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Diagram 1. Energy Flow, 1999
(Quadrillion Btu)

Natural Gas
19.29

Fossi
Fuels
57.87
Domaestic
Production?
72.52 Supply
100.42

NGPL® 2,51 , S

> Nuclear 7.73

Renewables® 7.18

Imports
26.92

! .

Residential and
Coal Commercial
21.70 34.17
Natural Gas" Fossil
22.10 Fusld
81.
- b o — 58 Consumption®
96.60 Industrial
. 38.50
Petroleum’
rn
1
_Y_.
T Negan 7 N Transportation
- e 2.9
Renewables® 7.37 v

C

djustments’
0.98

Other *
439

Sincivdes lwase condensate,

®Naturaigas plant squids.

£Conventiona hydroeleCine power, wood, was e, #1hanol blended inko motar gacoline, geothammal solsr,
and wind

¢inciudes 0 08 quadation Bru hydroeleciric pumped siors ge.

S Nsiural pos, cosl, cosl coke, and eleciricity.

!Stock changes, lo1ses. gains, Miscefanecus biending componenis. and unsccounted-for supply

9 Crude oif. pewroleumproducts, nakuralgas ekecticity, and coal cokse.

" Includes supplementatl gaseous fuels,

! Petroleum , ing netursl gas plam bquids.

1 inciudea 0.08 quadnitiion Biu cost coke net impons,

¥ inchsdes, In quadaion Btu, G.11 nel IMmported y from r be Sources; 0.08 hydroelectric
pumped siorsge; and -0.11 sthanol biended into motor gasoine, which is sccouniad for In both otsh Nels
And raNewabie s NG reMOVEd ONce MOM Tie 151a) WO svold doudlecounting.

Nows: « Osts we preiminasy. o Totalk may not equal sum of components dus & independent rounding.

Sources: Tables 1.1, 1.2, 1.3, 14,21, s 102,
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Diagram §. Electricity Flow, 1999

(Quadrillion Btu)
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;)oovoumlw fwo-thirds of s energy UIed 10 generais siectriclly. See Note 1 8t end of section. 9 Sales, interchanges, and exchanges of electic snergy with utiites.
The slactric anergy utad n Sve operstion of power plants. For Vikites, plant use i estmaled as 5 R 1969 dats not svalisbie; ¥vs i the 1998 vaise,
percent of gross generaion. See Nole | st end of secton. Vincudes sales, v exchanges of sieciric enargy wWih olher rorulilies,
£ Transmission and disUIOUTON 11343 e FIUMAISS 81 B ProeM Of gross Qoneraton of sleciricity. ’Dnd use bs tnclly Lse of urubm etsctricty
SnNm-ulondolucuon wwmmwammnmm
¢ Wood, wasts, wind, and solar snergy usad A0 gonerats slecticlly. See Table 8.3 See Tabie 8.4,
* Batancing em 10 adust for 1998 data used 1o estimate 1999 valuer for some smal series: data Note.  Towss

NGL SQUA BUM Of COMEONET dus 1 Ndependent rourdng.

collocton kame diftecances, snd NONSaMPIMg erTor. Sources: T-b':'o,!, 8, 08,89 8.14, e AL

! Public stiee! and Nighway Ighiing, other seiws to public suthoriues, sades (0 raOads and radways,
and Inlecdepanmanial sales.
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Table 5.2 Crude Oll Production and Oil Well Productivity, 1954.1999
(Thousand Barrels per Day, Except as Noted)

Geographlc Loeallon Site Type Ot Well Productivity
| Av enge

! Producing Productivity !

. Totsl Wells ! (barreis per

Year Lower 40 Alsska Onshore OHshote Crude Ol ‘ Production {thousandse} dey per well)
1954 8342 0 6,209 133 8,342 (2 6,342 511 126
1955 8.807 0 6,645 162 8,807 2 6,807 524 13.2
1956 7151 0 8.951 2014 7.151 a 751 $51 13.3
1087 71470 0 6,940 229 ! 1.110 ? 1,170 569 128
1958 6,710 ] 6,473 238 6.710 3 8,710 878 1.7
1955 7,083 1 6,779 214 1.054 3 7,054 68 122
1960 7.034 2 6716 319 1.035 2 1.035 S8t 120
1961 7166 17 8,817 365 7,183 3 1183 895 1219
1982 7.304 28 5,088 444 7,332 ? 1,332 596 123
1963 1512 9 7.026 518 7,542 2 1.842 689 127
1964 7.584 30 r.027 547 7814 3 1614 588 129
1965 1,174 30 7.140 865 7.804 3 7,804 589 133
| 0,256 19 7.473 821 8,295 3 8,205 [1x] 14.2
1067 8,730 80 7,802 1,009 8,810 (3 8,810 565 18]
1968 .95 191 7,608 1,287 8.080 . 436 9,006 554 18.2
1969 9,035 203 1.197 1,441 8.778 460 9,238 842 16.9
1970 408 229 8,060 1,877 9,180 457 9,037 8§31 18.0
1971 9.245 218 1.7 1,684 9.032 434 9442 617 18.1
1972 9.242 199 7,780 1,660 8.998 443 9,441 508 18.4
1973 8.010 168 7.502 1,618 8.784 a2 9.208 497 18.)
1974 8.581 193 7,205 1,489 8,378 399 8,774 498 17.8
1978 0,18 191 7,012 1,362 8,007 367 8,378 S00 16.0
1978 958 173 8,868 1,264 1,118 358 8,132 499 183
1977 1.781 464 71,069 1,176 7.878 370 6,243 07 18.4
1076 T.478 1,229 .51 1.136 8,353 k1) 8,707 - 517 17.0
1979 1.151 1,401 7.48% 1,087 0,181 i 8,552 F33) 18.3
1680 6,900 1617 7,582 1,034 8,210 3sé 8,597 548 15.8
1901 6.962 1,609 1,537 1,034 8,178 398 8,572 857 15.4
1982 8,952 1,606 7.538 1,110 8,291 a7 0,849 530 14.9
1983 6974 1.714 7,492 1,196 8,838 3 8,688 603 144
1984 1,187 1122 7,598 1283 8,879 9 8,879 821 14.3
1968 7,146 1,828 1,10 1,250 8.971 3 8,971 647 13.9
1966 8.814 1,887 T.42¢ 1,254 6,880 3 0,680 623 128
1987 6,307 1,662 7,163 1,198 8,349 3 8,349 820 13,8
1988 6,123 2,017 8.949 1,191 8,140 3 8,140 612 135
1989 $.739 1,074 6,488 1127 7,613 ! 7,613 603 12.6
1990 $.502 1173 8,273 1.082 1,358 3 7.355 802 12.2
1991 $010 1.798 6.245 1,472 7.417 3 ra7 814 12,1
1992 5,487 1.714 5.953 1.218 7.1 M 7171 504 12.1
1992 5,264 1,862 5,606 1.241 8,847 ) 8,847 5684 R LR
1994 $.103 1,569 £.291 1,370 8.862 ? 6,862 882 1.4
1995 $.076 1,484 $.035 1,525 6,560 2 6,560 574 114
1996 $011 1,393 4,902 1,562 8,468 2 [ XIL] 574 1.3
1997 5,158 1,296 4,803 1,648 6,452 3 8.452 573 1.3
1998' *5077 1,175 4,580 R1,692 "g,252 2 8,252 r862 114
1999 4878 1,050 4521 1,408 5928 3 $.925 554 10.7

! As of Decernder J1,

? For 1954-1916, average producliviy is based on INe average number of producing walls, For 1977
forwa/d, 8versge proguctivily is bosed on Iha number of wetis producing st ond of year,

’ Included in cruae oil,

R=Revised. PeProtiminary.

Note: Totals may not equsl sum of componenis dus lo Independent rounding,

Waeb Page: hitp:/amwww.0is.00e Joviol_gan/peiroleum/pat_trame himi.

- ¢ 1970.1875—Bureau of Mines, Minera! Industry Surveys, Petroleum Stelement, Annval, annual
repeas. < 187¢.1980—Energy Information Administiation (EIA), Energy Dsle Reports, Pelroieum

Statement, Annusl. annusl reporis. + 1981.1996—EIA, Peiroleum Supply Annusl, snnual reports.
s 1999—ELWA, Pelrolsum Supply Monthiy (February 2000). Ot Well Productivity: « 1954.1975—8ureau
of Mines, Minersis Yearbook, ‘Crude Fetroleum and Petroleum Products’ chepler, « 1076-1080-—EIA,
Enorgy Dsla Reports, FPefroieum Statement, Annuel, annus! reports. +  1881.1094—independent
Patroleum Association of Americe, The O/ Producing Indusiry in Your Stato, + 1985 forward—GuN
Putishing Co., Word Od, February issue. All Other Data: « 1964-1975—Buresu of Mines, Mineral
Industry Sutveys, Patroieum Statement, Annusi, annual reports. + '9704300—-5!%5»&“ Data Reports,
Peirvleum Stalement, Annual, snnusl reports, » 1081.1998—€IA, Pefroleum Supply Annuei, srnusi
repodts. « 1999—EIA, Petroieum Supply Monthly (February 2000).

Energy Information Administration/Annual Energy Review 1999 129
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Average Electricity Prices by State, October 20
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Cosl yard, Curtis Bay, Maryland. Source: U.S. Depsriment of Eneegy.
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Figure 7.1 Coal Overview

Overview, 1949-1999
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Table 7.1 Coal Overview, 1949-1999
(Miltion Short Tons)

Lesses and ,

Yaor Production Imperts Exports Stock Change ! Unsocounted for ? Censumption

L% 483.2
1949 480.08 0 328 [t} 38.1
1950 séo.?.a 04 29.4 m 28 ;8:;
1951 £76.3 0.3 82.7 I 3.5 e
1982 807.4 03 52.2 [ "o.n prog]
1953 €882 0. 38.5 @ 8.0 )
1954 4208 0.2 33.0 ® 8.1 ug.e
1058 490.8 03 544 “ .'-6.3 «“T0
1956 529.8 04 738 m .10.2 4589
1957 - 518.0 0.4 80.8 0 ”o.u 4345
1058 318 03 526 0] .1.3 3837
1959 @227 04 39.0 0] :9.2 3851
[ PEvYK ] 0.3 380 W 1.7 398.1
1084 4204 0.2 38.4 0] 4.0 390.4
1962 4390 0.2 40.2 I L1.8 4023
1643 a2 0.3 50.4 ) 3.3 25
1964 504.2 03 49.5 W 4.0 44587
1985 $21.0 02 51.0 0 22 472.0
1068 548.8 0.2 50.1 I 2.2 4977
1967 564.9 0.2 0.1 m .8 491.4
1968 558.7 0.2 51.2 “ s 509.8
1969 5710 0.9 8.9 m X 518.4
1970 6127 g) "y 0 ‘0.0 523.2
1974 $60.9 .4 §7.3 ) 4.2 501.8
1972 802.5 g) 58.7 “ %43 624.3
197 $08.8 1 53.8 (u 8.17.9 582.6
1974 610.0 21 80.7 -8.9 2.0 §58.4
1975 854 8 09 88.3 122 85 562.8
1970 684.9 12 60.0 (%] 13.8 603.6
1977 8972 18 64,3 23.8 .4 8263
1978 0702 10 0.7 4.8 12.1 8252
1979 7011 2.1 06.0 30.2 0.4 680.5
1080 8207 1.2 91.7 25.8 10.8 102.7
1899 238 1.0 1128 8.0 1.4 7328
1942 8381 0.7 106.3 2.8 31 ' 706.9
1983 782.1 13 7.8 9.5 18 730.7
1984 896.9 13 818 28.7 4.3 913
1988 [TXX] 20 92.7 -27.9 2.8 8180
1988 890.3 22 8s.8 4.0 1.2 804.2
1987 010.8 1.7 .6 8.5 2.8 8369
1988 950.3 2.1 96.0 240 .3 8828
1989 980.7 29 100.8 437 (X1 807
1990 10291 27 105.8 2.5 a9 8959
1001 996.0 34 100.0 09 27 887.0
1992 997.8% 38 102.8 2.0 5.8 3907.7
1993 045.4 8.2 T4.8 519 LAKR 44,4
1994 10318 .0 71.4 218 "4 051.8
1999 1.033.0 "9 885 0.3 R7Q 9620
1998 1.063.9 L'X] 90.5 -11.8 LY X 1,006.8
1997 1,089.9 1S 83.8 -14.3 4.1 1.029.2
1998 A117.8 8.7 "78.0 R34.2 R84 R1,040.1
1999 *1,009.1 9.1 P58.5 6.2 rae £1,045.2

N lr}dqdn changes iIn stocks Bt slecine utihties, coke piants, other industries, relal deslers, producers
and distributors. A negative value indicales 3 net decresse in slocks; & positive value indicales e net
incrense in stocks

! "Losses end Unsccounted for” is calculated as the sum of production snd Imports minus stpons, stock
dnn?l. ang consumplion,

' ndependent power producary’ use of cos! gnonuulv power producers in SIC 49, “Electric Ges, end
Ssnitary Services®) are inciuded beginning In 1992. See Teble 7.3,

¢ included in "Losses and Unaccounted for.'

¥ inctuges “Siack Changs *

ReRevissd. PaPretiminary. ExEstmate. (1)aLess then 0.05 mitlian short tons

Note: Tolsts may not equal sum of components due 1o Independent rounding.

Web Puge: hitp./www eis doe.govitueicoal.htmi.

Sources: « 1949-1975—Buresu of Mines, Minersls Yeardook, *Cosk-Bituminous snd Lignite® and
“CoalPennsytvanis Antirache” chapters, « 1976—Energy Information Administration (E!A), Energy Dals
Report. Coa-Bituminous and Lignite in 1978 and Pennsylvenis Anthracite 1076. + 1077 end
1976-—EWA, Energy Date Reports, Bituminous Cosl end Production and Mine Operstions.1977;
1078 and Cosl-Penns nia Anthreoite 1077: 1978, » 1079 end 1980—EIA, Energy Dals Report, Weekly
Cosl Report. + 1081-1888—EIA, Weekly Coa/ Production and Cosl Production, snnual reports,
» 1089-1998—EIA, Cosl Industry Annusl, annusi reports, ¢ 1999—Tedles 7.2, 7.3, 7.4, 7.5, of INis report,
and EIA, Quarterty Coal Report October-December 1999 (May 2000), Tabie 6.

Energy inlormation Administration/Annual Energy Review 1999 191
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Figure 7.2 Coal Production, 1949-1999
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Table 7.2 Coal Production, 1949-1999
(Million Short Tons)

Rank Mining Method
Bltuminous Subbltuminous West of the
Yeor Coal Coel Lignhe Anthrache Underground Surface Mississlppl Yota!

N ' €27 158.9 2217 36.4 444.2 0.8
3823 ;353 ' L “. 1.0 1394 3.0 524.4 560.4
1081 5337 ' ! 427 4422 134.2 4.8 841.7 878.3
1982 458.8 N ' 406 381.2 126.3 LY B 4748 074
1959 4373 N N 300 387.4 1208 30.8 A87.7 4842
1984 3017 ' ! 29.1 ‘ 308,0 1148 28.4 3084 4208
1955 X ' ! 28.2 358.0 1329 2€.6 4042 490.8
1958 $00.9 ' N 20.6 380.8 148.9 28.8 504.0 $29.8
1987 4927 ' ' 283 e 144.9 247 4N 518.0
1958 4104 ' ' 212 078 134.0 20.3 4113 4318
1959 4120 N ' 200 202.8 130.8 203 4124 4327
1960 958 ' ' 18.8 2028 1417 213 4130 434.3
1961 402.0 ' N 17.4 are.e 140.9 21.8 3908 420.4
1962 4221 N ' 10.8 2079 151.1 214 a“re 439.0
1663 4588 ' ' 183 300.0 188.2 217 4538 a2
1964 4870 ' ' 17.2 kP id 176.6 257 4788 504.2
1068 812, N N 148 338.0 189.0 X X 527.0
1966 EALY ' ' 1290 3428 2042 26.0 5188 548.0
1087 5526 ' e 123 3524 2128 289 $36.0 564.9
1068 8452 ' 5 ' 1.5 48,6 2101 9.7 8210 586.7
1969 5472 8.3 5.0 10.5 492 2217 2.3 8377 $71.0
1970 578.8 18.4 8.0 9.7 340.8 721 449 s87.8 812.7
19714 8213 222 8.7 87 bigh] 203.7 51.0 5099 560.9
1972 6548 21.8 1.0 7.9 305.0 F 04,9 8382 002.5
1973 8438 339 14.3 68 300.1 088 704 8221 £00.8
1974 8487 422 16.8 88 780 3321 0y - $18.1 610.0
1978 8778 819 19.8 02 8 381.2 108 437 054.8
1978 588.4 048 25.9 8.2 205.6 289.4 138.1 5488 684,90
1977 881.0 82.1 26.2 5.9 208.¢ 430.6 163.9 $33.3 807.2
1978 §34.0 96.8 344 $0 2420 Qre 183.0 14872 870.2
1978 €123 1218 428 48 209 480.2 221.4 559.7 7819
1980 6280 142.7 0.2 8.1 ars 4922 281.0 5787 826.7
1941 608.0 159.7 50.7 5.4 316.8 507.3 260.9 5539 823.5
1002 820.2 160.9 52.4 48 309.2 499.0 2739 64 838.1
1983 568.6 151.0 58,3 41 300.4 4817 747 $07.4 782.1
1684 040.5 179.2 83.1 4.2 . 3521 543.9 308.3 5878 098.9
1988 8139 192.7 B 724 w7 1508 532.8 w249 S8R 7 8838
1908 020.1 189.6 76.4 43 360.4 5209 3259 5844 890.3
1907 636.6 2 70.4 2.6 e 546.9 330.8 8810 910.8
1988 8384 s 85.9 38 38022 568.1 aro.y 8798 950.3
1989 639.8 2312 86.4 33 m.e 580.9 381.7 599.0 $80.7
1990 093.2 244 88.1 EX 4248 804.5 X 0302 1,020.9
1991 650.7 2583 86.4 34 407, 588.8 404.7 6913 $90.0
1992 651.8 252.2 0.1 s 407.2 $90.3 409.0 £88.8 wrs
199) 578y 749 89.9 43 381.1 504.4 429.2 518.2 545.4
1994 6403 300.8 88,1 48 3991 6344 487.2 568.3 1,033.5
1998 €138 328.0 86.8 47 198.2 838.7 488.7 5442 1,033.0
199¢ 630.7 3403 20,1 4B 09.8 8540 500.2 583.7 1,083.0
1997 6536 48,1 86.3 47 420.7 689.3 $10.6 579.4 1,089.9
1998 6317 :nu ] "as 53 NPT R909.8 R547.0 570.0 Ry 1178
1999 213 380 LI 852 €108 508.) $837.9 €581.2 71,009,

! Included In btuminovs ocoel. 1978—£IA, Energy Data Repont, BAuminous Coal and Lipnie Production and Mine Op 1977: 1978,

RiRevised. PrPreliminary. EsEntimated.
Note: Towls may not equal sum of COMPONIN Cue (0 Independent rounding.
Web Page: hip:/Awww.eis doe.goviueicoal himi.

. Sourcar: o !94%\97}—6an of Mines, klinersis Yesrbook, “Cosl-BRuminous and Lignite® end
Cosi-Pemaylvania Anthracite® chapters. ¢ 1978-—Energy informetion Administietion (EIA), Energy Data

Repont, Cowi-Bituminous end Lignile in 1878 and Coel-Pennsyivanis Anthracite 1976, o

Energy Information Administration/Anmual- Energy Review 1999

Coal-Pennsyivenis Arvhrecite 1077 1978, snd Cosl Production, ennusl reports. + 1979 and 1980-~EIA,
Enu% Oata Report, Weekly Coal Report and Cosl Production, annual rsports, + 1881-1088—EIA, Weekdy
Cosl Production and Coal Production, snnual teports. « 19891997 —E1A, Cosl Industry Ammual, annusl
reports, » 1990—EIA, Form EIA-TA, *Coal Production Report,” o 1999—EIA estimatas snd Quarterty Cosl

Report October-ODecember 1099 (May 2000), Table 4.

1877 and
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Figure 7.3 Coal Consumption by Sector

By Sector, 1949-1999
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Commercal incuatrisl Electric Power Commercial
' Quantities for 1875, 1576, and 1977 sre less then 0.5 million short tons, Afler 1977, small (s)sLess than 0.5 percant.
amounts of coal consumed by the trensportstion sector are included in ‘Industmal.® Source: Table 7.3.
* Nonulillty wholesale producers of sleciricity and cogeneration piants not induded in the
end-use secton.

Energy Information Administrstion/Annual Energy Review 1999
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Table 7.3 Coal Consumption by Sector, 1949-1999

(Miiion Short Tons)
End-Use Sectors ' Electric Power Bector
industrial
Electria Other
nd Cohe

Yoar cgq:mm.l Plants Other Totat Trensportation Utlies Power Producers ! Tolal Totsl

0 481.2
1949 118.5 9.4 1212 2128 70.2 84.0 NA 84,
1950 1146 104.0 120.8 224.6 63.0 91.9 NA 13;.9 ;g;,;
1951 1018 1137 128.7 2424 56,2 105.8 NA 7.: 5059
1852 923 7.8 174 2149 Je 107.1 NA 107. s
1953 79.2 113.0 117.0 230.1 2.6 1159 NA 1158 s
1954 -1 3] [.LEX] 98.2 1819 18.6 118.4 NA "6.: iy
1955 68.4 107.7 110.9 217.8 17.0 143.8 NA 143, 9
1958 84.2 108.3 a3 2208 138 158.3 NA 1583 :352.5
1957 490 108.4 108.5 214.9 98 160.8 NA 160.8 8 ‘7
1938 479 788 100.5 1774 4.7 155.7 NA 155.7 $.
1959 408 798 92.7 1723 36 168.4 NA 168.4 3851
1960 0.9 81.4 96.0 177.4 3.0 176.7 NA 176.7 3991
1061 and 74.2 5.9 170.1 08 182.2 NA 182.2 18G4
1982 385 747 97.1 7.7 07 193.3 NA 183.3 402.3
1963 31.5 78.4 101.9 160.0 0.7 2113 NA 211.3 4238
1064 7.2 89.2 103.1 182.4 0.7 2254 NA 2254 445.7
1965 257 95.3 108.8 200.8 07 2448 NA 244.8 472.0
1964 25.8 96.4 108.7 2051 0.8 268.5 NA 288.5 4917
1967 21 92.8 101.8 154.8 05 2742 NA 274.2 491.4
1968 200 913 1004 181.6 0.4 2976 NA 2978 509.8
1969 18.0 934 83,1 186.6 0.3 310.8 NA 3108 516.4
1870 181 945 90.2 106,68 03 3202 NA 320.2 523.2
1974 15.2 8.2 758 158.9 0.2 3273 NA 3273 $01.6
1972 1.7 87.7 72.9 180.8 0.2 1518 NA 3518 524.3
1873 14 4.1 64.0 1621 0.1 389.2 NA 380.2 562.8
1974 1.4 90.2 €40 1551 0.1 391.8 NA J91.6 868.4
1975 [ X} 818 818 147.2 1 408.0 NA 408.0 542.8
1978 89 o4.7 61.8 148.5 s 4484 NA 4484 603.5
1977 2.0 mn: 81.8 110.2 1 4771 NA 4771 6263
1978 95 714 6.1 1345 ] 481.2 NA 481.2 625.2
1979 84 74 61.7 145 1 ™ €274 NA 5271 680.5
1980 (- 8.7 80.3 127.0 ) 569.3 NA 3 102.7
1981 T4 61.0 87.4 128.4 Q) £90.8 NA 506.8 732.8
1982 02 4«08 84.1 105.0 [e]] 603.7 NA 5037 706.9
1963 84 3r.0 6.0 10.0 o 8252 NA 825.2 7387
1984 1B ] “.0 n.7 117.0 o]} 604 .4 NA 684.4 7913
1988 18 41 75.4 118.4 o) 692.8 NA 693.8 818.0
1988 17 5.9 758 11,8 ] 685.1 NA 8851 804.2
1987 69 37.0 18.2 1121 8] 717.9 NA 779 834.9
1588 11 41.9 763 118 1 ) 758.4 NA 758.4 883.8
1089 €2 40.5 16.4 1168.8 3 760.9 NA 786.9 889.7
1990 87 38.9 76.3 118.2 ) 773.5 NA 7735 895.5
1991 (B} 3.8 754 109.3 3 7723 NA 1723 8a.8
1992 8.2 324 74.0 100.4 ™ 179.8 15.2 7951 907.7
1993 82 313 749 108.2 (3} 8136 184 8318 94d 4
1994 60 e %2 108.9 ) 8173 1.3 8335 951.5
1995 $8 33.0 1314 108.1 [8)] 829.0 212 850.2 ©062.0
1996 6.0 L3084 708 102.8 ) a74.7 222 896.9 1,005.8
1997 85 30.2 70.8 100.8 o) 900.4 218 822.0 1.029.2
1998 a9 "28.2 "88.1 "98.) o 9109 281 932’9 #1:040.1
1999t 9 279 88.0 95.9 o 0988 ate 044.4 1,045.2

! Over hatf of ihe coel consumption at nonutliity power producers 1s inciuted in the snd-use secion.

1 Nonutilty wholesale producers ol slecinicity, and nonutiiity cogeneralion plants thel are not inciuded in
the end-use seciors.

? Alter 1077, smal amounts of cosl consumed by the Transporation Secior are Induded in *Other”
under 1he Industrisl Sectors

¢ Thete Is » giscontinuity in this lime series between 1991 e 1892 Oue 10 he sddilon of the coal
contumed by h\dnE-hdanl power producers beginning in 1902,

RaRevised, EzEstimated. NA=Not evalisbia. (s)=Leas than 0.05 mition shont tons.

Notes: « See Nole 81 end of section. « Towsls may not equsl aum of companarts dus {0 independent

founding.
Wc”’nqo: hitp./iwww.ela doe.govifusicoesl htm.

. Sources: - 1040-1076—Bureau of Mines, Minenals Yeartook. *Cosl-Bituminous and Lignite® snd
Coal-Ponnsyivania Antivacita® chapters. » 1976—E Informaton Administration SEW' E Data
ﬂo;v\. CoekBtuminous end Ugnite In 1978 and Pennaytvania Anthracite 1976, + 18/7 ang
19 A E Osta Report, CoatPennaytvania Anthracite 1977, 1978, and Woekly Coal Report.
. 1879 art 1 A, Energy Dsta Repan, weewy Cos! Report. « 1881.1908—EIA, Ousrtery Cosl
Report Ccloder-Decomber, quarierly feports. » 1 Tavie 8.8 of tha report and EIA, Monthy Enemy
Review (March 2000), Tedle 8.2,

Energy Informetion Administration/Anrual Energy Review 1999 198
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Figure 7.4 Coal Exports by Country of Destination

Total and Europe, 1960-1999 By Selected Country, 1999
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Figure -. Historical and Projected Electricity Generation by Fuel,
1999 and 2020 (billion kilowatthours)
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Figure -. Annual Electricity Sales by Sector, 1970-2020

(billion kilowatthours)
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Figure -. Average U.S. Retail Electricity Prices,

1970-2020 (1999 cents per kilowatthour)
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Flgure Fuel Prices to Electricity Generators, 1990-2020
(1999 dollars per million Btu)
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Figure -. Prbjected Electricity Generation Capacity Additions by
Fuel Type, Including Cogeneration, 2000-2020 (gigawatts)
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Figure -. Projected Nonhydroelectric Renewable Electricity Generation
by Energy Source, 2010 and 2020 (billion kilowatthours)
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Primary Energy Consumpﬁon by Fuel, 1970-2020
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Delivered Energy Consumption by Fuel, 1970-2020
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Electricity Generation by Fuel, 1970-2020
(billion kilowatthours)
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Energy Production by Fuel, 1970-2020
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Petroleum Supply, Consumption, and Imports,
1970-2020 (million barrels per day)
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Energy Use per Capita and per Dollar of Gross Domestic
Product, 1970-2020 (index, 1970 = 1)
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Days of Net Import Protection (1977-2000)

SPR Inventory (Year End)
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Oll Use by Sector
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U.S. Energy Consumption, 1999
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U.S. Energy Consumption by Primary Fuel, 1999
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A Licensed to Operate

Note: There are no commercial reactors in Alaska or Hawii
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Nuclear power produces
essentially zero carbon, SO,, or
NOX gas emissions

Metric Tons of CO, per GWH

9bJd
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Source: EIA Annua! Energy Qutiook 2000
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Figure 10.3 Wood and Waste Energy and Alcohol Fuels Consumption Estimates

Totsl Wood and Waste Energy and Alcohol Fuels, 1981-1399 Wood and Waste Energy and Alcohol Fuels by Type, 19411999
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! Ethanci blended (nto motr gasoine. + See Appandix O for Census regions, « Because vertical scales differ, graphs
Notes: + Nol all data were available for 1985, 1988, and 1988: therefore, vaiues were should not be compared.

Interpotated. « Beginning in 1888, includes sxpanded coverags of nonutiity consumpion. Source: Table 10.3.
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Table 10.3 Wood and Waste Energy and Alcohol Fuels Consumptinn Estimates by Type and Census Reglon, 1981-1999

(Trillion Btu)
Weed ! Waste ? Atooho! Fusis ?
N . North. wid- North- Mo
Your ::: weal South Wast Tolst sl weel Bouth West Towd YL west sSouth West Toral Tokst
1984 FLTY 38 [ 1Y 319 749 1 [ 3 30 5] [0} 4 ) 2 7 2.5%
1902 168 34 1,391 388 *2.477 20 1 50 3 119 (s) " ‘ . 19 :z.uu
198 380 32 1,520 4 2,829 » 114 58 < 187 {9) 22 . ] s ‘2.131
1984 "348 "340 A0 480 #2629 n 2 87 1] 208 [0} 25 13 [ 4 2,080
1988 ¢ 3%0 38 1.4 484 2518 « 3% 74 88 238 (®) - 17 [ 81 2062
19084 382 o2 1208 468 2518 83 3 []] 80 202 (m) 4 22 4 (] .z.uo
1087 L1 Raro R1.160 412 2,488 L] a7 108 10 P {e) 38 20 4 o8 2,022
1968 ¢ 390 519 1,108 489 2592 72 L] 127 [} 318 (w) n 26 [] 70 .1.“0
1980 37 "s5p 4178 ) 2,838 Y] 7] 145 L] 4 {a) 8 20 7 n _J,oso
1990 60 338 4,08t 513 2,168 1"e (1] 114 11 L1 ") [V 17 10 2 _:.ua
1994 220 " "y.107 "e17 *2.180 "1 o] *108 [ 42 0] 4 1" [ '2 879
19 280 291 Ry,288 hare %2208 148 7] 128 100 480 {9, 85 13 10 Lt (] 2,828
1993 m 22 Ry 404 124 s222¢ 181 as 130 101 o8 {a) 82 (31 1" [ :1.1n
1094 284 229 9,488 338 2314 169 1] 204 T 503 (2) 09 16 12 97 2,914
1993 368 289 1,100 "as0 2,410 172 58 219 73 521 (0) 73 My LI} 104 3,044
1008 20 154 1,823 Rg22 2,408 187 8 235 113 sas b4 43 [] 10 74 "3, 104
1007 283 213 1408 Ayode "2.340 191 81 m 17 838 0 58 11 21 7 2,082
1098 37 208 A1 380 2,48 mes 83 "7 n7s ‘e 3} 12 n 108 2,001
1909 m 243 1082 esa 1832 - 188 [T} 241 0 M 10 8s 12 15 112 3.514

' Wood, wood waste, bhdllwor muw,mmm pﬂm mm peat, reliroad tee,

NMM Beginning in 1983, inchudes o 9o of Y Won (see Tadie 8.4),
Municipal sold wasie, Amoll pus. Mol on, quid ondiriia wusts, sl of, waste
-leuw.nmnu. paper pelets, waqn-m--au wren, ogré d byprogucta, closed

e

boped Blomass, Ssh of, end srew, Beghming in 1989, ICAOee expanded pe of
cormumption (see Tadle 8.4),

? €thanal tlanded Ito Motr pesoine,

¢ Not all dets were sveliabiv. thevelore, valuse were inlemaisied.

ReRevised. {s)sLess han 0.3 ¥lon Bty,
dve to

Pup and Peper induatry (uty 1991). WM lumnnd Sector: EIA *1590 Residentsl Energy
Consumption Survey.” Waste: EW, £ fonts C bon 1990 (Ociober 1991), Teble
€S1. Alcohel Fusls: U.S. Deparyment of Tmmm Montty Motor Fusi Reported by States,
FHWAPLRZ01L (Septamber 1991): U.8. Oepurynent of Yreawmry, Suresy of Alcohot, Tobacco, snd
Firoarms, Movnthly Distided Spirts Report, Report Symbol 7€ (June 1001), Akoho! Fueis Report, intomal
Quenarty report (Septermber 1991), end EIA, Petrolewrn Suppdy Monhiy, verous issues, « 1891 and 1992
G, Esteneler of U.S. Slomess Energy Consumption 1992 (May 1994). *  1993-19¥"WWoud,
Aesidentia Bestor: EA, Form EIA457, *100] Residential Energy Coneurngtion Survey,” axtrepolssions
wom 1993 Residertial Energy Consumplion Survey® for 1084 dwough 1996 estmatas, and *1997
R ““‘ﬁ Survey* for 1997, and exwagolstions for 1008 and 1900. Weood,

Notes: ¢« Ses Appenctn O o Cereus regiona. « Totals Mey not equel sum of o
Independent rounding.

Wet Poge: M /rww.ole. 008 gov/Aveirenewsbie ami,

Sourcas: o $M1-100), Wood—EIA Estimatws of U.S. Wood Eneqgy Conrumotion, 1080-1083
(November 1964), Tadles ES) and £S2. « 10011983 Waate and Aicohol Fuels, and 1884 Date—EIA
Offce of Coal, Nuciesr, Electric snd ARsmwte Fushy, Lnpudished dets. « 1887~=E1A, Estimetes of Biofuely
Congumption in the United Sieles During 1047, Tablee ES1 and E82.¢ 1988Wo0d, Industriel Becior:
Amarican P apet insWute. Fect Sheef on 1090 Enerpy Use in he U.S. Puip end Paper Industry (duty I,
1991). All Other Dawn:  €iA, Extimetes of U.S. Biokseis Coneumption 1980 (Apri 1901), Table ES1.
¢ 1990Wo0d, MAusiiel Sector:  Amerncan Paper instuse, Fact Shest on 1990 Energy Use in the U.S.

Consumption
Commurelal Boeta‘ E1A, OMca of Cosl, Nuctesr, Elscric and Alarrwts Fusls (CNEAF), estimates.
Weod, ndustrial Sector: EIA CNEAF, sstimates derived from nformation from ofher
sgancies, wade bumdn. industry association repods, Form EiIA-348, 1901 Marwfecturing Energy
Consumgption * ond Fonm EIAD48, 1004 Menutacturing Energy Consumption Survey.” Wood,
Ebsctric Uiny: EIA Form ELA-861, "Annue! Ehcmc Uty Repart.® and Form EIA-T89, W Power
Ptarg Report.” Waste: Go Resource R y V!
Recovery Yeardook, and CNEAF estimates. Alcohol Fueis: EIA, Form E(A-MUM 'ManM Oxygenals
Telaphone Raport,”

Energy Information Administration/Anmial Energy Review 1999
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Figure 10.4 Wood Energy Consumption Estimates

Total, 1949-1999
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Table 10.4 Wood Energy Consumption Estimates by Sector, 1949-1999

(Trilllon Btu)

R Eloctric Total
Yeor Residential Commercisl Industriel Utilitiss ! d
1949 1,058 20 488 H \is02
1950 1.006 19 532 5 15
1084 ’ 958 18 553 3 ot
1952 899 17 552 [ e
1953 032 18 566 H 1304
1954 €00 18 576 3 1,424
1985 178 15 a31 3 Vels
1958 138 194 681 2 1334
1947 702 13 8186 . 2 I
1958 688 13 820 2 34
1959 647 12 892 2 3
1960 627 12 840 2 :,agg
1061 ) 587 1 895 ) 2
1062 560 11 728 1 1.300
1083 537 10 T8 ' 1380
1064 9 9 827 F 1,337
1985 488 S 85 3 1,338
1088 455 9 902 3 1309
1967 434 ] 898 3 1,340
1908 428 ? a2 4 1419
1069 415 8 1,014 3 1,440
1970 <01 3 1,019 1 1,429
1874 387 7 1,040 1 1,430
1972 380 1 1.413 1 1,501
1973 354 7 1,168 1 1.527
1974 k32 7 1,159 1 1,538
1978 428 [ 1,083 (-2 1,487
1978 4837 9 1220 1,744
1877 542 10 1281 3 1,827
1978 622 12 1,400 2 2,006
1979 2 14 1,405 3 2,150
1880 860 21 1,600 3 2,483
1961 sa 24 1,802 3 2,405
1982 937 22 1,618 2 ' :2,477
1943 923 22 1,600 ” 2,639
1984 3 2 1,670 s "2,829
1548 1809 24 11,648 8 12,876
1088 ‘870 27 '1.810 5 ‘2,518
1647 \ 2 129 1,576 e 12,408
1948 ‘385 32 11,026 10 12,682
1649 131 134 1,673 R0 R12,838
1990 581 14 1,562 "y "12.108
1091 613 39 1,928 ] 2,188
1992 045 42 1.593 ) "12,288
1993 4 1,028 N 2220
1904 $37 45 1.724 "y ®2.314
1993 596 45 1771 ¥4 n3.418
1996 HH 49 1,813 ] 488
1997 43) "7 1, Ay 2,248
1998 " 47 1,914 LI 346
1999 404 5?7 2,384 7 2,832

' No dets were sveiiable, therofore, valuas were inlerpoisted.

s then Q.S trillion Bly,

Note: Totais may not equal sum of components dus 1o independent rounding,
Web Page: NMIp:/iwvww 618 .o .QOvuskenewsabis Nim.

Sourcas: «  18485.1980 Calculsied rom En

R=Revised. (3)aL

y Information Administration (EIA), Estimates of U.S.
Wood Enerpy Consumplion from 1949 1o 1981, Tapie A2, and EIA, Annual Energy Roview 1999, Tabie 8.3,
Plofted 81 yeany intervala. o 1980: EIA, Esamates of U.S. Wood Ensrgy Consumption 1980-198), Table
ESt. and caiculation from Annusi Energy Review 1999, Tabie 6.) o ‘

Wood  Eneg, Consumpbon, 1980-1982
e 198%adustiial Seclor:  Americen Paper Insulute, Fact Sheel on 1990 Energy Use in the U.S. Puip
#0d Paper industry (July I1. 1991). Al Other Dats: E1A, Eatimates of U.S. Biokiels Cansumption 1089

1-1983: EiA, £3nimates of U.S.
1084), Tadlas

April 1091), Table ES1. « 1990industrial Bector:  American Pluptl institite, Fect Shee! on 1990
nergy Use in the U.S. Puip and Puper indus JME 1991). Residential Bector: EiA, “1860 Residentsl
Energy Consumgption Survey.® « 1091 and 1992: ELA, Estimeles of U S. Bh Enrergy Conzumption
1992 (May ). v A992-1990: EIA, Form EIA-457, 1093 Resdential Energy Consumplon Survey,®
extrapoistons from *199) Residential Energy Consumpticn Survey” for 1994 through 1998 estimates, and
“1997 Residentiai Enecgy Consumplion ay" for 1997, and extrapolslons for 1998 and 1999,
Caommercial 8ector:  EIA, Office of Coal, Nuciear, Electric and Allamate Fueis (CNEAF) estimales,
Ingusetrtal Bsctor:. EIA, CNEAF, esUmates decved oM Information fTom oihet povernment agencies,
uads Joumals, Indu sssocistion reporta, Form EIA-8468. “10€1 Manufaciuring Energy Consumpton
S\KVQE' snd Form E1A-846, “1994 Manulacturing Energy Consumption Survey.” Elactric Utllity: E1A,
Form EiA-881, *Annual Electric Utility Report.” end Form EIA.759. “Monthly Power Piam Repor.”

Energy Information Administrstion/Annual Energy Review 1999 2%9



0810-90030Q

€8¢

Figure 10.5 Solar Thermal Collector Shipments by Type, Price, and Trade

Tota) Shipments, 1974-1984 and 1988-1998 Trade, 1978-1984 and 19861953 Prices, 1998
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! Colectors that generally aperata in the tempaeralure range of 140 deg rees Fahre nheil special coleclors. + Because vertical scales differ, graphs should nol be compared,
(: :'eo’:.g:u; Fahcenheit but can also operate al tsmperaiures as bw ss 110 degrees Source: Table 10.5.
shvenheit,
! Colectors Iv.m generally operate st temperatures beiow 110 degrees Fahrenheil,
260

Energy Information Administration/Annual Energy Review 1999



1810-300300

P8¢

Table 10.5 Solar Thermal Collector Shipments by Type, Price, and Trade, 1974-1998

(Thousand Square Feet, Except as Noted)

Low-Temperature Coleclors ! Modium-Tempersture Collectors ? High-Temperuture Collectors ? Tota! Shipments ¢

Number Shipments Number Shipments

of U.8. ::r Price? of V.8, per Price * P'r!co ’ Quanty ‘“Tﬂ ¢

Macy- Quantl Many- {doliars per Many. Quantity Manv- (doltare pet Quantity {doliary per usn ors per

Year | focturers Bhlppz facturer | square foot) | facturers Shipped facturer | square foot) Shipped square foot) Shipped | square foot) | imports Exports

1974 ¢ 1137 1806 NA k14 137 s NA NA NA 1274 NA NA NA
1978 13 3028 2328 NA 118 747 [ A NA NA NA 3743 NA NA NA
1978 . 19 J.87¢ 204.0 NA 203 1,925 85 NA NA NA 5.801 NA NA NA
1orr 52 4743 81.2 - NA 297 5 569 128 * NA NA NA 10,342 NA NA NA
1978 1] 5.072 85.1 NA 204 4,988 245 NA NA NA 10,880 NA ki 840
1979 84 8,354 100.0 NA 257 3,850 228 NA NA NA 14,251 NA %0 8353
1980 1% 12,20 1548 NA 250 7,185 28.7 NA NA NA 19,368 NA 235 1,115
1881 7% 8,877 1157 NA 283 11,458 438 NA NA NA 21,133 NA 196 k24
1982 [ 1) 1470 1226 NA 248 11,145 44.9 NA NA NA 18,821 NA 418 455
1833 5% 4,853 83.2 . NA 179 11,975 68.9 NA NA NA 16,820 NA 511 159
1904 43 4,479 932 NA 208 11,839 580 NA 7 NA 17,491 NA | 3] My
) H) NA NA NA NA NA NA NA NA NA NA NA NA NA NA
1986 22 3,751 170.5 #2.30 o7 1,111 12.8 *18.30 4,488 NA 9,380 Rs.14 4713 224
1987 12 3,187 283 "2.18 S0 57 19.1 R13.50 3,155 NA 1.2689 Re 82 691 182
1988 [] 3,328 4158 2.24 48 732 16.2 Ri4.88 4,118 8,174 "4.50 814 158
1989 10 4,283 4283 2.60 3 1.989 553 "11.74 5,208 Ri7.78 11,482 *10.82 1,23 481
1990 12 J.045 303)8 2.%0 4 2,527 LAN] 7.68 5,237 1574 11,400 Rg9.88 1,582 248
1991 1¢ 5.588 3480 2.90 41 1] - 248 11,94 1 J31.04 8,574 420 1,543 N2
1992 18 6,187 3848.7 R2.50 k) 87 264 10.98 2 7568 1,088 358 1,850 318
1693 13 ‘6,025 481 2.00 33 831 282 Ri1te 172 *22.12 6,988 3.98 2,039 "
1994 1t 6,823 426.0 "2.54 3 802 20.0 13,54 2 *177.00 1.827, Ry74 1818 405
1998 14 681 48710 232 2 840 320 10.48 13 53.2¢ 7,888 R3.30 2,037 . 530
1998 1 e.n21 asro .87 19 788 41.0 14.48 10 10.78 1,616 asn 1,930 454
1997 173 7,524 8790 2,60 21 608 80 18.17 7 28.00 8.130 .58 2,102 re
1998 12 1.292 8Q7.0 2.8 19 44} 210 15.47 i) .21 71,758 88 2,208 360

1

! Lowdempersture collectors wre soisr thermal colieciors that generslly operats st temperatures. beiow
110 degrees Fatvenhei.

! Medum-lamoersture 3 &e soler | cobieciors that generally opersts in the tempersture
range of 140 degrees Falvenheit to 180 degrees Fatvenhett but can lhooo-rm .( l-mpum o low
0 110 degrees Fahrenhell, Special collecton ere included in this Cateqy v e
svacusied tube collectors or concentreting (focusing) collectors. They opam. in the temperature 1ange
from just above amblent temperature (low concenation for pool hesling) 1o several hundred degrees
Farvenhed (high concentration for sit conditioning and specisiized Industrial pr

? Mign.tempersturs collectors sre solsr therma! collectors that genersily operste et ump«ﬂmu asbove
180 degrees Farvenheit.

‘ Towal shipments a3 feported by respondents IncJuda sl domestic snd export shipmaents and may

Energy Information Administration/Annual Energy Review 1899

Indudo Iimports that subsequenty wers shipped (o domestic or (o foreign custome s,
¢ Prices, In nominal doltars, equal shipment vaive divided by quantity shipped, Value includes charpes

for advertising snd warrsnties. Excluded are excise laxes and the cos! of freight or trarsportaton for the
shipmerts,

R=Revised. NA=Nol svsilable.

Notes: » Manufecturers producing more than one type of collecior sre gocounted for In both groups.
e NG data ofe avaiiabie for 1985, o Highlemperature collector shipments were dominated by one
manufscturer.

Wab Page: hitg/iwww sia dos govifusirsnewabis himt.

Sources: ¢ 1974-1892—Energy Information Administration (EIA), Solr Coftector Manufecturing Actiity,
snnual reports, ¢ 199 forward—E1A. Renawabie Energy Annuel, atrwia! repons.
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Figure 10.6 Solar Thermal Collector Shipments by End Use, Market Sector, and Type, 1998

End Use Market Sector Typs of Coliector
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g 4- 24 - §:
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§ £ w
: |
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* Coliectory thal genersfly oparate at mrMa below 110 degrees Fahre nheil.
* Colilectors thal generaily oparate in the tempersiurs range of 140 degrees Fervenheit 1o
180 degrees Fahrenhsit but can &30 operste at temperatures as low as 110 dogrees

Fahrenhelt,

262

(s)=Loas than 0.05 million squsre feet.

Source: Table 10.8,
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Table 10.6 Solar Thermal Collector Shipments by End Use, Market Sector, and Type, 1998

(Thousand Square Feet)

LowTemperatyre Msdium-Tempersture Nigh-Tempersture

€nd Use Coltectors ! Collectors ? Collectons ¥ Tolat

End-Use Tota! 7,288 “4) 21 ‘1.787
Pool Hesting 7,164 7 1] 7,201
Viniar Hasting ..... 60 388 18 493
Space Hesting [-X] 14 0 a7
Space Cooling 0 0 ) 0
Combined Space snd Water Heating ................ 8 7 (s) 15
Process Heating Q 0 0 0
Ehectricty G on . 0 o 2 A 1Y)
Ottec $ “ {») 0 1 1
WMarkst Secter Tota! . 7,208 443 n ‘19%7
Residentie! 6,810 58 0 7,185
Commaercisl L¥. ] 70 18 - $17
industriat . “ “ 18 4] 62
ElOCtC UMY ... iccnniemssecerinrsesbnens Q 0 2 ¢ 10
Other ¢ 2 0 1 3

! Low-tamperatue collecion are solar thermal colleciors thet generally operats al lemparstures below
110 degrees Fatvenhelt,

1 Medium-tempersture colisctors are soler thetmal collectors thal genecslly cperste in the temperaturs
anQge of 140 cegreas Fahvenhal © 180 cegrees Fahienhelt but can siso Operste al lemperatures as iow
a8 110 deQrees FatvenheX. Specisl collectors sre included In \hs gory. Specisl colb T we
svacusted Whe toileciors of concentrating (focusing) coliectors. They operate in the tempersture renge
from just sbove ambient temperature (IOw CONCRNTAUON fOr DOOE NBAENG) 1B Seversl hundred oe(reas
Fatrenbell (Wgh concentration for air conditioning and spedsiited Ndustris! processss).

! High-lemperature collectors ere soler thema! cotectors thet generaily operste at temperstures above
180 degrees Fehvenheit. These are Parsboiic dishAirough collectors used primarty by INGOPENdeM pows!
producens 10 Qenersia electricity for the slectric grid,

Energy Information Administretion/Annuat Energy Review 1999

¢ Tolsts include oiher types of collectors not shown.

} *Other” includes shipments of solar thermal coflectors for other uses. sLCh a3 cooking foods, water

pumping, water purification, desalinization, distiting, etc.

$ “Other” inciudes shipments of solar thermal codectors (o other sectors, such as goverament, including

the mitiary buA excluding spece appiications,
(s)=Less than 0.5 housand square feet

Notes: » Oats represent shipments from U.S. menufécturers only. « Tolals may not equal sum ot

omponents dus (0 incepancent rouUnding.
Web Pege: htip:/Awww.eia.cos.goviiusirenewnbie. htmi.
Sowce: Energy Information Admintstrstion, Renewabls Energy Annusi 1999 (March 2000), Teble 19,
i
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Figure 10.7 Photovoltaic Cell and Module Shipments and Trade

Number of U.S. Companies Reporting Shipments, 1982-19928
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Note: Because vertical scates differ, graphs ahould not be comparad.

Source: Table 10.7.
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Table 10.7 Photovoltaic Cell and Module Shipments by Type, Price, and Trade, 1982-1998

Shipments Prices !
Crystafine Thin-Film
Number of Siticon Silcon Total ? imports Expons Modules Celie
U.8. Companiee
Yesr | Raporung Shpments Pouh Kilowatte Dollars per Pask Watt

1982 19 NA NA 0.067 NA NA NA NA
1583 1 NA NA 12,820 NA 1,903 NA NA
1944 &l . NA NA 9.912 NA 48 RA NA
194§ 1% S.481 303 8,789 285 1,870 NA NA
1988 u 5,000 518 6,33 [22] 3109 NA NA
1007 7 se1d 1330 8,850 821 3.821 RA NA
1948 " 1384 1,805 6078 1,483 5,352 NA NA
1989 ” 10,747 1,020 12.028 22e 7,363 5.4 "3,08
1990 Mg 12492 1321 213,837 1,388 7.544 s 384
1991 Fal 14,203 byl 14,030 2,069 8,008 6.12 4.08
1992 3] 14,487 1,075 15,883 1,802 9423 a1 321
1993 v 20,148 782 20,981 1,787 1,014 524 523
1994 u 24703 1,081 .07 1.900 17.714 448 2.97
1999 u 0,740 1288 31,059 1,3y 10,971 450 .53
199¢ 3 13,996 1,445 5,484 1.084 48 409 1%
1997 21 4,14 1,008 48,354 1,883 ™ 4.18 278
1998 H 3318 50,502 1931 38,493 3N 315

1 Prces, In nomingl dolers, squel shipment value dvided by quantity shipped. Vaiue inchudes charges
ot sOvertsing and warrantes, Exciuded sre excise texes and the oost of freight or ranaportation for the
shipments.

2 Tolad shipments inchuoe all types of photovaRa ke oefle and tnodUles (single-crystal sdicon, cast skicon,
riobon siicon, thin-lm ellcon, snd concenvsior sficon) and inemationaly traded Sels snd moouies.

SHipmenms of cells 8nd MOOUYS 107 $DE0e and satelile apolications re not Inckuded.

Energy Information Administration/Anmusl Energy Review 1999

? Data wers IMpuied for one norrespondent who exited the industry during 1980,

ReRevised data. NAsNot avalsdie.

Web Page: hiniivww.ein.doe goviusirenewabie vl

Sources: ¢ 1982-1992—Eneryy Inforrnetion Admindstration (EIA}, Soker Colector Manudechaing Activry,
snousl reports. ¢ 1991 forward-—E LA, Reneweble Energy Annuel, srnuai 1eports.
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Figure 10.8 Photovoltaic Cell and Module Shipments by End Use and Market Sector, 1998

By End Uee
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* Unlts designed for instaliations (hat are nat geid-intatactive. ’ Shipments to (oreign QOVernments and for spedialty purposes.
! Represents such applications as cooking food, desalinizaton, and distilling, Source: Table 10.8,
%8 Energy information AdministrationvAnnual EnorgyARcvl-w 1999
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Table 10.8 Photovoltaic Cell and Module Shipments by End Use and Market Sector, 1989-1998

-7

€nd Vae Markat Sactor
Blectric
Gensration * Originai
Equlp-
One mem
Comemuns | Consumer|  Inter. Monu. Trane- viater Rei- Com- Gov. Indus- Trans- Eloctric

Year} ications | Ocods sctive | Ramote Wealth  [facturers 2| portaton | Pumping | Other! | dential I} t triad portation | Uttty Other ¢ Tota!

Amount Shipped

{pesk kilowarns)
1989 2,$%0 2.788 1,284 2,820 § 1.50% 1,166 PAR} L1] 1,438 3,850 1,017 3,99 1,130 788 851 12,825
1980 4,340 1484 489 d.097 § 1119 1,060 1014 240 1,704 8,086 1,002 2817 874 LY ) 432 13,837
1991 3.938 N2 8% 3,594 et 1,315 1.823 129 13 3,824 .45 015 3.6847 1,588 1,278 n 14,930
1882 arne 2,98 1,227 4,238 1Y) 82y 1,802 809 430 4,154 2,388 1,063 4,278 1873 1,383 a7 15,582
1993 J.040 e 1.000 §.7681 874 2.023 4.238 2,284 74 8,237 4115 1,328 5,362 2,664 1.503 L] 20,051
1994 8,570 .23 2,208 9.253 4] 1.849 2,128 1.410 254 €832 5429 2,114 0,858 2,174 2,364 510 26,077
1605 5184 1,025 4,588 8,233 178 3,188 4,203 2,127 1170 ¢.272 3,100 2,000 7.198 2,383 3,759 1,347 31,059
1908 6,041 1,083 4,844 10,084 e 2,00 5,106 J.261 788 3.478 5178 3128 4,300 3,995 4,753 1,839 315,484
1997 7.393 M7 2273 8.8% 1.300 5,245 6,705 3,783 4,684 10,893 8111 3.008 11,748 3574 5,851 2,387 48,154
1998 8.280 1,198 14,183 8.834 1,084 5,044 8,358 4,308 1,491 16,938 8,480 2,008 12,202 3,440 3.965 2,720 50,582

Percant of Tola!
1989 2.2 21 1] 204 (s) 124 23 55 05 ".2 0.0 8.4 3.4 [ X} 8.4 43 100.0
1990 314 180 LX) 24 {») a1 1T 7.3 1.7 123 “o 7.2 204 70 0 31 100.0
1991 7 2.2 8.7 4.4 0.4 [ X} 10.2 49 0.1 2.3 224 L¥ 264 104 8.5 2.8 100.0
1992 239 188 70 a2 0.4 [ 3] 10 5.2 14 2.7 15.3 [ X s 10.7 10.0 1 100.0
1993 18.4 48 5.2 as 32 0.7 20.2 108 0.4 8.0 19.6 83 258 122 72 41 100.0
1894 214 124 a8 kI.%] 03 7.4 8.2 84 1.0 24 208 6.1 203 8.3 9.1 2.0 100.0
1995 16.6 A 18 285 28 103 133 [X.] kX | 20.2 20.1 6.4 23.2 17 w1 43 100.0
1908 170 0 137 07 28 e 147 9.2 2.2 n.e 140 (X ] 234 1.3 12.4 48 100.0
1697 189 07 178 188 2.8 13 14.5 8.2 10.1 a7 12.6 8.4 253 ny 12.2 5.1 100.0
1998 18.4 24 281 17 2 10.0 1.4 0.5 9 ns 187 5.6 28.2 6.8 78 54 100.0

! Qrid-Interective means connection (0 the electrical distridution sysiom; ramote means electricity, for
genetel Use, thet Joes NO! INteract with the electricel diatribulion sysiem, such ss at an fsolsted residential
site of mobile home. Tha other end vaes in Dils ble AISO NCAle slectricity penerstion tut only for the

specific use cited.

2 Original Equipment Manufacluters are non-phalovolsic menufscturers tat combine pholovoltaic
technology into sxiitng or newly developed product lines.

} Represeni such sppiications as cooking food, desstinizedon, and distling.

Wb Page: htip/iwww.ela.doe.goviuerenewsbie htmil,

Energy Information Administration/Annual Energy Review 1999

¢ Shipments o formign governments snd for specalty purposes.
(s)=Less Lhan 0.08 percent.
Note: Totals may not squal sum of components dua to indspandent rounding,

Sowrces: + 1988-1092—Energy Infarmation Adminisystion (EIA), Solar Collector Manufsctuning Actvity,
snnual reports.  + 109) forwwd—ELA, Renewabie Enerry Annual, snnusi reponis,
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Figure 10.9 Alternative-Fueled Vehicles and Fuel Consumption by Type

Vehicles In Use, 19002-1099 Vehicles (n Use by Fuas! Type, 1999
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* Uguefied peirolmum geses. ‘Liquefied natural ges.

* Compressed nature! gss, Nots: Because vertical scales differ, graphs should not be comparsd,
* Ethancl, 85 percent and ethano!, 95 percent. Source: Table 10.9.

SMethancl, 85 percant, snd Methanci, nest,
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Table 10.9 Alternative-Fueled Vehicles and Fuel Consumption by Type, 1992-1999

— p—

Liguefled Compressed Liquefied
Petroleum Natuni Natural Methanol, Methanol, Ethanol, Ethanol,
Yeour Gazes ! Gas Gse 6 Parcent ? Neat 04 Percent ? 95 Percant ! Eloctricy Totst
Estimated Number of Vehicies In Use
1962 221,000 2,101 7] 4,050 404 172 33 1.807 251,352
1093 269,000 2,74 el 10,263 a1 a4 F 1,600 314,848
1994 284,000 41,227 s 15,484 418 803 k] 2,224 324472
1995 259,000 50,218 60) 13,299 386 1,527 136 2,080 333,049
1998 263,000 60,144 683 20,268 172 4,538 381 3,280 352421
1997 263,000 Rea ST 813 21,040 172 9,130 347 <43 A387,528
1999 7268,000 87102 Ra72 19,648 R200 R42,788 14 hs20 R383.847
1999 268,000 89,633 1,422 19,487 200 22359 1" 8,41 407,542
Estimsted Fusl Cons
(Thousand Gasdiine-Equiveient Galons)

1992 208,142 18,023 888 1.069 2,547 21 85 59 228,631
1993 264,858 21,60 1,001 1,583 3,108 48 ] 288 280,234
174 248,487 24,180 248 2,340 3190 80 140 430 281,152
1995 232,701 35,162 2759 2,023 2,150 190 995 682 276,843
1698 239.1%8 48,923 3,247 1778 M7 684 2609 m 295,818
1997 238,356 "as,192 3744 1,354 7 1,280 1138 1,010 #312,589
1998 241,583 Ar3.251 ns 34) P1.212 40 s 2y L1 Ry,202 324,826
1999 243,648 86,07 0,082 1,108 49 2,409 1] 1,458 341,48

! Vehicies in use represent lower dound estimates, rounded to the nesrest thousand,
7 Remaining portion is molor gesohne.
ReRevised dsta. P=Prefiminary deta.

Energy information Admin!istration/Ann.al Encrgy Review 1999

Note: Totals may not equal sum of
Source: Web Page: htp://www.ets.00e.00v/ueirenswabie:hirmi,

oo

s dus O INGep

% rounding.
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Figure 1.14 Fossil Fuel Production on Federally Administered Lands

Total, 1949-1998

20-

0

e § ) gaandg ) ZRARAD 0 BN I0 ch oy RBAN S0 S 40 Ba s anndn aan o an s snsnan]

] T
1950 1955 1960 1965 1970 1975 1880 1985 1990 1995

By Source, 1949-1998

10 -

8-
g .- Natural Gas
§
§ 4 i

LSTESLES,
ease’ ensate
2- ) J\_

MR |

m Bang

A T M L4
1950 1955 1960 1965 1970 1975 1380 1985 1990 1965

Total Production on Federa! Lands as a Share of
U.S. Total Production, 1938  ~

5
..
i

.

10~

0 T Ty ———— -—r yor—

1950 1955 1960 1965 1970 1975 1980 1985 1990 1985

Production on Federal Lands as Share of U.S. Total Production,
by Source, 1998
50 -

§30' 27
& .

Natral Gas Coal Crude Ot and Natural Gas

Lease Condensate Plant Liquids

Notes: s Federally Administered Lands include all classes of land owned by the Federal
Govemment, including acquired military, Outer Continental Shel, and pubic lands. .
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Source; Table 1.14.
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Figure 1.2 Energy Production by Source

By Fossil Fuels, Nuclear Electric Power, and
Renewable Energy, 1948-1999
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Figure 2.1 Energy Consumption by End-Use Sector, 1949-1999

By End-Use Sector
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Note: Because vertical scales differ, graphs should not be compared,
Source: Tabdle 2.1,
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T T

U.S. Total Gasoline Inventory Outlook
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Sources: Hstory: EIA; Projections: Short-Term Energy Outiook, January 2001. <e

b“? pg'ol) Slide 12 of 19

Notes:

» Gasoline inventones in the United States began last summer’s driving season at low levels and
ended at low levels.

= In October 2000, with the market focusing on distillate, gasoline inventories slipped well below
the normal range.

o Atthe end of Decerhber, gasoline inventonies were about 194 million barrels, which is almost §
percent below the S-year average level for this time of year, but slightly above the end of 1999. As

http://www.cia.doe.gov/pub/oil_gas/petroleum/presentations/2001/national_governors_assc... 2/1 2/2%836

DOEO006-0193



U.S. Total Gasoline Inventory Outlook Page 2 of 2

of January 19, the most recent weekly data, gasoline stocks have risen to nearly 201 million
barrels, about a million barrels less than a year ago.

e ETA’s current forecast is for gasoline markets to remain relatively tight entering the driving season
and through next year. Low inventory levels raise the risk of price volatility, especially in
response to regional supply problems. '

http://www_.eia.doe.gov/pub/oil_gas/petroleum/presentations/2001/national_governors_assc... 2/ 12/2Q837
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$1.80
$1.60
$1.40
$1.20
$1.00
$0.80
$0.60
$0.40
$0.20
$0.00

Price per Gallon

Page 1 of 2

Retail Heating Oil and Diesel Fuel Prices
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Notes:

« Because of the higher projected crude oil prices and because of increased tightening in the
Northeast heating oil market since the last Outlook, we now expect prices this winter for
residential heating oil deliveries to peak at about $1.52 per gallon in January. This is significantly
above the monthly peak reached last winter. Because these figures are monthly averages, we
expect some price movements for a few days to be above the values shown on the graph.

» This winter’s expected peak price would be the highest on record in nominal terms, eclipsing the
high set in February 2000. However, in real (constant dollar) terms, both of these prices remain

hetemasavar 0ra Aan ravinnkhinil paclantendnima lmencnmtat i n e c NN P ntl sl

an2838

DOE006-0195



Retail Heating Oil and Diesel Fuel Prices Page 2 of 2

well below the peak reached in March 1981, when the average residential heating oil price was
$1.29 per gallon, equivalent to over $2.50 per gallon today.

» Afier the current heating season ends, we expect to see a gradual decline in heating oil and diesel
fuel prices, reflecting somewhat lower demand and more stable crude oil prices.

2839
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U.S. Natural Gas -
Working Gas in Underground Storage
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Notes:

e Working gas in storage is estimated to have been below 1,800 billion cubic feet at the end of
December, more than 20% below the previous 5-year average. The estimated end-year level is the
lowest for the period of time that EIA has records.

« The current outlook for winter demand and supply suggests that storage is likely 1o remain very
low this winter. In the base case, we project that gas storage will fall to about 470 billion cubic
feet at the end of the heating season (March 31, 2001). The previous 30-year observed low was
758 billion cubic feet at the end of the winter of 1995-1996.

http://www e1a.doe.gov/pub/oil_gas/petroleum/presentations/2001/national_governors_assc... 2/ 12/2028 40
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» If summer gas demand next year is as strong as we currently expect it to be, the low end-winter
storage levels will present a strong challenge to the North American gas supply system to
maintain flexibility and provide additional gas in preparation for the subsequent winter season.

http://www._eia.doe.gov/publoil_gas/petroleum/presentations/2001/national _governors_assc... 2/ l2/202841
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Current Natural Gas Spot Prices:
Well Above the Recent Price Range
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Slide 18 of 19
Notes:

o The surge in spot prices at the Henry Hub since Apnil has taken prices well above a typical range
for 1998-1999 (in this context, defined as the average, +/- 2 standard deviations)

e The upper bound on the typical range for 1998-99 is less than one-third of recent spot prices.

e The Henry Hub spot price spiked at $10.53 per MMBtu on December 29.

hitp://www eia.doe gov/pub/oil_gas/petroleum/presentations/2001/national_govemnors_assc... 2/]2/203842
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» Reasnns fo. the price mn-up include:
o relatively flat natural gas production for several years

o increased demand for natural gas as the economy has grown, especially from the electric
generating sector

o expectations for a colder winter than experienced in the Jast few years (generally bome out
so far this heating season)

o low levels of natural gas in storage
o high prices for oil limiting the economic incentive to switch to petroleun-based fuels

= Natural gas spot prices have dropped in the past few weeks, with Henry Hub falling under $7 per
MMBtu on January 24.

http://www_eia.doe.gov/pub/oil_gas/petroleum/presentations/2001/national governors assc.. 2/12/202843
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Natural Gas Spot Prices:
Base Case and 95% Confidence Interval
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Notes:

e We expect to see peak monthly spot wellhead prices this winter of over $8.40, the monthly
average reported for December 2000. Recently, concern about cold weather and low stocks
pushed daily spot gas prices over $10.50 per mcf. However, in early January of this year, forecasts
of warm weather pushed the price down by more $1.00 per mcf in onc day, indicating the
extraordinary volatility in the current U.S. market.

e The gas storage simmion in the United States has not improved over the last few months, a sign
that demand remains strong. We believe that the 30-year records-for (seasonally adjusted) storage

http://www.eia.doe.gov/pub/oil_gas/petroleum/presentations/200 1 /national_governors_assc... 2/] 2/20(28 4 4
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lows may be challenged throughout the heating season.

htip://www eia.doe.gov/pub/oil_gas/petroleum/presentations/2001/national_govemors_assc.. 2/12/2001
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WTI Crude Oil Price: Base Case and 95%
Confidence Interval
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Notes:

e Spot WTI prices broke $35 and even $36 per barrel in November as anticipated boosts to world
supply from OPEC and other sources did not show up in actual stocks data.

o The recent decline in prices seems to be more the result of an unraveling of speculative pressures
than a change in underlying fundamentals. , 122001
o Prices had been running higher than supply/demand fundamentals would have indicated
throughout the fall months as a result of rising Mideast tensions, concern over the adequacy o
of distillate supplies, and expectations of Iraqi supply interruptions.
2846
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o But Mideast tensions seemed to ease in December and the market appeared to perceive a
quick return of Iraqi crude ol supplies at full capacity. Pledges by Saudi Arabia/OPEC to
offset a longer term Iraqi disruption added to a market sense of oversupply.

- o Relatively mild weather in Europe allowed distillate stocks to normalize there and has kept
crude demand relatively stable.

o All these factors seemed to refocus speculators on the downside potential for price, at least
through December.

o EIA still sees a very tenuous supply/demand balance. With low inventones, a severe cold snap in
Europe and the U.S. would increase refinery demand for crude, and push prices up. If the Iraqi

disruption is thought to be indefinite, prices could be as high as $3-$5/bamrel above those shown
on this graph. ‘

» However, EIA believes the market will move toward a more typical balance during 2001 and that .
pnices will remain around $30 per barrel until the middle of the year, as the match of supply and
demand improves.

http://www.eia.doe.gov/pub/oil_gas/petroleum/presentations/200/national_governors_assc... 2/1 2/20@847
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Reftail Motor Gasoline Prices*
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Notes:

» Assuming that our base case crude oil price path holds, we project that retail motor gasoline prices

will continue to recede this

winter, then begin to nse ahead of the summer driving season. By

year's end, the monthly average retail price of regular unleaded (self-service) motor gasoline is
projected to be about $1.38 per gallon.

e As was the case with heating oil, last year’s peak average gasoline price, at $1.633 per galion in
June, was the highest ever recorded in nominal terms. However, in real (constant dollar) prices,
the highest observed price was in March 1981, when the average was $1.417 per gallon,

http://www.cia.doe.gov/publoil_gas/petroleum/presentations/2001/national_governors_asso... 2/1 2/2@8 48
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equivalent to almost $2.80 per gallon today.
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Section 1. Energy Overview

Encrgy production during October 2000 totaled 6.1
quadrillion Bru, a 1.8-percent increase compared with
the level of production during October 1999. Produc-
tion of coal increcased 7.0 percent; crude oil decreased
2] percent; natural gas plant liquids decreased 1.8
percent; patural gas (dry) increased 1.5 percent; and
nuclear electric power decreased 0.6 percent, com-
pared with the level of production during October
1999.

Energy consumption duning October 2000 totaled 7.8
quadnllion Btu, 0.4 percent below the level of con-
sumption dunng October 1999. Consumption of coal

iocreased 3.9 percent; natural gas decreased 1.7 percent;
petroleumn decreased 0.8 percent; and nuclear electne
power decreased 0.6 percent, compared with the level |
ycar carlier.

Net imports of energy during October 2000 totaled 2.0
quadnillion Biu, 3.2 percent above the level of net
mmports 1 ycar carlicr. Net imports of pctroleum prod-
ucts decreased 23.3 percent; crude oil increased 3.5
percent; and natural gas rose 1.4 percent. Net imports
of coal coke increased 48.2 while net imports of coal
fell 41.3 percent, compared with the Jevel in October
1999.

Table 1.1 Energy Summary for October 2000

{Quadrilfion Btu)
Octotwr Curuistive January Through Octobes
2000 1
Porcert Dally Daly Forcert
2000 1999 Changs® 900 Rate 1799 Rate Change®
Production” sert 5008 10 00.442 0197 0204 0.190 £.5
Fossd Fuels 4.064 487 27 4r702 Sy a.as [£34 -8
Coal 2.058 1.924 7.0 (A1 4 063 19419 064 -5
Nanurst Gy (Ory) .o t).637 1613 1.5 €16.030 €053 15.584 .053 -0
Cruds QP £1.046 1.068 -2t £10.312 €034 10.343 1034 -6
Natirsl Gua Prordt Lguats o oo e n 21 -t8 2220 007 2,082 007 (%
Nuctes Backic Powes ... ..o 587 591 -6 6635 022 6.364 021 2
R b Energy 524 S48 -3 8773 o1 6127 070 %1
c péon” T.r4 150 - A ni 208 80.343 244 { 3
Fosad Fuols . e 867 6 887 t 68 642 228 67.860 2 ]
Comé 1972 1.745 3 18.320 060 17.960 059 16
Natursl Gase ’ 1599 1.677 -y 13622 * o6t 18.243 060 18
Py vl 3254 3282 8 ELE V2 .103 31.523 104 3
Nuciesr Becric Power ... ... 587 591 -6 5655 o022 6.364 oY 42
R » — 97 an 59 8.002 @0 6.209 021 49
Mot 2.016 1.95¢ 22 K7 20.04 058 ]
Foasd Fuely 2.003 1.531 a7 19.997 066 19.879 .065 3
Cout -.082 -.438 413 -1.003 -.003 L2 -.004 -102
Cosé Coke 008 004 ¥4 061 1) 043 (s) “"s
Npurs Gos - - € 305 301 X} €292 .00 2.892 010 | 7
Cruge OF 1.632 1578 38 16.077 .053 1574 052 18
P Producty 3% $7e 233 1.829 006 2.245 007 -188
Rorewabl Enerpy™ .o to1s g3 440 t 278 € 001 LTS ] ¢ oot 40
* Bassd on dat price D rounding. | Minus sign indcales EXpOs BTy prester then
'au-nma-qroup-bmuﬂm * Crude o, lssse condensa®, and Mpors of Crvoe of K Ce STEWQE
¢ Towl production so inchudes )y d from

¢ inch,dws lease conderase.
-m(mwmmwsmhm
“Petrvieum” snd "Renewable Fwgy, byt s counted andy once intola) energy

congurption.
' Fosxd fusl consumplion aiso Incudes coad ooke et Impare end

slectricly ret impars from fomd fusds.
2 chuces FRse0US Wets.
* Petroleun suppled, including nahral gas plart Sudde and

¢ Fouall Aoel fet ivports abo inchude slectioly nat brpors from fossd
fusts.

onongy.

(sirless Pan <05 wilion By end groswr D 0.5 tilion B
E~Estmam. FoForecan.

Nu.x~l'whn-yvolovudamd dus 10 i
rounding. Wm;usosummnmd
Cohwnbis,

Sowwmss: Tables 1.3, 1.4, 00 15,

This tablke is n:dcsvpcd to incofporaie sdditiona! renewable energy data.
See Appeodix E for funther information.

Energy Information Administration/Monthly Ensrgy Review January 2001 1
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Figure 1.1 Energy Overview
(Quadrillion Blu)
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Table 1.2 Energy Overview

(Quadrillion Btu)

r Producth l [ wiion® I mports I Experts ] Net imports
ITI TR . e g3 ses R7s 808 14.731 2.059 12 680
1974 Total . "ezIn2 % r4.080 14.413 212 12.190
. 1978 Touat . "e1.357 " 12042 14111 2359 11.752
1974 Tota! R§1.602 Areon2 18.837 2188 14.640
1977 Totad ... Re2 952 fre.in 20.090 2074 19.049
1970 Total .17 [ AL 19.2%4 1.931 17.323
1979 Tota) Rgs pas " 51.044 19.618 .67 16.748
1980 Tots! 7200 "rs.438 1597 pRr3} 12247
1989 Total ... N gr.007 g X 13.978 4329 9.648
1982 Totai o ¥ 17 " 73.040 12092 403 1.480
1989 Totat ... "ea 108 “nIn? 12.027 Ly 8310
1984 Toted .. fegex2 Rre 92 12787 3.604 .96
1983 Total ®§7.720 "76.770 12,103 431 1.2
1906 Yota) . . AT ] " r17.083 14.438 4.058 10.382
1987 Total ... ng7.760 "79.033 15.764 348 11911
1988 Total WX -2 " 33.068 17.504 4.415 S 13149
1989 Tota} ®§9.457 " 34007 R90.985 4787 Reg.189
1990 Total .. Rr0.822 "se 214 Ris.e%2 40858 *14.087
1991 Tota! "70.313 "peam 18497 s 187 R13.33
A1 - 3 £ " 70.056 s 491 Ri9.57T7 40857 14021
1909 Yown! " 63,387 ng7.20¢ R21.4m 4283 "yys
1M Total .o "T0.038 "59.109 rarms 40718 "18.851
1995 Yota! rreae "90.924 " 22 544 4.3 ®18.005
1996 Towa! . 72583 R33.902 3.9 4058 19334
1997 Totat "rass2 34207 25.518 4574 20.942
1988 Januery ... 6382 g g4 2.190 a4 1778
*s.705 7694 1.937 324 1.614
*6.268 "8.201 2.144 388 1778
®5.979 *7.508 2. 315 1.897
*8.123 "7.503 2327 .408 "1.921
"6.051 7657 2.240 an 1.863
"6.099 "9 140 2.467 71 2,006
"6.095 k8.101 2.374 333 2.041
LEX VS R7.822 2178 351 1.825
*8.000 R7.576 - 2.305 359 1.946
5847 k7541 2223 ’ 213 1.910
"6.093 . Re.4rs 220 354 1.847
12353 ‘mpas37 26857 4344 2 513
*6.183 Rase7 2255 307 1.948
R5.809 R7.872 2077 252 1.825
"6.303 "8.440 2.296 .282 2.004
"5.829 *7.675 2.382 357 2.02%
5921 "7.580 2435 .30% 2.131
Rg.014 ®7.788 2.306 324 1.984
"E.114 "a.285 2.480 322 2158
o174 *8.30) 2.404 ik 20N
"5.950 R7.661 2250 08 1.942
®5.966 *7.013 2,302 349 1.954
ns5.968 "71.748 2.158 224 1.834
"6.171 "5.075 2223 .356 1867
RT2404 98 991 27.509 3828 3.743
Reosr %3.953 2.174 329 1.845
R5.768 *8.397 2132 210 1.862
" 6.286 *0.204 2.340 an 1.967
s 742 "7.638 205 317 1.998
"6.038 "7.9%1 2360 33 - 2027
"5 990 "7 808 2.435 333 2,901
*6.023 ng 149 2477 327 2,149
"6.286 "8.439 2.57% <11 ) 2107
n5.382 R7.688 2403 230 n2.072
6.071 7.784 2.395 379 2.016
10-Month Toba) . - 00142 81139 .03 3380 20.22%
. 1999 10-Sonth Total .. 80.204 520363 .48 3.147 20.049
1998 10-Month Total . s0.892 78.513 nod 3678 18758

e rm:wdm&-wmwmmmdmm
The ¢

not equal *noigy be

OMDM
and diztrid

changes; loxsss and GEINg in sion,

mmmmwdwwusw
Forces in Europe; and sdiustments 10 sccount for discrepandies bstween

OpOvtng sysiems,
R=Revised.

Notes: + Far definilions. see Notas 1 tyough 4 st end of soction
o Totals mey not squal sum of components due 0 independent rounding.
« Geographic coverage i he 50 Staws and tw District of Columbie.

Sowrvet. « Production: Teble 1.). « Consurmption: Tsble 1.4 « Import
and Exports: Tebles 3.1b, 4.3, 8.1, 7.1, A2-AB, EW. and Section 2. “Energy
Cansumgtion Notes snd Sowrces,” Note 5.« Net imports: Tabie 1.5,

Revised deta

reflect the incorporstion of additional rencwable energy dsta
See Tables 1.3, 1.4, 1.5, and Appendix E for further information.
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Figure 1.2 Energy Production
(Quadrillion Btu)
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Table 1.3 Energy Production by Source

(Quadrillion Btu)
Fossd Fuels Renswabls Energy®
Notursi Hydro-

Gae Nuciear | electric | Comventional | Wood, Solar

Plardt Blctric | Pumped | Hydrosiectric | Wasts, Geo- and
Liquids | Tota Power | StorageC Powes Alcohol [ thermel | Wind | Totsl | Tots
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3311 54173 290 *) 2978 1.713 078 NA 4760 "s1802
2377 3890 1m *) 2333 1098 277 MA 4340 "e2052
2245 48074 024 *) 2.937 2.038 Des NA SH39 "R 137
2288 sa.008 277 *) 287 2.452 o8e A 5166 "s3s4s
2258 59000 FRp ] *) €2.900 2408 110 NA S04 "6T241
2307 %a.5» o008 *) E2.7%8 2.5%0 423 MA 5471 *E7.007
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21984 34418 3300 *) €357 2899 KT ) 6488 "64.106
2174  S80e9 130 *) £3.388 2880 Rl ) 431 "2
2247 1.5 XY ] *) 2970 €2.584 A58 (s} ¢ex) *€IT20
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2218 51987 4.908 ) t2438 £2¢e3 229 {s) S637 “er7e0
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2495 3789 own -0 3. 2.9 a2 0T 793 ATisw
176 211 5156 615 (x) € 208 256 fo029 €009 591 "63&
1.052 196 4591 542 001 € 308 £Eno to2s f.oos 571 "s.705
1.152 27 s o079 871 (%) [ - '3 €255 t029 €009 610 "62¢8
1120 2n 4.904 508 - 005 € 295 €246 025 €009 574 "5979
1.441 214 4958 547 -.008 € 341 €253 fo025 ¢€.009 a7 *"8123
1.091 198 4854 887 -0o7 e F2s o025 Tom 611 *5.0%1
1.1 185 4.p6S .65 -0o7 L 295 £25¢ 028 ¢.009 587 "6.099
1915 203 4908 641 -.007 € 261 E2s toze €009 553 5005
1.007 194 4738 608 -.002 €2 247 to20 €009 502 "S54t
1.104 204 4.991 810 -.008 tyou t e foj0 ¢t.ooe 404 "5.090
1.068 200 4.7% 609 -.005 €29 €247 To28  “.009 494 "S.e47
1.067 189 4872 664 ) b ] €250 fo28 009 55T *6.033
1238 2420 ez 1.997 -.D48 3348 3.003 327 .04 §780 72883
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1.088 201 5024 622 004 332 txy  Eor  f.o08 661 "§303
1.024 203 4TV 513 -.005 286 t206 £025 €009 607 RS2
1.056 208 4699 .593 -.007 302 24 Fozs fo12 638  "392)
1.002 290 4720 858 -.006 312 €286 €032 fon 642 *6.014
1.042 277 4704 710 -.008 304 t29s tos o 64T "6.1%4
1.039 F Y Y ] 725 -.008 264 296 foe ton 607 "“5.974
1.010 215 4.7% 648 -.004 218 €288 £33 €009 550 "5.950
1.069 1 48} ) -.005 209 £E298 £06 £.008 548 "S.9E6
1.037 219 4700 645 -.005 220 €207 €033 007 548 "5.968
1.071 Frrig 4.848 727 -.004 261 € 298 €0y €08 601 517t
12431 3528 ST4% 1738 -.084 3.306 3.4 374 110 1778 “T2.404
€1.049 226 4742 13 -.005 254 E08  E021 to009 588 "eo057
215 4574 855 -.005 .226 €208 023 *.008 543 "5768
230 5.042 843 -.008 269 €35 € €po9 607 5288
227 459 598 -.004 287 €297 Coq E0N 620 *5742
225 468 653 -.005 279 £33 toxs foi2 620 "e.038
218 4720 686 -.008 258 €200 €026 €010 582 5990
2)  46® T35 -.003 244 T3 €02 £0v0 533 "8023
226 4998 ke -.004 224 €39 tom fo0d S7Y "5286
216 4718 654 -.006 182 298 toz7 €009 516 "Ssoea2
23 4.904 587 -.004 7S € ny €g2s fow 524 5.077
2220 o702 sess -.0e8 2397 3oy t2sy tow LT3 o
1999 s0-Month Total ... 19.499 15304  10.38) 2002 a2 $.364 2828 £2.900 Coss 8177 6use

L
L$-

1998 $0Month Total _.  19.780  16.440 11080 2001 @.0a8 s.883 E1em €249

§¢

'Emwn&atmywmﬁqmnl oreste Tan -0.5 vilon By,
GEnerBtion. Notss;

* See Note 1 st end of secton. «
rounding.

O incudes leess condensate. Oue to ind coverage is the 50 S1at

€ Pumped storsge faciity prodeciion minys energy vsed ky pumging. and the District of Cohardia.

© £ thanct biended o mots gasalne. Sources: « Cost Tables 6.1 8and AS. « Natorsi Gas (Dry): Tabies 6.1 and

'mnwme Ad.  + Cruge OF and Naturs! Gas Plant Liquids: Tables 3.1a and A2,
n 1989, inciudes sleciricily gerwratad by noraAilty nuclesr > Nuclaar Eloctric Power: Tables 8.1 and AS. ¢ Hydroetectric Pumped

R:=Revised. NA=Nol gvadsbie. E=€sfmate. (-)-uuv-noo.srlmww Sworege. Tatles 72 end A5. = Renewables Energy: Tables €2, €32 end E30

This table is ndavmcd 10 incorporste nddmoml reoewable encrgy data.
Appendix E for funber informaton.
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Figure 1.3 Energy Consumption
(Quadrilion Btu)

Total, 1973-1999 Total, Monthly
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6 Energy Information Administration/Monthly Energy Review Jaruary 2001

DOED06-0212



Table 1.4 Energy Consumption by Source
(Quadsifion By)

Foeall Fuels Renowsbie Energy*
Mydre-
Nuciesr | shctric | Conventionst Wood, 3.0:
Natursd Petro- Bectric | Pumped | Mydrosiectric Waste, Geo-
Coat Gas® ourn® Total | Power | Stormge” Power Alcohof | thermsl | Wind Toeat Toral
22512 34840 718 0910 0 3010 1.529 0.043 NA
1732 458 67.508 127m2 4 3.308 1.340 .3 NA
19.049 r 65388 1.900 s 219 1.409 o270 NA
20.343 33173 $9.104 2911 4 1068 1.743 ) NA
19501 a1 7088y re2 4 2518 1539 o7 NA
20.000 1.085 T1.058 1024 ’ .14t 2038 064 NA
20088 N3 T2am e . 3.149 1152 084 NA
20.304 34202 6394 7 ] €318 21488 1% NA
1 sy IR 3.088 ’ £3.108 2508 A2y NA
nms 32 s4ms 1139 ] tysm 2018 08 NA
17387 e K110 1203 ’ $389 23 129 (s
18.907 MM samT 3553 . €3.000 2080 188 {»)
17034 a2 1 4040 ’ 3.0 2504 198 {»
16.708 32998 e 48 aqm- 4 €408 €2 041 ar =)
17.764 32088 AL 4908 . £3.917 §2.52) 229
18552 Man 71.080 S840 L4 f1082 2837 ana t)
19.38¢ M219 7206 Se77 ] 195 €300 334 .o
1929¢ 31858 71ne 6.162 -.038 d.us 2008 ET] K
19.908 32848 T1.908 [X "] - 047 315 €2 e87 3¢ o7
20 31827 Tasee (X ) b¥ 1) 2834 X4 .om
20.027 31841 74300 .50 -.0a2 1t 21, 207 102
1288 34670 Te.081 a0 -038 1993 2928 ) .97
22.903 34553 7693 17 -0 3401 3.0% an 108
22559 BTST Tv.es 7.188 -ox 32 ;ST kY 110
2530 38208 Se:S s.e78 -.042 1.981 200 g 107
1.074 2476 3.048 7404 815 [T N2 € 258 € 029 € 009 K
1.651 2177 2.7183 ¢578 542 .001 I € 30 € ms € 008 .
1792 2.189 3.008 7.008 K14 (s) .342 * 255 t 029 €009 I
1.595 1.758 3.056 6.420 505 -.005 15 § 246 £ a5 €.009 .
1726 1547 3.047 8128 47 -.008 58 253 t 025 t 009 X
1.852 1507 3.070 6.450 .59 -.007 351 t 245 Lo € 009 830
2.0 1621 3270 6.887 653 -.007 24 4 € o2 € 009 .
2.027 1632 3200 6.891 641 -.007 294 €258 [ ¥ ] € 009 586
1.842 1517 3oz 6.403 .608 -.000 .240 € 47 € 028 € 009 .
1755 1528 32 6.472 810 -.005 218 t2s6 ¢ 030 t 009 .
1.672 177 2908 6.442 609 -.005 a2 t 247 € o € 009 R
1.838 2195 3220 1257 664 (L] 215 €258 oz t 009 .

2158 1A 3693 50539 1.987 -.048 3.569 3.000 A 194 TR0S  teasw
1.888 2010 3. 1627 % -.006 2308 L. f oo € 007 &4 a7
1627 2195 2850 8675 .608 -.00¢ .30 € 267 € o2 €. 007 &2 *1.872
1699 2737 30 7.184 62 ~.004 3 €293 Ry € 008 667 *8.440
1.827 1845 3.081 6550 513 -.005 304 € 2 ¢ 026 € 009 625  RY.678
1695 1.554 3.080 6.349 533 -.007 320 2% £ om € 012 854  R7.580
1533 1472 3.7 6.485 - 650 -.006 130 € 206 o1 € ot &0 *778
2.061 1578 374 6524 710 -.006 an t 208 £.03s € 012 665  ha2es
201 1622 339 6.968 725 -.008 204 € 208 ¢ 03 t 011 &7 *8.03

1.504 314 6.449 648 -.004 245 € 280 t o33 € 009 517 “1.66%
1627 3282 6.667 591 -.005 2 et ¢ 036 € 008 S 7181
1.767 3051 §.547 645 -.005 244 € 287 £.033 € 007 sn n7.748
2772 3.386 7.545 Neid -.004 282 t 798 t 033 t 008 621 “BAIS
22289 37900 81957 1.738 -.084 3513 J.ene are A0 Ta3 "
2586 3071 7.678 Re:) -.005 s t 308 t.or £ 009 619 "89]
2411 2.961 7.190 658 -.005 249 € 286 .0 € 008 566  "8.397
219 3.149 7.033 643 -.006 288 € 308 t .03 £ 009 626 “8.284
1.839 297 6.415 K] -.00¢ 2305 t 297 t 024 Con 638 "7636
A 1.701 3195 6.634 .63 -.003 2301 € 30 € 025 tg12 641 791
. 1.569 3.470 6.620 .88 -.006 278 290 €026 £ 0v0 804 1898
. 1.608 kra) 68M .ns -0 21 € 319 028 t g10 619 "8.149
( R 1095 3.0 1A22 T2 -008 - 265 € 309 € 028 £ 009 £ "84
. ® 1.501 3.158 6.512 654 -.006 206 ¢ 298 €027 € 009 S 7688
October ... - . f 1509 3254 §.677 587 -.004 188 €311 £ 028 t o0 537 7.784
10-Month Towst _. 18320 £10628 A2 e .658 -.0a8 2425 €3.019 t 2¢0 € ove som  SuiY
1999 10-Monath Total _.  17.980 0243 31923 €7.080 .48 -.0%8 2 537 €2 900 t o1 Coss (¥ ] 30383
1908 10-Month Yotal _.  15.050 17.930 30.7t7 66.834 S.883 -.049 307 £2a08 € 7272 T per S 230 78513
'WWMMMMWMW Table 6.2
and nel imports of ¥ ' Beginning In 1989, Incudes slectricty penersted by nonUERY nuciear unis.
% incdudes & Re=Rovised. NA=NOt svalable. E=Estmate. Foforecast {s)=Less than =0 §

‘Pnu::nmuw -'M-pmwpumiam-mmcl
‘;hammuwomhmmmmmmmws“
'memwwwhm
ga30dne) i INCLAR] I DO P etraaeum”
and ch-d :Aswmmhbﬂwm

l corvensonal [ ¢
A Baginning in 1989 inCudes cnal CONSUMed by “Other Power Producers.® See

Nouznlcnddm * Totsh mwy nol equel sum of

coverage is he 50 States

e Coat: YMG‘““ * Matursl Gas: Tabies 4.1 snc AL,
v Potroleum: Tubies J.15 30 A3. + Nuctesr Electric Powsr: Tabies 8.1 and -

A5 e WPMS&*: Tablet 72 snd A5. » Renswabis
Energy: Tabie E 1.

This table is redesigned to inc

See Appendix E for farther information.

¢ addilional renewable energy dam.
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Tigure 1.4 Energy Net Imports
(Quadriltion Bw, Except as Noted)
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Table 1.5 Energy Net imports by Source

{Quadriflion Btu)
Fosall Fusts Renewsble Energy
Electricity®
Coat [ Crude Petroieum Hydro- Geo-
Conl Cohe Ges Ol Producta® | Electrichy? Yotal power® thermal Totad Yotad
2.007 (X 1] esn 8.097 M 12831 (X7 f 0.148 12.630
056 $07 138 I ! 12.058 433 ' K1 17219
p14 504 0.708 3.000 f 11.688 084 ' 064 11752
(s} F-- 1121 3 4 .559 089 4 .00 14848
ns 81 13.921 4.32¢ M 7.837 182 ! 2 15019
428 41 13.128 m ! 17119 204 ' 204 1730
083 120 13328 3.600 ' 16.538 el ' 21 18.748
-038 7 10.588 22 ! 12.030 297 ' an 12247
-018 81 .05 28N ! .298 347 ' 347 9.648
-822 290 97 2129 ! 7.153 308 ' 308 7.480
-D18 p 1) ent 2381 ' 7.938 an 1 an 8310
-mnt TR (231 2970 ! 8.548 A4 ' A4 .98
-3 294 8381 2.5 ' 7448 A28 ' A2 ?
-n? 484 8% 2488 i 10.007 378 ! 378 10.382
0 07 2.748 2704 ! 11.428 483 ' A33 "
549 1221 10.658 3508 ! 329 ' an 13449
290 1278 12208 3 - 004 1%.034 K (11} 154 e
25 1.484 12.53¢ arsr -.on0 077 o8 (11} 1My "7
e 1.008 1308 19012 o 12196 38 "8 199 My
7 1.841 13.065 1498 053 14,401 201 o1s 219 "uaat
K> 21288 145 058 10970 227 s 28 TS
»58 2518 15131 2128 R} 10317 309 023 A e
249 2743 13432 1434 21 7712 274 T 29 "1.00%
3 2007 *ars 24% 100 15.021 300 014 313t
s 2904 17.640 1 100 P X 244 [} 244 20842
.008 7¢ 1.497 14 € 002 1.761 €015 t(s) €015 1770
003 243 1.309 169 t o2 1.800 t oy sy t o013 1.6%¢
003 249 1.491 174 £ oo 1.761 ¢ 017 E(s} € o1y 1.7
004 246 1578 198 € o8 1877 € 020 € s} € 020 1.897
005 248 1.633 198 € om 1.903 € ot7 €(s) tor Ryt
009 236 1.560 N €000 1.044 € 019 €is) €019 1.563
007 261 1.736 208 £ 009 2.060 ¥ 028 €(s} E oze 2.096
010 210 1.684 188 £0%4 2.008 £ 033 Eis) £ 033 .00
008 258 “1.512 .108 € 0o 1.803 € o2 € (s; ton 1825
007 259 1.584 g €(s) 1.830 € D15 tis) € 018 1.946
004 251 1.508 A9 €..001 1.599 €t on €(s) ton 190
002 268 1.52% 181 € 001 1.834 € 013 € (s} € 013 10847
.87 3.084 19.604 225 s 22189 224 001 - s
005 305 1577 204 §(s) 1.942 € 006 €(s) £ 005 1.548
002 260 1.390 a1l € po1 1.019 ¥ 006 ¥(3) £ 006 188
007 292 1.503 206 t(s) 1.998 € 007 (s € 007 2.004
009 264 1.592 08 €008 2.006 t o1 * (.{ £018 2,025
003 84 1.660 261 € 008 2.113 t o8 E(s) L0 PAR))
002 274 1.563 27 € 008 1.968 £ 018 (s} t 0 1.584
003 290 1.708 248 € 009 2139 € 019 €43} €019 2158
008 308 1.897 241 € 010 2.051 € 020 E(s) €020 2.0n
s .- 002 296 1518 201 £.015 1.915 € 027 £(5) € 027 1.942
L 004 301 1576 178 € on 1.9 € o) £(s) € on 1.954
009 293 1.481 147 E.0%2 1.809 ¥ 024 £ (3} t 02 1.834
005 318 1.493 NS €.009 1.047 €021 €(s) € 021 1.867
o053 3500 15.088 2.507 o082 IS 207 001 208 nJa
004 3 1.390 204 € on 1024 £ 020 €(3) t 020 1.545
007 786 1.390 224 € 012 149 £ 073 £ (s} £ 023 1862
006 29 1.570 76 % 009 1.948 €019 €(s) €019 1.967
006 28 1.599 158 € oog 1.080 £ 018 €(s) £ 018 1.998
D08 274 1.636 204 € 01p 2.006 €022 Efs t 022 2027
004 286 1.604 207 £.010 2.079 t 022 € (s} € 022 2.101
006 €307 1.714 .185 € 01 2.124 £ 026 €(s) £ 026 2149
008 * 287 1.813 149 - * o2z 2146 t o0 s} - € 0«1 2187
.007 "t 288 1.650 187 €012 T 2.049 £ 024 (s} € 024 ®2.07m3
008 € 308 1.832 - 138 € 005 2,003 €013 t(s) 01 2.018
) 2921 ne77 1529 AN 19.997 218 * 001 tm 20223
1999 10-Month Toead . -1.992 ba3 2092 15.749 2248 € ore 10w € 162 004 a3 20.041
17090 10-Month Total .. -1.558 r - 2.547 15.572 1.584 L 18,558 t 199 € 001 * 200 (TR
® Through 1583 al electricity importy and exports s included in “Hydropower.” lion Bl
From 1989, ncudes only slectrialy Smports and exports derved §0M hydroslecyic Notes. o See Notes 3 and 4 w1 end Of section. » Net Smpons equal IMports
Mu peothenmal eneryy. minus srparts. Mims spn indcstes axports e grealer than  Epors
a\mammwmumuhnw » Towsls mey nol squad sum of Components due ‘o IOepende rounding.
‘Peyoiesn Resorve. * Geographic coverage i thw 50 States and the Ditrict of Columbia.
w: e Cosf: Tables 6.1 end AS. » Coef Cohe: Section 2. "Energy

€ Pstroleum products, unfinished oy, pertanes plus, and gesoline blending
m

? May include 30Mme NuUClear-enerated slectricity. 41 end A4, » Mmmmm'm 10, A2,
'MMM o Fossh Fuel Etwcrrickty: Derived from Tabes 7.1 sowces snd Table AS.
Y Inchuded in * Ranewable Energy: Totm EX.

R=Revisad. EzEstmma. (zptmmwsmwwwumas

This tablke i redesigned to mcorporsie additionsl renewable encrgy dsta
Sce Appendix E for funder informeation.
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Figure 1.5 Merchandise Trade Value
{Biltion Dollars)

Imports and Exports, 1974-1999 Imports and Exports, Monthly
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Table 1.6 Merchandise Trade Value

(Million Dollars)
Petroleurn® Energy® Non- Total Merchendise
Energy

Exports | kmports | Batsnce | Exports | importa | Batance | Bamnce | Exports | imports | Bastence

1974 Totad ... 792 4,088 -23.876 3444 26,464 -22,010 15,129 437 103,329 .04
1978 Total .. ™7 25,497 -24,289 4470 478 -22,008 31,357 108,054 99,305 9,554
1978 Total _ 938 321 31,28 423¢ 33996 -20,770 11,950 116,794 124,814 -1.820
1977 Totm . 1218 42388 41,093 4184 3T 40,354 12,001 123,482 151,534 -23,383
1978 Tord L1561 3952 37,968 3881 42,m6 34 8,010 145,047 176,052 -30.205
1979 Totad .. - 1914 s8718 S4.601 56821 59,998 54,377 30,435 198,583 210,285 B2
1980 Totad 28 7637 75803 7902 22924 74,942 55244 25584 45202 -19.508
1981 Total 1698 76838 T2.98 10277 11,388 -71,881 43,014 08,715 260,902 -22.297
1962 Totad S84 80458 54,311 1,720 83400 -82,880 23170 18,442 243952 -21,5%0
1993 Totad 4357 53317 48,659 9500 579%2 48,452 3937 203,539 250,040 -52.409
1984 Totad 4,470 58,924 42434 2311 $0.960 -51,969 -$5,01) 23976 3306718 -106.70)
1983 Total 4,707 50475 43,783 2971 S3M7 43,948 -TA 78S Fal ¥ 4} ] 338,520 417,712
1986 Totsd .. 3680 35142 31,603 8,915 3730 -29,195 -109,084 7,159 383,438 A7
1957 Tota) .. 3022 42293 38,203 7,713 s 220 34, 508 -415693 254,122 408,241 -152,119
1988 Totad ... 3,603 3,787 33,004 8238 41042 32,008 Elbs.] 2,426 440,952 -118,526
1908 Totad . 8,029 48784 44003 9,069 S27T% A0 48,490 363,012 an 21 ~108,309
1990 Totad _ 901 61,58 54,892 12233 84,081 &2,428 -50,068 N2 498,088 -102,40¢
1991 Total .. 8,954 81350 44,308 12001 834,029 42,548 -24178 a1, r30 483 453 8723
1992 Totd . sae12 31217 44,005 1254 35234 -44,002 40,300 448,984 532,689 -84,801
1983 Tousd —~  6I15 51048 44831 ' 9758 35900 -4 144 89,425 03,091 580,859 115,589
1984 Totad ... . 589 50038 45,178 [E I 'S -} 47,400 -103, 149 $12.82¢ 683,254 -190,&29
1S Towst . 84380 48,07 10350 53,100 44,781 -110,050 584,742 743,843 150,801
T2 £4,38 12,989 78,088 45,905 -104,309 523,075 795209 170,24

71,952 -£2,580 12882 1017 48,503 114977 599,982 889,704 -180,572

4,996 4,291 1,058 5,548 4589 -10.453 55172 70,224 -15.062

4074 -3.477 [1<3 4587 3T -9,428 55234 68,394 -13160

4189 -3.800 905 4770 -3.065 411,934 62297 78096 15,799

4,492 -3.990 896 5.056 4.160 14,909 56.675 75.744 19,068

4.548 -1,964 915 5112 4,197 -13,129 56672 73,998 -11,326

445 -3,621 838 4741 -3.90% -18,019 56,994 76.918 19,924

4.218 3.755 840 4,901 -4.08% 20,699 51577 71.337 -24,780

4729 3107 802 4,887 4,085 -18.529 53.420 76014 -22.594

378 3,365 833 4,409 -3.576 -18.231 58,627 78434 -22 807

4.200 -3.804 780 4,564 4,084 18,315 61313 83,712 22,399

3.892 3477 728 4520 -3,792 -15.83 58395 78,020 -19,625

3.280 2,748 806 3.853 -3,047 -14,158 58 762 76.007 17245

50,284 43,090 10.231 57323 -Ar.012 -182,808 $82,130 911,896 -229.758

3428 2.968 692 4075 -3,383 -15.947 52.436 71.768 19330

3.ms -2.845 600 3.561 -2.961 -17.809 53279 73,849 -20.570

3.809 3,369 683 4373 -3,690 -19,493 80.589 84072 -23,183

4.568 4,089 804 5264 4,460 -18,237 57.283 79.580 -22.697

5.630 -5.067 m 6.307 -5.534 -10.943 56.489 80,965 -24,477

5,432 4967 780 6,105 -$.316 -24TW 57.025 87.880 -30.055

6.146 -5.586 781 6,906 $.125 -21.853 52998 86.775 -33.778

8.788 6156 888 7.614 £.726 -25.584 57439 89,749 -32.310

6.508 6,285 069 1.760 -5.891 -9 59 431 90244 -30.813

7.197 -6.459 982 8,022 -7.040 -24,447 62973 94.460 -31.487

6.949 6249 925 7.854 -5.929 25,704 60,048 93,581 -32.633

7.190 -6,306 1,094 7.982 5,068 -70.821 63.008 91.296 -27.489

67,972 -$0,038 9580 75803 65,903 -262,598 598,797 1024813 328,070

7.836 -7,040 1.021 8,790 -1.768 -22.378 57221 87.368 -30.147

9,016 8391 796 9.799 -5,003 -21.494 612325 91,822 -30.497

9.943 -9.065 1397 10,896 95789 -24.748 68.740 103.067 34,327

8,832 -8.039 210 9,555 8,585 -23.44) 62.786 94815 -32.028

9.452 8708 935 10,206 $.331 27,133 64,262 100,726 -36,454

10,548 -9.873 918 11542 -10,827 -25265 68271 104,164 -35.892

10,734 -10,091 983 11,952 -10,969 -31,108 £9.707 101,784 42077

10.441 9512 1.210 11,754 10,544 -29.432 67.965 107,941 -39.976

10.502 -9.540 1207 11,869 -10,662 -28.048 67539 106,349 -38.710

11,080 -9,900 1422 123 -10,959 R.32.040 " 10371 "113470 " 43100

9.979 299 1315 11,438 -0 -28,044 67,716 105,882 -38,167

.30 108,60 -99,13¢ 11990 120,082 -108,152 -200.234 716,004 1117.3% 401,388

1999 1t-Month Tota) ...  €.238 59478 -51740 0788 87,84 -59,033 -242.218 31,99 233321 -301,333

1M 11-Month Total ... 6,081 47,002 40,941 2448 S3472 44,028 -180,459 23376 835,091 212,318

® Crude oil, pstroleum preparsiions, hqueted propans Bnd butane, and

other mineral fuels.
® pewoieumn, coul. netursl gas, and eleckicity.
R=Ravized

Notes: « Monthy data sre not sdjusted lor soasonal vavistions, = See Nots
S at end of section. » Tolsls may not equsl sum of components dus o
sstics reflecd both

ndependert rounding. « The U.S. impon

Puerto Rico, and the Vrpin lstands.

po
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and nongovemmernt inports of Teerchandise ftom foresgn counties inko the
U.S. customs lnitory. which comprisss the 50 Ststes_ the Disdict of Cohrmbia.

Source: U.S. Departmont of Commerce, Bureay of the Consus, Foregn
Trade D

ivision. For details. sse "Sowrces knr Table 1.6 st the end of tha
soction.

2860



Figure 1.6 Cost of Fuels to End Users in Constant (1982-1984) Dollars

Costs, 1973-1999

ped
Residentia!
Electicity
20.
2
o
c
:‘3. 15 1
s
810
s
8
5 4

1975 1960 . 1965 1930 1995

Residential Electncity, Monthly

8

Cents per Kilowalthour
&

Residential Heating Oil, Monthly

100

Costs, September 2000

18

15 4 1433

=

-
~N

w

759

548 $.48

[
2

Dollars per Miflion Bly

w
o

E' ‘.l » "v| HO . 'Il i
Gasol‘ﬂeb %?‘g Gas®

Motor Gasoline (All Types), Monthly

120 5

8
®
o
5
a
n
€
40 —_—
6 2000
—_— 1999
20 1998
1]
J F N A L] 3 4 A 5 [} L] [+]

7
8o Jk-/ “:':
2
c ]
] : (&)
3 601____ °
- . 2
; TS meme T e e h B 3
a o 31
2 40; E ]
-
. S 2000 g 2 — 2000 |
—_— r :
20 — 1999 2 ] — 199
1998
1998 e
0 0
3 5 m A w 4+ s A s O w 0 4 F M A M I s+ A 3 0 w O
anﬂmo,
Nots: Because vertical scales differ. graphs should not be compared.
12 Energy rformation Administration/Monthly Ensrgy Raview Janusry 2001

2861

DOEO006-0218



Table 1.7 Cost of Fuels to End Users in Constant (1982-84) Dollars

Consumer
Prics lndex Motor Gasoline Residential Residential Residential
(Urben)* (Al Types) Hesting OO Natural Gos Electricity
Conts per
Indax Dolars par | Thousand | Dolars per | Cents per | Dolars per
1982-1904= 100 Meton Bl | Cubic Feet | Millon Bty | MGowntthow | Milkon Bl
444 NA 290.5 288 5.6 16.50
493 NA 2901 8 63 18.43
53 NA EAYR | 3. [ X3 19.07
38 NA 3430 in 65 19.06
88 NA 387.8 3 68 19.83
852 542 3028 3.08 (X1 193
T2 899 4103 4.03 63 18.57
8224 852 4480 4% 66 1921
909 .47 4710 4.08 68 199
%S 867 5358 . 72 20.96
”.4 7.00 6004 5.90 72 2
1039 .57 5880 sz 6.8 2017
107.¢ 1.06 5588 552 €7 0.9
1098 150 3319 . [ Rad 19.54
1138 S.10 48717 4.7 6.5¢ ”wa
1180 4.96 4624 4.9 632 1.5
1240 $23 4549 44 .97 15.08
130.7 S.88 4433 (S, 9 17.56
1382 539 403 4.9 $90 173
1403 480 4109 4.07 585 17.15
1445 458 4203 4.15 5.76 8.
1482 4.30 432.5 420 5565 16.57
1524 410 3e.e 387 5.5 16.15
1589 454 404.1 19 53 15.62
180.3 442 4324 42 325 13.39
1616 413 396.7 kX 487 14.27
161.9 4.08 395.9 .83 492 14.43
162.2 3.98 3878 375 34 <447
1628 .89 419.1 4.06 5.06 14.84
162.8 376 473.0 4.58 521 1528
163.0 359 s22.1 5.05 523 15.34
163.2 343 s227 5.06 526 15.41
163.4 33 566.1 5.48 5.24 15.37
163.6 3.39 547.7 5.30 5.15 15.10
164.0 46 483.4 449 5.03 14.74
164.0 st 401.2 s 4,90 14.37
163.9 147 3868 174 4.8 14.16
1630 a7 4184 4.03 5.07 14.85
164.3 628 5.06 49.0 18 365.2 355 4.61 13.52
184.5 61.6 497 486 151 3824 ar2 4.81 14.11
1650 635 5.12 49.9 354 367.3 357 479 14.03
166.2 749 597 49.9 3.60 387.5 wnr 487 14.27
166.2 742 593 4493 356 4392 427 4.98 1458
166.2 724 5.84 40.6 3.50 4934 4.80 5.07 14.87
166.7 746 501 40.9 s 529.7 5.1% 5.09 14.93
167 783 N 50.0 360 547.0 532 504 1477
167.9 795 6.40 53.7 387 5$14.0 5.00 498 14.59
168.2 79.0 6.37 564 4.07 4495 4.37 4.98 14.58
168.3 78.4 ° 6.32 59.5 429 424.8 4.13 4.0 14.09
168.3 80.4 6.48 62.1 448 384.8 376 4n 13.8
168.8 73 5.9 526 ire 4016 3N 4.90 14.36
1688.8 80.3 6.47 745 5.37 369.7 3.58 4.5 13.2¢
169.8 (3% 4 6.75 3.7 6.04 376.9 367 452 1326
1712 91 7.50 72.4 5.2 396.0 Jeas 469 13.75%
1.3 9.t 7.34 6.7 4.95 4032 .98 475 13.91
75 90.5 729 63.2 491 4595 447 485 1422
172.4 96.6 r.79 67.5 486 529.0 5.15 4.94 14.47
172.8 95.0 1.66 66.7 401 574.9 5.58 4.96 14.54
1728 90.2 r27 689 497 585.6 570 498 14.60
17m7 94.1 7.59 rT6.1 5.48 $63.0 5.48 489 14.33
174.0 |- rRg T.47 786 567 NA NA NA NA

® Conssrer Price indes. AR Liten Consumers, Al ams, 1982.1984 =
100.0.

R=Revisad. NA=Not svailable.

Nows: « Fumsnmwwmmmmm
index (CP1} developed by the Bureau of Lsbor Statistics. + Annus! svereges
mmwuwdm“bmmﬂv

* Geographc coversge @ the 50 States and the District of Cokumbia.

Sources: « Fwel Prices:;

sdjusted by the CPY.

Cuuum-x » Conversion Factors: Yablnlu A3, A4 ang AS.
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Figure 1.7 Overview of U.S, Petroleum Trade

Overview, November 2000 -
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Table 1.8 Overview of U.S. Petroleum Trade

As Share of As Share of
Tota! imports
"\ mponts imports imports
from | mports from Inports from Imports
Porslan| trom Totsd Net Products | Persian from Total Net Persien froem
Gulr* | OPECY {imports [Exports| imports | Suppiled | Gulr® OPEC® | imports | importy Gutf® OPECY
Thousard Barrels par Dey Parcent

2993 8258 pall 8,025 12,200 4.9 17.3 1 4.0 1.8 a8

1ne  s112 2t 5892 16,853 82 1.7 3.7 kX ] 17.¢ 5.7

3,001 6,058 Faed 5,848 18,322 71 9 .1 s 192 53

5,068 1313 23 1.099 17,481 108 .0 9.9 w8 232 "3

6193 3807 43 0.588 18,401 133 ns a8 4.5 a1 703

8,751 3380 342 2,002 18,047 118 3.8 44 3 265 [ X ]

$.637 8,458 £7% 1.098 18,513 1132 30.5 437 .1 45 .7

4300 §909 344 8,383 17,058 [} 252 «®0s n3 ne 22

33D sem 593 $ 401 18,038 78 07 373 poX | 20 354

2148 5113 s 4298 15.29¢ 43 14.0 334 2.1 13.¢ @0

1062 5051 beid 4312 "2 29 12.2 »2 n3 28 n

sS4 m 47118 15.72¢ 32 13.0 e 0.0 2.3 ni

1,00 5087 ™ 4208 18,726 20 110 22 ns3 4.1 »9

87 8,124 788 5.4 %381 3.8 7.4 2 04 147 459
3066 W T84 594 18,085 63 "4 40.1 »s3 161 L7 ]

3520 1402 [ 31 4,587 17.283 [ 3] 204 48 E_A) s a8

4148 8,081 [ 2 71.202 17325 107 D 445 a“. n.1 51.4

1966 4294 208 7.8 14,988 7. 53 472 Q2 13 38
1043 4002 1817 1,000 [X 16,714 11.0 us 438 e 242 97
1776 4092 7088 17,033 10.4 24.0 403 0.7 28 s549
1,782 4273 8620 1,003 7,618 103 8 50.0 “z 207 oS
1728 4247 8.99¢ 2 8,054 17,718 9.8 24.0 508 L.-%} 12 a2
1573 4002 038 o 7.888 7.728 [ 2] s 98 “s 178 “3
1,604 4211 9,478 %1 s 498 18,309 [ ] 229 318 484 149 444
1,753 4360 w1602 1,00 9,158 18,620 2.4 us 46 482 173 430
1804 4382 10327 1,133 8.994 18.362 98 29 552 49.0 78 433
1826 4469 9991 1.003 8.988 18,316 100 244 54.5 48.1 1’3 4“7
2.066 4915 10004 948 0,087 18,685 1 26.3 537 48.6 206 400
2111 5056 1105 1.048  10.057 19,044 1.1 266 583 528 19.0 455
1,915 5058 11104 1.053 10,0514 18375 104 275 60.4 54.7 173 45.8
2207 4956 10926 837 9.939 19,182 ns 258 570 518 202 454
2.351 5407 11849 998 10.651 19.468 121 278 538 54.7 202 404
2,486 5247 11002 780 10.252 19,247 128 27.9. 57.0 5.0 5 4786
4753 10499 853 9.636 18.895 12.6 252 556 510 yeR) 453

5,181 10,861 851 10.011 19,188 114 27.0 566 52.2 202 417

4837 10860 782 10,078 18,673 1S 259 58.2 54.0 198 4.5

4560 10258 853 9,365 19.419 109 235 528 48.2 0.6 445

4,905 10,708 43 0,784 18,917 113 2359 566 316 199 458

4819 10424 896 9.529 19,029 1.2 253 548 501 204 45.2

5110 10650 56 0.8%4 19.107 125 %7 587 51.8 224 40.0

5109 10,658 764 9.004 19,497 4.4 26.2 54.7 507 26.) 479

5679 11618 1,196 10422 19.182 18 297 60.7 54.4 27 489

5079 1151 ”ns 10.596 18,705 133 272 6515 568 .5 441

5040 11160 907 10.253 19.836 13 254 56.3 (304 2.2 452

5016 11697 918 10.779 19.820 122 25.3 59.0 544 20.8 429

5137 11,142 902 10.240 20,093 125 255 55.5 51.0 2.6 461

4825 10.657 .. 9.768 19.483 126 248 547 501 231 453

4645 10595 944 9.651 19,863 125 24 533 486 234 438

4431 1003 950 9.083 19.087 122 232 526 476 233 442

4564 10,068 1.0 8,035 20,498 114 23 491 431 232 453

4953 190852 940 .92 19,519 126 258 5356 308 227 458

4115 9795 1.006 8.78% 18.592 "0 21 527 413 208 420

4653 10396 a70 9.526 19296 17 241 539 49.4 217 4“8

5013 10768 1,159 9,609 19.064 15 263 56.5 $0.4 203 466

5,087 11,091 1.1 09,960 18,500 127 27.3 59.7 536 2v) 457

4843 10.901 856 10.125 19,245 1.5 250 56.8 523 202 449

5517 1168 L red 10,756 19.83) 130 278 50.9 54.2 21 472

5.143 19,344 800 10,444 19.584 132 263 579 513 228 453

5851 11,849 1,072 10,778 20.224 130 89 58.6 533 23S 494

5357 11512 1,059 10,453 19.74% 43 274 583 530 245 465

5331 11,018 1292 9.726 19.704 128 F4A) 55.9 494 229 484

5174 10857 1,108 9,749 19.084 130 1Al 569 519 229 477

5,097 11017 1,038 9,992 19.368 128 263 9 sté 221 482

1999 11.Month Avernge .. 2476 4989 10,923 1) 10012 19.428 127 5.7 5.2 S1.8 27 437

1998 11-Month Aversgs .. 2,138 4337 10,730 4 2,801 10,871 "3 262 570 s 199 459

® Banrain, Wan, Vaq, Kuwesl, Gater, Ssudi Arsbis. snd the United Arad
Emirates

5 Orpenzation of Pebroleum Exporting Countries. Ses 3

Notes: » Resdory of Tadie 1.8 may be inlorested in » tore artcle,
ing Dependence on imported ON.° that was published in the August
1993 iy Energy Review. o Petrok s qude o, lesse condensale,
vfinghed ods, petoleum products, natursl gas  plam  Bquids, and
nonhydrocarbon  compounds blended nio fnshed povoleum prOOUCES.

. Bomithmb«tsn,mrmmwﬁrusvuegth
Rusorves n induded. » Annual

. {orvitnres.
1« Columa 4: Tadle 3.30. » Column 2: Teble 3.3d. «+ Columne
3-5: Tabie 3.1b. « Column 8: Table 3.1a. + Columns 7-12; Caiculaied by
Energy information Admaristration
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Figure 1.8
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Energy Consumption per Dollar of Gross Domestic Product

(Thousand Btu per Chained (1996) Dofar)

otal

Petoleumn and Natural Gas

Other Energy

1973

1975 1977 1979 1981 1983 1985

1987 1989 1991 1993 1995 1897

Table 1.9 Energy Consumption per Dollar.of Gross Domestic Product

(Seasonally Adusted at Annual Rates)

Srvergy Cansueyption Erwrgy Consumption per Dolar of COP
Putroloum O e P
L OOy Product rd Other
Maturel Gas Ermrgy* Totad (= 4] Natwal Ges Enorgy* Tool
88lon Chained .

Ouadiriion B {1008) Dolare Thoueand Bu por Chained (1996) Dotar
I9TIVeur . _.__ .. $1352 18458 *73.508 49234 139 Raas ®18.39
1974 Your . 33.407 "16.393 14000 40990 1348 a8 *18.07
1975 Yoor s2.678 ®19.304 nT2.042 40044 1290 "4v4 "s7.04
1978 Yous __ 38.520 *20.852 "reeT2 43117 1288 a7 "T.64
MWTT Your . 57.833 21000 " 412 1245 *a07 *r2
70 Your _ $7.008 A2 138 "sa123 47608 1213 "e.ns 108
1079 Your sT.709 23288 Re1.044 anyy "re "am 1850
1980 Your . $4.508 13839 "7a438 45009 1M.34 e "18.00
1981 Your . s1.8sp R24.710 "r0580 LY o ) (L5 :) "am 1328
1502 Your .. a8.73 24704 "T3440 49193 31 *s.02 "la)
1903 Your a7.41% n25.908 " 3,1323 24 *s0s "0
1984 Your 49.358 NT1.493 10972 5.3052 200 "aoe "139
198S Yoor 88 o X 7 -] R8T 87171 153 490 *13.40
1988 Yoar 48.984 " 28.181 71088 $.9124 L Fod 478 *13.07
1967 Your 50.808 ~29.024 "7 3.1133 s rars 13.03
1089 Year 2774 "30.294 " 53089 36804 s2e 476 1304
1909 Yoor 53.509 A 31092 »ch 34007 [XTIF] [ X} 470 "12.84
1990 Your 52.849 31308 “e42v4 87018 138 a8 12188
1991 Your 52482 3.1 x4 s9784 706 ey "12.62
1992 Your 33.657 31834 "gsant 83800 750 "4.83 Ar243
1993 Your . $4.660 32013 7204 7.0824 1.74 482 "12.36
1954 Your .. 35.958 " 33231 "80.909 7,3417 742 4852 *12.98
1993 Your .. 4.1 34207 "90.924 13438 152 "4 "12.03
1998 Yoor .. 3.1 3558 “9302 70132 1.8 454 "1202
1997 Your _ [VR, ] *35812 " 4307 1595 721 "4.38 1158

57.046 NA NA 8.4049 508 NA NA

sg818 NA NA 3.4855 7.04 NA NA

60.043 ~A NA 85376 7.0 NA NA

57.8698 NA NA BES4S 6.69 NA NA
8488 LX) "sas3? 85187 L2} "4 "t1.10

60773 NA A 87300 696 NA NA

00.2%5 NA A 8.7832 606 NA NA

60.280 NA NA 09058 6n? RA NA

59.634 NA NA 9.084.¢ 6.56 NA NA

80248 30 " 96901 83733 (¥, ] LYRT! "1em

60866 NA NA 0.1913 680 NA NA

51.584 NA NA 93189 6.6 ~A NA

£0.760 RA N 293895 .48 NA ~A

® Caal. rudesr slecic power, renewsbls snergy. and 4 stormge s and indep frounding + Tolsls mey nol squal sum of
Py droslectic garerstion. ol Sue i indep g+ Geograph coverage s e SO
® Bogirving in 1080, inchudes slecyicly ger by y ruclear States and the Disict of Colsmbia.

: sdimed and shown st srusl
mes. » Yeady dats may not equal sverse of uares dve 10 sessonally

Seurcas: + Energy Consurwption: Tade 14. « Crons Domestcc
Product ' $9T3-4997-U.S. Depeotnant of Commmerce. Bursev of £conomic
Antlysa, Soney of Cuvrent Busness, Noverber 1999, Tabie 38. 1998
forwars—U.S. Deparvrere of C . Buresv of € - yais, BEA
News Reieess, Decorrder 21, 2000. Tadis 3, whith is svalable sl
W bes. 00C.govibeanewy o¥ 90p 100p hin

Revised data reflect the incorporasion of additional rencwable energy data
Sce Table 1 .4 and Appendix E for further information.
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Figure 1.9

Motor Vehicle Fuel Rates

€ inchudes buses and mMoXNTythes, which are Nt shown separsisly.
¢ Inchides motorcycies,
¢ Profvinary.

Notss:

Geograghic coverage i3 the SO States and the Diatrict of Cohsntis.
Web Page: hito/iwww fhrera 0ol goviohirm.
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* T3 1994 Fodernt

y ASminswaton (FHWA}L
Hghwey Statistics Summaery 10 1995, Table VM-203A. « 1995 forward: FHWA,
Highwey Stadstics, arvwel. Table VIA-1.
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(Miles per Gallon)
25
20 Passenger Cars®
154
Vans, Pickup Trucks, and
10 - Sport Utiity Vehidles
53 Trucks
(1]
1973 1975 1977 1979 1981 1963 1985 1987 1989 1991 1983 1995 1997 1999
® includey matorcydes through 1989. -
Table 1.10 Motor Vehicle Mileage, Fuel Consumption, and Fuel Rates
Yors, Pickup Trucks,
Pussenger Cars and Bport RRRy Vahicles® Truchs® Al Motor Vahicies®
Mieage Fusl Fusl Meage Fuel Fuel WBesge Fust Fuet Mileage Fusl Fosl
{milss | Comsumption] Rate imiss | Consurmgtics Rats (mies | Consumption Rate mies | Cormumption| Rew
pur {paliors \ {milas pes por . {gallore | (mias per por {galions | [miles per por (palione {mites por
vehicle) | per } | galion) icie) { par vohicle) | pation) vehicie) | per vehicle) | galton) wvehicie) | per vehicie) | palon)
973 ‘e84 r3r %34 7 01 °s 15,570 2,178 ss 10,099 50 "
w4 an ‘e ‘938 2452 [ 11.0 14.903 2,708 ss 8493 789 120
"wrs %90 ‘sa3 40 2429 (37 105 15,987 2ra ss 0827 ™ 122
1976 L Y111 e %38 10,477 1 2] 18 13,438 2,784 ¢ 1778 308 ”t
1T Y51y ‘e LT ¢ 19807 47 12 18,700 3,002 ¢ [3 14 (17} 123
1978 99,500 ‘es3 3 10,968 43 1" 18,043 17 EX) w0.0TT [11] 124
1 %esr %520 ‘a8 10902 »s "9 18,502 1380 s »a e 128
80 %8y 9531 Y89 10437 (7] 123 19,738 2447 84 9459 2 133
w1 87 5% 58 10344 31 12 ”,0me 3,583, s3 YATY % 13
1982 %9050 9538 %189 10278 762 18 19559 3807 (¥ 2044 (11 [Z8)
198 %18 -on34 o47.¢ 10,497 787 37 1,000 Tes ss LI sss 142
0 Y24 o530 14 19,489 ke 24 140 2,550 3,967 sy 10,097 2] [7X)
s “eei 53 S91.8 10,508 738 143 20,97 3570 L %] 19,020 s 14
s %, 484 9543 314 0,784 ™ " 2,380 mn L¥ ] 10,143 [ ] 14.7
17 %20 b= %00 11,194 744 " 30 307 (X} 10,453 " 189
1930 Y9972 9531 ‘1 11,485 748 154 2,488 e s.0 190,711 [TT} 156
1989 ©10,157 9539 S0 11.67¢ 724 1% E-X - 3,778 (R} 30,992 (*T] 159
1990 10,504 020 2 11,002 ke ') 10 0,000 3,95 [X] ".997 [ 244 164
wer 10571 0 n 12,248 ™m ”e 4229 4047 .0 11,20 6 189
1992 1085 sy 1.0 12399 97 73 15373 4210 80 1"sm (T4 1.9
1993 10,804 17 05 12,430 4 174 0202 4309 [R] 11,993 3] 16.7
1984 10992 o1 07 12,158 701 s 75,500 4202 [X) 11,60 7 167
1995 11,203 00 n. 12,018 4 s 26.944 awns [R) "7 100 1“8
% 11,330 s34 na 1" s 7”32 26,082 a2 a2 .03 700 19
1997 11,50¢ s s $2.118 103 172 782 4218 64 12,107 714 170
1998 1175 44 ns 11 ro1 172 25,397 4135 [X] 1221 21 %3
1 11,830 82 na 158 Toe 11 A .03 4282 X 172208 ™ 1.9
* Inchudes & small nunber of trucks with 2 axdes and 4 tires, such ae step vare. Sources: = Passenger Care: 1996-1994: U.S. Deparyrem of Trargpontaaon,
B Singte-unit Sucks with 2 axies and 6 or Mmore tires, and cambinetion trucks. Burssu of Trersportation Stetish Netonel T, asbon Stets: 1998, Tarde

2866



Table 1.11 Heating Degree-Days by Census Division

Cumulstive
December 1 through Decermber 31 July t through December 31
Percent Change Porcent Changs
Norrraé 1999 Normat 19
Census Divistons Normal® 1999 2000 0 2000 to 2000 | Normal® 1999 2000 to 2000 fo 2000

Now England
Connectant, Maine,

Massachusetts.

Neow Hampshire,

Rhode Isiand, Vormond _...___. 1,110 960 1221 10 25 2.439 2212 2612 14 18
Widdie Atlantic
Neow Jarsey, New York,

P yivans 1,012 9500 1,180 17 k1) FAK] 1,881 2332 9 24
East North Centrad

We i 1.143 1.051 1,442 % k14 2,402 2,104 2,708 k) 24
Waest North Central
towa, Karsas,

Netrasica, North Dakota,

South Dakols _...._.o—oe 1247 1,063 1559 25 7 2.506 2222 2969 4 34

571 530 736 29 9 1,004 1,010 1327 2 N
718 668 or7 36 a7 1,380 1248 1,884 2 k]

West South Centra!
Arkansas, Louistana, .

Oklahoma. Texas T 823 460 708 36 54 an 764 1202 37 57
Mountain

idaho, Montana.

Nevada, New Mexico.

Uah. Wyoming _..........ccceeeene 950 881 231 -2 6 2145 1.868 2293 7 3
Pacific®

Washington ............—..._.... 564 $13 52¢ -7 2 1227 1,033 1264 3 n
US. Aversge®__ ... 83e 755 ”e 2 R 1.724 1,832 1.93) 7 ¥

. Wubs-dmcdob&nsd&bbnmi%!hmv\wm.

* Exciudes Alasks and Hawsii

HNotes: Degicodays ars o
used a3 an index for hestng and coodng energy TeCRA Hesting
mnmmmhudmwmwywmm

of outdoor mir por

B e mean of the maxFTm and MINSMUM BMperalures in 3 24-hour penod.
For exampla, 8 weather Station recortng an svernge daily lemperature of 40°
F would report 25 heating degree-days for et dey (ond O coolng
degree-days). 3 weather station mcOrded sn averdgs caily lempersare of
78" F. codling degroe-days for that station would be 13 (and D hesting degree

Ralis beiow 65° F. mwnmnwdmmu deys).
da’y average tornperature rises sbove 65° F. The dady 3ge temp S . See ond of section.
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Table 1.12 Cooling Degree-Days by Census Division

December 1 through December 31

Cumutstive
January 1 through December 31

Percent Change

Percent Change

Census Divisions

Normael 1999
to 2000

Normal 1999

o 2000 to 2000 to 2000

Washngton ..o ° ) 0

US. Aversged . ... - 7 H T4

)

) 20 568 369 12 -7

) 67s 823 622 ¥ ] .24

) 736 003 562 -10 -18

<) 951 w5 997 2 s

) 1,927 2,039 1,953 1 P

(<) 1.565 1747 1780 14 2

(<) 2.460 2,653 2862 16 ]

1.235 1.440 23 17

() 694 &5 736 6 12

(<) 1192 1.280 1252 s 2

3 “Normal™ is based on cakcutabons of dats from 1981 Srough 1990

¥ Excluces Alaska and Howail,

€ Pwrcent change s Nt mearsnghd: normat is ess than 100 or ratio &

incaicuiable.

Notes: Degree-days are rel ts of ould

mdnmﬁolbmwwm.wwmm
are the number of degrees that the daly aversge lemperatne

rises above 65" F. Healing degree-days are the number of Jdegrees thal the

dady average lempersiure falls below 65° F. The dady sversge tempersture
8 he mean of the MAXETWM end ARNITAWN 1eMPEratunes in 3 24-hour penod.
For example. # » westher station recorded an average dady temperalue of
T F, cooling dogree-days for that ststion would be 13 (snd 0 hesting
dogree-deys). A westher station recording an average dady temperature of
40" F would report 25 hesting degree-days for that day (9nd O cooling degroe-
days).
Sources: See end of section.
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Energy Overview Notes

1. Energy Production: Includes production of fossil
fuels (coal, dry natural gas, crude oil and lease conden-
sate, and natural gas plant liquids), nuclecar electric
power, pumped-storage hydroelectric power, and re-
ncwable energy. Renewable encrgy production is
assumed 1o be equivalent to: end-use consumption of
wood, waste, alcohol fuels, geothermal heat pump and
dircct usc encergy, and solar thermal direct use energy;
and clectric utility and nonutility net electricity genera-
tion from conventional hydroelectric power, wood,
waste, geothermal, solar, and wind. Approximate heat
contents (Btu values) are derived by using the conver-
sion factors provided in Appendix A. See Appendix E
for further information on renewable encrgy.

2. Epergy Consumption: Inciudes consumption of
fossil fuels (coal, natural gas, and peiroleum), some
secondary encrgy derived from fossil fuels (supplemen-
tal gascous fuels, coal coke net imports, and clectricity
net imports from fossil fuels), nuclear electric power,
pumped-storage hydroclectric power, and renewable en-
ergy. Renewable energy consumption includes: end-use
consumption of wood, waste, alcohol fuels, geothermal
heat pump and direct use energy, and soler thermal di-
rect use energy; clectric utility and nonutility net
clectricity gencration from conventional hydroclectric
power, wood, waste, geothermal, solar, and wind; and
net imports of electricity from hydroelectric power and
geothcrmal ecnergy. Approximate heat contents (Btu
valucs) are derived by using the conversion factors pro-
vided in Appendix A. See Appendix E for further
information on renewable energy.

3. Energy lmports: Includes imports of fossil fuels
(coal, natural gas, and petroleum, including crude oil
imported for the Strategic Petroleum Reserve), some
secondary encigy derived from fossil fuels (coal coke
imports, and electricily imports from fossil fuels), and
rencwable energy (electricity imports derived from hy-
droelectric power and gecothermal energy).
Approximate heat contents {Btu values) are derived by
using the conversion factors provided in Appendix A.
Sce Appendix E for further information on renewable
energy.

4. Energy Exports: lncludes exports of fossil fuels
(coal, natural gas, and petroleum), some secondary cn-
ergy derived from fossil fuels (coal coke exports, and
clectricity exports from fossil fuels), and renewable en-
ergy (electricity exports derived from hydroelectric
power). Approximste heat contents (Btu values) are de-
rived by using the conversion factors provided in
Appendix A. Sce Appendix E for further information
on renewable energy. :

5. Merchandise Trade Valoe: Import data presented
arc based on the customs value. That value does not in-
clude insurance and freight and is consequently lower
than the cost, insurance, and freight (CIF) value, which is
also reported by the Bureauw of the Census. All export
data, and impont data prior to 1981, are on a free along-
side ship (f.a.s.) basis.

“Balance” is exports minus imports; a positive balance
indicates a surplus trade value and a negative balance in-
dicates a deficit trade valuc. “Encrgy” includes mineral
fuels, lubricants, and related material. “Non-Encergy Bal-
ance” and “Total Merchandise™ include foreign exports
(1.¢., re-cxports) and nonmonctary gold and Department
of Defense Grant-Aid shipments. The “Non-Energy Bal-
ance” is calculated by subtracting the “Energy™ from the
“Total Merchandise Balance.”

“Imports™ consist of government and rRongovernment
shipmeats of merchandise into the 50 States, the District
of Columbia, Puerto Rico, the U.S. Virgin Islands, and
the U.S. Foreign Trade Zones. They reflect the total arri-
val from forecign countries of merchandisc that
immediately entered consumption channels, warchouses,
the Foreign Trade Zones, or the Strategic Petroleum Re-
serve. They exclude shipments between the United
States, Puerto Rico, and U.S. possessions, shipments to
U.S. Armed Forces and diplomatic missions abroad for
their own use, U.S. goods returned to the United States
by its Armed Forces, and in-transit shipments.

Sources for Table 1.6

U.S. Department of Commerce, Burcau of the Census,
Foreign Trade Division:

Petroleum Exports

1974-1987: “U.S. Exports,” FT410, December issucs.
1988: “Report on U.S. Merchandise Trade, 1988 Final
Revisions.”

1989: “Report on U.S. Merchandise Trade, 1989 Revi-
sions.”

1990: “U.S. Mcrchandisc Trade, 1990 Final Report.™
1991: *U.S. Merchandise Trade, 1991 Final Report,”
May 13, 1992.

1992: “U.S. Merchandise Trade, 1992 Final Report,”
May 12, 1993.

1993: “U.S. International Trade in Goods and Scrvices,
Annual Revision for 1993.”

1994: “U.S. International Trade in Goods and Services,
Annual Revision for 1994.™

1995: “U.S. International Trade in Goods and Services,
Annual Revision for 1995."

1996: U.S. International Trade in Goods and Services,
Annual Revision for 1996."

1997: “U.S. International Trade in Goods and Services,
Annual Revision for 1997."

1998: “U.S. Inlermational Trade in Goods and Scrvices,
Annual Revision for 1998."

1999 and 2000: “U.S. International Trade in Goods and
Services,” FT-900, monthly.
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Petroleum Imports

1974-1987: “U.S. Merchandise Trede,” FT900, De-
cember issues, 1975-1988.

1988: “Report on U.S. Merchandise Trade, 1988 Final
Revisions.”

1989: “Report on U.S. Merchandise Trade, 1989 Revi-
sions.”

1990: *“U.S. Merchandise Trade, 1990 Final Report.™
1991: “U.S. Merchandise Trade, 1991 Final Report,”
May 13, 1992, and “U.S. Mcrchandise Trade, October
1992, December 17, 1992, page 3.

1992: “U.S. Merchandise Trade, 1992 Final Report,”
May 12, 1993.

1993: “U.S. Merchandise Trade, 1992 Final Report,”
May 12, 1994.

1994: "U.S. Intemational Trade in Goods and Services,
Annual Revision for 1994

1995: “U.S. Intemational Trade in Goods and Services,

Annual Revision for 1995."
1996: “U.S. Intemational Trade in Goods and Services,
Annual Revision for 1996."
1997: “U.S. International Trade in Goods and Services,
Annusl Revision for 1997.7
1998: “U.S. International Trade in Goods and Services,
Annuval Revision for 1998.”
1999 and 2000: “U.S. International Trade in Goods and
Services,” FT-900, monthly.

Energy Exports and Imports

1974-1987: U.S. mcrchandisce trade press releases and
database printouts for adjustments. :

1988: January-July, monthly FT-900 supplement, 1989

issucs. August-December, monthly FT-900, 1989 is-

sues.

1989: Monthly FT-900, 1990 issucs. )
1990: “U.S. Mcrchandisce Trade, 1990 Final Report.”
1991: “U.S. Merchandise Trade, 1991 Final Report,”
May 13,1992, and “U.S. Merchandise Trade, Octlober
1992," December 17, 1992, page 3. ‘

1992: “U.S. Merchandise Trade, 1992 Final Report,”
May 12, 1993,

1993: “U.S. Intemational Trade in Goods and Services,
Annual Revision for 1993.”

1994: “U.S. International Trade in Goods and Services,
Annual Revision for 1994."

1995: “U.S. Intemational Trade in Goods and Services,
Annual Revision for 1995."

1996: “U.S. International Trade in Goods and Services,
Annual Revision for 1996.”

-1997: “U.S. International Trade in Goods and Services,

Annual Revision for 1997.”
1998: “U.S. International Trade in Goods and Services,

Annual Revision for 1998."
1999 and 2000: “U.S. Intemational Trade in Goods and
Services,” FT-900, monthly.

Petrolesm, Energy, and Non-Energy Balances
Calculated by the Energy Information Adminisiration.

Total Merchandise

1974-1987: U.S. merchandise trade press relcases and
database printouts for adjusiments.

1988: “Rcport on U.S. Merchandise Trade, 1988 Final
Revisions,” August 18, 1989.

1989: “Report on U.S. Merchandise Trade, 1989 Revi-
sions,” July 10, 1990.

1990: “U.S. Merchandise Trade,. 1990 Final Report,”
May 10,199], and “*U.S. Merchandise Trade, December
1992,” February 18, 1993, page 3.

1991: “U.S. Merchandise Trade, 1992 Final Report,”
May 12, 1993.

1992: “U.S. Internationa! Trade in Goods and Scrvices,
Annual Revision for 1994.”

1993 and 1994: “U.S. International Trade in Goods and
Services, Annual Revision for 1995."

1995 and 1996: “U.S. International Trade in Goods and
Services, Annual Revision for 1996

1997 and 1998: “U.S. Interpational Trade in Goods and
Services, Annual Revision for 1998

1999 and 2000: “U.S. International Trade in Goods and
Services,” FT-900, monthly.

Sources for Tables 1.11 and 1.12

There are scvera) degree-day databases maintained by the

National Oceanic and Atmospheric Administration. The

information publisbed here is developed by the National .
Weather Service Climate Analysis Center, Camp Spnings,

MD. The dats arc available weekly with monthly sum-

marics and are based on mcan daily temperatures

recorded at about 200 major weather stations around the

country. The temperaturce information recorded at those

wecather stations is uscd to calculate statcwide degree-day

averages based on population.

The State figures are then aggregated into Census Divi-

" sions and into the national average. The population -

weights currently used represent resident State popula-
tion data estimated for 1990 by the U.S. Department of
Commecrce, Burcau of the Census. The data provided
herc arc’available sooner than the Historical Climatology
Series 3-1 (hcating degrec-days) and 5-2 (cooling
degree-days) developed by the National Climatic Data
Center, Asheville, NC, which compiles data from some
8,000 weather stations.
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U.S. DEPARTMENT OF ENERGY
NATIONAL PETROLEUM COUNCIL

NATURAL GAS BRIEFING PARTICIPANTS
March 27, 2001

U.S. DEPARTMENT OF ENERGY
Robert S. Kripowicz, Acting Assistant Secretary, Fossil Energy, u. S. Department of Energy

NATIONAL PETROLEUM COUNCIL
Edward J. Gilliard, Senior Advisor, l;f]anning and Acquisitions, Burlington Resources, Inc.

John S. Hull, Director, Energy Market Aﬁalysis, Texaco Natural Gas
Paul L. Kelly, Senior Vjce President, flowan Companies, Inc.,

Marshall W. Nichols, Executive Director, National Petroleum Com'x-ncil

Thomas B. Nusz, Vice President, Acquisitions, Burlington Resources, Inc.
Blaise N. Poole, Manager, Marketing and Strategy, El Paso.Gas Sprvxces Company

Bryon S. Wright, Vice President, Strategy, El Paso Corporanon
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BACKGROUND INFORMATION ON THE NATIONAL PETROLEUM COUNCIL

In May 1946, the President stated in a letter to the Secretary of the Interior that he had
been impressed by the contribution made through government/industry cooperation to the
success of the World War Il petroleum program. He felt that it would be beneficial if this close
relationship were to be continued and suggested that the Secretary of the Interior establish an
industry organization to advise the Secretary on oil and natural gas matters.

Pursuant to this request, Interior Secretary J. A. Krug established the National Petroleum
Council (NPC) on June 18, 1946. In October 1977, the Department of Energy was established
and the Council was transferred to the new department.

The purpose of the NPC is solely to advise, inform, and make recommendations to the
Secretary of Energy on any matter requested by the Secretary, relating to oil and natural gas or
the oil and gas industries. Matters that the Secretary would like to have considered by the
Council are submitted in the form of a letter outlining the nature and scope of the study. The
Council reserves the right to decide whether it will consider any matter referred to it.

Examples of recent studies undertaken by the NPC at the request of the Secretary include:

U.S. Arctic O1l & Gas (1981)

Environmental Conservation - The Oil & Gas Industries (1982)

Third World Petroleum Development: A Statement of Principles (1982)

Petrolenrm Inventories and Storage Capacity (1983, 1984)

Enhanced Oil Recovery (1984)

The Strategic Petroleum Reserve (1984)

U.S. Petroleum Refining (1986)

Factors Affecting U.S. Oil & Gas Outlook (1987)

Integrating R&D Efforts (1988)

Petroleum Storage & Transportation (1989)

Industry Assistance to Government — Methods for Providing Petroleum Industry Experlise
During Emergencies (1991)

Short-Term Petroleum Qutlook — An Examination of Issues and Projections (1991)

Petroleum Refining in the 1990s — Meeting the Challenges of the Clean Air Act (1991)

The Potential for Natural Gas in the United States (1992)

U.S. Petroleum Refining ~ Meeting Requirements for Cleaner Fuels and Refineries (1993)

The Oil Pollution Act of 1990: Issues and Solutions (1994)

Marginal Wells (1994)

Research, Development, and Demonstration Needs of the Oil and Gas Industry (1995)

Future Issues ~ A View of U.S. Oil & Natural Gas to 2020 (1995)

Issues for Interagency Consideration — A Supplement to the NPC’s Report: Future Issues —
A View of U.S. Oil & Natural Gas to 2020 (1996)

. U.S. Petroleum Product Supply—Inventory Dynamics (1998)

Meeting the Challenges of the Nation’s Growing Natural Gas Demand (1999)

. U.S. Petroleum Refining—Assuring the Adequacy and Affordability of Cleaner Fuels (2000).

s o 8 ¢ & 0 0 0 ¢ ¢ @

The NPC does not concern itself with trade practices, nor does it engage in any of the
usual trade association activities. The Council is subject to the provisions of the Federal
Advisory Committee Act of 1572.

Members of the National Petroleum Council are appointed by the Secretary of Energy and
represent all segments of the oil and gas industries and related interests. The NPC is headed by
a Chair and a Vice Chair, who are elected by the Council. The Council is supported entirely by
voluntary contributions from its members.
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NATIONAL PETROLEUM COUNCIL

MEMBERSHIFP

2000/2001

Jacob Adams
President
Arctic Slope Regional Corporation

Robert O. Agbede
President and

Chief Executive Officer
Advanced Technology Systems, Inc.

George A. Alcom
President

Alcorn Exploration, Inc.
2000 Post Oak Boulevard

Benjamin B. Alexander
President
Dasco Energy Corporation

Conrad K. Allen

Vice President

National Association of Black Geologists
and Geophysicists

Robert }. Allison, Jr.
Chairman and

Chief Executive Officer
Anadarko Petroleum Corporation

Robert O. Anderson
Roswell, New Mexico

Philip F. Anschutz
President
The Anschutz Corporation

Gregory L. Armstrong
President and

Chief Executive Officer
Plains Resources Inc.

Robert G. Armstrong
President ‘
Armstrong Energy Corporation

O. Truman Amold

Chairman of the Board, President
and Chief Executive Officer

Truman Armold Companies

Ralph E. Bailey
Chairman and

Chief Executive Officer
Xpronet Inc.

D. Euan Baird
Chairman, President and
. Chief Executive Officer
Schiumberger Limited

William W. Ballard
President
Ballard Petroleum, L.L.C.

William J. Barrett
Chairman and

Chief Executive Officer
Barrett Resources Corporation

Gonzalo Barrientos
State Senator
The Senate of

The State of Texas

Michael L. Beatty
Michael L. Beatty & Associates

Riley P. Bechtel
Chairman and

Chief Executive Officer
Bechtel Group, Inc.

David W. Biegler
President and

Chief Operating Officer
XU

Peter I. Bijur
Retired Chairman of the Board
Texaco Inc.
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NATIONAL PETROLEUM COUNCIL

M. Frank Bishop

Executive Director

National Assodation of
State Energy Officials

Carl E. Bolch, Jr.
Chairman and

Chief Executive Officer
Racetrac Petroleum, Inc.

John F. Bookout

Chairman, President and
Chief Executive Officer

Contour Energy Co.

Charles T. Bryan
President and

Chief Executive Officer
DeGolyer and MacNaughton Inc.

Carl Burhanan
President
Qasis Aviation, Inc.

Victor A. Burk
Managing Partner
Global Energy & Utilities
Arthur Andersen, L.L.P.

Frank M. Burke, Jr.
Chairman and

Chief Executive Officer
Burke, Mayborm Company, Ltd.

Charles William Burton
Partner
Jones, Day, Reavis & Pogue

Kar] R. Butler
President and

Chief Executive Officer
ICC Energy Corporation

George Campbell, Jr.

President

The Cooper Union for the
Advancement of Science and Art

Philip J. Carroll
Chairman and

Chief Executive Olfficer
Fluor Corporation

-2-

R. D. Cash
Chairman and

Chief Executive Officer
Questar Corporation

Robert B. Catell
Chairman and

Chief Executive Officer
KeySpan Energy

Clarence P. Cazalot, Jr.
President
Marathon Oil Company

Paul W. Chellgren
Chairman of the Board and
Chief Exceutive Officer

Ashland Inc.

Danny H. Conklin
Partner
Philcon Development Co.

Luke R. Corbett
Chairman and

Chief Executive Officer
Kerr-McGee Corporation

Michael B. Coulson
President
Coulson Oil Co.

Gregory L. Craig
President
Cook Inlet Energy Supply

Hector J. Cuellar
Managing Director :
Area/Industries Manager
Bank of America

William A. Custard
President and

Chief Executive Officer
Dallas Production, Inc.

Robert Darbelnet
President and

Chief Executive Officer
AAA

George A. Davidson, }Jr.
Retired Chairman
Dominion Resources, Inc.
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NATIONAL PETROLEUM COUNCIL

Claiborne P. Demning
President and

Chief Executive Officer
Murphy Oil Corporation

Cortlandt S. Dietler
President and

Chuef Executive Officer
TransMontaigne Oil Company

David F. Dom
Chairman Emeritus
Forest Oil Corporation

John G. Drosdick
Chairman, President and

Chief Executive Officer
Sunoco, Inc.

Archie W. Dunham
Chairman, President and

Chief Executive Officer
Conoco Inc.

W. Byron Dunn
President and

Chief Executive Officer
Lone Star Steel Company

Daniel C. Eckermann
President and

Chief Executive Officer
LeToumeau, Inc.

James W. Emison
Chairman and

Chief Executive Officer
Western Petroleum Company

Ronald A. Enickson
Chief Executive Officer
Holiday Companies -

Sheldon R. Erikson

Chairman of the Board, President
and Chief Executive Officer

Cooper Cameron Corporation

John G. Farbes
President
Big Lake Corporation

Thomas L. Fisher
Chairman, President and

Chief Executive Officer
Nicor Inc.

William L. Fisher

Leonidas T. Barrow Chair in
Mineral Resources

Department of Geological Sciences

Uruversity of Texas at Austin

James C. Flores

Chairman, President and
Chief Executive Officer

Sable Minerals, Inc.

Douglas L. Foshee
President and

Chief Executive Officer
Nuevo Energy Company

Joe B. Foster
Non-executive Chairman .
Newfield Exploration Company

Robert W_Fni
Director .

~ The Nah‘or\avl Museum of

Natural History
Smithsonian Institution

J.E. Gallegos

Attomey
Energy & Environmental Law
Gallegos Law Firm

Jean Gaulin
Chairman, President and
Chief Executive Officer
Ultramar Diamond Shamrock Corp.

Murry S. Gerber
President and

Chief Executive Officer
Equitable Resources

James A. Gibbs
President
Five States Energy Company

Rufus D. Gladney
Chairman
American Association of Blacks in Energy .

Alfred R. Glancy 1l

Chairman, President and
Chief Executive Officer

MCN Energy Group Inc.
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NATIONAL PETROLEUM COUNCIL

Bruce C. Gottwald Roy M. Huffington
Chairman and Chairman of the Board and
Chief Executive Officer Chief Executive Officer

Ethyl Corporation Roy M. Huffington, Inc.
S. Diane Graham Ray L. Hunt
Chairman and Chaxrmfm of the Board
Chief Executive Officer Hunt Oil Company
STRATCO, Inc.
James M. Hutchison
i t
Frederic C. Hamulton ;’;Lersrlg:ecr)\ Inc
Chairman . ’
The Hamilton Companies Frank J. larossi
. Chairman and
Christine Hansen Chief Executive Officer
Executive Director American Bureau of Shipping &
Interstate Oil and Gas Affiliated Companies

Compact Commission
Eugene M. Isenberg

Michael F. Harness Chairman and
President Chief Executive Officer
Osyka Corporation Nabors Industries, Inc.
Angela E. Harrison . A.V.]Jones, Jr.
Chairman and Chatrman
Chief Executive Officer Van Operating, Ltd.
WELSCO, Inc.
Jon Rex Jones
Timothy C. Headington Chairman
President/Owner EnerVest Management Company, L. C.
Headington Oil Company
Jerry D. Jordan
john B. Hess President
Chairman of the Board and Jordan Energy Inc.
Chief Executive Officer
Amerada Hess Corporation Fred C. Julander
President :
Jack D. Hightower ‘ Julander Energy Company
Chairman of the Board, President
and Chief Executive Officer Robert Kelley
Pure Resources, Inc. Chairman

Noble Affiliates, Incorporated

Jerry V. Hoffman Bernard J. Kenned
Chairman, President and Ch:‘i:na]n aﬁ:jm Y

Chief Executive Officer - Chief Executive Officer

Berry Petroleum Company National Fuel Gas Company
R Earl Holding " Richard D. Kinder
President and Chairman and
Chief Executive Officer Chief Executive Officer
Sinclair O1l Corporation Kinder Morgan Energy Partners, L.P.
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Harold M. Korell
President and

Chief Executive Officer
Southwestern Energy Company

Fred Krupp
Executive Director
Environmental Defense Fund

Susan M. Landon
Petroleum Geologist

Kenneth L. Lay
Chairman of the Board
Enron Corp.

Stephen D. Layton
President
E&B Natural Resources

Virginia B. Lazenby
Chairman and

Chief Executive Officer
Bretagne G.P.

Lila Leathers
President and

Chief Executive Officer
Leathers Oil Co.

David L. Lemmon
President and

Chief Executive Officer
Colonial Pipeline Company

David ]. Lesar

Chairman of the Board, President
and Chief Executive Officer

Halliburton Company

John H. Lichtblau
Chairman and
Chief Executive Officer
Petroleum Industry Research
Foundation, Inc.

Daniel H. Lopez

President

New Mexico Institute of
Mining and Technology

Thomas E. Love
Chairman and

Chief Executive Officer
Love’s Country Stores, Inc.

William D. McCabe
Director of Energy Services
Coundil of Energy Resource Tribes

Ferrell P. McClean
Managing Director
J. P. Morgan & Co. Incorporated

S. Todd Machn

Group Executive
Global Energy

Chase Manhattan Bank

Cary M. Maguire
President
Maguire Oil Company

Robert A. Malone
Regional President for the
Western United States

BP Amoco p.lc.

Timothy M. Marquez
President and

Chief Executive Officer
Venoco, Inc.

Frederick R. Mayer
Chairman
Captiva Resources, Inc.

F. H. Merelli
Chairman and
Chief Executive Officer
Key Production Company, Inc.

C. John Miller
Chief Executive Officer
Miller Energy, Inc.

Steven L. Miller
Chairman, President and

Chief Executive Officer
Shell Oil Company

Claudie D. Minor, Jr.
President and

Chief Executive Officer
Premier Energy Supply Corp.

George P. Mitchell
Chairman of the Board and
Chief Executive Officer

Mitchell Energy and Development Corp.
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Mark E. Monroe
President and

Chief Executive Officer
Louis Dreyfus Natural Gas

Herman Mormis, jr.
President and
Chief Executive Officer

Memphis Light, Gas & Water Division

James ]. Mulva

Chairman of the Board and
Chief Executive Officer

Phillips Petroleurn Company

John Thomas Munro

President

Munro Petroleum &
Terminal Corporation

Mark B. Murphy
President
Strata Production Company

Gary L. Neale
Chairman, President and

Chief Executive Officer
NiSource Inc.

J. Larry Nichols
President and

Chief Executive Officer
Devon Energy Corporation

René O. Oliveira

State Representative

The House of Representatives of
The State of Texas

David J. O'Reilly

Chairman of the Board and
Chief Executive Officer

Chevron Corporation

C. R. Palmer

Chairman of the Board, President
and Chief Executive Officer

Rowan Companies, Inc.

Mark G. Papa
Chairman and

Chief Executive Officer
EOG Resources, Inc.

Paul H. Parker
Vice President
Center for Resource Management

Robert L. Parker, Sr.
Chairman of the Board
Parker Drilling Company

Howard Paver
President and
General Manager
BHP Petroleum {Americas) Inc.

L. Frank Pitts
Owmer
Pitts Energy Group

Richard B. Priory
Chairman and

Chief Executive Officer
Duke Energy Corporation

Caroline Quinn
President
Farrar Oil Company

Daniel Rappaport
Chairman of the Board
New York Mercantile Exchange

Edward B. Rasmuson
Chairman of the Board and
Chief Executive Officer

National Bank of Alaska

Lee R. Raymond

Chairman, President and
Chief Executive Officer

Exxon Mobil Corporation

John G. Rice
President and

Chief Executive Officer
GE Power Systems

Corbin ). Robertson, jr.
President
Quintana Minerals Corporation

Robert E. Rose
Chairman, President and

Chief Executive Officer
Globa! Marnne Inc.
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Henry A. Rosenberg, Jr.
Chairman of the Board and
Chief Executive Officer
Crown Central Petroleum Corporation

A. R. Sanchez, Jr.
Chairman of the Board and
Chief Executive Officer

Sanchez-O'Brien Oil and Gas Corporation

Robert Santistevan

Director

Southern Ute Indian Tribe
Growth Fund

S. Scott Sewell
President
Delta Energy Management, Inc.

Bobby S. Shackouls

Chairman, President and
Chief Executive Officer

Burlington Resources

Donald M. Simmons
President .
Simmons Royalty Company

Matthew R. Simmons
President
Simumons and Company International

Arlie M. Skov
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NATIONAL PETROLEUM COUNCIL

An Oil and Natural Gas Advisory Committee to the Secretary of Energy

1625 K Street, N.W. Phone: (202) 3936100
Washington, D.C. 20006-1656 Fax: (202) 331-8539

December 15, 1999

Dear Mr. Secretary,

On behalf of the members of the National Petroleum Council, I am pleased to
submit to you the results of the 1999 study on natural gas, entitled Meeting the Challenges
of the Nation’s Growing Natural Gas Demarid. The objective for the st'udy was to provxde
the requested advice on the potential contribution of natural gas in meeting the nation’s
future economic, energy, and environmental goals.

The Council is pleased to report that natural gas can make an important
contribution to the nation’s energy portfolio well into the twenty-first century. Demand
for natural gas will continue to increase as economic growth, environmental concems,
and the restructuring of the electricity markets encourage the use of natural gas. More
than 14 million new customers will be connected to natural gas supply by 2015 and
many more will find their growing electricity needs met by gas-fired generators.

Pjﬂ The estimated natural gas resource base is adequate to meet this increasing

demand for many decades, and technological advances continue to make more of thos
resources technically and economically available. However, realizing the full potential
for natural gas use in the United States will require focus and action on certain critical
factors. These factors include:

Access to resources and rights-of-way

Continued technological advancements

Financial requirements for developing new supply and infrastructure
Availability of skilled workers

Expansion of the U.S. drilling fleet

Lead times for development

Changing customer needs.

Each of these factors can be positively influenced, but government, industry, and other
stakeholders must act quickly, cooperatively, and purposefully to ensure the availability
of competitively priced natural gas.

The National Petroleum Council stands ready to work with government to
further discuss the results of this report and to unplement the recommendations in order
to meet the nation’s growing gas demand.

Respectfully submitted,

. ' . oe B. Foster

NPC Chair
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The National Petroleum Council is
pleased to report to the Secretary of Energy
that, given immediate focus on key issues,
natural gas can make an important contribu-
tion to the nation’s increasing energy needs
and its environmental goals through 2015 and
beyond. The natural gas industry has evolved
into a competitive industry offering its
expanding and reliable services on a nation-
wide basis. Between 1990—the reference
point for the 1992 NPC report—and 1998, total
U.S. gas consumption grew from 19.3 trillion
cubic feet (TCF) to an estimated 22 TCF and
continues to represent approximately a quar-
ter of the nation’s fuel needs. Using the study
methods described in this report, the Council
concludes that gas demand is likely to
increase to 29 TCF in 2010 and could increase
beyond 31 TCF in 2015. Further, the resource
base exists to support the indicated levels of
future demand and adequate gas supplies can
potentially be produced to meet that market.
The additional supply required can be
brought to market at competitive prices
through an expanded network of pipeline,
storage, and distribution faciliies. However,
the Council recognizes that meeting the signif-
icant challenges that accompany such vigor-
ous market growth will require strenuous
effort by the industry and substantial support
on key issues by the government.

The initial impetus for the current st.udy
(hereinafter referred to as “the 1999 Study”)
came from a letter dated May 6, 1998, in

Foreword

which then-U.S. Energy Secretary Federico
Pefa requested the National Petroleum
Council to:

Reassess its 1992 report [Potential for
Natural Gas in the United States] tak-
ing into account the past five years’
experience and evolving market
conditions that will affect the poten-
tial for natural gas in the United
States to 2020 and beyond. Of par-
ticular interest is the Council’s
advice on areas of Government poli-
¢y and action that would enable
natural gas to realize its potential
contribution toward our shared eco-
nomic, energy, and environmental
goals.

In making his request, the Secretary
noted that “at least two major forces ... are
beginning to take shape which will profound-
ly affect energy choices in the future — the
restructuring of electricity markets and grow-
ing concerns about the potentially adverse
consequences that using higher carbon-
content fuels may have on global climate
change and regional air quality.” Further, the
Secretary stated that “For a secure energy
future, Government and private sector deci-
sion makers need to be confident that indus-
try has the capability to meet potentially sig-
nificant increases in future natural gas
demand.” (See Appendix A for this letter and

2920
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Secretary Bill Richardson’s follow-up letter
expressing his interest in receiving the
Coundil’s advice on these matters.)

To respond to this request, the Council
established a Committee on Natural Gas
under the Chairmanship of Peter 1. Bijur,
Chairman of the Board and Chief Executive
Officer, Texaco Inc. T. }. Glauthier, Deputy
Secretary of Energy, served as the
Committee’s Government Cochair, with
H. Leighton Steward, Vice Chairman of
the Board, Burlington Resources, Inc., and
William A. Wise, President and Chief

Executive Officer, El Paso Energy Corp., serv- .

ing as Vice Chairs for Supply and for
Transmission & Distribution, respectively. The
Committee was assisted by a Coordinating
Subcommittee, chaired by Rebecca B. Roberts,
Strategic Partner, Global Alignment, Texaco
Inc.,, with Robert S. Kripowicz, Principal
Deputy Assistant Secretary, Fossil Energy,
U.S. Department of Energy, serving as
Government Cochair. (Appendix B contains
the Committee roster along with the rosters of
its Coordinating Subcommittee and three Task
Groups on Demand, Supply, and Transmission
& Distribution.)

Key Differences from 1992

The Secretary was correct in noting that
the U.S. energy markets have changed signifi-
cantly since the 1992 NPC study on natural
gas (hereinafter referred to as “the 1992
Study”). The US. economy is growing more
rapidly than was anticipated in 1992, and with
that growth has come a higher natural gas
demand than was expected. Environmental
regulations that favor natural gas consump-
tion are more firmly in place than in 1992 and
environmental restrictions on fossil fuel-
buming facilities are increasingly stringent. In
fact, gas demand has grown at a rate that
exceeds even the most robust scenario project-
ed in the 1992 Study. Continued economic
growth as well as concerns about air quality
and climate change favor the continued
expansion of natural gas demand.

Since 1992, the gas industry has under-
gone a significant restructuring. The primary
impetus came.- from Federal Energy
Regulatory Commission (FERC) regulations,
which over time have converted interstate
pipelines from sellers and transporters of nat-

2

ural gas to solely transporters. State regula-
tors and local distribution companies (LDCs)
are moving toward a similar result in many
jurisdictions. This restructuring has driven
changes in roles and risks for industry partia-
ants because a number of market functions
and obligations formerly managed under the
auspices of the LDCs and pipelines must now
be accepted and carried out by other market
participants. Since the 1992 Study, new mar-
ket structures—market hubs/centers, futures
trading for natural gas, and a capacity release
market (a secondary pipeline capacity mar-
ket)—have either developed or matured.
Other finanaal tools have been developed to
reduce the risk of price change to buyers and
sellers over extended time periods. In short,
the gas market has become highly efficient
and sophisticated, with numerous participants
ensuring competitive prices. Increased confi-
dence in the functionality of the gas market
and in competitive gas prices has played a sig-
nificant role in increasing gas demand.

The industry has benefited from remark-
able progress in technology in areas that were
not fully anticipated in 1992. For example,
three-dimensional (3D) imaging now allows
scientists to virtually “see” underground rock
formations in graphic detail and to reduce
drilling risk by more accurately predicting
locations for hydrocarbon deposits. Progress
in 3D and 4D seismic technology, in conjunc-
tion with imaging technology, has allowed
producers to spot small hydrocarbon accumu-
lations. Improved drilling techniques enable
production companies to more precisely hit
drilling targets and accomplish difficult
maneuvers such as drilling a vertical well,
turming a corner, and then drilling horizon-
tally over five miles. New technology now
allows producers to access supply in ocean
waters that are more than a mile deep. These
improvements, along with many more, have
resulted in significant reserve additions and
prospects of new production in areas that
were once considered physically or economi-
cally unreachable.

Technological progress has also been evi-
dent in the transmission and distribution seg-
ments of the industry and has contributed to a
steady and significant decline in transmission
and distribution charges since the mid-1980s.
Technological advances have taken place in
areas such as gas measurement, pipeline mon-

(
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toring, compression, and storage manage-
LCinent. The dramatic improvements in infor-
¥ mation and communications technology have
- contributed to more efficient data manage-
ment systems that support marketing activi-
. es and capacity scheduling. New end-use
gas technologies, such as higher efficiency res-
idential furnaces, natural gas cooling, and
combined cycle power plants, confinue to
offer consumers higher efficiency. lower costs,
and cleaner energy.

Although market confidence has grown
and technology has improved the state of the
industry, recent events have led to questions
about the industry’s ability to meet the
demand growth potential. The downtum in
world oil prices between late 1997 and early
1999 dealt a heavy blow to the exploration
and production sectors of the U.S. gas indus-
try, particularly to the oilfield supply/ser-
vice contractors and the independent pro-
ducers who supply over half of the nation’s
natural gas needs. Industry participants
experienced an extended period of poor eco-
nomic returns and, fearing a repeat of the
1984-89 depression in the industry, respond-

r ed with significant downsizing and cutbacks
in spending. Investment capital for develop-
ing new production, which for most industry
participants is highly dependent on cash
flow from crude oil and gas sales, declined
dramatically in 1999. As a result, new sup-
ply development in the United States has
slowed considerably. Although oil prices
have now rebounded, these events have
highlighted the boom and bust nature of the
business and have made industry partici-
pants and investors very cautious.

Several other trends highlight the chal-
lenges that could impact the future of gas pro-
duction and delivery. The broadening and
extension of moratoria have reduced access to
a portion of the nation’s natural gas resource
base. The economic hardship experienced by
the oilfield supply/service sector has limited
construction of rigs and other infrastructure,
giving rise to questions on the industry’s abili-
ty to respond to future drilling needs.
Decreased spending on research and develop-
. ment raises concerns regarding future techno-

logical breakthroughs. Continued cutbacks
and layoffs impair the industry’s ability to
attract new employees.

While these issues are significant, the
Council wishes to emphasize that the industry
has successfully met difficult challenges in the
past and has proved to be resilient and
resourceful. Each of the challenges identified
in this study can be met if immediate, cooper-
ative, and focused actions are taken by the
industry and the government.

Approach to the 1999 Study

In conducting the 1999 Study, the NPC
Committee on Natural Gas and its
Coordinating Subcommittee and three Task
Groups developed projections for gas

" demand, gas supply, and transmission and

distribution. The primary focus of the 1999
Study was to test supply and delivery systems
against significantly increased demand. Asin
the case of the 1992 Study, the Committee on
Natural Gas selected Energy and En-
vironmental Analysis, Inc. (EEA) to run
econometric models for the analysis. The
Coordinating Subcommittee and its Task
Groups provided data and assumptions to
EEA for inclusion in the development of a
Reference Case for the focus period of 1999 to
2010. The assumptions used in the Reference
Case represent a plausible view of the future
and were selected with full understanding
that, in reality, each could vary significantly.
Each of the Task Groups developed sensitivity
analyses to test the Reference Case through
2010 and to develop an extended view
through 2015. The results of the Reference
Case and the sensitivity analyses form a
framework for better understanding the fac-
tors that influence supply and demand bal-
ances. This approach was particularly useful
in exploring the potential range of outcomes
beyond 2010, a point at which uncertainties in
assumptions begin to escalate. Throughout
this report, data are reported for the focus
period of 1939 to 2010, with an extended view
for the more uncertain period of 2011 through
2015. While the study did not attempt to
model supply and demand beyond 2015, the
issue of long-term sustainability is addressed.

The study participants focused on the
broader industry implications and dynamics
indicated by the data rather than attempt to
forecast specific end results. Issues such as
new regulations for climate change were not
examined in detail, but other factors that

3
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increase demand were specifically analyzed
and some correlations can be made. Changes
that are occurring in the areas of electricity
generation, such as distributed generation,
were not studied, but the overall impact of
increases in gas demand due to electricity gen-
eration was examined.

Results of the 1999 Study are presented in
a three-volume report as follows:

* Volume I, Summary Report, provides con-
clusions and recommendations on the
potential contribution of natural gas in

meeting the nation’s growing demand for-

energy in the residential, commercial,
industrial, and electric power generation
sectors. Also included are surnmaries of
key findings from the study’s three Task
Groups: Demand, Supply, and Trans-
mission & Distribution. Volumne I can be
viewed and downloaded from the NPC
web site, http://www.npc.org.

* Volume 1l, Task Group Reports, contains
the results of the analyses conducted by
the three Task Groups and provides fur-
ther supporting details for the conclu-
sions, recommendations, and findings
presented in Volume 1.

* Volume IO, Appendices, includes output of
the study’s computer modeling activities
as well as various source and reference
materials developed for or utilized by the
Task Groups in the course of their analy-
ses. The Council believes that these
materials will be of interest to the readers
of the report and will help them better

understand the results. The members of
the National Petroleum Council were not
asked to endorse or approve all of the
statements and conclusions contained in
Volume 111 but, rather, to approve the
publication of these materials as working
papers of the study.

Enclosed with Volume Il is a CD-ROM
containing further model output on a
regional basis. The CD also contains dig-
itized maps, which were used in assess-
ing a key critical factor—access to
resources and rights-of-way. These maps
provide a comprehensive inventory of
acreage by land-use categories associated
with related USGS gas plays for the sev-
eral key Rocky Mountain resource areas
analyzed in the 1999 NPC Study.

An outline of the full report and a form
for ordering additional copies can be found in
the back of this volume.

The National Petroleum Council believes
that the results of the 1999 Study are amply
supported by the rigorous analyses conduct-
ed by the Committee on Natural Gas and its

“subgroups. Further, the Council wishes to

emphasize that the significant growth in
demand that is projected in this study is
based on long-term trends and should not be
interpreted as a “goal” of the industry.
However, as natural gas demand continues to
expand, the natural gas industry stands ready
to work with all stakeholders to economically
develop the natural gas resources and infra-
structure necessary for continuing the
nation’s economic growth and meeting its
environmental goals.
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The emphasis on natural gas is good
news for the economy, the environment, and
society as a whole. In recent years, the United
States has enjoyed a thriving economy, which
has been driven in part by the ready availabil-
ity of energy at competitive prices. Natural
gas has played a vital role in meeting those
mergy requirements and today provides
almost a quarter of the nation’s energy portfo-
lio (Figure 1). As this study demonstrates,
natural gas can be a growing source of energy
to power our economy for many years to
come.

Actual U.S. gas demand has outpaced the
1992 Study High Reference Case projection by
more than 1 TCF over the period from 1990
through 1998 (Figure 2). The 1999 Study pro-
jects that U.S. gas demand will grow from
22 TCF (including net storage fill) in 1998 to
approximately 29 TCF in 2010 and could rise
beyond 31 TCF in 2015. Each key consump-
tion sector—residential, commercial, industri-
al, and electricity generation—will increase
(Figure 3a). However, the electricity genera-
tion sector alone will account for almost 50%
of the increase through 2010 (Figure 3b). Over
110 gigawatts of new gas-fired generation
capacity is projected to be in service by 2010,
and a total of 140 gigawatts by 2015. Natural
gas is now the preferred fuel for new electrici-
ty generation facilities, with 98% of the nearly
250 recently announced new generation proj-
ects planning to bum natural gas. This dra-
matic shift to natural gas is driven by

Conclusions

improved efficiencies, lower capital costs,
reduced construction time, more expeditious
permitting of natural gas-buming facilities,
and environmental compliance advantages.
However, the service requirements and price
sensitivity of this additional load present
many challenges to suppliers and transporters
of natural gas. :

Growth in gas demand will remain sub-
ject to changes in such key variables as growth
in the economy, price of competing fuels,
nuclear retirements, and the capacity utiliza-
tion of coal-fired electricity generation plants.
For example, if 30 gigawatts of nuclear capaci-
ty are retired rather than the 15 gigawatts
assumed in the Reference Case, demand could
increase another 0.7 TCF. If coal capacity uti-
lization remains at current levels instead of
increasing from 64% to 75% as assumed in the
Reference Case, demand could rise as much as
1.7 TCF. New environmental regulations,
beyond those that are currently scheduled for
implementation, have not been factored into
this analysis and could also further increase
natural gas demand. While this study did not
attempt to quantify the impacts of additional
environmental regulations on demand, incre-
mental increases from Kyoto-related regula-
tion were estimated in independent studies
at 2-12% by the Energy Information Ad-
ministration and 10-22% by the Edison
Electric Institute beyond their respective refer-
ence cases.
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Figure 1. Total U.S. Energy Consumption
by Primary Energy Source, 1998

7.9% Nuclear

40.7% Petroleum

Source: DOE/EIA, Monthly Enargy Review, September 1999.

23.3% Coal

24.1% Natural Gas

3.8% Hydro
0.2% Other

The role that natural gas plays in improv-
ing the nation’s envirorunent has been widely
recognized. A recent Minerals Management
Service (MMS) report, OCS Resource Man-
agement and Sustainable Development (Sep-
tember 1999), pointed out the benefits of natu-
ral gas:

Natural gas is the least polluting
fossil fuel. It is thought by many,
including the present administra-
tion, to be the fuel of the early part
of the next century that willi power
our economy into the sustainable
fuels of the later decades and
beyond. Even in the short run, con-
version of more of our fuel burning
facilities to natural gas will greatly
diminish air pollution and improve
the long run sustainability of
forests, waters, and farmlands now

being negatively affected by acid
deposition.

The MMS report also noted the following

...royalties and taxes enable govern-
ment to carry on programs which
are beneficial to the oil and gas
industry as well as society as a
whole. For example, an average of
60 percent of the collections from
Federal offshore sources {$126 bil-
lion since offshore leasing began in
1953] went into the U.S. Treasury
General Fund. Among other expen-
ditures the Government uses a por-
tion of these funds to invest in social
infrastructure, which helps make the
U.S. economy one of the most pro-
ductive in the world. One of the

DOE006-0282

regarding income from offshore resources:
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< in which some of this money is
vested is in renewable energy,
"dudmg many forms of energy

In onshore areas, federal, state, and local
nents receive royalty income and col-
taxes from natural gas production. The

revenues that are collected from these sources
allow these entities to provide essential ser-
vices expected by their citizens, such as fund-
ing for education.

This study estimates the U.S. natural gas
resource base, excluding Alaska, to be 1,466
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Figure 2. U.S. Natural Gas Demand
Comparison of 1992 and 1999 NPC Study Results
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Figure 3a. U.S. Natural Gas Demand by Sector
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Figure 3b. Growth in
‘Reference Case Demand,

1998-2010
(Distribution of 7 TCF Increase by Sector)
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Generation
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Commercial
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19%

® Historical data include all gas use for industrial cogeneration and independent power producers;
all gas for new power plants except cogeneration is included in the electricity generation sector.

Source: DOE/EIA, Natural Gas Monthly. September 1999,
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TCF (Figure 4). This total represents a net
increase of 171 TCF over the 1,295 TCF est-
mated in the 1992 Study. Taking into account
the 124 TCF that has been produced in the
lower-48 states since then, the estimate of the
resource base has increased 23% since the last
study. The increase is largely due to technolo-
gy breakthroughs that have opened new fron-

tiers such as the deepwater Gulf of Mexico
and have provided improved information and
better tools for evaluating—and more fully
recovering—resources.

U.S. gas demand will be filled with U.S.
production, along with increasing volumes
from Canada and a small, but growing, contri-
bution from liquefied natural gas (LNG)

—

Figure 4. Lower-48 Natural Gas

Resource Base Estirnates
Comparison of 1992 and 1999 NPC Study Results

1,600

1992 NPC STUDY
1.400 Bl 1999 vPC sTUDY
1,200

TRILLION CUBIC FEET

400 e
200 o
0
PROVED OLDFIELDS  NEW FIELDS NON-
RESERVES CONVENTIONAL

9

DOEQ06-0285

2928



imports (Figure 5a). Two regions—deepwater
Gulf of Mexico and the Rockies—will con-
tribute most significantly to the new supply
(Figure 5b). U.S. production is projected to
increase from 19 TCF in 1998 to 25 TCF in
2010, and could approach 27 TCF in 2015.
Deeper wells, deeper water, and nonconven-

tional sources will be key to future supply. .

For example, deepwater production (water
depths greater than 200 meters), which in 1998
provided 0.8 TCF annually, will increase to
over 4.5 TCF in 2010 (Figure 6). Onshore pro-
duction from nonconventional formations is
projected to increase by 50% from 4.4 TCF in
1998 1o almost 7 TCF in 2010, with much of it
coming from the Rocky Mountain region. By
2015, nonconventional gas production could
be approaching 9 TCF. Production is likely to
decrease in more traditional areas such as the
Gulf of Mexico shelf and onshore Louisiana,
each dropping by roughly one-third by 2015.
It is important to note that approximately 14%
of current natural gas supply is “associated,”
meaning that it is produced from oil wells.
This associated gas will continue to be an
important component of the overall supply,
particularly in deepwater Gulf of Mexico.

Imports from Canada are projected to
increase from 3 TCF in 1998 to almost 4 TCF
by 2010, continuing to represent 13-14% of
U.SS. demand. Canada’s remaining resource
base is estimated at approximately 670 TCF in
this study, down from 740 TCF in 1992. The
decrease in the estimated Canadian resource
base is due to depletion and reassessment of
the nonconventional resources. Challenges
similar to those confronting the U.S. industry
will be faced by the Canadian producers, com-
pounded by the fact that much of this gas is in
frontier areas such as the Mackenzie Delta in
far northwest Canada. Reaching this frontier
will require significant capital expenditures as
well as considerable lead times. Continued
cooperation between the United States and
Canada will be essential to ensure the timely
availability of Canadian gas.

LNG imports are projected to reach a
maximum of approximately 0.9 TCF, based on
a 75% average capacity utilization rate for
existing facilities. The assumption was made
that no additional LNG import facilities
would be built in the 1999-2015 period. Also,
the assumption was made that exports to
Mexico would reach a maximum of 0.4 TCF

10

to serve Mexico's gas demand near the US.
border.

The infrastructure required to deliver gas
to market must be optimized and expanded to
accommodate the increase in demand as well
as the changing logistics of getting new sup-

“ply to new customers. Future needs include

new pipelines to reach supplies in the frontier
regions, expansion of existing pipeline sys-
tems, new laterals to serve electricity plants,
and expansion and construction of storage
facilities to meet seasonal and peak-day
requirements. By 2015, more than 14 million
new customers will be added to the natural
gas delivery system. To serve this growing
market through 2015, over 38,000 miles of new
transmission line are projected to be needed as
well as 263,000 miles of distribution mains
and almost 0.8 TCF of new working gas stor-
age capacity.

The current delivery system (transmis-
sion, distribution, and storage) was built and
optimized over decades to meet the design
peak-day requirements of firm service cus-
tomers that were primarily residential, com-
mercial, and to a lesser extent, industrial cus-
tomers. The anticipated growth in electricity
generation demand for natural gas will
require the delivery system to be re-optimized
to meet larger off-peak swing loads as well as
peak-day requirements that will increase from
111 BCF per day in 1997 to over 152 BCF per
day in 2015. Meeting requirements of the elec-
tricity generators on a significantly larger scale
will entail changes in operational procedures,
communications, tariffs, and contracting.
Further, these changes must be accomplished
without degrading the historically reliable ser-
vice to the residential, comunercial, and indus-
trial markets.

The Council believes that an unprece-
dented and cooperative effort among industry,
govermnment, and other stakeholders will be
required to develop production from new and
existing fields and build infrastructure at suffi-
cient rates to meet the high level of demand
indicated in this study. The ability to meet the
anticipated demand hinges on addressing the
following critical factors: access, technology,
financial requirements, skilled workers,
drilling rigs, lead times, and changes in cus-
tomer requirements.

g ¢
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NOTE: Total does not net out exports to Mexico. YEAR
Figure 5b. Growth in
Reference Case Supply,
1998-2010
(Distribution of 7 TCF Increase by Source)
Gutt of
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13%
Net Imports

from Canada
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- Source of historical data: DOE/EIA, U.S. Crude Oil, Natural Gas,
- 8nd Natural Gas Liquids Reserves Annual Reports, 1990-1997.
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Figure 6. U.S. Gulf of Mexico Natural Gas Production

TRILLION CUBIC FEET

Source of historical data: PI/Dwights production reports, June 1999.
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Critical Factors
Access

Much of the nation’s resource base
resides on federal lands or in federal waters,
yet a large portion of this resource base is not

12

open to either assessment or development
(Figure 7). Two of the most promising regions
for future gas production, the Rocky
Mountains and the Gulf of Mexico, currently
have significant access restrictions. For exam-
ple. an estimated 40%—or 137 TCF—of poten-
tial gas resource in the Rockies is on federal

DOE006-0288
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land that is either closed to exploration or is
open under restrictive provisions. Another 76
TCF of resources are estimated for restricted
offshore areas in the eastern Gulf of Mexico,
the Atlantic, and the Pacific. The eastern Gulf
of Mexico is largely closed to exploration and
the limited areas that are now open are the
subject of political debate. The proposed
MMS Lease Sale 181 scheduled for December
2001 in the eastern Gulf of Mexico is the first
such sale in this area since the late 1980s, yet
only covers a small portion of the entire area.
The East Coast of the United States is com-

pletely closed to development while Canada is .

pursuing its East Coast gas resources, as
demonstrated by the recent Sable Island
development off the coast of Nova Scotia. ‘In
addition, drilling on the West Coast of the

United States also faces strong restrictions,
while offshore British Columbia is operung up
to greater exploration and production.

This study assumes that planned lease
sales for areas in the Outer Continental Shelf
(OCS) will continue on schedule and that fur-
ther restrictions will not be applied to those
lands currently open to development. These
assumptions may be optimistic in light of
recent statements by some public officials.
Further restricions would increase the chal-
lenge of meeting the projected gas demand
with cost-competitive supply. Conversely,
opening hydrocarbon-rich areas for develop-
ment would greatly improve the industry’s
potential to respond to market needs.

* Approximately 29 TCF of the Rockies gas
resources are closed to development and
108 TCF are available with restrictions.

Figure 7. Lower-48 Natural Gas Resources
Subject to Access Restrictions
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Access is also an issue for the transmis-
sion and distribution sectors of the industry as
they seek rights-of-way for pipeline facilities.
The permitting and construction processes
have become more complex over time.
Restrictions for wetlands, wildlife refuges,
and other sensitive federal and state lands
impact the routing and construction of
pipelines throughout the United States, not
just the frontier areas. Other issues arise from
the encroachment of urban development on
existing rights-of-way, heightened community
awareness of and resistance to pipeline con-
struction, and increasingly restrictive govern-
ment policies and regulations. Resolution of
these issues—which must be addressed for
each pipeline addition—is costly and time-
consuming and often results in project delays
or abandonment of projects.

Most of the access restrictions are due to
environmental concerns or multiple-use con-
flicts even though industry has made tremen-
dous improvements in reducing the “foot-
print” of exploration, production, and
transportation activities, and in maintaining
clean, sale operations. As stated in a recent
Department of Energy report, “Resources
underlying arctic regions, coastal and deep
offshore waters, sensitive wetlands and
wildlife habitats, public lands, and even cities
and airports can now be contacted and pro-
duced without disrupting surface features
above them.”} An excellent example of the
dramatic improvements in environmental
footprints can be found in Alaska where sig-
nificant efforts have been made to minimize
the impact of drilling operations on the tun-
dra. A report to the Secretary of the Interior
in 1997 by the Alaska Oil and Gas Association
stated that in the 1970s, pads for drilling
operations took up about 65 acres whereas
the pads for recent operations are now less
than 10 acres. The report further explained
that cluster drilling and extended reach
drilling enable producers to access hydrocar-
bon deposits 34 miles away from the pad,
thus greatly reducing the number of drilling
locations and associated roads and pipelines.
Lateral extensions of 18,000 feet are common
on the Alaskan North Slope today. More

Vus. Department of Energy, Office of Fossil
Energy, Environmental Benefits of Advanced Ol and Gas
Exploration and Production Technology, October 1999,

pg 13
14

recent efforts in other parts of the world have
extended the drilling reach to 5-6 miles. This
has the same effect as setting up drilling
operations on the White House lawn and
extracting hydrocarbons from beneath most

~ of Washington, D.C., and into its suburbs

(Figure 8).

Equally impressive improvements in
environmental impacts have been demon-
strated offshore, where much of the natural
gas production is associated with oil produc-
tion. As reported to President Clinton by the
Cabinet in Turning to the Sea: America’s Ocean
Future (September 1999), “Advances in tech-
nology have made offshore oil and gas pro-
duction cleaner and safer than ever. Since
1980, 6.9 billion barrels of Outer Continental
Shelf oil have been produced with a spillage
rate of less than 0.001%. Despite these
advances, however, environmental concerns
have led to congressional and executive mora-
toria since 1981, and many of our coastal areas
are now closed to new leasing through the
year 2012.”

This study has determined that access
issues, and associated environmental con-
cerns, must be addressed. Access to some
portion of the federal gas resource base cur-
rently closed or significantly restricted to
appraisal or development, as well as acquisi-
tion of rights-of-way, is essential to meeting
the projected demand with cost-competitive

gas supply.

Technology

Even though the estimated resource base
is adequate to last many decades, technologi-
cal challenges and the degree of difficulty in
reaching, evaluating, and producing the
resource base continue to escalate. The previ-
ously referenced report by the Office of Fossil
Energy of the U.S. Department of Energy?
highlights the importance of research and
development to the oil and gas industry:

In the past three decades, the
petroleum business has trans-
formed itself into a high-technology
industry. Dramatic advances in
technology for exploration, drilling
and completion, production, and

2 pid, p.1.
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site restoration have enabled the
industry to keep up with the ever-
increasing demand for reliable sup-
plies of oil and natural gas at rea-
sonable prices. The productivity
gains and cost reductions attrib-
utable to these advances have been
widely described and broadly rec-
ognized... Looking forward, the

domestic oil and gas industry will
be challenged to continue extending
the frontiers of technology. On-
going advances in E&P productivity
are essential if producers are to
keep pace with steadily growing
demand for o1} and gas, both in the
United States and worldwide.

Figure 8. Reducing Environmental Impact
with Extended-Reach Drilling

Continuing innovation will also be

needed to sustain
the industry’s
leadership in the
intensely compet-
itive international
arena, and to
retain high-pay-
ing oil and gas
industry jobs at
home. Progress-
ively cleaner, less
intrusive, and
more efficient
technology will
be instrumental
in enhancing en-
vironmental pro-
tection in the
future.

Technology improve-
ments are particularly
important given the more
difficult conditions accom-
panying new resources.
Deeper wells encounter
extreme temperatures and
pressures and increased
potential for intensely
corrosive environments.
These conditions require
high-strength materials and
advanced drilling methods.
Current deepwater endeav-
ors jnvolve exploration
wells in over 8,000 feet of
water and complex produc-
tion projects in more than
5,000 feet of water. Subsea
pipelines must be built to
withstand powerful cur-
rents, shifting ocean floors
and external pressures that
are greater than those
inside the pipe. Innovative

15
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design, fabrication, and installation techniques
must emerge to enable these new resources to
reach existing markets at attractive prices.

Technology improvements are also need-
ed for expanding and managing the delivery
system and improving efficiency at the burmer-
tip. The increased challenges of serving a
growing market and changing load must not
jeopardize the historical reliability and favor-
able economics of the transmission and distri-
bution system. Pipelines and LDCs will con-
tinue to rely on technology for reducing

operation and maintenance expenses and min-

imizing environmental impacts of facilities
construction. Information and communica-
tions technology will play an ever-increasing
role in safe and efficient operations as well as
in supply management and customer service
enhancements.

Technology advances are essential in all
industry segments for improving operational
efficiencies, reducing resource development
time, increasing production, developing fron-
tier areas, controlling costs, and minimizing
environmental impact. This study assumes
that technology improvements will continue
at an aggressive pace. However, recent indus-
try trends in research and development
spending have raised concerns regarding this
assumption. Industry restructuring, consoli-
dations, and spending cuts have resulted in
reductions in research budgets. Producers are
turning to the service sectors to develop new
technology for spedific applications. Industry
consortia have been formed to address critical
technology challenges such as deepwater
development. While many of these changes
improve the efficiency with which research
and development dollars are spent, concermns
have been widely expressed that basic and
long-term research are not being adequately
addressed.

Financial Requirements

Adequate financial performance must be
demonstrated in order to compete for and
attract the investments required to meet the
growing demand. Companies will need to bal-
ance short-term performance demands with
long-term planning to achieve the needed
growth.  Almost $1.5 trillion ($1998) will be
required to fund the industry through 2015.
This amount includes over $700 billion for

16

operating expenses and an estimated $781 bil-
lion for capital investments. Approximately
$658 billion of capital is projected to be spent
for oil and gas supply development and about
$123 billion for transmission, storage, and dis-
tribution infrastructure expansion (Figure 9).
This equates to an average annual increase in
capital expenditures from $34 billion per year
between 1990 and 1998 to $46 billion between
1999 and 2015. Many of these expenditures
will involve higher risk projects—such as
large deepwater projects or pipelines to new
frontiers—each of which can easily exceed
$1 billion.

While much of the required capital will
come from reinvested cash flow, capital from
outside the industry is essential to continued
growth. To achieve this level of capital invest-
ment, industry must be able to compete with
other investment opportunities. This poses a
challenge to all sectors of the industry, many
of which have historically delivered returns
Jower than the average reported for Standard
and Poors 500 companies.

The transmission and distribution sectors
of the industry also face challenges in atiract-
ing investments to future projects. Expanding
the infrastructure of the delivery system to
accommodate increased demand and chang-
ing requirements of new customers will
involve changes in financial risks. For exam-
ple, expiring long-term LDC contracts for
pipeline capacity, which historically provided
the financial backing for pipeline expansions,
will be replaced by shorter term contracts with
new non-utility customers. Uncertainty exists
with future rate structures and obligations to
serve, as electricity and gas restructuring con-
tinues. Industry participants and regulators
must work together to find an appropriate
balance for these risks so that the needed
infrastructure expansions can be accom-

plished.

Skilled Workers

A significant concem of the industry is
the future availability of skilled workers at all
levels to produce the increased supply
and construct the necessary infrastructure.
Company consolidations and volatile fluctua-
tions in oil prices have resulted in cuts in
exploration and production budgets, leading
to layoffs at all levels in exploration and pro-
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Figure 9. Capital Required for Expansion
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* Because "associated® natural gas is produced with oil, expenditures for oil and gas have not

Source of historical data: American Gas Association, 1998 Gas Facts; and estimates from EEA, Inc.

duction «companies and in service/supply
companies. Approximately 500,000 jobs have
been eliminated from the industry since the
early 1980s, with over 40,000 job cuts occurring
in the producing sector alone in the past year.
Simultaneous reduction in industry hiring
rates in the last 20 years has resulted in a dis-

proportionate percentage of the workforce
reaching retirement age in the next decade—an
average of 40% in a sampling of major produc-
ers. Furthermore, the next generation of work-
ers is not choosing to enter the industry, as
indicated by the significant decrease in enroll-
ment in some energy-related college curricula
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since the mid-1980s. The oilfield service/sup-
ply sector faces a similar situation as many
laborers and supervisory personnel have left
the industry in search of more stable work.
Higher wage scales are likely to be required to
attract workers back into the industry.

Drilling Rigs
The U.S. drilling fleet must expand to
undertake the dramatic increase in activity

that will be required over the next decade to
produce the additional supply. The total num-
ber of oil and gas wells drilled per year
(including dry holes) will have to double,
from approximately 24,000 in 1998 to over
48,000 by 2015. Even taking into account
anticipated improvements in drilling efficien-
cies, appxoximately 2,300 active rigs (over
2,100 land rigs and 180 offshore) would be
needed to achieve this level of drilling. This

2500 [ACTUAL

Figure 10. ‘Onshore Drilling Rig Fleet
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Source of historical data: “Reed Rig Census,” 1997-1998 (published in World Oil); and estimates from EEA. Inc.

2010 2015
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NUMBER OF RIGS

Source of historical data: Offshore Data Services, Rig Locator, September 24, 1999.

represents an 80% increase over the 1,250
average active rig count estimated for 1999.

Rig availability, which is crucial to explo-
ration and development, will be a challenge
for the industry. The oilfield supply and ser-
vice sectors have been hit particularly hard by
the boom and bust cycles. Very few new
onshore drilling rigs have been built since the

mid-1980s. If the 5% per year historical attri-
tion rate were to continue, most of the existing
1,700 onshore rigs would be retired by 2015
and a total of almost 1,900 onshore rigs would
have to be built (Figure 10). Additions to the
offshore rig fleet will also be needed and are
projected to .include 10 deepwater drilling
rigs, 32 platform rigs, and 30 jack-up rigs and
barges (Figure 11). Although the number of
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new offshore rigs is smaller, the average cost
per rig is significantly higher than that of
onshore rigs. The drilling sector and the man-
ufacturers of drilling equipment are not cur-
rently positioned to undertake thns level of
expansmn

Lead Times

Reduction of development lead times—
from lease acquisition and prospect identifica-
tion, to the beginning of exploration, to
pipeline construction for delivery to the bumn-
er tip—is citical to meeting the gas demand
projected in this study. For example, as many
as 10 years—or two-thirds of the time period
of this study——may elapse between the time a
block in the offshore is leased until production
flows to market. Industry and government
are working diligently to reduce development
time by streamlining processes and applying
new technology. However, access limitations
and cumbersome permitting and approval
processes often negate those improvements.
For example, increases in time required to per-
form studies previously conducted by govern-
ment agendes, and obtain multi-agency per-
mits have resulted in production project
delays of up to two years on federal lands in
the Rocky Mountain region. While the MMS
has improved the approval process for off-
shore development by serving as the facilita-
tor for the process, production and pipeline
projects on land still require extensive interac-
tions with multiple levels and agendies of fed-
eral, state, and local governments. For exam-
ple, the recently constructed Portland Natural
Gas Transmission System involved the acqui-
sition of over 150 permits and/or approvals
from federal, state, and municipal government
agencies. Most of the agencies involved in
these processes have different data require-
ments, forms, and processes. Additional
improvements are needed immediately in
order to impact the development in the outer
years of this study.

Changing Customer Needs

The ongoing regulatory restructuring of
the natural gas and electricity markets
changes the roles and responsibilities of all
industry participants. As restructuring con-
tinues to unfold at the state level, the roles and
obligations of LDCs and electric utilities will

20

be changing. Other energy market partici-
pants may accept some aspects of the former
roles of the LDCs and electric utilities as ser-
vices are unbundled. These other partici-

pants, such as producers, generators, mar-

keters, energy service providers, and
end-users will contract for and use capacity
differently than the LDCs and traditional elec-
tric utilities. In addition, new flexible services
will be required to meet the anticipated
increase in gas demand for electriaty genera-
tion as projected in this study. For example,
natural gas-fueled turbines (simple and com-
bined cycle) have unique operating require-
ments in terms of inlet pressures and opera-
tions. Since electricity cannot be stored, the
electricity generation systems must be con-
stantly monitored and adjusted to change out-
put instantaneously as electricity demand
changes. Thus corresponding changes in nat-
ural gas demand occur constantly throughout
the day. These changes in roles, services, and
customer requirements will cause all sectors of
both the natural gas and electricity industries
to manage their assets differently.

Sensitivity Analyses

As discussed earlier in this report, sensi-
tivity analyses provided some important
information regarding the importance of the
critical factors (see Figure 12a). Demand, for
example, can increase by 0.6 TCF in 2010 if
gross domestic product (GDP) grows by 3.0%
annually instead of 2.5%. Conversely, GDP
growth of 2.0% could result in a decrease in
demand of 0.9 TCF by 2010. If crude oil price
averaged $22.00 rather than $18.50 as assumed
in the Reference Case, demand could increase
by 0.7 TCF in 2010. However, demand would
be 1.0 TCF lower if crude oil price averaged
$15.00.

The model’s output on price also served
as a gauge for quantifying the impact of cer-
tain assumptions (Figures 12b and 13). While
the model projects an average production

weighted U.S. wellhead gas price through

2010 of approximately $2.74 per million
British thermal units (MMBtu), prices in the
sensitivity analyses change significantly. For
example, the model projects that gas prices
could be as much as $0.32 per MMBtu lower
in 2010 if technology improvements are signif-
icantly better than assumed in the Reference
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Figure 12b. Influence of Key Assumptions on Natural Gas Price
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Figure 13. Historical and Projected U.S. Natural Gas Prices*
Lower-48 Weighted Average Wellhgad Price
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Case. Conversely, a slower pace of technology
improvements could drive the price up by
$0.27 per MMBtu.

The single most significant assumption
in the Reference Case is the size of the
resource base. The model projects that the

rice of gas could be lowered by as much as
$0.96 per MMBtu in 2010 if the economically
recoverable resource base were found to be
250 TCF larger than assumed in the
Reference Case. In this case, demand
increases by 1.9 TCF and U.S. production
increases by 1.5 TCF. A second sensitivity
was run to examine the impact of a smaller

resource base, although it should be noted .

that the resource base estimates have always
increased over time. If estimates of the
resource base are lowered by 250 TCF, prices
could be as much as $0.56 per MMBtu high-
er, demand would be 1.5 TCF lower, and
U.S. production would be 1.6 TCF lower.
While this sensitivity was run-to evaluate
the impact of Jearning more about the
resource base, it also provides some insight
to the impact of access restricions. Access
is an important factor because it removes
potential supply from the available resource
base. Access restrictions also limit the
opportunity to better assess the resource
size in those areas.

To better quantify the impact of access
restrictions, two additional sensitivity
cases were developed. The first case tight-
ened access restrictions in the Rocky
Mountain region and eliminated the
planned MMS Lease Sale 181. In this
reduced access case, price increased $0.16
per MMBtu in 2010 and demand decreased
by 0.4 TCF. U.S. production decreased by
0.5 TCF. The second sensitivity case
relaxed access restrictions in the Rockies
and made currently restricted offshore
regions available for leasing in 2004. This
increased access case resulted in an
increase in U.S. production of 0.5 TCF in
2010, an increase in demand of 0.4 TCF and
a corresponding decrease in price of $0.21
per MMBtu. More importantly, a dramatic
shift occurred in the Extended View period
of the increased access case with an
increase in demand of 1.5 TCF in 2015, a
corresponding increase in U.S. production

of 1.6 TCF (primarily from the Rockies and
the eastern Gulf of Mexico), and a corre-
sponding decrease in price of $0.45 per
MMBtu (Figures 14a and 14b).

The most important conclusion derived
from these sensitivity analyses is that the
future availability and cost of natural gas can
be influenced. While some variables cannot
be controlled, factors such as the rate of tech-
nology development, knowledge of the
resource base, and access to the resource base
can be impacted—either positively or nega-
tively—by the actions of the industry and the
government.

The Council wishes to emphasize that
the price output of the model is not to be
used as a forecast, but rather as an indicator
of the relative influence of the critical factors
and assumptions. Seasonal factors that
affect price, such as abnormal weather and
demand fluctuations, have not been taken
into account. The market will ultimately
determine the price of natural gas.
However, actions can be taken by industry
and government to ensure that adequate
supply is available, that it can be delivered
to the market, and that the ultimate price is
competitive through the study period and
beyond.

In summary, affordable energy is neces-
sary to sustain continued growth of the
nation’s economy and quality of life. Natural
gas will play an important role, particularly
as it helps the nation meet its environmental
goals. By 2015, more than 14 million new
customers will be connected to natural gas
supply through over 300,000 miles of new
transmission pipelines and distribution
mains. Many more customers will use elec-
tricity that is fueled by natural gas as over
140 gigawatts of new electricity generation
capacity—almost entirely gas-burning
units—go into service. These new customers,

.as well as the existing customer base, are

counting on long-term availability of reliable,
competitively priced natural gas to meet their
energy needs and to support the nation’s
environmental goals. Industry, government,
and other stakeholders must act quickly,
cooperatively, and purposefully to meet
those expectations.
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The Council wishes to emphasize that
gas supply, and the associated infrastructure,
can be expanded to meet growing demand if
the critical factors are adequately addressed.
The following recommendations are made by
the Council to ensure that the mutual goals
of government, industry, and consumers are
met. While recommendations are made to
the government for specific actions, the
Council does not advocate regulations or leg-
islation that artificially alter market signals.
Instead, the Council encourages changes that
remove impediments which hinder the
development of supply and infrastructure to
meet market needs.

Recomméhdation 1

Govemnment and industry must take;
leadership position in establishing=—at.
the highest level—a stratégy for natural
gas in the nation’s energy portfolio: ‘A
Interagency Work Group on Natural’

Gas should be established to work with * -
industry and other stakeholders to for-: -
mulate the strategy and resolve issues.::

The government can help to overcome
the barriers to meeting future natural gas

-demand by establishing a national strategy

for natural gas. This strategy should include
the areas of supply, demand, and transmis-

Recommendations

sion/distribution and should address the
issues of access to the resource base, technolo-
gy development, environmental regulation,
education of the future workforce, and finan-
cial incentives. It should also affirm and
describe the role of natural gas in balancing
the national objectives of economic growth,
environmental protection, and energy securi-
ty. The strategy must provide a proper bal-
ance between conflicting environmental and
land-use interests, yet reflect a sense of urgen-
cy about developing natural gas supply and
the delivery infrastructure given the long lead
times required.

The Council recommends that an
Interagency Work Group on Natural Gas be
established within the National Economic
Council to formulate this comprehensive
natural gas strategy and identify and aggres-
sively resolve the issues associated with the
development of natural gas supply and sup-
porting delivery systems. This Interagency
Work Group should be analogous to, but dis-
tinct from, the Interagency Working Group
on Energy that has been set up under the
National Economic Council to address oil
industry issues. This new Work Group
should oversee the implementation of gov-
ermmment-related recommendations contained
in this report. It should also monitor, on a
biennial basis, trends for the assumptions
used in this study and progress on the iden-
tified critical factors in order to anticipate
changes in the supply/demand equation.
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All federal agencies that have a role in natu-
ral gas policy, technology, and resource
assessments should be members. The Work
Group should make every effort to include
input from industry and other stakeholder
groups, including states with natural gas
production or potential for production, in its
strategy-setting process. This solicitation of
stakeholder views should be as interactive as
possible.

The industry must also step up to the
leadership challenge and work with govern-
ment and other stakeholders to identify and
understand their issues associated with devel-

oping supply and delivery systems and to-

seek practical solutions. Industry must work
with customers to understand future supply
and delivery needs and work with govern-
ment to shape appropriate strategy and poli-
cies so that the required services can be pro-
vided in the most cost-effective manner while
ensuring safety and reliability. Industry coun-
cils and trade assodations can play an integral
role in this effort.

‘ F Recommendahon 27 -

- ‘Bstablish a balanced, long-tem .
..~ approach for responslbly developmg
- the nabon s natuml regource base

As seen in the analysis of critical factors
in this report, the estimated size of the
resource base is the single most important fac-
tor in projecting availability of competitively
priced natural gas. While the ultimate size of
the resource base cannot be changed and can-
not be precisely known, industry can contin-
ue to improve its knowledge of the size and
characteristics of the resource base, thus
improving the likelihood of locating and pro-
ducing new supply. However, access to a sig-
nificant portion of this resource base for either
assessment or development is subject to
restrictions due to environmental and land-
use concerns. These concerns are appropriate
for consideration in granting access to poten-
tial supply areas, but significant improve-
ments in the industry’s environmental foot-

prints warrant a new look at these
restrictions.
26

Given the compelling need for develop-
ing economic natural gas supply, the follow-
ing actions are recommended:

o Government agencies and industry representa-
tives should continue the work begun with this
study to inventory existing information on the
resource base in the Rocky Mountain region
and analyze the impact of access restrictions.
A significant portion of work associated
with this study included a first-time
assessment of resource impacts associated
with land access restrictions and related
environmental stipulations in six areas in
the Rockies. The results were then extrap-
olated to the entire region. This involved
a cooperative effort between members of
the Supply Task Group and representa-
tives from the federal government, includ-
ing the U.S. Department of Energy, the
Bureau of Land Management, and the
USS. Forest Service. Representatives from
state and local governments, as well as
other stakeholders, also participated. This
analysis, and the cooperative approach,
should be continued and expanded
beyond this study to increase understand-
ing of the impact of access restrictions in
the Rockies.

» Industry should work with the government to
prioritize restricted areas on the basis of
resource potential as well as environmental
sensitivity. Certain restricted areas should
be more fully assessed to determine the
potential for gas supply. Those with
higher potential and lower sensitivity
should be opened for additional geologi-
cal assessment. Industry should work
with the government to identify methods
and technologies that could be practically
applied to minimize the environmental
impact of the assessment.

* A comprehensive approach should then be
established for developing gas supply in select-
ed restricted areas. Existing moratoria
should be reviewed and modified as
appropriate. Industry should continue to
develop practical techniques that mini-
mize environmental impact, particularly
for these sensitive areas. Once a long-term
development plan is in place, the affected
agencies should work together to coordi-
nate their roles in assisting that develop-
ment. A template for long-term planning

2945

DOEO006-0302




and coordination among multiple agen-
des can be found in the MMS and their
management of the offshore region.

Long-term sustainability of natural gas supply
should be addressed. The current study finds
that, with focused effort, the gas demand
through 2015 and well beyond can be met
with sustainable gas supplies from U.S.
and Canadian resources. The life of the
resource base can be further extended by
encouraging efficiency at the burner tip.
However, the Coundil also recognizes that
at some point in the future—though prob-
ably not within the timeframe contemplat-

ed by this report—the United States will -

need to develop resources in what are now
regarded as far frontiers. Such sources
might include Alaska, large-scale LNG
imports from a variety of foreign sources,
and possibly gas transported by pipeline
from the Canbbean and Latin America.

Gas hydrates—frozen crystals of methane
and water found both below the ocean
floor and in Arctic regions—could also be
a potential source of natural gas. In
Turning to the Sea: America’s Ocean Future
(September 1999), the Secretaries of
Commerce and Navy recommend the
acceleration of scientific research on ocean
hydrates. - In addition, the Department of
Energy’s Office of Fossil Energy issued a
document, A Strategy for Methane Hydrates
Research & Development (August 1998),
that provides for a comprehensive nation-
al research program that includes both
marine and Arctic hydrate resources.

Projects to reach the far frontiers will be
very expensive and will have extremely
long lead times. At some point during
the study period, government and
industry must begin a cooperative, pub-
lic planning process to lay the ground-
work for far frontier projects.

The recommended Interagency Work

These principles should balance the
national goals of economic growth, envi-
ronmental protection, and energy security
and should recognize the unique role of
natural gas in meeting national objectives
in the areas of clean air, climate change,
electricity industry deregulation, and
domestic energy supply. The guiding
principles should also emphasize the
need for multiple use of public land.
Recognizing that it is the primary respon-
sibility of the Secretaries of the Interior
and Agriculture to establish Jand manage-
ment policies within their junsdictions,
the guiding prinaples should help put
those policies and priorities in a national
policy context with respect to natural gas.
The principles should be used by the
appropnate land management and regu-
latory agencies to establish policies that
promote domestic production of natural
gas in order to meet national goals.

Address the barriers that restrict access to
natural gas resources in the Outer
Continental Shelf and on onshore federal
lands, particularly in the Rocky Mountain
region where the majority of the onshore
public gas resource is found. The goal of
this effort should be to maximize the
amount of economic natural gas resource
available for development (consistent with
effective environmental protection), reduce
delays in natural gas exploration, produc-
tion, and transportation, and improve con-
sistency among federal and state agendes.
The Work Group should oversee the con-
tinuing effort to inventory the impact of
access restrictions on natural gas resources
as discussed above. It should also evaluate
the process by which access to the natural
gas resource base and pipeline rights-of-
way has been restricted in the past and
may be further restricted in the future.
The Work Group should look at the fol-
lowing categories of barriers:

— Land withdrawals that put natural

Group could play a very important role in gas resources off limits

addressing access issues and the long-term
sustainability of natural gas supply. The Work
Group should be assigned the following
responsibilities:

— Regulatory and policy decisions that
make natural gas resources effective-
ly off limits or impractical to recover,
such as:

* Establish a set of principles that would - “no surface occupancy” designa-
guide federal Jand management policy. tions
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- use of stipulations more restrictive
than needed to protect environ-
mental resources

- old access restrictions that don’t
account for the effect of technolo-
gy improvements that might allow
development of natural gas in
environmentally sensitive areas

- air quality issues that threaten to
delay or limit natural gas explo-
ration and production.

— Decisions and applications of regula-
tions and policies that increase the
cost of or impose unnecessary delays
in natural gas recovery and trans-
portation, such as:

- “combined hydrocarbon” leaging
that imposes unnecessary costs on
producers

- a cumbersome Coastal Zone
Management process that imposes
delays on OCS leasing.

. Technology is another highly critical fac-
tor affecting both supply availability and
price. Accelerating the development of tech-
nology is in the best interests of all stakehold-
ers. The following industry and government
actions are recommended:

* Industry participants must aggressively
build on past successes in advancing tech-
nologies by investing in research and sup-
porting additional industry consortia.
Transmission and distribution companies
should continue to invest in improving
the efficiency of the delivery systems. All
industry segments should explore addi-
tional applications that advanced infor-
mation and communication technology
can provide. Industry must continue to
fund basic research, both independently
and through grants to universities.

28

Industry must also continue to invest in
the development of technologies that
reduce the environmental impact of
exploration, production, and construction
of infrastructure. Industry and con-
sumers should continue to develop more
efficient gas consumption equipment,
thereby improving energy efficiency and
yielding lower costs to consumers.

The government should continue investing in
research and development through collabora-
tions with industry, state organizations,
national laboratories, and universities.
Efforts should be made to define key
research and development priorities to
support increased reserve growth in
existing fields and new field discoveries
in areas with the largest potential
resource-and to support expansion of the
delivery infrastructure. Examples of spe-
cific research that government might
sponsor include:

— Reservoir detection and characteriza-
tion technology targeted at explo-
ration and field development

— Technologies to reduce the cost of
environmental compliance

— Innovative geologic and engineering
concepts based on novel technologies
such as 3D and 4D seismnic and hori-
zontal drilling

— Technologies to further ensure the
reliability, security, and integrity of
the delivery system.

Particular consideration should be given
to long-term technology needs for ultra-
deep water, low permeability, and non-
conventional reservoirs that will con-
tribute more of the nation’s gas supply in
the future. Policy issues that affect tech-
nological developments should also be
addressed.

The government should promote high-
efficiency gas technologies such as fuel cells,
88s cooling, and high-efficiency turbines.
Due to the inherent environmental
advantages of natural gas and the high

294

DOEO006-0304




efficiencies offered by new gas equip-
ment, the use of gas in place of other
fossil energy forms promotes both ener-
gy conservation and environmental
improvement (e.g., in areas such as acid
rain, ozone formation, particulate emis-
sions, and solid waste disposal). All
energy efficiency evaluations and stan-
dards should be based on a “total ener-
gy efficiency” concept, that is, energy
efficiency measurements should include
energy used or lost from the point of
production through consumption.

The recommended Interagency Work
Group on Natural Gas can play a significant
role in overseeing technology investments
made by the government. Industry and state
agencies should be actively involved with the
Work Group in directing these efforts.

The long-term demand growth projected
-n this study translates to long-term opportu-
nities for the industry and the government.
- The increase in demand provides the opportu-
nity for industry participants to expand their
markets and to increase their service offerings.
Benefits to the government extend beyond
meeting environmental goals and include
Increases in revenues from royalties, rentals,
and bonuses from the leasing of federal lands
and development of the resources. For exam-
ple, income generated by the Offshore Mineral
Management Program alone generates about
$4 billion annually. However, taking full
advantage of these opportunities will require
long-term resource planning on the part of
industry and government. The following
areas should be specifically addressed:

* Industry must immediately address concerns
regarding the future availability of skilled
workers. Several years are required to
train highly skilled workers to perform
their jobs knowledgeably, efficiently, and
safely. Given the projected increase in
activity and the impending increase in

retirements, aggressive action must be
taken to attract, train, and retain qualified
workers at all levels. Industry must also
undertake initiatives to attract high
school students with strong math and sci-
ence skills to replenish college enroll-
ments in petroleum, geotechnical, and
other energy-related disciplines. Gov-
emment funding of energy-related stud-
ies in universities can also help to popu-
late these disaplines.

Producers, drilling companies, and equip-
ment manufacturers should form a joint
industry task force, headed by the
International  Association of Drilling
Contractors, to gather additional information
on infrastructure needs. Of particular con-
cern is the projected need to increase the
number of wells drilled per year and
increase the drilling rigs and equipment
required to accomplish that task. The
task force can begin its study by collect-
ing data, such as drilling success rates in
deeper formations and drilling rates for
deep vertical wells, that are needed for
assessing future needs. The task force
should include rig builders and shipyard
operators as well as industry groups such
as the Petroleum Equipment Suppliers
Association.

Government should examine possible new
financial incentives, such as limited-
duration tax and royalty incentives. that
would accelerate the development of high-
risk, high-cost natural gas resources onshore
and offshore. Past support from the gov-
ernment, such as tax credits and deep-
water royalty relief, has promoted
development activity. The MMS, in their
January 1999 publication on deepwater
development facts, states “The Deep-
water Royalty Relief Act, passed in 1995,
has contributed significantly to the
increase in deepwater activity by pro-
viding the opportunity to lease new
prospects in deepwater.” The MMS
reports that Gulf of Mexico OCS bids for
leases in water greater than 800 meters
increased from 49 in 1994 to 1,138 in
1997 and 817 in 1998. Other types of
incentives should also be explored with
input from industry advisors. These
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incentives, if properly targeted, can con-
vert non-economic resources into eco-
nomic supply.

Once a high level policy is established, all
agencies involved in the development of sup-
ply and delivery systems should review and
align existing policy to eliminate conflicting
directives and remove obstructions. Processes
that affect development must be streamlined
to eliminate duplicative efforts, follow more
predictable time-lines, and eliminate unneces-
sary costs to the industry, governument, and,
ultimately, consumers. Approval processes
involving multiple levels of government, and
agencies should be coordinated in order to
resolve conflicts in a timely manner.

The Council recomumends that the follow-
ing areas be evaluated:

» Updating of resource management plans
for federal lands

* Potential for sharing land management
and envirorunental assessment resources,
such as data bases and personnel, among
agencies

¢ Designation of sufficient budgets for
required land-management planning and
studies

» Adequacy of legislation for land-manage-
ment policy and procedures

» Opportunities for coordinating permit-
ting/approval processes among agencies.

Additional evaluation is needed to fully
assess the impact of existing and proposed

environmental regulations on natural gas sup-
ply and demand. As shown in this study, regu-
lations that address issues such as climate
change and emissions controls on electricity
generation could have a significant impact on
natural gas demand and the ability of the
industry to meet that demand. Changes in reg-
ulations and additional moratoria or extensions
of existing moratoria that reduce access to nat-
ural gas supply should be examined in the con-
text of the need for increasing gas supply. The
recommended Interagency Work Group could
play an important role in this analysis by devel-
oping and coordinating a process for reviewing
any proposed regulations to ensure that the
benefits of increasing natural gas use are con-
sidered in the regulatory process.

In response to the ongoing restructuring
of the natural gas and electricity markets, all
industry participants must offer new or recon-
figured services specifically designed to meet
changing customer needs. For example, indi-
vidual pipelines and many LDCs are imple-
menting new services to meet customer needs
through filings for services such as parking,
loaning, balancing, peaking, and hourly firm
transportation. While industry-wide changes
may take some time to implement, individual
pipeline changes can be developed and
approved in far less time. When new services
are offered to gas customers, maximum choice
should be ensured by allowing all parties to
compete for the provision of those services in
a non-discriminatory manner.

The members of the National Petroleum
Council stand ready to further discuss and imple-
ment the recommendations madc in this report.
Members will assist the Interagency Work Group
in identifying impediments and solutions to the
mutual goals of government, industry, and con-
sumers for increased availability of competitively
priced, environmentally desirable natural gas.
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The following information supplements
the conclusions and recommendations with an
overview of the findings from the three task
groups. Additional detail on the findings,
assumptions, sensitivities, and model output
can also be found in the task group reports.

The various projections and sensitivities
presented in this report were prepared using
market simulation models developed by
Energy and Environmental Analysis, Inc.
(EEA). The oil and gas supply projections
were prepared using the GRI Hydrocarbon
Supply Model, which was integrated with the
gas demand, storage, and transportation ele-
ments of EEA’s Gas Market Data and
Forecasting System.

The GRI Hydrocarbon Supply Model
was originally developed by EEA for the Gas
Research Institute (GRI) in the early 1980s
and was the basis for the gas supply projec-
tions and scenario analysis for the 1992 NPC
Study on natural gas. The model character-
izes oil and gas exploration, development,
and production in nineteen U.S. and five
Canadian regions. Each region is further bro-
ken down into four to eight subareas, usually
representing drilling depths for onshore
regions or water depths for offshore regions.
Proved reserves and undiscovered resources
for gas are divided into associated-dissolved
8as, conventional high permeability gas, tight
gas, shales, and coalbed methane. The
Hydrocarbon Supply Model provides the user
with a wide range of options for selecting

Summary of Key Findings

assumptions for resource base, drilling and
development cost, technological improve-
ments, upstream environmental compliance
costs, land access, and financial parameters.

The Hydrocarbon Supply Model’s projec-
tion of future natural gas deliverability by
region was used in the Gas Market Data and
Forecasting System to solve for monthly gas
production, storage activity, pipeline flows,
end-use consumption, and prices at locations
in the United States, Canada, and the
Mexico/U.S. border. This model was used to
project gas demand in the United States and
Canada and to determine the pipeline and
storage infrastructure that would be economi-
cally justified in the various cases developed
for this report. Key inputs to the model that
can be varied among cases include a wide
variety of drivers to gas demand and infra-
structure-related parameters such as the cost
of new pipeline and storage facilities.

Each task group established key assump-
tions and identified the variables that could
significantly influence the model in their
study area. Some of the key assumptions used
in the 1999 Study for the 1999-2015 period are
listed in Table 1. As indicated in Table 1, the
model uses a US. GDP growth rate of 2.5%
per year throughout the study period. This
rate is below the rate at which GDP has grown
in recent years. However, history has shown
that recessions have interrupted periods of
significant growth and resulted in a lower
average growth over an extended period. The
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Council concluded that a 2.5% growth rate
was reasonable, but sensitivity analyses were
conducted to test the effects of both higher
and lower rates. The Canadian GDP growth
rate was assumed to be 2.2%, or 0.3% lower
than the U.S. rate, reflecting a relative value
that has prevailed over the last 10 years.

The crude oil prices used in the model
were selected to approximate the average real

prices experienced in the 70 years from 1929 to .

1998. These crude oil prices affect the outcome
of the model by determining the wellhead val-
ues of crude oil and natural gas, thereby set-
ting the price of fuel oils that compete with
natural gas in end-use markets. The oil prices
also strongly influence the amount of capital
that producers have available for reinvestment
in exploration and production development.
Sensitivity analyses were run to test the effect
of both higher and lower oil prices.

Findings of the
Demand Task Group

Consumption of natural gas grew much
faster in the 1990-98 period than was antid-
pated. Despite the warmer-than-normal
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weather that prevailed in 1998, demand grew
over that nine-year period in all end-use cate-
gories. The various studies of natural gas
demand that have been conducted in the past
decade have consistently underestimated
actual growth in demand. The 1992 NPC
Study was no exception, as shown in Figure 2.
The High Reference Case in the 1992 Study
projected that total demand could grow from
19.3 TCF in 1990 to 24.8 TCF in 2010, with
1998 projected at 20.9 TCF. Actual demand in
1998 was 22 TCF (including net storage fill), or
about 1 TCF ahead of the level forecast for
1998 in the 1992 Study.

Several factors caused the 1992 Study to
underestimate actual growth in gas demand.
Growth in GDP was assumed to be 2.4% annu-
ally and actual growth for the 1990-98 period
was 2.6%. Although energy intensity mea-
sured by Btu per unit of growth declined
between 1990 and 1998, it declined at a much
slower rate than the 1992 Study had anticipat-
ed. Most of the increased gas demand occurred
because of an increase in total energy demand.

Gas demand grew during this period, even
as the market was restructured significantly. In
1990, prior to the restructuring, over 90% of the
gas moving in interstate pipelines was owned
by the pipeline companies. FERC actions in the
early 1990s have transformed interstate
pipelines from sellers and transporters to solely
open-access transporters. Many state regulato-
ry agendes and LDCs are moving toward the
same type of transformation.

In addition, major consolidations have
occurred within the gas industry in anticipa-
tion of and response to the restructuring of the
gas and electric industries. Numerous combi-
nations of energy service providers have
occurred within and across industry seg-
ments, as evidenced by the combinations of
gas and electric companies. In most cases,
mergers have been driven by the need to
improve competitive position through
economies of scale, greater geographic spread,
more diversified services, and acquisition of
expertise. These actions, along with increas-
ing competition, have resulted in services that
are generally more responsive to customer
needs and are provided at lower prices.

The gas delivery system has remained
the safest form of transport and continues to
provide reliable service despite these massive
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changes. Natural gas consumption has grown to
a degree that its most ardent supporters would
have found amazing at the time the 1992 NPC
‘tudy was prepared.

U.S. natural gas consumption is projected
to grow from 22 TCF in 1998 to 29 TCF in 2010
and could increase beyond 31 TCF in 2015 (see
Table 2). Canadian gas demand is expected to
rise from 2.8 TCF in 1998 to 3.5 TCF in 2010
and 3.8 TCF in 2015.

The most significant growth in gas
demand is projected to be for electricity gener-
ation. In the 1992 Study, increased penetration
of the electricity generation market was an
expectation. Today—as result of dramatic
improvements in heat rate for combined-cycle
gas/oil generating equipment, the relatively
low capital cost of such plants, the relatively

short construction time required to bring them:

on line, tighter emission standards for electric-
ity generation, and the deregulation of the

electricity industry—gas is the preferred choice
of the electricity generation industry for new
generating plants. Currently, 98% by capacity
of the 243 electricity generating plants that
have been announced for construction in the
next five years are to be gas-fired; the remain-
ing 2% by capadty will be fueled bY coal, oil,
wastewood, wood, wind, and other.

A number of key assumptions were
made concerning electricity generation. One
assumption was that 113 gigawatts of gas/oil
combined-cyde and gas-fired combustion tur-
bine capacity would be operating by 2010 (an
increase from 25 gigawatts in 1998) and a
total of 140 gigawatts by 2015 to satisfy incre-

‘mental electricity demand. The 1999 Study

determined that, through 2010, the cost of
electricity generated from new coal plants
(including capital costs) would not be com-
petitive with electricity from new gas units,
but that after 2010 an estimated 20 gigawatts
of new coal capacity would be built. Heat
rates for all classes of electricity generation
are assumed to improve 3 percentage points
between 1998 and 2015. Seventy percent of

1 Source: Online data base at Resource Data
International, Inc. (July 1999).
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combined-cycle plants are assumed to be
capable of bumning either gas or oil and
would therefore switch fuels depending on
cost. Coal capadty utilization was assumed
to increase 11 percentage points from 64% in
1997 to 75% by 2015, continuing the trend
observed in the last 10 years (Figure 15).
However, this continuing increase in capacity
utilization is recognized as a significant chal-
lenge for those facilities. Adding to this con-
cern is the legal action taken in November
1999 by the EPA against several large utility
companies, charging that their coal-fired
plants had effectively added to their capacity
during maintenance without installing new
pollution control equipment. This recent
action could have the impact of lowering coal
capacity utilization, thus increasing demand
for natural gas.

7 No new nuclear capacity was projected to
be developed in the timeframe of this study
and an estimated 15 gigawatts of nuclear gen-
eration capacity is projected to retire by 2015
as some licenses expire. The Demand Task
Group projected that 15 gigawatts of nuclear

capacity would be relicensed, and that a tota] :

nuclear capacity of approximately 8¢
gigawatts would remain in operation in 2015,
The electricity generation industry has
increasingly relied on its nuclear generation
capacity, as seen in Figure 16. With the
resumption of service at the Clinton, LaSalle,
and Millstone units in the spring of 1999,
nuclear capacity utilization reached an
unprecedented peak of 96.5% in August 1999.
This compares to the previous peak capadty
utilization of 86% in July 1998 and the histoni-
cal average of approximately 75%. The aver-
age annual capacity utilization of nuclear gen-
erating capacity is assumed to increase from
75% to 80% over the study period. Nuclear
retirements beyond the few projected in this
study could significantly increase natural gas
demand in the 2010-2015 time frame.

Hydroelectric and renewable generation
are assumed to remain nearly constant
throughout this case, although hydroelectric
generation could diminish due to environ-
mental concerns about the adverse impact of
dams on anadromous fish populations, espe-

Figure 15. U.S. Central Utility Coal-Fired
Electricity Generation Capacity Utilization
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cially in the Padfic Northwest. However, such
declines are assumed to be nearly offset by
increased generation from renewable energy
such as wind and solar. Increases in renew-
able capacity are evident because of existing
and growing demand for “green power,” and
state-level legislation calling for renewable

portfolio standards.

The Demand Task Group recognized that
assumptions for key variables have a signifi-
ant impact on ultimate demand. As dis-
cussed, assumptions were made for the
Reference Case about the rate of increase in
GDP, prices of competitive fuels (e.g., fuel oil
and coal), construction of new gas-fired gener-
ating plants, the retirement of nuclear plants,
and utilization rates of gas, coal, and nuclear
Plants. The highest-impact variables were
tested with sensitivity analyses. GDP growth

and oil prices proved to be significant drivers
of gas demand. For example, if GDP growth
were to average 3.0% per year rather than
2.5%, demand could increase by 0.6 TCF in
2010. An average GDP growth of 2.0% could
result in 0.9 TCF lower demand in 2010. If oil
prices were $3.50 higher than assumed in the
Reference Case, demand could increase by
0.7 TCF. Conversely, if oil prices were $3.50
lower, demand could be 1.0 TCF lower than
the Reference Case.

The assumptions regarding other fuels
that are used for electricity generation can also
have a large impact on demand. For example,
if the capacity utilization factor of coal-fired
plants is 65% rather than the 75% assumed in
this study, gas demand could increase by
1.7 TCF. If an additional 15 gigawatts of
nuclear retirements were to occur, demand
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could increase as much as 0.7 TCF. Further
detail on these sensitivities is included in the
Demand Task Group Report.

The potential 29 TCF demand projected for

2010 does not include the effect of environmen-
tal and other regulations that are not currently
scheduled for implementation. New legislation
or policy initiatives that might be implemented
to address global climate change could substan-
tially increase gas demand. For example, the
Energy Information Admunistration (EIA) and
the Edison Electric Institute (EEI) have conduct-
ed separate studies of the impact of meeting the
US. target under the Kyoto protocol. These
studies, which are discussed in the Demand
Task Group Report, confirm that substantial
reductions in coal and oil consumption would
be required with a concomitant increase in gas
demand. These studies examine various scenar-
i0s and indicate an increase in gas demand of
2-12% in the case of EIA, and 10-22% in the case
of EEI above their respective reference cases.

While the 1999 NPC Study did not specif-
ically analyze the effect of new environmental
regulation, correlations can be made with
other factors that affect demand and price. For
example, the sensitivity analysis that examined
a decrease in the utilization rate of coal-fired
electricity generation capacity—which could
easily occur with new environmental regula-
tion—indicated that a significant correspond-
ing increase in demand would occur.

Findings of the

The estimated resource base of 1,466 TCF
for the lower-48 states in the 1999 Study repre-
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sents a 171 TCF increase from the 1,295 TCF
used in the 1992 Study (see Figure 4 and Table
3). In addition, Canada’s resource base is est-
mated at 667 TCF. Canada’s resource base is
approximately 73 TCF lower than determined
in the 1992 Study due to depletion and
reassessment of nonconventional resources.

The Supply Task Group’s team of indus-
try experts on resource assessment conveys a
high level of confidence in the robustness of
the U.S. resource base. This team notes that
the 171 TCF increase in the resource base has
occurred despite production in the lower-48
states of 124 TCF of reserves from 1991
through 1997. The increase in the estimated
resource base is primarily derived from tech-
nology improvements. For example, advances
in computer technology have yielded break-
throughs in data processing, integration, and
imaging, which have in turn vastly improved
reservoir modeling. This information enables
better projections of the size and location of
hydrocarbon deposits. Technology has also
played a significant role in improving drilling
and completion techniques, thus improving
access to the resource base. The major contrib-
utors to increases in the resource base are:

* Old Field Reserve Appreciation. The
application of new technology has helped
in the assessment of hydrocarbons in
known fields. The new information has
resulted in an increase of 69 TCF in the
estimates of the resource base in "Old
Fields.”

* New Fields Primarily in the Deepwater
Gulf of Mexico. New information and
improved interpretations have also yield-
ed increases in projections for New
Fields—fields that are theoretically in
place but are yet to be discovered. For
example, estimates of New Fields
resources in deepwater Gulf of Mexico
have increased to 140 TCF a 145%
increase from the 57 TCF estimate in the

1992 Study.

Figures 17a and 17b show the U.S. and
Canadian assessment regions and the
“Assessed Additional Resources” for each
region, which is the sum of Old Field growth,
New Field discoveries, and nonconventional’
gas sources. Two areas, the Rocky Mountain
Foreland and the Central and Western Gulf of
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TABLE _3 v ‘
U.S. AND CANADIAN NATURAL GAS RESOURCES
(Trillion Cubic Feet)
1992 NPC Study* 1999 NPC Study
S (1-1-91) - (1-1-98)
LOWER-48 RESOURCES .
. Proved Reserves - 160 157
Assessed Additional Resources 1,135 1,309
Old Fields (Reserve Appreciation) 236 305
New Fislds 493 633
Nonconventional . 406 : 371
“ 'Total Remalning Resources '
(Proved + Assessed Additional) 1,295 1,466
Cumulative Production 758 881
Total All-Time Recovery 2,053 2,347
ALASKAN RESOURCES'
Proved Reserves , 9 10
Assessed Additional Resources 171 303
Old Fields (Reserve Appreciation) 30 32
New Fields 84 214
Nonconventonal 57 57
Total Remaining Resources o
(Proved + Assessed Additional) 180 313
Cumulative Production _ 5 9
Total All-Time Recovery 185 322
CANADIAN RESOURCES
Proved Reserves 72 64
Assessed Additional Resources 668 603
Old Fields (Reserve Appreciation) 24 22
Discovered Undaveloped 47 35
New Fields : 379 384
Nonconventional ) 218 162
Total Remaining Resources
(Proved + Assessed Additional) 740 667
Cumulative Production 65 103
Total All-Time Recovery 805 770
*Assessed Additional Resources from the 1992 Study reflect re-allocation of tight gas
resources among categories consistent with 1999 Study allocations.
TOld Fields resource includes 25 TCF for Prudhoe Bay; New Fields resource is based
on 1995 USGS/MMS assessment; and Nonconventional resource is PGC coalbed methane
resource. ’

2956

DOt006-0313



Figure 17a. U.S. and Canadian

Assessment Regions
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Mexico, contribute almost half of the U.S.
total. In Canada, the Western Sedimentary
Basin (model region ASM) will provide a sig-
nificant amount of the additional resource.

US. gas production is projected to
increase from 19 TCF in 1998 to 25 TCF in
2010 and could approach 27 TCF in 2015.
Canadian imports to the United States are
projected to increase from 3 TCF in 1998 to 3.8
TCF in 2010 and could reach 4.4 TCF by 2015
(Table 4). Approximately 13-14% of U.S. gas
supply will continue to come from Canada.
LNG imports will reach 0.9 TCF using an
average of 75% of existing U.S. capacity. . No
additional import facilities are projected in
this study. Exports to Mexico are projected to
increase in the near term to 0.4 TCF and
remain at that level throughout the study
period.

Future production will be from deeper
wells, deeper water, and more nonconvention-
al sources. As Table 5 demonstrates, lower-48
production will gradually increase from deep-
er wells. Onshore production from depths
below 10,000 feet is projected to increase from
33% in recent years to over 40% by 2010. The
industry’s ability to achieve production from
deeper horizons will be dependent on the
appropriate amount of deep drilling infra-
structure and the continued evolution of tech-
nology.

In the Gulf of Mexico, production from
deeper waters will be the driving force in
future supply growth, as demonstrated in
Table 6. Production from water depths of
more than 200 meters is projected to increase
from 0.8 TCF in 1998 to over 4.5 TCF in 2010
and maintain approximately that level

N -'TABLE4
 US'GAS SUPPLY

(Trmlon Cublc Feet)

. o 199'3". o 2005 2010 - 2015

'U.S. Gas Production - 180 0 . 226 251 26.6
‘Net Imports from Canada - 800 37 3.8 43
LNG Imports: S0 04 0.6 0.9
Expons to Mexico and Japan . .01 0.4 05 0.5
" Yotal Supply 220 - 263 29.0 313
Canada as a % of Total l1 4% 13% 13%

' Mistorical data from Energy lnfonnabm'Adnunlstrabon Natural Gas Monthly,
" September’ 1999 ‘Data mdude symheﬂc natural gas

TABLE 5

ousuone LOWER48 GAS PRODUCTION .
'BY DEPTH INTERVAL .

_ 1998* . 2005 2010 2015
0-5,000 #t 28% 7% - 25% 25%
5-10,000ft 39% . -87% 34% 2%
10-15,000t 26% *25%‘ 29% 32%
,>1sooon' 7% S10% 12% 1%

- “Energy and Envnronmernal Analysns Inc., estimates adapted from
. PYDwights production repom -
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) ‘Energy andE
". production reports.

i . estimates _za&fapted.fforn Pi/Dwights

(S

through 2015, Conversely, Gulf of Mexico
shelf production is projected to decrease from
1.5 TCF in 1998 to 3.5 TCF in 2010 and around
AO0TCEIn 2015

Growth in production from nonconven-
tional sources will be especially pronounced in
the Rocky Mountain region. Nonconventional
production in this region is projected to

2010 and as much as 3.4 TCF in 2015.
Production in the lower-48 states from noncon-
ventional sources (i.e, the sum of tight gas,
shales, and coalbed methane) accounted for
4.4 TCF of total production in 1998, This vol-
ume is projected to increase to 6.8 TCF in 2010
and could reach 8.5 TCF in 2015 (Table 7).

All of these new sources of gas require

increase from 1.9 TCF in 1998 to 29 TCF in that significant technology hurdles be

: '2015
E ‘Assocxaied Gas " 13%
- High, Permeabxﬁty Gas ' 54%
} ' Tight Gas & Shale Gas - | 25%
? Coalbed Memane 8%

' 'Energy and Enwromnenta alysxs l"nc.,'ésti‘r'né't;s ada‘i-)‘tedfr"om :
Pl/Dwrghts ptoductnon reports T )
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addressed and overcome in order to deliver
cost-competitive supply. Two sensitivity cases
were developed to determine the impact on
price and demand if technology develops at
either a slower rate or a faster rate. When
technology improvements developed more
slowly than in the Reference Case, demand in
2010 fell by 0.7 TCF and price increased by
$0.27 per MMBtu. Conversely, when the rate
of technology improvements increased,
demand increased by 0.7 TCF, and price
decreased $0.32 per MMBtu.

Sensitivity analyses were also run on the
size of the resource base to evaluate the
impact of learning more about the resource
base. An increase of 250 TCF in the economi-
cally recoverable resource base, beyond the
1,466 TCF Reference Case estimate, resulted in
a decrease in gas price of $0.96 per MMBtu.
Conversely decreasing the estimate of the
resource base by 250 TCF from the 1,466 TCF
estimate, increased the price by $0.56 per
MMBtu. The sensitivity analyses indicated
that the assumption on the size of the estimat-
ed resource base has the highest impact on the
ability to produce competitively priced natu-
ral gas. This sensitivity analysis provides
some insight into the impact of access issues
since access restrictions remove potential sup-
ply from the available resource base.

Access issues limit the ability to reach
known resources, slow down development in
certain areas, and impede the construction of
needed pipelines required to deliver natural
gas to markets. For the purposes of the 1999
Study, the following assumptions were made
with regard to access: (1) all scheduled lease
sales will continue on time (including MMS
Lease Sale 181 in the eastern Gulf of Mexico);
(2) all existing regulatory requirements and
restrictions on—and all current rights to drill
on—public lands are honored; and (3) rights-
of-way will be obtained for constructing and
expanding any necessary pipeline infrastruc-
ture. If any of these assumptions fall short,
the ability to explore for, produce, and deliver
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adequate supply will be hampered. Enabling
access beyond that assumed in the Reference
Case is necessary to improve availability and
cost-competitiveness of gas supply in the time
period of the 1999 Study.

Two areas that will significantly con-
tribute to future gas supply are the Rocky
Mountain region and the Gulf of Mexico, both
of which have significant access restrictions.
For example, approximately 9% of resource-
bearing lands in the Rockies are completely
inaccessible due to “no leasing” and “no sur-
face occupancy” restrictions. Another 32% of
resource-bearing lands are specifically subject

_ to restrictions that delay development activity

by an average of two years and add measur-
ably to the cost of drilling wells on these
properties. These restrictions mean that over
137 TCF of resources are subject to prohibi-
tions or impediments. Another 76 TCF of
resources are estimated for restricted offshore
areas in the eastern Gulf of Mexico, the
Atlantic, and the Pacific. Regardless of the
lack of specific stipulations, nearly all
public-lands acreage otherwise accessible for
development regularly becomes encumbered
to some degree in disputes among stakehold-
er groups and inconsistent application of reg-
ulatory policy by the governmental group(s)
charged with managing these lands. These
issues result in similar delays and added costs
for offshore areas.

The 1999 Study assumes access to those
tracts in planned MMS Lease Sale 181, but not
the resources in the eastern Gulf of Mexico
beyond the Norphlet Trend areas off
Mississippi and Alabama. These areas have
not been opened up and no plans to do so are
currently in progress. Similarly, the Destin
Dome area off the Panhandle of Flonda was
not assumed to be available for development
in the Reference Case because the regulatory
approval process was taking place during the
time of this study.

Two sensitivity cases were developed to
evaluate the impact of access on natural gas
production. As seen in Table 8, the reduced

access case assumed that further restrictions in
the Rocky Mountain region would increase .
development costs and reduce the area that £

can be leased under standard terms. This €as€;
also assumed that the scheduled MMS Lease.
Sale 181 would not occur. The reduced access,
case resulted in a price increase of $0.16 Peiy
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MMBtu in 2010 and a decrease in U.S. produc-
tion of 0.3 TCF. The declines in production
wecurred primarily in the Rockies and the
eastern Gulf of Mexico. The decrease in pro-
duction in 2015 was 0.2 TCF, with a decrease
in price of $0.08 per MMBtu. The changes that
occurred in the reduced access sensttivity case
were not pronounced, primarily because the
access assumptions in the Reference Case
were already very restrictive.

The second sensitivity case assuined that
access restrictions would be relaxed in the
Rockies, resulting in the elimination of high-
cost delavs. Currently restricted offshore
areas were assumed 1o be open to leasing in

2004 and production from the area opened In
MMS Lease Sale 181 would begin in 2002
This increased access case resulted in an
increase in U.S. production of 0.5 TCF in 2010,
95% of which was in the Rockies and the
eastern Gulf of Mexico. A corresponding
decrease in price of $0.21 per MMBtu accom-
panied this production increase. More impor-
tantly, a2 dramatic shift occurred in the
Extended View pcriod with an increase in
U.S. production in 2015 of 1.6 TCF. This
increase continued to be primarily from the
Rockies and the Eastern Gulfl of Mexico, with
some Atlantic offshore production beginming
in this time frame. Prices in 2015 decreased
bv $0.45 per MMBtu.
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Supply Finding 3:
A healthy onl and gas industry is
: :

Adequate financial performance
must be demonstrated to compete
for and attract financial investment.

The growth in gas demand projected in the
1999 Study will require approximately $658 bil-
lion [constant 1998 dollars] in upstream capital
expenditures from 1999 through 2015. This fig-
ure includes all exploration, development,
production, and gathering capital expenditures.
A summary of the capital investment require-
ments p ed by the Reference Case in the
1999 to 2015 study period is shown in Figure 9.

This. supply growth. will require an
increased annual average capital expenditure
of $39 billion per year from 1999 through 2015,
versus an annual average of $27 billion from
1991 through 1998. However, these needed
levels of investment will take place only if
investors have confidence that competitive
rates of return will be earned. In recent years,
this has not been the case as the U.S. upstream
sector has earned very modest rates of return.
According to the Financial Reporting System,
the 23 largest producers reported an average
return on assets of just 5.4% over the 12-year
period from 1986 through 1997.

The assumption for future oil prices in the
1999 Study does not take into account the price
volatility that has been experienced and that
has caused difficulty in maintaining steady
levels of upstream investments. The strong
direct correlation between commodity prices
and upstream investment means that invest-

“ments drop rapidly following a significant
downtum in oil or gas prices and confidence
returns slowly. The historical low rates of
return and the degree of volatility jeopardize
the steady flow of capital that is needed to
achiéve the large projected increases in gas
production required to meet growing demand.

Aggressive pro-active workforce
planning is essential.

Without immediate action, impending
shortages of qualified personnel are expected
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to hinder the ability of the supply sector {4
find and develop the required gas supply.
Three major shocks to employment prospects -
in the producing sector have occurred in the
last 20 years. Each of these shocks (1982, 1984,
and 1998) was caused by drastic declines in -
the world market price of crude oil and resul. %
ed in significant reductions in expenditureg
and jobs. At the same time, companies dra-
matically decreased hiring rates. As a result,
the producing sector now suffers from a v
slim “bench” of mid-career workers between
the ages of 30 and 40 and is facing a large
wave of retirements.

In the aftermath of precipitous declines
in crude oil prices in 1981, enrollments in key
disciplines that support the producing sector
began to decline drastically and gained
momentumn with the equally devastating oil
price drop in 1986. The “farm cdubs”—college
and university petroleum-related degree pro-
grams—continue to have great difficuity
attracting promising high school seniors.
Enrollments in undergraduate petroleum
engineering and geoscience programs have
declined by 77% and 60%, respectlvely
between 1985 and 1998 (see Figure 18).2 ‘

The oilfield service/supply sector faces

‘similar challenges in meeting engineering and

operations requirements. Volatility in the
drilling industry has caused many toolpush-
ers and other key supervisory personnel to
leave the industry in search of more stable
careers. [Industry contractors will be chal-
lenged to find and train adequate numbers of
skilled laborers, such as machinists, electri-
cians, pipefitters, and welders. Higher wage
scales are likely to be required to attract work-
ers back into the industry.

Beginning immediately, aggressive
pro-active workforce planning is a necessity
for producers and contractors to achieve
staffing levels that are necessary to meet the
challenge of the projected demand increase.

2 pata from (1) Petroleum Engincering and
Technology Schools 1997-1998, Society of Petroleum
Engineers http://www .pe.ttu.edu/spe_schools_book/
himl/school.htm), (2) State of Oil and Natural Gas
Industry, Independent Petroleum Assonahon of
America, August 4, 1999,
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Figure 18. Geoscience Undergraduate and
Petroleum Engineering Enrollees
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Source: Society of Petroleum Enginéers. Petroleum Engineering and Technology Schoois 1997-1995,; and

American Geological Institute.

New drilling rigs must be built.

In order to supply the volume of natural
gas needed through this study period, the
total number of wells drilled annually must
increase from 24,000 in 1998 to 37,000 in 2010
and as high as 48,000 by 2015. The well
counts include both gas and oil wells because
approximately 14% of natural gas produced in
the United States is associated gas. In 1998, an
average of just over 1,250 onshore rigs of the
1,700 rigs available have been active. While
rig efficiency (footage drilled per rig, see
Figure 19) has improved since 1985 and is
expected to continue to improve over time
with technology advancements, increased
well depth requirements will likely cause the
current number of actual wells drilled each
year per active rig to remain relatively con-

stant. Thus, to drill 48,000 wells annually by
2015 an average of 2.100 onshore rigs and 180
offshore rigs will be required to actively drill
each month of the year.

With this increased level of drilling, the
availability of drilling rigs becomes a primary
concern. Over the 1999-2015 time frame, the
number of onshore rigs that will be retired or
lost to attrition is estimated at 90% of the cur-
rent fleet. In order to meet estimated rig

demand, over 1,125 onshore rigs would need -

to be constructed by 2010 and as many as
1,894 by 2015. Onshore rig construction will
be needed as early as 2001. Capital require-
ments for onshore rig construction is projected
at $12 billion.

Additiona) offshore drilling rigs will also ’

be needed in this time frame, as shown in
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Table 9. As of September 24, 1999, the offshore
fleet actively drilling in the Gulf of Mexico
numbered 207, with 30 of those working in
deepwater. Included in that total were 76 rigs
‘that were not being marketed. Some of the
rigs in this category might not be returned to
service due to the costs that would be associat-
ed with meeting U.S. Coast Guard certification
requirements and classification society stan-
dards. Since offshore drilling rigs are mobile,
improved market conditions in the Gulif of
Mexico could potentially attract rigs to relo-
cate from foreign waters. Taking into account
increasing drilling efficiencies as well as annu-
al attrition rates of 5% for deepwater rigs and
7% for all others, the 1999 Study projects that
72 additional rigs—either reactivated, new
construction, or relocations—will be needed
by 2015 for the increased offshore activity.
This total includes 10 deepwater rigs, 32 plat-
form rigs, and 30 jack-up rigs and barges. If
all of these additions were met by new con-
struction, capital requirements would be
approximately $7 billion.

Supply F'mdmg 4:

Investment in research and develop— _
ment is needed to maintain the pace -
of advancements in technology.

As stated earlier, technology advance-
ment has played a major role in the increase of
the North American resource base by:

* Improving efficiency of drilling, equip-
ment, operating, and other costs

¢ Increasing recovery factors of discovered
oil and gas in place

* Improving success rates (i.e., reducing
the number of dry holes)

* Revealing new areas and types of
resources for exploitation through inno-
vative geologic and engineering con-
cepts.

The above improvements occurred
mainly due to advances in 3D seismic, direc-
tional drilling, and improved completion tech-
niques,

Information and communications tech-
nology also has had a widespread impact on

all facets of the natural gas producing sector.
The persistent improvement of computing
power at consistently decreasing prices has
placed increasingly powerful information
technology tools in the hands of even the
smallest producers, improving efficiency and
reducing cost structures. Processing power is
growing and -allowing applications to be
moved from mainframes to high-efficiency
workstations. The advent of object-based and
improved data storage technologies have
allowed greater access to data with a high
level of access in user friendly interfaces.
Connectivity has been enhanced by the use of
high-capacity networks, fiber, and satellite

". communication links, and the Internet

(intranets, extranets, etc.). More importantly,
these types of system advances support new
paradigms of multi-disdplinary teaming.

One consideration in this constantly
changing environment and workstyle is the
manner in which people can adapt, modify
work processes, and comfortably utilize these
tools. These changes challenge management
to ensure that training is constantly updated
to match the fast pace of technology growth.

Advances in technology do not happen
in a vacuum. All industry stakeholders will
have to support continued investment in tech-
nology research and development—from the
producer who must apply the newest
tools/techniques to the next opportunity, to
the investor who must at times be willing to
sacrifice immediate gains for longer-term via-
bility. Continued and increased funding of
research and development is required for the
North American resource base to live up to its
potential. Cooperative measures by all parties
will be required. With continued emphasis
and investment, new technologies such as
those listed below could have a significant

_impact on future gas production:

¢ Improved Seismic Techniques. Time-
lapse seismic reservoir monitoring, com-
monly known as 4D seismic, is the com-
parison of 3D seismic surveys acquired at
two or more points in time. This allows
scientists to study the movement of flu-
ids in the reservoir. Another technique,
multi-component technology, provides a
more detailed picture of a subsurface
reservoir’s internal architecture. The
combination of these two technologies
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with visualization technology allows
geoscientists to “see” reservoir events
such as a gas cap enlarging as oil is pro-
duced. In the future, real-time reservoir
models will use these techniques to allow
quick updating as new data are available,
thus enabling drilling and field develop-
ment decisions to be made quickly to
enhance production.

Deep Wireline Measurements. Deep
measurements of gravity and electro-
magnetic forces provide information that
complements the seismic data. Wireline-

" based deep measurements typically have

higher resolution than seismic and can
provide enhanced detail about gas loca-
tion and movement.

Integrated Well Planning. Integrated
well planning is the process of effectively
and accurately planning for optimum
wellbore placement in the reservoir,
determining suitable equipment/systems
for completion and production, and max-
imizing reservoir output and economics.

Drilling Systems. A major focus on
drilling systems will continue, because
drilling time is a major component of rig
cost and thus the total cost of the well.
Significant strides have been made in the
last several years with regard to rates of
penetration, equipment dependability,
downhole data gathering, and drilling
dynamics. The ability to steer and
extend the wellbore both vertically and
horizontally to zones of interest has
increased significantly with the advent of
extended reach wells, horizontal drilling,
and multi-laterals

Deepwater Technology. As exploration
and production activities move deeper
into the ocean, new technology will be
essential for advancing offshore produc-
tion systems. Traditional platforms are
being replaced with new designs and
subsea completions are becoming com-
mon place. New systems .such as
Floating Production Systems may have
the potential to significantly extend pro-
ducing systems tc the ultra-deepwater

areas if technology and cost challe
can be met. ;

The 1999 Study presumes that thesQ
technology advances and many others will
form the basis for new innovations that
increase exploratory success and opti
well production capability. Should technolo-
gy advancements materialize at a slower Tate,
or should these technologies prove less valy.
able to producers than expected, the avail-
ability of future supply and the cost at which
it is delivered could be impacted.

Findings of the Transmission
& Distribution Task Group

‘, ,Transnuss:onlDlsmbuhon Fmdmg 1

' Significant expansion and enhance-
- ments to the delivery system are
‘required to serve the growmg
'demand

Substantial changes are expected in natu-
ral gas supply and consumption patterns by

2015, which creates a need for enhancements

to the existing delivery system and construc-
tion of new transmission and storage fadlities.
By 2015, annual requirements are projected to

increase beyond 31 TCF, which equates to

88 BCF per day. Peak-day requirements will
grow from approximately 111 BCF per day in
1997 to over 152 BCF per day in 2015, as
shown in Figure 20. A significant investment
in pipeline facilities will be necessary to meet

the new demand requirements and shifts in

supply locations to deepwater Gulf of Mexico,

Rockies, western Canada, and the Canadian

Atlantic. These frontier supply basins will
have increased pipeline costs because of their
more distant location from markets, mitiga-
tion of potential environmental impacts, and
harsher environments for construction, main-
tenance, and operation. However, the annual
average expenditures projected in this study
are consistent with historical trends.

The consumption of natural gas in the
United States previously peaked in 1972 at
22.1 TCE. Since then, geographic shifts in sup-
ply and demand (such as the decline of the
industrial Midwest and increases in supply
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Figure 20. Peak-Day Demand by Year
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from the Rockies and Canadian imports) has
caused the transmission and storage system to
expand more slowly than otherwise expected.
Today there are more than 270,000 miles of gas
transmission pipelines and approximately
3.2 TCF of working gas storage capacity
(Figures 21 and 22). The U.S. delivery system
also includes another 952,000 miles of gas
lines owned by the distribution segment of the
industry. Through 2015, approximately 38,000
miles of transmission pipeline and 255,000
miles of distribution mainlines are projected to
be needed to meet the requirements of the
Projected market. This rate of growth is com-
parable to the expansion experienced in the
last few years. In addition, working gas stor-
age will increase by 0.8 TCF.

The existing transmission and storage
System is capable of meeting its existing firm

requirements on an annual and peak-day
basis. Analysis indicates that the system had
a 1997 annual capacity of 45 TCF and a daily
capacity of 131 BCF. This additional capacity
above the 1998 annual consumption of 22 TCF,
and estimated firm peak-day demand of
111 BCF per day, allows non-firm customers to
use this capacity on peak days, provides nec-
essary redundancy, adds reliability, and
enables the system to support a growing U.S.
gas market.

Peak-day requirements represent the sum
of all loads on a system on the day of highest
demand (as measured by volume). Any par-
ticular system must have the ability to meet its
customers’ firm requirements on design peak
days. Gas utility systems use a combination
of flowing gas and storage gas to meet their
customers’ firm requirements on these days.
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The space-heating load is highly dependent
on the impact of unpredictable winter weath-
er. For this reason, almost all US. gas
pipelines and distribution companies experi-
ence their peak day during the winter months.
During the remaining months of the year,
these utilities have unutilized capacity beyond
that needed to meet market requirements and
to refill storage.

In general, the increased demand projec-
tions for 2010 and 2015 in the residential,
commercial, and industrial sectors will also
increase peak-day requirements and thus
necessitate construction of additional pipeline
and storage facilities. Contracts with some
customers, principally industrials and elec-

tricity generators, may limit consumption on
peak days and allow (or require) them to
switch to another fuel. Some customers are
unable to switch fuels due to restrictions from
environmental regulations. This is becoming
more common, particularly for the new elec-
tricity generation facilities, as fuel-switching
capabilities are becoming more difficult to
permit in some areas of the United States.
Thus, the new electricity generation load will
likely have a higher impact on peak-day
requirements than in the past. However,
some level of fuel-switching capability is nec-
essary to handle overall energy needs on peak
days and to lessen pipeline and storage
expansion needs.

Figure 21. U.S. Natural Gas Pipeline
Cumulative Mileage
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Two shifts in the flows on the transmis-
sion system have developed recently. The first
is the decrease in Gulf Coast and Mid-
Continent supply moving to the Midwest (i.e.,
Chicago area). This was caused by slow mar-
ket growth in the Midwest and displacement
of Gulf Coast and Mid-Continent supply by
Rockies and western Canadian supply as
additional pipeline infrastructure has come on
line. The second is the increase in Gulf Coast
supply to the Southeast that was caused by
the large increase in market demand. Supply
increases from the Rockies and western
Canada will be landing in the Midwest area,
tuming Chicago into a supply hub at some
point in the near future. The Reference Casc
shows that significant new or incremental
transmission capacity will be built from the
Rockies to California, Canadian Atlantic to
New England, Gulf of Mexico to Florida,

westem Canada to the Padfic Northwest, and
the Mackenzie Delta to Alberta.

The anticipated shifts in supply regions
and regional growth patterns will require
building pipelines to tap new supply sources,
expanding infrastructure along existing corri-
dors, building laterals to attach new markets,
and attaching new storage facilities to the
pipeline grid. A fundamental requirement to
develop this infrastructure is access to Jand for
attaching, gathering, and processing the natu-
ral gas and then transporting the natural gas
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to market or to storage fields for eventual
delivery to market.

Issues related to access have become
more prominent for the transmission and dis-
tribution sectors of the industry. Access issues
arise from urban sprawl encroaching on
potential and existing rights-of-way and elimi-
nating potential pipeline routes, heightened
public resistance to providing easements, and
increasingly restrictive government policies
and regulations. Some of these issues are
exemplified by public protest to recently pro-
posed pipeline projects from the Midwest to
serve Northeast markets. Both industry and
government have taken action to address the
public’s concerns. For example, FERC recent-
ly amended regulations by adding landowner
notification requirements and also issued
orders to help facilitate pipeline projects.
However, the following examples of proposed
policy /regulatory changes demonstrate a
movement toward additional requirements for
the building and maintenance of pipelines.

» The US. Fish & Wildlife Service (FWS)
has developed a ”“Draft Compatibility
Policy Pursuant to the National Wildlife
Refuge System Act of 1997” that would
significantly impact the ability to obtain
permits from the FWS for non-wildlife-
dependent activities.

¢ On July 21, 1999, the Corps of Engineers
proposed to modify Nationwide Permits
in certain areas, which if implemented
could affect the ability to obtain permits
in a timely and cost-effective manner.

* On September 15, 1999, the Federal
Energy Regulatory Commission issued a
Statement of Policy (Docket No. PL99-3-
000) that it will use in deciding whether
to authorize the construction of major
new pipeline facilities. The change in
policy now requires that an applicant
demonstrate that the economic benefits
to the public outweigh adverse impacts.
Only when the benefits outweigh the
adverse effects on economic interests will
the Commission proceed to complete the
environmental analysis and consider
other interests. Prior to this policy
change the economic test was much sim-
pler, relying on the percentage of long-
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term contracts as the measure of demand
for a proposed project.

Careful consideration must be given to ‘

these and similar issues in order to balance the
myriad of interests that exist. The conse-
quences of conflicting policy and regulations
within and across government agencies will
lead to higher costs, either directly or via
delays. Natural gas has its own environmen-
tal benefits that should be taken into account
when formulating policy so that an appropri-
ate balance can be achieved.

=N

ution Finding 3:
eded to serve a

[P

The evolving competitive nature of the
natural gas industry requires new mecha-
nisms for existing and new customers to gain
access to transportation services at competi-
tive prices. As the LDCs’ requirements to
hold interstate pipeline capacity decline, mar- -+

keters, producers, and other end-users will be
contracting for the capacity. Many of these
customers use capacity differently than the
LDCs, because their individual load require-
ments and physical capabilities differ from
the aggregated load and system capabilities
of the LDCs.

The current delivery system was built
and optimized over decades to meet the
design peak-day requirements of firm service

customers that are primarily residential, com-
mercial, and to a lesser extent, industrial and
electricity generation customers. To date, the
“seasonal slack or off-peak slack” in the deliv-
ery system has been adequate to meet the lev-
els of demand placed on this system by elec-
tricity generators. Looking ahead, the
anticipated tremendous growth in electricity
generation demand for natural gas will
require the delivery system to be re-optimized
to meet larger off-peak swing loads as well as
growing peak-day requirements. For exam-
ple, electricity generators (using high-efficien-
¢y combustion turbines) require significantly
higher inlet pressures and higher hourly flow
rates than other end-use customers (and pre
vious generation turbines). In addition. the
loads for peaking generators are volatile an

of relatively short duration, thereby requiriné
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greater flexibility and quicker responses by
the natural gas delivery system. Meeting
these requirements, as well as the increasing
peak-day requirements of the other sectors, on
a significantly larger scale will entail changes
in physical capabilities, operational proce-
dures, communications, contracting (supply
and transportation), and tariffs.

While the capital required for transmis-
sion and distribution infrastructure expan-
sions is not of the same magnitude as for the
upstreamn sectors, investment issues are just as
critical. The Reference Case shows that trans-
mission and distribution companies will need
to make capital investments of approximately
$123 billion through 2015. This total includes
$35 billion for transmission pipelines, $84 bil-
lion for distmbution facilities, and $4 billion
for storage. Clearly, companies will need to
make considerable investments in infrastruc-
ture to serve new customers, manage seasonal
and peak-day demand swings, and replace

aging facilities. The magnitude of the expen-
ditures is in line with historical averages, but
restructuring has introduced new nisks associ-
ated with investments.

The primary question that looms in this
segment of the industry is about who will
accept the risk of financing and constructing
major new facilities. In the past, downstream
investments in gas pipelines and storage fields
were -heavily regulated. LDCs, as franchise
holders, had principal access to the end-use
market and thus had a level of certainty that
supported the investment in new facilities.
The industry restructuring over the last two
decades has led to changing roles and obliga-
tions—as well as new risks and different risk
profiles—for all the industry participants.
Many pipeline shippers now attach little value
to holding contracts for firm service of more
than three years. The shippers’ need to limit
their long-term exposure does not align with
the pipelines’ need for long-term contract
commitments to justify investment risk. In
addition, industry restructuring can impose a
myriad of challenges/risks to gas utilities that
should be considered in the regulatory pro-
cess. Faced with these changing conditions, it
is not clear who will be willing to accept the
risks for building the infrastructure needed to
support the growth in natural gas demand.
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Appendix A

The Secretary of Energy
Washington, DC 20585
May 6, 1998

Mr. Joe B. Foster

Chair

National Petroleum Council
1625 K Street, NW.
Washington, D.C. 20006

Dear Mr. Foster:

In 1992, the National Petroleum Council released a study entitled, “Potential of
Natural Gas in the United States.” That study was critical in identifying natural
gas as an abundant domestic resource that can make a significantly larger
contribution to both this Nation’s energy supply and its environmental goals.

Since the release of the study, the Nation has experienced five years of sustained
growth in the use of natural gas. In addition, the study did not anticipate at least
two major forces that are beginning to take shape, which will profoundly affect
energy choices in the future — the restructuring of electricity markets and growing
concerns about the potentially adverse consequences that using higher carbon-
content fuels may have on global climate change and regional air quality. These
issues offer opportunities and challenges for our Nation’s natural gas supply and
delivery system. For a secure energy future; Government and private sector
decision makers need to be confident that industry has the capability to meet
potentially significant increases in future natural gas demand.

Accordingly, 1 am requesting that the Council reassess its 1992 study taking into
account the past five years’ experience and evolving market conditions that will
affect the potential for patural gas in the United States to 2020 and beyond. Of
particular interest is the Council’s advice on areas of Government policy and
action that would enable natural gas to realize its potential contnbution toward
our shared economic, energy, and environmental goals.

Given the significance of this request, Deputy Secretary Elizabeth Moler will co-
chair the study committee. I offer my gratitude to the Council for its efforts since
our meeting in December 1997, to assist the Department in defining a more
concise study scope. The breadth of issues related to natural gas supply and
demand is vast and I recognize that further refinements in scope may be necessary
once the study is underway to address the most significant concerns about future

" natural gas availability.

Sincerely,

\;ALQW; é;za

Federnico Peiia
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The Secretary of Energy
Washington, DC 20585

November 18, 1998

Mr. Joe B. Foster

Chair

National Petroleum Council
1625 K Street, N.W.
Washington, D.C. 20006

Dear Mr. Foster:

This is to convey my approval to establish a Committee on Natural Gas and to
appoint industry members as proposed in your letter of October 6, 1998. 1 also
approve the establishment of a coordinating subcommittee and the appointment of
subcommittee members identified in your letter.

The Deputy Secretary will serve as the Government co-chair of the committee; the
Assistant Secretary for Fossil Energy will co-chair the coordinating subcommittee.
Staff involved in this study will be from the Office of Fossil Energy and the Office
of Policy and International Affairs. In addition, the Energy Information
Administration has expressed an interest in providing technical and analytic
support. The Deputy Assistant Secretary for Natural Gas and Petroleum
Technology will serve as the alternate for the Government co-chair of the
subcommittee. ' ’

I agree that it would be appropriate for a representative of the Department of the
Interior to be a member of the coordinating subcommittee, and we are pursuing
this issue.

For a secure energy future, Government and private sector decision-makers need
to be confident that industry has the capability to meet the significant increases in
natural gas demand forecasted for the twenty-first century. Iam pleased that the

National Petroleum Council recognizes the challenge facing the domestic natural

gas industry and has agreed to conduct a study of natura) gas supply availability. 1
look forward to the study’s results.

Yours sincerely,

Bill Richardson
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Description of the National Petroleum Council

In May 1946, the President stated in a letter to the Secretary of the Interior that he had been im-
pressed by the contribution made through government/industry cooperation to the success of the
World War 1I petroleum program. He felt that it would be benefiaal if this close relationship were
to be continued and suggested that the Secretary of the Interior establish an industry organization
to advise the Secretary on oil and natural gas matters.

Pursuant to this request, Interior Secretary J. A. Krug established the National Petroleum Council
on June 18, 1946. In October 1977, the Department of Energy was established and the Council was
transferred to the new department.

The purpose of the NPC is solely to advise, inform, and make recormmunendations to the Secretary
of Energy on any matter, requested by the Secretary, relating to oil and natural gas or the oil and
gas industries. Matters that the Secretary of Energy would like to have considered by the Council
are submitted in the form of a letter outlining the nature and scope of the study. This request is
then referred to the NPC Agenda Committee, which makes a recommendation to the Council.
The Council reserves the right to decide whether it will consider any matter referred to it.

Examples of recent major studies undertaken by the NPC at-the request of the Secretary of Energy
include: '

® Enhanced Oil Recovery (1984)

® The Strategic Petroleum Reserve (1984)

* U.S. Petroleum Refining (1986)

* Factors Affecting LS. Oil. & Gas Outlook (1987)

¢ Integrating R&D Efforts (1988)

* Petroleum Storage & Transportation (1989)

* Industry Assistance to Government (1991)

® Short-Term Petroleum Outlook (1991)

® The Potential for Natural Gas in the United States (1992)

* U.S. Petroleum Refining—Meeting Requirements for Cleaner Fuels and Refineries (1993)
* The Oil Pollution Act of 1990—Issues and Solutions (1994)

® Marginal Wells (1994)

® Research, Development, and Demonstration Needs of the Oil and Gas Industry (1995)

* Future Issues—A View of U.S. Oil & Natural Gas to 2020 (1995)

* Issues for Interagency Consideration—A Supplement to the_ NPC'’s Report: Future Issues (1996)
* U.S. Petroleum Product Supply—Inventory Dynamics (1998).

The NPC does not concern itself with trade practices, nor does it engage in any of the usual trade

| association activities. The Council is subject to the provisions of the Federal Advisory Committee

Act of 1972,

| Members of the National Petroleum Council are appointed by the Secretary of Energy and repre-

Sent all segments of the oil and gas industries and related interests. The NPC is headed by a Chair
and a Vice Chair, who are elected by the Council. The Council is supported entirely by voluntary
contributions from its members.
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A-4

NATIONAL PETROLEUM COUNCIL

MEMBERSHIP

Jacob Adams
President

Arctic Slope Regional Corporation -

George A. Alcom
President
Alcorn Exploration, Inc.

Ben Alexander
President :
Dasco Energy Corporation

Robert J. Allison, Jr.
Chairman and

Chief Executive Officer
Anadarko Petroleum Corporation

Robert O. Anderson A
Roswell, New Mexico

Philip F. Anschutz
President

The Anschutz Corporation

Robert G. Armstrong
President
Armstrong Energy Corporation

O. Truman Amold

Chairman of the Board, President
and Chief Executive Officer

Truman Amold Companies

Ralph E. Bailey
Chairman and

Chief Executive Officer
Xpronet Inc.

D. Euan Baird

Chairman, President and
Chief Executive Officer

Schlumberger Limited

1999

William W. Ballard
President
Ballard Petroleum, L.L.C.

Michael L. Beatty
Michael L. Beatty & Associates
Denver, Colorado

Riley P. Bechtel
Chairman and

Chief Executive Officer
Bechtel Group, Inc.

Victor G. Beghini
Former President
Marathon Oil Company

David W. Biegler
President and

Chief Operating Officer
™U

Peter I. Bijur
Chairman of the Board and
Chief Executive Officer

Texaco Inc.

Frank Bishop

Executive Director

National Association of
State Energy Officials

Jack S. Blanton
President and

Chief Executive Officer
Eddy Refining Company

Carl E. Bolch, Jr.
Chairman and

Chief Executive Officer
Racetrac Petroleum, Inc.
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‘John F. Bookout

Chairman, President and
Chief Executive Officer

Contour Energy Co.

Mike R. Bowlin

Chairman of the Board, President
and Chief Executive Officer
Atlantic Richfield Company

William E. Bradford
Chairman of the Board
Halliburton Company

Charles T. Bryan
President and
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In the Jast decade, as the United States has moved
towards ever-increasing reliance on nartural gas as the
fuel-of choice for the 21st century, the Department
of Energy (DOE) has looked to the National Petro-
leum Council to provide expert analysis and recom-
mendations on the key issues affecting natural gas.

The National Petroleum Council is a federal advisory
committee to the Secretary of Energy whose mem-
bers include representatives of the oil and gas indus-
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Workshop Summary

Introduction

In the last ten years, the U.S. has struggled with the
decision of what fuel, or fuels, 1o rely on to power the
Nation’s economy as we move into the 21st century.
Two of the primary criteria in this decision are that
the fuel has o0 be available in secure, reliable, and
reasonably-priced volumes, and that the fuel has to
contribute to the goal of protecting the environment.
Out of this process, natural gas cearly emerged as
the fucl-ofchoice for the coming decades.

In 1990, when it first became apparent that natural
gas might play a bigges role in meeting the country’s
needs for a clean and reliable fuel, Secretary of En-
ergy James Wartkins asked the National Petroleum
Council (NPC) to undertake “...a comprehensive
analysis of the potential for natural gas to make alarger
contribution, not only to our Nation’s energy sup-
ply. but also 1o the President’s environmental goal.”
The Council responded with a 5-volume report in

1992 entided, The Potential for Natural Gas in the -

United States, which concluded that “natural gas has
the potential to make a significantly larger contribu-
tion both to this Nation’s energy supply and its envi-
ronmental goals.” This was 2 landmark report that
encouraged U.S. industry and government to rely on
natural gas to meet the Naton’s energy and environ-

mental goals.

The NPC delivered its report, Meering the Challenges
of the Nations Growing Natural Gas Demand, to Sec-
retary Bill Richardson in December 1999.

Today, natural gas supplies almost a quarter of the
Nation's energy needs. As projected in the NPC 1999
report, demand is expected to grow by almost a third
by 2010, increasing to 29 trillion cubic feet (Tcf) in
2010 and to beyond 31 Tef by 2015 (Figure 1).
Demand will increase in all consumption sectoss—
residential, commercial, industrial, and electricity

generation—with the largest growth in dleauricity gen-

* eration as natural gas remains the preferred fuel for

new clectricity generation facilicies (Figure 2) and in
all regions of the country (Figure 3). More than 14
million new customers will be connected to natural
gas supply by 2015 and many more will find their
growing electricity needs met by gas-fired generators.

As described in the 1999 report, the Council found
that the domestic natural gas resource base was ad-
equate to meet increasing gas demand for many de-
cades. It also found, however, that realizing the full
potential of natural gas usc in the United States would
require focus and action on seven critical factors in-

chuding:
= access to resources and rights-of-way,
* continucd technological advancements,

* financial requirements for developing new
supply and infrastructure,

Extended
The NPC 1999 Report 35, Actual Focus Period View
By 1998, it was apparent that the move
towards natural gas envisionedin the 1992 & 30
NPC rcport was occurring even faster than 2 ~
expected due to growing indusuial de- O 25 /'—/
mand, slower-than-expected improvements 8 //
in end-use efficiencies, and restructuring E 197 NP Mderner Coe ]
of the electric urility industry. In response, 20} ] 2 N A —
Secretary of Energy Federico Pefa asked the et Range of Ouecomer
Council to “...reassess its 1992 study 1ak- s
ing into account the past five years’ experi- 1990 1995 2000 2005 2010 2015

ence and evolving market conditions that
will affect the potential for natural gas in

the United States to 2020 and beyond.”  Repors.

Year

Figure 1. US. Natwral Gas Demand. Comparison of 1992 and 1999 NPC
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* availability of skilled workers,
* cxpansion of the U.S. drilling fleer,

* assuring reasonable lead times for develop-
ment, and

* meeting changing customer needs.

-Nznnlgnmbnhuimpomtmuhdo-mth:
Nation's energy portdolio

® Reliability is key—14 million new customen by 2015

s Conscrvatios and encrgy cfbicency sill needed

Figure 2. Nawral Gas Demand Growth in NPC Reference Case
(1998-2010): Distribution of 7 Tdf Increase by Secvor.

In response to thesc concerns, and to cnsure that the
mutual goals of government, industry and consum-
ers are met, the Council in 1999 recommended that:

= an interagency group be formed at the
highest levels of government to create a
strategy for natural gas in the Narion’s
encrgy portfolio,

» abalanced, long-term approach for responsi-
bly developing the Nation’s natural gas

resource base be established,

* technology research and develop-

ment be emphasized,

* aplan for capital, infrastructure,
and human resources be created,

* government processes that impaa
gas development be streamlined
to climinate duplication and
conflicting directives,

¢ the impact of environmental
regulation be assessed to objec-
tively weigh the environmental
bencefits of natural gas consump-

tion versus the environmental impacts of
natural gas exploration and production, and

* new services be designed to meet changing
customer needs.

The Counéil also recommended that, recognizing the
Nation’s changing energy needs and the dynamic na-
wure of natural gas markets, the Department should
periodically monitor trends in the assumprnions used
in the study and progress in mecting the critical fac-
tors identified in the report.

DOE’S Workshop on
March 5-6, 2001

Since the NPC report was rdeased in December 1999,
the domestic natural gas market has experienced con-
siderable volatility with prices for natural gas reach-
ing as high as $10 per million Brtu (MMBw) on the
spot market. In 2000, average wellhead prices were
about $3.40 per MMBtu ($1998), 70% higher than
the typical $2 per MMBru price seen in the 1990s
(Figure 4). Historically high gas storage withdrawals
and imports were required to mect gas demand. In
view of these recent market events, and concerns raised
that demand for natural gas may be increasing at a
rate that the natural gas industry may find difficult
to supply, it was clear that a review of the report and
its assumptions would be useful.

Figure 3. Natural Gas Demand Wil Increase In All Regions (1999 NPC
Reference Casc).

3
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Accordingly, the Department sponsored a
workshop on March 5-6, 2001, to provide
an opportunity for industry and government
executives, especially those individuals who
participated in developing the NPC 1999
report, to discuss and share their individual
observations on the report and changes that
have been scen in the marketplace since the
report was rcleased.

A “roadmap” highlighting key assumptions
from the NPC 1999 report provided the
backdrop for workshop discussions
(Figure 5). In threc areas that corresponded
to Task Groups previously organized by the
Council —Demand, Supply, and Transpor-
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19988/ MMBuu

Figurc 4. Average U.S. Wellhcad Gas Price—1999 NPC Cascs.

taton and Distribution—the workshop participants

reviewed: !

* assumptions used in the NPC 1999 report
Reference Case or derived from the model-

ing resulss,

* changes in natural gas market conditions
and public policies since the NPC 1999

report was released,

* the magnitude of these changes (c.g., as

compated to results or sensitiviry
analyses from the NPC 1999
report), and

= possible implications these changes may
have for the results, findings and recommen-

dations of the NPC 1999 report.

The Department requested that the workshop par-
ticipants share their expert insights and observations
on the recent events in the natural gas industry, and
did not seck a consensus view. The purposc of the
workshop was for the participants to gain an improved
understanding of our Nation’s encrgy situation and
the evolving role of natural gas in meeting the energy

needs of consumers.

Reference Case

Sensitivity Cases
* Rosource Base

e Technology

* Oil Price

-« GDp

= Access

1

Demand Supply Transmission/Distributon

*US. GDP Growth Resource Base *Major Projects Completed and Planned
U.S. Indusuial Production Index *Domestic Gas Production Basis Diffcrendals
Camadian GDP Growth Conventional. GOM. Unconvenconal ING Imporo
Crude Oil Prices . . L. .

. et Wells and Foorage Drilled Fronder Pipcline Projecs

Elecuricity Demand (Abasks. NW Terior

*New Powerplanc Constnuction Impors and Exporns ) emicones)

. . H “Pipeline Constuction Coso

Powerplant Fud Switching Capability Canada. Maxieo LNG e

Nudear Plant Relicensing “Technology Progress Gas Ston-ge Costs

Caal and Nudear Capadty Udlintion Exploradon Success New Serviess

Industrial and Residendal! Commercial Drilling Efficiencies Access to Rights of Way

Narural Gas Demand *Access to Resources Financial Requircmenc
Weather - .
Finandal Requiremens
"Key issues.

Figure 5. NPC Natural Gas Study Roadmap.
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Workshop Commentary

Over the past two years, a number of significant
changes have taken place in natural gas markets. De-
mand has increased significandy, driven primarily by
power generation needs, while domestic production
has not kept pace with demand. The situation
reached levels of significant concern this past Decem-
ber when the “pesfect storm” hit domestic gas mar-
kets. Following a cold November, December was even
colder—over 20% colder than normal. Gas storage
had already been heavily drawn down and, the sup-

ply/demand balance was tight as end-users that could”

switch to oil had already done so. As a result, in
December 2000, wellhead natural gas prices nation-
wide averaged $5.55 per MMBru, almost three times
the prices one year earlier, and peaked at over $10.00
per MMBuu.

The increased demand over recent months has been
madec up mostdy by onc-time increased drawdown
from storage, as well as increased imporis from Canada
and decreases in demand (fuel switching and reduced
consumption in the industrial sector). The extent to
which these trends can continue is unclear. It ap-
pears that demand will continuc o grow as least as
quickly as envisioned in the 1999 NPC repon, and
possibly faster. As a Nation, we need to examine
closely how the marketplace will accommodate this
increased demand for nacural gas.

Witch respect to oil prices. the NPC Reference
Case oil price assumption was $18.50/bbl West

There was discussion among the participants that if
oil prices stayed high, upward pressure would be
placed on gas prices because in the NPC Reference
Case and in most of the sensitivities, potential gas
demand was projected o be switched 1o oil to bal-
ance the market. If oil prices were higher, then gas
prices would also be higher than projected. While
these higher prices would bring in more gas supply,
they might also inhibit long-term gas demand by,
for example, making coal more economic for new
power plants.

The participants discussed the fact that about 12,000
megawatt (MW) of new coal capacity beyond that
projected in the NPC study has already been an-
nounced in the last six months due to high gas and
oil prices. There was some disagreement as to whether
these and other new coal plants that might be planned
in the future would add to the NPC projection for
coal generation or make up for old coal plants that
will be retired due to the high cost of retroficting
environmental controls.

As might be expected, workshop participants pre-
sented a range of views, from expecrations that the
marketplace would shonly come back into balance,
albeit at higher price levels than in the past, to more
ominous vicws that acute narural gas shortages may
be in the offing in the near future. What became
clear, however, was that there may be inadequate data
at this time with which to decide among differing
views regarding the implications of nascent trends.

Texas Intermediate (WTI) in real 1999 dol-
lars and $16.50 for refiners average cost of crude
(RACC). These prices were chosen for the $30.00 e

 $35.00

study because they are the actual long-run  $25.00 - A-

average over several decades. (High Oil Price $20.00 - /,__/ \\\ /

and Low Oil Price sensitivity cases assuming '\_/Y_/ = "\ / L —
$15.00

long-run WTI oil prices of plus or minus

-~ V
-~

$3.50/bbl were also run.) Actual oil prices 510,00
(Figure G) in 1999 and 2000 were higher than — NPC99

$5.00 7 - = Actual (EIA) —
even the High Oil Price case. The high oil ’ ; (F1A)
prices stimulated drilling activity and led in- s0.00 ¢

directly to higher gas prices through much of 19951996 1997 1998 1999 2000 2001
2000 when gas competed with distillate and

~ fuel o1l at the burner tip. Figurc 6. Oil Price (RACC) (Nominal U_S. Dollars per Barrel).
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Participants universally saw the need for increased
benchmarking of key demand, supply, and transmis-
sion and distribution milestones, which would help
clarify the situation. Further, there was a call 1o re-
convene another workshop in six 10 nine months when
improved data on year 2000 and information on
trends for 2001 would be available and more mean-
ingful directions could be established.

The NPC 1999 report has been characterized as the
most definitive body of information outlining
industry’s ability to meet future demand for nacural

gas in the Unirted States. And, overwhelmingly, work- -

shop participants reaffirmed the value of the NPC
1999 report and the validity of the recommendations
therein. While the growth in natural gas demand
projected in the report may turn out to be conserva-
tive if demand increases more rapidly than antici-
pated, the common theme expressed by workshop
participants was that the results, findings and rec-
ommendations of the NPC 1999 tcport are even more
critical today and tha, as 2 long-range documeny, it
remains valid. It was stated repeatedly that an even
greater sense of urgency should be attached to its find-
ings and recommendations, particularly for decision
makers in government and industry.

The balance of this workshop summary pre-

sents the key issues and trends identified

Natural Gas Demand

The estimated actual gas demand in year 2000 was
about 0.5 Tcf higher than expected by the NPC 1999
report reference case (Figure 7).' Workshop partici-
pants discussed how harsher weather in 2000, to-
gether with less electric production from hydro units,
had contributed to the strong demand for natural
gas. The participants also noted that unusually high
net withdrawals from gas storage, both in the U.S.
and Canada, helped mect the demand for natural gas
when gas supplies were lower than expected in 2000.2

As forescen by workshop participants, higher growth
in the Gross National Product (GDP), greater instal-
lation of gas-fired power generation capaaty, emerg-
ing envitonmental concerns, and government poli-
cies that encourage gas use, could all conuibute to
future gas demand growing even faster than set forth
in the NPC 1999 report. Close monitoring and
benchmarking of this issue was determined by the
workshop participants be a high priority, particufarly
to provide reliable information to industry.

Given short-term GDP growth of 4.2% in 1999 and
5% in 2000, versus the long-term 2.5% annual growth

and discussed by workshop participants on 240
natural gas demand. supply, and transpor- —NPC 9
. o 235 +—
tation and distribution. The report also ex- g -~ Est. Actual (EEA) /
amines the status of the critcal factors set 230 . -~
forth in the NPC 1999 repore and high- /
lights new issucs that have emerged since 225
the issuance of the report. Material from
. 22.0 B S P - .
presentations made at the workshop can be A
found in the Appendix. For the sake of brev- 215
ity. NPC 1999 report assumptions that were
not considered by workshop participants to 210 " ' ‘
1995 1996 1997 1998 1999 2000

warant critical benchmarking are not de-

scnbed.

2001

Fgurc 7. US. Total Gas Consumption (Tcf/year).

* Escimared actual demand for 1999 and 2000 were calcutated by adjusang ELAS consumpton dats (sousce: EIAs Nervral Gas Annual and Nacwral
Gas Monthly) by their “balancing iremns™ to ks gas production and grata gas coasumpuon for those years.

! While the NPC projection foresaw that the drifling declines in 1999 would lead 0 a very tight gas market in 2000, it had assumed chac fuel
switching 10 oil {rather than storage withdrawals) would balance the marker. High prices for oil in 2000 prevented the fuel switching from occurnng

as anticipared.
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assumed in the NPC 1999 report Ref-

Inaeased Gas/Oil-Fired

erence Case (Figure 8), workshop par- Faster GDP Growth Electric Powes Capacity
ticipants stated that consideration {2000) (1998-2000)
should be given to using higbcr GDP 6.0% +5.0% 40 3%

growth rates of about 3% in future -§ 5.0% | f5- g oW

analyses of natural gas demand. It was e > ke

noted that the EIA had increased ex- 2 4.0% mE ‘g 30 }— 30 GW
pected GDP growth rates to 3% annu- 8 3.0% |— : 5% 3 .

ally in recent analyses. (The NPC 3 0% = % T 25—

analysis also included a2 3% GDP UM g

growth sensitivity case.) Partidpants 1.0% .7 = 204+ 1
observed that, if actual average GDP o [

growth rates continue to be higher 0.0% !
than the 2.5% average GDP growth

Acual®* NPC 1999 Actual** NPC 1999

Seudy Study
ratc used in the NPC Reference Case, *EIA, Short Term Energy Oudook, Natural gas for electricity~
the gap between actual natusal gas de- Jan 2001. 4 years ahead of NPC projection
mand and the Reference Case demand **EEA
could widen significandy as time ) ) .
progresses. ;’gor)c 8. GDP Growth (2000) and Gas/Oi-Fired Electric Power Capacity (1998-

Workshop participants acknowledged

that more gas-fired power capacity had been installed -

in the past two years and that much more would be

installed in the next several years than expected in

the NPC 1999 report. Participants noted that the
availability of data on the role and use of these plants,
ranging from pcaking to near basc load, would be
useful to better define new demand for natural gas
from power generation.

Much workshop discussion centered on the need for
improved data on national as well as regional elec-
tricity demand and capacity. Improved data on new
gas-fired generating capacity was viewed as particu-
larly imponant, as companies look to rebuild spare
capacity in sclected regions of the country, such as
-California and New England. It was noted that re-
duced electricity generation from hydropower had ex-
acerbated the California power crisis, although in-
creased utilization of nuclear plants had compensated
for shortages in hydropower nationwide.

Considerable workshop discussion centered on estab-
lishing how much fucl switching actually took place
last year when natural gas prices (on a Bru basis) ex-
ceeded distillate oil prices. Also, there were requests
for improved data on the physical (and regulatory)
ability to switch from gas to distillate and more reli-
able information on the fuel choices available 1o the

Nation's industrial sector and how much reduction
in industrial gas demand occurred this past winter as
aluminum and ammonia plants shut down their
manufacturing capacity and sold gas back into the
marketplace.

Workshop participants expected that actions that may
be taken to address concemns over the role of carbon
dioxide (CO,) and greenhousc gas emissions as well
as controls on other coal-fired power plant emissions
would likely increase the demand for narural gas.
Placing CO, capture equipment in plants would sig-
nificandy reduce (by 20 to 25%) the generating ca-

pacity of current coal-fired power plants.

Natural Gas Supply

Workshop participants recognized that supply is de-
termined fundamentally by the qualiry of the resource
base and the availability of appropriate technology
by which to producc it. In the U.S., the natural gas
resource base is large. But, at the same time, partici-
pants emphasized that the remaining domestic natu-
ral gas resource base is geologically complex and con-
sists of smaller fields. The geologic quality of remain-
ing resources is likely becoming poorer, or as described
in the words of one participant, mimicking the popu-

lar political slogan, “It’'s the geology, stupid.” One
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participant observed that his

company has drilled prospects 20 [ 199
down to about 4 Bcf and what ; 19.1 .
. ; ; | | Tqa Onshore
s lefe is s"‘m"c" tigheer and § 15 1" Dorfruc Conventional/ GOM Unconventional
costly to drill. He also noted 3 ‘Produdtion Orther Offshore Gas
that reserves growth is notas ¢ ol ' 94
great for new fields as was the G A 8.z
case in the past, suggesting E . 53 5.7 51 48
that reserve growth factors g S |- - R N
should be monitored. It was 3\ > N : s
state at . ontier areas su A 0 ] NPC 1999 ol NPC 1990 e NPC 1999 Acvad | NPC 1999
as the Arctc and decpwater Sourc Srudy Sewdy

. s < .
offshore prowdc opportunitics Toual — ELIA Monthly Energy Review, Jan 2001 (0.4 Tcf of Difference
for improved exploration suc- Due 1o Calibration Differences, NPC vs EIA).
cess and expanding the resource Offshore ~ ARJ estimates.
base, buc that many of these Unconventional — ARJ estimares

frontier areas are on public Figure 9. Domestic Narural Gas Production for 2000 Was Below Expectations, Excrpt
lands and have access con-  Unconventional Gas.

straints. To address these is-

sues, workshop participants suggested that trends in In contrast, progress in E&P technology appears to
exploration and production (E&P) should be moni- be lagging (Figure 11). The NPC 1999 report Ref-
tored to discern if reserve additions per well and field erence Case assumed a 1.5% annual improvement in
sizes are truly declining faster than anticipated, im- exploration success, while recent actual success rates
plying the need for more drilling and higher costs appear 1o have declined. Similarly, drilling efficiency
than anticipated in the NPC 1999 report. {footage drilled per nig per year) was assumed to ym-

prove 1.25% annually for operations onshore and in
the shallow Gulf of Mexico (GOM) and 1.5% in the
decpwater GOM. While drilling efficiency improved
through 1998, recent data appear to show a dedine.
The group felt strongly that these issues need to be
closely monitored, recognizing that more data is
nceded before it can be determined if these are short-
term events or long-term changes in these factors. Ac-

In 2000, actual natural gas production in the U.S.
relative 1o the NPC 1999 repornt Reference Case was
lower than projected (Figure 9). Greater natural gas
imports and withdrawals from storage werc used to
meet demand (Figure 10). Workshop participants
indicated that promprt analysis of the reasons behind
the (thus far) lower-than-expected supply response
was essential for understanding the outook

for future natural gas supply.

n

0

Although domestic production for 2000 ap- 1199

.. . < 19.1
peared to be less than anticipated in the NPC A
'1999 report, whc'thc.r fh'is LS duc o Iow.priccs =1 ~“Domlane | Net Imports Wichdrawals
in previous years inhibiting investment in new o Proddction From Storage
drilling, to time lags, or to poorer cxgloration ‘;’ 5 35 30
success rates and drilling cfficiencies is not yet g
clear. Several workshop participants expressed €
the view that sufficient time had passed for @ ' ) 0.8 = 4,
seeing a production response given the speed 0 i m——:
with which wells are hooked up 10 the pipe- Acual Nggd';’” Acual Nggdly”’ Actual st"(gdly‘)ﬂ
line system in the present marker. Sousce: Encrgy laformation Administration

Figure 10. Actual vi. Expected Sources of Natural Gas Supply 2000.
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been cited by the Minerals Management

Oil and CGas Exploradon Drilling Eficency
3 1954 2000 o 190 (1994 - 2000 Service (MMS) and industry as providing
3 g a stimulus to deepwater development, ex-
% ;:\so, 15 pired in December 2000, an opportunity
g ¥ was missed to continue the program and
Q. 30 . . . . .
g 2 provide strong incentives for increased
3 170 .
i g, _1 deep water production. lt was noted, how-
f s 3 = ever, that the MMS extended deepwater
o A5 ..
o G0 R 1998 1959 2000 royalty relief in a reduced form and also
g W) ) Avg) provided incentives for natural gas devel-

Source: EIA Monchly Energy Review, jan 2001,

Figure 11. Progress in E&P Technology.

celerating depletion rates were cited as one cause for
overall flac or falling production and that depletion
rates should also be monitored. As demand for natu-
ral gas increases, due to smaller field sizes and more
rapid depletion, some perceive that industry may be
“running in place” to maintain production despite
doing all it can o increase the pace of drilling activ-
ity.

The group noted that near-term supply response will
depend upon production from coalbed methane
(CBM) and the deecpwater GOM, which are being
produced ar rates higher than or equal to these pro-
jected in 2000. :

Longer term, U.S. production will depend on having
adequate technology o efficiendy develop coalbed
mechane, deep gas, tight sands and other unconven-
tional gas plays. Independents will continue to play
the critical role in developing these new natural gas
plays and will be users of newly developed technol-
ogy. Observatons were made that there have been
very few “step change” improvements in exploration
and production technology over the last decade, most
notably being the wider application of 3-D seismic
and horizoncal drilling.

To meet future natural gas demand, the NPC 1999
report Reference Case projected that 14% of supply
would come from the Rocky Mountains and 33%
from the Gulf of Mexico. It was commented that
when the Decpwater Royalty Relief Act, which has

Source: EIA Monchly Energy Review, Jan 2001,

opment on the shelf.’

Given the delayed domestic production

response to drilling, much of the spare
supply capacity to meet demand growth was con-
sumed the past year. Canada has been exporung natu-
ral gas to the U.S. significandy in excess of NPC 1999
report projections. It was indicated by workshop par-
ticipants that it is unclear whether Canadian produc-
tion can uphold this trend. The Maritimes and
Northeast pipcline, which came onstream a year car-
lier than projected at a rate of 440 million cubic feet
per day, accounts for a portion of the increase in Ca-
nadian imports. Additional gas imports came from
drawdown of Canada’s gas storage. Panicipants indi-
cated that further information would be valuable to
more fully understand the narure of the gas supply
from Canada. One encouraging note was that drill-
ing in Canada is moving further toward frontier ar-
eas, northern basins, and deeper formations in escab-

lished basins.

Partcipants also noted that pipelines from both Alaska
and the MacKenzie Delta may be needed to meet
future natural gas demand. Even though natural gas
from these areas may not be available 10 the Lower-
48 states unal the 2008 to 2010 timeframe, action
needs to be taken to predude further delay. While
pipclines from these arcas may face economic compe-
tition with increased imports of LNG, it was stated

that, most likely, both sources of gas supply would
be needed.

Expanded supply is also cxpected to occur from the
increased use of existing LNG facilities and the con-

3 From the perspective of the Depanument of the Interior, a March 2001 Central Gulf of Mexico bease sale conducied with these teems was
aacmely successful yiclding $50% million in high bids on 54 wracts (68% and 60% incrcases sespectively, over the pievious veac's sesult, with
increases evident at all warer depths). Ninery companies panicipated, including 11 first time bidders.
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struction of new LNG facilities. New LNG facilities
will necd to make a positive case to the public on
value and safety and will depend upon long-term

price and supply in world markets.

Participants noted that exports of about 50 Bcf per
year from the U.S. to Mexico may increase given pro-
jected growth in Mexican demand for natural gas,
especially in border states due to the growing pres-
ence of NAFTA-rclated “maquilladora” manufactur-
ing faalities in Mexico. Environmental compliance
involving converting residual oil-fired power plants
to natural gas and the manufacturing and popula-
tion growth in the ncar-border arcas would maintain
increasing demand. A number of workshop partici-
pants predicted that, even with expanded nacural gas
development in Mexico’s gas basins, Mexico would
continue to call on U.S. natural gas supplies.

Finally, volumes of gas in storage at the end of this
wintet season are likely to be historically low. With
the trend towards year-around gas demand for elec-
tricity, storage injections are likely 1o be low during
the coming summer, raising concerns as to whether
adequatc injections can be madc in preparation for
It was also noted that de-
mand to warrant new and extended storage capacity,

the next winter season.

while needed by power generators, is “just not yet

there.”

Transmission and Distribution

The NPC 1999 report assumed that over 5.2 Bf per
day of new pipcline capacity would be buile in 1999
and 2000. Actual additons were 7.7 Bcf per day,
exceeding expectations. Participants noted that, while
this may be good news, future capacity installations
face substantial challenges due to constraints on ac-
cess to rights-of-way, landowner concerns and other
factors. Through 2015, in the NPC 1999 report, it
was projected that almost 300,000 miles on new trans-
mission pipelines and disaibution mainlines would
be needed to meet the future natural gas demand.
Despite recent gains in pipeline capacity, the need
for a significantly expanded natural gas infrastructure
remains. Future needsinclude new pipelines to reach
“supplies in fronticr regions, expansion of existing pipe-
line systcms, and new laterals to serve electricity plants.

While recognizing the continued need for responsible
development by industry, new safety regulations were
noted as a major concern for the industry by work-
shop participants. Itis anticipated that these regula-
tions may increase capital and operations and main-
tenance costs, ni:y resuict gas flows, and increase costs
to consumers. Additional inspections, valve replace-
ments, making old lines “smart-piggable” and other
requirements could add billions of dollars of increased
costs. Lost capacity could also result, especially in
the critical summertime period, as lines are undergo-
ing inspection and upgrading.

Reliability of supply to end-users was also a concern.
And, this issue is currently being reviewed by the
Federal Energy Regulatory Commission. Such reli-
ability concerns have to do with serving new power
plants that will come online, but which operate only
during cerain periods of the day, creating new re-
quifements on interstate gas transmission.

Pipelinc costs have increased faster than expected, par-
ticularly for rights-of-way. In addition, demand pull
has bid up contractor costs. It was noted that, al-
though considerable pipcline capacity has been added
in the past two years, future pipeline projects face
increasing lead times, especially as a more dominant
local role in the rights-of-way approval process

emerges, lcading one partcipant to comment that
“All access is local.”

Cntical Factors

The participants in the workshop reviewed the status
of the seven critical factors that were identfied in the
NPC 1999 report. Parnticipants stated that the criti-
cal factors remain valid and warrant action and dose
monitoring more than cver. Scveral workshop par-
ticipants characterized the situation regarding some
critical factors as having lost ground in recent months,
rather than making progress towards a more positive
outcome.

1. Access. Of the critical factorss identified in the
original NPC 1999 report, access received the great-
est atcention from workshop participants. In the
Rocky Mountains, pending implementation of the
recently established Department of Agriculture, U.S.
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Forest Service policy on roadless areas will close
an estimated 9 Tcf of technically recoverable
natural gas resources 1o development in ad-
dition to the previous 29 Tcf that were iden-
tified as off-limits in the NPC 1999 reporr.
With the roadless areas, resources subject to
access restrictions in the Rocky Mountain re-
gion will now total 144 Tcf (an increase of 7
Tcf) (Rgure 12).

It was noted chat the industry has advanced
technology such as “postage stamp” drillpads
with which to drill in environmentally sensi-
tive areas, but the view was expressed that this
may not be enough to convince the public

‘Aﬁmﬁmdy}ﬂTdo‘th:Rockiﬂplmmmdmdmdndoyth ’
106 Tcf arc available with restrictions.

and policymakers to grant access. Rather, it Figure 12. U.S. Lower-48 Natural Gas Resoarces Subject 1o Access

may take stark supply consequences to con-
vince the public that access is in the Nation’s
interest.

Workshop participants suggested thac the currenc
Deparmment of Interior (DOI) and Department of
Energy cfforts to inventory resources and related ac-
cess restrictions (called for by the Energy Policy and
Conservation Act) would be accelerated. Further com-
ments, however, indicated concerns that DOI and
DOE have inadequate funds and other resources to
underrake a full and thorough inventory. 1n some
instances, lease stipulations restricting access to fed-
eral Jands have substantially reduced the drilling win-
dow and resulted in reduced rig availability and higher

drilling costs.

Concerns were raised about the furure of Destin Dome
offshore Florida, development offshore California. and
Lease Sale 181 in the eastern Gulif of Mexico (which
was estimated in the 1999 NPC rcport 1o contain
about 9 Tcf of resources) and could become closed to
access. Concerns were also raised about whether fed-
eral land management agencies (e.g., Bureau of Land
Management, Minerals Management Service, Forest
Service) with jurisdiction over natural gas leasing, de-
velopment, and permicting have adequate resources
for increased, as well as existing, activiry.

It was stated that, given the success of Canada’s Sable

Island developments, it would be useful o further

Restrictions (NPC 1999 Stady Plus Changes Through 2000).

assess the Adantic Outer Continental Shelf (OCS) o
provide better information regarding the resource po-
tential in that area.* This recommendation was con-
sistent with 2 prevailing workshop theme suggesting
the need 1o match access to the resource base and
regional supply with regional encrgy needs. (“Regional
Supply for Regional Demand”).

2. Technology. It was recognized by workshop par-
ucipants that, although the data are preliminary,
progress in technology does not appear to be keeping
pace with expectations set forth in the NPC 1999
report. At the same time, workshop panticipants ex-
pressed concern that technology is now more critical
than ever. One participant noted thar, over the last
15 years, the industry has been able 10 hold produc-
tion constant, even with fewer rigs and wells due to
the aggressive use of technology. Other workshop
participants noted that few, if any, breakthrough tech-
nologies appear to be on the immediate horizon.

Reseasch and development (R&D) expenditures by
major energy production companics have declined
{Figure 13). Although some R&D efforts have been
picked up by service companies and independents,
data arc not available 1o caprure these R& D expendi-
tures. In addition. the comment was made that. al-
though R&D has shifted o the service sector, the
rescarch “cupboards are baic™ for new technology.

¢ The concepr of enabling DO (o gathe: information on the natural gas sesource potential and conduct focused. limited leasing in "OCS Bright
Spots” currendy consirained by OCS mornatoria has been discussed within the DOE OCS Policy Committee and other forums.
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Given the severity of market imperfections for

1.000
R&D, suggestions were made for new insu- 900
tutions and initatives such as entitics similar o0
to those cstablished in che late 1970s and
early 1980s, namely the Energy Research and ; * .« T—0 .
Development Administration (that formed 3 *° . ‘\
the foundation of today’s DOE R&D pro- % 500 +
gram in nawural gas), and that tax incendives,  § *®
such as the Section 29 Tax Credit, be imple-  § 3
mented. 200
[ 3224 1993 1994 1995 1996 1997 1998 1999 2000

3. Financial Requirements. Workshop par-

ticipants noted that the recent higher natu-

ral gas wellhead prices have increased com-

" panies’ internal cash flows and access to capi-
tal, although constraints remain, particularly
for independents. It was noted that the al-
ternative minimum tax was becoming a forefront is-
sue, impacting the return on investment for new

- projects. There was concern stated that increases in
E&P costs (particularly in well drilling and comple-
tion) may consume much of the increases in planned
capital expenditures, restricting increased activiry.
Costs increases of 25 10 40% have been experienced
already as labor and rig mobilization costs have in-
creased.

4. Skilled Workers. Workshop participants noted
that the past “boom and bust” cycles have damaged
the stability of the production indusuy’s work force.
The availability of skilled rig hands and other E&P
personnel now represents a serious constraint to in-
creasing supply. Some workshop participants indi-
cared that skilled workers (dong with rig limitations)
are now the most limiting factors for the industry. It
was suggested that the solution will of necessity be a
combined industry effort comprising such items as
training programs, higher compensation, and assur-
ances of stability. In the ncar term, labor shortages
have resulted in companies in several states employ-
ing prisoners on work-release and foreign workers.

5. Rigs. Both onshore and offshore rig fleets are near
capaciry and rig constraints have emerged at least five
years sooner than cxpected in the NPC 1999 report.
Time lags of 4 to 6 months exist for securing rigs in
South Texas. It was also suggested that new data on
drilling costs be collected to benchmask these costs

Source: ElA Performance Profiles of Major Energy Producers, 1999.
*Due to moxe activity, additional companics added to survey of
Major Energy Producers.

Figure 13. R&D Expenditures by Producens for Oil and Gas Recovery Have
Fallcn by More Than 50% Since 1992.

1o cost expectations in the NPC 1999 report. Given
the even greater-than-expected increase in demand
for rigs (nearly 2200 by 2010 in the NPC 1999 re-
port Reference Casc), workshop participants cited the

“need for ideas on how to provide reliable marker sig-

nals or contractual assurance to the rig construction
industry. Given the natural gas price volatility of re-
cent years, ncither Wall Screct nor the rig construc-
tion industry have confidence that prices and rig day-
rates will remain high enough 1o justify investments
in new rig construction.

6. Lead Times. Cumbersome permitting and ap-
proval processes, and lengthy study requirements at
federal, stace and local levels, remain a concern. Nu-
merous workshop participants noted that problems
with lease stipulations and access are increasing drill-
ing costs and development lead times. One partici-
pant noted that the Minerals Management Service
has done a good job in terms of expediting permit-
ting for offshore drilling, burt, onshore drilling is sub-
ject to delays, in part duc to lack of sufficient Bureau

of Land Management staff.

7. Requirements of New Customers. Workshop par-
ticipants indicated that new customer requirements
can be mer, but that a primary issuc is ar what cost
and how these costs will be recovered.
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NPC 1999 Recommendations

Workshop pasticipants overwhelmingly reaffirmed the
importance of the recommendations put forth by the
Council in its 1999 report. Particular emphasis be-
ing placed on:

» government and industry taking a leadership
role in cstablishing a stracegy for natural gas
in the Nation’s encrgy portfolio (Recom-
mendation 1)—as reflected in commentary
on national energy policy, future fuel
choices, and the confluence of factors
induding limited spare capadry in domestic
and world energy markets that, if not
addressed by government and industry,
could increasc the Nation’s vulnerability to
energy supply disruptions and higher energy
prices thac would adversely affect consumers
and the cconomy;

* establishing a balanced, long term approach
to responsibly developing the Nation's
nacural gas resource base (Recommendation
2)—as reflected in commentary on the
importance of access to resources and rights-
of-way, onshore and offshore;

* the need for technology advancement
(Recommendation 3}—as reflecred in
commentary on drilling cfficiency and the
geologic complexiry of the remaining natural
gas resource base;

* the nced for capital, infrastructure and
human resources (Recommendacion 4)—as
reflected in commentary on increasing costs
to produce and deliver natural gas to con-
sumcrs, cash flow, investment marskerts, and
shortages of skilled workers and drilling rigs;

and

* sureamlining government processes that
impact natural gas development (Recom-
mendation 5)—as reflected in concerns
about development lead times and the
adequacy of staff and other resoutces at
fedcral land management agencies.

New Issues for Consideration

Public Education/Relations. A common theme ex-
pressed by many workshop participants was the need
for educating the public regarding the challenges faced
by industry in providing adequate and affordable sup-
plies of natural gas to mecting the Nation’s growing
demand for natural gas. Currently the suong inter-
est by the public in energy presents an opportunity
for telling the “natural gas story.”

The need for communication was expressed, for ex-
ample, concerning the issue of access, where consum-
crs may be unaware that restrictions on access drive
up natural gas prices by limiting supply and discour-
aging transmission and distriburion construction.
Similary, the public may not fully understand what
cfforts are necessary to turn a complex resource base
into economically recoverable reserves and deliver
narural gas to the Nation’s homes, offices, and facto-
ries. Some workshop participants felt perspectives
that individual resource areas such as the Adantic or
Pacific OCS may contain only a few year's supply of
natural gas, and therefore should remain closed to
access, are misguided. And, some suggested that more
information needs 10 be sharcd with the public abour
the environmental benefits of the advanced technol-
ogy. Effective communication berween industry and
parties that may be affected by its operations is a ne-
cessity.

Benchmarking. Workshop participants expressed sat-
isfaction with the outcomes of the workshop and
strongly reccommended that, consistent with recom-
mendations in the NPC 1999 report, government
should undertake efforts in cooperation with indus-
try to periodically “benchmark” acrual market condi-
tions relative to the expectations set forth in the NPC
1999 report.  Specific items to benchmark include
fuel switching, actual gas demand, field size distri-
bution, production, especially Gulf of Mexico shal-
low water production, depletion, exploration success
rates, reserve additions per well, drilling efficiencies,
drilling costs, Canadian supply mix, and T&D costs,
among others. It was suggested that another work-
shop would ideally be convened in the Fall 2001,
when improved data on year 2000 and information
on trends for the year 2001 would be available.
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Conclusions of the Workshop

Duce to a confluence of factors, the Nation now faces
potenual constraints in oil, natural gas, and electric-
ity supply, all of which arc needed for a growing
economy. The situation is such that there is limited
spare capacity and, as noted by some participants,
“everything must go right” 1o meet current and fu-
ture energy demand. Without prompt action by gov-
ernment and industry, America could face a spate of
regional and national encrgy crises over the next de-

cade. As summarized at the workshop, the solutions

to the Nation's energy problems are complex and there
is no “silver bullet.” The Nation will need 2 mix of
fuels, fossil and renewable, coupled with conserva-
tion to meet its future encrgy needs.

The aspiration among participants to stay informed,
and to work to infocm others, abour the opportuni-
ties and challenges of natural gas supply was readily
apparent. In the view of many workshop participants,
the Nadon has not had an adequate energy policy,
particularly with respect to natural gas supplies in
recent years. Furthzrmore, misunderstandings about
the national energy supply situation and crises such
as those experienced this winter tend to increase dis-
trust of industry and the likelihood of what some par-
ticipants perceive to be ill-conceived public policies,
¢.g., moratoria and price controls. Given currenc poli-
cies that constrain access to higher quality resource
arcas and other factors, industry will remain signifi-
cantly challenged to increase supply.

Public debate is turning to a new focus of fucling the
economy of the futurc. In this regard, a significant
opportunity exists to highlight issues of concern such
as access, technology progress, the need for expedited
permitting, and 2 national strategy for natural gas as
a component of the Nation’s energy portfolio.

As highlighted in the Council’s 1999 report, increased
government and industry cooperarion is needed to
ensurc adequate and affordable supplics of natural gas
for American consumers. Similarly, natural gas is pre-
dominandy a2 North American resource, and a coop-
crative North American energy policy is needed to
meet demand growth and accelerare supply develop-
ment in Canada, Mexico, and the U.S.

Highlights of Workshop Commentary

Potential Actions for Government

Improve interagency coordination
Establish a national strategy for natural gas

Review existing and proposed regulations
and policies thar may impact nawral gas
supply

Increase access to resources and right-of-way
(Federal lands inventory, Sale 181, Destin
Dome, OCS Bright Spots)

Streamline permitting and approval
processes

Consult with states (maintaining a national
perspective)

Maintain view of North American gas
market and international sources of supply

Encourage technology development

Evaluace royalty relief and other financial

inccntives

Monitor progtess on Critical Factors
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U.S. Department of Energy Workshop

Surveying the Milestones for Meeting the Challenges of
the Nation’s Growing Natural Gas Demand

Masch 5-6, 2001
The Madison Hotel, 15th and M Street, N.W., Washington, D.C.

Meeting Agenda
Masch 5, 2001 ~
1:00 p.m. Welcome and Overview—Robert Kripowicz, Paul Kelly

* Inuoductons

*  Purpose of Workshop

* Findings and Recommendations of the National Petroleum Council’s 1999 Study
®  Public Policy Context

1:40 p.m. Agenda Review, Workshop Roadmap and Overview—Nancy Johnson, Vello Kuuskraa
2:00 p.m. Demand Review and Discussion—Matthew Simmons, James Kendell, Harry Vidas
3:00 p.m. Break

3:20 p.m. Supply Review and Discussion—Thomas Nusz, Guido DeHoratiis, Vello Kuuskraa,
Jeffrey Eppink

4:20 p.m. Transmission and Distabution Review and Discussion—Blaise Poole, Harry Vidas,
Kevin Petak

5:30 p.m. Adjourn

March 001

9:00 a.m. Summary of Day One and What's Ahead—Robert Kripowicz, Paul Kelly

9:152.m.  Stepping Back and Assessing the Market and Industry Sicuation — Paul Kelly,

Vello Kuuskraa, James Kendell

*  Overall Significance of Changes
*  Progress on Criical Issues
* Implications for 1999 Study Results, Findings and Recommendations

*  Issues Warranting Continued or New Attention
10:30 a.m. Break
10:45 a.m. Next Steps for Industry and Government — Robert Kripowicz, Paul Kelly

*  Workshop Proceedings
*  Other

12:00 p.m. Adjourn
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U.S. Department of Energy Workshop

Surveying the Milestones for Meeting the Chaﬂenges
~ of the Nation’s Growing Natural Gas Demand

March 5-6, 2001
The Madison Hoeel, Wuhington, D.C.

Workshop Attendees
Workshop Chairs |
Robert S. Kripowicz,” Acting Assistant Sccretary for Fossil Energy, U.S. Department of Energy
Paul L. Kelly,* Senior Vice President, Rowan Companies, Inc.
ladustry Avendees
Nancy Bagot, Manager, Government Affairs, Enron Corporation
Thomas A. Fry.* 11, President, National Ocean Industries Association
Lee Fuller, Vice President, Government Relations, Independent Petroleum Association of America
Wayne Gibbens, President, U.S. Oil and Gas Association
Edward ). Gilliard,* Senior Advisor, Planning and Acqu-isi(ions, Burlington Resousces, Inc.
John H. Guy, IV,* Deputy Executive Director, National Perroleum Council
James W. Hail, Jr.," Executive Vice President, DeGolyer and MacNaughton
Patricia A. Hammick,* Retired Senior Vice President, Columbia Energy Group
George C. Hass,” Executive Director, Business Development, CMS Gas Enterprises
John S. Hull,” Director, Energy Market Analysis, Texaco Natural Gas
Hunter L. Hunt, President, Hunt Power, L.P. A
Mark H. LaCroix,” Reservoir Engineering Manager, Prize Energy Corporation
Gregg Nady, Manager, New Business Development, Shell E&P Company
Marshall W, Nichols,” Executive Director, National Petroleum Council
John W. B. Northington,* Vice President, National Environmental Strategies, Inc.
Thomas B. Nusz,* Vice President, Acquisitions, Burlington Resources, Inc.
Blaise N. Poole,* Manager, Marketing and Strategy. El Paso Gas Services Company
Ed Porter, Research Manager, American Petroleum Institute l
Rhonc Resch, Director of Utility Regulations and Environmental Affairs. Natural Gas Supply Association
Nora Scheller, Washington Representative, ExxonMobil
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Richard J. Sharples, President, Anadarko Energy Services Company

Martthew R Simmons,” President, Simmons and Company International

Walter (Skip) M. Simmons,* Director of Gas, Mirant

Neal Stanley, Senior Vice President, Forest Oil Corporation.

David Sweet, Vice President, Natural Gas, Independent Petrolcum Association of America
Diemer True, Pariner, True Companies

Michael G. Webb,” Senior Vice President, Strategic Planning/Business Development, Kerr-McGee Corp.
George Williams, Governmental Affairs Manager, Sempra Energy

Paul Wilkinson,* Vice President, Policy Analysis, American Gas Association

John C. Wolfmeyer,” Consulting E\ginccr. Science and Technology Planning, Duke Energy
Byron S. Wright, Vice President, Strategy, E! Paso Corporation

Gregory W. Zwick,* Director, Business Strategy, TransCanada PipeLines

Government Artepdecs

Elizabeth E. Campi)cll, Director, Natural Gas Division, Data Analysis & Forecasting Branch, Energy Infor-
mation Administration, U.S. Department of Energy

Walter D. Cruickshank,* Associate Direcror, Policy and Management Improvement,
Minerals Management Service, U.S. Department of the Interior

Guido DeHoratiis,* Acting Depury Asststant Secretary, Office of Natural Gas and Petroleum Technology,
U.S. Department of Energy

Arthur M. Harsstein, Program Manager, Oil and Gas Processing, Office of Natural Gas and Petroleum
Technology, U.S. Department of Energy

Nina Rose Hatficld, Acting Director, Burcau of Land Management, U.S. Department of the Interior

Erick V. Kaarlela,* Senior Policy Advisor 1o the Assistant Director, Minerals, Realty and Resource Protection,

Division of Fluid Minerals, Burcau of Land Management, U.S. Department of the Interior

James M. Kendell,” Director, Oil and Gas Division, Office of Integrated Analysis and Forecasting, Encrgy
Information Administration, U.S. Department of Energy

Thomas R. Kitsos, Acting Director, Minerals Management Service, U.S. Department of the Interior
Bruce Ramsey, Associate Director, U.S. Forest Service

Pulak Ray,” Chicf Geologist, Mincrals Management Service, U.S. Department of the Interios
Special Assistants

David Costello, Encrgy Information Adminisuation, U.S. Depaniment of Energy

Nancy L. Johnson, Dirccror, Planning and Environmental Analysis, Office of Fossil Encrgy,
U.S. Deparument of Energy
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Elena Subia Mclchert, Program Manager, Office of Natural Gas and Petroleum Technology,
U.S. Department of Energy ‘

John ] Pyrdol,* Senior Economist, Office of Natural Gas and Petroleum Technology,
U.S. Department of Energy

Trudy Transtrum, Communications, Office of Natural Gas and Pewroleum Technology,
U.S. Depariment of Encrgy

William Trapmann, Economist, Energy Information Administration, U.S. Department of Energy
Feridun Albayrak, Vice President, Technology & Management Services; Inc.

Jeffrey Eppink,* Vice President, Advanced Resources International, Inc.

Vello A. Kuuskraa,® President, Advanced Resources Intemational, Inc. ,

Kevin Petak,* Director, Energy Modeling and Analysis, Energy and Environmental Analysis, Inc.
E. Harry Vidas,* Managing Dirccror, Encrgy and Environmental Analysis, Inc.

* Indicates participation in the 1999 NPC Nacural Gas Scudy.
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Department of Energy

Washington, DC 20585

SAMPLE

Dcar Collcaguc:

The purpose of this letier is to invite you 1o attend a Department of Energy Office of Fossil Energy workshop
on Surveying the Milestones for Meeting the Challenges of the Nation's Growing Natral Gas Demand. The
workshop will be held in Washingion, D.C. on March 5 and 6, 2001, convening the firse day from 1:00 p.m.
© 5:30 p.m. and the second day from 9:00 a.m. 10 12 noon. Joining me as co~chair of the workshop will be
Paul L. Kelfy, Scnior Vice President, Rowan Companies, Inc.

In Dccember 1999, the National Petrolecum Council présented a report o the Secretary of Encrgy with
findings and recommendadions for Mecting the Challenges of the Nation’s Growing Nacwural Gas Demand.
The report highlighted the potential contribution of natural gas to meeting the Nation’s future economic,
encrgy and environmental objectives, as well as critical factors that must be addressed by industry and govern-
ment to realize the full potential for natural gas use in the United States. The Council's landmark report was
distributed widcly and has done much to raise awascness of nacural gas issues among industry and government
decision makers. However, the Nation's encrgy needs and industry's abilicy to address these needs are dynamic
and vl change over time.  Accordingly. the Council recommended that governmeat should periodically
monitor trends in the assumptions used by the Council and progress on the critical factors in order to
anticipate changes in supply and demand. In view of current energy projections, recent changes in natural gas
prices and drilling activity, and growth in natural gas demand for electricity generation, it is clear that a review

of the repore would be uschul.

Our aim in conducting this workshop is 1o offer an opportuniry for industry and government executives.
especially chose individuals who participated in the conduct of the Council’s 1999 study. to discuss and share
their individual obscrvations about: 1) the assumptions used in the 1999 study. 2) changes in natural gas
markct conditions and public policies since then, 3) the magnitude of these changes (e.g.. as compared o0
prior modcling results or sensitivity analyses), and 4) what implications these changes may have for the results,
findings and recommendations of the Council's 1999 study. While we arc not secking consensus views, we
trust these obscrvations can inform industry and governmenc decision makers in understanding our Nation’s
encrgy situation and the role of natural gas in mecting the future encrgy needs of consumers.

To confirm your availability, or if you have questions regarding the workshop, please contact Nancy Johnson,
Direcior of Planning and Environmental Analysis (202-586-6458), or Trudy Transtrum (202-586-7253) with
the Office of Fossil Encrgy. You may also contace Marshall Nichols or john Guy of the National Petroleum
Council saff who have kindly assisted us in planning this event. Additional workshop details will be sent 10
you as soon as they are finalized. I look forward 10 2 comprehensive and enlightening discussion.

Sincerely,

Robert S. Kripowicz
Acting Assistant
Secrctary for Fossil Encrgy

Enclosure
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The Secretary of Energy
Washington, OC 20585
May 6, 1998

Mr. Joe B. Foster

Chair

National Petroleum Council
1625 K Street, NW.
Washington, D.C. 20006

Dear Mr. Foster:

In 1992, the National Petroleum Council released a study entitled, “Potential of
Natural Gas in the United States.” That study was critical in identifying natural
ges as an abundant domestic resource that can make a significantly larger
contribution to both this Nation’s energy supply and its environmental goals.

Since the release of the study, the Nation has experienced five years of sustained
growth in the use of natural gas. In addition, the study did not anticipate at least
two major forces that are beginning to take shape, which will profoundly affect
energy choices in the future — the restructuning of electricity markets and growing
concerns about the potentially adverse consequences that using higher carbon-
content fuels may have on global climate change and regional air quality. These
issues offer opportunities and challenges for our Nation's natural gas supply and
delivery system. For a secure encrgy future, Government and private sector
decision makers need to be confident that industry has the capability to meet
potentially significant increases in future natural gas demand.

Accordingly, I am requesting that the Council reassess its 1992 study taking into
account the past five years® experience and evolving market conditions that will
affect the potential for natural gas in the United States to 2020 and beyond. Of
particular interest is the Council’s advice on areas of Government policy and
action that would enable natural gas to realize its potential contnbution toward
our shared economic, energy, and environmental goals.

Given the significance of this request, Deputy Secretary Elizabeth Moler will co-
chair the study committee. 1 offer my gratitude to the Council for its efforts since
our meeting in December 1997, to assist the Department in defining a more
concise study scope. The breadth of issues related to natural gas supply and
demand is vast and [ recognize that further refinements in scope may be necessary
once the study is underway to address the most significant concerns about future
natural gas availability.

Sincerely,

Federico Peita

21
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The Secretary of Energy
Washington, DC 20585

November 18, 1998 .

Mr. Joe B. Foster

Chair

National Petroleum Council
1625 K Street, N.W.
Washington, D.C. 20006

Dear Mr. Foster:

This 1s to convey my approval to establish a Committee on Natural Gas and to
appoint industry members as proposed in your letter of October 6, 1998. I also
approve the establishment of a coordinating subcommittee and the appointment of
subcommittee members identified in your letter.

The Deputy Secretary will serve as the Government co-chair of the committee; the
Assistant Secretary for Fossil Energy will co-chair the coordinating subcommittee.
Staff involved in this study will be from the Office of Fossil Energy and the Office
of Policy and International Affairs. In addition, the Energy Information
Admunistration has expressed an interest in providing technical and analytic
support. The Deputy Assistant Secretary for Natural Gas and Petroleum

. Technology will serve as the alternate for the Government co—chair of the
subcommittee.

1 agree that it would be appropriate for a representative of the Department of the
Intenor to be a member of the coordinating subcommittee, and we are pursuing
this issue.

For a secure energy future, Govemment and private sector decision-makers need
to be confident that industry has the capability to meet the significant increases in
natural gas demand forecasted for the twenty-first century. 1 am pleased that the
National Petroleum Council recognizes the challenge facing the domestic natural
gas industry and has agreed to conduct a study of natural gas supply availability. |
look forward to the study’s resuits.

Yours sincerely,

Bill Richardson
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* NPC Natural Gas Study
Assumptions Roadmap

* Demand

* Supply

* Transmission & Distribution
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Meeting the Challenges of
the Nation’'s Growing
Natural Gas Demand

NATIONAL PETROLEUM COUNCIL

LR

KEY MODEL ASSUMPTIONS

U.S. GDP Growth 2.5% per year

Canadian GDP Growth 2.2% per year

U.S. Industrial Production 3.0% per year

U.S. Inflation Rate 2.5% pper year

Crude Oil Price (WTI) $18.50/BBL in 1999 §

Crude Qil Price (RACC*) $16.50/BBL in 1998 §

* Refiners’ Aversge Coat of Crude In the United States

APz

DEMAND KEY FINDINGS

» Finding #1: Rapid Growth Exceeded
Expectations of the 1992 Study

» Finding #2: Demand Will Increase by
32% between 1998 and 2010

» Finding #3: Envlronméntal Regulations
Could Add Significant Incremental
Demand

(PRI Eay

U.S. Natural Gas Demand, 1990-1998
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Growth in Reference Case Demand
1998-2010

Distritastion of 7 TCF Increase by Seclor
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SUPPLY KEY FINDINGS

> Finding #1: Sufficient Resources Exist
* to Meet Growing Demand

» Finding #2: A Healthy Oll & Gas
Industry Is Critical

» Finding #3: Investment in Research and
Development Is Needed

> Finding #4: Restricted Access Wili
Limit the Avallability of Supply

COEs

GO
Growth In Refornce Sase Supply U.S. Gulf of Mexico Natural Gas Production
1998-2010
Diatriburtion of 7 TCF increene by Source A D z 2
y /
e ol ; DEEPWATER
E.TEXAS g »>200 METERS
13% -
NET IMPORTS 4
FROM CANADA 5
1%
" LNG IMPORTS ALL orr;g: AREAS \
&%
e e woe o0d e w18
YEAR

L

G




6.€0-90030Q

(441}

9z

NEW SUPPLY WILL COME FROM

» Deeper Wells
“» More Non-Conventional Sources

» Deeper Water

Gl

U.S. Lower-48 Natural Gas Resources
" Subject to Access Restrictions

‘ Aasrenimgtoiy 9 Tl of e Reisios g remmawe 600 Serey o ’
doveingment ard 100 Tof ors svaletie S resvistons.

e

MABER OF RGS

Onshore Drilling Rig Fleet, 1997-2015

FOCUS PERIOD

NEW RIG
CONSTRUCTION
REQUIRED

URARENTLY AVAILABL
:. .MIGFLEET NET. -
. ATTRITIO

AR

RECENT TRENDS
IN TECHNOLOGY DEVELOPMENT

> Industry Consortia for Technology Development Have

Been Cost-Effective

» Technology Development Has Shifted from the Majors to

the Service Companies _

> Investment In Resoarch and Development Down Due to

Consolidations and Cutbacks

» Funding for Basic Research Appears To Be Lagging

A0z




08£0-900304

£ 0t

LZ

TRANSMISSION AND DISTRIBUTION
KEY FINDINGS

> Finding #1: Delivery System Requires
Significant Expansion and Enhancements

> Finding #2: Access Issues Impede
Ingtallation of New Infrastructure

» Finding #3: New Services Are Needed for
the Changing Market

> Finding #4: Risk Assumption for Pipeline
Expansions Is in Question

MARKET CHANGES

» Restfucturing Changes the Roles of Market
Particlpants

+ LDCs / Electric Utilitles / Marketars / Energy Service
Providers / Producers / Electricity Generators

» Operational Aspects of Gas-Fired Electricity
Generation Drive Need for New Services
* High Minimum Inlet Pressures for Gas-Fired Turbines
+ Swing Capsbilities Due to Load-Following Requirement
* Hourly Scheduling / Nominations

GOIEE: TS gt
-t
CRITICAL FACTORS Historical and Projected
U.S.Natural Gas Prices
> Access ™ TEYUIT o ﬂﬂmmm_
» Technology o
> Financlal Requirements § . o
> Skilled Workers i A
g 1.00 A
» Rigs ~ N
» Lead Times b == Tl
'\::muww g
» Requirements of New Customers 000 ;
190 1o0d 2000 0 010 w0
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influence of Key Assumptions on
Natural Gas Demand
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Influence of Key Assumptions on
Natural Gas Price
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RECOMMENDATION #1 RECOMMENDATION #2

» Establish a Strategy - at the Highest Level -
for Natural Gas in the Nation's Energy Portfolio

~» Form an Interagency Work Group under the
National Economic Councll

G0

> Establish a Balanced, Long-term Approach for

Responsibly Developing the Nation's Resource
Base

+ Assess impact of Existing Restrictions
« Prioritize Restricted Areas

« Develop Supply in Selected Areas

+ Plan for Long-Term Sustainability

s
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RECOMMENDATION #3

> Drive Research and Technology
Development at a Rapid Rate

« Invest in Research

» Support Additional Industry Consortia
« Promote High-Efficiency Gas Technology

 RECOMMENDATION #4

» Plan for Capital, Infrastructure, and
Human Resource Nesds

+ Examine New Financial Incentives
» Form a Joint Industry Task Force on Drilling
« Develop Workforce Plan

CI= .
M E

» RECOMMENDATION #5

Streamline Processes that Impact Gas
Development

RECOMMENDATION #6
Assess the Impact of Environmental
Regulation on Natural Gas Demand and

Supply

RECOMMENDATION #7
Design New Services to Meet Changing
Customer Needs

IR od




£8£0-900304

9¢0¢

0t

SURVEYING THE MILESTONES
IN THE

NPC 1999 Study

Prparnd 8y
Vello A. Kuuskrss
ADVANCED RESOURCES INTERNATIONAL, INC.

o
U.3. DEPARTMENT OF ENERGY
OFFICE OF FOSSIL ENERGY WORKSHOP
WASHINGTON, DC
MARCH § - 6, 2001

Background and Purpose

The 1999 National Petroleum Council (NPC) study,
antitled “Meeting the Challenges of the Nation's
Growing Natural Gas Demand", was prepared to
provide the Secretary of Energy with forward looking
advice and a roadmap for action on natural gas.

In delivering the report, the NPC stated Its interest
in maintaining the “evergreen’” nature of the roadmap
and recommended that certain trends in the natural
gas industry “should be actively monitored as early
warning indicators.”

Background and Purpose (cont)

The purpose of this “survey of the milestones” is
to record the performance of the natural gas industry
during the past two years and, more importantly, to
gain an updated perspective on the critical trends of
importance to the industry.

Particular attention will be given to the topics and
issues that may require action by government,
industry and other stakeholders to ensure reliable,
competitively priced natural gas.

1. Domestic Natural Resource Base Is Bountiful.

It Is important to highlight that the recent natural gas
market Issues do not stem from a lack of underlying
natural gas resources. As stated in the NPC 1999 Study,

the U.S. has a large, rich and diverse natural gas
resource base,

Each time Industry or rescurce appraisers have
examined the natural gas resource base, they have
judged it to be larger.
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2. Demand For Natural Gas Has Grown Faster
Than Anticipated.

Natural gas demand has grown by 1.8 Tef from 1998
to 2000, 0.5 Tcf higher than projected in the NPC 1999
Study.

Faster economic growth, Increased demand for
natural gas-fired electriclty, lower hydropower and a
colder than normal winter account for the increased
demand.

« Is the higher-than-2.5% annual GDP growth (In '99 & '00) &
fonger term trend?  How does this affect energy
consumption?

«  How much additional gas-fired electric power capascity will
be installed In the next two years? How wiil this capaclty
be dispatched?

Annua) GDP Growth

0.0%

* EIA, Shert Torm Enargy Ousiooh, March 2001,

*L5%

n

-]

-
—
]

Actual *

NPC 1998
Study

e se M s
Acluel * NPC 1999
Study

* Eregg, and Environme nint Ansk/sis. tne

3. Domestic Gas Production Has Been
Essentially Flat.

U.S. natural gas production has been relatively flat
during the past two years, 800 Bcf less than expected in
the NPC 1999 Study. Increased imports from Canada and
gas storage were used to meet demand.

Adverse market conditions of 1398/93 seriously
affected capital investment and well drilling.

«  With Increases In drilling activity in 2000, is domestic
productive capacity responding?

«  How much additionsl Canadian productive capacity wiil be
availabie in the next five years?

Domasstic Supply (Tcf)

Figure 2.

20

199

Net imports Withdrawats
From Storage
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4. Progress in Technology and Access To
Resources Remain Major Issues ‘

Jechnology Progress

Preliminary data for exploration success and rlg
efficiency show potentia! declines since the NPC 1999

Study’'s projected increases.

The NPC Study assumed expected “technological
advances based on racent levels of R&D funding and
the general effoctivaness of thosa efforta”. Actual data
shows RA3D funding by major energy producers to be

docllnlng. potentlally Impeding technology progress.

What will stimulate the Industry to invest In new drllling

systems?

+ Mow might Industry and government sssure required R&D

Investments?

Y

4. Progress in Technology and Access To
Resources Remain Major Issues (cont)

Access
Forest Service Roadless Areas have decreoased
industry's access to Rocky Mountain resources.

Access to resources in the Eastern Gulf of Mexico
and the Alaskan North Slope are topical issues.

Can the industry increase supply sufficlently without
access to restricted areas?

¢ What technology advances wouid reduce Impact in
environmentaily sensitive areas?

5. Natural Gas Prices Have Been Higher Than
Anticipated.

Summary

Domestic wellhead prices for natural gas averaged
about $3.70 per Mcf in 2000, with a season spike of
nearly $10 per Mcf in December, 2000 (Henry Hub). The
NPC 1939 Study projected Increased wellhead prices
for 2000 and 2001, though not as high as actual.

+  How significantly will the changes in demand and
supply Influence future gas price?

+  What actions might help provide a market-based
ceillng on future gas prices?

Differences exist between the NPC 1999 Study's

anticipated and today's actual conditions in the natural
gas Industry. Are these:

Temporary Anomalies (eg. low hydropower)?
Near-Term Constraints (eq. rigs and manpower)?

Longer Term Trends (eg. higher GDP growth; slower
technolaogy progress)?

How might the near-term constraints be mitigated?

What are the Implications of longer term trends for the natural
gas industry?
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DOE Workshop: Surveying the Milestones

Demand Review

Harry Vidas
Energy and Environmental Analysis, inc.

Outline of Presentation

* Economic Activity

* Oil Prices

* Electricity Sales

¢ Electricity Generation by Fuel Type
» Generation Balance in 2000

* New Power Plants

+ Natural Gas Balance

* Gas Demand by Sector

* Weather Effects

* Observations
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Economic Activity

National Petroleum Council Assumption:The NPC Reference Case assumed
that U.S. Gross Domestic Product (GDP) would grow at 3.3% in 1999 (full
year over full year) and an average of 2.5% cach year thereafter. Sensitiviry
cases were run with 3.0% and 2.0% long-tun GDP growth.

Market or Public Policy Change Since 1999 Study: Actual GDP grew 4.2%
in 1999 and 5.0% in 2000. However, the last quarter of 2000 showed
growth of only 1.0% on an annual basis.

Magnitude of Change: By 2000, actual GDP was 9.402 rrillion in 1992
dollars versus an anticipated GDP of 9.087 wrillion dollars. This is a differ-
ence of 3.5%.
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Ol Prices

National Petroleum Council Assumption: The Reference Case oil
price assumption was $18.50/bbl WTI in real 1999 dollars and
$16.50 for refiners average cost of crude (RACC). These prices were

" chosen because they are the actual long-run average over several de-

cades. Sensitivity Cases assuming W' oil prices of plus or minus
$3.50/bb! were also run.

Market or Public Policy Change Since 1999 Study:  Actual prices
were much higher starting in the second half of 1999, Through
most of 2000, oil prices were about $2.00/MMBuu higher than ex-
pected. :

Observations: The high oil prices stimulated upstream activity and
led indirectly to higher gas prices through much of 2000 when gas
competed with fuel oils at the burner tip.

Oil Price (RACC)

(Nominal U.S. Doliars per Barrel)
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