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

I. WOMINAL CASE

The data used to generate the nominal case projections fail intc
three categories:

o Demand data

0 Resource data

o Process economics data.

A1l nominal case data have been extensively reviewed by both private
firms and government agencies, including Arthur D. Little, Battelle,
Bechtel, Bureau of Mines, Council on Environmental Quality, Department
of the Interior, Environmental Protection Agency, Federal Energy Admin-
istration, Federal Power Commission, Gulf 0il1, WNational Szience Foundation,
Office of Technology Assessment, Office of Management and Budget, Radian,
Resources for the Future, Stanford Research Institute, and United States
Geologicai Survey.

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

1. 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 living
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 it essential to consider
end-use conversion explicitly.

For 1975, ?7d-use demands were obtained by interpolation betwegn
Bureau of mines—! estimates for 1974 and an FEA projection for 1977¢/ .
For the years 1985, 2000, and 2025, the nominal case demand was 30%

l-/Depar"cment of the Interior News Release, "U.S. Energy Use Down in 1974
After Two Decades of Increases," April 3, 1975.

g/The FEA data is the output from the Integrating Model of the Project
Independence Blueprint Study under the assumptions of "Business as Usual®

$7/bb1 imported 0i1. It was provided through the courtesy of
Dr. John Bearson.
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of the way between a low demand case and a high demand case based
on the Ford Foyndation's Historical Growth and Techmnical Fix scenarios,
respectively.3/ The historical growth case examines the consequences
of continuing growth in energy consumption for the remainder of the
century at the 1950-1970 average growth rat of 3.4% per year. The
technical fix case is an attempt to anticipate the results of a
variety of voluntary and mandatory energy conservation measures.
The Ford Foundation study was used because:
o It is recent (1974).
o It analyzes multiple scenarios. )
0 It projects end-use energy demand at nearly the level of
detail required by the SRI-Gulf model.
o Its projections extend beyond the year 13935 to the year 2000.
0 Its Historical Growth and Technical Fix projections bracket
iwo pertinent FEA forecasts for the year 1985, which is as far
as the Project Independence study forecasted.

The resulting high, Tow, and nominal forecasts for usable energy
ceasumption are shown in Tables H-1-1 through H-I-3

As noted in Chapter II, the SRI primary resource projections do not
include certain fueis and uses. To0 reconcile the SRI model primary
resource projections with the demand estimates in Table 1, of the
main text the following calculation is presented. The calculation
i1lustrates which fuels are excluded. It begins with the uemand in
1972 of 72.71 quads taken from Table 1 in Chapter I1I:

1972 demand 72.1

Losses in hydro and

geothermal generation (2.1)
Coke (coatl) (2.4)
Coke (petroleum) { .2)
Lubes and waxes ( .4)
Asphalt and road oil (1.2)

65.8

Field use of natural gas (2.4)
SRI model 1input 63.4

A11 SRI demand estimates and projections exclude the items in the above
Tist.

3/1 Time to Choose, Enerqy Policy Report of the Ford Foundztion,
Ballinger Publishing Company, Camhii1dge, Mass. 1974.

H2



£H

TABLE H-1-1 (a)

USABLE ENERGY FORECAST - QIGH DEMAND CASE

1975

DEMAND REGION

CATEGORY ] 2 3 4 [ 6 7 = Tl
Residential/Commercial
Space Heal LT a6} R AYA 3D 2.11) R332 1.117 WEa-] 2,07
Drying o121 annn Lo K] W14 224 349 Yak) Pactl
Air Conditioning «uPn U . 200 o117 SOy o172 0K WAren ,748
Etectromechanical 062 wInt . 155 Y 201 2104 1206 B RL] | BT
Subtotal 2450 YA Ye 1,459 shil Zukln 14UbS 1obHK 1,307 IPRLE!
Transportation
Autgmubile htn ) a841 2.070 800 2.5hrR 1.490 1931 LY 13.0lu
Truck/Bus LR s1h 0 L, )P L3 rd 2151 .78 2173 aell
Rail SREL T R P46 U4 JO16 e 30 1o 13
Marine 1 Wl 4y W 274 Ay Y] Nired 2 1H4 oathe 2172 st d
Aircraft | avh2 AN , 32 ) PN 200 webd at ab el bl
Subtlotal 15 a6 PyHGQ [P 3,166 2.103 2.6 2elr o 17,450
]ng:::;;g]Steam .10 2691 KT o9 T34 1.00% oY1 s3ne 4ol Th
Direct Heat | 66 hY VP36 Wb W505 7 239 ol 2ot
Elcctromechanical o1 66 WPRT Ple . P15 L4 o240 143 -4 2ol
”aptha Feedstock o120 al it ey Bk ’ s 1us +UH3 .62 shub AL
Gas Feedstock R A K LRy o LG 53 ORI D4t e ly 2oy
Coat Feedstock vedin i 17 ar 1 AT 001 g wlri ] e
Sublotal W3dz2 ] sHsh 1 4n? 7.1 z,10? 2ebtr) Je016 boli b 11,651
Total 1,032 behlh G.Tne 247106 He73b
(Continued)
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H-1-1 (b)

USABLE ENERGY FORECAST - 1IIGH DEMAND CASE

1985

DEMAND REGION

CATEGORY 1 ? 3 4 f f 7 v TCHAL
Residential/Commercial
Space’Heat 367 2,200 NI 246N 2,k80 +793 lab11 lae le,5o0u
Drying 176 o563 »395 2206 519 ¢339 473 c369 3.dou
Afr Conditioning bh B I o145 IS W52H 340 fAEH 2.9k
Electromechanical V212 WBIG N1 ong e V318 T Sl 3,04y
Subtotal RY-L) 3,570 2.80] lepl6 4,445 1,93R 2.10% 2ecl? 19, t35
Transportation
Automobile W Gin dofiuh 278 l.142 3,440 2.020 26060 2s185 17,700
Truck/Bus S5 PRI HTT ] L3 201 239 o Pe? lebte
Rail W Eéd Th 117 o L343 y 104 Li32n lal 1oviily
Marine Naik] +37) 192 sl 2137 298 Geli0U Yt Y. 30y
Aircraft J1h 2046 » 135 o (19 W17 421 -3 sl 4,400
Subtotal 1104 4,01h s lt2 1,t4he 4,'bY 3,044 3.740 36187 26, Ui E
Industrial
Process Steam + 229 Q74 W 3587 ;594 b7 20341 10083 sbyH BL,ynq
Direct Heat PRTE Ay LB ot 1.,03% v 931 W43 +330 4,1n(
Electromechanical JA7h YK WoHEn Y Ji4ah. 86 , 392 vhtel) 4
Haptha Feedstock o b2 2 30 284 20 29} o158 B2 sl b3 1470
Gas Feedstock o L IPY (113 Y4 e300 w917 1.080 U7 e 310 4 L
Coal Feedstock (T o077 30 o2l N1 003 Y sl b
Subtotal 21 K PRI z.919 1.993 b, 085 5,006 2119 24301 €3,c00
Total 2754 Yi.ude 9,472 4,663 14,625 9,988 2,676 LT bl Y35k

(Continued)
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TABLE

H-1-1 {c)

USABLE CMERGY FORFCAST - HIGH DEMAND CASE

2000

DEMAND REGION

CATEGORY 1 v 3 4 L 6 / - Tulrg
Residential/Commercial
Space Heat. salb'y 2T 1,7k2 What 1,306 157 1,017 Jotitits 13,0k
Drying 221 P390 «4F1 W 207 72D « 349 039 eHld J.bt(
Air Conditioning 10 alt b 1. 060 sl A0 o ThFR wulu N 4,rbr
Electromechanical PR wivn A RE ALK 901 LR -1} | 111 4 b
Subtotal IR R ES 0 800 3,h53 1470 b 9by P LK 3,375 3,317 Al
Transportation L o
Automobile 14191 YA 3,309 1e31b 4,250 2.287 2987 23640 21,57t
Truck/Bus o 68 yYaas 3749 140 s U4 Y 4¥d W7 300 1a970
Rail aChn Q130 ) el 751 166 ol N IR
Marine R s 2205 AN ITER Ak <301 0.0 LU 1,000
Aircraft VA aln? 190 YR VI 1,017 J a2 3% YA IRIE .00
Subtotal Vak9s k2341 TR Lefh 6,559 44050 5.002 fatis b, enn
Industrial .
Process Steam N [ AN 1 .54y G2 PR 3013 17114 1a217 Ya oo
Direct Heat .!}7 YRR SN ol 1,710 lebod U S K] T ity
Electromechanica)l R bella t.2t? 1339 ) Jhul 1,148 JURG lelte G litn
Hlaptha Feedstock sl1n RAKS o7 W ANHG AR «3%8 L1777 L4 3.uny
Gas Fecdstock R LA ) 367 o111 1.9 2e434 Rt IR [P
Coal Feedstock foohn PR 07 hb 193 4 LD I G S0y
Subtotal lotfan (1 KA S, T2 RISMIS 9,190 Yeby] 3,771 Jeu it 63,4l v
Total 4aV 60 114145 15, 3vd 7,313 AR A YA 154984 17,1406 13007 17,00
(Continued)
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TABLE

1H-1=1 {d)
USABLE EHERGY FORECAST - HIGH DEMAND CASE

2025

DEMAND REGION

CATEGORY 1 ;‘ 3 & 1) & ¥4 10 0l M
Residential/Comercial , - .
Space Heat BUS be04r 2.500 1op72 7,260 1,637 3.3¢0) 2eb99 g4, tby
Orying 007 1.25% 98 a4 1354 743 Y Letjn talich
Air Conditioning T PPN 2,301 RN 767 1,429 hH] ].(?f h,(:n
Electromechanical 578 1e532 1,315 BTh 1007 PbA 1.00] 1ok Yelbe
Subtotal ?.057 He312 7.123 3.077 11.19% 44606 Beddu Gotnk 4Y,.e20
Transportati . .
Astggog?]teon 29 H.655 G0 2577 A.,0b5 4.3?8 Heb2b 5.:)&(‘ M,.ZTJ
Truek/Bus s 120 s 42 «6up 207 sbbG s424 P D 1 _::. _lb
Rail o4 oPlib «3Yp #»10H 412 317 y9hH Y R,¢25
Harine W21 ot fn WGTH 211K 2 0UG L1 N.000 k.7yg Jdecdu
Aircraft Sk Gt K AR wglh 3, nly o942 2.2th becdt 3 2.l
Subtotal 3009 11,441 11.786 .61 4 12,33) 7.73% 9,254 136 tivix T2 .bto
Industrial e . .
Process Steam TS 20677 KNy | R 5ea93 7.4_!7 3,164 2%t Pk, Iny
Direct Heat arbh? 1364 1,9u3 1,000 3,210 3.178 o9ty 1,119 IJ.:;-.;,
Electromechanical 212 Zatlh enlu 2yt 3,400 24193 o637 2._1;«:; IZ).;‘:':‘
Naptha Feedstock Yt lepu2 1,723 1haq 14149 g1 .'.9?7 ) o h3 ];‘S.b‘b
Gas Feedstock $OLG 3.106 Y 1,521 3.600 4e649 290 -h(\. ._[:
Coal Feedstock . p oot )] Ty 363 «GOR . U5Y s Ot o Thy
Subtotal 2116 11104 .l T.779 17,292 18,128 6,970 Tabib) bs . 34Y
Thtal 72058 304997 10,626 144471 4n,819 30.529 22470 214526 2va,69b
nta




TABLE 1i-1-2 (a}

USABLL ENERGY FORECAST - LOW DEMAND CASE

1975

DEMAND REGION

CATEGORY i “ 3 4 5 0 7 R TOTAL
Residential/Commercial .
Space fleat 2bhe 1.097 s 1ha » 330 2a171 «532 12117 «7e5 Te528
Drying « 20 601} 290 103 auld «h7 «J39 «275 Z2ell?
Air Conditioning 020 LY .25 112 LOb4 012 olin 0126 KL
Electromechanical PR 2181 2155 «(in? 201 +104 124 134 1,032
Subtatal <459 2.242 1.459 ofotatl 2.870 1.G55 1.08H L3407 11.743
Transportation . . .
Autgmobile 366 Lol 24070 2050 2.5¢H 14490 1,931 X 11,010
Truck/Bus 030 slat 2212 093 226 » 153 W17 173 1.213
Rail 16 097 87 slitb 104 076 2306 o110 o132
Marine MUEY] 229 .119 2030 .N2? W 185 0,000 172 by
Aircraft «CR3 e .352 1045 . 28A +200 241 435 2,091
Subtotal 2891 2e716 2.H40 lenba 3,166 2,103 FE-1-0) 2abh24 17,6850
trial
ISt team .1na V691 L6036 .269 .934 ).065 ,491 aee | eaas
Direct Heat U R e 259 2306 107 JHbY ol 239 o174 2.1l5u
Electromechdnica| lnf“’ -?"7 ‘?.76 0?“5 .‘0‘09 .240 .l93 0?52 2.0‘.’
Haptha Feedstock G 204 149 060 <165 «083 043 ot by
GBS FeedStOCk u074 06]0 .335 -190 1533 '58] 10“0 -2]9 2-5"3
toal Feedstock 0.U00 «N17 01T «017 (3.1 «00} L 0b sU0) «d12
Subtota) 322 TIITY 1,447 9us ZaT07 2o441 1,01 lev7e 11.851
1,637 6.n26 S.746 2,716 A, 738 5,599 5.7fH
Jolal
(Continued)
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USABLE EMERGY FORECAST - LOW DIMAND CASE

TABLE  H-1-2 (b)

1985

DEMAND REGION

CATEGORY 1 @ 3 G 5 6 7 f TOT AL
Residential/Commercial
Space Heat 324 1.912 889 «392 2,414 2031 1,350 B B.600
Drying «159 509 357 «18b 523 »3U6 24217 »333 2.800
Air Conditioning 028 «0%0 - 0344 el08 2116 2232 o148 0160 1.25%6
Electromechanical 088 «243 206 08 274 +138 s 168 v181 1,386
Subtotal «599 24744 1.798 «B14 3,327 1,307 2,093 1.562 14,242
Transportation
Automobi]e .()29 l|636 ].823 07‘02 2.257 1.324 107"17 legr2 ll.an
Truck/Bus 079 o277 44]5 «180 .ldbf\ l302 LN «333 2.400
Rail « 023 078 117 o062 .143 104 +326 2147 1,000
Marine 083 0371 192 LY 037 »298 0,000 272 14300
Aircraft <139 « 709 «551 « 070 » 159 2316 2348 sbolB 3,300
Subtotal 503 3eG7) 3.698 Foinl 3,362 24344 2.,h19 2832 19,600
Industrial
Process Steam +254 f.079 1.060 <68 2,113 2,602 1,200 1495 9,861
Direct Heat 174 XA T a4l6 « P HE 974 831 1422 295 3,660
E]ectromechanica] .l’_‘?fﬁ «327 .350 «JA1 .5’(3 + 304 e 24Y « 306 2,900
Naptha Feedstock 51 2356 286 »128 296 o161 1.1 CRS 1,452
Gas Feedstock 14 574 350 0199 W5l6 608 L0062 219 2,582
Coal Feedstock Nev00 «030 »033 023 o101 «003 U1t 001 «207
Subwta] 1534 2e778 2-498 l|(155 ‘h.“-,B 44509 ?.1009 108’)1 20.2(\2
Total 2,066 8,593 7,392 3,57¢ 11,167 B,160 6,921 64195 S4,104

(Continued)




=
O

TABLE  H-1-2 {c)
USAGLE CHERGY FORECAST - LOMW DEMAND CASE
2000

DEMAND REGION
CATEGORY 1 ? 3 4 ) 4 (i ] yoiaL
Residential/Commercial
Space Heat 2U0 1.0t W13 + 330 2,331 17 1.0906 HAI 1,900
Drying W69 30 2367 J1ES ,549 297 A1 492 2,900
Air Conditioning LY P 6 282 Jdoe 3864 e 22H 300 2 U4k
Electromechanical f1e9 i ? L 337 1Y JA50 W13 1250 2337 2.2uy
Subtotal 5656 Zelan 7,037 P EHE 3,%2R 1.383 1,991 1e992 15,133
Transportation
Aut.‘,’mob”e PR Jaclt 1,332 50 1695 «906 1.18) 1a)H? A,a99
Truck/Bus 8 SBls 60 210 b4z «518 806 AL 4,400
Ratil V4H s 152 2274 2113 260 LI 2079 Wil 1.5%00
Marine 2169 4081 249 06D D4R =358 0,000 2399 1.700
Aircraft a3ar 14754 1.363 L 1.13% 719 JHT3 1oHa68 B.2060
Subtotal valed 4,116 3,964 1,173 4,000 2,682 3.239 IRy 24,699
Industrial
Process Steam L3ty 1eG24 1.618 1010 3,067 Gel1Th {197 }.340 14,801
Direct Heat SR 70 b2l Q3F0 1,100 14076 +51R ) 4,500
Electromechanical SUYE 387 y44u8 s hd N 398 307 TR 3.2
Haptha Feedstock 098 +63Y 560 e2ht 2546 320 159 1603 2,735
Gas Feadstock |072 0543 1359 I?Uq .b0e '639 '042 220 2.5“(
Coal feedstack 0.000 «054 s 065 0ob .1bb 04 030 « 004 P L1
Subtotal 723 3.623 1,571 2.335 60406 6.513 2,853 24471 28,133
Total 2.502 104479 9,912 %4394 13,572 10.578 8,083 84845 67,96%
ota

(Continued)
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TABLE 1I-1-2 (d)
USABLE ENERGY FORLCAST - LOW DEMAND CASE

2025

DEMAND REGION

CATEGORY 1 2 3 % ) 6 7 [ TOTAL
Residential/Commarcial
Space"Heat (326 1B 924 (398 2,683 4603 1,242 1e069 9,101
Drying 19n 516 439 222 632 e 347 bbb 475 3,357
Air Conditioning 068 180 2948 1356 284 #5372 256 b 3,068
Electromechanical »215% WT0 2493 214 673 «318 1291 .Y 3.297
Subtotal « 199 3.194 2,804 1el8H 4,272 14800 2.255 2eh3) 17 JHeY
Transportation 677 1e720 2,035 799 2,500 1,351 1716 1032 12,631
Truck/Bus 218 s 730 1,163 O 85 1,241 TTO 879 14077 6,903
Rail + 065 215 343 o174 2413 274 JB4D A 2,826
tarine « 457 681 375 20192 071 «535 0,000 Y:31,] 24d?PY
Aircraft 500 20485 2+055 252" 1,613 1.074 1.267 2.891 12,197
Subtotal 1617 5.831 5,974 l.802 5,898 4,000 4,700 6916 36,746
Industrial
Fgocess Steam +53 2150 2'476 la“)sl 10.520 6,089 2-607 20077 22.01‘
Direct Heat 127 b4 797 «553 1,621 1594 2151} 559 6,076
Electromechanical +138 YY) 685 714 945 0594 0445 594 4,064
Naptha Feedstock ) «9n5 ,857 « 384 H04 418 0231 257 4,052
Gas Feedstock 104 768 2849 <314 740 + 958 « 061 2341 3,033
Coal Feedstock 0,000 077 ,099 069 217 «006A 044 TS +5Tb
Subtotal 1.041 54133 G463 3,588 8,907 9.716 44139 34829 41,913
Total 2,457 14,159 14,241} 6,575 19,077 15,524 11,094 13,276 ST,402




TROLE  H-1-3 (a)
USABLE EMERGY FORECAST - IIOMINAL CASC

197%
DEIAYID REGION
CATEGORY 1 2 3 4 5 6 1 u TOTaL
Residential/Commercial
Snac_e'lieaL 2496 Lat¥y 150 W00 za111 2532 o117 05 Te274
Dry‘ng . R o121 GNP e X1} P RTR .‘ll" 2247 . 339 2715 raY4 X}
Air Conditioning 020 056 260 2112 .0b4 172 »108 2124 .938
Electromechanical 062 LA 155 067 20} «10¢ 124 138 1,032
Subtotal 459 Y 4Xs 1,459 YY) 2.470 1.058 1048 Ve302 11,743
Transportation
T A“tomobi]e sb66 1.841 2.070 'Pb'o 2.52" l.b90 10931 10634 13.0’0
= Truck/Bus L02K 14D 212 093 L2706 .153 178 «173 1.213
Rail N6 057 T W 060 U4 76 $230 e110 132 |
Marine . V4R 279 .119 «030 Nirs « 184 0,000 172 WbUs |
Aircraft 2083 2h4S 352 W 005 286 «200 o201 435 2.V91 ‘
Subtotal .51 24716 2.840 1,060 3.166 2.103 2.5Hb 2,526 17,850
Industrial .
Process Steam 109 691 634 .69 934 1.065 eyl 362 44175 |
Direct Heat 044 «259 236 162 .55 47 239 '178 2,150 |
E lec tromechanical L 066 .287 276 285 449 NTY V193 252 2,047
Haptha Feedstock W 1129 204 149 DHO , 165 «083 ) 040 » 185 ‘
Gas Feedstock e 174 610 .35 +190 «533 581 NIY 219 2,58
Coal Feedstock N.000 2017 017 012 . DSG «00) 008 0l 112
Subtotal 322 1,868 1,447 V9H4 2.702 24441 1,014 1,074 11,051
Total 1,032 b.826 S.746 2.7)0 A, 738 5.599 5,288 A 900 4), 048

{Continued)
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TABLE h-1-3 (h)
USABLE ENERGY FORECAST - NOMIRAL CASC

1965

DEMAND REGION

CATEGORY \ 2 3 4 5 6 7 & TOTAL
Residential/Commercial
Space Heat 0343 2022 TS 1615 2.554 +06R 1428 + 940 94310
Drying o164 +525 «368 s 192 «5%0 316 TS 344 2,890
Air Conditioning +039 +109 511 +206 162 4321 206 o222 1.774
Electramechanical 122 +338 270 22 380 192 «233 0251 1,916
Subtotal 668 2.994 2.097 »935 3,635 1,496 2.308 1,757 15,891
Transportation .
Automobile 28 1.894 2.110 089 Z2.h4R 1,533 2.023 1le635 13,430
Truck/Bus 07 o249 .37‘9 albe .410 272 s 327 «300 e.lRC
Rail $ 023 +07R w117 V602 P Rk 06 « 326 o147 1,000
Mﬂ]‘ine -0!?3 v37] 0192 c0’07 .037 1293 00000 t272 10300
Aircraft 153 «780 «606 077 +505 0347 o427 0735 3,630
Subtotal 14050 3.372 3.399 1.207 3,743 249554 3,098 3,048 21,570
Industrial .
Process Steam w24t 1aga? 14229 639 2..051 7526 1,165 oHO9 9,573
Direct lleat 077 427 %3] 296 957 1861 «4317 305 3792
Electromechanical « 892 <386 413 420 623 »359 <289 +36) 2,950
Naptha Feedstock «053 354 267 o127 2294 o160 +083 «0R4 1,464
Gas Feedstock 103 «708 32 a26% 636 v 750 $ 052 2TV 3,184
Coal Feedstock 0,600 429 <032 o2z ,098 2003 015 +001 201
Subtotal +56n 24951 24624 o756 4,660 44658 2042 1.891 21.143
Total Pe.eflh Y.318 R,a121 3.89n 12,034 8,708 T4t 6,736 58,554

(Continued)
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USABLL ENERGY TORECAST

TAULL  1I-1-3 (c)

2000

- HOMIHAL CASE

DEMAND REGION
CATEGORY 1 ? 5 ’ q 6 7 a TOlAL
Residentfal/Commercial
Space Heat 0347 2.012 926 394 2. 191 619 1.312 1eUnT? 9,450
brying 185 e579 40l .20? W60 .325 Y 1429 3170
Air Conditioning 064 o170 WT46 DY 257 T4 ,302 «3ye 2.720
Clectromechanical 198 +535 449 . 18% h07 284 361 469 3,050
Subtotal 2794 3,296 2.522 1,09) 4.256 1.701 24600 %4333 la, 40
Trinsportation
Automobile 87 14771 1.943 756 P41 1.319 1.723 1.724 12,39y
Truck/Bus o125 627 .53) 260 699 427 503 BT 3.654
Ra il a3 al67 217 10y 21} «180 561 «311 1,449
Marine «109 4Rl 2,245 s 060 Y «358 0,000 «JY9 1.700
Aircraft «39n 1.977 1,610 A4 1,276 WHOR 02 24097 9,220
Subtotal 1,359 4 o79R 4,546 1374 4,700 34092 3:.768 5¢108 28,80y
Industrial
Process Steam 1304 14502 1.59% 996 3.023 4,010 1,771 le321 14,5Y9)
Direct Heat 1073 1556 604 20 1.28a l.?75¢ 1) 622 5,250
Etectromechanical . 151 605 LT00 . 121 002 2623 48y 1599 4, BHT
Haptha Feedstock 102 1661 5890 « 259 W 50% «33) vite 1169 2,832
Gas Feedstock .133 l.00! W61 JTE 926 1.177 077 Yd. 4,760
Coal Feedstock P.009 054 066 2045 . 189 o004 230 s 004 .49
Subtotal «85) 4,381 4,210 2.82¢% 6,990 7.406 3,128 2,921 3. N3
Total 3,000 12,476 11,278 5,291 16,014 12.200 9,302 10,362 ,v7,

(Continued)




YiH

!
]

!
TABLE H-1-3 (d)
USABLE ENERGY FORECAST - NOMINAL CASE

2025
DEMAND Rg&ION
i
CATEGORY t 4 3 473 5 6 T B 1011
Residential/Commercial ’
Space Heat 494 2.813 1.397 594, 4,059 913 1,878 ls6]18 13,769
Drying +255% v 787 2589 294 L84R 466 +625 2038 4.5Ub
Alr Conditioning o103 271 1.35¢4 «53 249 801 0443 «bYH 4,635
Electromechanical 324 +B59 760 «12% 1,013 JABD 504 « 148 5,0%0
Subtotal 14178 4,730 4,160 l.754 64349 2660 3.451 3,742 27.901
!'
T"Rl'}igr‘r"gg?lt?" 1,13y 2.87} 3,397 1,32} 4,170 24256 2,658 3e058 21,074
TrUCk/BuS Y] 631 1067 c‘ll; !.‘)74 abb6 oft] 0937 Se0TH
Rail 60 276 357 . 181 431 290 JBTS b2l 2,500 !
Marine 178 <734 406 G0 «077 «B A0 0.000 670 22739 ]
Arcraft 1621 34080 2.550 213 2,077 1,335 1,572 3,591 15,146 |
Subtotal 2.178 7.55%0 T717 2e3bb 7.428 5.120 G060 He771 47,582
’“;’:;Eg;g‘smm .565 2.300 2.635 1,651 4,012 betB7 2,775 24212 23,43k
Direct Heat -1 «875 1.933 17 2,100 24069 374 W 726 8,659
Electromechanical 252 »ouB 1,232 1,287 1,707 1.C74 <8603 let72 8,408
faptha Feedstock 159 1.021° 967 $433 907 b4 0 V260 +2US 4,572
Gas Feedstock 2248 14662 lelba 679 1.594 2063 <131 «738 8,c0U
Coal Feedstock 0.000 O <108 «075 303 « 006 2047 1007 . 631)
Subtotal 14363 6,930 74160 4,843 11,423 12,240 44990 B,038  53,98b
4,717 194210 18,977 8,944 25,599 20,026 14,507 174551 129,530

Total




2. Resource Data

The SRI energy model explicitly considers the following types of
primary resources:
o Domestic natural gas
Domestic crude
Shale o0il
Western (low sulfur) coal
Eastern (high sulfur) coal
Huclear fuel
Imported fuels
Hydroelectric and geothermal.

[ el eleNallolNe]

The availability and production costs of all the primery 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. 0i1 and gas imports are handled by specifying the
prices of imports exogenously; the nominal case ‘assumes a continued
strong cartel and thus that import prices increase over time. For
hydroelectric and gecthermal energy, which provide relatively small
amounts of enerqy, both quantity and price are specified as inputs.

The resource curves for gas, o0il, shale, coal, and nuclear fuel
are shown in Chapter II, Figure 1. 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 fueis.

TABLE H-I-4

PRICES OF IMPORTS
{1975 Dollars)

Year Crude Liquid Natural Gas Methanol
(dollars per barrel) (dollars per Mcf) {dollars per
barrel)
1975 $11.00 » $2.60 $10.04
1985 14.50 3.43 13.23
1995 16.01 3.73 14.61
2000 16.65 3.94 15.20
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3. Process Economics Data

The SRI energy model requires data on the following types of
processes:
Synthetic fuels production
Eilectric power generation
Transportation
Refining
Distribution
End-use conversion.

[= N o]

(=2« el

fne 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 Kateli,
Bureau of Mines. Minor differences in product prices are due to different
financial assumptions (1nvestnent tax credit, income tax rate, depreciation
schedule) and different size plants. The 29m1na1 case hydrogen, solvent
refined coal, fuel oil, and beneficiation 2/ were generated through the data
review process noted earlier. Tha data presented in this section do not
rapresent official opinion of Gulf 041 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 will be included in a forthcoming SRI report. Such a dascription
is available on a 1imited basis in an interim report issued in May 1975
by SRI to the Council on Environmental Quality.

éjCoal washing to remove pyritic sulfur.
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ELECTRIC POWER PROCESS ECONOMICS
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II. NOMINAL CASE PROJECTIONS

This appendix, discusses the nominal case in considerably more
detail than Chapter II 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 will appear
in a forthcoming SRI report.

The nominal case discussion beagins with a description of the
supply-demand halance at the primarv resource level. Then the dis-
cussion concentrates on the liouid and gaseous fuels markets, synthetic
fuels, and finally, on various items of interest not onlv to the
Synthetic Fuels Commercialization Program but eneray policy makers in
general. MNote that all prices and volumes presented in this secticn
are market clearing prices and volumes in the classical economic sense.

1. Primary Resources

The volumes and prices that balance suoplv and demand at the primary
resource level are shown in Figures H-II-1 and H-II-?. The legend for
the plots entitled "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 between the curve
overstruck with its symbol and the curve immediately below it 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
listed in the legend. The equilibrium volumes and prices in Figures
H-TI-1 and H-11-2 reflect not only the effects of resource economics but
also the effects of orimary conversion, transportation, distribution,
and end-use conversion economics on the demand for primary resources.

The curves in Figures H-II-1 and H-1I-2 are identical to Figures 2

and 3 in Chapter 1I through the year 2000, but are extended here to the
year 2023. The discussion in Chapter II can be expanded to include

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 o0il1 production crows dramatically between 1995 and
2023, becoming the second largest sou-ce of energy on a
Btu basis in 2023. Shale production is 57.5 quads or
27.0 million bbl/day in 2023.

The valume of imported crude remains surprisinaly con-
stant over the entire 48-year horizon.

Domestic crude oil and natural gas are virtually
exhausted in 2023; the major sources of energy in 2023
are coal, shaie, and nuclear.

Prices of coal, shale, and nuclear fuel are virtually constant
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over the 438-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.

Nuclear fuel holds a relatively constant share of the market
from 1990 onward as virtually all base load power is nuclear
and electricity is price competitive only in special markets.

2. Synthetic Fuels

Synthetic fuels are principally aimed at two markets: the gaseous
fuel market and the 1iouid fuel market. The aggregate of the 1iguid and
gaseous fuels markets is discussed in Chapter II of the main text whereas
this appendix discusses the two separately.

The demand for gaseous fuels will be filled from one of the following
sources:

° Domestic natural gas production

o

Gas imports

o

Synthetic gases
-- High Btu gas
-- Low Btu gas

-~ Hydrogen

Correspondingly, the demand for liquid fuels will be filled from one of
the following sources.

° Domestic crude o0il production

® Crude imports

=]

Synthetic Tiquids

~- Coal syncrude

Shale syncrude

|
t

UtiTlity fuel oil

Solvent refined coal

Methanol
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In the simplest sense, syntheti:c gases are designed as substitutes
for natural gas, and synthetic liauids are desioned as substitutes for
crude ail or refinery products. Thus, the term gaseous fuels will be
assumed to include direct substitutes for natural gas, and liquid fuels
will be assumed to include direct substitutes for crude oil and refinery
products. The discussion of liauid and ocaseous fuels will be confined
to the 1975-20N0 period to be consistent with Chapter II of the main text,
Later in this text the discussion will return to the period 1975-2023.

3. Gaseogus Fuels Market

Figure H-1I-3 illustrates the production of synthetic cas over time,
the corresponding price of synthetic gas, and the size of the synthetic
qas 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-1I-4 compares the volume, price
and sales of synthetic gas to those of natural gas and imported gas.
Several important aspects are noted below:

o

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 sas from coal and nydrogen from coal exceed high
Btu gas from coal in the short term, but high Rtu casi-
fication grows most rapnidly.

Nuclear power and coa’l replace natural gas in the elec-
tric utility industry.

The market share of hich Btu gas in the industrial sector
declines during the forecast period. It is partially
replaced by Tow Btu gas, hydrogen, and direct use of coal.

Residential and commercial use of gaseous fuels arows
slightly, but most of the growth in demand is supplied
by electricity.

Low Btu gas and hydrogen are Timited by the transoortation
costs of coal, Tow 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 qas reveal the strenath of the gas industry both with regard
to the Tevel of production and to the price. The interesting trend to
note is that natural gas is initially strenothened because of rising
prices but later weakened because of fallina production, while synthetic
cas is initially weak but grows rapidly because of high prices. DNata
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TABLE H-11-1
GASEQUS FUELS ~ NOMINAL CASE

Volume Average Cost Expenditures -1
(quadrillion [1935] Btu/year) (1975 dollars per million Btu/year) (billions of 1975 dollars/year

Notorel. 000, SMENUC  quocous | DO Gas  synhedte (oL | PR Gas  symierte oot

Year Gao Fuels Gas mports Gas Fuels Gas mporte os Fuels
1975} 19.708 1.015 0,000 20,723 1.38 1.73 - 1.40 27,197 1.756 0,000 28,953
1977) 21.439 1.0%6 0.020 22,555 1.56 1.92 4.20 1.58 33,445 2,115 0,084 35,644 |
1980 23,727 1,219 0.116 25.062 1.73 2,13 3.60 1.76 41,048 2,596 0,418 44,062 !
1983| 25.507 1.342 0,437 27.286 1.94 2.34 2.93 1.96 49,484 3,140 1.280 53,904
1986 | 26.402 1.474 1.074 28.950 2.14 2.56 2,80 2.19 56,500 3.772 3,007 63,279
1989 26.024 1.619 2.294 29,937 2.29 2,75 2.85 2.%6 59,595 4,452 6,534 70,581
1992 25.054 1.780 3,889 30.723 2.45 2,97 2,84 %.53 61,382 5,287 11,039 77,700
1995 23.263 1,965 6.083 31.311 2.58 3.16 3.00 2,70 60.C19 6.209 18,232 84.460
1998 | 20.852 2,178 8.846 31.876 2.66 3.27 3.00 3,01 55.466 7.122 26.587 89.175
2001 L.18'339 2.329 12,147 32.815 2.70 3.3 3,00 2.86 49,515 7.779 36.466 93,750'




used to construct Figures H-1I-3 and H-II-4 can be found in Table H-II-1.

4. Liquid Fuels Market

Figure E-II-5 illustrates the production of synthetic liquids over
time, the corresponding price of synthetic Tiquids, and the size of the
syntnetic 1iauids industry expressed in terms of dollar sales. The
dollar sales over time curve is the product of the volume and price.
Fiqure H-II-6 compares the volume, price, and sales of synthetic liquids

to domestic crude and imported crude. The important aspects of liauid
fuels are:

=]

Most synthetic liquids are procuced from shale.

Residuzl fuel 0il and syncrude from coal are
economically unattractive; solvent-refired coal
is moderately attractive.

Most 1iquid fuels such as gasoline and distillate
are consumed in the transoortation sector.

Liquid fuels maintain their market share in the
industrial sector.

Residential and commercial use of liquid fuels
increases 5110ht1y, but electricity SJpol1es most
of the ¢rowth in demand.

Distillate turbines are used in peak power generation.

Total dollar saies 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 dumestic crude oil industry is initially
strengthened because of rising orices, but then declines because of
falling production. The data underlying Figures H-II-5 and H-II-€
can be found in Table H-II-2.

5. Total Synthetic Fuels

Figure H-II-7 shows the production of svnthetic fuels over time.
Mote that synthetics are dominated by shale syncrude and high Btu gas

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, 911 shale is the largest
synthetic fuel industry from 2000 on; high Rtu oas is
the Targest through 2000.
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LIQUID FUELS -~ NOMINAL CASE

TABLE H-11-2

Expendituren

Volume Average Cost

Quadrillion Btu/year - 1033 Btu/year 1975 Pollara per million Btu/year Billiona of 1975 Dollars/year

oo M e 10| D I sune Dt | TSGR e 10
Your o1l Imports Fuels 0il Imports Fuels 011 Imports Fuels
1975| 16.607  12.570 0.000 29,177 1.92 1.90 - 1.91 31.885 23.883 0.000  55.768 |
1977 18,535 11.308 0.006 29.869 2.06 2,06 3.33 2.06 38.223 23,294 0.020 61.537
1980 21,100 10.400 0,027 31,527 2,21 2,30 3,11 2,24 46.631 23.920 0.084 70.635
1983 23,108 9,961 0.249 33,318 2.36 2,46 2.56 2.39 54.535 24.504 0.638 79.677
1986 24,750 J1.799 0.747 35.296 2.48 2,61 2.44 2.45 61,380 25.575 1.821 86.776
1989 25.957 9.736 1.694 37.387 2,56 2.77 2.49 2.61 66.450 26,969 4,212 97.631
1992 26.613 10.010 3 ~n7 39.630 2.64 2.87 2.53 2.69 70.258 28.729 7,608 106.595
1995 26,455 10.864 4Louil 41,976 2,13 2,92 2.59 2.76 72.222 31,723 12,066 116,011
1998 25.168 12,105 1144 44.417 2,80 2,99 2.63 2.82 70.470 36.194 18.772 125.436
2001 22.786 13.386 11.161 47.333 2.87 3.05 2.65 2,87 65.396 40.827 29,583 135,810
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In the year 2000, coal liquids, solvent-refined coal, iow
Btu gas, and hydrogen together produce about the same amount
of energy as 0il shale.

Methanol from coal and thermochemical decomposition of water
are not attractive.

it is difficult to justiTy the so-calied hydrogen economy;
hydrogen is unattractive due to high production, transportation,
and distribution costs.

a. Methane

Methane from coal (high Btu gas) is quite attractive as shown in
Figure H-II-7; 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
gnd fa11§ rapidly, being replaced by North STlope gas and synthetic gas

rom coal

[Note that the early increase in 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
first five years may not be accurate because decisions made during the past
several years that affect the first 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 initial 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 2070. North Slope gas escalates rapidiy
in the early 1990's but is slowed several years later because of the price
Timitation imposed by synthetic gas. It 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 stight.
Finally, the volume of LNG imports is negligible due to their high cost.

b. Liquid Fu2ls

Figure H-II-9 illustrates the sources of Tiquid fuels as computed in
the nominal case. As discussed earlier, domestic production peaks in
1993 and then declines because it is ro longer price competitive. The
domestic o1l production envelope in Figure H-II-9 is "Hubbert's pimpie"
as projected by the SRI 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 oil. Iritially, imports fil1l1 the entire gap, but shale oil pro-
duction increases dramatically after 1995. The bulge in imports in 2000-
2010 results from shale o1l growing so fast that shortages in key
secondary materials are experienced:; consequently nigher 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 1iquids market by about 2010 and 77% by
2023.

c. Electric Utilities

The electric utility 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 utility 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 utility sector is assumed to produce three types of power
as defined by tifie load duration curve: base, intermediate, and peak.
Figure H-II-10 illustrates the national total base load power generation
by various plants. Note 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
Toad 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 utilities and hence is the
most important with regard to interfuel competition.

Figure H-II-11 illustrates 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, distillate 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 utilities; thus it has
a minor effect on interfuel competition. However, it has a significant
effect on the price of electricitv due to its high cost.

6. Product Volumes and Prices

Figure H-II-13 shows the volumes of distributed products in the east
north central region (Chicago market) cousistent with the nationwide
supply-demand balance. . Implicit in this balance are the economics of
primary resource production, conversion processes, transportation, distri-
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 will almost always be similar to those at
present whereas the sources of these products will be substantially different.
The reason for such consistency is obvious when the prices of distributed
products are shown.




Figure H-II-14 shows the market clearing prices of distributed products
in the industrial sector of the east north central region. Note how flat
all prices are. Domestic gas and ¢il 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-I1I-13. (The iarge
price decreases of some fuels in 1980-1985 are the result of mathematics
in the model and should be ignored.)

Figure H-11-14, illustrates another important fact: the electric
economy is difficult to justify. Distributed electricity is much more
expensive than even the premium distributed 1iquid or gas -- $7.40/MMBtu
for electricity versus $3.50/MMBtu for distillate or methane. The
electric economy could be justified only if the prices of electricity
and Tiquid and gaseous fuels become closer over time; the constant prices
in Figure H-II-14 do not predict such a crossing. The reason is simply
that electricity competes directly with many of the fuels used to produce
it. Thus the differential between electricity prices and other fuel prices
is set by electric power generation costs.
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III. SENSITIVITY ANALYSIS

The sensitivity analyses presented in this section illustrate 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,
sensitivities to other variables are presented. The variables which were
examined are:

° Import prices, high and low.

° Availability of domestic o1l and gas, high and low.
® Cost of synthetic fuels, high and Tlow.
° Demand, high and low.

° QNuclear availabiiity, high and Tow.

° Shale cost, high only.

° Synthetics timing, five-year delay.
Synthetic gas cost, high and Tow.
Penalty on industrial burning of coal.
® Coal cost, high and Jow.

° DCF rate, high only.

° No hydrogen.

° High import price with high and Tow availability of domestic
pil and gas.

-]

High import price with high synthetics cost.

The results of these sensitivity analyses are summarized in Table H-
I1I-1. The table shows (1) domestic production, imports, and synthetics
in the 1iquid 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 variabie on a particular outcome variable.
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In the remainder of this appendi.., the sensitivity cases are
discussed $ndividually.

1. Import Prices

Probably the most important competition with svnthetic fuels comes
from imported crude and LNG. The viability of synthetic gases and
liquids is determined by the relative costs of crude imports to
synthetic 1iquids and LNG imports to synthetic gases. Thz 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 excgenously determined and the sensitivity
of synthetics production and imports to the price of imports was tested.
As expected, the timing of synthetic fuel use is strongly affected by
the price of imported crude oil. If the price of imports remains high,
synthetic fuels will be quite attractive by 1985-90 whereas if the price
of imports drops, synthetic fuels will 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 it becomes available.

The nominal case import price curves for crude o0il, LNG, and methanol
are given by the following equations:

Perude (H) = 18 - 7(.94)¢ $/bb1
Py (P = 4.26 - 1.66(.90)t  $/Mcf
Prethanol () = 16.40 - 6.40(.94)t  §/bbI

where t is the number of years elapsed since mia-1975. The price of
imported crude is plotted in Figure 9 in Chapter II. Imported crude
prices begin at $11/bbl and rise to $18/bbl; imported LNG begins at $2.60/
Mcf and rises to $4.26/Mcf; and imporied methanol begins at $10/bbl 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/bbl instead of $11. A1l three nominal case price curves are
scaled up by the ratio 14/11 = 1.27 to give the high import price case.
The Tow import price case is not a multiple of the nominal case;
but is estimated directly. Table H-III-Z gives prices as

a function of time for all three fuels in all three sensitivity cases.
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TABLE H-III-2
IMPORT PRICE SENSITIVITIES
IMPORT PRICES (1975 DOLLARS)

8trH

Year Imported Imported Imported
Crude (§/bbl) LNG (&/Mef) Methanol ($/bbl)
Low Nominal High Low Nominal High Low Nominal High
1975 11.00 11.00 13.74 2.60 2.60 3.24 10.04 10.04 12.51
1986 8.83 14.50 18.10 2.08 3.43 4,27 8,06 13,23 16.49
1995 9.62 16.01 19.99 2,27 3.78 4.71 8.78 14,61 18.21
2001 10.30 16,65 20.80 2,43 3.94 4.91 9.40 15.20 18.95




The effect of high, nomina’, and iow impori prices is shown for
the gaseous and liquid fTuels markets in Figure H-III-1 and Table H-
III-3. The liquid and gaseous markets react quite differently to
changes in impert 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 1iquid
fuels. On the other hand, the gaseous fuels market depends heavily on
synthetic gas development; cartel action has less effect on the market.

To illustrate the effect of high and low import prices on the energy
system as a whole, the supply-demand balance at the primary resource
level 1s snhown for the high, nominal, and low import price cases in
Figures H-111-2, H-III-3, and H-1II-4. WNote that imported crude captures
much less of the market as its price rises; it is replaced by shale and
domestic crude. In effect, the cartel can price itself out of the U.S.
market if its price remains at or above that of shale oil after 1985-90.
However, the cartel can capture virtually the whole U.S. liquid fuels
rarket if its prices drop substantially and its reserves last 25 years
or more at those low prices.

The important insights are:
° High import prices lead to a considerable reduction in crude
0il imports; production of synthetic liquids and domestic oil
increases to replace imported crude.

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

High import prices induce & substitution of gaseous for liquid
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 will 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. If imports are priced nigher, synthetic liquids look

attractive; if imports are priced Tower, 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 Tow
import prices; subsidies for synthetic 1iquid plants can be-
come large if import prices drap.
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Table H-III-3

FUTURE DEMAND OF GAS AND OIL-~
SENSITIVITY TO IMPORT PRICES

Quadrillion Btu/year (1015 Btu/year)

1986 1995
High Low High Low
Import Nominal Import Import Nominal Import
Price Price Price Price
Synthetic
Gas 1.2 1.1 .7 6.5 6.1 2.8
Imported
Gas 1.5 1.5 3.2 1.9 2.0 8.2
Domestic
Natural
Gas 26.7 26.4 25.5 23.6 23.3 20.0
Syathetic
Liquids 1.3 .8 .2 9.6 4.7 .9
Imported
Crude 4.5 9.8 1.2 2.6 10.9 31.8
Domestic
Crude 28.8 24.8 19.0 28.6 26.5 13.7
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2. Availability of Domestic 0ii and Gas

Synthetic 1iquids and gases will eventually replace our diminishing
domestic 0i1 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 o1l and gas reserve estimates in Chapter II of
the main text illustrates the tremendous uncertainty in these estimates.
Certainly, if oil and gas are much more abundant than is now believed,
the use of synthetic fuels will be significantly delayed. Conversely,
if 011 and gas are much scarcer than is now believed, synthetic fuels
may be neaded sooner.

To test the effect of o0il 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, Tiquid and gaseous fuels react similarly to the
availability of domestic resources. If more domestic rasources are
availablz 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.
IT¥ more gas is found, the U.S. market will substitute gas for cil, and our
1iquid fuels market will be Tess dependent on imports. If more crude oil
is found, our Tiquid fuels market will be less dependent on imports, and
our gaseous fuels market will still depend on coal gasification. The
supply-demand balance at the primary resource level is shown in Figures
H-111-6, H-II1I-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 synthetics.

Higher availability of domestic 0i1 and gas induces a substitution
of gas for oil; gas can be produced more cheaply and requires no
conversion.

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

Most of the difference between demand and domestic production of

gas will be made up by synthetic gas, regardless of domestic
availability.
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High availabiTlity of domestic oil and gas can make a 50 percent
difierence in the size of the synthetic fuels industry in 1995,
but it cannot eliminate the eventual need for synthetics.

Subsidies for synthetics plants wi:: be unattractive if oil and
gas are plentiful:

Domestic oil and gas will satisfy half or more of the 1iquid and
gas demand through 1995, even in the low availability case.
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Table H-II[-4

' FUTURE DEMAND FOR GAS AND OIL—
SENSITIVITY TO DOMESTIC GAS ZND OIL AVAILABILITY

1
Quadrillion Btu/year (10'5 Brtu/year)

1986 1995
Low 0il & Gas . High 0il & Gas Low 0il & GCas . High 0il & Gas
. cs N 1 e N .
Availabiliry omina Availability Availabilicy Nominal Availability
Synthetic
Gas 1.4 1.1 .8 9.0 6.1 3.0
Ixported
Gas 1.6 1.5 1.5 2.2 2.0 1.9
Domestic
Natural
Gas 24.2 26.4 30.1 18.1 23.3 30.3
Synthetic
liquids .9 .8 .5 5.9 4.7 3.0
Imported
Crude 1.6 3.8 4.3 16.4 10.9 3.6
Domestic
Crude 20.6 24.8 30.1 20.5 26.5 34.5
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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 significant change in the energy
production industry--shifting from technologies Tow 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
principaliy 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
nominal case capital and operating costs were increased by 50%) and a Tow
synthetics cost case (the nominal case capital and operating costs were
decreased by 20%) were examined. The nominal case svnthetics 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:

0.2276 for utilities
CCR =
L 0.3087 for industries
The approximate price of a given synthetic fuel is
Specific Specific Feedstock
P = CCR X Capital + Jperating + Price
Cost Cost Cfficiency

where the specific capital cost, specific operating cost, and efficiency
are taken from Table H-1-5. These capital charge rates assume a 7%
investment tex credit, a 52% income tax rate, a book life of 25 years, a
tax life of 20 years, double declining balance depreciation, and 2.5%
prope.ty tax and insurance rate.

Figure H-ITI-9 anc Table H-III-5 illustrates the sensitivity of the
liquid and gaseous Tuel markets to the cost of synthetic fuels. The
influence of synthetic fuels costs is shown at the primary resource level
in Figures H-1I1-10, H-III-11, and H-ITI-12. In the low cost case,
1mports are driven steadily downward over the 48-year horizon, being
replaced mostly by shale oil. In the high cost case. the reverse is true;
imports expand their market share beginning in 1995 as conventional
domestic sovurces are depleted.

The important insights are:
® High synthetic fuels costs delay the use of synthetic fuels
significantly.

-]

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 1iquids and crude imports is relatively
consvant; synthetic 1iquids 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 1iquids or imports, depending on their
relative prices.

Crude imports are eliminated by 2000 in the low synthetic fuels
cost cass.

High synthetic fuels cost virtually eliminates synthetic liquids
prcduction between 1975 and 2000.

High synthetic fuels costs decrease the consumption of gaseous
fuels but have little effect on 1iquid fuels. This is because
coa! and nuclear fuel become more competitive with the higher
criced gases but not with 1iquids, 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 Btu/year)

1986 1995
High Low High Low
Synfuels Nominal Synfueis Synfuels Nominal Siymfuels
Cost Cost Cost Cost
Synthetic
Gas .6 1.1 1.3 2.8 6.1 7.9
Imported
Gas 1.5 1.5 1.5 2.3 2.0 1.9
Domestic
Natural
Gas 25.8 26.4 26.9 24.3 23.3 22.6
Synthetic
Liquids .2 .8 1.6 1.0 4.7 9.7
Imported
Crude 10.8 9.8 8.2 15.0 10.9 5.8
Domestic
Crude 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 grov.
Demand, as with many other variables, is uncertain, and the uncertainty
increases over time.

A low demand case was constructed to examining the effects of a
successful conservation program which is quite similar te the Ford
Foundation's Technological Fix case. The underlying assumption is that
tne per capita growth in energy is constant with the additional assumption
that measures will be taken %o increase the efficiency of energy use,
resulting in a Tower energy demand growth rate. In a similar manner, a
high demand case was constructed to examine the effects of no energy con-
servation program which is quite similar to the Ford Foundation's Historical
Growth case. Ti underlying assumption is that energy growth will not
slow, it is an extirapolation 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. It is important to note that
the nominal case was not estimated directly; it is a weighted average of
the high and Tow case, equal to the low case plus 30% of the difference
between the high and Tow cases. The high and low demand cases are given
in detail in Tables H-I-1, H-I-2, 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-III-13
and Table H-III-6 for the 1liquid and gaseous fuels market.
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The effects of high and Tow demand are most easily seen at the primary
resource level which is shown in Figures H-ITI-14, H-III-15, and H-III-16.
In the low demand case, the market simply requires a little 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. will eventually need coal, nuclear power, shale. synthetics,
gas, and 0il; when they will be needed, however, depends on demand.

The important results are:

-]

Imports fill most of the gap between demand and conventional
domestic production unless demand is Tlow; thus demand changes
have a major effect on imports.

Domestic production is higher in the near term if 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
0il, respectively.

Higher demand accelerates the introduction of synthetic fuels
as well as increasing the usz of imports.

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

Synthetic gas production responds strongly to high demand.

Synthetic liquids production responds weakly to high demand;
the 1iquid fuels market is driven by the price of imports.
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FUTURE DEMAND FCR GAS AND OIL—
SENSITIVITY TO TOTAL ENERGY DEMAND

Table

H-11I-6

Quadrillion Btu/year (1015 Btu/year)

1936 1995
Bigh v Low High . Low
Demand homlnél Demand Demand Nominal Demand
Svathetic
Gas 1.6 1.1 .9 11.1 6.1 4.3
Imported
Gas 1.6 1.5 1.5 2.9 2.0 1.9
-Domestic
Katural
Gas 29.0 26.4 25.2 24.5 23.3 22.0
Synthetic
Liquids .8 .8 -7 5.5 4.7 4.6
Imported
Crude 17.3 5.8 7.1 22.2 10.9 7.0
Domestic
Crude 24.8 24.8 24,5 26.5 26.5 25.5
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5. Nuclear Availability

Nuclear availability has less effect on synthetics than some cf the
earlier variables examined; it is important because of its lack of effect
on synthetics. Nuclear fuel competes directly with other fuels only in a
1imited market, the electric utility market; indirectly, however, it competes
with 211 other fuels ct the end-yse site. Thus, this sersitivity case is
dependent upon how well the effects of competition among all fuel types
are modeled.

The nominai case assumes the capital cost of the 1ight water reactor
power plant to be $550/kw exciuding interest during construction. In
the nominal case, nuclear power generates virtually all base load power
except for some coal generation near coal mines. In the Tow nuclear
availability case, the assumption is that no new nuclear plants will be
constructed. but that existing plants will continue to operate until they
wear out.

In the high nuclear availability case, the capital cost of the light
water reactor plant is assumec to be $300/kw, excluding interest during
construction.

The effect of nuclear availability on gaseous and liquid fuels
markets is shown in Figure H-I111-17 and Table H-I11-7. The key
insight is that nuclear availability has relatively little effect on
synthetic fuel production. The primary resource balance is pictured
in Figures H-I111-18, H-11I-19, and H-III-20 for the nominal, low, and
hign nuclear availability caces. Note that, in the low nuclear avail-
ability case, nuclear fuel is completely replaced by coal, and that the
effect on oil and gas is small. In the high nuclear availability case,
little change in primary resource consumption is seen.

The impertant results are:
° Base load nuclear power is replaced by coal in the event
of a nuclear ban.

In the case of low nuclear availability, synthetic fuels
production drops. The reason is high cost of coal due to
increased demand for coal; with a nigher cost of caai,
synthetics are less attractive.

In the case of high nuclear availability, the price of nuclear
power is low enough to capture some of the liquids anc gases
market resulting in lower demand for synthetics.

Domestic 0il and gas production are virtually unaffected by
nuclear availability.

The volume of imported crude is up slightly in the Jow nuclear
availability case.

The liquid fuels market responds more strongly to nuclear
availability; as nuclear power becomes less attractive, the
demand for liquid fuels increases because liquid fuels are
used to generate intermediate and peak power in this case.

The gaseous fuels market is insensitive to nuclear availability.
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Table H-1I7-7

FUTURE DEMAND FOR GAS AND OIL--
SENSITIVITY TO AVAILABRILITY OF NUCLEAR ENERGY

Quadrillion Btu/year (1015 Btu/year)

1986 1995
High Low High Low
Nuclear Nowminal Nuclear Nuclear Nominal Nuclear
Availability Availabiiity Availabiliry Availabilicy
Synthetic
Gas 1.0 1.1 1.1 5.5 6.1 6.0
Importec
Gas 1.5 1.5 1.5 2.0 2.0 2.1
Domestic
Natural
Gas 26.2 26.4 27.0 23.3 23.3 23.6
Synthetic
Liquids .7 .7 .7 4.6 4.7 4.5
0il .
Imports 9.6 5.8 10.2 10.8 10.9 131.6
Domestic
Crude 24,8 24.8 24.8 26.2 26.5 26.6
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6. High Shale Cost

In the aominal case, shale oil is the most attractive synthetic
liquid fuel. The nominal case data implies a shale syncrude cost of
roughly $15/bb1. (Shale syncrude is equivalent to domestic crude
eil.) Shale oil feasibility has been questioned on the basis of
excessive environmental costs, therefore the price of shale syncrude
s increased by 65% -- to about $24.75/bb]1 -- to pay these costs. This
increase eliminates shale oil from the U.S. energy picture.

The effect of high shale o0il cost for the liquid and gaseous fuel
markets is shown in Figure H-III-21 and Table H-II1-8. The results are
best illustrated at the primary resource level which is shown in
Figures H-III-22 and H-III-23. Note that shale syncrude is no longesw
competitive in the liquid fuels market; all the previous demand for shale
011 is filled by imported crude.

The important insights are:

Q

Shale oil is replaced by imported crude.

The gas market is unaffected.

Shale oil competes with imported crude; the difference between

demand and domestic crude production is filled by imported crude

or shale syncrude, depending on relative costs.

by shale price.

H83
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Table H-III-8

FUTURE DEMAND FOR GAS AND OIL—
SENSITIVITY TO HIGH OIL SHALE COST

Quadrillion Btu/year (1015 Bru/year)

1936 1695
High High
Shale Nowinal Shale Nominal
Cost Cost
Synthetic
Gas 1.1 1.1 6.1 6.1
Imported
Gas 1.5 1.5 2.0 2.0
Domgstic
Natural
Gas 26.5 26.4 23.3 23.3
Synthetic
Liquids A .7 2.3 4.7
0il
Imports 10.3 9.8 i3.2 10.9
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 IIof 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-1I1-9. In terms of primary
resources, the effect of a five-year delay in synthetics is not major.
Shale o0il production is delayec, but it grows faster once it beginss eastern
and western coal growth is slower 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 imporis arnd, to a lesser extent. by
domestic gas production.

° Synthetic fuels production is down 500,000 bb1l/day in 1985
and 1.5 million bbl/day in 1995.

° Imports are up 335,000 bbl/day in 1985 and 850,000 bb1/day
in 1995.

° The effect of the five-year delay is not large on imports
but is relatively large on synthetics.
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TABLE H-III-9

FUTURE DEMAND FOR GAS AND OIL--
SENSITIVITY TC SYNFUELS TiMING

Quadrillion Btu/year (1Q15 Btu/year)

1986 1995
Delayed Fominal Delayed  Nominal
Synfuels Synfuels
Synthetic
Gas .5 1.1 4.4 6.1
Imported
Gas 1.5 1.5 2.0 2.0
Domestic
Natural
Gas 256.3 26.4 24.2 23.3
Synthetic
Liquids 0.2 .7 3.2 4.7
0il
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 Tow SNG (synthetic natural gas or high Btu gas) cost case,
the price of synthetic high Btu gas is decreased by $.50/MMBtu; in the
nigh SNG cost case, the price of synthetic high Bty gas is increased by
$.50/MMBtu. These changes apply both to first generation Lurgi technology
and to second generation technology for producing methane from coal.

The results of this sensitivity analysis are summarized in Figure
H-111-25 for the gaseous and liquid fuels markets and Table H-II1I-10.
he primary resource projections are no: shown because the effect of
SNG cost on primary resources is small.

The important insichts are:

o

Synthggic gas production is quite sensitive to cost. In the
low SNG price case, synthetic gas production is up 66% over

the nominalicase in 1995. In the high SNG price case, synthetic
gas production is down 62%.

Gas demand is satisfied by either domestic natural gas or
synthetic gas; imported LNG is not price competitive.

As SNG price drops, gas substitutes for liquids, reflecting
that gas is a premium fuel.

Imports are relatively unaffected by SNG cost.

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

The 1iquid fuels market is relatively insensitive to synthetic
gas costs.

If synthetic gas becomes more expensive, gas demand declines
and is replaced by liquid fuels and coal.

Low SNG cost stimulates coal production to make gas, resulting
in slightly higher short-term coal costs. This tends to retard

direct durning of coal. Thus, low SNG cost retards the
substitution of coal for gas.

HI1
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Table H-II1-10

FUTURE DEMAND FOR GAS AND OIL--
SENSITIVITY TO SUBSTITUTE NATURAL GAS COST

Quadrillion Btu/year (1015 Bru/year)

1986 1995
High Low High Low
SNG Nominal SNG SNG Nominal SNG
’rice Price Price Price
Synthetic
Gas 0.9 1.1 1.5 3.8 6.1 10.1
Imported
Gas 1.5 1.5 1.5 2.2 2.0 1.9
Domestic
Natural
C¢as 25.9 26.4 27.2 24.1 23.3 21.4
Synthetic
Liquids .8 .7 .7 5.3 4.7 4.3
01l
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 Industrial Burning of Coal

An impertant 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 Tow sulfur coal can be burned directly and
eastern high sulfur coal burning requires stack gas cleanup. The possibility
that industrial burning of coal may be =xpensive must be considered because
stack gas cleanup is not entirely proven and because emissions standards
could be tightened. In this sensitivity case, it is assumed that tndustrial
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; it is assumed that stack gas
scrubbing is capable of meeting emissinns standards.

The results of a high penalty on industrial coal burning are presented
in Figure H-111-26 and Table H-III-11. Since this sensitivity has 1ittle
effect on the primary resource balance, the primary resource plots are
omitted.

The important insights are:

o

Synthetic Tiquid production increases 8.5% in 1995 over
the nominal case; synthetic gases production increases
10% in 1995.

Imports are unchanged.
Domestic 011 and gas production is unchanged.

There is a slight substitution of gas for liquid as
penalty is assessed against coal. d :
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TABLE H-IIT-11

FUTURE DEMAND FOR GAS AND OIL—-
SENSITIVITY TO PENALTY ON USE OF COAL

Quadrillion Btu/year (10%° Btu)

1986 1995
PENALTY PENALTY
on . on .
Industrial Nominal Industrial Nominal
Coal Coal
Synthetic
Gas 1.2 1.1 6.7 6.1
Imported
Gas 1.5 1.5 2.0 2.0
Donmestic
Natural
Gas 26.8 26.4 23.5 23.3
Synthetic
Liquids .8 .7 5.1 4.7
0il
Imports 10.0 9.8 11.2 10.9
Domestic
Crude 24.8 24.8 26.5 26.5
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10. High Import Price with Low and High 0il and Gas Availability

This sensitivity case examines the effect of high and low o0il and
gas availability given a strong cartel and high import prices. In the
case of high import price and Tow 0il and gas availability, the U.S.
is highly dependent on high-priced imports. In the case of high import
price and high c¢il and gas availability, the U.S. has large oil and gas

reserves, but imports are priced high, presumably due to world market
farces.

These sensitivity cases are constructed as foliows: The price of
imports is the same as in the high import price case discussed in the
first sensitivity analysis in this appendix. The o1l and gas resource
curves are then shifted to the right by 50% and to the left by 20%, as
in the second sensitivity analysis in this appenaix. In summary:

0 High Import Price, High Qil and Gas Availability -- All import
price curves were multiplied by 14/11=1.27, and all o0il and
gas resource curves were shifted to the right by 50%.

o High Import Price, Low 0il and Gas Availability -- A1l import
price curves were multiplied by 14/11=1.27, and all oil and
gas resource curves were shifted to the left by 20%.

The results of this sensitivity analysis are presented in
rigure H-[I[-27 and Table H-III-12. The primary resource balance is
pictured in Figures H-III-28, H-1:1-29, and H-I1I1-30.

The important results are:

o High import price has a more important effect than the avail-
ability of oil and gas.

o 0il imports are highest in the nominal case. For low 0il and
gas availability, crude imports are down 55% in 1995 from the
nominal case, but synthetic liquids are up 98%. For high oil
and gas avajlability, crude imports are down 27% in 1995 from
the nominal case, but synthetic 1iquids are down 55% as well.

©0 When import nrices are high and gas and oil are scarce,
synthetics are very attractive; their production will reach
18 quads by 1925 (equivalent to 8.5 million bbl/day).

0 0il imports are highest in the nominal case. When gas and o0il
are scarce and import orices are high, synthetic fuels come in
rapidly enough to cut imports. When gas and 0il are plentiful
and import prices are high, domestic production replaces i ports.

o Total gas production in 1995 increases as the availability of
gas and cil decrease, due to the increased production of
synthetic gas.

Hs7




o In all three cases, crude imports are not attractive because
of their high price, regardless of domestic oil and gas
availability because there is a great deal of substitution
possible in the $2.00-$3.00/MMBtu range.
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TABLE H-ITI-12

FUTURE DEMAND FOR GAS AND OIL~——
SENSITIVITY TO DOMESTIC GAS AND OIL
AVATLABILITY AND HIGH IMPORT PRICES

Quadrillion Btu/year (1015 Btu/year)

1986 1995
High 0il Low 0il High 0il Low 0il
and Gas, Nominal and Gas, and Gas, Neminal and Gas,
High Import High Import High Import High Import
Price Price Price Price
Synthetic
Gas .8 1.1 1.5 3.1 6.1 8.7
Imported
Gas 1.5 1.5 1.5 1.9 2.0 2.0
Domestic
. Natural .
Gas 30.35 26.4 24,8 30.7 23.3 19.6
Synthetic
Liquids .5 7 1.9 4.0 4.7 9.3
0il
Imperts 3.6 9.8 7.7 1.6 10.9 4.9
Domestic
Crude 31.0 24.8 25.2 34.8 26.5 27.0
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11. High Synthetics Cost and High Import Price

This joint 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 cost cases. The nominal case
price of imports is multiplied by 714/11=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-II1-13.
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 1liquids.
The primary resource balance is pictured in Figure H-III-3Z and H-III-33.
Note that the more important variable in the near term is the high import
price. Imports are Tower 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-priced, both imports and
shale 017 production increase to satisfy the demand for liquid fuels.

The important results are:

o Total gas and total oil demand drop as import prices and
synfuels costs increase.

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

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

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

FUTURE DEMAND FOR GAS AND OIL—-
SENSITIVITY TO HIGH SYNTHETICS A*D IMPORT PRICES

Quadrillion Btu/Year (lOlS/year)

1986 1995
High High
Synthetic Nominal Synthetic Nominal
& Import & Import
Prices Prices
Synthetic
Gas -7 1.1 3.5 6.1
Imported
Gas 1.5 1.5 1.9 2.0
Domestic
Natural
Gas 26.0 26.4 24.6 23.3
Synthetic
Liqguids 0.4 -7 2.1 4.7
Qil
Imports 6.0 9.8 8.0 10.9
Domestic
Crude 28.2 24,8 30.4 26.5
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12. Coal Cost

The cost of coal is surprisingly unimportant with respect to
synthetic fuels production. In order to test the sersitivity of
svnthetic fuels production to the cost of coal, a high and low ccal
cost cese were constructed as follows: The high coal cost case was
constructed by increasing the nominal case marginal cost by 50%: the
Tow coal cost case was constructed by decreasing the nominal case
marginal cost by 20%.

The results of the sensitivity to higher and Tower cocal costs
are shown in Fiqure K-I111-34 and Table H-1I11-14. The supply-demand
balance at the primary resource level is illustrated in Figures H-I111-35,
H~1I1I-36, and H-I11-37.

»
’

The important results are:

0 Synthetic gases are moderately sensitive to coal costs. In
the high coal cost case, synthetic gas production is down 39
in 1995. The reason is that synthetic gases are all based on
coal.

o Synthetic liouids are relatively inseasitive to coal costs. In
the high coal cost case, synthetic licuids production is down
15%. The reason is that the most attractive synthetic liaquid,
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 coai cost because
synthetic gas is Tess attractive.

o Higher coal costs have remarkably Tittle 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 Tow coal prices, total coal production is up 46% in 2000.
The implication is that higher coal costs do very little to delay
our need for coal; the future U.S. energy picture will depend
heavily on coal.
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TABLE H-III-14

FUTURE DEMAND FOR GAS AND OIL—
SENSITIVITY TO COAL COST

Quadrillion Btu/year (1015 “tu/year)

1986 1995
High Low High Low
Coal Nominal Coal Coal Nominal Coal
Cost ' Cost Cost Cost
Synthetic
Gas .9 1.1 1.2 3.7 6.1 7.2
Imported
Gas 1.5 1.5 1.5 2.5 2.0 1.9
Domestic
Natural
Gas 26.6 26.4 26.4 24.5 23.3 22.6
Synthetic
Liquids .6 .7 .8 3.8 4.7 5.5
0il
Imports 10.7 °.8 9.2 13.2 10.9 9.4
Domestic
Crude 24.7 24.8 25.0 26.3 26.5 26.5
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13. High DCF Rate

The effect of tighter capital markets and higher .-eturns on

equity are explored in this sensitivity. The nominal case discount
rates are:

Utilities: 13.2%
Industry = 17.8%
expressed in inflated dollars. In terms of constant 1975 dollars

assuming a 5% infiation rate, these discount rates are 7.81% and

12.2% respectively. 1In the high DCF rate case, the discount rates
were changed to:

Utilities: 14.9%
Industry : 25.7%

expressed in inflated dollars. In terms of constant 1975 dollars,
these discount rates are 9.43% and 19.7% respectively.

Tne sensitivity of the gaseous and liquid fuels markets to the
high DCF rate is shown in Figure H-111-38 and Table H-III-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 capitai cost technologies.

The important results are:

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

0 Imported crude is up 13% in 1995.
0 Domestic production is unaffected.
0 The effect of higher discount rates is relatively minor.

o 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

FUTURE DEMAND FOR

SENSITIVITY TO DISCOUNTED CASH FLOW RATE

Quadrillion Btu/year

B-T1I-1¢

GAS AND OIL--

(1015 Btu/year)

1586 1995
Eigh Bigh
DCF Nominal DCF Nominal
Rate Rate
Synthatic
Gas 1.0 1.1 €.4 6.1
Imported
Crude 1.5 1.5 2.1 2.0
Dowestic
Natural
Gas 27.0 26.4 23.3 23.3
Synthetic
Liquids .6 .7 3.4 4.7
0il
Imports 10.0 5.8 12.3 10.9
Domestic
Crude 24.7 24.8 26.6 26.5
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14. Hydrogen Availability

There is some question as to the feasibility of hydrogen because
of transportation, distribution, and safety difficulties. 1In 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 illustrate the sensitivity of the
liguid and gaseous fuels markets to hydrogen availability. Since the
elimination of hydrogen has virtually no effect on the primary rescurce
balance, it will 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 preoduction 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 Tiquids.
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Table

H-I1I-16

FUTURE DEMAND FOR GAS AND OIL-—-
SENSITIVITY TO AVATLABILITY OF HYDROGEN

Quadrillion Btu/year {1015 Btu/year)

1995
No Hy Nomimal No Hy Nomiral
Synthetic
Gas 0.5 1.1 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
0il
Imports 9.8 9.8 10.9 10.9
Domestic
Crude 24.8 24.8 26.4 26.5
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