow "  i n s t a l l e d 
mi d - ye ar nuc l e a r c ap a c i ty o f  8 0  g i g aw a t t s  ( GW)  i n  1 9 8 0  and 1 5 0  GW 
in 1 9 8 5 , o p e r a t ing  at c ap ac i ty fac t o r s  o f  6 0  p e r c e n t , o r  5 , 2 6 0  
hours  p e r  ye ar , and 7 0  p e r c e n t , o r  6 , 1 3 0 h o ur s  p e r  y e ar , r e s p e c t ive 
l y . G a s  ava i l ab l e  f o r  powe r gene r a t io n  i s  a s s um e d  to  d e c l i ne a t  
an  i n c r e as i ng r a t e  s o  tha t  b y  1 9 8 5 , g a s - f i r e d  g e n e r a t i o n  r e p r e s e n t s  
o n l y  3 5  p e r c e n t  o f  i t s 1 9 7 4 v a l u e . O i l  u s e c o n fo rms w i th t h e  Pr e s 
i de n t ' s  Oc tob e r  8 ,  1 9 7 4 p ro po s a l  o f  r e duc i ng p o w e r  p l an t  c o n s ump 
t i on b y  1 m i l l i o n  b a r re l s  p e r  d a y  b y  1 9 8 0 . Hyd ro power i s  p r e d i c te d  
t o  grow b y  o n l y  1 5  p e r c ent  thr o u gh 1 9 8 5  and s ma l l  amoun t s  o f  g e n e r 
a t i o n  fr om g e o the rma l s o ur c e s  and the c omb u s t i o n  o f  mun i c i p a l  was t e  
a r e  as s ume d . Th e r ema i n i n g  fu e l  r e qu i r emen t s  a r e  s up p l i e d  b y  c o a l ; 
i t s c o n s ump t i o n  b y the  u t i l i ty indu s t r y  i n c r e as e s  b y 7 0  p e r c e n t  b e 
twe en 1 9 7 4  and 1 9 8 5  wi t h  th e gr e a t e s t i nc r e a s e c o m i n g  b e tw e e n  1 9 7 4 
and 1 9 8 0 . Dur i ng th i s  6 y e ar p e r i od , c o a l u s e b y  u t i l i t i e s  wou l d  
r i s e  from near  4 0 0  mi l l i o n  tons  t o  s ome 6 3 0  m i l l i on tons . *  

* The 1 9 8 0  c o a l  r e q u i r emen t woul d re p r e s en t  ab o u t  7 0  p e r c e n t  
o f  th e c o a l  i n dus try ' s  p o ten t i a l  o u tp u t  und e r  " b us in e s s  a s  u s ua l "  
condi t i ons  a s  e s t i ma t e d  b y  the  FEA i n  i t s Pr o j e c t  In d e p e n d e n c e  
R e p o r t . 
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TABLE 3 3  
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l ::r'  1-'· 

Ci' 
REPRES ENTATIVE UPPER AND LOWER GROWTH TRENDS OF I �· ELECTRIC POWER P OWER GENERATION AND THE IR IMPACTS ON FOS S IL FUEL REQUIREMENTS-- 1 9 7 4- 1 9 8 5  < 

H 
19 7 4  1 9 80 1 9 85 I �  

Low Case* Bill ion KWH Trill ion BTU ' s  B ill ion KWH Trill ion BTU ' s  B il l ion KWH Trill ion BTU ' s  -

Nuclear 115 1 , 2 10 420 4 , 410 9 20 9 , 66 0  
Coal 85 5 8 , 6 3 5  1 , 360  1 3 , 8 7 0  1 , 480 14 , 80 0  
Oil 2 9 0  3 , 1 30 100 1 , 100 100 1 , 05 0  
Gas 310 3 2 410 2 20 2 2 42 0  1 1 0  1 2 2 10 
S ub total 1 , 5 70 1 6 , 3 85 2 , 10 0  2 1 , 80 0  2 , 610 2 6 , 7 2 0  
Hydroelectric 2 7 7  2 , 9 10 300 3 , 15 0  320 3 , 36 0  
Geotherma l  3 30 7 7 4  2 0  2 1 0  
Wood and 

Was t e  - - 3 3 1  20 200 
Total 1 , 85 0  19 , 3 2 5  2 , 4 10 2 5 , 05 5  2 , 9 7 0  30 , 4 9 0  

I 
N 
0 
N ' High Caset 

Nuclear 115 1 , 2 10 5 12 5 , 38 0  1 , 640 1 7 � 2 2 0  
Coal 8 5 5  8 , 6 35 1 , 45 6  1 4 , 9 30 1 , 8 7 5  1 8 , 2 80 
Oil 290 3 , 130 400 4 , 300 100 1 , 05 0  
Gas 310 3 410 220 2 , 420 110 1 2 2 10 
Sub t o tal 1 , 5 70 16 , 3 85 2 , 5 8 8  2 7 , 0 3 0  3 ,  7 2 5  3 7 , 760  
Hydroelectric 2 7 7  2 , 9 10 300 3 , 15 0  3 2 0  3 , 3 60 
Geothermal 3 30 7 7 4  4 0  4 2 0  
Wood and 

Was t e  - - 5 5 1  40 400 
To tal 1 , 85 0  1 9 , 3 2 5  2 , 90 0  30 , 305 4 , 12 5  41 , 9 40 

* Annual growth rate o f  kilowa t t  hour consump t ion for the 1 9 7 4- 1 9 8 5  per iod i s  proj e c t ed to be 4 . 5  

percent per year . 
t Annual growth rate o f  kilowa t t  hour consump t ion is proj e c t ed to b e  7 . 8  percent per year for the 

19 7 4- 19 80 per iod and 7 . 3  p er cent per year for the 1 9 8 0 - 1 9 8 5  p er iod . 



E xh i b i t  VI I I  

Th i s  l ow g r ow th s c e na r i o  woul d p e rmi t the  r e duc t i o n  o f  c o m 
b in e d  o i l  a n d  g a s  c o n s ump t io n  by  6 5  p e rc e n t  b e tw e e n  1 9 7 4  an d 1 9 8 5 , 
i n  c on j un c t i on wi th a ch i e vab l e  in c r e a s e s  i n  c o a l  a n d  nuc l e ar o u t 
p u t . Howeve r , t h e  as s ume d l ow r a t e  o f  e l e c t r i c i ty g r o w t h  i s  c on 
s i de r e d  imp rob ab l e . Mo r e  p rob ab l y , h i gh e r  g r ow th r a t e s  i mp l y d i 
min i s he d  ch anc e s  o f  a ch i e v in g  the p r o p o s e d  r e du c t i on i n  o i l  c o n 
s ump t i o n , e s p e c i a l l y  in l i gh t o f  s e emi n g l y i n e v i t ab l e  c utb a c k s  in 
gas avai l ab i l i ty . 

The h i gh g r owth s c e n a r i o  fo r e l e c t r i c i ty c on s ump t i o n p r o j e c t s  
a con t i n ua t i o n  o f  h i s t o r i c al  growth r a t e s  th r o ugh 1 9 8 5 , w i th annua l 
growth in cremen t s  o f  7 . 8  p e r c e n t  p e r  ye a r  un t i l  1 9 8 0  and 7 . 3 p e r 
cen t p e r  y e ar from 1 9 8 0  t o  1 9 8 5 . S uch vi g o r ou s  g r ow th p r o b ab l y  
imp l i e s a c on s i d e r ab l e  s ub s t i t u t i o n  o f  e l e c t r i c i ty fo r o i l  and g a s  
i n  end - us e  marke t s ; a s  men t i on e d  e ar l i e r , no e f fo r t  h a s  b e en made 
he re  t o  quan t i fy the add i t i o n a l e ff e c t s  of s u ch s ub s t i tu t i on . 

I n  th i s  s c e n a r i o , hydr o e l e c t r i c  p r o d uc t i o n i s  th e s ame a s  i n  
th e l ow g r ow th c a s e . G en e r a t i o n  from g e o the rma l s ou r c e s  and r e fus e 
in  1 9 8 5  i s  twi ce  th a t  a s s ume d i n  the  l ow g row th c a s e b ut i t  i s  
s t i l l  o f  l i t t l e  c o n s e q uen ce . *  Gas  ava i l ab i l i ty i s  r e du c e d a t  the 
s ame r a t e  a s  in the l ow growth c a s e but nu c l e a r p r o duc t i o n is  a s 
sume d to  b e  2 2  p e r c e n t  h i g he r by 1 9 8 0  and 7 8  p e r c e n t  h i g h e r by  
1 9 8 5 . The n uc l e ar fi g ur e s  are  b as e d on  e xp e c t e d  m i d - y e a r  i n s t a l l e d  
cap a c i t i e s  o f  9 0  G W  i n  1 9 8 0  and 2 5 0  GW i n  1 9 8 5 , o p e r a t i n g  a t  r e 
s p e c t i ve c ap ac i ty f a c t o r s  o f  6 5  p e r c e n t , o r  5 , 6 9 0  h o u r s  p e r  ye ar , 
an d 7 5  p e r c en t , o r  6 , 5 7 0 h o u r s  p e r  y e a r . t  C o a l  u s e  w o u l d mo re than 
do ub l e  i n  th i s  s ce n ar i o  r i s i ng from n e a r l y  4 0 0  m i l l i o n  t o n s  i n  1 9 7 4  
t o  a r o und  8 2 5  mi l l i o n  i n  1 9 8 5 , w i th a 1 9 8 0 c o n s ump t i on o f  o ve r  6 7 5 
mi l l ion  tons . Me e t in g  s uch a c o a l  demand wo u l d t a x  the  min i n g  in 
dus t ry ' s  e xp ans i o n  capab i l i t y ,  e s p e c i a l l y  i f  g r ow th i n  co a l  c o n 
sump t ion by  o the r s e c t o rs o f  the e co n o my i s  a l s o  a s s ume d . 

* The E PA h a s  p ro j e c t e d  an annua l e ne r gy p o t e n t i a l  from r e fus e 
o f  s ome th i n g  l e s s  than . 7  quadr i l l i o n  BTU ' s p e r  y e a r  i n  1 9 8 5 . I t  
has  b e e n  as s ume d fo r the h i gh cas e that  a t  mo s t ,  6 0  p e r c e n t  o f  t h i s  
t o t a l  co u l d  b e  c o n ve r t e d  t o  e l e c tr i c  en e r gy a t  a h e a t  r a t e  o f  1 0  
th o us and B T U ' s p e r  KWH , e q u i va l e n t  t o  4 0  b i l l i on K WH . 

G e o th e rma l gene ra t i o n  fo r 1 9 8 5  was  e s t i ma t e d o n  t h e  b a s i s  o f  
s ome 7 , 0 0 0  MW i n  ope r a t ion  ( h i gh c as e )  w i th an annua l u t i l i z a t i on 
of  6 , 0 0 0  h o urs . 

t As o f  O c tob er 1 ,  1 9 7 4 ,  the E di s on E l e c tr i c  I ns t i tu t e  ( E E l )  
Semi - A nn u a l E l e c tr i c  Po w e r  Sur v e y  s howe d s om e  1 8 3 , 0 0 0  MW o f  nuc l e a r  
cap ac i ty i n  o p e r a t i o n  o r  s ch e dul e d  fo r c o mme rc i a l s e r v i c e . O ve r 
1 0 0 , 0 0 0  MW o f  th i s  to t a l  wa s fo r 1 9 8 0  o r  l a t e r  o p e r a t i on . W i th 
p re s e n t  l e ad t i me s  o n  n uc l e ar p l an t s  app r o a ch i n g  l O . y e a r s , the  i n 
s t a l l a t i on o f  2 5 0 , 0 0 0  MW o f  nuc l e ar b y  1 9 8 5  w o u l d app e a r  t o  b e  the  
max imum a c h i e vab l e  un l e s s  chan g e s  i n  l i ce n s i n g  p r o c e dur e s  we r e  to  
drama t i c a l l y  r e du c e  l e a d  t im e s . 
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I n  th i s  s ce n a r i o , o i l  cons ump t i on by  the  e l e c t r i c  u t i l i ty i n 
dus try  co ul d n o t  b e  r e du c e d  b y  1 9 8 0  a s  o ut l i n e d  i n  th e P r e s i de n t ' s  
p rop o s al . I n  fa c t , o i l r e q u i r emen t s  fo r p ow e r p r o d uc t i o n  i n  1 9 8 0  
woul d in c r e a s e by  3 7  p e r c e n t  o v e r  1 9 7 4 , r i s ing  fr o m  s ome 1 . 4  mi l 
l i on b a r r e l s  p e r  day t o  n e a r ly 2 mi l l i o n  b ar r e l s  p e r  day . * Th i s  
incre a s e r e s ul t s  from n e a r - t e rm l im i t a t i o n s  on t h e  e x p an s i o n  o f  
nuc l e ar and c o a l  fi r e d  gene r a t ion  wh i c h  r e s t r i c t th e c o mb i ne d i n 
c re a s e  i n  e n e r gy from  the s e  two s o u r c e s  t o  h a r d l y  mo r e  than 1 0 0  
pe r c e n t  b e tw e en 1 9 7 4  and  1 9 8 0 . 

Afte r 1 9 8 0 , th e s c en a r i o  r e fl e c t s  c on s i de r ab l e  i mp ro ve me n t  in 
the ut i l i t y indus t ry ' s  p o t en t i a l  for  r e duc i n g  b o th o i l  and gas con 
s ump t i o n  in  s p i t e o f  c o n t inue d r ap i d g row th i n  e l e c t r i c i ty r e q u i r e 
men ts . Thus , a ne t de c l ine in o i l  us e o f  1 m i l l i o n  b a r re l s  p e r  
day comp a r e d  t o  1 9 7 4 ' s  cons ump t i on  c o u l d p rove  p o s s ib l e . I t  mus t 
b e  s t re s s e d , howe ve r , that  a t t a i n ing  s uch  a g o a l  wh i l e  s upp l y i n g 
r ap i dl y  r i s i ng e ne r gy demands w ou l d e n t a i l s t renuous  e f fo r t s i n  
t h e  co a l  a n d  n uc l e a r  indus t r i e s . I n  t h e  c a s e o f  n uc l e a r  p l an t s , 
c ap a c i ty w ou l d h ave t o  b e  adde d a t  a n  a ve ra g e  r a t e  o f  3 2 , 0 0 0  MW 
p e r  y e a r  b e tw e en 1 9 8 0  and 1 9 8 5 . Such deve l o pmen t  wou l d  r e qu i r e  
s o l ut i on o f  the f i nanc i a l  and l i c en s ing p r o b l ems wh i ch now h i nde r 
the dev e l opmen t  o f  nuc l e ar p l an t s  for  the 1 9 8 0 ' s .  

The two rep r e s en t a t i ve s c enar i o s  de f i n e d  h e r e  o n l y  de s c r i b e  
p o s s i b l e  c as e s  t ow a r d  th e uppe r  and l owe r l im i t s and , o f  c o u r s e , 
the r e  e x i s t s an i n f i n i t e n umb e r  o f  p o t en t i al g r ow t h  t r e n ds and  fue l 
m i x e s  wh i ch l i e b e tw e e n  t he s e  e x treme s . One can e nv i s i on d e ve l op 
men t whi ch i nvo l v e s  a s omewh a t  s l owe r growth  i n  n uc l e a r  and/ o r  c o a l 
o u tp u t , and a n e t r e duc t ion o f  o i l  and gas  us e i de n t i ca l  t o  tha t  
o u t l in e d  ab o ve . C onve r s e ly , one  c an ima g in e  a s l i gh t l y  l owe r g r ow th 
in e l e c t r i c i ty r e q u i r e me n t s  as s o c i a t e d  w i th much h i ghe r o i l  c o n 
s ump t i o n , i f  b o th c o a l  and nuc l e ar de ve l o pmen t s  a r e  s u f f i c i e n t l y  
cons t r a ine d .  I n  any c as e r i t  app e a r s  tha t a d r ama t i c  r e duc t i on i n  
o i l  u s e  p r o j e c t e d  fo r e l e c t r i c ut i l i t i e s  i s  no t l i k e l y  b y  1 9 8 0  b u t  
may b e  fe as i b l e  b y  t h e  mid - to  l a t e  1 9 8 0 ' s .  On l y  unde r t h e  a s 
s ump t ion  o f  a ve ry l ow g r ow th r a t e  i n  o ve r a l l  e l e c tr i c i ty r e qu i re 
men t s  c o u l d s uch  an ob j e c t i ve b e  a c h i e ve d  b y  the  e n d  o f  the  p r e s e n t  
de cade . 

* I t  s ho u l d b e  n o t e d  tha t e ven an o i l  u s e r a t e  o f  2 mi l l i o n 
b a r r e l s  p e r  day wo u l d  b e  l ow comp a r e d t o  many e s t i ma t e s  made p r e 
v i o us ly .  F o r  e xamp l e , t h e  O c to b e r 1 ,  1 9 7 4 , E E I  Se mi - A nn ua l E l e c 
tri c Pow e r  S ur v e y  c o n t a ins  a fue l r e q ui remen t s  p r o j e c t i on w h i ch 
ind i ca t e s  a 1 9 7 9  u t i l i ty o i l  ne e d  o f  8 3 8  mi l l i on b a r r e l s , e q u i va 
l en t  to  an ave r a g e  da i l y  c o n s ump t i o n  r a t e  o f  2 . 3  m i l l i o n  bar r e l s . 
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