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PREFACE 

On January 20 , 19 70 , the Nat iona l Petro l eum Counc i l , an o ffi 
c i a l ly e s t ab l i shed indus try adv i s o ry b o ard to  the S ec r e t ary o f  the 
I n t e r i o r , was asked to  undertake a comp r ehens ive s tudy of the 
Nat i on ' s  ene rgy out l o ok .  Thi s  requ e s t  came from the As s i s t ant 
S e c r e t ary-Mineral Re s our c e s , D epartment of the Int e r io r , who a s ked 
the C ounc i l  to  p r o j e c t  the energy out l ook in the We s t e rn Hemi sphere 
into the futur e a s  near to  the end o f  the c entury as fe as ib l e , with 
part icular r e ference to  the evaluat ion of future trend s and the ir 
imp l i c at i ons for the Un i t ed S t a t e s . 

In  r e spon s e  to this  requ e s t , the Nat ional Petro l eum Counc i l ' s  
Commi t t e e  on U . S .  Energy Out l o ok was e s t ab l i she d ,  with a coordinat 
ing s ub c ommi ttee , four s u pp o rt ing sub commi t t e e s  fo r o i l , gas , o ther 
ene r gy fo rms and government p o l icy , and 14 task  group s . An organ i 
z a t i on chart appe ars a s  Appendix 2. In  July 19 71, the Counc i l  
i s sued an int e rim report  ent i t l ed U.S. En e r g y  Ou t Z o o k: A n  In i t i a Z 
A p p ra i s a Z  19?1-1985 whi ch ,  al ong with a s s o c iated task  gr oup report s , 
provided the groundwork for sub s equent inv e s t igat i on o f  the U . S .  
ene rgy s i tuat i on . 

Cont inu ing inv e s t igat i on by the Comm i t t e e  and c omponent sub 
comm i tt e e s  and task  group s r e su l t e d  in the pub l ic at i on in D e c emb er 
19 72 o f  the  NPC ' s  summary repor t , U.S. En e r g y  Ou t Z o o k, as we l l  as  
an exp and ed ful l  report  o f  the Committ e e . Indiv i dual t a s k  group 
r ep or t s  have b e en prep ar ed to include methodo lo gy , dat a , i l lu s t r a 
t i ons and c omputer program d e s c r i p t ions for the part icular ar ea 
s tud i e d  by the task group . Thi s  report i s  one o f  t en such det a i l ed 
s tud i e s . Other fuel  task  group reports  are ava i l ab l e  as l i s t e d  on 
the order form inc luded at the back of this vo lume . 

The find ings and r e c ommendat i ons o f  this  r eport  repres ent the 
b e s t  j udgment of the exp e r t s  from the ene rgy indus t r i e s . However , 
it  should b e  no t e d  that the p o l i t ical , econom i c , s o c ial and t ech 
no l o g i c al  fac tors  b e ar ing up on the l ong - t erm U.S . energy ou tlook 
ar e sub j e c t  t o  sub s t an t i a l  change with the p as s age o f  t ime . Thus 
futur e deve l opment s wi l l  undoub t edly provide add it ional ins ights 
and amend the c onc lus i ons to  s ome degr e e . 
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FOREWORD 

This rep o rt has b e en p rep are d  by the G as Demand T as k  Group o f  
the N at i onal Pe t ro l eum Counci l 's Commi t t e e  o n  the U . S .  Energy Out 
l o ok as part o f  i t s  final rep o rt . *  

U.S. En e rgy Ou t lo o k--Ga s  D emand up dat e s  the informat i on p re 
s ented  in the I n i t ial  App rai s a l and di s cus s e s  furthe r  the many fac 
t o rs inf luencing the demand for ut i l i ty p ip e l ine gas in the Uni ted 
S t at e s  during the 19 7 0 - 19 8 5  p e riod . 

During the p rep arat i on o f  the rep o rt , the t ask group made ev
e ry e f fo rt to  re l ate gas  demand to  various e c onomi c p arame t e rs in  
a quant i t at ive way . Howeve r ,  the inab i l ity to  p redict  such re 
l at e d  p arame t e rs as fue l p ri c e s , re gu latory changes , imp ort p o l i 
c i e s , fue l di s t ribut ion p o l i c i e s  and re s e arch and development e f 
fort s  frus t rated that e ffo rt . The t ask group was there fore f o rced 
t o  re ly up on more gen e ral i z e d  di s cus s i ons o f  the s e  factors , re l at 
ing them whe reve r p o s s ib l e t o  ava i l ab l e  dat a p rep ared by the Future 
Requ i rements Commi t t e e . t  

This  di ffi cul ty s e rves t o  emphas i z e  the need for defin i t ive 
p o l i ci e s  on mat t e rs affe c t ing the admin i s t rat i on of the ene rgy in 
dus t ri e s . Unt i l  the s e  un cert a in t i e s  are removed , i t  w i l l  b e  diffi 
cult to  p l an and fin ance the fac i l i t i e s  needed t o  s e rve the energy 
needs o f  the N at i on . 

* NPC , U.S. En e r gy Ou t lo o k--A R e p o r t  o f  t h e  N a t i o n a l  Pe tro le um 
C o un c i l's Commi t t e e  o n  U.S. En ergy Ou t lo o k  (De cemb e r  19 7 2 ) . 

t Future Requi rements Agency , Fu ture N a t u r a l  Gas R e qu i re m e n t s  
o f  t h e  Un i t e d  Sta t e s �  Vo l .  No . 4 ,  p rep are d by the  Future Require 
ments  Committee  for the Gas I ndus try Commi t t e e , Future Requ i rements 
Agency ( O c t ob e r  19 7 1) . 
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Chap t e r  One 

GAS DEMAND SUMMARY 

The demand fo r gas , or any other commodity , i s  e s t ab l i shed by 
i t s  comp arative va lue to the consume r in r e l at i on to  other a l t e rn a 
t i v e s  and i s  t emp e red b y  the r e l ative c o s t s  o f  choos ing e ach a l t e r 
native . In  thi s c as e ,  the value o f  gas t o  the u s e r  i s  b e ing i n 
creas e d  by the demand for c l e an fue l s  ne ce s s ary to  comp ly w i t h  in 
creas ingly s evere air p o l lution contro l regul at i ons . The p r i c e  o f  
gas in re l a t ion t o  other c l e an fue l s  i s  gen e r a l ly l ow and i t  does  
not app e ar that thi s r e l at ive l ow p r i c e  will  b e  incr e a sed suffi 
ci ent ly t o  b r ing gas supp ly and demand int o b a l ance b e fore 19 8 5 . 

The shortage o f  avai l ab l e  gas alone d o e s  not de creas e the de 
mand fo r gas . An obvious inab i l i ty t o  ob t ain gas may reduce the 
numb e r  of vi s ib l e reque s t s  fo r gas s e rvi ce and cau s e  p o t ent i al us 
ers  to  accept s ome o ther a l t e rnat ive , but the p o tenti al demand re 
mains , un l e s s  the a l t e rnat ive cho s en p r e c lude s  convers i on t o  gas 
at s ome futur e date when add i t ional supp ly may b e come avai lab l e . 

I t  has b e en cus tomary wi thin the o i l  and gas indus t r i e s  to  re 
gard the amount o f  fue l  p r oduced in a given y e ar as the s up p ly and 
th e t o t a l  amount o f  fue l  purchas e d  by cus t omers as the market  d e 
mand. In  th i s  l im i t e d  s ens e , the to tal s upp ly and demand are 
equal , excep t for invent ory chang e s  wh i ch o c cur from year to ye ar . 

The o i l  and gas indus t r i e s  have t r adi t i onally s ought to pro 
vide adequate s upp l i e s  o f  fue l  t o  me e t  the demands o f  the i r  cus t o 
me r s  that i t  i s  s ome t imes as s ume d that s upp ly mus t  i n  fact  equal 
demand . However , there  have b e en at l e a s t  two o c cas i ons when thi s  
was no t the cas e . During World Was I I , the demands o f  the mi l i t ary 
l e ft insuffi c i ent gas o l ine fo r dome s t i c  mo t o r  fue l  u s e , and i t  was 
ne ce s s ary to rat i on gas o l ine . During the 19 5 0 ' s ,  the natural gas 
p ip e l in e  network could no t b e  exp anded rap i dly enough to  s erve al l 
o f  the new cus tome rs  who wanted gas , and the r e  were wai t ing l i s t s 
o f  p r o s p e c t ive cus tome r s  who could not ob t ain gas s e rvi ce . Thus , 
demand and supp ly have no t always b e en equal . Curren t ly , the s up 
p ly o f  gas in inadequate to  me e t  the demands o f  cus tome rs who de
s ire  gas s e rvi ce . For  s ome t ime to  c ome , it  is  exp e cted that the 
to t al p o t en t i a l  demand for g as w i l l  remain on ly p ar t i al ly s at i s 
fied , and e ffo r t s  are b e ing made to  a l l o cate  avai l ab l e supp ly on 
s ome ac cep t ab l e  b as i s . 

Gas demand i s  e s t ab l i s hed by the nature o f  gas and i t s  c omp e t 
i t ive fue ls  and the p r i c e s  a t  wh i ch e ach are o ffered . S ince the 
gas indus try is r e gu l at e d , the p r i c e  of  gas is s e t  by regu l atory 
author i t i e s . The cumb e r s ome regul atory p ro ce s s  makes p r i c e  re 
spons e s  to  market c ond i t ions t o o  s l ow fo r p r i ce t o  b e  used e ffe c 
t iv e ly a s  a devi ce  t o  contro l demand . Furthermore , s ince regu l a 
tory and l e g i s l at i ve activity c anno t b e  proj e c t e d ,  the imp act on 
demand c anno t b e  p r e d i c t e d . 

3 



I N I T I AL AP PRAI SAL 

Under the condi t i ons as s umed fo r the I n i t i a l  App r ai s a l , . the 
G a s  Demand T as k  G roup proj e c t e d  the demand fo r gas as it app e ar e d  
l i ke ly t o  deve lop wi thout s upp ly l im i t a t i ons . *  I t  w a s  recogn i z e d  
that gas c onsump t i on would b e  s everely r e s t r i c t e d  b y  s upp ly c ondi 
t i ons and that the demand wou l d  b e  a p o tent i al demand wh i ch could 
n o t  be ful fi l l e d  by the avai l ab l e  supp ly . A comp ar i s on o f  the 
proj e cted gas supp ly and demand is p re s ented in T ab l e  1 .  

Potential Demand 

Antic i pated Supply 

Indicated Shortfall 

TABLE 1 

GAS SUPPLY/DEMAN D COMPAR ISON 
(Trillion BTU's) 

1975 

30,268 

22,420 

7,848 

1980 

34,700 

22,480 

12,220 

1 985 

40,119 

22,180 

17,939 

The data p r e s ent ed in T ab l e  1 for p o t en t i a l  demand were de 
rived from 19 6 9  proj e c t i ons o f  gas requi rements comp i l e d  by the 
Future Requi rements Commi t t e e  ( FRC) . t  The s e  data r e fl e c t  no con 
s i deration o f  g as s upp ly l i mi t at i ons o r  r e l at ive changes in the 
energy p r i c ing s t ructure dur ing the proj e c t i on p e r i o d . 

T o t a l  requi rements were p roj e c t e d  t o  incre ase  from 2 4 . 9  qua 
dr i l l i on BTU ' s  in 19 7 0  t o  4 0 . 1  quadr i l l i on BTU ' s  in 19 8 5 - - an in 
creas e o f  6 1  p e r c ent dur ing the 15 -year p e riod . The s e  proj e c t e d  
gas  requirement s  w e r e  b roken down b y  categories  o f  u s e  fo r e ach 
P e t ro l eum Admin i s trat i on for D e fens e  (PAD ) d i s t r i ct , and data were 
p r e s ented fo r 5 - ye ar interv a l s . 

I n  addi t i on ,  the fi e l d u s e s  o f  natural gas were e s timat e d  with
in e ach PAD di s tr i c t  for e ach year through 19 7 5  and for 5 -year in
t e rval s through 19 8 5 . The s e  data inc lude d gas p l ant shr inkage , gas  
us e d  and vented  at l e as e s  and gas  p l ant fue l .  D at a  was also  t ab u 
l a t e d  for gas used  to manufacture chemi c a l s . 

* NPC , U.S. En e rgy Ou t lo o k: A n  In i t i a l  Appr ai s a l  1971-1985, 
Vo l .  I I  (Novemb e r  19 7 1) , pp . 9 9 - 112 . 

t FRC , Fu t u r e  N a t u r a l  G a s  R e qu i r em e n t s  o f  t h e  Un i t e d  St a t e s ,  
Vo l .  N o . 3 ,  p r ep ared b y  FRC fo r the G as Indus try Commi t t e e , Future 
Requi rements Agency (Septemb e r  19 6 9 ) . 
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F I NAL REPORT 

Unde r the c ondit i ons as sume d for the fin al rep o rt on U . S .  E n
ergy Out l ook , the Gas D emand T as k  G roup has reviewed the gas re 
qui rements p r o j e c t e d  in the I n i t i al App rai s al in l i ght o f  fac t o r s  
whi ch may influence natural g a s  demand , such as air  po l lu t i on con
tro l regul at i ons , changes in  r e l at ive p r i ces  of  fue l s , improvements 
in energy util i z at i on e ffic i en cy , and changing t e chno l o gy. Th i s  
was done b y  fi r s t  up dat ing and revis ing the demand p roj e ct i on us e d  
i n  t h e  I n i t i a l  App rai s al t o  s e rve a s  a b a s e  cas e for the c o mp ar i s on 
o f  the various factors  cons idere d . 

S ince the I n it i al App r a i s al was c omp l e ted , the FRC is sued 
Vo lume No . 4 of its gas  requirements report . *  This s up er s edes  the 
proj e c t i ons made by FRC in 19 6 9  wh ich provided the b as is o f  the 
demand pro j e c t i on used in the I ni t i al App rai s al . t  Data deve l op e d  
and comp il e d  by the FRC include ac tual d a t a  o n  g a s  requirement s  i n  
the Uni t e d  S ta t e s  fo r the year s  19 6 4  through 19 7 0 ; e s t imated d a t a  
fo r the 19 7 1- 19 7 5  p e r i od ; and proj e c t e d  d a t a  fo r 19 8 0 , 19 8 5  and 
19 9 5 . The 19 7 1  report  fo l l ows the p a t t ern o f  the 19 6 9  r eport  and 
increas e s  it s e s t imate o f  gas required in mo s t  categories  and g e o 
graphical  r e g i ons . 

The me thodo l o gy emp l oyed by the FRC in the as s emb ly and p r o 
j e c t i on o f  the s e  data is d e s c r ib ed in c on s i de r ab l e  detai l in Vo l 
ume No . 4 .  I t  i s  r e fe r r e d  to  here only t o  th e extent ne c e s s ary to 
interp r e t  the finding s of the G as D emand Task G roup . Two imp o r t ant 
assump t ions made b y  the FRC should be men t ioned , however: 

• The FRC as sumed that "there wi l l  be an adequate s upp ly of 
gas for all e s t imated requi rements for all p e r i ods c overed 
by the s urvey . ":t: 

• The FRC fur ther as sumed that "the p r e s ent day p r ic e  r e 
l a t i onship o f  g a s  to  the comp e t ing fue l s  w il l  r emain 
e s s en t i a l ly the s ame in the future .  However , individual 
c omp an i e s  were  asked to  c ons ider ' known ' chang e s  in the s e  
r e l at i onship s i n  the ir marke t are a . "+ 

The FRC ' s  19 7 1  r ep o r t  i s  used  in the U . S .  Energy Out l o ok r e 
p ort  a s  the b as i s  fo r p r o j e c t ing future gas demand . Ho we v e r �  i n  
t h i s s tudy i t  i s  co n s i d e r e d  a s  a bas e  ca s e  o n ly .  Cons ider ab l e  
d is cu s s i on i s  p re s ented  b y  the G as D emand T as k  G roup o f  the e ffe c t s  

* FRC , Fu t u r e  N a t u r a l  G a s  R e qu i r e m e n t s  o f  t h e  Uni t e d  St a t e s �  
Vo l .  No . 4 (Octob e r  19 7 1) . 

t FRC , Fu t u r e  N a t u r a l  Ga s R e qu i r e m e n t s  o f  t h e  Un i t e d  Sta t e s �  
Vo l .  No . 3 ( S ep t emb e r  19 69 ) . 

t FRC , Fu t u r e  Na t u r a l  Gas R e qu i r e me n t s  o f  t h e  Un i t e d  Sta t e s �  
Vo l .  No . 4 (October  19 7 1) . 
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o f  p r ic e  change s ,  environmen t a l  c on s iderations , gro s s  national 
produ c t  ( GN P )  and popu l a t ion t r ends , e ffic iency of fue l  us e , t e ch 
no l o g ic a l  d ev e l opments , and changes  in ut il iz a t ion e ffic iencies on 
the b as e  c a s e  proj e c t ion . 

The FRC data were no t in a form su itab l e  fo r us e in the NPC 
s tudy and had to be r e arranged . F irs t ,  the data had to b e  r e 
arrang e d  from the s t ate proj e c t ions deve loped b y  the FRC into  pro 
j e c t ions for the PAD dis tr ic t s . Map s  showing the PAD d is tr ic t s , 
FRC r e g ions , and c ensus d iv is ions are shown as F igur e s  1 ,  2 and 3 .  
I n  add it ion to  group ing the ac tual and proj ected  gas requir ements  
int o  the  five b as ic d is tr ict s ,  b r e akdowns were requ ir ed of PAD 
D is tr ic t  I into  the New Eng l and , Middl e  At l antic and S outh Atl ant ic 
C ensus D iv is ions , and of PAD D is t r ict  I I  into the E a s t  North C en 
t r a l  C ensus D iv is ion and a s e c t ion c overing the rema inder o f  
D is tr ic t  I I . Further , it was nec e s s ary t o  mod ify the c l a s s e s  o f  
gas  requ irement s  repor ted b y  the FRC t o  conform t o  the us e cate 
g o r ie s  u s e d  in the NPC s tudy . 

The fo l l ow ing p r o cedure was used t o  regroup the FRC data into 
the categorie s  emp l oyed in the NPC s tudy: 

• Firm r e s i d e n t i a l  p lus fi rm commerci al were equated t o  
r e s i d e n t i a l/comme rci a l. 

• Firm i n du s tri a l  p l us i n t e rrup t i ble were equated to 
i ndu s tr i al. 

WYOMING 

IV 

COlORADO 

NEW MEXICO 

NOTE: Alaska and Hawaii are 

included in PAD District V 

Figur e 1. P e tro l eum Admin is t r a t ion fo r D e fens e ( PAD) D is tr ic t s . 
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HAWAIIAN ISLANDS 

F i g ure  

8 
COLORADO 

NEW MEXICO 

2 0 Map o f  Re g i ons Us ed in 
Re q uirements  Commi t t e e  

NOTE: Alaska and Hawaii are 

included in Pacific Division 

F ut ure 
Report s .  

F i g ur e  3 .  C ens us D iv i s ions . 
HAWAIIAN ISLANDS 
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• Firm u t i li ty p o we r g e n e r a t i on plus i n t e rr up t i ble u t i li t y  
p o we r  g e n e r a t i on w e r e  equated to  e le ctric u ti li t i e s .  

• The tran s p o r t a t i o n  c a tegory required fo r the NPC s tudy was 
e s t imated from 1 96 9  data  r e ported by the Bure au of Mines  
on the  us e o f  gas for t r ans po r t at i on ( pr imar i ly pi pe l ine 
compr e s s o r  s ta t i on fue l ) .* The use for this pur po s e  for 
e ach PAD d i s tr i c t  c omputed as a pe rcent age o f  the t o t a l  
gas requ i r ement s ,  exc lus ive o f  f i e l d  use , i s  as fo l l ows : 
PAD D i s tr i c t  I -- 1 .7 percent ; PAD D i s tr i c t  I I - - 3 .5 per cent ; 
PAD D i s tr i c t  I I I - - 4 .3 per c ent ; PAD D i s tr i c t  I V--2 .7 per 
cent ; and PAD D i s tr i c t  V- - 2 .1 per c ent. Wi thin D i s tr i c t s  
I and I I , the s e  amounts  w e r e  al lo cated to  the appropr i at e  
sub reg i ons . I t  w a s  as sumed that the s e  per centage s  r e 
mained c ons t ant through 1 985 . 

• The quan t i t i e s  o f  gas  in the r e s i dent i a l /commer c i al , in
dus tr i a l , e l ec t r i c  ut i l i t i e s , and tran s portat i on c at e 
g o r i e s  were then s ub tr ac t e d  from the t o t a l  requirement s ,  
exc luding f i e l d  us e ,  for e ach PAD d i s tr i ct c omputed from 
the FRC data. The remain ing gas requi rements were ident i 
fied  a s  "raw mater i a l  and o ther , "  exc luding f i e ld us e .  
F i e ld u s e  .as defined by the FRC i s  that g a s  c onsumed a s  
fue l  o n  l e as es fo r pumping , dr i l l ing and o ther f i e l d  f a 
c il i t i e s ; fue l  and l o s s e s  and extract i on l o s s  ( s hr inkage)  
at gas proc e s s ing pl ants ; and quan t i t i e s  vented and fl ared 
on pr oduc ing pro pe r t i e s .  F o r  c ons i s tency w i th o ther task 
group r epor t s , f i e ld u s e , exc ept for the  shr inkag e due to 
the extr a c t i on of natur a l  gas l iquids , has  b e en added to  
the r aw mat e r i a l  and o the r category. The  f i e ld u s e  data  
r e po r t e d  by the FRC d o e s  inc lude the s e  l iqu ids and would 
resul t in doub l e  c ount ing unl e s s  r emoved for us e in thi s  
r e po r t .  

The 1 97 1  F RC r e po r t  do e s  no t pr ovide a b r e akdown o f  f i e ld u s e  
b y  reg ion o r  u s e .  However , the t o t a l  quant i t i e s  e s t imated for 
s hr inkage were provided by the FRC from unpub l i sh e d  dat a , and a 
r e g i onal b r eakdown was made b as ed on the reg ional e s t imate o f  
shr inkage pre s ented i n  the I n i t i al Appr a i s a l .  The f i e ld us e val 
ue s pre s ented in the 1 97 1  FRC r e port  are sub s tant i a l l y  higher than 
tho s e  r e po rted in the 1 96 9  FRC r e port  b e c aus e o f  a revi s i on in the 
h e a t ing values us ed. The s e  are pre s ented in T ab l e  2 ,  t o g e ther 
with the e s t imat e d  b r e akdown by PAD d i s t r i c t .  T h e  por t ion o f  
f i e l d  us e l ab e l ed "O ther" in T ab l e  2 h a s  b e en inc luded in the "Raw 
Mat e r i a l  and O th e r "  cate gory in T ab l e  3 .  

T ab l e  3 show s  a summary o f  gas  requirement s  by PAD d i s tr i c ts ,  
s ub d iv i ded in acco rdan c e  with the NPC c atego r i e s .  S inc e only the 
"O the r" f i e l d  u s e  c at e g o ry s hown in T ab l e  2 is incorpo r ated w i th 

* U.S .  Bur e au o f  Mine s , "Natur al  G as P roduct ion and C onsump
t i on: 1 96 9 , " Mi n e r a l  Indu s try Surv e y s  (Se pt emb e r  3 ,  1 97 0 ) . 
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TABLE 2 

ESTIMATED BREAKDOWN OF FRC FIELD USE PROJECTION BY PAD DISTRICT 
(Trillion BTU's) 

PAD District I PAD District II 

Middle South East North Total 
Use Category_ New England Atlantic Atlantic Total Central All Other Total PAD District Ill PAD District IV PAD District V U.S.* 

--

1965 Shrinkage - - 32 32 45 242 287 1,516 50 107 1,992 
Other - 10 4 14 89 34 123 1,250 57 191 1,635 

Total Field Use - 10 36 46 134 276 410 2,766 107 298 2,627 

1970 Shrinkage 0 0 25 25 41 300 341 1,954 66 99 2,485 
Other 1 19 3 23 230 181 411 1,554 94 143 2,225 

� Total Field Use 1 19 28 48 271 481 752 3,508 160 242 4,710 

Hi75 Shrinkage 0 0 6 6 56 389 445 2,285 82 103 2,921 
Other 1 10 5 16 295 187 482 1,799 104 105 2,506 

Total Field Use 1 10 11 22 351 576 927 4,084 186 208 5,427 

1980 Shrinkage 0 0 7 7 53 366 419 2,039 76 81 2,622 
Other 2 9 6 17 268 190 458 1,688 112 103 2,378 

Total Field Use 2 9 13 24 321 556 877 3,727 188 184 5,000 

1985 Shrinkage 0 0 6 6 46 318 364 1,772 66 71 2,279 
Other 2 9 5 16 233 167 400 1,465 110 87 2,078 

Total Field Use 2 9 11 22 279 485 764 3,237 176 158 4,357 

* Total U.S. data are provided by FRC for 1975,1980 and 1985. Regional breakdown and earlier years estimated from shrinkage and field use data presented in the NPC's Initial Appraisal. 



1-' 
0 

Use Category 

1965 Residential/Commercial 

Industrial 

Electric Utilities 

Transportation 

Raw Material & Other 

Total Inc. Field Use 

1970 Residential/Commercial 

Industrial 

Electric Utilities 

Transportation 

Raw Material & Other 

Total Inc. Field Use 

1975 Residential/Commercial 

Industrial 

Electric Utilities 

Transportation 

Raw Material & Other 

Total Inc. Field Use 

1980 Residential/Commercial 

Industrial 

Electric Utilities 

Transportation 

Raw Material & Other 

Total Inc. Field Use 

1985 Residential/Commercial 

Industrial 

Electric Utilities 

Transportation 

Raw Material & Other 

Total Inc. Field Use 

TABLE 3 

ACTUAL AND PROJECTED ANNUAL GAS REQUIREMENTS BY USE CATEGORY 
AND PAD DISTRICT FOR SELECTED YEARS 1965 THROUGH 1985 

(Trillion BTU's) 

PAD District I PAD District II 

New Middle South East North All Total 
England Atlantic Atlantic Total Central Other Total PAD District Ill PAD District IV PAD District V U.S. 

130 
30 
14 

3 
8 

185 

177 
52 

9 
5 
8 

251 

231 
77 
17 

6 
6 

337 

287 
97 
16 

7 
9 

416 

352 
124 

14 
8 
9 

507 

868 
452 
102 

26 
70 

1,518 

1,106 
578 
172 

33 
91 

1,980 

1,347 
862 
210 

43 
106 

2,568 

1,576 
1,063 

183 
50 

116 
2,988 

1,830 
1,276 

185 
59 

130 
3,480 

379 1,377 
428 910 
120 236 

17 46 
53 131 

997 2,700 

517 
654 
324 

27 
110 

1,632 

682 
1 '132 

339 
39 

139 

1,800 
1,284 

505 
65 

209 
3,863 

2,260 
2,071 

566 
88 

251 
2,331 5,236 

860 
1,506 

393 
50 

159 

2,723 
2,666 

592 
107 
284 

2,968 6,372 

1,060 
1,940 

483 
63 

181 

3,242 
3,340 

682 
130 
320 

3,727 7,714 

1,597 
1,030 

69 
104 
111 

2,911 

2,138 
1,494 

272 
144 
265 

4,313 

2,664 
2,377 

578 
205 
346 

916 2,513 
717 1,747 
456 525 

78 182 
78 189 

2,245 5,156 

1,059 
984 
699 
108 
445 

3,295 

1,232 
1,322 

870 
137 
522 

3,197 
2,478 

971 
252 
710 

7,608 

3,896 
3,699 
1,448 

342 
868 

6,170 4,083 10,253 

3,173 
3,085 

597 
250 
266 

7,371 

3,778 
3,802 

672 
300 
217 

1,424 
1,588 
1,058 

161 
553 

4,597 
4,673 
1,655 

411 
819 

4, 784 12, 155 

1,625 
1,804 
1 '121 

180 
565 

5,403 
5,606 
1,793 

480 
782 

8,769 5,295 14,064 

526 
2,595 
1,040 

198 
451 

4,810 

734 
4,140 
1,617 

305 
1,831 
8,627 

848 
5,284 
2,298 

393 
2,079 

10,902 

1,011 
6,038 
2,965 

465 
1,990 

12,469 

1 '182 
6,872 
3,852 

551 
1,774 

14,231 

208 
177 

36 
8 

22 
462 

260 
238 

63 
10 

104 
675 

310 
298 

83 
12 

115 
818 

349 
327 

95 
14 

122 

907 

394 
361 
116 

16 
119 

1,006 

773 
657 
586 

44 
159 

2,219 

910 
897 
759 

57 
262 

2,885 

1 '125 
1,289 
1,068 

74 
220 

3,776 

1,327 
1,457 

885 
80 

242 

3,991 

1,548 
1,626 

829 
87 

241 
4,331 

5,397 
6,086 
2,423 

478 
963 

15,347 

6,901 
9,037 
3,915 

689 
3,116 

23,658 

8,439 
12,641 

5,463 
909 

3,533 
30,985 

10,007 
15,161 
6,192 
1,077 
3,457 

35,894 

11 ,769 
17,805 

7,272 
1,264 
3,236 

41,346 



the NPC us e c a t eg o ry "Raw Mater i a l s  and O ther , "  the t o t a l s  are 
sma l l e r  than the FRC r e port  to t a l s  by the amount of s hr inkage due 
t o  remova l  o f  g a s  l iquids . T ab l e  3 more c l o s e ly repre s ents the 
requirement s  fo r dry pi pe l ine qua l i ty gas . All data are r e ported 
in uni t s  o f  tr i l l i on ( 10 12) BTU ' s .  (One tr i l l ion BTU ' s  i s  the 
equ ival ent of 1 b i l l i on cub i c  f e e t  [BC F ]  of natura l  gas hav ing a 
he at ing value o f  1 , 0 0 0  BTU ' s  per cub i c  fo o t  [CF ]. ) 

N atur al g as l i qu ids have b e en e xc luded ent i r e ly from th i s  
r e port  i n  order t o  avo i d  confus i on w i th o ther  t a s k  group r e port s .  
They are d e l e ted from t he futur e  gas  r equi r ements in order 'to 
make them comparab l e  w i th gas supply pr oj e c t i ons . No pr oj e c t i ons 
o f  o th e r  na tur al gas l iquid requ i rements have b e en include d .  
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Chapt e r  Two 

ECONOMETR I C  ANALYS I S  

A numb e r  o f  e conome tr i c  s tudi e s  have b een made o f  natur a l  gas 
demand in recen t  ye ar s .  Mo s t  o f  them have attempted to  r e l at e  gas 
demand to  pr i c e  in s ome me aningfu l  way that wou ld permi t the pre 
d i c t ion o f  futur e gas demand in r e l at i on to  ch ang ing pr i c e .  S e v 
er a l  s uch s tudi e s  w e r e  reviewed in an e ffort to  deve l o p  s ome b as i s  
for r e l at ing gas demand t o  pr i c e  o r  t o  other s i gn i f i c ant par ame 
t e r s .* 

E ach s tudy analy z e d  h i s t o r i c a l  data in an effort t o  re l at e  
gas  demand to  pr i c e .  However , f ac t or s  other than pr i c e  have an 
infl uence upon demand. S ome o f  the s e  factors , as we l l  as pr i c e , 
are d i s cus s ed b e l ow in order to  pr ovide s ome unders t anding o f  the 
numb e r  and compl exi ty of the var i ab l e s  invo lved. 

• Pr ice : Fue l pr i c e  i s , of c our s e , one obvi ous par ame ter 
affe c t ing demand. Howeve r , the market pr i c e  o f  fue l  is  
l e s s  s i gn i f i c ant th an the "as burned" pr i c e , whi ch in
c lude s  r e l at e d  c o s t s , such as  s t orage  equipment , c ombus 
t i on equi pment and invent o ry c o s t s , that are not r e adi ly 
i dent i f i ab l e and may vary among us e r s .  There are few 
s t at i s t i c a l  s ources  that repo r t  "as burne d" fue l c o s t s .  
Fur thermore , i t  i s  not only the pr i c e  i t s e l f , but a l s o  
the pr i c e  r e l at ive t o  o ther fue l s  that influenc e s  s e l e ct ion. 
The s i tu a t i on c an b e come very c ompl ex when thr e e  fue l s  such 
as c o a l , o i l  and gas are al l c ompe t i t ive in a g iven market. 

• In t e rrup t i ble G a s  R a t e s :  Sub s t an t i a l  amount s  o f  gas are 
s o ld t o  indus t r i a l  users dur ing the summert ime when i t  c an 
offer mor e  attractive r a t e s , w i th the unders tanding that 
the g as supply wi l l  be interrupted when and if the sup
pl i e r  ne eds the gas to s e rve the he avy winter  l o ads of 
f i rm c ontract cus t ome r s .  

S ince thi s  g a s  i s  s o l d  a t  the conveni ence o f  the s e l ler , 
the quan t i t i e s  that are o ffered are more  c l o s e ly r e l ated 
t o  the needs o f  the ut i l i ty than to the demands o f  the in
dus t r i a l  cus tome r s . F ac t o r s  such as s ummer gas  s t orage 
c apa c i ty , sys t em l oad factors , winter heating l o ad demands , 
and g as supply cont r ac t  t e rms a l l  enter the pi cture . Any 
att empt t o  analy z e  indus t r i a l  gas market s t at i s t i cs in 
order to  show pr i c e / demand r e l at ionships mus t  take into 
cons ideration the s e  ind i r e c t  influenc e s , whe re ve r  inter 
rupt ib l e  s al e s  c ontrac t s  are invo lved. 

* The s e  s tudi e s  inc luded the work of B a l e s tr a ,  Vi l l anueva , 
Verme t t en and P l ant inga , P .  W .  MacAvoy , E .  W .  E r i ckson , Ka z z oom 
and othe r s .  
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• A v a i labi li t y :  D emand i s  influenced by current and future 
avai l ab i l i ty o f  fue l s .  Even when there has b e en an abun 
dance o f  supply nat ionwi de , r eg i onal and s e as onal var i a 
t i ons i n  ene rgy demand have requ i r e d  the s t orage  o r  trans 
po r t at i on o f  cert ain fue l s  t o  b al ance s upply and demand. 
The co s t s as s o c i ated with th i s  a c t iv i ty are r e f l e c t e d  in 
l o c a l  and s e as onal pri c e  fluctuat i ons th at c an d i s tort 
s t at i s t i c a l  data. For exampl e , average annual s al e s  and 
pr i c e  data may adequat e ly repr e s ent a s t eady year-round 
indus t r i a l  fue l  demand but woul d  d i s tort the pr i c e / demand 
r e l at i on s h i p  o f  a heating l oad that o c curs only dur ing cold 
we ather when pr i c e s  are h i gher. Thus , month ly and r e g i o nal 
data on fue l pr i c e s  mus t  be re l at e d  to  par t i cular fue l uses  
r e g i on-by-r e g i on in  order to  b e gin to  corr e l a t e  demand and 
pr i c e  in a manner that can b e  used  for future pro j e c t ion 
o f  fue l demand. 

As the avai l ab i l i ty of var i ous fue l s  b e come s r e s t r i cted , 
the premiums pai d  for s to r age and t r an s port of des i r ab l e 
fue l s  w i l l  incre a s e .  Th i s  has al re ady b egun , but the h i s 
tor i c al records , whi ch l ag b ehind curr ent act iv i t i e s , are 
only b eg inn ing to  r e f l e c t  the chang ing pi c ture . P a s t  h i s 
to r i c a l  data do not indic ate what to  expe c t  in the future 
as fue l  avai l ab i l i ty change s .  

• In-Place C o n s ump t i o n  Faci li t i e s :  The demand for g as i s  re 
l ated to  the numb e r  o f  appl i ance s and g as -burning devices  
o f  various k inds of in-pl ace c onsumpt i on fac i l i t i e s .  Future 
gas demand c an b e  pr edicted  by e s t imat ing future invent ory 
o f  gas -burn ing equ i pmen t .  Howeve r , h i s tori cal data mus t  b e  
corre c t e d  f o r  the chang ing invent ory i n  o rder to  b e  appl i 
c ab l e  t o  future t ime per i o d s .  This  can b e  done , but i t  
entai l s  a c ompl ex fo re cas t o f  future appl i ance s al e s  that 
introduce s  addi t i onal unc e rt aint i e s .  A mathemat i c al mode l 
of gas  demand might prope r ly inc lude a mode l o f  future 
appl i ance and indu s t r i al equ i pment inventory. S ince the 
future  inventory is influenced by the current out l o o k  for 
fue l  s uppl i e s  and pr i c e s ,  th e r e  is a feedb ack effect th at 
mus t  be cons idered in bui l ding such a mode l. 

• R e la t i o n s h ip t o  Pr oduct i v i ty :  A maj or conce rn of the  indus 
t r i a l  u s e r  i s  no t the cos t o f  fue l i t s e l f  but i t s effe c t s  
upon pro du c t ion rates , pr oduct qual i ty ,  s cr ap r a t e s , e tc .  
Thus , dependab i l i ty o f  supply , s impl i c i ty of contro l ,  con 
s i s t ency o f  fue l  qual i ty ,  and f l ex ib i l i ty of o pe r a t i on may 
have greater  v alue than the d i fference b e tween var ious fue l  
pr i c e s .  The s e  factors  mus t  b e  con s i dered when hi s t or i c a l  
d a t a  a r e  examined to  de te rmine pr i c e / d emand r e l at i on s h i ps .  

• In tangi ble Fact o r s :  There  a r e  a l s o  intang ib l e  factors  that 
influence g as demand wh i ch c anno t be quan t i f i e d  or r e l ated 
to demand in me an ingful numb er s .  P e r s onal t a s t e s , h ab i ts , 
s e l l ing inf luence s ,  prov inc i a l i sm ,  mi s t aken impr e s s i ons , 
e t c . ,  a l l  h ave r e c ogni z e d  inf luen ce s , al though they c anno t 
b e  re l a t e d  to  demand in mathemat i ca l  t e rms . The i r  e ffe ct 
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i s  to s c atter  dat a p o ints  and t o  ob s cure corre l a t i ons o f  
repo r t e d  s t at i s t i c s that mi ght o therw i s e  provide us e fu l  
informat i on . 

Al l o f  the s e  var i ab l e s  are int e r a c t ing w i th e ach othe r at the 
s ame t ime . Hi s to r i ca l  data on ly re c ords the ove r a l l  net e f fe c t , 
and it b e c ome s di fficult i f  not imp o s s ib l e to  i dent i fy the i n 
fluence o f  e ach factor . Wi thout this  know l e dge , i t  b e c ome s im
po s s ib l e  to  predict  the net r e s u l t  of s p e c i f i c  chang e s  in the 
gove rn ing factors . 

Unfo rtunate ly , there are no e c onomics  l ab o r at o r i e s  in whi ch 
to e xp e r iment by chang ing e ach of the s e  vari ab l e s  one at a t ime in 
o rde r to ob s e rve the i r  inf luence up on the ove r a l l  s i tuat i on . I t  
i s  a rare o c currence to f ind any ins t ance in h i s t or i c a l  re cords in 
whi ch one var i ab l e  h as changed whi l e  al l othe rs  are known to  h ave 
remained c on s t ant . On ly then c an the inf luence o f  that p ar ame t e r  
b e  i dent i f i e d .  

Re s e archers hope to  bui l d  mathema t i c a l  mode l s  that c an s e rve 
as e conomi c l ab o rat o r i e s  in whi ch indivi dual p ar ame t e r s  may b e  
changed to  ob s e rve the i r  e ff e c t s . Howeve r ,  there i s  p re s en t ly no 
way to determine when such a mode l prop e r ly s imul at e s  the comp l ex 
interre l at i onship s of the real  w o r l d  that it rep r e s en t s .  Th i s  
g o a l  may b e  re ached i n  t ime b y  a s e r i e s  o f  s uc ce s s ive app roxima 
t i ons . As s uch mode l s  are bui l t  and us e d ,  the i r  defec t s  wi l l  b e  
i den t i f i e d  and corrected . I n  t ime , they wi l l  b e  re fined t o  s uch 
a degree  that they c an rep roduce h i s t o r i c a l  trends . As c onfi dence 
in the i r  us e increas e s , it wi l l  b e c ome p o s s ib l e t o  ut i l i z e them to 
p r e d i c t  future t rends . 

At the p r e s ent t ime , howeve r , the s t at e  o f  the art do e s  no t 
p e rmi t quan t i t at ive p r e di c t i on o f  the future trends o f  gas demand 
on the b as i s  of h i s t or i c a l  p e r forman c e s . I t  i s  therefore n e ce s 
s ary to  re ly up on j udgment a l  t e chn ique s in as s e s s ing the future 
demand for gas . Con s e quent ly , the maj o r  factors in the e c onomy 
that may influence g as demand are di s cus s e d in narrat ive s ty l e , 
making s uch j udgments as c an b e  made . 

The g as requi rements p re s ented  as the b as e  case  h ave b e en re 
vi ewe d  as re l at e d  t o  changes in GNP , ch anges in p opul at i on growth , 
imp l emen t a t i on o f  increas ingly s evere env i ronmental contro l s , 
chan g e s  in re l at i ve p r i c e s  o f  fue l s , and t e chn i c a l  advances  in im
p roved uti l i z at i o n  e ffi c i ency . D i s cus s ion of e ach of the s e  i tems 
as re l at e d  to gas demand are p r e s en t e d  in the fo l l owing chap ters . 
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Chapt er  Thr e e  

FUTURE GAS DEMAND AND THE GENE RAL ECONOMY 

HI STORI CAL GROWTH RATE 

Be for e d i s cu s s ing future gas demand in re l at ion to the gen 
eral  e conomy , i t  may b e  bene fi c i al t o  b r i e fly review the h i s t o r 
ic al growth o f  the gas  indu s t ry . 

In 19 5 0 ,  the t o t a l  annua l c on sump t ion o f  natural gas in the 
Uni t e d  S ta t e s  amounted to  6 , 15 0  t r i l l ion BTU ' s .  By 19 7 0 , c on 
sump t i on had incr e a s ed t o  2 2 , 0 2 9  t r i l l ion BTU ' s ,  amount ing t o  an 
ave rage annual incre a s e  o f  about 6 . 5  percent . Dur ing thi s s ame 
p e r iod , the c on sump t i on o f  al l fo rms of ene rgy inc r e a s e d  onl y 
ab out 3 . 5  perc ent pe r ye a r . Al though gas account ed for only 18 
perc ent o f  the t o t a l  ene r gy c onsumed in the Un ited S t a t e s  in 19 5 0 , 
i t  suppl i e d  3 2  pe rcent o f  the t o t al in 19 7 0 .  Thus , the gas indus 
t ry mus t  b e  rega rded as one o f  the maj o r  gr owth indu s t r i e s  in the 
coun t ry dur ing t he p a s t  2 0  year s . Some o f  the s e  s t a t i s t i c s  are 
pre s ented in T ab l e  4 ,  al ong with reported GNP and total popul a t i on . 

Dur ing the 19 5 0 ' s ,  when the g as indus t ry was exp and ing a s  
r ap id l y  a s  i t  c ou l d  finance and bu i l d  new pipel ines , it  grew at a 
rate  general l y  l e s s  than 15 per cent annual ly ,  even tpough there 
we re amp l e  r e s erv e s  of gas ava i l ab l e . S ince 19 6 0 , i t s  gr owth r ate 
has n o t  exc e e ded 8 p e rcent in any one year . The 5 - ye a r  ave r age s 
pr e s ented in Tab l e  4 s how that in recent ye ar s the gr owth rate  has 
gene r a l l y  been l e s s  than the average of 6 . 5  percent per y e ar for 
the 2 0 - ye ar period  19 5 0 - 19 7 0 . The mo s t  rap id gr owth o c curred 
pr i o r  t o  19 6 0 , and du r ing the 19 6 0 ' s ,  gas consump t i on inc r e a s e d  
a t  only a s l i ghtly h i gher r a t e  than t h e  t o t al ene r gy marke t .  

The d e c ade o f  the 19 6 0 ' s  repre s ented a s t ab l e  p e r i od o f  con 
t i nued gr owth in the gas indu s t r y .  The r e gul ated ut i l i t ie s  and 
the i r  suppor t ing indu s tr i e s , such as the p ip e l ine c ons t ruct i on 
indus try and the p ip e  manufactur ing indu s try , have been s i z e d  t o  
f i t  the s t e ady growth r at e  that preva i l ed . 

A sudd en inc r e a s e  in demand fo r natural gas fo r pol lut i on 
cont r o l  purp o s e s  woul d cre ate maj or problems in the s e  indu s tr i e s  
even i f  ade quate supp l i e s  o f  gas were  av a i l abl e .  Other fac t o r s  
wou l d  s oon l imit the ab i l i ty o f  the indu s try t o  r e s pond to  the 
demand . The need for add i t i onal c ap i t al to exp and fac i l i t i e s  and 
the phy s i c al l imi t a t ions o f  the c on s t ruc t i on and e quipment manu 
facturing indu s tr i e s  would s o on l i �i t exp an s ion . The t ime re 
qu i re d  t o  obt ain r e gu l a t o ry approval o f  new pro j e c t s , a s  we l l  a s  
to  p l an and j us t i fy new pr o j e c t s  to financing int eres t s , environ 
ment a l i s t s  and s t a t e  and federal agenci e s , may als o  govern the 
pace of expans ion . 

B e c au s e  o f  the s e  fac t o r s , i t  wo uld b e  d i fficu l t  for t he gas 
indus try to  exp and r ap id ly enough to  s at i s fy a sudden l a r ge demand 
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TABLE 4 

NATURAL GAS CONSUMPTI ON AND S ELECTED ECONOMIC FACTORS 

Natural Gas Consumrtion* Average Growth 

(Trillion BTU's Rate-Total Total Gas u.s. 
Consumption U.S. Energy Consumption Resident 

Residential/ All Past 5 Years Consumption to Total Energy GNP Population 
Year Commercial Other Total (Percent)t (Trill ion BTU 's)=l= (Percent) (Bi l l ions of$)§ (Millions) - -- --
1950 1,586 4,564 6,150 9.0 34,153 18 481 151.2 

1955 2,753 6,479 9,232 8.4 39,956 23 593 164.3 

1960 4,123 8,576 12,699 6.5 44,816 28 660 180.0 

1965 5,396 . 10,702 16,098 4.8 53,969 30 836 193.8 

1966 5,605 11,788 17,393 5.6 57,130 30 890 195.9 

1967 5,911 12,339 18,250 5.2 59,156 31 913 197.9 

1968 6,249 13,331 19,580 5.7 62,463 31 957 199.8 

1969 6,710 14,310 21,020 6.0 65,809 32 980 201.4 

1970 6,901 15,128 22,029 6.4 68,757 32 974 203.2 

Average 
Annual 
Compound 
Growth R ate 
from 1950 
to 1970 7.7% 6.2% 6.6% 3.6% 3.6% 1.5% 

* For the 1950.1970 period, total figure represents gross consumption reported by the Bureau of Mines, March 31, 1972, with residential/commercial consumption reported by the 
American Gas Association, Statistical Abstract of the United States ( 1971). 

t Percentages represent rolling average growth rate over preceding 5 years. 

:j:: American Gas Association, Gas Facts (1971), p. 24. 

§ GNP in constant 1970 dollars. 



fo r gas even i f  an adequate supp l y  wer e  avai l ab l e .  This l ack o f  
fl exib i l i ty i n  re sponding to  rap id change i s  c haract er is t ic o f  
c ap i t al - intens ive indu s tr i es , part icul arly tho s e  subj e c t  t o  c l o s e  
re gul a t i on b y  gov e rnment al agenc i e s . 

RE LAT I ONSHI P TO GNP 

Al thou gh to t al ene r gy con sumpt ion has grown at a r ate that i s  
c omp arab l e  with GNP , the consumpt ion o f  gas h a s  grown more r ap idly 
dur ing the p a s t  two dec ade s .  I t  is  int e re s t ing t o  compare the 
gr owth in gas c on sump t ion per unit  o f  GNP with the growth in 
ene rgy c onsump t i on per unit o f  GNP whi c h  was pr e s ented in the 
Ini t i al Appr a i s al . * 

The trend o f  gas consump t i on pe r un it o f  GNP i s  s hown gr aph
ic al l y  in  F i gure 4 ,  u s ing data pre s ented in T ab l e  5 which t abu
l at e s  the e s t imat ed future ga s requ irement s per dol l ar of GNP , 
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F i gure 4 .  Natur a l  Gas Consump t ion p e r  Do ll a r  
o f  Gro s s  Nat i onal Produc t . 

--- .. 

1985 

*NP C , U.S. En e rgy Ou t lo o k: A n  In i ti a l  A ppra i sa l  1971-1985, 
Volume I I  (November 1 97 1 ) , p .  4 .  
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TABLE 5 

R E LATIONSHI P BETWEEN GNP AND NATURAL GAS CONSUMPTION 

Natural Gas Natural Gas/ 
GNP Consumption GNP Ratio 

(Bi l l ion 1 970 Dollars) (Trill ion BTU's)* ( BTU's/$) 

1950 480.7 6,150 12,800 

1951 528.7 7,248 14,000 

1952 534.5 7,760 14,500 

1953 558.5 8,156 14,600 

1954 550.6 8,548 15,500 

1955 592.6 9,232 15,600 

1956 603.5 9,834 16,300 

1957 612.2 10,416 17,000 

1958 605.2 10,995 18,200 

1959 643.8 11,990 18,600 

1960 659.8 12,699 19,200 

1961 672.7 13,228 19,700 

1962 716.8 14,121 19,700 

1963 745.4 14,843 19,900 

1964 786.2 15,688 20,000 

1965 835.8 16,098 19,300 

1966 890.3 17,393 19,500 

1967 912.7 18,250 20,000 

1968 957.3 19,580 20,500 

1969 980.4 21,020 21,400 

1970 974.1 22,029 22,600 

1975 (est.) 1,1Q6.6t 28,479 23,800 

1980 (est.) 1 ,469.9t 33,516 21,700 

1985 (est.) 1 ,805.6t 39,268 21,700 

* 1950 to 1970 data from Department of the Interior, Bureau of Mines News Release, "U.S. Energy Use at New High 

in 1971 ," March 31, 1972, Supplement Table A and Table B; 1975, 1980 and 1985 data FRC requirements less field use 

( FRC, Future Natural Gas Requirements of the United States, Vol. No. 4 [October 1971]); Data are not strictly compar

able since Bureau of Mines data includes some field use. 

t GNP growth at 4.2 percent in constant 1970 dollars. 

u s ing c on s t ant 197 0 d o l l ars  and a GNP gr owth r at e  o f  4 . 2  pe r c ent , 
al ong w i th the h i s t o r ic al trend o f  the s ame parame t e r . Hi s to r i 
c a l l y , the c onsumpt ion o f  natural gas per d o l l ar o f  GNP (u s ing 
c ons t ant 197 0 do l l ar s )  has  incre a s e d  s t ead i ly from about 12 , 80 0  
BTU ' s per doll ar o f  GNP i n  195 0 t o  about 19 , 7 0 0  BTU ' s per do l l ar 
o f  GNP in 196 1 .  I t  then rema ined nearly cons t ant unt i l  196 6 when 
it r e sumed an incr e a s ing pat tern s im i l a r  to that expe r ienced w i th 
t o t a l  ene r gy c on sum pt i on during the l at e  196 0 ' s ,  re aching 2 2 , 6 0 0  
BTU ' s pe r d o l l a r  o f  GNP i n  197 0 . The pr o j e c t i on into the future 
u s ing the b a s e  c as e  data  ind i c at e s  a gradua l  decl ine in the 197 5 -
1985 pe r i o d , s ince the pr o j e c t ed ove ral l rate  o f  growth in gas  u s e  
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i s  l e s s  than the 4 . 2 pe rcent u s ed for the GNP growth rate . Thi s  
i s  c on s i s t ent wi th the total  energy pro j e c t i ons pre s ented in the 
In i t i a l  Appr a i s al which ind i ca t e  that the s har p r i s e  in ene r gy u s e  
pe r un i t  o f  GNP i n  the pas t  5 ye ar s i s  t empor ary and may s o on re 
vert to a mo r e  s t ab l e  re l a t i on shi p.  

The re  i s  no way o f  knowing wh at GNP growth rate  was  as sumed 
in pre pa r ing the FRC e s t ima t e , and it is pr ob ab l e  that e ach gr oup 
inv o lv e d  u s ed i t s  own r a t e  ( or some o ther d ev i c e )  in pr e par ing i t s  
e s t ima t e s . Thi s  compar i s on s imply re l at e s  the FRC e s t imate t o t al s  
t o  a s pec i fic GNP growth r a t e  and sugge s t s  that the s t e ad i l y  in 
creas ing c onsum pt i on o f  g as pe r un it  o f  GNP that has  o c curred over 
the pa s t  2 0  ye ars  may soon reach a pe ak and b e g in to  de c l ine a ft e r  
1 97 5 . 

No a t t empt has b e en made t o  corr e l at e  ind iv idual s e gment s o f  
gas c on sumpt i on wi th s pe c i fi c  e l ement s o f  the GNP , even thou gh it  
is  rec o gn i z ed that  indu s tr i al gas u s e s  c an b e  r e l a t e d  to  par t ic 
ul a r  s e gmen t s  o f  th e GNP whi l e  r e s ident ial / comme rc ial u s e s  may 
c or r e l a t e  b e t t e r  with po pu l a t i on tr ends . The re  ar e no ava i l ab l e  
pr o j e c t i ons o f  future e l ement s o f  GNP that would pe rmi t  b e t t e r  
e s t imat e s  o f  g a s  demand . I t  wa s the genera l o pinion o f  the t a s k  
group t h at e s t imat ing fu ture GNP by i t s  var ious e l ement s w a s  b e 
yond the s c o pe o f  thi s s tudy . 

I t  should b e  empha s i z e d  ag a in th at the hi stor ical  port ion o f  
F i gure 4 r e fl e c t s  a time pe r i od in whi ch demand , o r  consumpt i on , 
wa s in fac t not l im i t ed by supply. Conver s e ly , the forward pe r iod 
i s  one in whi c h  demand i s  a ssume d not to be su pply l imited . 

RELAT I ONSH I P  TO POPULAT I ON GROWTH 

The b as e  c as e  pr o j e c t i ons o f  gas  r e qu i rement s are not c ond i 
t i oned on a s pec i f i c  po pu l a t i on gr owth rate . The r e for e , we hav e  
no b as i s  o n  whi ch t o  c onve r t  the pro j e c t i ons fr om one gr owth r at e  
t o  ano t he r . We c an , howev e r , c ompare the b as e  c as e  pro j e ct i ons 
to a part icul ar po pul at ion gr owth rate . 

H i s torical l y ,  on a na t i onal b as i s , per c a pi t a  gas c onsumpt i on 
gr ew from 7 0 . 1  m i l l ion BTU ' s pe r c api t a  in 1 96 0  t o  1 0 9 m i l l ion 
BTU ' s  per c a pi ta  b e twe en 1 96 0  and 1 97 0 .  The future tr end is fo r 
fur ther incre a s e s , al though at a somewha t s l owe r r at e . Us ing the 
FRC t o t a l  gas r e qu i rement s exc lud ing f i e l d  u s e s , the per c a pi t a  
g a s  demand e s t imates  a r e  shown i n  Tab l e  6 fo r the Se r i e s  D po pu 
l at ion pr o j e c t io n s  o f  the Bure au o f  th e Censu s . 

The f igur e s  shown in T ab l e  6 ind ic a t e  that , fo r exampl e , an 
inc reas e in the to t a l  po pu l at ion o f  1 m i l l ion pe o pl e  ove r  the 
S e r i e s  D fore c as t for 1 980 would r e s u l t  in an incr e a s e  in gas re 
qu iremen t s  o f  about 1 47 t r i l l ion BTU ' s  annu al l y . 

P o pu l at ion c an be  pro j e c t ed more pr ec i s e ly than many other 
ind i c e s  of  fu tur e growth . The d i fference b e tween the S e r i e s  D 
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TABLE 6 

ESTI MATED ANNUAL PER CAPITA GAS R EQUI R EMENTS 

Mil lion BTU's per Capita 

1960* 
1965* 

1970* 
1975 
1980 
1985 

* Using Bureau of Census Data and gas consumption reported by Bureau of Mines. 

70.1 

83.3 
108.8 

132 
147 

163 

and S e r i e s  E fo r e c as ts o f  the Bur e au o f  the Census , for examp l e , 
amount s  t o  only about 2 m i l l i on people  in 1980 , or l e s s than 1 
perc ent o f  the t o tal popu l at ion . I f  p e r  c ap it a  gas d emand re 
ma ined nea r l y  c on s t ant , i t  would b e  po s s ib l e  to  pred i c t  fu tur e 
gas d emand qu i t e  accura tely . Unfortunat e ly , thi s i s  no t the c as e  
Per c ap i t a gas demand ha s b e en s t eadily  inc re a s ing a s  shown in 
Tab l e  6 .  Fur thermore , thi s quant ity var i e s  cons iderably in d i f 
fe rent r e g i ons o f  the c ountry . 

The h i s t o r i c al per c ap i t a  c on sump t ion o f  natur al gas wa s 
c a l cu l a t ed for each PAD d i s t r i c t , inc luding bre akdo wn s  w i thin 
c e r t a in d i s tr i ct s s uch a s  D i s tr i c t  I where p at t erns vary markedly 
wi thin the d i s t r i c t . The data s how wide var i at ions ranging fr om 
2 0  mil l ion B TU ' s  per c a p i t a  in New Eng l and to 3 4 0  mi l l ion BTU ' s  
p e r  c ap i ta in PAD Dis tr i c t  I I I  p r ima r i l y  due to var i at i ons in in 
dus tr i al tr end s , whi ch are  in turn r e l ated t o  such fac t o r s  as 
ava i l ab i l ity and r e l a t ive econom i c s  of ga s and al ternat ive fue l s  
a s  indu s t r i al fue l s . I t  is  recommended that only res identia l /  
c omme r c i al demand b e  c o rr e l ated wi th r e gi on al popu l at i on trend s . 

The s e  reg ional popu l at i on t rends have b e en re l ated to  
r e s ident i al / comme r c i al ga s .c on sumpt ion and are  pr e s ented in T ab l e  
7 and F i gure 5 .  I t  c an b e  s e en tha t  in each r e g i on the r e s iden
t i al /comme rc i al u s e  of gas per c ap i t a  gene r a l l y  fo l l ows the s ame 
upward t r end as  the nat ional d at a . In PAD D i s tr icts  I V  and V ,  
however , t h e  pr o j e c ted r a t e  o f  inc r e a s e  fa l ls o ff s omewhat c om 
p ared t o  o th e r  r e g i ons . An examinat i on o f  the growth rates  o f  
b o t h  p opu l a t ion and gas r e quiremen t s  revea l s  that thi s i s  due more  
to a l ower r a t e  of  incr e a s e  in gas consump t i on than t o  a higher 
rate  of popu l a t i on gr owth in tro th o f  the s e  PAD d i s tr i ct s .  

Thi s  inc r e a s ing trend in p e r  c ap i t a  ga s u s e  is due t o  b o th 
th e incr e a s ing market  share o f  g as and the spread to  suburb i a  and 
c an b e  exp e c t ed t o  cont inue as l ong as the tr end toward incr e a s ed 
l iv ing s p a c e  p e r  per son c ont inue s .  The annua l  rat e s  o f  incre as e 
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in t o t a l  re s id ent i a l / c omme r c i a l  per c a pi t a  gas  u s e  ar e given in 
T ab l e  8. The regional data  fo l l ow a s im i l ar pat t ern. I t  s hould 
b e  no ted , however , tha t the rate of increa s e  is  gr adua l ly d imin 
i sh ing . The s e  data sugg e s t  that  the shar pe s t  incre as es have 
al re ady o ccurred. Neve rthe l e s s , b e c au s e  o f  the large base that 
ha s deve l o ped , t he actual qu an t i t ie s  added remain l arge . 
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TABLE 7 

R E S I DENTIAL/COMMERCIAL PER CAPITA GAS CONSUMPTI ON 
BY PAD DISTRICT* 

(Thousand Cubic Feet [MCF] per Capita) 

1950 1955 1960 1 965 1970 1 975 1980 1985 

PAD District I 4.7 10.2 14.7 17.3 21.8 26.8 30.7 34.6 

New England 0 4.7 8.1 11.0 15.1 19.2 22.7 26.4 

Middle Atlantic 6.3 13.7 19.4 23.0 28.0 34.2 38.3 42.5 

South At lantic 4.5 7.6 11.2 12.6 16.8 20.8 24.6 28.4 

PAD District II 13.9 21.8 31.1 39.3 48.8 57.7 65.3 72.9 

East North Central 13.4 21.4 31.7 42.3 52.7 64.8 73.6 82.7 

All Other 14.6 22.3 30.2 34.6 43.5 46.6 52.1 57.2 

PAD District Ill 12.2 17.8 23.2 25.1 31.5 33.3 37.5 41.3 

PAD District IV 20.9 27.6 37.3 45.4 55.7 59.4 62.7 66.0 

PAD District V 17.0 21.1 25.2 29.3 32.3 36.4 39.2 41.7 

Total 10.5 16.8 23. 1  27.8 34.0 39.6 44.4 49.1 

* Data through 1970 are based on population growth reported by AGA, Statistical Abstracts, and gas consumption 

reported by the Bureau of Mines. Data from 1975 are based on Base Case Projection and Series 11-D population forecast. 

1950 

1955 

1960 

1965 

1970 

1975 

1980 

1985 

TABL E  8 

R ES I DENTIAL/COMMERCIAL GAS CONSUMPTI ON 
AND SPACE HEATI NG G ROWTH 

Per Capita 5-Year I ncrease (Percent) 

Gas Consumption Space Heating 
(Mi l l ion BTU's) Consumption Customers 

10.8 

17.3 60.2 69.0 

23.6 36.4 40.8 

28.6 21.1 26.1 

35.1 22.7 15.3 

40.6 15.6 n.a. 

45.5 12.1 n.a. 

50.8 11.6 n.a. 
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Chap ter Four 

ENVI RONMENTAL FAC TORS 

The imp act of environmental  c ontro l factor s v ar i e s  with e ach 
market  s e gment and in some c as e s  wi th ge o graph i cal re g i ons as  
we l l .  There fo r e ,  we have pre s ented the d i s cus s ion of envi ron 
mental fac to r s  b y  marke t s e gment and , wher e nec e s s ary , by r e g ion . 

RE S IDENT IAL / COMME RC IAL 

Sinc e r e l at ive ly c l ean fue l s  are a l r e ady b e ing u s ed almo s t  
un iver sal ly i n  the re s i dent ial / c omme r c ial marke t , c ompl i ance wi th 
a i r  pol lu t i on contr o l  re gu l a t i ons wi l l  have very l i t t l e  imp act  
upon the demand fo r fue l  in this  mar ket s e gment unl e s s  env i ron 
mental  cont ro l s  go to  ex treme leve l s  such a s  r e qu i r ing he at ing 
o i l  wi th sul fur c ontent b e l o w  0 . 2  percent . Thu s , fuel s e l ec t ion 
wi l l  dep end l a r g e l y  upon the same fac t o r s  that have gove rned the 
marke t  in p a s t  ye ar s . 

The re i s  amp l e  evidence that pr ice  i s  not the only fac t or 
governing the s e l e c t ion o f  fue l s  in this marke t . Such fact ors as 
c onveni enc e , dep endabi l i ty of supp l y , char a c t er i s t ic s  of fu el  
burning e qu ipment and s er v i c e  requirement s probab l y wi l l  c ont inue 
to govern fu e l  s e l ec t ion in s p i t e  of s ome s h i ft in r e l a t ive fue l  
p r i c e s . 

I t  appears  that the a s sumpt ion o f  ade quate gas supp ly may 
app ly to the r e s ident i a l / c omme rc ial mar ket t hr ou ghout the pr o 
j e c t ed p er i o d . 

Tho s e  gas  ut i l i t i e s  that have b e en forced  to  curt a i l  gas 
s a l e s  have gene r a l l y  re s tr i c t ed indu s t r i al and o ther cu s t omer s in 
o rd e r  to  ensure adequate  supp l ie s  fo r the ir r e s ident ia l /c omme r c i a l  
he ating cus tome r s . 

I t  i s  l ike l y  that r e du c e d  pr omo t ional e fforts  by the indu s 
t ry wi l l  r e su l t  in a s l i ghtl y  r educ e d  gas  d emand dur ing the pro 
j ec t ed p e r i o d . Ho wever , the pres ent thrus t o f  energy conserva 
t i on appe ar s to  b e  d i rec t ed by b o t h  indus try and gove rnment to 
ward the cont inu e d  u s e  o f  gas  fo r r e s id ent i a l / comme rc ial u s e s  at 
the exp en s e , i f  n e c e s sary , of o ther u s e s . Thi s s e rve s to  ensure 
the cont inued us e o f  n atura l  gas in the s e  marke t s  bo th fo r en
v i ronment a l  p r o t e c t ion and fo r c onsumer c onven ienc e . 

TRANSPORTAT I ON 

Vir tual ly a l l  o f  the 
p i p e l ine c ompr e s s or fue l . 
the b a s e  c as e  and are no t 
mental cons id era t i on s . 

gas u s ed for t r ansportat ion purp o s e s  is  
The s e  quant i t i e s  have b e en reported in 

exp ec t ed to change b e c aus e of environ -
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Howeve r , there i s  one deve l o pment cur rent ly unde rway t hat i s  
worthy o f  c o wnent . An inc r e a s ing numb er o f  g a s  pi pe l ine compres 
s o r  s t ations are o pe r a t ing on g a s  tur b ines  which c an b e  r e ad i ly 
converted to  the u s e  o f  o ther fue l s  s uch a s  d i e s e l  fue l , naphtha 
or o ther l i ght hydroc arb on o i l s . I n  the s e  c ompr e s s or s t a t ions , i t  
i s  po s s ib l e  t o  s ub s t i tute l ight o i l s  for natura l  g a s  a s  a turb ine 
fue l  dur ing per i ods of h i gh gas demand . This ha s the e ffect o f  
incr e a s ing the del iv ery o f  n atur al ga s to  urb an l o ad centers  when 
pi pe l ine c a pac i ty l im i t s  throughput by u s ing the s e  a l ternate fue l s  
t o  dr ive the turb i ne s .  In e ffe c t , thi s pe rmi t s  mo re natural gas 
fue l  to  be burned in urban l o ad a re a s  whi l e  a c o rr e s pond ing amount 
o f  sub s t itute fue l  s uch a s  d i e s e l  o i l  is burned in the mo re r emote 
compre s s or s tat ion . The ove r al l e ffect o f  thi s  dev e l o pment w i l l  
be  minor , al thou gh i t  may have s i gn i fi canc e i n  l o c al area s . 

The u s e  o f  natural gas for mo tor  fue l  pur po s e s  i s  not ex 
pec t ed t o  gr ow t o  s i gn i fi cant pro port i on s  during the pr o j e c t e d  
pe r i od . Thi s  i s  d i scu s s ed in mor e deta il in Cha pt e r  S ix .  

ELE CTRI C UT I L I TY 

In c ontr a s t  to  the r e s i dent i a l / c ommerc i a l  marke t , the e l ec t r i c  
u t i li t i e s  indus try i s  pe rhaps the mo s t  pr ic e - s ens i t ive fue l  market . 
Many s t e am - e l e c t r i c  power pl ant bo i l e r s  are de s i gned t o  burn more 
than one type o f  fue l  and can r e ad ily swi tch fr om one t o  ano ther 
as s h i ft ing pr i c e s  fav or the i r  s e l ec t ion . 

The r e c ent enac tment o f  a i r  po l lut i on contro l r e gulat ions has 
forced changes in the se l e c t i on of fue l s  b e c aus e of the i r  emi s s i on 
pro duc t s  and al s o  has  dra s t i c a l l y  a f fe c ted the c o s t  o f  u s ing the 
v ar i ous compe t ing fue l s . I t  has pl aced a pr em iu m on the value o f  
c l e an fue l s  whi ch i s  r e fl e c ted in the pr i c e  o f  tho s e  unre gul ated 
forms that ar e fre e to  r e s pond t o  marke t demand s .  In 19 7 0 ,  the 
who l e s al e  pr i c e  ind i c e s  o f  r e s idua l o i l  and coal  j umped ove r 5 0  
pe r c ent , an inc r e as e far gr e a t e r  than that of any othe r indu s t r i al 
c ommod i ty re po r ted by the D e par tment of L abor . Thi s inc reas e i s  
s hown i n  F i gur e 6 ,  whi c h  c ompare s the who l e s al e  pr i c e  ind i c e s  o f  
c o a l , o i l and natura l  gas dur ing the pas t  s ever al ye ar s . I t  
shou l d  b e  no t e d  that the s e  are indi c e s  o f  curr ent pr ic e s  and no t 
average pr i c e s  pai d  for the quan t i t i e s  o f  fue l  so l d . Aver age fue l  
pr i c e s  have only b e gun t o  show the e ffec t s  o f  the s e  new pr i c e s  b e 
c au s e  o f  ex i s t ing purcha s e  cont r ac t s , but they c an b e  ex pe c t e d  to 
e sc al at e  toward the index pr i c e s . The s e  pr ice incr e a s e s  r e fl ec t  
the premium be ing paid for l ow- su l fur var i e t i e s  o f  o i l  and c o a l  
and t h e  i nc reas e d  c o s t  o f  t r ans po rting them fr om m o r e  r emo te 
s ourc e s . It  i s  no t b el ie ved tha t the y  are t empo r ary incr e a s e s  
c au s e d  b y  a sudden d i s ru pt ion o f  t h e  ener gy marke t . Al l o f  the 
l ong-range al t ernat ive s  to  current pra c t i c e s  adopted to  comply 
with po l lu t i on c ontro l l aws appe ar to enta i l  s i gn i f i c ant pri c e  
incre a s e s . 

The s e  s harp incr e a s e s  in the pr i c e  o f  r e s idual o il and c o a l  
mus t  qu ickly re su l t  in l a rge inc r e as es in t he demand f o r  natur al 
gas in the e l e c t r i c  u t i l i ty ma rket if  we as sume that the re  ar e 
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ade qua t e  supp l ie s  o f  gas  ava i l ab l e . I ndeed , it  m i ght b e  exp e c t e d  
tha t a l l  o f  the c o al and o i l  burn ing e l ec t r i c  generat ing p l ants  
wou l d  conver t as  qu i ckly a s  po s s ib l e  to ut i l i ty ga s i f  s upp l i e s  
c ou l d  b e  pur cha s ed . I f  th at we re the c as e , the r e  would s o on be  a 
demand fo r an add i t iona 10 t r i l l ion cub ic fe e t  (TCF)  o f  gas an 
nua l l y , for that i s  the approx ima t e  gas equ ival ent o f  o i l  and c o al 
p r e s ently c onsume d  for e l e c t r i c  gener a t i on . Obv iou s ly , al l o f  
th i s  demand could n o t  b e  me t even i f  enough g as wa s ava i l ab l e  be 
c au s e  o f  l imit at ions on tran smi s s i on fac i l i t i e s and the inab i l i ty 
o f  m any power p l an t s  to  c onve r t  to  ga s immediate l y .  Furthermore , 
l o w - s u l fur s t r ip mine c o al , wh ich i s  av ailable  in the we s t ern 
s t a t e s  at l ow co s t , w i l l  be mor e  a t t r ac t ive than e i the r o i l or gas  
for  power p l ant fue l  in and ne ar tho s e  s t at e s  whe r e  i t  i s  ava i l 
ab l e . Thu s , th i s  inc r e as ed demand due t o  the incr e a s ed pr i c e s  
r e p o r t ed by t h e  Bure au o f  Lab o r  S t at i s t ic s  w i l l  gene r al ly be  l im 
i t e d  t o  tho s e  regi ons e a s t  o f  the Mis s i s s ippi River whe re h i gh 
s u l fu r  c o a l  and o i l  are mo r e  commonly used . The r e  i s  no way o f  
e s t ima t ing the portion o f  thi s p o t ent i al demand th at mi ght b e  
s e rved i f  ade quate  s upp l ie s o f  gas were  av a i l ab l e . I t  i s  an 
a c ad em i c  que s t i on in any c as e . 

I t  may b e  more s i gn i f ic ant to  no t e  that , i f  the pr i c e  o f  
n atur a l  gas wer e inc r e a s e d  by the s ame amount that the p r i c e s  o f  
l ow - su l fur r e s idual o i l and l ow - sul fur c o al have incr e a s ed , then 
the r e l a t iv e  pr ice of na tur al gas would be re stored  to the p o s i 
t i on i t  held b e fore a i r  pol lut ion cont r o l s  cr eated a prem ium 
value for the s e  c l e an fue l s . The demand fo r natural gas in the 
e l e c t r i c  gene r a t ion ma rket would then b e  repr e s ented by the b as e  
c as e  p ro j e c t i on wh i ch as sumed no change in r e l at ive p r i c e s .  

I f  the pr i c e  o f  gas  i s  inc r e as ed suf fic ient ly to  c l e ar the 
ma rk e t  and br ing demand and supply into b al ance , it  wi l l  be  neces 
s ary t o  r ai s e  the p r i c e  o f  g a s  by more than the incre a s e s  that 
are o c curr ing in o i l and coal pr i c e s . Only in this way c an the 
r e l at iv e  pr i c e  of gas be inc reas ed and the demand for it be r e 
duc e d  t o  the l ev e l s  o f  av a i l a b l e  s uppl i e s . 

I NDUSTRI AL USES 

The e ffec t  o f  env ironmental fac t o r s  upon the demand for 
natur al gas  in the indu s t r i a l  market  i s  more c omp l ex t han in the 
e l e c tr i c  gene rat ion ma rke t . Although the s ame shi ft s in fu e l  
pr i c e s  a r e  pre s ent , c e rtain indu s t r i a l  fue l  app l ic at i ons are 
re l a t iv e l y  ins en s i t ive to  pr i c e , whi l e  o the r s  such as l ar ge indu s 
t r i a l  b o i l ers  are more c omparab l e  t o  the el e c t r ic generat ion fue l  
marke t . I n  add i t ion , th e r e  are  new demands fo r gas for such u s e s  
a s  fume inc iner at ion and l i qu i d  and s o l id wa s t e  d is po sa l . In  the 
gl a s s  and non - ferrous me tal s indu stry , many g as - fired  me l t ing fur 
nac e s  are b e ing r ep l aced b y  e l e c tr ic me l t ing t o  e l imina t e  the 
p r o duct fume s and du s t  that are d i s char ged wi th exhau s t  ga s e s  from 
the furnac e . 

Smal l indu s tr i al b o i l e r s  have much l e s s  fl ex ib i l i ty in fue l  
s e l e c t i on than l a r g e  b o i l er s  and c an affo rd t o  pay h i gher premiums 
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for gas fue l .  The y c anno t a fford the h i gh c ap i ta l  c o s t s  of fume 
c ontrol  e qu i pment , and , s inc e fuel  c o s t s  are a r e l at ively smal l e r  
c o s t , they c an b e t t e r  afford to  p ay for h i gher pr i c ed g a s  than to  
ins t a l l  pr e c i p i t a t or s , fil t e r s  o r  sulfur r emoval equipment in  
order to burn coal  or o i l . Thu s , the smal l and med ium indu s tr ia l  
b o i l e r  ope rat or w i l l c ont inue to  d emand gas , and i n  some a r e a s  h e  
may have n o  su i t ab l e  a l t e rnat ive . 

A s imi l ar s i tua t i on ex i s t s  in many indus trial  proc e s s e s that 
have been d e s i gned ar ound the use of a part icu l a r  fue l  and cannot  
r e ad i l y  b e  changed . A conveyor i z ed produ c t ion drying oven , for 
examp l e , may incorporate  bank s o f  infr ar ed gas burner s .  Such 
burner s c annot  be s wi t ched to o ther fue l s . Even el e c t r i c  infr ared 
burner s wou ld u s ua l l y  r e qu i r e  c omp l e t e  rede s i gn o f  the produc t i on 
l ine . The us e o f  g a s  for anneal ing in  the me tal s indu s try i s  
anothe r r i g id ga s app l ic at i on becau s e  o f  the atmo sphe re cont r o l  
r e quired to ma int ain pr odu c t  qual it y .  

In the a r e a  o f  was t e  inc inera t i on ,  g as i s  one o f  the more e x 
p ens iv e me tho d s  o f  e l iminat ing p o l lut ion and h a s  n o t  b e e n  u s ed 
wherever cheaper methods can produ c e  acc ep t ab l e  r e su l t s . As re 
qu i r ement s fo r environment a l  cont r o l  become more s t r ingent , in 
cr e a s ed d emands  for ga s are ant ic ipated to  d i s p o s e  o f  var ious 
typ e s  of indu s tr i al was t e  mat eri a l s . 

As p o l lut ion contro l s  are enfo r ce d , gas  a cqu i r e s  an add i 
t i onal value . I t  c an be  used  without the add i t i on of mechan i c a l  
equipment t o  c on t r o l  em is s i ons o f  sul fur and par t i cul at e ma t t e r . 
Indu s t r i al p l ants  that mu st shut down due to  fai lure s  o f  t h i s  
mechan i cal e qu ipment incur add i t i onal c o s ts whi c h  ar e r e fl e c t ed in 
the r e l a t ive va lue of gas to othe r fue l s . Al s o , d e l ays in the 
s ta r tup of ne w e qu ipment and p l ant s b e c au s e they l ack app roval o f  
pol lut ion contro l s  c an c r e a t e  a n  add i t i onal c o s t  bur den . Thi s  
t ends t o  sh i ft t he breakeven pr i c e  o f  fu el  in favor o f  g as . 

A d e t a i l e d  examinat ion o f  the net  e ffe c t  o f  al l o f  the s e  
v ar i ous influenc e s  i s  beyond the s co p e  o f  th i s  s tudy . N o  c ompr e 
hens ive s tudy o f  the probl em a s  it  perta ins to the demand fo r 
p i p e l ine gas has ye t b e en ma de . H i s t o r i c a l  data on indu s t r i al gas 
u s age canno t be  re l ie d  up on be c aus e the impact of p o l lution contro l 
i s  too  re cent t o  be  a c curat e ly refl e c ted in report e d  s tat i s t ic s . 

Although env i ronmental c ons id e r a t i ons may t end to  redu c e  g as 
d emand in some app l i c at i ons , the exp e c t e d  over al l e ffe c t  i s  to  
inc r e as e  the  d emand s i gnifi c an t l y .  Some o f  this p o t ent ial demand 
may not mater i a l i z e  b e cau s e  o f  supp ly l imitat ions . S ome o f  i t  i s  
a l r e ady inc lud ed i n  the b as e  c as e  pro j e c t ion . Wh i l e  a qu an t i t a 
t iv e  e s t imate o f  thi s demand i n  r e l a t i on t o  the b a s e  c a s e  c annot 
b e  made , it is b e l ieved to  be  a firm d emand that wi l l  r e s i s t  ero 
s i on due t o  r e l at iv e  pric e incr e a s e s . 
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Chapter  F ive 

EFFECTS OF  FUEL PRI CE S  

A survey o f  the l i te r ature ind i c a t e s  that mo s t  i f  n o t  a l l  
fo r e c a s t e r s  s e e  t h e  future trend o f  fu e l  and energy pr ice s mov ing 
upward . Such fore cas te r s  are proj e c t ing increas e s  in p r i c e s  of 
al l forms  of ene rgy . 

Al though pr i c e  e s t imat e s  gene r a l l y  inc lude con s iderat i on o f  
current infl at i onary pr e s sure s , the y  a l s o  r e fl ec t  add i t i onal real 
c o s t s  tha t  ar e due to one o r  more o f  four gene r al caus e s : 

• The add i t i onal c o s t s  a s s o c i at ed with find ing and produc ing 
new fue l  supp l i e s  from gre ate r dep ths and in mor e remote 
or d i f f i cu l t  t e rr a in 

• The add i t i onal c o s t s  o f  b r ing ing new fue l suppl i e s  t o  
ma rke t from more remo t e  l o c a t i ons 

• The c o s t s  of add i t i onal re finement and mod i f i c at ion o f  
r aw fue l s  t o  me e t  mor e d emand ing ma rke t cond i t ions 

• The incr e a s ing c o s t s  of c ap i t al and l ab o r . 

I t  wou l d  be  d i f ficu l t  enough t o  quant i fy the impact that 
the s e  future fue l  p r i c e s  wi l l  have on gas demand if they could be 
pr e c i s ely e s t imat e d . The bro ad rang e s  that mus t  be given at the 
p r e s ent t ime p r e c lude any at t empt t o  e s t imate the price  d i ffe r 
ent i al s  that might ex i s t  dur ing the pro j e c t ed p e r i o d . The re fore , 
i t  i s  nec e s s ary t o  c on f ine thi s d i s cu s s i on to the pr ic ing t rend s 
that ar e evident , not ing tho s e  r e l at ionships that ar e l ikely to 
pr eva i l  du ring the fore s e e ab l e  fu tur e . 

I t  has  a l r e ady b e en noted that c o a l  and o i l  p r i c e s  hav e  in
c r e a s e d  r e l a t ive t o  gas pr i c e s  whe re  su l fur cont ent i s  a fac tor  
in  fue l  s e l e c t i on . Thu s , the  r e l a t ive pr i c e  of  gas is  l ower than 
it was c ompar e d  to  the s e  other fuel s , and po tent ial  demand i s  
h i gher even whe r e  i t  c annot  b e  supp l ie d . As t ime go e s  on , t he 
pr i c e  o f  ga s mus t incr e a s e  a s  wel lhe ad p r i c e s  are incre a s ed and 
as more exp ens ive a l t ernate ga s suppl i e s  are added to the mix o f  
g a s  that i s  d i s t r ibut ed . Howeve r , other fuel pr i c e s  w i l l  b e  in
c r e a s ing a l s o . 

Whi l e  fue l  pr i c e s  canno t  be  pr ed ic t e d  very far into the fu 
tur e , i t  i s  appa rent that r e s id ent i al fuel  prices  wi l l  gradually 
e s c al at e  dur ing the pro j e c t ed p er io d , pr imar i l y  b ec au s e  of  the 
inc reas ing c o s t s  of l abor , c ap i t al and c ap i t al equipment . S ince 
a l l  of the energy indu s tr ie s are cap i t al - int ens ive , it i s  expected 
that  the  pr i c e  of  the d i f fe rent forms o f  ener gy will  al l tend t o  
r i s e  t o ge the r . The expens e s  o f  transport ing and d i s tr ibut ing the 
fue l  to  the cus t ome r a cc ount for about 7 5  to  8 0  per cent of the 
p r i c e  paid  by the r e s ident i al u s e r  for fue l . The s e  c o s t s  wi l l  
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inc r e a s e  as  c a pi t a l  and l abo r c o s ts incre a s e .  Produ c t ion o f  the 
fu el  in the f i e l d  ac c ounts for only 2 0  to  2 5  per c ent o f  t he pr i c e . 
Thu s , b e c aus e fue l  pr odu c t ion c o s t s  r e pr e s ent only a minor part 
of the r e t a i l  marke t pr i c e , res iden t i al fue l  pr ic e s  wi l l  not in
c r e a s e  pr o po r t i onat e l y  as suppl y c o s ts inc re a s e .  

Among ex i s t ing u s ers , the pr emium has a h i gher v alue t o  gas 
u s e r s  b ec au s e  of the c o s t  which would be  incurred i f  the s e  u s ers  
wou l d  have to  c onve r t  t o  o the r fuel s .  The pr emium has a l ower 
va lu e  to o ther fue l  us e r s  b e c au s e  of the c o s t  of c onv e r t ing t o  
gas . Thi s  c r e a t e s  a s tab i l i z ing e ffe c t  i n  that ex i s t ing u s e r s  
would ma int ain the ir pre s ent fu e l  form unl e s s  ther e i s  a su ffi 
c i ent c hange in pr ice  to o ffs e t  the conve r s ion c o s t s . To d i s 
c ourage exis t ing indu s t r i al gas u s e s  by incr e a s ing pr ice , i t  i s  
nece s s ary to  inc r e as e the pr ice o f  g a s  b y  more than the inc r e a s e s  
o c curr ing i n  c ompe t i t ive fue l s  plus the pr emium v alue , inc lud ing 
the c o s t of convers ion as we l l .  I f  th i s  i s  done , the demand 
would b e  reduced and , in t ime , the ma rket wou l d  be c l eared.  

The amount of thi s pr emium may vary cons iderably in d i f ferent 
a ppl i c a t i ons due to  l o c a l  cond it ions and the value s pl a c ed u pon 
various fac tors  by the u s e r .  I t  is  no t po s s ib l e  i n  thi s re port  
to  g ive de t a i l e d c ons iderat ion to  s pec i f i c  s i tuat ions that ex i s t .  
No comprehens ive s tudy has  ye t b e en ma de that would prov ide an 
e s t ima t e  o f  the ove r a l l  e ffec t s  o f  the s e  changing value s .  I n  
gene r al , t h e  premium h a s  a po s i t ive value - - the mar ke t pr ice  o f  gas 
is higher a t  the breakeven value to the u s e r .  Moreove r ,  i t  is 
inc reas ed by the enfor c ement o f  air po l l u t i on cont r o l s  as d i s 
cu s s ed in the pre c ed ing chapter.  

I n  the  indu s t r i al market , it  i s  gener al ly bel ieved tha t  gas  
c an c ompe t e  w i th othe r fo s s i l fue l s  a t  a pr ice  pr emium. Thi s  
premium i s  c reated b y  the add i t i onal c o s t s  a s s o c iated with burn ing 
other fue l s , c o s t s  wh i c h  a re not incurred when burn ing g a s .  The s e  
add i t i onal c o s t s  r e su l t  from he at ing o f  o i l  l ine s to  improve atom 
i z a t ion and fl ow charac t er i s t i c s , s t ack c l eanu p and fuel  handl ing 
fac i l i t ie s  for c o al , fuel  stor age and invent ory costs  for  b o th 
c o al and o i l , and ma int enance.  It is  ne c e s s ary to c ons ider the s e  
add i t ional expens e s  incurred i n  the us e o f  e ach fue l  i n  d e t erm in 
ing the r e l at ive c o s t s  t o  the u s e r  on an a s  burne d fue l  c o s t  b as i s .  
When t h i s  i s  done , t h e  market pr ice  o f  g a s  may be h i gher at the 
b re akeven po int than the ma rke t pr ice  of o ther fue l s .  

I t  do e s  not a ppe ar that the r e gu l a ted pr ice  o f  natur al gas 
w i l l  b e  a l l owed to r i s e  to  the leve l s  requ ired to  c l e ar the marke t 
very s oon.  I t  is  only th rough the add i t i on o f  other h i gher c o s t 
s o ur c e s  o f  gas that the aver age pr i ce o f  ga s c an e s c a l ate to  
values  that wi l l  be gin t o  r educ e the demand. S inc e the s e  s ources  
are deve l o ping s l owly and there i s  r e luc tanc e to  inc r e a s e  the 
we l lhe ad pr i c e  of gas by l ar ge amounts , it is not ant i c i pated that 
gas pr i c e s  wi l l  r i s e  su f f i c i ent ly ab ove o ther fue l  pr i c e s  to  br ing 
demand and supply into b a l ance b e fore the end of the pr o j e c t ion 
per iod.  
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Chapter S ix 

TECHNOLOG I CAL ADVANCES AND IMPROVED UT I L I ZAT I ON E FFI C I ENCY 

The g rowing ene r gy c r i s is  has alr eady c au s ed a maj or red i r e c 
t i on o f  the t r end o f  ene r gy t e chno l ogy . Re s e arch l ab o r ato r i e s  ar e 
find ing that pr o j ec t s  s e eking to  incre a s e  fue l  supp l i e s  or t o  im 
prove the e f fi c i ency o f  the ut il i z at i on o f  energy are more re ad i ly 
s pons ored than tho s e  s e eking to ob t a in a lar ger s hare o f  the mar 
ket for a part i cu l ar fuel . The emphas i s  is  now pl aced almo s t en 
t i r e ly on fue l  e conomy and ener gy c ons erva t ion . At l e as t  one 
l arge  r e s e ar ch pr o j e c t  s tudying the increa sed u s e  o f  natur al gas  
in b l as t  furnac e  op e r at ions o f  the s t e e l  indu s try has b e en she lved 
bec au s e  o f  the gr owing gas sho rtage . The curt a i lment of indu s 
t r i a l  gas c onsumpt i on has encoura ged indu s t r i al us e r s  t o  rev iew 
the ir energy app l i c a t i ons more c r it ically with a v i ew toward e con 
om i z ing and , in s ome c as e s , el iminat ing unnec e s s ary fue l  c onsump 
t i on . As the trend o f  incr eas ing c o s t s  for all  forms o f  ene r gy 
c ont inue s ,  i t  c an be  expec ted that mu ch more at t ent ion w i l l  b e  
p a i d  to  t he c on s e rv a t i on o f  ene r gy .  

A s  a r e sul t o f  th e s e  devel opment s ,  the future imp act o f  cur 
rent t e chno l o gy w i l l  t end t o  reduce  the c onsumpt ion o f  gas , p ar 
t icul ar ly in the r e s ident i a l / c omme rc i al and indu s tr ial market  
s e gment s . How ev e r , the  r e s u l t ing e ffec t s  upon futur e  gas demand 
wi l l  be s l ow in devel o p ing fo r two re a s on s . Firs t ,  thi s red i re c 
tion o f  e ffo rt i s  o f  recent o r i g in , and the pro j ec t s  go ing forward 
ar e in the i r  e ar ly s t ages . I t  w i l l b e  s everal ye ar s b e fore the 
r e su l t s  of thi s redirec ted techno l o gy app ear in c ommerc i a l  prod 
ucts . S econd , in add i t i on to  the t ime r e quired for the d eve l op 
ment o f  new e quipment , more t ime mu s t  b e  a l l owed for the s e  new 
devi c e s  t o  b e  produced in suffi c i ent numb e r s  to  influence the 
to t al d emand fo r gas . 

T ime is  r e qu i r e d  t o  bu i ld up a g a s  l oad from a new appl iance 
or gas c onsuming dev i c e . Assume - - for exampl e - - that a new produc t , 
one whi c h  i s  2 0  p e r cent mo r e  e ffic i ent , is  p l aced on the marke t 
and that the s al e s  o f  thi s app l i anc e inc reas e t o  a max imum in 5 
ye ar s d e c l ining a t  a 1 0 - p e rc ent per ye ar rat e  thereaft e r . I n  thi s 
c as e , a c e r t a in l evel o f  annua l app l i anc e s a l e s  wou l d  be  achieved . 
I f  the app l i anc e u s e s  only 8 0  percen t  o f  the fuel  requ i r e d  by a 
pr evious mode l , a c or r e s p ond ing reduc t ion in gas consump t i on o f  
the to tal numb e r  o f  th e s e  new app l i anc e s  woul d  occur . I t  can 
thus b e  ant i c ip at ed that 1 0  to  1 5  ye ar s would be requ i red after a 
new gas  c onsum ing device i s  p l aced on the market be fore  the ful l  
e ffec t o f  i t s  g a s  c onsump t i on charac t e ri s t ic s can be fe l t .  Thu s , 
the ful l  e ffec t s  o f  the t ec hno l o gy now b e ing deve l oped may not be  
fe l t  b e fo re 1 9 8 0 or even l a t e r . 

RE S I DENT IAL MARKET 

Dur ing the next decade or two , the mo s t  s i gn i f i c ant change s  
i n  ene rgy u s e  may s t em fr om the deve l o pment o f  r e s ident ial  dwe l l -
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ings as an ov er a l l  s ys t em . The t e chno l o gy o f  home heat ing and 
c o o l ing e quipment in gas app l i anc e s  ha s b e en we l l  deve l op ed over 
the ye ars , and it appe ar s that only m inor re finement s and adap t a 
t ions are l ikely t o  b e  deve l oped i n  th e ind iv idual app l i anc e s  
thems e l ve s . However , the changing t echno l o gy in home construc 
t i on , p ar t i cu l arly in the areas o f  modular hou s e s  and mob i l e  
home s , may have a s i gni f i cant impac t upon the futur e gas deman d . 

As increas ing atten t ion is  given to the c ons ervat ion o f  fue l  
dur ing t he n ext 2 0  year s , mor e  at tent ion wi l l  be  p a id by the 
bui lder to  the de t a i l s  o f  hou s e  cons truc t i on that cont r ibute t o  
more economical  u s e  o f  he at ing ene r gy . We c an exp e c t  to  s e e  more 
t i gh t l y  s ea l ed hou s e s  and mor e  he av ily insu l ated wal l s  in order 
to  r edu ce  he at ing l o ads . The increas ing numb e r s  of modu l ar homes 
and mob i l e  home s , whe r e  mor e engine er ing e ffort can b e  app l i e d  t o  
the de t a i l s  o f  hou s e  cons t ruc t i on , wil l ac c e l erate  thi s  tr end . 
There i s  a gr ow ing trend toward ext erior ins t al l at ion o f  he at ing 
and c o o l ing e quipment to incr ease  ava i l ab l e  l iving spac e . Under 
th e s e  c ir cums t anc e s , it  is  r e l a t ively easy to  keep the c ombus t ion 
air c ir cu i t  out s ide o f  th e l iving spac e , tr an s ferr ing only the 
heat to the inter i or . Th i s  e l imina t e s  the vent ing o f  he ated air  
thro ugh the  c ombus t i on sy s t em dur ing the o ff cyc l e  of  furnace 
operation . Such e qu i pment has already b e en deve l oped and app l ied 
in the c ommerc ial market  and i s  now be ing produced for the re s i 
dent i al bu i l der a s  we l l . As the co s t  o f  he a t ing fu el  inc re a s e s , 
we can ant i c ip at e  that he avier  and mor e e ffe c t ive insu l at ion wi l l  
b e  u s e d  i n  wa l l s , floors  and c e i l ings . The increas ing u s e  o f  air  
cond i t ioning encour age s such insul ation b e c au s e  the  h i gher insu l a 
t i on c o s t s  c an b e  o ffs e t  b y  sav ings i n  c o o l ing l o ad a s  we l l  as 
heat ing l o ad . Mor e gener al u s e  of do ub l e  gl az ing can be ant i c i 
pated in order to  reduc e c ondens at ion on w indow panes dur ing ex 
t r emely c o ld weather wher e central hum id i fiers  ar e u s ed . 

I NDUSTRIAL GAS USES  

The gr owing shortage  of  c l e an fu e l s  and the pro j e c t ed in 
c reas e s  in fue l  c o s t s  w i l l  provide add i t ional incent ive s for in
du s t r i al pl ant eng ine er ing s t affs t o  exam ine and improve the 
ene r gy ut i l i z a t i on pr ac t ic e s  wi t hin the ir p l ant s . Some o f  the 
s t eps that they may take are as fol l ows : 

• I ns t a l l  add i t i on al c ontrol equipment t o  ma int a in c l o s er 
cont r o l  o f  c ombu s t i o n  proc e s s e s . 

• Ins tall  he at r e c ove ry devic e s  on  c ombu s t ion e qu ipment to  
u s e  exhau s t  he a t  for water he at ing or s t e am genera t ion . 

• I ns tal l he at exc hang ers to tran s fer  he at in wa s t e  water 
s t re ams to  inc om ing c i ty water that mu s t  be  he ated for 
pro c e s s ing . 

• Add aut omat ic c ontr o l s  to  turn furnac e s  on and o ff a s  re 
qu ired . Workers w i l l  o ft en l e av ing he at ing e qu ipment run 
n ing when n o t  needed to av o id r e l i ght ing · 
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• P e r fo rm ma intenanc e wo rk t o  rep l ac e  deteri orated insul a 
t ion and c l o s e  a i r  and heat l e aks i n  furnac e s  and ovens · 

• Rep l ac e  window g l a s s , t ighten bu i l d ing s tructur e s  and add 
insu l at i on to reduce space he a t ing l o ads · 

• I n s t a l l  more e ff i c ient he a t ing d ev i c e s  such as infr ar e d  
burner s  i n  p l ac e o f  conve ct ion he ater s to improve he at ing 
e ffic i ency . 

• Mo d i fy produc t i on procedur e s  to minimi z e  rehe at ing o f  work . 

• Rebu ild furnac e s  fo r better  adap t a t i on to  produ c t ion 
pro c e s s e s . 

The ex t ent to  wh ich the s e  and othe r prac t ic e s  may b e  emp l oyed 
wi l l  dep end on the amount of pr ice  inc r e as es and the d e gr e e  o f  
cur t a i lment imp o s ed on indu s t r i a l  fue l  u s er s . Expe r i enc e d  indus 
t r i al g a s  s al e s  engine er s  have s t ated that at l e a s t  a 1 0 - per cent 
reduc t i on in gas consump t i on s hould be att ainab le  in an ave rage 
indu s t r i al p l ant . The indus tr ial u s e  of ga s per cus t ome r has  
grown at an ave rage annual rate of  about 2 . 3 percent during the 
pas t 1 0  ye ars , inc reas ing by 26  percent dur ing the dec ad e . As sum 
ing that a 1 0 -p ercent reduc t i on coul d b e  achi eved dur ing the next 
dec ade , thi s growth rate  wou ld be  dec reas ed to  16 percent i f  no 
new indu s tr ial  custome r s  wer e  added . I f  i t  i s  a s sumed t hat new 
cu s tome rs  are added at more  e ffi c i ent ut il i z at i on rat e s , this  1 0 -
percent reduc t ion would be  achieved a� a l ater date for the ent i re 
indu s t r i al ma rket , inc lud ing new cus tome r s . I f  it i s  assumed that 
a 1 0 - p e r c ent redu c t ion could be achi eved for the en tire  market  by 
1 9 8 5 , indu s tr i al gas requirement s would be  reduced by appr ox imately 
1 , 7 8 0  tr i l l ion BTU ' s . This would redu ce the t o t al gas r e quirement 
by appr oxima t e l y  4 . 3 percent . 

This reduct i on in gas consumpt i on i s  b as ed on an ove r al l v i ew 
o f  the general prac t i c e s  that can b e  emp l oyed . In s ome o f  the 
mor e  ene rgy- int ens ive indu s tr i e s  such as the s t e e l  indu s t ry ,  there  
are oppo rtun i t i e s t o  r educe  the  consump t ion o f  gas by s i gn i fi c ant 
amount s  through c hange s in proc e s s techno l o gy .  Wh i l e  e ach ind iv i 
dual  indu s try c anno t b e  examined in det a i l , the s t e e l  indus try 
c an b e  d i s cus s ed as an examp l e  of the p o t en t i al devel opments in 
the s e  energy- int ens ive indu s tr ie s . 

In  1 9 7 0 , the s t e e l  indu s try consumed 5 9 4  tr i l l i on BTU ' s  o f  
natur al gas , amount ing to about 1 8  percent o f  the t o t al consump 
t i on o f  energy by the s t e e l  indus try and almo s t  7 perc ent o f  the 
indu s tr ia l  gas l o ad in the ent ire c ountry . The us e of natural 
gas has b e en growing at an average annu al growth rate o f  over 5 
per c ent dur ing the p as t  decade , wh i l e  the produc t i on o f  s t e e l  has 
incre a s ed at an average r a t e  o f  only 2 . 8  pe rc ent per year . How
eve r , the u s e  o f  fu e l s  fo r many app l icat ions in the s t e e l  indus try 
is  qu i t e  flexib l e , and the gr owing c onc ern for future gas supp l i e s  
i s  a l ready guid ing t e c hnol o gy i n  d irect ions that will  cons erve the 
us e o f  natur al g a s . 
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The mo s t  ene r gy- int ens ive p ro c e s s  in the s t e e l  indu s try is  
the  opera t i on of  blast  furnac e s  for the produc t ion o f  iron . This 
proc e s s consume s  approxima t el y  18 m i l l ion BTU ' s  of ener gy per t on 
o f  i ron produced . At the pres ent t ime , natural gas provides only 
ab out 0 . 5  m i l l i on BTU ' s  o f  that total , and coke prov i de s almo s t  
1 6  m i l l ion BTU ' s .  Me tal lur g ic a l  grade c oke pres ent ly c o s ts approx 
ima t ely $ 3 5  p e r  ton or mor e . There has b e en ac t ive int e re s t  in 
reduc ing the coke r a t e  in a b l as t  furnac e by inj e c t ing othe r fue l s  
such a s  na tur al g a s , fue l  o i l and c oke oven g a s  in order t o  r educ e 
the quant ity o f  c oke r e quired and to  improve the pr oduc t iv i ty o f  
t he b l a s t  furnac e pro c e s s . 

At p re s en t , natural gas supp l ie s about 6 0  percent o f  the fue l  
inj ected  for thi s purpo s e , o r  about 5 0  b i l l ion cub ic fe e t  annually . 
Thi s  amount c an b e  expec t ed to incr e a s e  in futur e ye ar s  to  1 0 0 
b i l l ion C F  o r  mo r e  in the ab s enc e o f  any r e s t r i ct ions on the u s e  
o f  natural gas . However , a t  l e a s t  one re s e arch and devel opment 
p ro j ec t  aimed at incr eas ing the u s e  o f  n atur al gas in b l a s t  
furnac e s  h a s  b e en shelved b e c au s e  o f  the future out l ook o n  gas 
supply . I t  i s  now bel ieved tha t th is  l ev e l  o f  c on sumpt ion may 
remain fa irly s t atic  or may even decl ine i f  s t e e l  mil l s  c on s ider 
o the r uses  for natur al gas  w i thin the mill  t o  have higher p r i o r i ty 
over gas  u s e  in b l a s t  furnac e s . 

O f  the thre e  pr inc ipal me thods o f  me l t ing s t e e l , the open 
h e ar ':h furnac e makes the mo s t  exten s iv e  use o f  gas . The b a s i c 
oxygen and the e l ec t r i c  arc furnace u s e  l e s s amount s ,  mo stly for 
aux i l iary s erv i c e s . Op en hearth furnac e s , b e cau s e  of the ir r e l a 
t iv e l y  l ow produc t iv i ty and h igh c ap i t al inv e s tment , are  gradu al ly 
b e ing rep l ac e d  by b a s i c oxy gen and e l e c t r i c  furnac es . As the s e  
furnac e s  are pha s ed out , the u s e  o f  natural ga s fo r s t e e l  me l t ing 
wi l l  gr adua l ly d e c l ine ( s e e  Tab l e  9 ) . 

Scrap Preheating 

Continuous Casting 

Ste el Melting 

St e el R eh eating 

Elec. Induct. H eat 

Total Reduction 
in Steel Making  

TABLE 9 

E F F ECTS O F  TECHNOLOGY ON GAS D EMAND 

IN THE STEE L  I NDUSTR Y  

(Trjl l ion BTU's) 

Change in  Annual Consumption Due to Technological Changes 

1 975 1 980 1 985 

+ 0.2 + 1.0 + 2.5 

- 10 7 - 6 

- 16 - 23 8 

5 - 24 - 58 

2 - 6 - 11 

- 29. 2 - 41 - 25.5 
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The gr owing u s e  o f  c ont inuou s c as t ing wi l l  a l s o  t end to  r e 
duc e  the r e quirement s for natural g a s  in the s t e e l  indu s try . At 
the pr e s ent t ime , about 1 2  percent o f  the s t e e l  produ c t ion c ap ac 
i t y  i s  b as ed on cont inuous c a s t ing me thods , and this  i s  exp e ct ed 
to grow to  about 2 0  p erc ent o f  c ap a c i ty by ab out 1 9 8 0 . Cont inuous 
c a s t ing i s  l imited to le s s  cr i t ical qual ity s t e e l  becau s e  of the 
inab i l i t y  t o  c ontr o l  qual i t y  as c l o sely as in convent ional b at ch 
pro duc t i on . Since thi s p ro ce ss e l iminates  the need for s oaking 
p i t s , and t o  s ome ext ent the ne ed for reheat ing l ar ge b i l l e t s  and 
s l abs , it p ermi t s  a net reduct i on in fue l  c on sump t ion o f  ab out 1 . 5  
mi l l ion BTU ' s  per ton o f  s t e e l . The r e s u l t ing reduc t ion in gas 
us e from thi s devel opment is  pres ent ed in Tab l e  9 ,  ba s ed on the 
as sump t i on that 40 percent o f  the fue l  used is  natural gas . 

One o f  the maj o r  app l i cat i ons for natura l  gas in the s t e e l  
indus t ry i s  for the reheating o f  s te e l  for r o l l ing and fo rming . 
Wh i le o th e r  fue l s  c an b e  used , n atural gas i s  pre s en t ly us e d  for 
about 6 0  p e rc ent of the reheat ing requ ired fo r b i l l e t s  and s l ab s  
and ab out 4 0  perc ent o f  th e fue l s  us ed in s o ak ing p i t s . Some 
s i gn i f i c ant r educ t i ons in the c onsump t i on o f  natur al gas for thi s 
purp o s e  i s  fo r e s een due t o  improvement s in the e ffic iency o f  the 
ut il iz a t ion of ga s eou s fue l s  in reheat ing furnace s . The pre s ent 
tr end is toward inc r e a s ed s ophi s t i c at ion in the control  and pro 
gr aming o f  r ehe a t ing furnaces  and t oward inc re a s ed us e and im 
proved d e s i gn o f  r e cuper ator s for conserving and u t i l i z ing the 
exh au s t  he at fr om the s e  furnac e s . The ant ic ip ated reduct i ons in 
gas u s e  for this  purpo s e  ar e a l s o  p r e s ented in Tab l e  9 .  

S ome add i t i onal r e du c t ions in demand for natur al  gas may b e  
b rought ab out through the increas ed u s e  o f  e l ectrical  induc t i on 
he at ing in c e r t a in spe c i al app l icat ions o f  s t e e l  working . I t  i s  
expec ted that induc t ion he at ing wi l l  redu c e  g a s  c onsump t i on for 
s l ab and b i l l e t  he at ing by about 5 perc ent by 1 9 8 5 .  The h i gh 
cap i tal  c o s t  o f  e l e c t r i c  gene r at ion e quipment and the demand fo r 
e l ec t r i c  gene r at ing c ap ac i ty w i l l  s erve to re s t r i c t  deeper p ene 
trations  o f  induc t i on he at ing into thi s marke t . 

In  contra s t  to the s e  reduc t ions in d emand for natural gas , 
the inc r e a s ed u s e  o f  b a s ic oxygen furnac e s  and e l e c tr ic ar c fur 
nac e s  r e qu i r e s  a gr eater amount o f  preheat ing o f  s t e e l  s c r ap in 
order to improve the pr odu c t iv i t y  o f  the se new furnac e s . Na tur al  
gas  is a very des i r ab l e  fue l  for thi s purp o s e  s inc e i t  m in im i z e s  
the p o l l u t i on b y  inc iner ating t h e  fume s produced from heat ing 
d i r t y  and o i l  c overed scrap . By 1 9 8 5 , a t o t al ne t savings o f  2 5 5  
tr i l l i on B TU ' s  o f  ga s i s  ant i c ipated . I t  s hould b e  p o inted out 
that this  is not a net r e duc t ion in ga s u s e , but only a reduction 
fr om the  l ev e l  tha t wou l d  o th erwi s e  ex is t . I f  the current rate  o f  
gas c onsump t i on i n  the s t e e l  indus try r ema ins c ons tant , an add i 
t i onal 1 0 8  t r i l l ion BTU ' s  wi l l  b e  r e qu i red by 1 9 7 5  t o  supp l y  
normal gr owth . Thi s  i s  cons i d e rably l ar ger  than the sav ings o f  
2 9 . 2  t r i l l ion BTU ' s  p ro j ec ted b y  1 9 7 5 . Even though t h e  techno 
l o g i c al savings r e ach 2 5 . 5  tr i l l i on BTU ' s by  1 9 8 5 , i t  is  s t i l l  
far b e l ow the incr ea s ing d emands for natural gas i n  the s t e e l  
indu s try . 
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MOTOR FUEL USE 

S ome int er e s t  is b e i ng shown in the u s e  of natur al ga s a s  a 
mo tor  fu e l  for the purpo s e  o f  r educ ing exhau s t  p o l l u t i on . P o t en 
t ial l y ,  thi s cou ld incre as e th e demand for natur al gas in the 
tr an sp or tat i on marke t . 

The u s e  o f  natural gas in p l ac e  o f  gasol ine redu c e s  the ex 
haus t emis s ions from an automo b i l e  to  as l i t t l e  as 1 5  perc ent o f  
the l evel produc ed w i th gas o l ine , the exact amount o f  redu c t ion 
varying with the s pe c i fic p o l lu t ant , a s  we l l  a s  w i th the op erat ing 
c ond i t i ons and equ ipment ins t al l e d . The ab i l ity of n atur al gas to 
reduc e harmfu l  exhaus t emi s s i ons ha s b e en amply demon s t r ated by 
ov er 3 , 0 0 0  automo t iv e  vehic l e s  tha t hav e  b e en c onverted to natural 
gas  us e .  

However , the Nation i s  comm i t t ed t o  a pro gram reduc ing emi s 
s ions from ga s o l ine - fu e l ed c ar s  t o  me e t  ac ceptable  s t andards by 
1 9 7 6 . Whi l e  th e r e  is p r e s ently some que s t i on as to  what em i s s i on 
l ev e l s  c an b e  achi eved and wha t  wi l l  be  acc epted in 1 9 7 6 , the r e  
s eems l i t t l e  doubt t hat some ac c ep t ab l e  ag reement wi l l  b e  reached . 
Unt i l  then , there i s  l i t t le incent ive for the vehi c le owner to  
adopt s ome o ther  devi c e , such as gas  fue l , except for  e conomic 
r e as ons . At  the p re s ent t ime , the e c onomi cs are conducive t o  the 
use of gas fue l on ly in cert ain geograph i c a l  r e g i ons where there 
is favo r ab le  t ax t re atment and whe re gas p r i ce s  are re l at ive ly 
low .  The c o s t  o f  conve r t ing an e x i s t i ng veh i c l e may range from 
$ 3 0 0  t o  $ 1 , 0 0 0 , depending up on the sys t em s e l e cted and the modi f i 
cat i ons made t o  the vehi cle . 

In  vi ew o f  the s e  c o s t s  and o ther d e t e rr ent s , i t  i s  ant i c i 
p ated that there w i l l  b e  few l arge  s cal e c onver s ions o f  aut omo t ive 
veh i c l e s  to the us e o f  natur al  ga s even for c ommer c ial  fl e e t s  in 
urb an a r e as unl e s s  the automo t ive indus try i s  unab l e  to me e t  
reas onab l e  po l lut i on s t andard s for the s e  ar eas . 

CONCLUS I ON 

The e f fec t s  o f  increas ed ut i l i z at i on e f f i c i ency and improved 
t e chno l o g y  upon future gas demand w i l l  b e  minor in comp ar i s on to 
o ther influence s ,  and the ne t e ffec t  w i l l  be t o  r educ e the t o t al 
gas requ i rement s pr e s e nted in the b as e  c as e  by about 5 p e r c en t . 
Greater dec r e a s e s  are pro j e c t ed for ind ividual market s e gment s , 
but the s e  decreas e s  become d i luted when cons ider ing their e f fec t 
upon t o t a l  g a s  r e qu i r emen t s . 
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Chapter Seven 

D I S TRIBUT I ON OF  AVAI LAB LE GAS SUPP L I E S  

Thu s far , the d i sc u s s i on o f  future ga s demand rec o gn i z e s  that 
the pre s ent pr ice  p i c ture may not be al tered  suffi c ient ly or in 
t ime to r e s t o re a balance b e tween supply and demand within the 
p ro j e c t i on pe r io d . Th i s  l e ads to  the que s t i on of how mu ch o f  the 
demand c an be suppl ied and how that supp ly shou l d  be d i s t r ibu te d .  

Tho s e  u t i l i t i e s  that have b e en fo rced to  curt ail ga s d e l iv e r 
i e s  to cu s tome r s  have generally  done s o  by int e rrup t ing l arge in 
du s tr i al cu s t ome r s  for shor t per iods o f  t ime . Thi s has b e en done 
on an emer gency b as i s when the u t i l i t i e s  have exp e r i enced de l iver 
ab i l i ty prob l ems dur ing p er i ods o f  unexp e c t e d  h i gh demand . Ut il 
i t i e s  s ee k  to  avo id such int e rruptions  by de cl ining to  attach new 
indu s t r i al cu s tome rs and by l imit ing the supp ly o f  ga s to  ex i s t ing 
cus t ome r s  who s e  demands may have incr e as ed . The nature and extent 
of the s e  r e s t r i c t i ons var i e s  with the p art i cul ar r e g ion involve d  
and acc o rd ing t o  t h e  degr e e  o f  curtailment r e qu ired . 

A s ta t i s t ic a l  de sc r ip t i on o f  how this  prob l em i s  b e ing t r e a t 
ed by t h e  ut i l i ty indus try c an be ob t a ined from an examinat i on o f  
the operat ional e s t imate pre s ented in the 1 9 7 1  FRC report . *  Thi s  
e s t imat e  was pr epared from que s t ionnaire s c ir cul ated to  gas com
pan i e s  throughout the country . The ini t i al e ffort mad e fo r the 
FPC inc luded 38 s t andard me tropo l i t an s t at i s ti c al areas , and that 
data b a s e  was exp anded by FRC in prepar ing its 5 - ye ar operat i onal 
e s t ima te . t  

Re spondents were asked t o  fore c a s t  the i r  gas r e qu i remen t s , 
rec o gni z ing the current and near - term gas supp ly s ituat ion , for 
e ach market  s e gment dur ing the 5 - ye ar per iod 1 9 7 1 - 1 9 7 5 . A summary 
o f  t he data  o b t ained i s  pre s ented in the 1 9 7 1  FRC report and i s  
repro duced in Tab l e  1 0 . 

* FRC , Fu t u r e  Na tura Z G a s  R e qu i rem e n t s  o f  t h e  Un i t e d  Sta t e s �  
Vol . No . 4 ( Oc t ob e r  1 9 7 1 ) . 

t FPC , Bure au o f  Natural  Gas , Summary a n d  A n a Z y s i s  o f  t h e  Fu
ture R e q u i r e m e n t s  Commi t t e e  Sp e c i a Z  Sur v e y  of Gas R e q u i r e m e n t s  in 
3 8  o f  t h e  L a r g e s t  Standard Me trop o Z i t a n  are a s  and A Z t e rn a t e  Fue Z s  
R e q u i r e d  t o  A Z Z e v i a t e  G a s  D e fi c i e n c i e s  (February 1 9 7 1 ) . 
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Class 

R esidential 

Commercial 

Industrial 

Electric Uti I it i es 

TABLE 1 0  

NATI ONAL R EQU I R EMENTS VERSUS OPERATI ONAL ESTI MATE 

(TCF) 

1 975 1 975 Difference 1 970 1 975 Operational 
Actual Requirements Estimate TCF Percent 

4.94 5.87 5.75 0. 1 2  97.9 

1.96 2.57 2.42 0 . 1 5  94.1 

5.94 8.25 7.04 1.21 85.4 

for Power Generation 
Firm 1 .92 2.67 2.36 0.31 88.4 
Int errupti ble 2.00 2.79 1.66 1.13 59.6 

Interrupt ible 3.09 4.39 3.60 0.79 82.0 

Other 1.58 1.94 1.77 0.17 9 1 .5 

Total 21 .43 28.48 24.60 3.88 86.4 

I t  c an b e  s e en that the gas indu s try exp ec t s  to s e rve 9 8  pe r 
cent o f  the r e s ident i al l o ad requ i rement s and t o  curt ail  the int e r 
rup t ib l e  e l ec t r ic gen_e r at i on l o ad most  s eve rely b y  redu c ing i t  t o  
6 0  percent o f  the o r i ginal requir emen t . Ove ral l ,  the indu s try 
exp e c t s  to supp ly ab out 8 6  percent o f  the t o t al b a s e  c a s e  r e qui re 
ments  ( ex c lud ing f i e l d  u s e )  in 1 9 7 5 . 

Thi s  e s t imate i s  made only t o  the ye ar 1 9 7 5 , and the unc e r 
t a int i e s  o f  s upp l y , energy p o l i cy , r e gulatory matt ers , et c . , su g 
ge s t  that i t  should not be  ext rap o l a t e d  very far beyond 1 9 7 5 . No 
reg ional b r e akdown of th i s  e s t ima te is provided for the various 
market s e gm en t s ,  al though t o t a l s  ar e g iven by FRC r e g i ons . How 
eve r , the init i al s tudy done fo r the Federal Power Comm i s s i on d o e s  
prov ide a r e g i ona l  b re akdown b y  market s e gment . The d a t a  p re s ent 
ed in b oth reports  are u s ed to  provide a b as i s for e s t ima t ing the 
ant i c ipated d i s tr ibut i on by PAD d i s tr i c t  and market  s e gmen t s  d e 
fined in thi s s tudy ( s e e  Tab l e  1 1 ) . The p e rc ent age s pre s ented in 
T ab l e  1 1  a r e  s l i ghtly d i f fer ent fr om tho s e  given in T ab l e  1 0  b e 
c au s e  th e d a t a  h av e  b e en re group ed to  conform to  the NPC c a t e 
gories , and only the r e s ident i a l / c ommerc i al , indu s tr i a l  and el e c 
tr ic ut i l i ty m arket s e gment s are t o ta l ed . No d a t a  ar e ava i l ab l e  
t o  e s t ima t e  the t r ans p o r ta t i on and r aw mat er i a l s  and o ther c at e 
go r i e s .  

I t  should b e  r e c o gn i z ed tha t the s e pe rcentage s ar e b as ed upon 
d a t a  of v ar i ab l e  qual i ty and d e t ai l . The ope rat ional e s t ima t e  is 
a fir s t  a t t emp t by the FRC to  me a sure the imp ac t of the pres ent 
and ne ar - fu ture gas  supp ly s i tuat i on on t he ab i l ity o f  the gas 
indus try to  me e t  gas r e qu i r ements  for the next 5 years . 

4 0  



TABLE 1 1  

PROJECTED AVAI LABI LITY O F  GAS AS A PERCENTAG E 
OF BASE CASE R EQUI R EMENT I N  1 975 

Residential/ Electric 
Commercial Industrial Uti l ities Total 

PAD District I 97.8 84.7 85.9 90.9 
New England 97.0 92.2 100.0 96.0 
Middle Atlantic 97.5 80.1 64.2 88.4 
South Atlantic 98.7 87.7 98.7 92.9 

PAD District II 95. 0  81.4 34.1 79.7 
East North Central 93.4 78.6 24.3 80.0 
All Others 98.6 86.4 40.7 79.2 

PAD District Ill 100.0 99.3 98.8 99.2 

PAD District IV 100.0 1 00.0 31.4 91.9 

PAD District V 100.0 75.0 47.1 74.6 

Total 96.8 83.2 76.5 85.7 

As add i t i onal dat a are d eve l oped and more d e t a i l s b e come 
ava i l ab l e , it c an be expected  that the p ercentages may change . 
In  add i t i o n , changes  in the b a s is  fo r d i s t r ibut ing the ava i l ab l e  
s upp l ie s  may requ i r e  rev i s ion o f  the s e  e s t ima t e s . 
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APPEND I X  A 

GAS DEMAND TASK GROUP 
OF THE 

NAT I ONAL PETROLEUM COUNC I L ' S  
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F .  L .  Gagne , Manager 
Indu s try Re lat i ons 
Nor thern Natural  Gas  C omp any 

Dr . Henry R .  L inden 
Execut ive Vice  Pr e s ident 
Ins t i tute  o f  Gas Techno l ogy 

George Long , D ir e c t o r  
Re s e arch and Deve l opment 
Nor thern I l l ino i s  Gas  Comp any 

* * * 

SECRETARY 

Andr ew Avramides 
Deputy Directo r  
Nat i onal P e t r o l eum Counc i l  

Harvey A .  Proctor , Pres ident 
Southern Ca l i fornia Gas 

Comp any 

Ma l c o lm H .  Sherwood , Direct or 
P l anning and Budget ing 
The East  Ohio Gas Comp any 

Jame s R .  Sykes  
V i c e  Pres ident 
Panhand l e  East ern P ip e  L ine 

Comp any 

E lbert  Wat s on , Vice Pres ident 
Hou s ton P ip e  L ine Comp any 

SPEC IAL AS S I STANTS 

Bruce F o s t er , Manager 
Market P l ann ing 
Ins t i tute of Gas Te chno l ogy 
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APPENDI X  C 

COORD I NAT ING SUBCOMMI TTEE 
OF THE 

NAT I ONAL PETROLEUM COUNC I L ' S  
COMMI TTEE ON U . S .  ENERGY OUTLOOK 

CHAI RMAN 

Warren B .  Dav i s  
Director , Econom i c s  
Gulf O i l  Corporat i on 

COCHAI RMAN 

G ene P .  Morr e l l , D i r e c t o r *  
U . S .  Office  o f  O i l  and Gas 
Department of  the Inter ior 

SECRETARY 

Vincent M .  Br own 
Ex ecut ive D i r e c t o r  
Nat i onal Petro l eum Counc i l  

J .  A .  Cob l e  
Chi e f  Economi s t  
Mob i l  O i l  Corp o r a t i on 

N .  G .  Dumbros , V i c e  P r e s ident 
I�du s t ry and Pub l ic Affa irs  
Mar athon Oil  C omp any 

Jack W .  Ro ach 
Vice  P r e s ident , Hydroc arbon 

Dev e l opment 
Kerr - Mc G e e  Corporat i on 

SPEC IAL AS S I STANTS 

Char l e s  M .  A l l en 
Exp l o rat i on and Product i on 

Department 
Phi l l ip s  Petro leum Comp any 

* * * 

ALTERNATE COCHAI RMAN 

Dav id R .  O l iver 
As s i s t ant Director 
P l ans and Prog rams 
U . S .  Office  of O i l  and G a s  

ALTERNATE SE CRETARY 

Edmond H .  Farr ington 
Consu l t ant 
Nat ional P e t r o l eum Counc i l  

Samu e l  S chwart z ,  Vice  Pres ident 
Coordinat ing & P l anning Department 
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W .  T .  S l ick , Jr . 
Manager , Pub l i c  Affa irs  
Humb l e  Oil  & Refin ing Comp any 

Sam Smith 
V i c e  Pres ident 
El Pas o Natural  Gas Company 

STUDY AREAS 

P e t r o l eum 

* S erved unt i l  D e cemb e r  1 5 , 1 9 7 2 ; rep l aced by Duke R .  L i gon . 
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Andrew Avrami de s 
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* * * 
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