
APPENDIX H INPUT DATA AND RESULTING ENERGY FORECASTS 
FROM THE STANFORD RESEARCH INSTITUTE 
ENERGY MODEL 

I. NOMINAL CASE 

The data used to generate the nominal case projections fa l l  into 
three categories: 

o Demand data 
o Resource data 
o Process economics data. 

All nominal case data have been extensively reviewed by both private 
firms and government agencies, including Arthur D. L i t t le ,  Battelle, 
Bechtel, Bureau of Mimes, Council on Environmental Quality, Department 
of the Interior, Environmental Protection Agency, Federal Energy Admin- 
istration, Federal Power Commission, Gulf Oil, National Science Foundation, 
Dffice of Technology Assessment, Office of r.~nagement and Budget, Radian, 
Resources for the Future, Stanford Research Institute, and United States 
Geological Survey. 

In the material that follows, the nominal case data most pertinent 
to the Synthetic Fuels Commercialization Program wil l  be presented. A 
complete documentation of the nominal case data base wil l  be published 
shortly. 

I .  Demand Data 

The SRI energy model requires as input the demand forecasts for 14 
end-use categories for the years 1975, 1985, 2000, and 2025. The units 
of end-use demand are "usable energy," such as space heat in the l iving 
room or industrial process steam. This differs from the more familiar 
projections of demand for distributed products, which do not consider 
end-use conversion efficiencies. This distinction enables the model 
to account for the effects of changes in end-use conversion processes 
over time, both in terms of economics and efficiencies. The high 
capital cost of end-use conversion makes i t  essential to consider 
end-use conversion expl ic i t ly.  

For 1975, @Dd-use demands were obtained by interpolation betwe~ 
Bureau of ~ine~L1 estimates for 1974 and an FEA projection fo 1977~. 
For the years 1985, 2000, and 2025, the nominal case demand was 30% 

11_,Departmen t of the Interior News Release, "U.S. Energy Use Down in ]974 
After Two Decades of Increases," April 3, 1975. 

~/The FEA data is the output from the Integrating Model of ~he Project 
Independence Blueprint Study under the assumptions of "Business as Usual" 
$7/bbl. imported oi l .  I t  was provided through the courtesy of 
Dr. Jonn Pea~on. 
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of the way between a low demand case and a high demand case based 
on the Ford Foundation's Historical Growth and Technical Fix scenarios, 
respectively.~ / The historical growth case examines the consequences 
of continuing growth in energy consumption for the remainder of the 
centu%v at the 1950-1970 average growth rat  of 3.4% per year. The 
technical f ix case is an attempt to anticip~ze the results of a 
variety of voluntary and mandatory energy conservation measures. 
The Ford Foundation study was used because: 

o I t  is recent (1974). 
o I t  analyzes multiple scenarios. 
o I t  projects end-use energy demand at nearly the level of 

detail required by the SRi-Gulf model. 
o Its projections extend beyond the year !985 to the year 2000. 
o Its Historical Growth and Technical Fix projections bracket 

two pertinent FEA forecasts for the year 1985, which is as far 
as the Project Independence study forecasted. 

The resulting high, low, and nominal forecasts for usable energy 
consumption are shown in Tables H-I-I through H-I-3 

As noted in Chapter I I ,  the SRI primary resource projections do not 
include certain fuels and uses. To reconcile the SRI model primary 
resource projections with the demand estimates in Table l ,  of the 
main text the following calculation is presented. The calculation 
illustrates which fuels are excluded. I t  begins wizh the uemand in 
1972 of 72.1 quads taken from Table 1 in Chapter I I :  

1972 demand 72.1 

Losses in hydro and 
geothermal generation 

Coke (coal) 

(2.1) 

(z.4) 

Coke (petroleum) ( .2 )  

Lubes and waxes ( . 4 )  

Asphalt and road oil (I.2) 

65.8 

Field use of natural gas (2 .4 )  

SRI model input 63.4 

All SRI demand estimates and projections exclude the items in the above 
l is t .  

3--/A Time to Choose, Energy Policy Report of the Ford Foundation, 
Ballinger Publishing Company, Camb~idge, Mass. 1974. 
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TABLE H~I-I (a) 

USABLE EIJERGY FORECAST -tlIGII nEf~l lO CAS[ 

}915 

DEt|AND REGIO?I 

CATEGORY I ? J ~, h ~, 7 P t I, I ,~t 

R e s i d e n t i a l / C o m m e r c i a l  
S~aceHeaL 
Drying 
Air  Conditioning 
Ele~L,'ol~mechan~c~l 

.S,~btotal 

Transportation 
Automubile 
Truck/Uus 
Rail 
Harine 
A i rc ra f t  

Suhtotal 

Industr ial  
Process Steam 
Direct Heat 
Electromechanical 
flapLha Feedstock 
Gas Feeds tock  
Coal Feeds tock  

S u b t o t a l  

Total 

•/':~,,', ] . S ' ~ 7  , lg~,  , 3  I*, ? .  I ~ ] . g 3 7  ] .  ] I 1 . 7 ~ b  7 .  b?',-, 
• I.'-'1 .~,u ~ . d U O  . i t , 3  t, 14 . 2 ' 4 7  . 3 3 9  . ? ' I ~  ? . c 4 l  
• u?.n . l l ~ ' b  . ~ ( , 0  . } } ? . ~ - 4  . | 7 7  . I {~tt • ! r ~, , '~ '~b  
.C, 5 ;  . l ~ l  . I .%5 . O h ' /  .~.I~ I . l l J 4  . I~C,  . } j M  } . u J c '  

. ~ 6 ~  I . P ~ I  ? .  n ' t ( ,  . n! ,( ,  ~ . ~ - ~  I . ~ , 9 0  1 . 9 3 1  ~ ,h~l~, ] 3 . o i l >  
• h 3 R  . } , . , ( t  , ; - ' ) ?  . ,~ '~3  . ? ~ ' 6  . 1 5 1  . l T t ~  . 1 7 3  } . • l : , l  
. ~ . } ~  . (~ ' ,7 , l  1"7 . 0 4 " )  . ] l , 4  . (~/ '6  . ~ 3 b  . l  I1' . IJ~" 
. I  4 ~  . ~ / ; ' )  . ] "L~' . (' .-I(I . ( ~ ' ?  s l ~ / ~  0 .('111~ . |  1'~ . I ' L 6  
. u h , ~  . / ,  ¢,~ , .~1~)~ . (,,~ .':, . ~'t. l~ ~ ' 0 0  . Z z ,  I • ~, .~.':, Y . k . c ,  | 

• ] r)q .~ 9 I , L, :l~ • c,/,c~ . q3/ ,  | . IJo% , ', '~ 1 . :'u,B 4 .  J 7'., 
.,'t~,'~ , ? " 9  , ~ 3 ( ,  o ) / ' ?  .~ t~5 o 4 7 )  . 7 3 ~  . I / "  ~ .  l " t "  

• J-~*) . P ' , !  . I / . , '9 . ( ' 1 ~  . I U ~  t ( J H 3  . U O . ~  . I;,~, F, . [ l * b  

. L  1A . / , 1 '  . 3 : ~ b  . I ( . r  . 5 ~ 3  . ,~MI . Ot'f ~ .?1~ '  ~'. ~l,~' 
~. ~Pr ,  . i  I 7 . ;~1  ~ . I , } ~  . I . ~ t  u' . ( "0  | ~ ,O[ :b  ,,(~1, ] . i } ?  

. ;42P ] .14~,h l . 4 , , 7  , 9 H 4  ~ ' .7 (  i > ~o~,~} ] . L I I 4  | . ( . 1 6  ] i . b S j  

) . b 3 ; >  ~' .  h ? ( ,  ' g .  7 , . b  2,. 7 I ~  t ' . , . 73h  ~ . ~ 9 9  . ~ . . ' H ~  I, .(~Ot~ 4 ]  . ~. ~. t, 

( C o n t i n u e d )  



TADLE H-I-I (b} 

USABLE UIERGY FORECAST -HIGH DEI,IAIID CASE 

19D5 

- r  

DEHA{ID REGIO~I 
. .  , , , ,  

CATEGORY I ~ 3 ~ !, 6 7 , I ( . (~L 
, , ,  , , ,  

Resldential/Co~nercial 
S~ace'Heat 
Drying 
Air Condttionlng 
Electromechanica] 

Sub to ta l  

Transportatio. 
Automobile 
Truck/Bus 
Rall 
Harine 
Aircraft 

Subtotal 

Industrial 
Process Steam 
Direct Heat 
Electromechanlcal 
flaptha Feedstock 
Gas Feedstock 
Coal Feedstock 

Subtotal 

Total 

• 176 .~3 .395 .RO6 ,~lq ,33q ,~73 ,36~ 3.10~ 
• t'6~ .]Th .9(.II ,3~G ,;'6.H ,5?~ ,34t. ,3t~ ?.~ 

,UE'9 3 , 5 7 f l  ~ , a n l  1 . ? 1 6  4 . 3 6 5  1,93[~ 2 .hUb '  P. , t ' l  ? 1 9 .  f3z~ 

,c)6" ~!. 6"1% ?.7~'l 1.137. 3.L9(~ ~,070 2.~.6r, ~', ] 55 ]7.7,U 
.P5'! • 1 *'t:. . :;'17 . ~ ;>, .3U3 , ? 0 1  .~3Y ,?C? I .6(.U 
. t  ; 3  , O ' / f  , I l 7 . n l . ?  . ; ~ 3  , I Oto . 3 ~ h  . ] t , I  1 .  t.;:t~ 
• "-1~3 . 3 7 )  o ] g P  , n k l  . 1 ~ 3 7  o ~ 9 t ~  G , U O O  , Z / ?  I . 3 a l ,  
• l }I:~ ,9'~C~ , 135 ,(!.w~] ,l.I? ,4 ;~l ,b ) 7 °I'~1 4 , t~(:(, 

l .3('4 4.071. 4,l{~ I .&ht~ q •!i'Sb 3•044 3,74b 3.6H7 d('.. b('{~ 

• ??q .976  . 9 5 7  ..5c)t~ | , ( t b 7  2o3411 I . I ; f l 3  .~'uP F .g IH !  
• .~l~ 1 , 6 6 " t !  , ~ ( . 6  • :¢ r ' ( '  1. [13. L , 9 3 1  , 4 7 3  , ~.t r: 4 ,  l o( 
• l ? I ,  • SP3 . b b l l  , 5 7 "  .".~ 5 o~86 ) JgP. . ~ , 0  4 .  ht '( 
• ':P . 3 ' : 1  o ?. t~4 , I Pt .  , P 9  ! o l b B  ° t; ~d , ( I . 3  ] , t~ Fb 
, 131  J,O;~," . h F ?  ,3bt* . 9 1 7  1 , 0 ~ 0  ,t17:~ ,3J¢~ 4 . ' : ' q  

('.( O, ,P.P7 ,( 3, ,e~l ,09f, ,003 ,t.l~ ,t,[ 1 . l~ 

• ~',21 "~ ° 3!,~, P.ql¢9 I.Q93 .%, fit~5 5,006 ~,119 ?.,)% ] ~3,e.b(. 

?,754 )I,UI(' 9,B~.'F 4,663 14,GE'5 9,gGR P.,67b ht(lG(l bli,93h 

(Cont inued)  



TABLE i t - [ - 1  {c) 

USABLE I;rlERGY FORECAST - HI&H DEI.IAIID CASE 

2 0 0 0  

- I -  

DEI4AtlD REGION 

CATEGORY I ;' 3 4 L. (, / I- l i , l t . t  

Resldent lal /Con~erclal  
SpaceHeaL 
Drying 
A i r  Condit ioning 
Electromechanical 

Subtotal 

T r a n s p o r t a t i o n  
A u t o m o l ) i l e  
Truck/Bus 
Rail 
Marine 
A i r c ra f t  

Subtotal 

Indust r ia l  
Process Steam 
Direct  Heat 
Electromechanlcal 
tlaptha Feedstock 
Gas Feodstnck 
Coal Feedstock 

S u b t o t a l  

T o t a l  

, ; 1 ' I  k ' ,  71~r, I , ? ~ ?  , % 4 ' /  ] l ,  ;~c,r,, , 1 1 5 7  l , t J l 7  ] ,~:~,4 ' ] 3 , i ~ i :  
. , ~  I . h')~, . ~/~ | • ~'~ P . 7 t~O  . "11llO .~ ]%1  . b  14, "J. DI 'U  

. : ~ 1 4  - i~ ' , ' !  . I ) L !  . E  '~'-~ ,9¢~1 , , ;z~q . ~ * I  . 7 1 1  ~ , i ~ : , ,  

I , , I  i f', ' * ,  ~(;-~ 3 .  ~',b3 i . .cl I l l  !'~ ,'.~bL, ~ i 4 4 . 3  3 . . 3 7  ~'l J . ] l #  ~ 6 . b ~ - ?  

I , l ~ l  3.P.. ~ I 3 . 3 0 ( #  1 . 3 1 b  4 . P b ~ ,  ~ . ? B ?  2 . ~ x b 7  2 .  ~c,{} d I .5,," L, 

. r~ , r~  . 1 3 r ,  . ; - 'OU . ' l , : l  . ? h |  . 1 6 / ~  . ~ l l '  . ; ' " ~ '  1 .  #, 
• ] /'~.I , ~:~ '~ i ~. ~*'~, i i l l ' ' }  i l~ l ' i }  ' i ] b l t  ~ ) .  (, t)(~, i . ] i ,  % [ i / : . I I  

, l ' t t ] l  ; ' 1~¢  '11 I , ' ) 1 ! ( I  i ~ . J ;  "~ :* ,~Or~ i ,1~17 I , Z~#!~ 7 , 1 , . l i '  1 ] , i , : . i ,  

. "<" I J ,~ - ' , : '  I . % ~  . c : l . ?  ? . ,# 'dP j . f~14"3  I .  t I I I • ? 7  # I ~ . i .  ~., 

. I ':7 • t.', I ,J~l  7:' . !~,1~ 1 ] . 7 1 3  ] . t.,oz. . I ,~ ' l~  . ~ r , . ~  "! .  ~c:U 
, ~' ' l q  I , ] I, ' i  I . ~ q " l  ] . ' , l ] q  ) . H q  I, ] . ] kl| . l l t ¢ ~  ] . ] l ; l l  c s . i , t , I ,  
. I ) n , 71 /. .# "~  1 . ~ l l ( ;  . ( , I  l . ~l~'ifl . 1 7 7  , 1 t~"  3 .  u - ' " /  
. ;.'Tn ; ' . 0 7 1  ) . 3 ( ~ 7  . T h l  ) . q l ! >  ~ . k ] 4  . Jh l ;  . It#if: z~. IL.  ~' 

(~ , ,  li¢l . ~|!,c, • ' ! ( ,7  . l~Zi(1 , I t)~i . (101; . (.~|I) . { I ( 4  . ~ ( . ' )  

I ,1 '~ '~  ¢ , . l ~ , ' a  ¶~..71:2 J . ' , ~ ' : ~  q . l g l ~  9 . 4 ~ 1  3 . ? 7 1  3 . ~ t (  ~ . ~ . * . t l ,  

~ 0 . 1 6 ~  1 1 . 1  45 I b .  _t~t~ 7 .. 3t~~ ? l . l l ? .  1 b o 9 ~ 4  1 2 o 1 4 ( .  1 3 .  t . l :P  l t T . o ? r  

( C o n t i , u e d )  



"MDLE ll-I-I (d) 

USABLE EIIERGY FORECAST - IIIGII DEltOID CASE 

20~5 

DEfIAND REGION 

CATEGORY } Z 3 ,, .~ ~ t ', 1 ,,* 1 ,.L 

res idential/Co=mnercfal 
SI~ac e" flea t 
Drying 
Air Conditioning 
E l ec trozllechani ca I 

Subto ta I 

Transporta Lion 
Au tomob i I e 
Truck/Bus 
r a i l  
t, lar  i ime 
Aircraft 

Subtotal 

I n d u s t r i a l  
Process Steam 
Direct Heat 
EIectromechanicaI 
flaptha Feedstock 
Gas Feedstock 
Coal Feedstock 

S u b t o t a  I 

T, tal 

,HOS b. O~,C 2 . 5 0 0  J .07~- 7 , 2 6 8  ) , b 3 7  3 , 3 6 }  ~.I~99 E~ ,t.bE' 
, ~ , 0 7  l . ~ S b  . 9 : J ~  , 4 7 ~  l . 3 6 4  . 7 4 3  , q q 7  l ,  (,ILL 7 .  J i:~, 
, l l l t ,  . 4 ~ ,  P , 3 "  I , t ~ b 6  . 7 6 7  ] o t~ P.9 . h S ]  l. ?r~'! /~. c'~t~ 
.57R I ,532. ) .3~'5 ,574 I,#*07 ,Pb.q I, L'O I I ,"'.~' 9, ~ 4~: 

? . b 5 3  H,312 7.1P.3 3.r ,77 11 .195  ,~.666 b . ~ , ~  6 .b , ,~  ~ Y. , "3o 

?,191 b,,555 6 . ~ 7 ( }  ~.=,77 EI.Pb c, 4 .3bR 5 . b 2 b  5 . g ~ (  ~ ~oL.,773 

.~vi4 ,?66  .Jg( '  . l q h  ,4" /2 , 3 ] 7  .~bH .61P. 3.c~:> 
• 2 , 1  . h  I n . Q T ~  ~ ] ] I~ . 0 9 G  ,~'~4 q .  BOO ,7V(. 3 , c . ~ u  
. ~ P ~  q . 4 h , ~  3 . 1 ( 5  ,~ , t . 4  3 , n ] ~  1 . 9 4 2  2,/.t'b ~ , ~ . L 3  ~ , ~ . ~ ' I  

. (~tj~. / . . I .P7 :~ , !  1.7 I . ~.~,t~ 5o493 7 , 4 1 7  3 , l b 5  ?.5",'h pl- .  /f.~ 

. r'~p i .~t. tl I .b~'3 I ,  I{~.~ ' 3,?1¢) 3 ,17R I , q g b  J , ] 1 5  l J . ,  ..-~ 

, *"~} P l .  2~/2 I . P 2 3  * ~ ,  q ] .  1 4 9  , ( ,~4  . 3 ? 7  • 3 r ,  O b .  7 e .  
.bn~ 3.'tc, 6 ~'. b66 J .=.3l  3 .6b()  ~. .b4q .~'9b ] . h 6 3  ] B.o.%b 

~" • l~(l p . 1 , 4 ' )  , I 3 } . 0 9 0  . 3 t ' 3  . (~ OR . b ~ b  • 0 Or  . "! b~, 

~o1[6 ll.l~ 11ol19 7,779 17.292 ]BoI2B 6.97b 7.b61 b~.J~b 

7,05P 3"l,r~q7 "40 o~E'6 l ~ , 6 " l l  4 ,~ 'HI9  3 0 , b 2 9  22 ,470  2 I ,bE'b 



TABLE II-I-2 ( . )  

USABLE EIIERGY FORECAST - LO~I DEY~tID CASE 

1975 

CEIIAND REGIOri 

CATEGORY I ;, .3 ~ s ,, 7 

Residential/Commercial 
Space'Heat 
Drying 
Air  Condit ioning 
~lectromechan|cal 

Subtotal 

Transportation 
Automobile 
Truck/Bus 
Rail 
Marine 
A i r c r a f t  

Subtotal 

Indust r ia l  
Process Steam 
Direct  Heat 
Electromechantcal 
Naptha Feedstock 
Gas Feedstock 
Coal Feedstock 

Subtotal 

i Total 

,2bfi ],t,~>'t .75~ .3:If, ~,171 ,532 1,117 ,7¢5 

.O2fl .,%t. .2Sb .112 .6~a ,172 .lCs .I~4 

.ObP .1~1 . 155  .( 'b7 .?l) l ,104  ,124 .13H 

,~q 2.2~2 I , ~ 5 9  .6e,tl 2,~70 1.05~ 1,6R~ 1 , 3 ~  

5 6 6  I . H ~ I  2 .070  ,05n 2 ,5£H 1,~9o 1,931 1,h34 
,03~ .I~ , 2 ] 2  ,093 ,22fl ,153 , i 7 ~  ,173  
,016 .0~7 .0~17 ,I)~b .)Oq mOT6 ,23b .llO 
.0;~ .22(~ .II~ .03n .~22 .I~ O.UO0 .IF~ 
,~B3 ,~40 .352 ,O~b .28A .200 .241 ,#35 

,BSI Z,716  2,HQO l,O6~ 3,166 2,10] 2,b~ 2,52# 

.|n~ .#ql .~3~ ,269 .93¢ J,Ob5 ,~91 ,3~2 

.Oa4 .25g .Z3G .i(,J .~bh .471 .~39 ,17~ 

o~)2~ ,2iPq . 149  ,C|BO .]b5 ,OB] o043 .O~h 
.074 ,61D ,335  .190 ,533  ,58)  ,0~0 ,E19 

0 .000  .n~7 . i l l 7  .DIP .056 .DO) .bOo ,U~I 

.J22 i.llhl~ 1.44T .9[14 ~.7( ,2 2,441 l . O l ~  l , O 7 *  

1.632 b.fl2b 5.746 ~,71h A.73R 5.599 5.?F~ 4.900 

IOIPL 

? , b ~ u  
2 ,~47  

l . u 3 ~  

l l . Y ~ 3  

11,oi0 
I.ZI3 
,732 
sUi;q 

~ . U g l  

I 7 , U b O  

4.. 1 7 ~  
2 . i b u  
2. O~,T 

• 7~b 
2 ,  bf~ 

i1 .~ '5!  

(Contlnued} 



* r  

TABLE If-I-2 (b) 

USABLE ErERGY FDI(ECASI - LOUt UIIHAHD CASE 

1985 

DEI4A~ID REGION 

CATEGORY % ~ 3 ~ 5 6 7 8 TOTAL 

%sidenUal/Comercial 
Spaceileat 
Drying 
Air  Conditioning 
Electromechanica] 

Subtotal 

Transportation 
Automobile 
Truck/Bus 
Rail 
Marine 
A i r c ra f t  

Sttbtotal 

Industr ia l  
Process Steam 
Direct Heat 
Electromechanical 
~aptha Feedstock 
Gas Feedstock 
Coal Feedstock 

Sub~tal 

Tota I 

.374 1 . 9 ] 2  .ttS9 ,39Z 2 ,414  .631 1,35{~ ,U~H B.bOU 
,159 ,5(~9 ,357 .}Hb .573 .306 ,427 ,333 ~.800 
,028 ,0~0 .344 ,]~R ,]|6 ,232 .|4~ ,160 |,~Sb 
,Obfi ,243 .2t)6 ,otis .~14 .138 ,L~8 ,181 1.386 

.599 2,744 ],79~ .814 3.327 1.31)7 2.093 1.562 14,242 

,629 | , 536  ] ,823  ,742 2,2B7 1,324 | , 747  1,412 11.bOU 
• ~79 ,277 .415 ,180 ,45~ ,302 ,35~ ,333 2,400 
,023 .078 . J ] 7  .ObZ . l k 3  ,104 ,326 ,147 1,(100 
• ~83 .37] ,192 ,0~7 ,037 ,298 0,000 ,~7~ 1,300 
,139 ,709 .551 o070 ,459 ,316 .388 ,bb8 3,300 

,~b3 3.G7~ 3,098 l,ll~l 3.362 2,344 2,h19 ~,832 I%600 

,~54 1~079 1,050 .658 2.113 20602 1.200 ,895 9.851 
, ~74 ,417 ,~16 ,Z"f' .q~ ,h31 ,4~ ,?Ob 3,bh~ 
.079 ,327 .350 ,3~I ,5~R ,304 ,~45 o3~6 2,bnO 
• "53 ,3bh .259 ,12b o~96 ,l~| ,OB4 ,085 ),~52 
• 'IZ4 ,574 ,35(! e|99 ,~|6 ,bOB ,062 e~19 2,582 

O,O00 ,030 ,033 ,923 , l ( | l  .003 .Olb  ,O0| ,207 

,534 2,778 2.498 I ,055 4.678 et,509 2,009 ] ,8q| 20,Zb2 

2,066 8,593 7.392 3,57L ~, 11,187 B,160 6,921 6,195 54,X04 

(Continued) 



TABLE II-I-2 (c) 

USABLE EflERGY FORECA51 - LOH DEHAIID CASE 

2000 

CATEGORY 

Resldential/Comnercia] 
SpaceHeat 
Drying 
Air Condi t ioning 
Ele~trumechanical 

Subtotal 

Transpor ta tJon 
A. to~obi 1 e 
Truck/Bus 
Rail 
Ha r i ne 
Alr~rarL 

Subtotal 

Industrial 
Process Steam 
Direct Heat 
ElecLro,~echanlcal 
I~aptha feedstock 
Gas feedstock 
Coal feedstock 

Subtotal 

Total 

DEt,IAtlD REGION 

1 k' 3 4 5 B "1 H TO1 ~L 

,2~q  1.(,1~,) ~773 ,33() ~ 3 3 1  .617  i ,Oq( ,  .Hd3 7 ,9~0  

,1~9  ,~.~.? ,337  ,13~ ,¢5(,  ,~13  ,~Sh ,33T 2,~bQ 

, b56  E , 7 4 "  ~ ,037  ,81~b 3,%£~ 1 ,383  1,~91 i , g l E  1 5 , | 3 3  

• ~'?1 J ,P I~  1 . J 3 ~  .5;-0 I . t , 95  ,gO~ i , I H )  I , I ~ P  8,~99 

• l ; g  .41t l  .V~5 . ( ) ~  ,~4R .35R O.(,OU .39% I .TOU 
• 3~7 1,75a 1,3~3 ,I~ 1,135 ,71q ,~73 ],~65 8 . ~ 0 0  

,~9A ,h39 ,SbO .~6 ,546 13~0 m|b9 ,l~3 2,73~ 
,072 ,543 ,359 ,2U~ ,5(I~ ,539 ,U42 ,2~0 E,~ 

0 , 0 ~ 0  ,054 , 005  , 0 4 5  , | b i t  ,OU4 ,030  ,004 ,3YU 

• 723 3 .6P3 3 .571  ~ .335  6 . 0 4 4  6 . S | ~  2 ,U53  2 . k 7 l  28 ,133  

~.50~ IU,479 9 . h i e  4.39~ ]3 .57~ 10,578 e ,083  8,845 ~7,g65 

(Contt .ued) 



TABLE II-I-2 (d) 

USABLE E[IERGY I:ORL~ASr - LOIV DEr~A[ID 

2025 

CASE 

=. 
c )  

CATEGORY 

ResJdentia|/Commercia" 
S~ace'Heat 
Drying 
Air Conditioning 
Electromechanical 

Subtotal 

Transportation 
Automobile 
Truck/Bus 
Rail 
Ha r i ne 
Ai rcra f t 

Spbtotal 

Industrial 
Process Steam 
Direct Heat 
El ectromechanica] 
Naptha Feedstock 
Gas Feedstock 
Coal Feedstock 

Subtotal 

Total 

DEI,IAND REG]O~I 

3 ~ 5 6 7 I~ TOI~L 

.326 |.~b~ .9~ .39h 2.6~3 .603 I,~42 l*Oe9 9.101 

. I g n  .5i~6 ,439 °~22 ,632 .347 ,hbb .475 3 . 3 5 7  

.068 , l ~  ,948 ,356 .204 ,53~ ,~55 .6~4 3,b~H 

.215 .570 .~93 ,?1~ ,673 ,3 lR ,291 ,bZ) 3,~97 

.799 3.194 2.A04 I , ISH 4.27R l°~O0 2,~55 2,531 1 ' .~43 

.577 1.72~ ?.038 .7q9 2.500 |.351 ),71~ I.H3~ 12.631 

.~IR .73t! l , l ~ 3  . ~ 5  I .?{ , I  .77N ,B79 I.N77 6.5t,:I 

.065 .215 .3~3 ,174 .413 .27B .h40 , ~ B  ~,u2b 

. i 57  .681 .375 ,092 , O i l  .535 0.000 , b i b  2,bP~ 

.5~0 2 .~85 2 .052 .252" 1.673 1,074 | . 2 6 1  2,B9) ] 2 . l ~  

1.617 5.831 5.974 1.8U2 5.896 4.OOG 4.700 6 . q l h  36.746 

.531 2,16t, 2.476 1.551 4.520 b,08q 2,b07 Z,077 22,011 
, I77  .674 ,797 ,553 1,6~1 1,594 ,15] ,bb9 6,~75 
,138 ,54H ,685 ,714 ,9~5 ,594 ,445 ,Sg~ 4,063 
.141 ,9~5 ,B57 ,384 ,804 ,478 ,231 ,25P 4,(s5~ 
, } 0 ~  ,769 .5q9 ,3~ ~ .74n ,955 ,06] ,341 3.U33 

0.000 ,077 ,099 .059 ,277 ,OOh ,044 ,UU6 ,bTb 

1,041 

3,~57 

5,133 5.463 3,5(~5 8,907 9,716 4,139 3.BE9 41 ,0 |3  

14,15P 14.241 bo57b 1q.077 15,524 ] ] , 0 9 4  13.2?6 97°402 
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TABLE if-I-3 (a) 

USAIItE EIERGY FORECASI - llOt111lAL CASF 

Iqlb 

DEIIAIID REGIOI! 

CATEGORY 1 2 3 4 5 6 7 l 0 1 ~ L 

Resldential/Comercla] 
SOace'lleaL 
Drying 
Air Conditioning 
Electromechanical 

Subtotal 

Transportation 
A,J tomob i 1 e 
Truck/Bus 
Rail 
Marine 
Aircraft  

Subtotal 

Industr ial  
Process Steam 
Direct Heat 
E I ec tromecha ni cal 
tlaptha Feedstock 
Gas Feeds Lock 
Coal Feedstock 

Total 

Subtotal 

,Z56 I . ~ ) /  ,75,'D ,~35 2.111 ,532 | . I l l  .7~5 7,3~H 
.121 .+ ,?  .;~QO .163 .414 °~47 ,339 ,B75 2°d47  
, 0 ~  , o ~ 6  ,760 . l l Z  ,Ob4 . 172  . I 0 8  .124  .g3b 
, 0 6 2  . l ~ l  . ) 5 5  ,Oh7 ,201 , | 0 4  , | ~ 4  , 1 3 8  ! . 0 3 ~  

,45g ~,247 1.459 .b~g ~.hTO | ,055  I.bU8 1.31)2 11.743 

,bb6 1,841 2.O70 ,PSO Z,5~n 1,490 1.931 i . h34  13.U]O 
.~3~ .140 ,712 ,n93 .2~6 ,153 ,lTll ,173 l,~13 
on16 ,llS? ,q~7 ,n4b ,104 ,076 ,~3(, ,110 ,13~ 
.u4~ .?~9 ,] ]9 ,l l33 ,(IZp =J84 OttlO0 f l I P  =bUk 
.091 .4~9 .357 .0~5 .2~6 ,200 .Z~i ,435 ~.09|  

.USl ~,71~ 2.840 1,0~4 3,166 ~,I03 2,bHb 2.524 17.bSO 

,}( ;q .+91 ,43~ ,Ph9  ,934 loOb5 ,491 =3hP 4 , 1 7 ~  
,044  , 2 5 q  , ?36  , l h 2  , 5 b 5  .&71 ,~39 ,174  Z , I b O  
, 0 6 6  , 287  ,P16 ,28~  ,640  ,~4D ,19J , ~ 5 2  ~ . 0 4 7  
.0~9 ,Z04 ,1+9 ,Pbb ,165 ,083 ,b43 ,04b ,7U~ 
,~7~ .610 ,335 ,1~0 .533 ,581 ,040 ,2 IV 2,b8~ 

O.OOO .017 ,P17 .h i2  .056 .OO) ,one ,uo l  , l l Z  

, 3 2 2  | , 8 6 B  1 ,447  , g ~  2 , 7 0 2  2 .441  |,014 1,074 II.051 

I .b37  0.0?6 5,7q8 2,7l,~ 8,7~U 5,599 5,288 ¢.~on ¢l.a~ 

(Continued) 
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TABLE )~-I-3 (h) 

USABLE EIIERGY FORECAST = HOMI)~AL CASE 

Ig~5 

DEHAND REGIO~ 
, , ,  , ,  

CATEGORY t 2 3 4 5 6 7 B lOl~I. 

Resident|al/Com~ercial 
Space'Heat 
Drying 
Atr Conditioning 
Electromechantcal 

Subtotal 

Transportat|on 
Automobile 
Truck/Bus 
Rail 
Ha)'ine 
Aircraf t  

Subtotal 

Industrial 
Process Steam 
Direct lleat 
Electromechanlcal 
Naptha Feedstock 
Gas Feedstock 
Coal Feedstock 

Subtotal 

Total 

,343 ~,n?~ ,941 ,4)5 2,554 ,66R 1,~28 ,940 9o310 
,]64 ,575 ,368 ,192 ,5~0 ,316 ,441 ,344 ~,BgO 
,039 ,109 ,5li , 2 0 0  ,lb2 ,321 ,~06 ,~22 I,?74 
,122 .338 ,27B ,]~2 ,380 ,]gz ,~33 ,251 |,916 

,66R 2,994 2,(197 ,q35 3,635 1,~96 2,308 1,757 15,H9| 

• 72R 1,B94 2,110 ,fi59 2,h48 1,533 2,023 1,b35 13,430 
,b71 ,?49 ,37~ ,lb? ,410 ,P72 ,32~ ,300 P,lhO 
,OZ3 ,07R ,I17 ,O~Z ,1~3 ,104 ,~b ,147 l,UO0 
.083 ,37l ,192 ,0~7 ,037 ,~gB 0,000 *~72 ] . 3 ~ 0  
• 153 ,780 ,606 ,077 ,505 ,347 ,427 ,735 3,63~ 

1,05fl 3,372 3,399 I,~o7 3,743 2,554 3,098 3,0~8 ~I,SPII 

. 2 4 6  1 . 0 4 7  1 . 9 2 9  . h 3 9  ~.Obl P . 5 2 6  1 . 1 6 5  . 8 o 9  9 . 5 7 3  
,077 9427 ,43] ,?96 ,957 ,B6I ,431 ,305 3,792 
. 0 9 3  .38( .  . ~ I 3  .~P6  . b ~ 3  . 3 5 9  . ~ 8 9  .361 ~ . 9 5 0  
,053 . 3 5 4  . 267  . I P 7  . 2 9 4  . l b O  . 0 8 3  . 0 , ~  l . q # ~  
• Ogl ,7u8 ,432 ,?45 ,636 ,750 ,052 ,27U 3.184 

0,~00 ,02q ,b32 ,022 ,098 ,003 ,015 ,001 ,201 

, 5 6 n  2 . 9 5 1  2 , 6 ~ 4  1 , 7 5 b  4 , 6 b 0  4 , 6 5 8  2 , 0 4 2  1 , 8 9 1  2 1 . 1 4 3  

P,R~6 9.318 8ol21 3,8~H 12.03~ 8,708 7.447 6.73~ 5B.554 

(Continued) 



TABLE II-I-3 (c) 

USABLE EHERGY FORECAST -IIOHIf~AL EASE 

200U 

BE/IAPID REGION 

CATEGORY I P 3 ', q h 7 ~ TOIAL 

Residentlal/Commerclal 
S~ace lleat 
U~ing 
Air  Conditioning 
Electromochanical 

Subtotal 

Trcnspor ta t ion 
Automobile 
Truck/Bus 
Rail 
Marine 
Ai rc ra f t  

Subtotal 

lndustrlal 
Process Steam 
Direct  I leal 

1 ec tro,nec h~ n] cal 
tlaptha Feeds took 
Gas Feedstock 
Coal Feedstock 

Subtotal 

Total 

.3~7 ~ ,01~  ,926  ,39L ~ , r 9 1  ,619  l , 3 l Z  ] ,U57 9,4hi)  
• 165 ,57~ .401 ,20P .600 .3P5 , ~ 9  ,42g  3 .170  
.Oh4 ,17n  ,7~6 ,31)~ ,Pb?  ,474 , 3 0 2  , J g P  2 ,7P~ 
.19~ ,535 ,~9 ,18~" ,hOT ,Z84 ,341 ,4~9 3,05U 

,794 3 ,296  2 . 5 2 2  I.oO} 4,~56 1.701 P,40h  ~,333 | 0 . 4 , 1 ,  

,bl~7 1.771 | . g ~ 3  .TSt; P,673 ] . 3 1 q  1 .723 1,7P4 } P . 3 ~  
.12~ .427 .631 .?~P .699 .427 .5(,3 .57b 3.b5{I  
,0~3 m|47 . ~ ] 7  .lO~' . Z f !  , l aO , 5 e l  ,311 l , e4O 
. i O q  ,4~1 .2~5  .060  .Pelt .358 O,OOO .3Vg | . 7 0 0  
, 3 9 n  1o977 ! , 5 1 0  .IH~ I , p 7 6  ,80A ,9~Z ~ .U97  9 , 2 ? 0  

1,35£ 4.79n ~,56b 1,3?q 4,7CN 3,P92 3,768 5,108 ES,N09 

.506 1.51.2 ] ° 5 9 5  .996 3 .o23  4 . D i l l  1o77|  | . 3 ~ 1  14.5u1 

. J O t  .556 .6~H oi. 70 I .?B~ | . ?SP .Oub .42? 5.ZbO 
• 151 .605 .7eO .7~? 1.002 .b23 .~80 .599 6 . e a t  
. l a 2  .661 .58o .25£ .565 .331 . l e ~  . l e 9  2 . 8 3 2  
• 133 l .OOI .661 .37e .926 1,177 .£7? .466 4,76U 
• OO~ .05~ ,066 ,065 , ] 8 9  .OO~ ,u30 ,004 ,J91~ 

,851 4.381 4 ,210  2 ,825  6 ,990  7 , 6 0 6  3 , ] 2 8  P,gZl  32 ,  t l J  

3 . 0 o n  I z . 4 7 ~  J I .2'7H 5 .291  16.014 12.~00 q . 3 0 2  10.362 ? q . ~ , J  

(Continued] 
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TABLE ' ~ l I - ~  (d,) 

USABLE ENERGY FORECAST - rlO~IINAL CASE 

2025 t 

" r  

4~ 

CATEGORY 

Residential/Commercial 
S~ace'Heat 
Drying 
Alr Conditioning 
EIectromechanical 

Subtotal 

Transportation 
Automobile 
Truck/Bus 
Rail 
Marine 
Aircraft 

Subtotal 

Industrial 
Process Steam 
Direct Heat 
Electromechanical 
t/aptha Feedstock 
Gas Feedstock 
Coal Feedstock 

Subtotal 

Total 

? 3 

DEtlIAND RtGION I 
IOI~L 

,~94 
,255 
.103 
,324 

1.175 

1.131 
, ]B~ 
,;.6~ 
,1To 
,621 

2,17~ 

.565 
,105 

. |Sq  
,224 

0,000 

1.363 

2.813 
,797 
.271 
,Bb9 

2.871 
,631 

.73R 
3.086 

7.550 

2.300 
,875 
,gtt8 

] . 0 2 )  
i , 667  

~,930 

1.397 
o5R9 

1,35~ 
.760 

4 .100  

3 ,397  
1.0~7 

.357 

.4~6 
?.bSO 

7,717 

2.635 
1.~33 
J.232 

.967 

.108 

7,160 

,29d 
..=.3~ 
.32;t 

1.75~ 

i ,:33  
. I h~t 
,]0'0 
.313 

1.651 
,717 

J,287 
,~33 
,b79 
.075 

4 , B 4 3  

4.059 

1.013 

6,3~9 

4,170 
1,07~ 

,431 
,077 

2.077 

7,H2~ 

4,HL2 
2,100 
1.702 

,907 
1 .59~ 

.303 

11,423 

,913 
.466 
.I$01 
.480 

2.660 

E.256 
,b66 
,~911 
.ShO 

1.335 

5 , ] 2 6  

b.487 
2,e69 
I.C74 
,540 

2,o63 
,0o6 

12,240 

] ,oTb  
.625 
,643 
.504 

3.~51 

2.b58 
.Tbl 
.b7b 

O.OOO 
1,572 

6.UBb 

2.775 
,974 
,b03 
,~60 
.L3!  
,0~7 

4,990 

l . h l ~  
,b38 
,b98 
.7H8 

3.742 

3,65H 
.932 
.b~O 
.~76 

3 .59!  

H,771 

2,212 
,7?6 

I , b 7 2  
,285 
,73R 
,007 

13o769 
4,Sbb 
~.b35 
5o0~U 

PI,UT~ 
5,o79 
2,V~b 
2.739 

15,1~6 

47,5H2 

23,43h 

8,4CU 
4,57E 

oh3| 

5 3 o ~ b  

4,717 19,210 18,977 8.944 25,599 20,026 14o5(J7 17,551 129.530 



2. Resourc~ Data 

The SRI energy model exp l i c i t l y  considers the following types of 
primary resources: 

o Domestic natural gas 
o Domestic crude 
o Shale oi l  
o Western (low sulfur) coal 
o Eastern (high sulfur) coal 
o Nuclear fuel 
o Imported fuels 
o Hydroelectric and geothermal. 

The ava i lab i l i t y  and production costs of a l l  the primary resources 
with the exception of imported fuels and hydroelectric and geothermal 
are described in terms of resource curves--the marginal cost of the 
next increment of production versus cumulative production--for each 
production region. Thus the model accounts for the increasing prices 
due to depletion. Oil and gas imports are handled by specifying the 
prices of imports exogenously; the nominal case assumes a continued 
strong cartel and thus that import pz-~oes increase over t ime.  Foz 
hydroelectric and geothermal energy, which provide relat ively small 
amounts of energy, both quantity and price are specified as inputs. 

The resource curves for gas, o i l ,  sha~e, coal, and nuclear fuel 
are shown in Chapter I I ,  Figure I .  The price assumptions on imported 
fuels are summarized in Table H-I-4. (Recall that these nominal case 
import prices assume a continued strong cartel .)  Hydroelectric and 
geothermal data are not included in this appendix because they have no 
major influence on the introduction of synthetic fuels. 

TABLE H-I-4 

PRICES OF IMPORTS 
(1975 Dollars) 

Year Crude Liquid Natural Gas Methanol 
(dollars per barrel) (dollars per.Vcf) (dollars per 

barrel) 

1975 Sl I . O0 $2.60 $I O. 04 

1985 14.50 3.43 13.23 

1995 16.01 3.78 14.61 

2000 16.65 3.94 15.20 

H15 



3. Process Economics Data 

The SRI energy model requires data on the following types of 
p~'ocesses: 

o Synthetic fuels production 
o Electric power generation 
o Transportation 
o Refining 
o Distribution 
o End-use conversion. 

fhe nominal case process economics data for synthetic fuels 
production and electric power generation are given in Tables H-I-5 and 
H-I-6. Other process economics data are of lesser importance from the 
point of view of the Synthetic Fuels Commercialization Program and are 
thus omitted from this appendix. 

The synthetic fuels process economics data are consistent with an 
estimate of synthetic process economics generated by Dr. Sid Katell~ 
Bureau of Mines. Minor differences in product prices are due to different 
financial assumptions (investment tax credit, income tax rate, depreciation 
schedule) and different size plants. Yhe Rgminal case hydrogen, solvent 
refined coal, fuel o i l ,  and beneficlation ~, were generated through the data 
review process noted earlier. The data presented in this section do not 
represent official opinion of Gulf Oil or SRI. The data set should be 
regarded as a summary of information available to the government, 
assembled for use in this analysis by SRI, and refined through the 
review process described above. 

Careful definition of each of the data items in Table H-I-5 and 
H-I-6 wi l l  be included in a forthcoming SRI report. Such a description 
is available on a limited basis in an interim report issued in May 1975 
by SRI to the Council on Environmental Quality. 

4-/Coal washing to remove pyrit ic sulfur. 

HI6 
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TABLE H-I-5 
SYNTHETIC FUELS PROCESS DATA 

t~p,. I I I L  4+,V, t l  J l  

l i a r  I l l  l l t  " k.lt++ l ' l l t  ++/ l £ ' s l  I Jtlml~(" ~il tJ1~" 

+tl~l IlI~qI+ U I m  IT.is { l u t l t l }  l+Zl~ ~ J ,  ++ l J  P t  s II+~),I r+ h I +*+,+ ~ I+| 
t + l I K t i l  ( ' nn l  

I@J l l l l ~  ml,, GIU l l o r i L 1 }  I l l s  t~ . l l l  I I  .' ' + , I I  . ' J l  + ' , ' ,  . ' l  , i l l  
l l+ / l l l l l ~ l  I n.1| 

I l l  l l h l l l  I I , i  G+ l  ( ~ d V a l l t , * , t )  l q l l  .>,+% I + . +  ~ +, II~ . ' , J  1 1 ' I  , l  . d ,  
L S l l  m i l l  t.tl,11 

15~1 l l l l l l  f l u  G),+ ( , ~ d v a n * c . l )  I ' )+I  , ~ .~V  I t . L ' s 1 '1 4 "l,  '+ I + 1 t J ~ 
i l S l l l l t u  ~ o + l  

11:41 I ~  ~qlu (;,1+ { l u l l + l )  I'117 1 , 1 1  I I . 3  i . . j+.  , I ;  .1,I , 9  l } |  
I + l l . n t .  ( ' c i I  

1o9  LO++ l l l u  c a ~  ( l l l r m l )  I '}+I ? .  I I  11 ~, ', ,.'z t,~+ . l , ;  . , i  . t J t  
i l~l l l l l t++ ( o ~ i  

1 1 6  l l t  J loK+ 'c  114"1 / . 2 1 1  I + , l  ; , .  ' * ' ,  , j l  , ' l ~  . '+ . e l l  
I ~ t l  B t u  C , , + l  

I I I  H y J r o l ~ o l ~  J l +~ l  J + 4 q  I ~. ,~ ' ~  ~ % ,+1 . ",'. , u  . L)I 

110+'I 1 ,~ f l f l¢ , l  Ct ,a l  2 , i , S  ] 1 1 . < ' 1  

141 r + * 1  O l i  l q J ( ,  2.1L1 ip,,+~ '+ "11, ',l, ( . , i  .+'+ <t+l 
( l + l l )  l lSI I I IL , I  C o a t  ~'. iPI r I I . ' l  

1 4 0  .*s,)nt I u J r  l q l l  i ,  ',qJ I I , + l  I,.G'I . I I  t , . l  4 ,+  l J  

l t .1  ~ l yn r  r u J t '  I+11 ;I+ I / l  1 7 7  %,r) l  , ' , q  ' l ; i  , ,~4 , ( i l  
l l + / m l ¢ , l  C t u l  

] 0 ~  HI t 5,~n,11 lq* t ,  6 . q ~  I p l +  1 4 . 1 1  l . + , J  '.l 1+) " (1~ 

I 0 1  ~ l  I+,111~ I I ¢1,t( 7 , ( j l  i l , r l  I / , ) 1  1.1, '9 ; ~ 1 . '  , ~  I I ' .  
II+~I1111 ~I i . 031  

115111Ill+ l+ll 1 l 

~H i h ~ l ~ , l c n t a J y t 1 (  l l l ' J  5 91+I I i , + ~  241 l l~ l  I ' i  
d ec  n11p. m.lt +¢ 

| O  H e l h + n n l  191t) 2.+44 l ) ,  2 C A ( I  l , t l  +l  .++ ,(t,, 
HIAII I l t u  c + +  

~,7 m+s+ i .  n i l  I +11 " * d ~  17 +' I ' 1 ? '  ' l l  q(~ ~" . I ; '  

t t i l l r l l , l  I nm 

$9 ~enehcCh,+, 
I I ~ l l t l l u  LI+.I I  

Iq , l@ I +41+*H I | . .1  '1 i i i l  ' I ' I  , " , t l  • . ¢ 1  

¢ 

~'~ .m 

.'~ .hi  

2~ 7 n  

' S  I l l  

:% : f+ 

?S I~+ 

~'S . )  

? ;  .+~I 

l ~  +,+i 

; , ,  71+ 

, s  .m 

-+S ' t l  

"++ I ,  

25[) 'PI I  I+1,I l + .  
+,S t+f.l .h,l  I 
+, , t  . ' J  o r  
rv~.+: , l  I I e d .  
.+?  +'O'1+tu/+l, I I~,+1 

12+)+I '¢+~ l /+d i+ .  
. l i t  l , l , ,++l ,  

sl t~ l  '~11 } /+ , l , l ~ ,  
I I1+ I , I  , , . I , 1 ~ 1  l , , n  
• , , d .  1 + % " ' l  , I / '1,  I 

l l,l*l, ,i I+} I I  I ] , h .  

+l+Oi) t ,,ll/,P+l+l • 
p+ir I I~ I  * ' ,  h i  , i  I,,+i 

I (I(I, i~i),I hI, l l , l  i ,  
h f , l l  I I,i,, I,1 s 

I i II, ,I~I,I fl~,m 

' ~ " l e d l + +  r.1~ . h . l t ~  
e l l  i l  ~++l+ I 
% ' .+Uu, '+  

4 ; r , s v l l +  . p l , . l l . l l  h,A+ 
I t ' ~ t ~ i N  It+t 1~+P 

, l l i l * r ;  ,++Jr  k l  t , l  
il . I I IPl I ,  i.+,+I ,'~++ I, 
+ If ' i l l 'L+ i l ,  [ ,H ~L'l+t 
II',% . I n n , l a r d +  ',+' 
l h l ~  m ' l l  , d  

I l l  A , l + , ~ , ' s  11,+llllRu 1141  i S I | + + I + . I  l . ~ . l l J t .  , , , ; l  t+ + ; / I , , + ;  r A +  l h l l r  o j i  ~i $ 1 1 1 5 L I ;  1 !  i n . l . t l , . m t  l + k  r r l t ' l ¢ ;  + o u l l e  dpc l ln11+l~  } . | l l l + r r  ++ip+arrlll+LOS~+ o u + l + l l '  l U l L  • . 3 4 / l + : I t t ~ ;  

P,IH] mlu  re,l+ 1 1 r d l n l  r r l l , , + r ,  n l  r '1+ n |  I + ' ~ n l ' ? l : l + * .  



TABLE H-I-6 
ELECTRIC POWER PROCESS ECONO~IICS 

.-1- 
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CI;4111 0p:Ill,~l 
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49. l~w ~If~r 

197 I . I i t  ~w'l~ 1915 795 .~ 9,4L0 
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I I .  NOMINAL CASE PROJECTIONS 

This aopendix, discusses the nominal case in considerably more 
detail than Chapter I I  of the main text. The term nominal case is 
used to denote the base case, which uses the best estimate for each 
of the data items. Part of the nominal case data set was summarized 
in the previous section of this appendix, the remainder wi l l  appear 
in a forthcoming SRI report. 

The nominal case discussion begins with a description of the 
supply-demand halance at the primary resource level. Then the dis- 
cussion concentrates on the l iquid ~nd gaseous fuels markets, synthetic 
fuels, and f i na l l y ,  on various items of interest not only to the 
Synthetic Fuels Commercialization Program but energy policy makers in 
general. Note that al l prices and volumes presented in this section 
are market clearing prices and volumes in the classical economic sense. 

I. Primary Resources 

The volumes and prices that balance suop!y and demand at the primary 
resource level are shown in Figures H-II- I  and H-II-?. The legend for 
the plots ent i t led "Total Primary Energy" requires a brief explanation. 
In order to find the production level for a particular fuel, find the 
curve overstruck with the symbol associated with that fuel in the legend. 
The production level for this fuel is the distance hetween the curve 
overstruck with i ts  symbol and the curve immediately below i t  on the plot. 
This procedure applies to all plots that show production volumes. For 
plots that show prices, the price curve for a particular fuel is simply 
the curve on the plot that is overstruck with the symbol for that fuel 
l isted in the legend. The equilibrium volumes and prices in Figures 
H- l l - I  and H-I I -2 ref lect  not only the effects of resource economics but 
also the effects of primary conversion, transportation, d ist r ibut ion,  
and end-use conversion economics on the demand for primary resources. 
The curves in Figures H-II- I  and H-If-2 are identical to Figures 2 
and 3 in Chapter I I  through the year 2000, but are extended here to the 
year 2023. The discussion in ~apter I I  can be e-~anded to i ~ l ude  
the following statements: 

The demand for primary energy grows from 63.4 quads in 1975 
to 224.1 quads in 2023, which is roughly a 2.7% growth rate. 

Shale oi l  production prows dramatically between 1995 and 
2023, becoming the second largest sou"ce of energy on a 
Btu basis in 2023. Shale productiori is 57.5 quads or 
27.0 mil l ion bbl/day in 2023. 

The volume of imported crude remains surprisingly con- 
stant over the entire 48-year horizon. 

Domestic crude oi l  and natural gas are v i r tual ly 
exhausted in 2023; the major sources of energy in 2023 
are coal, shaie, and nuclear. 

Prices of coal, shale, and nuclear fuel are v i r tual ly  constant 
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over the 48-year horizon because: 

-- Synthetic fuels are based on large resources of 
coal and shale, so that depletion effects are 
small. 

-- Learning effects offset depletion effects. 

o Nuclear fuel holds a re lat ively constant share of the market 
from 1990 onward as v i r tua l ly  all base load power is nuclear 
and e lec t r ic i ty  is price competitive only in special markets. 

2. Synthetic Fuels 

Synthetic fuels are principal ly aimed at two markets: the gaseous 
fuel market and the l iquid fuel market. The aggregate of t~e l iquid and 
gaseous fuels markets is discussed in Chapter I I  of the main text  whereas 
thls appendix discusses the two separately. 

The demand for gaseous fuels wi l l  be f i l l ed  from one of the following 
sources: 

o Domestic natural gas production 

o Gas imports 

° Synthetic gases 

--  High Btu gas 

- -  Low Btu gas 

-- Hydrogen 

Correspondingly, the demand for l iquid fuels wi l l  be f i l l ed  from one of 
the following sources. 

o Domestic crude oil oroduction 

o Crude imports 

° Synthetic liquids 

- -  Coal syncrude 

--  Shale syncrude 

-- U t i l i t y  fuel oi l  

- -  Solvent refined coal 

--  Methanol 
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In the simplest sense, synthetic oases are designed as substitutes 
for natural gas, and synthetic liauids are desimned as substitutes for 
crude oil or refinery oroducts. Thus, the term gaseous fuels wi l l  be 
assumed to include direct substitutes for natural gas, and liquid fuels 
wi l l  be assumed to include direct substitutes for crude oil and refinery 
products. The discussion of liauid and gaseous fuels wi l l  be confined 
to the 1975-2~n~ oeriod to be consistent with Chapter I I  of the main text, 
Later in this text the discussion wil l  return to the ~eriod 1975-2023. 

3. Gaseous Fuels Narket 

Figure H-1!-3 i l lust rates the production of synthetic aas over time, 
the correspondipq price of synthetic gas, and the size of the synthetic 
~as industry expressed in terms of dollar sales. The dollar sales over 
time curve is simply the product of the synthetic gas production and the 
synthetic gas price over time. Figure H-II-~ compares the vo!,mte, price 
and sales of synthetic gas to those of natural gas and imported gas. 
Several important aspects are noted below: 

High Btu gas is produced from western and eastern coal 
in roughly ecual volumes. 

High Btu gas from second generation technology is 
attractive; Lurgi technology with methanation is 
unattractive. 

Low Btu ~as from coal and hydrogen from coal exceed high 
Btu gas from coal in the short term, but high Btu gasi- 
fication grows most rapidly. 

° ~luclear power and coat replace natural gas in the elec- 
t r ic  u t i l i t y  industry. 

The market share of high Btu gas in the industrial sector 
declines during the forecast period. I t  is part ial ly 
replaced by low Btu gas, hydrogen, and direct use of coal. 

Residential and commercial use of gaseous fuels grows 
sl ight ly,  but most of the growth in demand is suoDlied 
by electr ic i ty .  

Low Btu gas and hydrogen are limited by the transportation 
costs of coal, low Btu gas, and hydrogen. 

Total dollar sales of natural gas peaks six years after 
domestic production of gas because the price rises faster 
than production declines. 

The sales of gas reveal the strength of the gas industry both with regard 
to the level of production and to the price. The interesting trend to 
note is that natural gas is i n i t i a l l y  strenathened because of rising 
mrices but later weakened because of fal l ina production, while synthetic 
gas is i n i t i a l l y  weak but grows rapidly because of hiah prices. Data 
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TABLE H-II-1 
GASEOUS ~EI.S - ~OHI[~AL CASE 

-v 

PJ 

~ea c i 

1975 

1977 

1980 

1983 

1986 

1989 

1992 

1995 

1998 

2001 

. . . . . . .  V o l u = e  

(quadrillion [1015] Btu/year)  

"a~u ° Imports Gas Fuels 

19.708 1.O15 O.000 20.723 

21.639 1,O96 0,020 22.555 

23,727 1.219 0.116 25,062 

25.507 1.342 0.437 27.286 

26.~02 1.474 1.074 28.950 

26.024 1.619 2.294 29.937 

25.054 1.780 3~889 30.723 

23,263 1,965 6.083 31.311 

20.852 2.178 8.866 31.876 

18.339 2.329 12,147 32.815 

AveragoCes~ 

(1975 dollars per million Bin/year) 

Domestic Total 
Natural Gas Syn~hetlc Gaseous 

Gas Imports Gas Fuels 

1.38 1.73 - 1.40 

1.56 1.93 4.20 1.58 

1.73 2.13 3.60 1.76 

1.94 2.34 2.93 1.96 

2.14 2,56 2,80 2.19 

2,29 2.75 2.85 2.36 

2.45 2.97 2.84 Z.53 
2.58 3.16 3.00 2.70 

2.66 3.27 3.00 3.01 

2.70 3.34 3,00 2,86 

Expenditures . . . . . .  "-1 
I 

(billion. o~ 1975 doll~e/y~ar t 
Domsstic Gas Synthet ic  ToLal I 
NAtural Imports Gss Gaseous 

l 
Gas Fuels 

27.197 1.756 0,000 28.953 t 
I 

33p445 2.115 0,O8~ 35.644 i 

41.048 2,596 0.418 44,062 I 

49.484 3.140 1.280 53.904 

56.500 3,772 3,007 63,279 

59,595 4.452 ~t534 70,581 

61.382 5.287 11.039 77.700 

60.C19 6.209 18.232 84.460 

55.466 7.122 26.587 89.175 

69.515 7.779 36.466 93.750 



used to cons t ruc t  Figures H - I I - 3  and H - I I - 4  can be found in  Table H - I I - I .  

4. Liquid Fuels Market 

Figure H-II-5 i l lustrates the production of synthetic l iquids over 
time, the corresponding price of synthetic l iquids, and the size of the 
synthetic l iauids industry expressed in terms of dollar sales. The 
dollar sales over time curve is the product of the volume and price. 
Fiaure H-II-6 comoares the volume, price, and sales of synthetic liauids 
to domestic crude and imported crude. The important aspects of l iquid 
fuels are: 

Most synthetic liquids are produced from shale. 

Residual fuel oil and syncrude from coal are 
economically unattractive; solvent-refined coal 
is moderately attractive. 

° Most l iquid fuels such as gasoline and d is t i l la te  
are consumed in the transoortation sector. 

o Liquid fuels mainzain their market share in the 
industrial sector. 

Residential and commercial use of l iquid fuels 
increases s l ight ly ,  but e lect r ic i ty  supplies most 
of the growth in demand. 

Dis t i l la te  turbines are used in peak power generation. 

Total dDllar sales of domestic crude peak three years 
after domestic production of crude peaks because the 
price rises faster than domestic production declines. 

As in the case of gas, the domestic crude oil industry is i n i t i a l l y  
strengthened because of risin~ prices, but then declines because of 
fa l l ing production. The data underlying Figures H-II-5 and N-II-6 
can be found in Table H-II-2. 

5. Total S~nthetic Fuels 

Figure H-II-7 shows the production of synthetic fuels over time. 
Note that synthetics are dominated by shale syncrude and hiah Btu ~as 
from coal. Figure H-II-7 extends Figure 8 in the main text through 
the year 2023. 

The following statements can be inferred from the data: 

In terms of Btu's produced, oi l  shale is the largest 
synthetic fuel industry from 2000 on; high Btu oas is 
the largest through 2000. 
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TABLE H-I I-? 
LIQUID FUELS - NOHINAL CASE 

Yon_..~r 
1975 

1977 

1980 

1983 

1986 

1989 

1992 

1995 

1998 

2001 

Volume 
q u a d r i l l i o n  Btu/year - 1015 Btu/year 

Domestic L iqu id  Synthet ic Tota l  
Crude Fuels Liquid 
011 Imports Liquldb Fuels 

16,607 12.570 0,000 29,177 

18,555 11.30~ 0.006 29,869 

21,100 10.400 0,027 31,527 

23,108 9.961 0,249 33,318 

24.750 9.799 0.747 35.296 

25.957 9.736 !.694 37.387 

26.613 10.010 ~ ~ 7  39.630 

26,455 I0,864 K,~J1 41.976 

25.168 12,105 1.144 44.417 

22.786 13.386 ii,161 47.333 

Average Coat 
1975 Do l la rs  per m i l l i o n  Btu/yenr 

Domestic L iqu id  Synthet ic  Total 
Crude Fuels Liquid 
Ot l  Imports Llqulds Fuels 

1.92 1.90 - -  1.91 

2,06 2,05 3.33 2.06 

2,21 2,30 3,11 2,26 

2.36 2.46 2.56 2.39 

2.48 2.61 2.44 2.45 

2.56 2.77 2.49 2.61 

2.64 2.87 2.53 2,69 

2.73 2.92 2.59 2.76 

2,80 2199 2.63 2,82 

2.87 3,05 2.65 2.87 

Expenditures 
Billions of 1975 Dollars/year 

Domestic L1quld Synthetic Tota~ 
Crude Fuels Liquids Liquid 
Oil Imports Fuels 

31.885 23.883 0.000 55.768 

38.223 23,294 0.020 61.537 

46.631 23,920 0.084 70.635 

54.535 24.504 0.638 79.677 

61.380 25.575 1,821 86.776 

66.450 26.969 4.212 97.631 

70.258 28.729 7.608 106.595 

72.222 31,723 12,066 116.011 

70.470 36.194 18.772 125.636 

65.396 40.827 29.583 135.810 
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In the year 2000, coal liquids, solvent-refined coal, low 
Btu gas, and hydrogen together produce about the same amount 
of energy as oil shale. 

° Methanol from coal and thermocnemical decomposition of water 
are not attractive. 

i t  is di f f icul t  to just i fy the so-called hydrogen economy; 
hydrogen is unattractive due to high production, transportation, 
and distribution costs. 

a. Methane 

Methane from coal (high Btu gas) is quite ~ttractive as shown in 
Figure H-II-~; Figure H-II-8 illustrates the sources of methane in the 
U.S. As ~.an be seen, domestic gas production peaks in the early 1980's 
and falls rapidly, being replaced by North Slope gas and synthetic gas 
from coa). 

[Note that the early increase i~ domestic production has not properly 
accounted for lag time between higher gas prices and higher gas production 
between 1975 and 1980. Data generated by the SRI Energy Model for the 
f i rs t  five years may not be accurate because decisions made during the past 
several years that affect the f i rs t  several years in the model's time horizon 
have not been explicitly modeled. The model was built to analyze long-term 
decisions; the effect of in i t ia l  decisions and conditions in 1975 is 
negligible by the early 1980's.] 

Referring again to Figure H-II-8, note that synthetic methane captures 
50% of the total market by about 2010. North Slope gas escalates rapidly 
in the early 1990's but is slowed several years later because of the price 
limitation imposed by synthetic gas. I t  should be pointed out that data on 
North Slope gas is optimistic; thus, a sensitivity was run with lower North 
Slope gas availability and the effect on the energy balance was slight. 
Finally, the volume of LNG imports is negligible due to their high cost. 

b. Liquid Fuels 

Figure H-II-9 illustrates the sources of liquid fuels as computed in 
the nominal case. As discussed earlier, domestic production peaks in 
Igg3 and then declines because i t  is no longer price competitive. The 
domestic oil production envelope in Figure H-II-9 is "Nubbert's pimple" 
as projected by the %RI Energy Model. Price-quantity relationships are used 
to predict the "pimple" in the context of economic equilibrium rather 
than extrapolation of past trends. 

The remainder of the liquid fuels market is satisfied by imports and 
shale oi i .  In i t ia l ly ,  imports f i l l  the entire gap, but shale oil pro- 
duction increases dramatically after 1995. The bulge in imports in 2000- 
2010 results from shale oil growing so fast that shortages in key 
secondary materials are experienced; consequently ;ligher short-term prices 
occur. By 2010, the short-term effects are largely gone, and shale oil 
prices drop due to an easing in the secondary materials market. Thus, 
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shale oil captures 46% of the liquids market by about 2010 and 77% by 
2023. 

c. Electric Uti l i t ies 

The electric u t i l i t y  sector of the U. S. energy market is a large 
consumer of fuel, competing for most industrial and residential fuels. 
Interfuel competition in the electric u t i l i t y  sector is complex because 
electric power generating plants range from extremely capital intensive 
nuclear power plants to extremely low-capital gas turbine plants. 

The electric u t i l i t y  sector is assumed to produce three types of power 
as defined by the load duration curve: base, intermediate, and peak. 
Figure H-II-IO illustrates the national total base load power generation 
by various plants. N~te that gas and liquid fuels are replaced rapidly 
by coal to some degree and nuclear power to a large degree. The reason 
is that either nuclear fuel or coal can produce the least expensive base 
load power, depending on coal transportation distances. On the average, 
however, the cheapest base load power comes from nuclear fuel. 

Note that second generation nuclear technology is relatively unimportant 
having only a small effect after 2010. Base load power represents roughly 
70% of the total energy generated by electric u t i l i t ies  and hence is the 
most important with regard to interfuel competition. 

Figure H-II- l l  i l lustrates intermediate load power generation for the 
entire U. S. by fuel type. Intermediate load power is completely dominated 
by coal. Methane and resid lose market share rapidly. 

Figure H-II-12 represents peak power generation for the entire U. S. 
Peak power is generated by an assortment of plants including high Btu gas 
plants, dist i l late turbine, resid, and low sulfur coal. The increase in 
peak power generation from gas is due to old gas plants moving from base 
and intermediate to peak power generation. Peak power accounts for only 
about 5% of the total energy generated by electric u t i l i t i es ;  thus i t  has 
a minor effect on interfuel competition. However, i t  has a significant 
effect on the Price of electricity due to its hiqh cost. 

6. Product Volumes and Prices 

Figure H-II-13 shows the vol~nes of distributed products in the east 
north central region (Chicago market) colJsistent with the nationwide 
supply-demand balance.. Implicit in this balance are the economics of 
primary resource production, conversion processes, transportation, distr i -  
bution, and end-use conversion processes. The surprising feature of this 
figure is that market shares remain relatively constant. The implication 
is that distributed products wi l l  almost always be similar to those at 
present whereas the sources of these products wil l be substantially different. 
The reason for such consistency is obvious when the prices of distributed 
products are shown. 
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Figure H-II-14 shows the market clearing prices of distributed products 
in the industrial sector of the east north central region. Note how f lat  
all prices are. Domestic gas and oil prices increase until 1985-1990, when 
they reach the prices of synthetic gas and imported crude. The key obser- 
vation is that prices do not change relative to each other; thus market 
shares will not change, as demonstrated in Figure H-If-13. (The large 
price decreases of some fuels in 1980-1985 are the result of mathematics 
in the model and should be ignored.) 

Figure H-II-14, illustrates another important fact: the electric 
economy is d i f f icu l t  to justify. Distributed electricity is much more 
expensive than even the premium distributed liquid or gas -- $7.40/MMBtu 
for electricity versus $3.50/MMBtu for dist i l late or methane. The 
electric economy could be justified only i f  the prices of electricity 
and liquid and gaseous fuels become closer over time; the constant prices 
in Figure H-If-14 do not predict such a crossing. The reason is simply 
that electricity competes directly with many of the fuels used to produce 
i t .  Thus the differential between electricity prices and other fuel prices 
is set by electric power generation costs. 
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I I I .  SENSITIVITY ANALYSIS 

The sensitivity analyses presented in this section il lustrate the 
effect on the energy projections--in particular, those for synthetics 
and imports-- of uncertainty in key variables. The sensitivity cases 
discussed in Chapter II of the main report are expanded here. In addition, 
sensizivities to other variables are presented. The variables which were 
examined are: 

° Import prices, high and low. 

o Availability of domestic oil and gas, high and low. 

o Cost of synthetic fuels, high and low. 

o Demand, high and low. 

° Nuclear availability, high and low. 

° Shale cost, high only. 

o Synthetics timing, five-year delay. 

o Synthetic gas cost, high and low. 

° Penalty on industrial burning of coal. 

° Coal cost: high and low. 

o DCF rate, high only. 

o No h y d r o g e n .  

o High import price with high and low availability of domestic 
oil and gas. 

o High import price with high synthetics cost. 

The results of these sensitivity analyses are su~arized in Table H- 
I I I - l .  The table shows (1) domestic production, imports, and synthetics 
in the liquid and gaseous fuels markets, and (2) the prices of certain 
distributed fuels. Using this table, the different sensitivity cases can 
be directly compared. Note, however, that large changes in an outcome 
variable do not necessarily reflect extreme sensitivity --the changes in 
the sensitivity variable must also be considered and its range of values 
checked for reasonableness. Only then should a judgement be made about 
the effect of a particular input variable on a particular outcome variable. 
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In the remainder of this appendi;~, the sensitivity cases are 
discussed individually. 

1. Import Prices 

Probably the most important competition with synthetic fuels comes 
from imported crude and LNG. The viabi l i ty of synthetic gases and 
liquids is determined by the relative costs of crude imports to 
synthetic liquids and LNG imports to synthetic gases. The price of 
imports is set by a combination of cartel behavior, world energy demand, 
and, to a lesser extent, U.S. energy demand; therefore, the price of 
imports is highly uncertain. 

Lacking a comprehensive model of the world energy market, the price 
of imports was taken to be exogenously determined and the sensitivity 
of synthetics production and imports to the price of imports was tested. 
As expected, the timing of synthetic rue] use is strongly affected by 
the price of imported crude o i l .  I f  the price of imports remains high, 
synthetic fuels wil l  be quite attractive by 1985-90 whereas i f  the price 
of imports drops, synthetic fuels wi l l  not be required in large quantities 
until depletion drives world oil and gas prices up. 

The key insight from this sensitivity run is: The price and thus the 
production of domestic crude is set by the price of imported crude; the 
price and thus the production of domestic natural gas is set by the price 
of synthetic gas once i t  becomes available. 

The nominal case import price curves for crude o i l ,  LNG, and methanol 
are given by the following equations: 

Pcrude (t) = 18 - 7(.94) t $/bbl 

PLNG (t)  = 4.26 - 1.66(.g4) t $/Mcf 

Pmethanol (t) = 16.4D - 6.40(.94) t $/bbl 

where t is the number of years elapsed since mio-1975. The price of 
imported crude is plotted in Figure 9 in Chapter I I .  Imported crude 
prices begin at $ll/bbl and rise to $18/bbl; imported LNG begins at $2.60/ 
Mcf and rises to $4.26/Mcf; and imported methanol begins at $10/bb] and 
rises to $16.40/bbl in the nominal case. 

The high import price case assumes the 1975 imported crude oil cost 
to be $14/bb] instead of $11. All three nominal case price curves are 
scaled up by the ratio 14/ll = ].27 to give the high import price case. 
The low import price case is not a multiple of the nominal case; 
but is estimated directly. Tab|e H-III-Z gives prices as 
a function of time for all three fuels "in all three sensitivity cases. 
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TABLE 

IMPORT PRICE 

I}~ORT PRIGES 

H-IXI-Z 

SENSITIVITIES 

(1975 DOLLARS) 

~C 

Oo 

Year 

1975 

1986 

1995 

2001 

Low 

ii. 00 

8.83 

9.62 

i0.30 

J , 

Imported 
Crude ($/bbl)  

Nominal 

ll.00 

14.50 

16.01 

16,65 

~ig h 

13.74 

18.10 

i9.99 

20.80 

Low 

2.60 

2.08 

2.27 

2.43 
.... " i - -  . 

I R . . - -  - - 7  r- _ .  

Imported 
LNC ($/Mcf) 
Nominal 

2,60 

3.43 

3.78 

3,94 

IIieh 

3.24 

4.27 

4.71 

4.91 

Imported 
Methanol ($/bbl) 

Low , , ,  Nominal High 

10.04 10.04 12.51 

8.06 13.23 16.49 

8.78 14.61 18,21 

9.40 15.20 18.95 



The effect nf . . . . .  h~:.., nominal, and low imporz prices is shown for 
the gaseous and liquid fuels markets in Figure H-l ! I - I  and Table H- 
I I I -3.  The liquid and gaseous markets react quite differently to 
changes in import price. On one hand, the liquid fuels market is 
vulnerable to world market forces, being strongly affected by the 
price of imports; thus, cartel action can have a large effect on l iquid 
fuels. On the other hand, the gaseous fuels market depends heavily on 
synthetic g~s development; cartel action has less effect on the market. 

To i l lustrate the effect of high and low import prices on the energy 
system as a whole, the supply-demand balance at the prima~ resource 
level is shown for the high, nominal, and low import price cases in 
Figures H-III-2, H-III-3, and H-III-4. Note that imported crude captures 
much less of the market as i ts price rises; i t  is replaced by shale and 
dDme~tic crude. In effect, the cartel can price i tsel f  out of the U.S. 
market i f  its price remains at or above that of shale oil after 1985-g0. 
However, the cartel can capture vir tual ly the whole U.S. liquid fuels 
~Brket i f  i ts prices drop substantially and i ts reserves last 25 years 
or more at those low prices. 

The imQortant insights are: 

High import prices lead to a considerable reduction in crude 
oi l  imports; production of synthetic liquids and domestic oil 
increases to replace imported crude. 

Low import prices reduce production of synthetic liquids and 
even reduce domestic oil production. 

High import prices induce a substitution of gaseous for l iquid 
fuel. This substitution occurs mainly in the residential 
and industrial markets. 

High import prices stimulate domestic production of crude oil 
through 1986, but higher prices (due to depletion) drive down 
domestic production after 1986. 

High import prices do not stimulate domestic gas production 
because synthetic gas wi l l  set the price of natural gas after 
1986. 

The price and volume of domestic crude oil is determined 
principally by competition from imported crude. 

The price and volume of domestic natural gas is determined princi- 
pally by competition from synthetic gas after 1985. 

Synthetic liquids are strongly affected by the price of crude 
imports. I f  imports are priced higher, synthetic liquids look 
attractive; i f  imports are priced lower, synthetic liquids look 
unattractive. 

° Synthetic gas is only moderately affected by import prices. 
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Subsidies for synthetic gas plants may be attractive at low 
import prices; subsidies for synthetic liquid plants can be- 
come large i f  import prices drop. 
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Table H-III-3 

Synthetic 
Cas 

Imported 
Gas 

Domestic 
Natural 
Gas 

FUIITKEDEMANDOF GAS ANDOIL-- 

SENSITIVITY TO IMPORT PRICES 

Quadrillion Btu/year (1015 Btu/year) 

1986 1995 

High Low ~igh Low 
Import Nominal Import Import Nominal Import 
Price Price Price Price 

1.2 !.l .7 6.5 6.1 2.8 

1.5 1.5 3.2 1.9 2.0 8.2 

26.7 26.4 25.5 23.6 23.3 20.0 

Synthe=ic 
Liquids 

Imported 
Crude  

Domestic 
Crude 

1.3 .8 .2 9.6 4.7 .9 

4.5 9.8 18.2 2.6 10.9 31.8 

28.8 24.8 19.0 28.6 26.5 13.7 

H52 



w.j,'-i 
f . #  

c ~  
o 

B 

LEGEND 
HYDFID AND GEOTHE 

0 NUCLEAR FUEL ~ 
HIGH SULFUR COAL 

+ LOW 5ULFUR COAL 

o GAS IMPORTS 
hAW SHALE OIL - -  o 

X IMPORTS/CRD.METH 
Z DOMESTIC CRUDE 

{:1 

~ I t I i . . . . .  I 

8 

B 
U I | 

1975 t980 1985 
I I , I  

1990 1995 2000 

Y E A R  

Hiqh Import Prices 
FIGURE H-I I I -2  

I _ _  - I L I 

2005 2010 2015 2020 2025 



(.,II 

LEGEND 
[] HYDRO AND GEOTHE 
0 NUCLEAR FUEL 

HIGH SULFUR COAL 
+ LOW SULFUR COAL 
X NATURnL GnS-DOH. 

GAS INPORT5 
÷ RAN SItALE OIL 
X IMPORTS/CRO,NETH 
Z DOMESTIC CRUDE 

£:) 

I I I I I J I I I 

io 
_ _ . _ _ _ . . ~ _ _ _ ~ . _ _ _ . . . ~ =  .-" -. 

~ u _ . .  l l , . , I ~ i l , 
1975 1980 1985 1990 1995 2000 2005 

YEAR 

NOMINAL CASE--TOTAL PRIMARY ENERGY 

FIGURE H-III-3 

2010 2015 2020 2025 



" r  

(Jrl 

C3 
c )  

or) 

8 

LEGEND 
HYDR~ AND GEOTHE 

0 NUCLEAR FUEL ~ 
HIGH SULFUR COAL ~ 

+ LOW SULFUR COAL ~ r. 

X NATURAL GRS--DOM. 

GAS IMPORTS 
+ BRW SHQL.E OIL ~ 
X ]MPORTS/CRD,METH 
Z DOMESTIC CRUDE ~' 

.,,11 

,,,:( 
I= l  

! I I I I I I I I 

(5 I . . . . . . .  I 

1975 1980 1985 
1 I I 1 

1990 ] 995 2000 2005 
VEAR 

LOW Impor t  P r i ces  

FIGURE H - I I I - 4  

I 
2010 

,I ;I 

__ I 

2015 
! 

2020 2025 



2. Availability of Domestic Oi~ and Gas 

Synthetic liquids and gases wil l eventually replace our diminishing 
domestic oil and gas supplies; the time and rate of this replacement 
depends on the amount of domestic oil and gas that can be produced at 
or below the price of competing synthetic fuels. The replacement is 
complicated by the fact that imported gas and crude oil may compete 
with both synthetics and domestic production. 

A brief look at the oil and gas reserve estimates in Chapter I I  of 
the main text illustrates the tremendous uncertainty in these estimates. 
Certainly, i f  oil and gas are much more abundant than is now believed, 
the use of synthetic fuels will be significantly delayed. Conversely, 
i f  oil and gas are much scarcer than is now believed, synthetic fuels 
may be needed sooner. 

To test the effect of oil and gas availability on synthetic fuels 
production, the marginal cost curves (pictured in Figure 12 and 13 in 
Chapter II of the main text) were constructed to bound the range of 
uncertainty in resource estimates. 

The results are pictured in Figure H-III-5 & Table H-III-4 for both 
the gaseous and liquid fuels markets. From the point of view of synthetic 
fuels commercialization, liquid and gaseous fuels react similarly to the 
availability of domestic resources. I f  more domestic resources are 
availabl~ at a given price, the need for synthetics and imports is delayed, 
and the vulnerability of the U.S. market to cartel pressure is lessened. 
I f  more gas is found, the U.S. market wil l substitute gas for oi l ,  and our 
liquid fuels market wil l  be less dependent on imports. I f  more crude oil 
is found, our liquid fuels market wil l  be less dependent on imports, and 
our gaseous fuels market wil l s t i l l  depend on coal gasification. The 
supply-demand balance at the primary resource level is shown in Figures 
H-III-6, H-III-7, and H-III-8. 

The important insights are; 

° Lower availability of domestic oil and gas increases imports. 

° Lower availability of domestic oil and gas accelerates the need 
for synth:tics. 

Higher availability of domestic oil and gas induces a substitution 
of gas for o i l ;  gas can be produced more cheaply and requires no 
conversion. 

Most of the difference between demand and domestic production of 
crude wi l l  be made up by crude imports, regardless of domestic 
availability. 

Most of the difference between demand and domestic production of 
gas wil l  be made up by synthetic gas, regardless of domestic 
availability. 
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High avai lab i l i ty  of domestic oi l  and gas can make a 50 percent 
difference in the size of the synthetic fuels industry in 1995, 
but i t  cannot eliminate the eventual need for synthetics. 

Subsidies for synthetics plants w i !  be unattractive i f  oi l  and 
gas are p lent i fu l :  

Domestic oil and gas wi l l  sat isfy half or more of the l iquid and 
gas demand through 1995, even in the low avai labi l i ty  case. 
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Table  H-II I-4 

~TLT~E DEMAND FOR GAS A-\D 0IL-- 

SENSITIVITY TO D0.MESTIC GAS /~,~D OIL AVAILABILITY 

Quadrillion Btu/year (I015 Btu/year) 

i ii 

Synthetic 
Gas 

Imported 
Gas 

DomesEic 
Natural 
Gas 

Synthetic 
Liquids 

Imported 
Crude 

Domes=ic 
Crude 

1986 1995 

Low 0il & Gas Nominal High Oil & Gas Low Oil & Gas 
Availability Availabi l.i ~y Availability Nominal 

1.4 i.i .8 9.0 6.1 

1.6 1.5 1.5 2.2 2.0 

24.2 26.4 30.i 18.1 23.3 

i 

.9 .8 .5 5.9 4.7 

14.6 9.8 4.3 16.4 10.9 

20.6 24.8 30.1 20.5 26.5 

High Oil & Cas 
Availabili:y 

3.0 

1.9 

30.3 

3.0 

3.6 

34.5 

ii 
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3. Cost of Synthetic Fuels 

The cost of synthetic fuels is a major factor in determining 
their competitive postion relative to imports and domestic production. 
Synthetics production represents a signif icant change in the energy 
production industry--shifting from technologies low in capital cost, 
where product prices are set principally by the cost of feedstocks, to 
technologies high in capital cost, where product prices are set 
principally by the cost of new plants. The combination of large front- 
end capital cost and the early stage of development of many of the 
synthetic fuel technologies causes a great deal of uncertainty about the 
ultimate cost of synthetic fuels. 

To deal with this uncertainty, a high synthetics cost case (the 
rominal case capital and operating costs were increased by 50%) and a low 
synthetics cost case (the nominal case capital and operating costs were 
decreased by 20%) were examined. The nominal case synthetics data were 
presented in Table H-I-5 of this Appendix. To compute the approximate 
price of a synthetic fuel using Table H-I-5, define the capital charge rate 
(CCR) to be: 

f 0.2276 for u t i l i t i es  

CCR 

L 0.3087 for industries 

The approximate price of a given synthetic fuel is 

Specific Specific Feedstock 
P : CCR x Capital + Operating + Price 

Cost Cost Efficiency 

where the specific capital cost, specific operating cost, and efficiency 
are taken from Table H-I-5. These capital charge rates assume a 7% 
investment tax credit, a 52% income tax rate, a book l i fe  of 25 years, a 
tax l i fe  of 20 years, double declining balance depreciation, and 2.5% 
prope;ty tax and insurance rate. 

Figure H-I!I-9 and Table H-III-5 i l lustrates the sensitivity of the 
liquid and gaseous fuel markets to :he cost of synthetic fuels. The 
influence of synthetic fuels costs is shown at the primary resource level 
in Figures H-III-IO, H- I I I - l l ,  and H-Ill-12. In the low cost case, 
imports are driven steadily downward over the 48-year horizon, being 
replaced mostly b~= shale oi l .  In the high cost case the reverse is true; 
imports expand their market share beginning in 1995 as conventional 
domestic sources are depleted. 

The important insights are: 

a High synthetic fuels costs delay the use of synthetic fuels 
signif icantly. 

o High synthetic fuels costs result in a higher level of imports. 
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Higher synthetic fuels costs have a relatively minor effect 
on domestic gas and oil production. 

The sum of synthetic liquids and crude imports is relatively 
constant; synthetic liquids and crude imports compete 
principally against each other. 

The difference between the demand for gas and domestic gas 
production is satisfied principally by synthetic gas. 

The difference between demand and domestic crude production is 
satisfied by synthetic liquids or imports, depending on their 
relative prices. 

Crude imports are eliminated by 2000 in the low synthetic fuels 
COSt Ca$ ~. 

High synthetic fuels cost virtually eliminates synthetic liquids 
prs~uctlon between 1975 and 2000. 

High synthetic fuels costs decrease the consumption of gaseous 
fuels but have l i t t l e  effect on liquid fuels. This is because 
coal ~nd nuclear fuel become more competitive with the higher 
priced gases but not with liquids, whose prices are set by 
imports. 
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Table H-III-5 

FUTURE DEMAND FOR GAS AND OIL-- 

SENSITIVITY TO SYNTHETIC FUELS COST 

Quadrillion Btu/year (1015 Btu2year) 

1986 

High Low High 
Synfuels Nominal Synfueis Synfuels 

Cos~ Cost Cost 

1995 

Nominal 
Low 
S~nfuels 
Cost 

Synthetic 
Gas 

Imported 
Gas 

Domestic 
Natural 
Gas 

.6 i.i 1.3 2.8 6.1 7.9 

1.5 !.5 1.5 2.3 2.0 1.9 

25.8 26.4 26.9 24.3 23.3 22.6 

Synthetic 
Liquids 

Imported 
Crude 

Domestic 
Crude 

.2 .8 1.6 1.0 4.7 9.7 

10.8 9.8 8.2 15.0 10.9 5.8 

24,5 24.8 25.4 26.2 26.5 26,6 
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4. Demand 

The total energy demand determines the size of the U.S. energy 
system in future years. Energy conservation measures and the influence 
of higher energy prices may restrain the growth of energy demand in the 
future or low energy prices may persist so that demand continues to grow. 
Demand, as with many other variables, is uncertain, and the uncertainty 
increases over time. 

A ]ow demand case was constructed to examining the effects of a 
successful conservation program which is quite similar to the Ford 
Foundation's Technological Fix case. The underlying assumption is that 
the per capita growth in energy is constant with the additional assumption 
that measures wil l  be taken to increase the efficiency of energy use, 
resulting in a lower energy demand growth rate. In a similar manner, a 
high demand case wa:~ constr~cted to examine the effects of no energy con- 
servation program which is quite similar to the Ford Foundation's Historical 
Growth case. T~ bnderlying assumption is that energy growth will not 
slow, i t  is an extrapolation of past energy growth. In effect, the high 
demand case assumes that growth will occur at about the same rate as during 
1950-1970, when energy prices were lower. I t  is important to note that 
the nominal case was not estimated directly; i t  is a weighted average of 
the high and low case, equal to the low case plus 30% of the difference 
between the high and low cases. The high and low demand cases are given 
in detail in Tables H-I- l ,  H-I-Z, and H-I-3. The high and low cases were 
generated by adjusting the Ford Foundation's Historical Growth and 
Technological Fix scenarios. 

The results of the demand sensitivity runs are shown in Fig. H-I l l - ]3 
and Table H-III-6 for the liquid and gaseous fuels market. 
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The effects of high and low demand are most easily seen at the primary 
resource level which is shown in Figures H-IZI-14, H-Il l-15, and H-III-16. 
In the low demand case, the market simply requires a l i t t l e  less of every- 
thing; no fuel that is attractive in the nominal or high demand case is 
eliminated as a result of energy conservation. An important insight is 
that the U.S. wi l l  eventually need coal, nuclear power, shale= synthetics, 
gas, and o i l ;  when they wi l l  be needed, however, depends on demand. 

The important results are: 

Imports f i l l  most of the gap between demand and conventional 
domestic production unless demand is low; thus demand changes 
have a major effect on imports. 

Domestic production is higher in the near term i f  demand is 
higher, but by 1995, the price and production of domestic 
gas and oil are set by the prices of synthetic gas and world 
o i l ,  respectively. 

o Higher demand accelerates the introduction of synthetic fuels 
as well as increasing the us~ of imports. 

° Higher demand means that the price of gas and oi l  rises faster 
toward the price of synthetic gas and imported crude. 

c Synthetic gas production responds strongly to high demand. 

° Synthetic liquids production responds weakly to high demand; 
the liquid fue!s market is driven by the price of imports. 
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Table H - I I I - 6  

FUTURE DEMAND FCR GAS AND OIL-- 

SENSITIVITY TO TOTAL ENERGY DEMAND 

Quadrillion Btu/year (1015 Btu/year) 

1986 

High Nominal Low High 
Demand Demand Demand 

1995 

Nominal 
Low 

Demand 

Synthetic 
Gas 

Imported 
Gas 

Domestic 
Natural 
Gas 

1.6 i.i .9 II.i 6.1 4.3 

1.6 1.5 1.5 2.9 2.0 1.9 

29.0 26.4 25.2 24.5 23.3 22.0 

Synthetic 
Liquids 

Imported 
Crude 

Domestic 
Crude 

.8 .8 .7 5.5 4.7 4.6 

17.3 9.8 7.1 22.2 10.9 7.0 

24.8 24.8 24.5 26.5 26.5 25.5 
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5. Nuclear Avai labi l i tx,  

Nuclear avai lab i l i ty  has less effect on synthetics than some ef the 
earl ier variables examined; i t  is important because of i ts lack of effect 
on synthetics. Nuclear fuel compete; direct ly with other fuels only in a 
limited market, the electr ic u t i l i t y  market; indi rect ly ,  however, i t  competes 
with all other fuels at the end-use site. Thus, this sensi t iv i ty case is 
dependent upon how well the effects of competition among all fuel types 
are modeled. 

The nominal case assumes the capital cost of the l ight  water reactor 
power plant to be $550/kw excluding interest during construction. In 
the nominal case, nuclear power generates v i r tua l ly  all base load power 
except for some coal generation near coal mines. In the low nuclear 
avai labi l i ty  case, the assumption is that no new nuclear plants wil l be 
constructed, but that existing plants wil l  continue to operate until they 
wear out. 

In the high nuclear avai lab i l i ty  case, the capital cost of the l ight 
water reactor plant is assumed to be $~O0/kw, excluding interest during 
construction. 

The effect of nuclear avai labi l i ty on gaseous and l iquid fuels 
markets is shown in Figure H-III-17 and Table H - I I I - 7 .  The key 
insight is that nuclear avai labi l i ty has re lat ively l i t t l e  effect on 
synthetic fuel production. The primary resource balance is pictured 
in Figures H-I l l -18, H-III-19, and H-III-20 for the nominal, low, and 
nigh nuclear avai lab i l i ty  cases. Note that, in the low nuclear avail- 
ab i l i ty  case, nuclear fuel is completely ~eplaced by coal, and that the 
effect on oil and gas is small. In the high nuclear avai labi l i ty case, 
l i t t l e  change in primary resource consumption is seen. 

The important results are: 

° Base load nuclear power is replaced by coal in the event 
of a nuclear ban. 

In the case of low nuclear ava i lab i l i t y ,  synthetic fuels 
production drops. The reason is high cost of coal due to 
increased demand for coal; with a nigher cost of coal, 
synthetics are less attractive. 

In the case of high nuclear ava i lab i l i t y ,  the price of nuclear 
power is low enough to capture some of the liquids and gases 
market resulting in lower demand for synthetics. 

° Domestic oi l  and gas production are v i r tua l ly  unaffected by 
nuclear avai labi l i ty .  

° The volume of imported crude is up s l ight ly  in the low nuclear 
avai lab i l i ty  case. 

The l iquid fuels market responds more strongly to nuclear 
ava i lab i l i ty ;  as nuclear power becomes less attractive, the 
demand for l iquid fuels increases because liquid fuels are 
used to generate intermediate and peak power in thls case. 

° The gaseous fuels market is insensitive to nuclear avai labi l i ty .  
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Tab]~ H-Ill-7 

FUTURE DEMAND FOR GAS A.\~ OIL-- 

SENSITIVITY TO AVAILABILITY OF NUCLEAR ENERGY 

Quadzillion Btu/year (1015 Btu/year) 

1986 

High Low High 
Nuclear Nominal Nuclear Nuclear 

Availability Availability Availability 

1995 

Nominal 
Low 

Nuclear 
Availability 

S)-nthetic 
Gas 

Impor=ed 
gas 

Domestic 
Natural 
Gas 

1.0 i.i 1.1 5-5 6.1 6.0 

1.5 1.5 !.5 2.0 2.0 1.1 

26.2 26.4 27.0 23.3 23.3 23.6 

Synthetic 

Liquids .7 .7 .7 A.6 4.7 4.4 

Oil 
Imports 9.6 9.8 10.2 10.8 10.9 11.6 

Domestic 
Crude 24.8 24.8 24.8 26.2 26.5 26.6 
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6. H!~h Shale Cost 

In the nomir,al case, shale oi l  is the most attractive synthetic 
l iquid fuel. The nominal case data implies a shale syncrude cost of 
roughly SlS/bbl. (Shale syncrude is equivalent to domestic crude 
Qil.) Shale oi l  feasib i l i ty  has been questioned on the basis of 
excessive environmental costs, therefore the price of shale syncrude 
is increased by 65% -- to about $24.75/bbi -- to pay these costs. This 
increase eliminates shale oil from the U.S. energy picture. 

The effect of high shale oil cost for the liquid and gaseous fuel 
markets is shown in Figure H-III-21 and Table H-III-8. The results are 
best i l lustrated at the primary resource level which is shown in 
Figures H-III-22 and H-III-23. Note that shale syncrude is no longer 
competitive in the liquid fuels market; all the previous demand for shale 
oil is f i l l ed  by imported crude. 

The important insights are: 

° Shale oil is replaced by imported crude. 

= The gas market is unaffected. 

Shale oil competes with imported crude; the difference betwee~ 
demand and domestic crude ~roduction is f i l l ed  by imported crude 
or shale syncrude, depending on relative costs. 

The producZion of fuels other than shale oil are weakly affected 
by shale price. 
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Table H-lll-g 

FUTURE DEMA~ND FOR GAS AND 0IL-- 

SENSITIVITY TO HIGH OIL SHALE COST 

Quadrillion Btu/year (i015 Btu/year) 

1986 1995 

High High 
Shale Nominal Shale Nominal 
Cost Cost 

Synthetic 
Gas 

Imported 
Gas 

Domestic 
Natural 
Gas 

I.I I.i 6.1 6.1 

1.5 1.5 2.0 2.0 

26.5 26.4 23.3 23.3 

Synthetic 
Liquids .4 .7 2.3 4.7 

0il 
Imports 10.3 9.8 13.2 I0.9 

Domestic 
Crude 24.6 24.8 26.4 26.5 
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7. Synethtic Fuels Delayed Five Years 

An important question from the standpoint of this program is what is 
the effect of a delay on the introduction of commercial production of 
synthetic fuels. As discussed in Chapter II of the main text, the primary 
aim of the Synthetic Fuels Commercialization Program is to increase the 
probability of early availability of synthetic fuels. 

This sensitivity run assumes that synthetic fuels introduction is 
delayed five years. (See Table H-I-5 in this appendix.) The results 
are presented in Figure H-III-24 and Table H-III-g. In terms of primary 
resources, the effect of a five-year delay in synthetics is not major. 
Shale oil production is delaye~, but i t  grows faster once i t  begins; eastern 
and western coal growth is slo~er in the near term but faster in the longer 
term. Therefore the primary resource volumes are not shown. 

The important insights are: 

The five-year delay in synthetics in 1985 becomes only a 
two-year delay in 2000. Synthetics production increases 
faster in the delayed synthetics case. 

The reduced synthetics production due to the delay is made 
up principally by crude imports and, to a lesser extent~ by 
domestic gas production. 

Synthetic fuels production is down 500,000 bbl/day in 1985 
and 1.5 million bbl/day in 1995. 

o Imports are up 335,000 bbl/day in 1985 and 850,000 bbl/day 
in 1995. 

o The effect of the five-year delay is not large on imports 
but is relatively large on synthetics. 

H88 



50 25 
[ ~  Nominal 

[--'-] imports 

Synthetics 

40 

30 

I 

_~ 20 - -  
,...I 
. . J  

r P  

C:~ 

1 0 ~  

= j  . m  

> E 

m 

/ , 

. / /  
/ t i t  

Z / "  
jr / ~ t  

/ , 

I / /  I el 

~/,S /-/ 
f / 

/ / /  / I 
/ i /" , '  

.. , ' t l  

r ' i f i  
i t t l ,  
. ~ m m i  I 

~ m m l m ~  
MIDYEAR 

I986 

w 
¢0 e- 

~ "  C= 

-== 
oJ -~ 
.~ .=_ 

"~ E 
C:2 c= 
_ _  2 

Z 

MIDYEAR MIDYEAR MIDYEAR 
1995 1986 1995 

GAS LIQUIDS 

_ J  

O 

20 ,.,_ 
C3 

r, '- 
MJ 
Q .  

15 ~, 

'=Z: 

L L  

2 
10 o 

. , J  

Z 
u l  

5 ~ 

FUTURE DEMAND FOR GAS AND OIL ~ SENSITIVITY TO SYNFUELS 

TIMING 

FIGURE H-III-24 

H89 



TABLE H-III-9 

FUTURE DEMAND FOR GAS AND 0IL-- 

SENSITIVITY TO SYNFUELS TIMING 

Quadrillion Btu/year (1015 Btu/year) 

1986 1995 

Delayed Nominal Delayed 
Synfuels Synfuels 

Nominal 

Synthetic 
Gas 

Imported 
Gas 

Domestic 
Natural 
Gas 

.5 1.1 4.4 6.1 

1.5 1.5 2.0 2.0 

26.3 26.4 24.2 23.3 

Synthetic 
Liquids 0.2 .7 3.2 4.7 

Oil 
Imports 10.5 9.8 12.7 10.9 

Domestic 
Crude 24.7 24.8 26.2 26.5 
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8. Synthetic Gas Cost 

The cost of synthetic gas is also quite important because synthetic 
high Btu gas ultimately sets the price of U.S. gas in the nominal case, 
thus the effect of the cost of synthetic high Btu gas was also examined. 

In the low SNG (synthetic natural gas or high Btu g~s) cost case, 
the price of synthetic high Btu gas is decreased by $.5D/MMBtu; in the 
high SNG cost case, the price of synthetic high Btu gas is increased by 
$.50/MMBtu. These changes apply both to f i r s t  generation Lurgi technology 
and to second generation technology for producing methane from coal. 

The results of this sensi t iv i ty analysis are sun:narized in Figure 
H-III-~5 for the gaseous and l iquid fuels markets and Table H-III-IO. 
The prlmary resource projections are not shown because the effect of 
SNG cost on primary resources is sma11. 

The important insights are: 

Synthetic gas production is quite sensitive to cost. In the 
low SNG price case, synthetic gas production is up 66% over 
the nominal case in 1995. In the high SN6 price case, synthetic 
gas production is down 62%. 

° Gas demand is satisf ied by either domestic natural gas or 
sy1~thetic gas; imported LNG is not price competitive. 

o As SNG price drops, gas substitutes for l iquids, refleczing 
that gas is a premium fuel. 

Imports are relative!y unaffected by SNG cost. 

° Domestic production of natural gas is stimulated by high SNG 
price. 

° The l iquid fuels market is relatively insensitive to synthetic 
gas costs. 

: I f  synthetic gas becomes more expensive, gas demand declines 
and is replaced by l iquid fuels and coal. 

Lo~ SNG cost stimulates coal production to make gas, resulting 
in s l ight ly  higher short-term coal costs. This tends to retard 
direct durning of coal. Thus, low SNG cost retards the 
substitution of coal for gas. 
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Table H-III-IO 

FUTURE DEMAND FOR GAS AND OIL-- 

SENSITIVITY TO SUBSTITUTE NATURAL GAS COST 

Quadrillion Btu/year (1015 Btu/year) 

1986 1995 

High Low High 
SNG Nominal SNG SNG Nominal 

Price Price Price 

Low 
SNG 

Price 

Synthetic 
Gas 

Imported 
Gas 

Domestic 
Natural 
Gas 

0.9 I.i 1.5 3.8 6.1 i0.i 

1.5 1.5 1.5 2.2 2.0 1.9 

25.9 26.4 27.2 24.1 23.3 21.4 

Synthetic 
L~quids .8 .7 .7 5.3 4.7 4.3 

Oil 
Imports 9.8 9.8 9.6 10.9 10.9 10.6 

Domestic 
Crude 24.9 24.8 24.7 26.4 26.5 26.2 
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9. Penalty on Industria! Burnin 9 of Coal 

An important question with respect to synthetic fuels production is 
whether industrial end users can burn coal directly, In the nominal case, 
the assumption is that western low sulfur coal can be burned directly and 
eastern high sulfur coal burning requires stack gas cleanup. The possibi l i ty 
that industrial burning of coal may be expensive must be considered because 
stack gas cleanup is not entirely proven and because emissions standards 
could be tightened. In this sensit~vitycase, i t  is assumed that industrial 
direct heaters and boilers are assessed a $1/MMBtu penalty to burn low 
sulfur coal and a $1.50/MMBtu penalty to burn high sulfur coal. Electric 
power generation based on coal is not changed; i t  is assumed that stack gas 
scrubbing is capable of meeting emissions standards. 

The results of a high penalty on industrial coal burning are presented 
in Figure H-III-26 and Table H - I I l - l l .  Since this sensitivity has l i t t l e  
effect on the primary resource balance, the primary resource plots are 
omitted. 

The important insights are: 

Synthetic l iquid production increases 8.5% in 1995 over 
the nominal case; synthetic gases production increases 
I0% in 1995. 

o [mports are unchanged. 

o Domestic oil and gas production is unchanged. 

° There i s  a s l i g h t  subst i tu t ion o f  gas f o r  l i qu id  as a 
penalty is assessed against coal. 
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TABLE H - I l l - l ]  

FUTURE DEMAND FOR GAS ANDOIL-- 

SENSITIVITY TO PENALTY ON USE OF COAL 

Quadrillion Btu/year (1015 Btu) 

1986 

PENALTY 

on Nominal 
Industrial 

Coal 

1995 

PENALTY 
on 

Industrial 
Coal 

Nominal 

Synthetic 
Gas 

Imported 
Gas 

Domestic 
Natural 
Gas 

1.2 i.I 6.7 6.1 

1.5 1.5 2.0 2.0 

26-8 26.4 23.5 23.3 

Synthetic 
Liquids 

Oil 
Imports 

Domestic 
Crude 

.8 .7 5.1 4.7 

i0.0 9.8 ii. 2 i0.9 

24 . 8 24.8 26.5 26 . 5 
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lO. High Import Price with Low an~ High Oil and Gas Avai labi ] i ty 

This sensi t iv i ty case examines the effecz of high and low oil and 
9as avai labi l i ty given a strong carte] and high import prices. In the 
case of high import price and low oil  and gas avai lab i l i ty ,  the U.S. 
is highly dependent on high-priced imports. In the case of high import 
price and high oil and gas avai labi l i ty ,  the U.S. has large oil and gas 
reserves, but imports are priced high, presumably due to world market 
forces. 

These sensit iv i ty cases are constructed as fol~ow~: The price of 
imports is the same as in the high import price case discussed in the 
firs~ sensit iv i ty analysis in this appendix. The oil  and gas resource 
curves are then shifted to the right by 50% and ~:o the le f t  by 20%, as 
in the second sensit iv i ty analysis in this ap~ene!x. In summary: 

High Import Price, High Oil and Gas Avai labi l i ty  -- All import 
price curves were multiplied by 14/II=1.27, and all oil and 
gas resource curves were shifted to the right by 50%. 

High Import Price, Low 0i1 and Gas Avai labi l i ty  -- All import 
price curves were multiplied by 14/II=I.27, and all oil and 
gas resource curves were shifted to the le f t  by 20%. 

The results of this sensi t iv i ty  analysis are presented in 
Figure H~IF27 and Table H-]!F]2. The primary resource balance is 
pictured in Figures H-iII-28, H-]]I-29, anJ H-]]I-30. 

The important results are: 

o High imporz price has a more important effect than the avail- 
ab i l i t y  of oil and gas. 

Oil imports are highest in the nominal case. For low oil and 
gas avai labi l i ty ,  crude imports are down 55% in 1995 from the 
nominal case, but synthetic liquids are up 98%. For high oi l  
and gas avai labi l i ty ,  crude imports are down 27% in 1995 from 
the nominal case, but synthetic liquids are down 55% as well. 

When import prices are high and gas and oil are scarce, 
synthetics are very attractive; their production wi l l  reach 
18 quads by 1995 (equivalent to 8.5 million bbl/day). 

Oil imports are highest in the nominal case. When gas and oi l  
are scarce and import prices are high, synthetic fuels come in 
rapidly enough to cut imports. When gas and oi l  are plentiful 
and import prices are high, domestic production replaces i,'ports. 

Total gas production in 1995 increases as the avai labi l i ty  of 
gas and oil  decrease, due to the increased production of 
synthetic gas. 
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In al l  three cases, crude imports are not attractive because 
of their  high price, regardless of domestic oil and gas 
avai labi l i ty  because there is a great deal of substitution 
possible in the $2.00-$3.00!MMBtu range. 
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TABLE H-III-12 

High Oil 
and Gas, 

High Import 
Price 

FUTURE DEMAND FOR GAS #=ND OIL-- 

SENSITIVITY TO DOMESTIC GAS AND OIL 

AVAILABILITY AND HIGH IMPORT PRICES 

Quadrillion Btu/year (1015 Btu/year) 

1986 

Nominal 

Low 0il High Oil 
and Gas~ and Gas, 

High Import High Import 
Price Price 

1995 

Nominal 

Low Oil 
and Gas, 

High Import 
Price 

S}~thetic 
Gas 

Imported 
Gas 

Domestic 
Natural 
Gas 

• 8 1.1 1.5 3.1 6.1 8.7 

1.5 1.5 1.5 1.9 2.0 2.0 

30.5 26.4 24.8 30.7 23.3 19,6 

Synthetic 
Liquids 

0il 
Imports 

Domestic 
Crude 

.5 

3.0 

31.0 

.7 

9.8 

24.8 

1.9 4.0 4.7 9.3 

7.7 1.6 10.9 4.9 

25.2 34.9 26.5 27.0 
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I f .  High Synthetics Cost and High Import Price 

This jo in t  sensitivity analysis examines the case of synthetic 
fuels being 50% more expensive than planned and the cartel keeping world 
oil prices high. This case is constructed from the previously discussed 
high import price case and high synthetics cosz cases. The nominal case 
price of imports is multiplied by 14/II=1.27, and the nominal case 
capital and operating costs of synthetics shown in Table H-I-5 are 
increased by 50%. In addition, shale costs are increased by 50%. 
Thus energy costs are substantially increased for all but domestic 
sources. 

The results are shown in Figure H-III-31 and Table H-Il l-13. 
Note that high synthetics costs and high import prices drive down the 
demand for both liquids and gases because of higher prices. Direct 
burning of coal and nuclear power substitute for gases and liquids. 
The primary resource balance is pictured in Figure H-III-32 and H-III-33. 
Note that the more important variable in the near term is the high import 
price, imports are lower than in the nominal case through 1995. However, 
in 1995, imported crude increases because depletion of domestic oil and 
gas has driven their prices up to the point where imports are again 
competitive. Because shale oil is also high-pri~ed, both imports and 
shale oii production increase to satisfy the demand for l iquid fuels. 

The important results are: 

o Total gas and total oil demand'drop as import prices and 
synfuel.s costs increase. 

o Synthetic gas production is down 43% and synthetic liquids 
production is down 55% in 1995. 

o The volume of crude imports is down 27% in 1995. 

o Domestic gas production is up 6% and domestic oil production 
is up 15% in 1995. 
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TABLE H-Ill-13 

FUTURE DEMAND FOR GAS AND 0IL-- 

SENSITIVITY TO HIGH SYNTHETICS ~'D IMPORT PRICES 

Quadrillion Btu/Year (1015/year) 
1986 1995 

High High 

Synthetic Nominal Synthetic Nominal 
& Import & Import 
Prices Prices 

Synthetic 
Gas .7 i.I 3.5 6.1 

Imported 
Gas 

Domestic 
Natural 
Gas 

1.5 1.5 1.9 2.0 

26.0 26.4 24.6 23.3 

Synthetic 
Liquids 0.4 .7 2.1 4.7 

Oil 
Imports 

Domestic 
Crude 

6.0 9.8 8.0 10.9 

28.2 24.8 30.4 26.5 
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12. Coal Cost 

The cost of coal is surprisingly unimportant with resoect to 
synthetic fuels production. In order to test the sens i t iv i ty  of 
synthetic fuels production to the cost of coal, a high and low coal 
cost case were constructed as follows: The high coal cost case was 
constructed by increasing the nominal case marginal cost by 50%; the 
low coal cost case was constructed by decreasing the nominal case 
marginal cost by 20%. 

The results of the sens i t iv i ty  to higher and lower coal costs 
are shown in Figure H-III-34 and Table H-I l l - f4.  The supply-demand 
balance at the primary resource level is i l lustrated in Figures H-III-35, 
H-TII-36, and H-III-37. 7 

The important results are: 

Synthetic gases are moderately sensitive to coal costs. In 
the high coal cost case, synthetic gas production is down 3g~; 
in 1995. The reason is that synZhetic gases are all based on 
coal. 

o Synthetic l iquids are relat ively ins~,isitive to coal costs. In 
the high coal cost case, synthetic liquids production is down 
15%. The reason is that the most attractive synthetic l iquid, 
shale syncrude, is not based on coal. 

o Higher coal costs result in moderately more imports: gas imports 
are up 25% and oil imports are up 21% in 1995. 

o Domestic gas production is stimulated by high coal cost because 
synthetic gas is less attract ive. 

o Higher coal costs have remarkably l i t t l e  effect at the primary 
resource level. With higher coal prices, total coal production 
is down only about 16% in 2000 below the nominal case; whereas 
with low coal prices, total coal production is up 46% in 2000. 
The implication is that higher coal costs do very l i t t l e  to del~y 
our need for coa|; the future U.S. energy picture wi l l  depend 
heavily on coal. 
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TABLE H-Ill-14 

FUTURE DEMAND FOR GAS AND OIL m 

SENSITIVITY TO COAL COST 

Quadrillion Btu/year (1015 3tu/year) 

1986 !995 

High Low High 
Coal Nominal Coal Coal Nominal 
Cost Cost Cos~ 

Low 
Coal 
Cost 

Synthetic 
Gas 

Imported 
Gas 

Domestic 
Natural 
Gas 

.9 i.i 1.2 3.7 6.1 

1.5 .1.5 1.5 2.5 2.0 

26.6 26.4 26.4 24.5 23.3 

7.2 

1.9 

22.6 

Synthetic 
Liquids .6 .7 

Oil 
Imports 10.7 9.8 

Domes tic 
Crude 24.7 24.8 

.8 3.8 4.7 5.5 

9.2 13.2 10.9 9.4 

25.0 26.3 26.5 26.5 
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13. HiBh DCF Rate 

The effect of t ighter capital markets and higher .-eturns on 
equity are explored in this sensit ivi ty. The nominal case discount 
rates are: 

U t i l i t i es :  13.2% 

I ndus t ry  : 17.8% 

expressed in inflate~ dollars. In terms of constant 1975 dollars 
assuming a 5% inf lat ion rate, these discount rates are 7.81% and 
12.2% respectively. In the high DCF rate case, the discount rates 
were changed to: 

U t i l i t i es :  14.9% 

Industry : 25.7% 

expressed in inflated dollars, in terms of constant 1975 dollars, 
these discount rates are 9.43% and Ig.7% respectively. 

The sensit iv i ty of the gaseous and l iquid fuels markets to the 
high DCF rate is shown in Figure H-III-38 and Table H-Il l-15. The 
interesting point to note is that the high DCF rate has small negative 
effect on synfuels because they are so capital intensive and a small 
positive effect on imports because they are low in capital cost. Thus 
the principal effect of high DCF rate is to make the capital-intensive 
technologies less attractive relative to low capital cost technologies. 

The important results are: 

o Synthetic gases are up 5% in 1995; synthetic liquids are 
down 29% in 1995. 

o Imported crude is up 13% in 1995. 

o Domestic production is unaffected. 

o 

o 

The effect of higher discount rates is relatively minor. 

High returns on equity favor synthetic gas plants over 
synthetic liquids plants because the gas Plants are more 
highly leveraged. 
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Table ~ - I I I - 1 5  

FUTURE D~AIqD FOR GAS AND OIL-- 

SENSITIVITY TO DISCOUNTED CASH FLOW RATE 

Quadrillion Btu/year (i015 Btu/year) 

1986 1995 

High High 
DCF Nominal DCF Nominal 
Rate Ra~e 

Synthetic 
Gas 

Imported 
Crude 

Domestic 
Natural 
Gas 

1.0 i.i 6.4 6.1 

1.5 1.5 2.1 2.0 

2 7 . 0  26 .4  23 .3  2 3 . 3  

Synthetic 
Liquids .6 

0ii 
Imports i0.0 

Domestic 
Crude 24.7 

.7 3.4 4.7 

9 . 8  1 2 . 3  1 0 . 9  

24 .8  26.6 26.5 
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14. HydrogenAvailability 

There is some question as to the feasibi l i ty of hydrogen because 
of transportation, distribution, and safety di f f icul t ies. In this 
sensitivity, hydrogen is eliminated from the energy balance altogether, 
whereas in the nominal case, hydrogen can be generated by partial oxi- 
dation of coal or by thermochemical decomposition of water using nuclear 
heat. 

Figure H-III-39 and Table H-III-16 i l lustrate the sensitivity of the 
liquid and gaseous fuels markets to hydrogen availabil ity. Since the 
elimination of hydrogen has vir tual ly no effect on the primary resource 
balance, i t  wi l i  not be shown. 

The effects of removing hydrogen are the following: 

o Small reduction in gas production due to elimination of hydrogen. 

o Small increase in domestic gas production to account for hydrogen 
elimination. 

o Small increase in electric power generation to account for 
elimination of industrial fuel cells. 

o No effect on imports. 

o Small-increase in synthetic liquids. 
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Table H- I l l -16  

FUTURE DEMAND FOR GAS AND OIL-- 

SENSITIVITY_ TO AVAILABILITY OF HYDROGEN 

Quadrillion Btu/year (I015 Btu/year) 

1986 1995 

No H 2 Nominal No H 2 Nominal 

Synthetic 
Gas 0.5 i.i 4.6 6.1 

Imported 
Gas 1.5 1.5 2.0 2.0 

Domestic 
Natural 
Gas 26.6 26.4 23.4 23.3 

Synthetic 
Liquids 0.8 0.7 5.0 4.7 

Oil 
Imports 9.8 9.8 10.9 10.9 

Domesuic 
Crude 24.8 24.8 26.4 26.5 
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