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Diagram 1. Energy Flow, 1999
(Quadrillion Btu)

Exports
Coal 3.82
1.53

Coal Otherg23.33392.29

Resident al and
N~~~~lursl~~~~~~~ao ~ ~ ~ ~ ~ 1 I ~~~~~Coal Commercial

57.87 1 I 1 21.70 34.17
FossH
Fuels-------
57.e7

Cfle oile Domestic Natural Gash Fossil
12.54 ( Producliond 22.10 Fulls

72.52
Supply ------ 85 Consumptlono

NGP 36.50

Nuclear 7.73 1Petroleum
37.71

Renewables' 7.18

Imports - - - - - -
26.92 Nuclear 7.73 Tapti

Renewables' 7.37

Ad)ustments'
0.98

Other'
4.39

0 clnd*. I lalseonden-al. Insludoe suppletaWmel gaseous fuels.

0 bNalur ulpIn u ls I Poirs*sm pruckcWs, W k naf gas pg a rl Ilcdl.
Co ,onnllonMa hyr1ol6CItn io*C. p o*.*S.@* r lhw l lhaf we flfo motor gawrll *. OS. hsrmeolior, I Includes 0.08 quadrIllion Btu coal coke nol Importa.

mO and nqd 'Invudoe. In uqudrWAM Btu. O0.1 naq kTpoflad a*lcl9tl from nonrenaWabie 1umrs; .0.06 hyrmctecfric
C 

5
lf nclud*$ 006 quadllion Bu hniociric pumped 910.9g. pumped slorage: and .0. 1 Itlln blended kIno mow toroacse, woil is aounted for In both lolsIl fuels

I)Nelwelgas, Qs. Mal Oalk0*. andSiectiroy. and niew.lasbat and n d onc eun efi total So snold dtoubseunlIng.
'St tc changeslosses. gdin *Mscb1Mncpur bnhig corronerii. anclunaccounlod-fo lupptl Nol: . asN e Took myy rd afJ aen of comafre u to bodapwrdnlaw rounding.
O CrVs·oil. Pevoleum prucu, rilvohrra, lect ity, and vokal coe.Sources i 12 13 1,4, 2.. and 0.2.

.1 Energy Inforrmulon Admlnhstratlon/Aninual Energy Review 199 3



Olagram 5. Electriclty Flow, 1999
(Quadrillion Btu)
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Table 5.2 Crude OHi Production and Oil Well Productivity, 1954.1999
(Thousand Barrels per Day, Except as Noted)

Oaographl e Locallon SNt Type Ol WON Prroductlvliy
Av n-ga

Producing Productlllty i
Le.as Total Well t (barOtle per

Year Lower 41 AlIelk Onshore Oferhor. Crude Oil Condenlsate Poduction lthouelnd|) day per well)

19'l 8.342 0 6.209 133 8.342 ( 6,342 511 12.8
1955 6.807 0 6.645 162 6.807 2 6.607 524 13.2
1956 7.151 0 8.951 201 7,151 7,1 551 13.3
1917 7.170 0 6,940 229 7.170 7,170 569 12.
1958 6,710 0 6,473 236 6,710 6,710 575 i1.7
1959 7,053 I 6,779 274 7.054 7,054 663 122
1960 7034 2 6,716 319 7.035 7,035 591 teO
1961 7.166 17 6,617 365 7,183 7,183 595 2.1
1962 7.304 28 6.886 444 7,332 7,332 596 12.3
1963 7,512 29 7.026 515 7.542 7.642 89 12.7
1964 7564 30 7.027 587 761 764 ,61 12.9
1965 7,774 30 7,140 665 7.804 7,604 59 133
196 8,2566 39 7.473 623 8.295 8.29 563 14.2
1967 8,730 60 7,602 1.009 6,610 ( 8,6810 565 19.3
196 6,915 161 7,808 1,287 8.60 . 436 9.096 664 16.2
1969 9,.035 203 7,797 1.441 8.778 460 9,238 542 16.9
1970 9.408 229 8.060 1.577 9.180 457 9,637 631 18.0
1971 9.245 218 7,779 1,6864 9.032 431 9.463 617 16.1
1972 9.242 199 7,780 1,660 6.998 443 9,441 606 1.4
1973 9,010 198 7.592 1.616 6.764 424 9.20 497 168.3
1974 6.561 193 7,285 1,489 6,375 399 6,774 496 17.6
1975 6,183 191 7,012 1.362 8,007 367 8,315 500 16.9
1976 7.956 173 6,668 1.264 7,776 356 6.132 499 18.3
1977 7,781 464 7.069 1,176 7.675 370 6.245 507 16.4
1978 7.478 1,229 7,571 1.136 8.353 355 6,707 ' 517 17.0
1979 7,151 1,401 7,485 1,067 6.181 371 8.552 531 16.3
1980 6,900 1.617 7,542 1.034 8.210 386 6.597 548 15.9
1961 6.962 1,609 7,537 1,034 6.178 395 6,572 557 15.4
1962 68.953 1.696 7,538 1,110 6.291 387 6,649 580 14.9
1963 6.974 1,714 7,492 1,196 6.686 8 603 14.4
1964 7.157 1,722 7.596 1.263 6,879 8,879 621 14.3
1965 7.146 1,825 7,722 1.250 8.971 8.971 647 13.9
1968 6.814 1,867 7,426 1,254 6,640 6,660 623 13.9
187 6,367 1,962 7,183 1,196 8,.149 6.349 620 13.5
1968 6,123 2.017 6,949 1.191 6,140 8.140 612 13.5
1969 5,739 1,874 8,4B6 1,127 7,8613 7,13 603 12.6
1990 5.562 1,773 6,273 1,082 7,355 7.355 602 12.2
1991 5,618 1.798 6.245 1,172 7.417 7,417 614 12.1
1992 5,457 1.714 5.953 1.218 7,171 7,171 594 12.1

1994 5.103 1.559 5,291 1,370 6.6682 6,62 582 11.4
1995 5.076 1,484 5.035 1,525 6,560 6,660 574 11.4
1996 5,071 1.393 4.902 1.562 6,465 6,465 574 11.3
1997 5,156 1.296 4.603 1,648 6.452 6.452 573 11.3
1998 I5.077 1.175 "4.560 "1,692 "6,252 "6.252 "562 "11.1
1999' 4.875 1,050 4,521 1,405 5.925 5,925 554 10.7

Al of Deceombor 3l. Sia/lrenf. Annual. nnual repon«t. * 1981.199b-EIA. Petroleum Supply Annul. Innual report.
; For 1954-1976., velage productiviy is based on averge of producing wclil. Fy 1977 b 19d o9 . Petroleumber Sup proouiny (Februry 1000). Oil Well Pfodutivity! * 1954-1975-Bureu

0C forwid. eucri9e prodcoi.vIy is bapsd on * number oteO lli producing0 l nd ol erf . cl M'n., U. wri YearMook, 'Crude Peroleum and Petroleum Product' cheplW, * 1976-1B80--EIA,o cluad In truceoil. EneWy Dau Reporlt, Perroneum Silemwit, AnrulI, aninul trpoot. * 1961-1994-lnc-eneperani
m Ris P.Ptiminotry Petroleum A.ociaton of AmnrIca, The 01l Produclng Indufry n Your Stlte, * 1998 lforwrd-Oull

0 Nole: lotos my not e:y qual urm ol coNponnls du lo Ilndepnd»rrtn roubndin. Puberg Co., Wod O February aue All Other COet: * 1964-1975-ureeu of Mines, MIneral
0 uWb Page: lnp:laww..ia..o oooll.oe/prefolroi.um/p.l »m..hl ml. Induty Surnys. Pdlroum StHm,. Anmnul, annul report. . 1976-19860-EIA, EfErgy ol Report,
C ,So"urce: Olrlror: * 19 54.B969-J.S. Geologic.a Surve. Ouo.r Confrna Snrff SlriSlcS, June Ptroeum Sl.lnwrnl. Annual, annual report 19e996 IA. Petrol.um Supply Annual, nnuul

1 7.. 1910.1975-susr«u 01 Mirn, Minrial Industry Surveys, Pe(oleumn Slrtmen(. ARnUl. annual repol. · 1999--EIA. Petvllum Supply Monlty (Ftbury 2000).
O reparn. .* ~ l)-l(.lI--E6r,rg)y Informalion Admnlnstlon (EIA). Enery Dole Report. P.Imlrou

4(:
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Average Electricity Prices by State, October 2000
(2000 cents per kilowatthour)

w /A ^^ ,NH M
/ -- \ MT N l ^ V TC\ND

OR 5.1 5.5 MN .-
4.9 0- c A 10.13 /6.5' A 5r7 I., RI 10.8

NE 7.4CA\ * ^ Dat urthestteof i 5.a0 6.0 IN- NJ 8.7-

6.3 5.4 N KY' 3. - ic
D at fsA Z o N M O K T ..\ - e aAI_ , 6.8 L 6.7 : AR

7." r" f 4 5. 7 C

T X ' . \ 6 .0 A .
<~ ^^ V 6.9 7.9

7.1

' ^ * Data for the state of Maine are unavailable due to deregulation activity.
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c7 Coal yard, Curii Day, Maryland. Source: U.S. Depatment ofEnery.
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Figure 7.1 Coal Overview

Overvlew, 1 49-1999
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Table 7.1 Coal Overview, 1949.1999
(Million Short Tons)

Y.ar Production Imports, _xportl 8 tok Change oUn ltunted fgor Ceneumpploa '

1949 480.e 0.3 32.8 l '-3.1 483.2
1950 50a.4 0.4 29,4 (9.5 404.1
1951 570.3 0.3 62.7 (14 5 05
1952 507.4 0.3 52.2 ). 0.o 454.I
1953 46M.2 0.3 30.5 *-0. 454.8
1954 420. 0.2 33.9 '. 389.9
19SS 490.8 0.3 54.4 ') .3 447.0
l56M 529.0 0,4 73.6 1) '-10.2 4.9
1957 510.0 0.4 80.8 'o.e 4

34

105 431.6 0,3 52.6 I' '.1.3 3.,7
19S9 432.7 0.4 39.0 ) 9.2 385.
190 434.3 0.3 36.0 1. 3904.
(19 420.4 0.2 35.,4 4. 0.
t982 439.0 0.2 40.2 (4I "1.5 402.3
1963 477.2 0.3 s.4 '. 43.5.
t19 504.2 0.3 49,5 t '4.0 44.7
195 527.0 0.2 51.0 (') 2.2 472.0
19b 546.8 0.2 S0.1 () 2.2 497.7
1967 5.4.9 0.2 50.1 (4 '4. 491.4
19t 556.7 0.2 51.2 'l 3.6 509.e
1969 571.0 0.1 5.9 11 '2.9 St.4
19r0 612,7 (a) 71.I a . 523.2
1971 560.9 .1 57.3 ( 4.2 501.8
1912 602.s () 5.7 44 '.43 824.3
9r3 596.6 .1 53.0 .-17.9 52.6

1974 610.0 2.1 80.7 .e. 2.0 6S.4
1975 654.6 0.9 6.3 32.2 5.5 562.6
197t 684.9 1.2 60.0 . 13.8 603.5
tr t697.2 1.6 54.3 22. .3.4 626.3
1978 070.2 3.0 40.7 4.9 12.1 625.2
1r79 781.1 2.1 6.0 36.2 0.4 MI0.5
980 629.7 1.2 91.7 25.6 10.8 702.7

19l1 823.8 1,0 112.5 .19.0 .1.4 732.6
1982 838.1 0.7 06.3 22.6 3.1 706.9
1963 762.1 1.3 77. 8 *9. .1.8. 730.7
194 695.9 1.3 01.5 20.7 -4.3 791.3
1985 e63.0 2.0 92.7 .279 2.8 818.0
1s8M g90.3 2.2 65.5 4.0 -1.2 604.2
198r 91i.8 1.7 79. e. *.2.5 836.9
9gBa 950.3 2.1 96.0 .24.9 1.3 M3.,

1989 9W0.? 2.9 100.8 .13,7 . 689.7
1990 1.029.1 2.7 105.8 2.5 3.9 695.5
1091 996.0 3.4 109.0 0.9 3.7 807.8
1992 997.5 3.8 102 . .3.0 .5.8 '907.
1993 45.4 8.2 74.5 .*1.9 '-13.1 944.1
1994 1.033.S 1 .9 71.4 23.6 -4.1 951.5
1995 1.033,0 "9.5 68.5 .03 *7.9 962.0
1996 1.03.9 8.1 90.5 *17.5 p4. 1 0056.
99t7 1oe9.9 7.5 83.5 .11.3 -4.1 1,029.2

1968 1.117.5 6.7 "e.o 234.2 -1. 1 "1 ,040.1
1999 '1.099.1 I.1 P'5.5 'S.2 .1.6 11.046.2

'Indude chnil n o t tocks I *elecIne uiHtele. ook plain. other Indutriae, retl ealer. producer4 NolI: Totall my not r ua turum of component due to Ind epldent roundlng.
_nd dillributonr. A negtifve kotU Indlcall a net decroe In stockl; a politve valeJ InduIce I nt Web Pge: hnp:lMw. *.do.g ernuwveIc3.hbnl.
increae In siockL SoWr: * 10

4
9-1976.-Bunu of MhoIt. MAhWla Yea1ubook. 'CoIl-BItumrnou end LIgnilt' ando t .o.« *na Un ocounKld er h calcut te rnums of( podu n n mpo nui *pod 1t0ck 'CofiPrl'ycni tl Anthrll' dthlpbtr. * 197R- Enwap Inlorrnmtlon AAdmlrn ratlon (EIA). Enog Dale

MT chang, end ooruumpllon, Reprt. er.Coa-/8umnW nd Upl ra tle 7 197 ndi CoJa.Penrllnn Athrliedi 197. * 1907 end
0 a In0epnOl po r produur' use olf oil (nonullly power produee In SIC 49, *Elcbtc Gl, nd 1976-1A. Energy Dttl Repo. Bl, /rou Coal nd Ugnhe Productn *nd Mn4e Opr(lont.1977;
0 San~tay S ia,') t* iedncuvded b8ginnIng In t992. Soee 

7
'ile 73 1 076 na Coe - Penymr-l,,l A Amoe 977. 97. - 1979 and 19a0-(1A. Energy DDat Repot, WeeVly

(C) VIncluded In LoUea e*nd UnMccounltd wCol et. Col * 961.19.-EIA. W ly Coal Poduc'n and CoW Producite . nnual rneor.i
0 Iocl 1 'SK2

B
. Chlne1 ' · 199-1es--1-.€A. Coal nodurb' JAnnul, erlnal

I
ulpo(. * 1999-Titea s7.2. 1.3, 7.4, 7.5. of ti re«loet,

.RrlRvised. PPrellimfnary. E-EIsUrtle., (I)-Lel thin 0.05 million shct lnl end EIA, QOurnrety Col Ripo OoberO-clmb)ef 1999 (|MIy 2000), Table 6.

CD

n,
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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)

Ron% Mining Method Loclaton

Ulumlnoul lubblumlnouli YI*'!'
1
^*! Total

Year Cell Cool Lgnli Anhc Undrground lura«e MIfmlpI Total

949g 437.9 42.7 358.9 121.7 364 4.2 4440.
1O5 518.3 "44. 421.0 139.4 36.0 524.4 50.4
1051 337 42.7 442.2 134.2 34.5 M4.7 576.3
1952 466. 40.6 381.2 126.3 32.7 474.6 507.4
9SU 45?.1 )0.0 3S74 120.I 30.6 457.7 46.2

1964 391.7 29.1 306.0 114., 21.4 3964 420.8
1655 46.6 26.2 356.0 2. 2 44.2 90.
1956 500.9 I280.9 30. 148.9 251. S04.0 529.8
1917 492.7 2S.3 373.6 144.5 24.7 493,4 518.0
198 410.4 21.2 207.6 134.0 20.3 411.3 431.0
1959 412.0 20.8 292.6 139.6 20.3 412.4 432.7
1960 41.5 16.8. 292.6 141.7 21.3 413,0 434.3
1961 403.0 S4 279.6 140.9 21.8 396.6 420.4
1962 4221 '16.B 267.9 151.1 21.4 417.0 439.0
1963 45419 18.3 300.0 16.2 23. 453.5 477.2
194 4670 ?.2 327.7 178.6 2 48.5 504.2
195 512.1 14.9 338.0 154.0 27.4 499.5 527.0
19i6 533.19 2.9 342.6 204.2 26.0 516.6 S46.6
1967 552 12.3 32.4 2112.5 28.9 536.0 54.9
16o 545.2 11.5 346.6 210.1 29.7 527.0 554.7
1969 547.2 .3 5.0 10.5 349.2 221.7 33.3 "57.7 571.0
1(70 5780. 16.4 6.0 9.7 340.5 272.1 44.9 567.6 612.7
1(71 521.3 22.2 6.7 6.7 277.2 283.7 51.0 509.9 560.
1972 658.8 27.5 11.0 7.1 305.0 297.4 64.3 53M.2 002.5
1973 643,6 33.9 14.3 6,6 300.1 296.5 76.4 522.1 508.6
1914 S46.7 42.2 1i.5 6.6 278.0 332.1 91.9 5* 18.1 810.0
1197 677.5 1.1 19.8 6.2 293.5 361.2 110.9 543.7 654.6
1976 S.4 04.8 25, 6.2 296.5 369.4 136.1 5486 664.9
1977 91.0 62.1 26.2 S.« 26.6 430.6 163.9 533.3 607.2
1978 534.0 96.6 34.4 5.0 242.6 427.4 183.0 1487.2 670.2
1979 612.3 121.5 42.5 4.5 320.9 400.2 221.4 559.7 781.1
1gO0 628.6 147.7 47.2 8.1 337.5 492.2 281.0 »76.7 829.7
1M941 606.0 159.7 50.7 5.4 316.5 507.3 269.9 553.9 823.8
192 8620.2 ¶60.9 52.4 4. 339.2 499.0 273.9 564.3 838.1
1983 66.6 151.0 58.3 4.1 300.4 481.7 274.7 507.4 762.1
1904 649.5 179.2 83.1 4.2 352.1 543.9 306.3 57,6 896.9
1905 613.9 192.1 72.4 4.7 350.6 632.5 324.9 55&.7 83.6
19m (20.1 169. 76.4 4.3 380.4 529.9 325.9 564.4 90.3
19»7 636.6 200.2 76.4 3.6 372.9 546.9 3368. 561.9 918.8
¶10 630.1 223.5 65.1 3.0 362.2 564.1 370.7 579.8 950.3
1989 659. 231.2 66.4 3.3 393.8 58M.9 31.7 599.0 980.7
1990 693.2 244.3 B. 1 3.5 424.5 604.5 396.9 630.2 1.029.1
1991 650.7 255.3 8.56 3.4 407.2 568.6 404.7 691.3 906.0
1992 e51.( 252.2 90.1 3.5 407.2 590.3 09.0 5.6 997.5
1993 576.7 274.9 9.5 4.3 351.1 594.4 429.2 518.2 945.4
t 994 640.3 300.5 5. 1 4.6 399.1 634.4 487.2 566.3 1.033.5
199 8613.8 328.0 5.S 4.7 39.2 638.7 484.7 544.2 1.033.0
1996 630.7 340.3 68. 4.8 409. 0540 500.2 563.7 1,083.9
1997 653.6 345.1 56.3 4.7 420.7 669.3 510.6 579.4 1,009.9
to19 "631.7 "394.1 '5.8 p5.3 K417.7 '699.8 "547.0 570.8 "1.117.5

~ ¶1»999 '421.3 '368.3 '54 4L5.2 '410.6 '6 .3 1537.9 561.2 P1,0g9.1

O
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Figure 7.3 Coal Consumption by Sector

By Sector, 1949-1999

1,000 -

600-

400 - Transportallon'

Other Power

200 _ _- Industrlal Producers'

· ·..........---..-- Residential and Commercial

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995

By Sector. 1999 Share by Sector, 1949 and 1999

1,000- 100-

1949 199 1119
800 -

rn(? · rJ~~~~I~~a~~ 75-

rW

4 600-
400- a.

bJf ~~~~~25-
200- 4

2m 0MRd e

Residaliel Ck Other Elocaic Oa-or Power 0 Resldentla Industual Transportatlon Electinad Plant, LUINdeS Producer and Power
Induttrll Elecic Power Commercial

'Ouirtltles for 1975, 1976, end 1977 ae, leIs than 0.5 mlllo short tons. Mar 1977, small (s),Les than 0.5 percentl.
amounts of co consumed by e transportatlon sector are Inckdd In 'Indusial.' Source: Table 7.3.

O s Nonutlity wholesale producers o elcte y and cogneratlon pants not Included In he
o and-uaa Wlon.

114 Energy Information Admlnlatrtlon/Annud Energy Review 1999



Table 7.3 Coal Consumption by Sector, 1949-1999
(Million Short Tons)

end-U&S Sedon_ ' Uebe Prw ,I ctr

Induslrall

fnd COL I IEtleTI0rO
Yors Co Nrcll . Pin O(her Tolltl Trnnsportlon UUIle Po fPr dun ' Tom Tsl

1949 118.5 91.4 121.2 212.6 70.2 4.0 NA 8.0 43.2
1950 114.6 104.0 120.5 224.6 3.0 91.9 A 91.9 494.1
1951 101.5 113.7 128.7 242.4 X.2 105.6 NA 105. 505.9
1952 92.3 97.8 117.1 214.9 39.8 107.1 NA 107.1 54.1

953 79.2 113.1 117.0 2301 29.8 115.9 NA 115.9 4s4.
1954 69e e8. 9.2 183,9 1.6 118.4 NA 118.4 389.9
1955 68.4 107. 10.1 217.0 43.8 NA 43.8 44.0
1966 64.2 104.3 114.3 220.6 13.6 1s63 NA 158 456.9
1957 49.0 108.4 106.5 214.9 9.8 180.8 NA 60 434.5
195 47.9 7. 00.5 177.4 4,7 155.7 A 155.7 385.7
1959 40.6 79. 92.7 172.3 3.8 168.4 NA 1.4 35.1
1960 40.9 81.4 96.0 177.4 3.0 17.7 17.7 39.1
1961 37.3 74.2 95.9 170.1 0. 182.2 NA 1122 390.4
1982 36.5 74, 97.1 171.7 0.7 193.3 NA 193.3 402.3
1963 31.5 78.1 101.9 160.0 07 211.3 NA 2113 423.5
1964 272 9.2 103.1 12.4 0.7 225.4 NA 225.4 445.7
1965 25. 95.3 105.6 200.8 0.7 244.8 NA 244. 472.0
1966 25.6 96.4 10.7 205.1 0.6 266.5 NA 268.5 497.7
1967 22.1 92.6 101. 194.6 0 5 274.2 NA 274.2 491.4
1968 200 91.3 100,4 11.4 207. 8 297 27.0 509.8
196 1.9 93.4 93.1 186.6 0.3 310.8 NA 310.6 516.4
1970 16.1 9eS 90.2 16s.6 0.3 320.2 NA 320.2 523.2
1971 . 152 83.2 75.6 158.9 02 327.3 NA 327.3 501.6
1972 11. 87. 72.9 180.6 0.2 351.8 NA 351.8 524.3
1973 111 94.1 .0 1621 0.1 369.2 NA 369.2 562.6
1974 11.4 90.2 4.9 15.1 0.1 301.6 N . 391.8 5S8.4
1975 9.4 83.6 63.6 147.2 406.0 NA . 40.0 552.8
1976 8.9 84.7 61.8 14.5 44..4 NA 44.4 603.8
1977 9.0 77.? 81. 139.2 * 477.1 NA 477.1 626.3
1978 9.5 71.4 3.1 4.5 (3) 481.2 NA 481.2 625.2
1979 64 77,4 67.7 145.1 ( 527.1 NA 5281 0.5
1980 6.5 86.7 80.3 127.0 (3) 59.3 NA .3 702.7
1s81 T.4 61.0 67.4 126.4 pi 59s.8 NA 596.8 732.8
1982 a.2 40.9 64.1 105.0 ) 693.7 NA 593.7 706.9
19s3 6.4 37.0 66.0 103.0 (3) 625.2 NA 825.2 736.7
1964 9.1 44.0 73.7 117.6 (3 664.4 NA 04.,4 791.3
19g5 7.8 41.1 75.4 116.4 ( 693.6 NA 693.8 616.0
1986 ? .7 35.9 75.6 . 111.5 3 85.1 NA 6S 1 804.2
1987 6.9 37.0 76.2 112.1 (3) 717.9 NA 717.9 . 938.9
1948 t. 41. 76.3 118.1 (3) 758.4 NA 754.4 683.6
1949 112 40.S 7.1 11.68 (3) 706.9 NA 784.9 889.7
1990 e7 38.9 76.3 115.2 3) 773.5 NA 773.5 95..5
1991 e1 33.9 75.4 109.3 31 772.3 NA 772.3 687.8
1992 6.2. 32.4 74.0 108.4 (3 779.9 15.2 '795.1 907.7
1993 62 31.3 74.9 106.2 (31 813.6 11.1 631 6 944.1
1994 60 31.1 75.2 106.9 (3) 817.3 21.3 38.5 951.5
1995 5.8 33.0 73.1 106.1 3) 829.0 21.2 8502 962.0
196 6.0 31.7 70.9 1026 (3) 674.7 22.2 696.9 1005.8
1997 65 30.2 70.6 100.8 3) 900.4 21.6 922.0 1,029.2
1998 "4.9 "28.2 '61.1 '96.3 (0 910.9 "28.1 "936.9 1,040.1
1999 4.9 27. 9 8.0 95.9 (31 96.6 47.8 944.4 1,045.2
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Figure 7.4 Coal Exports by Country of Destination
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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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Figure -. Fuel Prices to Electricity Generators, 1990-2020
(1999 dollars per million Btu)
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Figure -. Projected 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 Consumption by Fuel, 1970-2020
(quadrillion Btu)
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Delivered Energy Consumption by Fuel, 1970-2020
(quadrillion Btu)
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Electricity Generation by Fuel, 1970-2020
(billion kilowatthours)
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Energy Production by Fuel, 1970-2020
(quadrillion Btu)
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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)
U.S. Net Petroleum Imports/Day (Year Average)
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011 Use by Sector
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Effect of High Demand on Oil Price'S
(Annual FigurB .s)
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U.S. Energy Consumption, 1999
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U.S. Delivered Energy Consumption Including EectricityRelatd Losses
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U.S. Energy Consumption by Primary Fuel, 1999 :
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Nuclear power produces
essentially zero carbon, SO2, or

NOX gas emissions

Metric Tons of CO2 per GWH
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Figure 10.3 Wood and Waste Energy and Alcohol Fuels Consumption Estimates

Total Wood nd Waste Energy and Alcohol Fues, 1981.1999 Wood and Wuat Energy and Alcohol FUls by TLp, 1941-1999
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Table 10.3 Wood and Waste Energy and Alcohol Fuels Consumption Estimates by Type and Census Region, 1981-1999
(Trillilon MtU)

We" I wool*' Alochol Fuels'

M610. Nfrth MYd· 7 Sold
Yew vot 1 · all I Mutlh T wool Total cos I weal Wo 1911 cast S AM Watt o Il

1981 265 Is 5 1148 4 2.496 is V 27 30 U6 7,) 4 2 7 2.bw0

8992 368 343 '1.301 385 '2477 20 3 'u9 ( II 41 4 1 9 2.61

I96) 380 323 1.652 411 '2,039 36 I 58 48 a 87 7 22 6 5 25 "2.631

1964 PO46 '340 '1.460 "*40 '2.629 29 21 5S 91 206 I) 25 12 8 423 2.,68

los' 350 388 1.7 484 2,576 41 30 4 * 235 (2 87 5 6 8 2,942

m' 32 2 2 48 2.516 63 3t 9 6 262 34 22 4 60 2.4

198? '354 '479 '1.110 '472 '2,46.5 60 47 108 14 299 78 26 4 '60 2,822
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,"I9 p437 S5 at '.7: '464 '2.835 94 64 145 SI 344 (7 38 21 7 71 '3.050
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899? '226 am '1.16? '477 '2,18o '123 '6 %OB a7 426 77 48) 8 1 1 65 2.679
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Figure 10.4 Wood Energy Consumption Estimates

Total, 1949-1M 8y Sector. 1999
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Table 10.4 Wood Energy Consumption Estimates by Sector, 1949-1999
(Trillon Btu)

Year _ Feldefnt~ll Ca niemflal In lIdus.rlil U8lllaa Total

1949 1.005 20 488 549
1950 106 19 532 S 1,582
1951 9-6 16 553 5 1.535
1952 899 17 552 1,474
1953 B32 1 568 5 1,.419
1954 00 15 576 3 1,314
1955 775 15 831 3 1,424
1958 739 14 861 2 .¶418
1957 702 163 16. 2 1*334
1959 8e6 13 820 2 ,33
1959 647 12 892 2 1,353
1960 627 12 680 2 1,320
1961 ' 587 11 895 1,295
1982 50 11 725 1 1.300
1983 537 10 775 I ,3Z3
1964 499 9 927 2 1,337
195 468 9 855 3 1.335
198w 455 9 902 3 .3
197? 434 9 898 3 1.340
198 428 8 982 4 1,419
199 415 8 1,014 3 1,440
1970 401 8 1,019 1 1.429
1971 382 7 1,040 1,430
1972 30 7 1.1 13 1 1.501
1973 35 7 1,165 1 1.527
1974 371 7 1.159 1 1.538
1975 425 8 1.03 ()3 1.467
978 423 1.220 1,711

1977 542 10 1.281 3 1.37
1978 (22 12 1.400 2 2.023
1979 721 14 1.405 3 2,150
1900 "0I 21 1.600 3 2 .l3
1961 Ml9 21 1,602 3 2,495
1902 937 22 1,561 2 I a2,477
1943 92 22 1,890 '2 '2,638
194 923 22 1,879 R5 '2,29
1945 '899 '24 '1,648 8 '2,876
194 '711 '27 I1.810 8 '2.518
1947 \ '29 1,576 " "'2.485
1948 '85 '32 11.28 10 1'2,52
1949 911 '34 1.673 R10 " '2,35
1990 561 '371,82 " '2.168
¶991 613 '39 1,528 46 "'2,168
1992 645 '42 1.593 6 "k'2.268
¶993 8. 44 1.21 '9 "'2.226
1994 531 45 1.724 " "2,314
1995 596 45 1.771 "7 "2,418
1996 595 49 1.613 6 "2,465
1917 433 »47 1.860 " "2,348
1998 377 "47 1.914 "7 "2.346
1999 404 57 2,34 7 2,832

No date w*w av*llable. thffore, valu>s were Inltrpoaulrd. (Aprll 1991), TIMbI E81. · <oio«du1Hrlal gIctor A American Papl( InsUtUlt, Fool Shelf on 1990
R-Revised. (»t-Leel Ihen 0.S trillion elu. Enery Us. in the U.S. Pulp and PpWlIndusatry (July 1991). Raldnetill Sctor EIA. '180 ReidenUilowi Totals mary nol equal sum of omgonets (,ua 10 l"ndopendori rounding. Erry Conaunpbon Svry. I ad I h: EIA Ectne.a of U.S. Blonu Er.y Conaumpconr:D Ho: Toll l r'lyvi equil iOfCO/poi cluelolntlpna roundlng Energy Consumpiton Survey.' ·1M1 aned 112:1EA. estmlalte of U.S. B/OTIIL Em'wIy Consumption0 Wtb Pg..: r1pp:¶r».w.l..ooa.go0vlNuer.awb.hlm1. 1B99 (9May 1994). . 1t3-1r99: EIA, Form EIA-457,. '1993 RleoeindIal Energ CcnJumpUon Survey,rn Sourcl:; * 1M411,80 CClculatIe Ton Energy Informllon AdmlnirbUon (EIA). Estlmrlats U.S. » xpoal lon om', *1P993 ReleRnllll Enery Consumpdon Suevey¥ tOx 1994 tlwough 1996 ellmrle,. and

C0 Wooad ErryConlumpfAoehonm 1f49lo 1981, T.bic A2. .ndEIA*. An/luaEn4* yROvie. 1»999. Tlble .3. '1997 Re.idenal EnoeaY ConumptOn Surey' lot 1997, and 0xlrepoliUoe for 199 end 199g.
C PInne0 

1
yoOIy, Intlel. 1s9: ElA. Esflmeaes of U. Wood Enra y Consumpofl 19O19J. TbI* Com.nriW aetor 1*A. Office of Coal. Nuc.ar. Elercl and AJlamnala uer (CNEAF). etUmil.a,

?) 5 ES I. c aculatuon Irn m Annual Energy RIvew ,199. Table 8.3. * I 141-193: EtA. Emainmlel oUf l. 5 nidlutr/il eKtcr ElA. CNEAF. nsiUmtn ae M rt ofm Inflormtion mhorn noie govemrmnwt agefnc..
0 Wo.o En.,g" ConunmplfOn. 1980.1983 (Novemble 1964i, TMabi ES1 ,an ES2. M.de Joumrnal. Indusbay MaWdcitonf rel . Form EIA-46. '1991 Manfw urlng Enmy Consurrmbon

-- · 116 litWuel,d ill Sector: Arnerlcan Pepsir Irtlnuti. FeCI ShWel on 1990 EnegyJ Ule in the U.S. PIdp Suvey, And Form EIA-48. '1994 Manulfcuring Ener Conaumpion Srney. Electrc Utility: EtA.
j d nn P.-pa In-dutI. (July) 31. 1911. All Other Dis: EIA, Etia of S, BoAi Cosumpton 10 Form El. 'Annul E9n lecic Ulllly Rhepor. i nd Form El'A.759,'Mo.hly Pw PIClal Repon.

( 0
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Figure 10.5 Solar Thermal Collector Shipments by Type, Price, and Trade

Total Shlprrnt, 1974-194 and 1988-1998 Trde, 1978-198 and 19e-1998 Pr1ce, 1998
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Table 10.5 Solar Thermal Collector Shipments by Type, Price, and Trade, 1974-1998
(Thousand Square Feet, Except as Noted)

Lo.w-Tempertur. Celletor ' MedluwrrTol ermlrnun Collectorn ' Hlgh-Trtnperture Coldktcore ' To«ll Shibtpnts

Number ShtpmMan Number Shipltnt*
of U.S. per P e ' U.. par Pre *' Prtc' p n
Mtnu- Qunltd Manu. (dollari p MQnu.r t dol pr QunIntty Idollr per

Year fKturri Shipped fictunr ,quarn oo) ferturen Shlppd d luctunr ao| ooShipd qu(ftoot) Importt E porta

1974 S 1 137 1e9.6 NA I3 137 3.5 NA NA NA 1.274 NA NA NA
1975 13 3,026 232.8 NA 11< 117 6.1 NA NA NA 3743 NA NA NA
1970 19 3176 204.0 NA 203 1,925 9.5 NA NA NA 5.601 NA NA NA
1977 52 41743 91.2 NA 297 5.S9 la.1 NA NA NA 10.312 NA NA NA
1978 o9 5.672 S5.1 NA 204 4.96 24.5 NA NA NA 10.B60 NA 396 640
1979 84 e.394 100.0 NA 257 5.t505 22.0 NA A NA 14,251 NA 290 655
1980 70 12.233 154.8 NA 250 7,165 28.7 NA NA NA 19,39 NA 235 1.115
1M91 7S 6.677 115.7 NA 263 11.459 43.6 NA NA NA 21,133 NA 196 771
1982 61 7,478 122.6 NA 24 1 ,'145 44.9 NA NA NA 18.21 NA 418 455
1963 55 4.853 6.2 NA 179 11.975 66.9 NA NA NA 1.a28 NA 511 169
1964 48 4479 93.3 NA 206 11,939 56.0 NA 773 NA 17,191 NA 621 348
191S NA NA NA NA NA NA NA MA NA NA NA NA NA NA
1988 22 3,751 170.5 '2.30 87 1,111 12.8 *1830 4.49 NA 9.360 G .14 473 224
19t1 13 3,157 23.1 '2.18 50 957 19.1 "13.50 3.155 NA 7.269 4.82 691 182
18M4 I 3,32 41t.8 2.24 S4 732 16.2 '114.8 4.116 NA 8,174 '4.5 8S14 15e
19M9 10 4.283 426.3 2.80 36 1.989 55.3 '11.74 5.209 "17.76 11.42 "10.92 1,233 461
1990 1 3.645 303. 2.90 1 2.527 1. 7,68 5,237 15.74 11,409 "9.86 1,52 245
1991 18 5.565 349.0 2.90 41 99 24.1 1.94 1 31,4 8,574 4.26 1,543 332
1992 1l 6,187 389.7 "2.50 34 897 26.4 10.9 2 75.66 7,080 3.58 1.650 315
1993 13 6.025 463.5 '2.00 33 831 28.2 "11.74 12 '22.12 6.98 3.9e 2.039 411
1994 18 6.823 420.0 '2.54 31 803 28.0 "13.54 2 "177.00 7,827r 3.74 1.,15 405
1995 14 6.813 47.0 "2.32 26 640 32.0 10.48 13 53.26 7.8b6 "3.30 2,037 530
19 14 6.321 487.0 2.67 19 785 41.0 14.48 1O 1.875 7,616 3.91 1,930 454
1997 13 7,524 579.0 2.60 21 I80 29.0 15.17 7 25.00 8.136 3.56 2,102 379
1990 12 7.292 507.0 2.63 19 443 23.0 15.17 21 53.21 7,756 3.68 2.208 340

'low4ealWper t coltl ctorW iarw rel oolnc r lo fgefrrly op nra t St temperaturt tow Indude Import that subbequeny wtew shipped to domeiuc or to frein cusomrw.
110 d grm FtiFhrenhl. ' PRon. In nornal doll n. qual shiSlpnS w lue dhod by quantiy IhOppd. V*luI.ndtudeat ur

' MdKi4rn-tm rlturIe rlto 4ort Str olar thermall ooIac on t t generaly oprate in the tremperture f r averng ind wrNle. Ecluded t we ercise tax S nd the crt of frlght or turpoflrutton for ri
range of 140 do0.0. Faterirh to 180 dgre Ftlfrnht bAut cn also opertb t tl Ompet n t low Ihlprenti.
Ir 110 degree Flhm ill. Specil cil, cw1 ki idud in h hi ctlegrxy. Specal coretorlw R 'RvAlsd. NANhot ivllble.
evocual tube ocoleclors or coonehtrlinrg (focusrng) collctor. They opertl In te temperature ringe Notl: * Manuf(ctunr produdng man th n ons type of colrideor ar ocounletd or In both roups.
trom Just bon Ambint tempreltur (low onmo llon lor pool hellng) lo several hundred degre * No osu e NMllabe Itor 1958. * Migthlrmpaturen olldctor sthpmnnt wre donnirlted by one
Fahenhe (hlgh cocenlatlion for lit condUlon ing rnd ipelClizld Industitl paocetro). rnannucltufr.

n Hgn.lemperalurn r011a0tl re Aer owrmml collct on Ihtl gneralty operile It tmpeaturel above Web Pge: hti/w.e a.doe.govotuelrentew ert.htnt
1tO deoegr F rwrelH. Sources: * 1974-1992--Enrrg Intorrmlon Aldrnmlnltron t (EIA). Soiar CdcW M ufealdullng Actmy,

Total lhlipmenUt a, fepooed by rfelondent Indude ill domestic and expon shlprnent m nd may ennual reportst 1993 orwld-EIA. RnowslM Enery Annuel. nirn l roorlg .

m0

0
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Figure 10.6 Solar Thermal Collector Shipments by End Use, Market Sector, andType, 1998

End Use Market Sector Type of Collector
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Table 10.6 Solar Thermal Collector Shipments by End Use, Market Sector, and Type, 1998
(Thousand Square Feet)

End Use Collector I Colloctots a Colletors' Total

End.Us otl ........................................ .7,285 443 211 7,757
Pool Healtng -. II.....................I.........7,164 37 0 7,201
W ater Hastn g .............. 6....................................... 60 38S 18 a4 3
Spac Hls n ........................................ .3 14 0 67
SpaceCooling ...................................... . 0 0 0 0
ceamlind S~aN Oro Water Heating ................. a 7 () I
Propoa Heasong .................................... .... 0 0 0 0
elect iyG nertion ......................................... 0 0 2 ' 10
Other ... )..... . .............................. 0 1 1

mkst SecoTOW .......... ...................... 7,285 443 ZI '7,757
Resdentil . ----....................... 1..0 355 0 7,165
Co one le ................................. ....... 421 70 la8- 517
Indulsti ........................................ 44 0 62
Electrc U ry ...................................... . 0 0 2 ' 10
01hw . ..........I-'................. ...................... 2 0 ¶ 3

Low-bmporsh IOrs olecton at. Solar themml coltscs ltht gernerally operat etI temperstisss bslos I Totals Include othe type of caltdros rw shown,
110 dsge I ,nlhl. OtM n lndvdss sNpments of sol' Vrmale col loctor s1 other uses. such as loonk g ds. slne

I lcletlumo.mps ec rs aresolrer thermal cIsduc arsel generlly opsrst In a" lempersturo pumpIng. wets' purfltoeon. dosanrtlob, distllIfng, etc.
rsnge of140 oewees Fslvhrdnet to 160 do osoe Fahrenhei but can rskt operste al tempvaturea u low I 'Other Includos shipments of solr themnal coelletin t othet saclors. BUCh so govnerrlent, Including
as 110 derees Fahrenhelt. Spedal mesdors ae Induded In iNs eategory. Spsdial olictros ae the miitary b exckyudlng space appllcatons.
evacuastd tube toloctorti o nr -, n ng (Itmusing) collecdo. They opelt in Me5 ttmperatL5 range (s)-tm sthan 0.5 Slousand square test
horn just sboc ,.ambent tempt01e (tow Coorpoem for pom 

1
esong) to sevuril nunWd oogee, Wnote: OData reproser shipmenrs from U.S. manuftdurers only. * Totals may nol equal sum of

Fahrenheit (high concernrllti o fr 4W condolnlng sad sedetlved vidu.tratl rocesseu. mmpoerwtt due to lrdependel rounding.
' Hisffipoature colledor e ws sol termamrl collealo Iltht geneally opese at tromponatkuoes tbo" Wal Pegs: htlP:/Pw.ee.doe.govp ietAunW.Wblbe.

180 dgres Fshwhont. Thee. we Para4bolc diWVaruh collector woed plmm" by lioopendohl power Source Enrgw lntOm on s mAdfnlson. Reewss EnergyAnnual 19Q9(Msr 2000), Table 19.
producers to generate electrilcty tor te elochk gid.

0
0m
Q

C')
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Figure 10.7 Photovoltaic Cell and Module Shipments andTrade

Number of U.S. Companies Reporting Shipments, 1982.1998
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T3ble 1C.7 Photovoltaic Cell and Module Shipments by Type, Price, and Trade, 1982-1998

N~U.S. bmD~nP,- 
c

' ... _' .... -U.S.o4n C lttIIco | r TO4,ll {¶pofet EtCett

Year KepnSIIg stkMl.nts P.ee KllottI e DolLner per Peak Wa

1t42 1 eNA.e7 NA NA NA NA

,193 1 ,NA NA 12,20 NA 1. 03 NA NA

1t44 23 NA A 9912 NA 2.1U3 NA NA

105 15 5,41 303 3.7e9 265 1.70 NA NA

194. 11 5,60 Ste .333 67 3.t10 t4A NA

s7 17 S.613 1.230 6.50 921 3.621 NA NA

19, 14 7,364 1,95 9.,76 1,453 5,35 NA NA

194s 17 10,74 1,62 12.s25 420 7,363 5.14 63,0

0 '19 14 '1 12, 1,21 13,.37 1.39 74 5.6S 3.4

1991 21 14.205 723 14.939 2,059 *,OOS e.12 4.06

1992 21 14,47 1,075 t5,.M3 1,602 9.23 .11 3121

1t3 19 20,1M 762 20.,9 1,17T 1.»14 5.24 6.23

1994 2 24.71 1 tl 26t.077 1 .10o 17.114 4.46 2.97

t995 24 29.740 ,26 31.059 1,337 19.871 4.M 2.53

1996 25 33,991 1.445 35,464 .N64 12.444 4.09 2.6M

1997 21 44,314 1Se 46.364 1,3 3,7t93 4.16 2.78

t9M 21 47,1S 3,311 50.1M2 1,931 36.493 3.94 3.15

PncMo I d, n amnl daW. MquNI t ue _ l*<dt by rquanly *0hpe d. Vbl . h V dt d.gw ' oDate *wne ed ar one nmonden- who *ndxld e kAtur9y durig 1990.

Mtt n*rwIg I4 wnnewn, EXldOed ir O"4 t*xem end N e oo (ft Or o npowron cfr vte R.- d dae. NAoNt *eveubx.
i4Pm.nt. Web PeM: h e/www.O*.dwoofw^~lf* wf .h8r1.

ToUdl INprM e h nckX I (ypM oe 1d taOnRI of nr mou ln(.e tr4ltaI ion, cast saloon, SouCas: * 19d2-1992--ergw Inonnrtw Adt-tbton (EIA). S$ofb C. okI1or ludsdtUD AcdMy,

rown *ovn. tCn-tln e*,. em canow or 1con, e ) VW nmanfrlllewmn bde e r d moulei . snnue rporb. · 993 bonwd--ELA. PmedO Enery AWvl,. uat repetl.

SpMiel ot Ce nd mdne Om .pae d W a eal ta ppWe le l p t ndt Intdd.
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Figure 10.8 Photovoltalc Cell and Module Shipments by End Use and Market Sector, 1998
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Table 10.8 Photovoltaic Cell and Module Shipments by End Use and Market Sector, 1989-1998

End Us Mlatae Sector

Ilectic .
0neratlol n' Original

q ulp-
Ort. merin

Commun. Conoumer Inter- Minu. Trane- Watr Riel- Cam- 0. O Indu- Tran.- Elctrtc
Yar Icastoni Oood ctlhi Ranlet t4alth flicrartum 2 portaon Pumping Other' deitnO mrerl *rmnt tril potlleati UtilI Ottir' totl

Amount Shtppl
(peek kliollo11)

1989 2,590 2.71e 1,257 2,620 7,55 ,19e 71 ee 1.439 3,650 1,077 3,993 1,130 765 551 12t,25
1990 4,340 2,46A 469 3.097 5 t.119 1.069 1014 240 1.70t1 608 1.002 2. 17 974 26 432 13.e37
1991 3.538 3.312 eiS 3,594 61 1.315 1.U23 729 13 3,824 3,345 615 3,647 1,565 1,275 377 14,930
1992 3.717 2.5,6 1.227 4.238 ? 7 82 1,602 r09 530 4,154 2,368 1,063 4.279 1.873 1.53 477 15.583
1993 3.548 948 1.09t 5.rl 674 2.023 4.238 2.294 74 5,237 4,115 1,325 5.362 2,66S4 1,503 t56 20.95
1994 5,570 3,239 2,296 9,253 79 1.49 2.12e 1.410 254 6,632 5,429 2114 e,8s6 2,174 2,364 610 2t.077
1995 5.154 1,025 4,.5 6.233 776 3.16» 4.203 2.727 1,170 6.272 ,ID0 2.000 7.1r9 2,383 3,759 1,347 31,059
1996 6,041 1,0e3 4,844 t0.o84 977 2,410 5,190 3.211 769 8.475 5,17 3.128 6.300 3,995 4.753 1.63 35.464
1997 7.33 347 8,273 4.630 1,303 5,245 ,705 3.783 4.64 10.993 8.111 3.900 11,74 3,574 5,51 2,37 46,354
i99e 6.260 1.198 14.,13 6.,34 .061 6,044 6,35M 4.306 1,491 15,93 8,460 2.e00 13,232 3.440 3.965 2,720 50,582

PTonm of Total

1989 20.2 21.7 9. 20.4 (e) 12.4 9.3 5.5 05 11.2 30.0 8.4 31.1 6.0 .1 4.3 100.0
1990 31.4 1t.0 3.4 224 (r) 8.1 . 7. 3 1.7 12.3 4.,0 7.2 20,4 7.0 6.0 3.1 100.0
1991 23.7 22.2 5.7 24.1 0.4 6.6 10.2 4.9 01 24.3 22.4 5.5 2t4 . 10.4 8.5 2.6 100.0
192 23.9 1,5 7.9 27.2 0.4 6.3 10.3 5.2 3.4 2S.7 15.3 6.8 27 10.7 10.0 3.1 100.0
1993 16.4 4.5 5.2 27.5 3.2 9.7 20.2 10.9 0.4 25.0 19. 86.3 2SS 12.2 7.2 4.1 100.0
1994 21.4 12.4 6.t 35 0.3 7.1 8.2 5.4 1.0 25.4 20.8 e.1 2.3 8.3 9.1 2.0 100.0
1995 1e.e 3.3 14.6 28.5 2.5 10.3 13.5 6. 3.8 20.2 26.1 .4 23.2 7.7 1 .1 4,3 100.0
1996 17.0 3.0 13.7 0.7 2.8 e. 14. 9.2 2.2 23.9 14.8e 8. 23.4 11.3 13.4 4.6 100.0
1917 15.9 0.7 17. 18.8 2.8 11.3 14.5 6.2 10.1 23.7 17.6 8.4 25.3 7.7 12,2 5.1 100.0
199 18.4 2.4 28.1 17.1 2.1 10.0 12.6 8.5 2.9 31.5 16.7 5.e 20.2 e.8 7.6 5.4 100.0

' Oid-lnteractthe rnean cmnnectlon to the eectrical dlbrtbulon systran: remnot merne oieldrcity, ft ' Shpmnnbt to torein govwnments nd tor ,ipedlty purpoae.
generl us . thlt does not kiter *r h In Ite o*twi dkitrbution aylIn, audI a a( in Isolatd relde ntil (I)Los than 0.05 pcenl.
site or mobibe home. The or oend tnae In inh ubrl aleo nmcule lttcity 9enertuon but only fo the Note: Tottl fMTy not equal sum (o componeIn due to independent roundlng.
peckJr use ctird. Web Pegs: t6lpftw/ .l·i.do T.govfu«rl(enbe. ri.m2

Origintl £qulpnnt Manuvacurers ar non-oholovoelIC mDnaulaers rhl combln pholovollic Soeurwc: . 1B99-t192--Enrwgy tnIr4omtln Admrntmtlrton (EIA). Solnr Colltor AL*nucuwnc .ActVvIfy
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Figure 10.9 Alternative-Fueled Vehicles and Fuel Consumption by Type
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Table 10.9 Altemative-Fueled Vehicles and Fuel Consumption by Type, 1992-1999
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Figure 1.14 Fossil Fuel Production on Federally Administered Lands
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Figure 1.2 Energy Production by Source O

By Foesil Fuels, Nuclear Electric Power, and
Renewable Energy, 1949-1999 By Major Source, 1949-1999

75 - 25 -

Fossil Fuels

50 Natural Gas

20

a 25 - Nuclear Electric Power

Renewabie Energy

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 i

By Source, 1999

30-
10

25 -

S20 i
'!^ pA'.eas Nudear Electric ,,\/

O 0 e i iS0 - P Hydroelectric Power 3 W te r

4 3 ..: ..... NGPL'

0 Co0al, rtUnW Dnjd Nu*ai Woomdd HyMdo. 3LB. GtimaIII 0 I III fII 11 I I II III III II | I
Gas Oif Elecrc Waste' Idric Odher

Power Po ' 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995

o ' Indudes8 es condaensat. Solar and wind.
m ' Indcludes elhanol blended into motor gasoline. (s)-Less than 0.5 quadrillion Blu.

Conventionl and'punped-stolage hydroeledric power. Note: Because vertical scales differ, graphs should not be corrmpared.
O~ ' Natural gas plant liquids. Souica: Table 1.2.
O



Figure 2.1 Energy Consumption by End-Use Sector, 1949-1999
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U.S. Total Gasoline Inventory Outlook Page 1 of 2

U.S. Total Gasoline Inventory Outlook
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Notes:

* Gasoline inventories 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.

* At the end of December, gasoline inventories were about 194 million barrels, which is almost 5
percent below the 5-year average level for this time of year, but slightly above the end of 1999. As

hnp://www.eia.doe.gov/pub/oil_gas/petroleum/presentations/2001/national_govemors assc... 2/12/212836
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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.

EA'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/200 /national_governors_assc... 2/1 2/228 37
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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

... t...... .;. . ^ ; >...'...; ,,,l-J..,'.,,-,.;:l , , ... ... :. n, .. _:_. , .. >.... . .. ,.,D28O
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Retail Heating Oil and Diesel Fuel Prices Page 2 of 2

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

After the current beating 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:

. 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 to 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.

htp://www.eia.doe.gov/pub/oil_gas/petroleum/presentations/2001/nainalgovernors_assc.. 2/12/20 2840
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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/pub/oilgas/petroleum/presentations/2001/national_govemorsassc... 21121202841
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Current Natural Gas Spot Prices:
Well Above the Recent Price Range
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Notes:

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

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

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

htp://www.eia.doe.gov/pub/oil_gas/petroleurmpresentations/2 001/national_govemors_assc.. 2121202842
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. Reasons fo; the price run-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 last few years (generally borne 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 petroleum-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/petroleurnpresentations/2001/nationa geovernors assc... 2/12/22843
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Natural Gas Spot Prices:
Base Case and 95% Confidence Interval
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Notes:

average reported for December 2000. Recently, concern about cold weather and low stocks

pushed daily spot gas prices over , , 0.0 per mcf. However, in early January of this year, forecasts
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extraordinary volatility in the current U.S. market.
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Notes:

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

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

http://www.eia.doe.gov/pub/oil_gas/petroleum/presentations/2001 /national_governorsassc... 2/12/2002 8 4 4
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lows may be challenged throughout the heating season.

http://www.eia.doe.gov/pub/oil_gas/petroleum/presentations200 /national_governors_assc.. 2/12/2001

2845
DOE006-0202



WTI Crude Oil Price: Base Case and 95% Confidence Interval Page I of 2

WTI Crude Oil Price: Base Case and 95%
Confidence Interval
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Notes:

. 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.

* The recent decline in prices seems to be more the result of an unraveling of speculative pressures
than a change in underlying fundamentals. ,1220l

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
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 oil 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.

* EIA still sees a very tenuous supply/demand balance. With low inventories, 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/barrel above those shown
on this graph.

· However, ELA believes the market will move toward a more typical balance during 2001 and that
prices. 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... 2/12/202847
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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 rise 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.

* As was the case with heating oil, last year's peak average gasoline price, at $1.633 per gallon 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.eia.doe.gov/pub/oil_gas/petroleum/presentaions/200 1/national_govemors_asso... 2/12/2!848
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equivalent to almost $2.80 per gallon today.
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Section 1. Energy Overview

Energy production during October 2000 totaled 6.1 increased-3.9 percent; natural gas decreased 1.7 percent;
quadrillion Btu, a 1.8-percent increase compared with petroleum decreased 0.8 percent; and nuclear electric
the level of production during October 1999. Produc- power decreased 0.6 percent, compared with the level I
tion of coal increased 7.0 percent; crude oil decreased yea earlier.
2.1 percent; natural gas plant liquids decreased 1.8
percent; natural gas (dry) increased 1.5 percent; and Net imports of energy during October 2000 totaled 2.0
nuclear electric power decreased 0.6 percent, corn- quadrillion Btu, 3.2 percent above the level of net
pared with the level of production during October imports I year earlier. Net imports of petroleum prod-
1999. ucts decreased 23.3 percent; crude oil increased 3.5

percent; and natural gas rose 1.4 percent. Net imports
Energy consumption during October 2000 totaled 7.8 of coal coke increased 48.2 while net imports of coal
quadrillion Btu, 0.4 percent below the level of con- fell 41.3 percent, compared with the level in October
sumption during October 1999. Consumption of coal 1999.
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Figure 1.1 Energy Overview
(Ouadrillion Btu)

Consumption, Production, and Imports, 1973-1999

11

Production

25 _

0-
1973 1975 177 1979 198t 1983 195 1987 1989 1991 1993 1995 1997 1999

Consumption, Production, and Imports, Monthly

61

Production

Iports
2-

J u A M J A AS 0 D J F I A A J J A S O N D J F 4 A W J J A S O D
1996 1999 2900

Overview, October 2000 Net Imports, January-October

12 1 30

lo~~~~~~~10 1 ~28525
7.7 20.04 O 20.22518 6 

7 7 4 20 18.755 -0t -

6.071

4* 10

2.395

0.379
0 I - 0 ----

Producon Cons-rwon Impors Expodts 1998 1999 2000

Note: BeOU caue. l t1civs &He,'. grimphs hld 0not b, oDp-ed
Souwce Tibi« 1.2.

2 Energ Infonrution AdmlnltrttionlMonmhly Errgy R*vi-w January 2001

2851
DOE006-0208



Table 1.2 Energy Overview
(Quadrifion Btu)

___ _Pvoduclioe I C..990on· I ImpoNr Ex portsa0I Nolport

6171 Tow . .......... .... "...7 ............. To.* 14.731 2.051 12.6&
1974 Totl .................................. 172 74.0 14.41 2223 190
1 7Ta ....Total ... --......-.._... .._..- " 1.37 '7LD42 14.111 2. 17S2
1978 Totl _.........__......2 ... 16.37 2-.16 14.641
1l77 Total ................................ ...... "..822 I.122 20.190 2.071 1.01

S117 Toa ..........-..................-....... " 3.137 0.123 1.2 54 1.931 17.323
7117T11 t .............--............. ........ . 15 .* " " .6 44 9.61 2.17 16.744

19N Ttal .. .... _-....._... 17.241 "781.435 1571 .723 1-247
161 Tota1 ...._...........-. ...... . 7.007 __ .. 8?. 13.375 4 22 1.6
1812 Tool. ...... -.............. .. 161574 73.444 72.92 4A33 7.40
1913 Tolal .. ...... ........ . ............ ... 1"6I "73.317 12.27 3.717.
1184 Total ........................................ 1.132 " 7.172 12 1 3.04 1143
198S Total ._.................................... .... 7. 0 "76.771 1.103 4.231 7.72
19t Tool ._.„...................6.... · 7.17 "r7.065 14.431 4.05 10.31
1931 TotWl ..............-..... 1... . 7.. 7.? "1.133 15.714 3.153 11.111
11 Total ............. ..... ._ ... .... 3. 0". 17.54 4.415 13.141
188l Total ......... 0P.. I..".6.07 ..... 6...507. 4.767 1 4.111
1890 T I ........ �... ......... ......_ .. " 22 "4214 "1».$» 4 I14.08O

T .............................. .. 76.515 "1421 "11.4V7 S.157 . 13-1
111 T01. . ....... ..... ... .... 0.....0 ".1 U4 1.Sln 4.157 14.621
183 Ttl ..... .-.-. ........... 2.1......- *17 · .1t "21.41 4.213 "17121
14 Total ..--.... .......... ... .-.....-... "76.1 ".11 22.7 4175 "1.651
19i8 Tot4al ...l...-.....-.. 71.21 "· .r24 · 2- .41 436 "11.00"
16 Total ........................ ....................... 3 3.02 ". 4.$5 "1314
1997 * ro-l .......... ............... .... "71L324 I 4.07 25..1« 4.574 206.42

111 January ....................... ...... L6. 3 6 2 "8.»14 2.190 .d14 1778
Fobruwy .......................... "7.4 1.937 .324 1.614

ch ..... ............ ................... .. 6.266 ".201 2.144 .3 1.778
Ar ...................... "5.979 7.506 2.273 .375 1.891
1May .-.... .....-.............. ... "..6.. "8.123 "7.503 2327 4m "1.921

JW ............................-... .6.051 7.65? 2.240 .377 1.63
July ....... ........ -.........-...... "6.099 6.140 2.467 .371 2096
Augw4 ............................. 6.095 "8.101 2.374 3-33 2.041
Soptrte ........ _. ........ "5.841 7.522 276 .51 1.25
Odobtte ....... ~........~.............. ....... 06.090 "7.576 ,2.305 .359 1 46
N r ibe ................................... 5.47 7.541 2.223 .313 1.910
Decmber ................................... "6.093 "8.478 .2.201 -354 1.847
Totl ..................................... 72 53 4-37 26.S7 4. 22.11

113 Jaru ......y.............................. .... 6.183 "6.947 2.255 .307 1.948
Ftouty ......................... ........... "5.809 "7.872 2.077 .252 1825
M h ................................ ..... 6303 "440 2.296 .292 2.004
.Al .......... ...... ................... "5." .7.675 2.382 .357 2.025
May "...................................... 5.9217.5 0 2-435 .305 2.131
Jwn ............. 7................................014 7.7 2.306 .321 1.64
Juy .-.................. ..---..- ....... "6.114 "8.21S 2.480 .322 2 158
Au u ................. ........................ " .174 8.303 2.404 .333 2.071
Seplombe ................... _..... .......... "5.960 72.61 250 .308 1942

dob ..................................... "55,966 "7.13 2.303 .349 1954
NW ............................... .... . " 5.968 "7.748 2.15 .324 1.634
Docembe' .... . ....... "6.171 8.75 2.723 .356 1 67
Total ............................. 2...... "2404 "S.Oil 27.54 31126 23.743

2000 Jnu ry ............ .......................... 7 .9 3 2.174 .329 1 845
February ................................. "5.76a .397 2.32 270 1862
M.arc ................................. "6.26 8.-284 2.340 .373 1.967
Api ...................................... 5...742 "7.636 2.315 317 1.990
May. .--- -.------------ "6.036 ?.$1 2360 .333 2027
Ju: e ......................... . ..................... 6.023 .1 2.477 .33 2.1

Aunges ............................... ......... "6.2B6 4392.575 8..1.
Soptmb" .-...... .................. S. 7... ."..40.3 330 "2.073
Oclobdo .........-........ ........... 6.071 7.784 2.39 .379 2.016
10-onth TOW1 ..................... 60.142 1.139 3.65 3.30 20.225

It9 1.M"onth Toal ..._....._...... ..__ 014 0.3-3 Z3.11 3.147 20.041
1$$ IMo.h Tt4ol .................... 0.612 71.113 32.433 3.67I 1.7S5

I The sum of domes omrgy producon andl Mt npoti, of eefy do0s, Nf l * Fcr d:eMiomo. a Notms I throutgh 4 1 e*nd orf as.cn
nri otoI domesc ensiy conunpiwn. The ml ene i ebud tolo nck * Toble "my n d eiua &l an ofl c poner.nt du S iidpedaorl roundig.
chnges: m4 and rlgu in mcona on. bWaeprtaon. and di0c0rl. hh .Ggrp<lq wce9e itOe 50 So als a*nd Ds tricd of Ctulnb.
dd4m of Mndri g wcmpount6 oMp inwa of Wte 10o U.S. Amed Sourto * Pductlon: T6able 1.3. " Conmwmpion: Table 1.4. * mportb

Foes> im Euop.; rnd *dWbnritn 10 l ccunl Or dicrpoaNd«e bote B and xpo: T'.ble 3.lb. 4.3. 6.1.7.1. A2-A8. E3. E nd Seion 2. nergy
fnuopXtg rysleem. C wuvpiaoln Note ad Souae Note S. * Not kpote·: Tanta 1.5.

R=Raoitd.

Revised dat reflecti d incopoltmioa or additional rmenwable rrgy daua.
See Tabka 1.3. 1.4, 1.5. and Appcndix E for unbtn inormaublon.
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Figure 1.2 Energy Production
(Quadrillion Btu)
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Table 1.3 Energy Production by Source
(Quadrilion Btu)

Fosa PuFh fts R mbb Enns.y

lq'u rl8 Gi .Nucr · Cbtc Com. ntl on Wood. 3Soit
<fu Cnd PtenI kdrie PunPd llrtum Uc Wmek a"o -d

odJ ED)rT) O!
)

quid! P...., SIonxx' Pow" AlcPa' , thmFl Wv,, Tow ,,,

17i3 To, 1......3..._ 12 22.117 11413 2J5 5341 01 () 2.UI 1. S2 0.43 MA 4.4A.3 * "6l.
11r74To _._....... 1474 21210 1.76 2. 1 .33 27 (

·
3.1n I.540 MA 4.761 "632T

1 ot ............... 14J .40 17.72J 2-.74 .473 U 1.3 () 3.153 14 .7 MAA 47213 "1.357
17To1M .. _. . 1341 118480 17.2 2.327 4 4723 2.11 (') 2.178 1.713 .071 MA 4&78* *l.82
11T7 TMo .. _........ 15.3 .M 1 7M65 1 .27 5.101 2.702 I 22 33 1.13 .B77 MA 424 "6I.6O
171T7 ...... . 141« 19.4AS 18.434 2241 3.074 3.024 ( 2137 L2.3 .34 A BS.38 "3.137
1ITIT71 17.140 2.676 1«.1t4 2.28 .00 2.771 1 2-731 2.12 .064 MA 5.164 *II." 4
11T1 .........T . ... 11.51 1. 18.24 11 224 3O6 2,.8 (' LDO0 .48* .110 MA 1.44 67Jl41
11TW ...-..-... .377 1.M U.144 2307 4S2 10 3. (*) 2.74 2.50 .23 MA 51471 "67.607
13.2 Tow_... .16.1» 1.2J 119 li 21I1 7.ST4 .3.131 ( 3.214 Lie6 .105 MA 5.5 '64.57T4
11.1ToMw ............... 17.2147 19.53 1J.3 2 4 .41 3.0 () 3.27 2.U31 .12 rI) .4118 "·6410
1 To. .... _.__.- .1»1.117 .16.06 164 2274 648 3J3 (

·
) .3M 2.80 .65 j .431 "6J632

16Tow .... _. 1J2-S 16J0 14J 2.241 S7.133 4./4 (" 2J76 12.64 .191 (*) LO33 "7.720
ITMS OW _.. 3.... 10 14541 7 4 5 4j71 (2 371 '2A41 -2t» (.) 62.2 "27.173
11818 1 -... __.. 20.»41 17.134 17.71 2t21S 7.l7 4.7 4 I) M2U1 2IA» 23 IU m f.) s.67 ·"7.76
1Im Tow .... .20.7M 17 1721 2.214 77.75 5.I61 ( 2.3a4 2.837 .17 ) &4M *-025
1 .Tow ..-..... 21-3 17-.47 14.117 2.1M 7AI* 'i.77 ( 2U 8 '3.50 .3 .-M3 .31 "1.47
18M Tow-. -.._. .22M4 1W.X l7.1 f 2.1l5 1.564 €2 .0136 34.048 2.4 .43 .094 L132 "7022
11 Tw ..__-._.... 21. .22 17'12 2.3101 57.62' 6.5t -,7 3.021 2.M67 J148 .3 7 6153 "7»J.B3
12 TOMW, ............ 21.1 61.3 1 SmS 2.32 17.0. II . 0 *43 .1 2 .131 .3-M .7 S.11 *"t

. 1
6M

180 TM ._......-...... 202481, I8.84 14.4 246 35LTM.73 8.50 .842 2.82 2.781 J`48 .1*2 11. 33 " IM7
19T3 ............ 22.111 11.38 U.10.3 .28 5J7.8 6J -B.O 2.-64 2.28 J34 .197 6.00 "0.834
1 ow _..22... .2.. 22 1.101 137 2442 STASI 7.177 -.7 31.27 3.954 -.14 .1 i.63 "71.21
1M1 To1 .......... 22.184 1. 13.72 2.32 18.28j8 7.8. -.032 3.53 3.114 .l .11e 7.14 "7 T 1-43
1M88 low ............ 23/211 1t.384 13.651 2jL 5.758 «.71 -.042 3.111 2J1 322 .W17 7.138 " t32

1M Juar ...... 2.081 1.658 1.176 '211 5.15 .615 (*) .29 '.256 029 '.09 . 591 "68.30
Feo>y .............. 15 1.493 1.052 .196 451 .542 .001 .306 I23M 1.025 .006 .571 "5.706
M-fh .....-...... 2042 1.6 1.2 .217 5079 571 1() '.306 - 2S5 '.029 '.009 .613 "6.68
p ........ _.._ 1.95 1.610 .1211 211 4.904 .50S -.0 -295 3424 .025 .009 .574 "·S.97

Uay.Y...... 1926 1.674 1.141 .214 4.956 .547 -.006 '.341 ' 2:3 ',025 D009 .627 *8.123
... _........... 1962 1.604 1.091 .196 4.84 .502 .07 ( .33 245 .025 [.00 .1 "6.051

Jul7 .......... 3 .931 1.636 1.114 .185 4.B6 .3 .0 -96 4 .028 '.009 .561 "6099
Augut .............. 1.844 1.647 1.115 .201 4.90 .641 -.007 1 -26 '. '. 029 I M 553 "600
S~p>r4«i ~ .._..._ 2.034 1.499 1.007 .194 4.73 .608 -.003 .218 .247 1.028 -'009 .502 "5.841
Oct .......... 1.0 1.104 .WO 4.991 .610 -.005 .190I 4 .030 .Q001 .44 "60.90
Novwb .......... 1.920 1.562 1.8 .200 4.750 .609 -.005 .210 .247 '.02 '.009 494 "S.47
OwCr . ........... 2.011 I.-60 1.067 .169 4.272 .664 (iJ '2· '5 ·8 '.021 ' 009 .55T '60U
lo .-....-.... 23.711 11.28U 13.2S A20 S .62 7.17 -o 3.4 3.003 327 .1M4 6.7»0 L72SS3

18t8 Jarxuy- ........... "192 1 .63 1..192 4.59 .695 -.006 .301 '299 .77 '.007 635 "6.13
Fbny -..._....... '1.966 1494 .969 .11 4.609 .606 ..004 .297 .267 

1
024 .007 .596 "5609

.Mrnh . ...... "...... 2099 1.660 105 .207 5.024 .62 -.004 .33 I '3 '.027 .00 .661 ".303

.ApKI ............ · 1.906 1.581 1.04 203 4.714 .513 .005 .26 26 '.025 .009 .607 "5378
Uay--- ............-. ... " 1. 7 1.056 208 4.699 .5 -.007 .302 '.294 '.028 '.012 .636 "5-921
At.r .. . ............... .930 1.576 1.002 210 4.720 .65, -.006 .312 E.2t6 .032 .011 .642 '6014

y " ................. 1.87 1.623 1.042 .221 4.704 .710 -.0 4 .304 296 '.035 .012 .647 '"6.114
Augul ................. "1.92 1.11 1.039 .217 4.649 .7 .00 264 96 .036 .011 607 "6.174
S.pnbs ......... ·1.975 1.556 1.010 215 4.756 648 -.004 .2)81 .s8 W .03 I.09 .550 "5.950
Oc ................. 1.924 613 1.069 .27 433 .591 -.005 .209 .296 .036 00 .546 "5.66
No- .......... · 1.961 1.503 1.037 219 4.780 .645 -.005 220 .27 .B033 '.007 .548 '5.966
D..-D . ........... 1.971 1.579 1.071 227 4.84 .727 -.004 261 .2m9 (.033 008 .601 "6.171

o[ .--...-..... "23.351 13.12 12.51 JU28 57.4 7.7 -.064 3.806 486 .374 .110 7.27S "72404

20 J , ......... .»57 ' I.813 ! 1.049 226 4.742 .723 -. 00 .24 '.306 '.027 '.009 .560 "6o057
F;Onl y ........... 1.149 '119 '.-991 215 4.574 .656 -.005 .226 28 .023 .006 .543 "5.768
M _....__... 2.110 1.644 '3.056 .230 5.042 643 -. e 269 .30 .023 .00 .607 "6.281
Ad. r............ 1732 1.558 '1.018 .221 4.59 .5S -.004 .287 1.297 ·. 024 :011 .620 "5742
May ... 1.-...... . 879 3 1.61S5 1.049 225 4.76 .653 -.005 .9 .303 .02 0.012 .620 " 6036

a.. .................. 1.916 1.51 1.013 .216 4,8 .6 -.006 256 '.290 .026 '.010 .562 " 5.90
-.y .--....--.. 1.814 ' 1.620 1.041 .223 4699 .735 -.003 244 '.311 '.028 .010 .593 "1023

Aus ........ ....... "2071- '1.650 '1.045 226 40.0 .722 -.004 .224 '.309 '.0216 .009 .571 "6.26
Sp ........... "l.»11 11.587 1.003 .216 4.718 .54 -.006 .182 '2B 7on "00 .7 56 "5.682
Ocobe ........... 2.05 t 1.637 1.046 223 4.9d .57 -.004 .175 .31 .028 .010 .S24 6.071
10Month 1o,3 ... 11 .1 ' .0t30 10.312 2220 47.72 8653 -.941 2-3t7 3*.61 ] 2. 3 l .098 TT773 60.142

i9 IO on Tlow ... 11.411 15.14 10.343 2.02 47J2 11364 -.055 2.125 '20 'J1.307 '0 6M .117 #264
O9111 10-Mot 1ot l. 19.71 16.140 11.030 2.211 4. 01 1.3 -.6641 2.173 224 <.272 (.07 57T30 4.6Z

· EnmDuN c, b..% M'3 &0 od ndnm uwly* Mc:tc y ( trhe nM6i-0.3.41.1n Btu.
0geWnm PNo: S Ssa No.. 1 Si n C C84n. * Toaub mioy eguJ m su. 0

h Ihd dW.W W &canewOnrsa. -s* to :1d. i n. mn4"i. * Gooqepic hO.. o 0 50 Su133
Puonpsd Pmiwn fad4y pdion ini3nW -x aoed #b mridiof. 8n1 I Lrtd CuinA.
Ehal bb oo.dio.,et g n.Sw.: * C-ja3 T7ot6 6.1 rd AS. * M.aro Gas (Dry: Tab. 4.1 nd

* bJdd in uo-w s hdsidclifk pon. ^A. Cds ON and Mansi Gas P1l;a Liquids: Tobias 3.1. ai 4 A2.
BP4nnmr n 1396.. M8 ll lliy' adlo y n, onmy 4 rx U,.. wchu E tr3e. P r:. Tl6s 8.1 *Od Ad. ; ;y;nwoctrlc Pr.pe

R1R4r'4sd. NA-tNo< i ylM. E€i6njMo.. (ia)-Lu Own 0OJ.3 1M Bau od Sl*f.: Tabi-- T72nd4Af. - goen r1N Einpy: Ta76nE2. E1. wdE36

Tho table is redeuigned to incotportrc idditional eae-bk encrnly d.a.
Set Appendix E for funbc inforurion.
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Figure 1.3 Energy Consumption
(Quadrilion Btu)

Total, 1973-1999 Total, Monthly

100- 10

60- .6

4

20 2

0
1975 1960 1985 1990 1995 " " * D, O ;, *° e , 1 ^ 0° o * .

1898 1999 2000

By Major Sources, 1973-1999 By Major Sources, Monthly

40 4

30 / \3 ,, Peeoaum

Naturat Gas

Natural Gas - _ - - Coal |
2 0 --- 2-

10~ O~Nuclear Eledric Hyroledric

Hybdrlctric Paowe( Power Nucler Elecfk Powe

a 0
1975 t980 1985 1990 1995 .... o. .........

1998 1999 2000

Total, January-October By Major Sources, October 2000

120 1 1-

~~Pet~~rod~ei~ 3254
100

78.513 80.363 81.139 Cool 1 l 12

60 Natural Gas 1.599

40 Nudcar
Ee Powic Poer 0.587

20 -cD

1Noe 1999 20v0 0.0 0e5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

SoWca: Tawe (.4.

6 Energy Infomautlon Admilnbntion/MontMy Energy Review January 2001

2855

DOE006-0212



Table 1.4 Energy Consumption by Source
(Ouadrillion Btu)

Fo»sls .b_ Rn...l> En.r0
I '. I r-' .--rr~-'~ -

I~o9IP ~ n UI Cm.ml Woo. SoI
I /~u"dI PfB I e~, ' M Hyr'~0l~td..cl r S't-. I-o nrfI

C1oa GCl b m16 iCI 74d P@or 5 T D..'Ao Ihv, I,, I7 ' Tol To7,91'

imlt7 ......-_._ t171 22312 34,41 7YO$ *1me 1 3010 10.S2* 6.Ml MI A 1 "76--
174Told .......... 22.U3 11-.73 335 7.141 1.272 1 3.13 1.S40 .6 KA 4.2 '74&.i
175 To ...... _........ - 12.- 3 1t946 3.-31 665 .& 0 3J19 1.4119 .070 KA 4.711 '72.

170 To1 ..._...... .s 20-34 35.175 .104 i 2.111 ) 1W 1.713 f1i NA 4LL57 76J72
11771717,1. ................ 132 7. 702 22 () L 1.838110 L .B77 AA 4 T "47.12
117T61 ...-.. __- 1- ...... " M 37 71 3m1024 9 3.141 L03 .4 MA 5 14 '0.123

c173 TM ... ......-.. . .3__ 1. ,344 1.1 ]J7. 2 271 a £37.141 2.1 .16 "A 7L, '173.,0

1M«T~o .... _._._...... atl MJM 3 1 -7 3 1311.M .I* 4« - "7^4M
1.C77a .........._._.... tO 1*J1 ,I»1 ,?.7M - M lM 4, 3l.,10 7 .'2] MA L7, "'».»

13 7TowI .....-.. _.. ... LJ 1M7IT 3.8M54 uI.= I a. 2.1'31 .126 * 6.830 "71-317
16 TIW ... 17.........7. 1U. 1a-7V 31L.31 61 -7 3l.3 I 2.- .L43 &. .M4 "74.1t
¶9657t.0 ...-- . 017.478 17.6M 30.2 64.-21 4.1411 g K £ 3ljo '230 .1I1 ( aA4 a 711,771
11011 Tow4 ............... I tt14 «.7 2.1- MU6 41 I1 4 U7 '7n.ou
117 To 17.............__ I 7lo 17.7 2271 . 4.O 3.117 .II3 - 2 (22 &. 6 " .79.3
i17 Ta ....._-........___ 13.2 11 32 71.1 1710 « S 942 '-J. 7 .1 I i "537*0.
1- Tool ............ 13. 4 19J4 34.211 72.M6 5.7 lJ. '(01 £350 3 0 1W £94.
I*9MT9 I ..... 1.... 1. 7 1. 2. 3.5 7l n.16 0.16 . 314 e .5 .01 6 . 41 · 64.14
11 fTotl. ....... _ . 1.t6 1J6 32.A4MS 711300 . -. 7 A.0 .4 .630 o LOS - 0 .067 M ·*M.1

1l2 To al.....-_... 16.14 26.11 337 72. I 6. * 211S '231 .374 .07 t.1M KI.M1

IITota ..............._ 1 21.2 3T4.71 76.1 2. -.3 2.6 22L .360 .107 .A14 · 1.
19 ToW ..... 0..... 0....6. .10 34.3 7.15 7.177 -.02 11 3.0 .-3 .16 6.76 · O.U7
196 Totl .......... 0... 40 2.M72 3&757 T1J36 1 7.16. -. 27 3 2 1.14 .346 .A10 7.61 .SIM2
1167TOm -.............. 21.74 2S30 3.1 M 6.l71 -. 42 -161 2T1 J2 .107 7.32 *1 7.

ISJairy...._.. 1.874 2.476 3.0145 704 .15 (I) .312 125 .1029 .WO9 .1 I 8.614
F ry -..-..... -- 1.661 2.177 2.73 6.S7 .S .001 .321 '230 34 S; 5 009 .S0» ·7.6
March ......... __. 1.712 2.18 3.00 7.00 .571 (3) .342 6 3S 

1
.00 .ose . o20l

Apri ..... 1. 1.756 3O 6.Q20 .505 -.005 .315 '.246 '.025 .009 .505 "7.506
. 1.7r .............. 1. 547 3.047 J.32 .5 47 --.0S '53 25 .009 .645 7-503

Aw..........-. 1.652 1507 32.07B 1.450 . -.007 .51 .245 0 009 .009 30 657
Mf .........-........ 2.023 1.021 32B 07 .653 -.007 .324 1.2!54 .02 1.000 .515 6.M140

.s -.----.....-....... 2.027 1632 332 6»91 .641 -.00a7 .294 'a 2 1.O2 .009 .56 8a.101
Sel ......... 1.42 1517 3032 603 -0.4.003 --.0 .40 '.247 C .2 1.009 .24 7.572
Otobw ............. 1.755 1526 3.132 6.472 .610 -.005 -215 '256 o .510 7576
N .......... 1.672 1771 231 6.442 -.005 -221 '2470 .5159 .-OS 7.S41
Dsct ......... 1.3 2.19 3-220 7.257 .64 -275 '256 .02 .009 .570 It 478
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Ubrt... ....._ 19...... 9 2-237 3220 7.164 .622 -.004 -338 '93 '.027 '.006 .667 8.440
A ................ 1. 7 45 3.01 . .51 -.005 304 I2a '.026 .009 .625 A7.175
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- ---..--........ - . 571 2 8 3.4 624 .0 -.7 006 2m -S .]03 .012 .65 8-285
Augu ---------.---- 2.01 1622 3s 696. .725 --OB .24 I16 £.036 011 .627 *8.303
SoWib........... 1s15 1.504 3.114 6.440 .6 -.004 245 '3_ 3 .03 1.00 .77 7.667

c000 e........... 1.745 1627 3.22 6.967 .591 -.005 2 a .219 '03 '.000 .O571 "7.13
No.o ---..---- 1.700 1.767 3.051 6.547 .645 -.00 244 .27 .033 .0071 572 7740
m ,.......... 1.871 2.72 3.36 7.45 .77 -.004 .212 ' ' .033 [ 00 .621 '.675
Total -... ..... 21J34 222-9 37.30 *1.m7 7.76 -.064 3.5113 1.4 -374 .110 7.4u 14.t1

2000 Jr..Y .......... 1.957 2.506 3.071 72.65 . -.00 .275 3 .07 009 .619 8.93
Fe\nry ._...._ 1.77 2411 2.981 7.190 .655 -.005 '226 .023 '.006 .566 '8.397

f...._.......... 1.750 2.119 3.149 7.033 .643 -.06 2 '.301 .023 009 .626 "8.24
Ar ....-.... ..... 1.590 1.63 2.971 6.415 .54 -.004 3 '0 297 

1
.024 '011 .636 7.636

U . ---------- -- --. 1.720 1.701 3.195 6.634 .53 -..005 .301 '.303 .025 012 .641 '7.911
An -................. 1.647 1.569 3.170 6.620 .66 -.006 .278 '.290 .026 '.010 ." a7.1690

y ......-........ _. " 1.9B 1.601 3235 6T1 .735 -.003 .270 · .311 '.028 ' 010 .619 '8.149
August .......... 2.57 I.95 3.340 7.122 .72 -.00 · 65 '309 .028 '.009 .611 " 439
Spmn0e .... _._. 1637 ' 1.501 3.155 6.512 .654 -.006 206 206 '.027 '.009 .541 "7.661
O ............... 182 ' 1.S 3254 6.677 .587 -004 W '.311 1.028 010 537 7.794
10-,o1ith Too_. 1L.20 '1(.62 31.J22 M.4 2 6.5 ..-4 2J215 (3.ol o .- 0 JM 6.002 8I.13

13 10 lMeoTM _. t-17.6 11243 31123 17.94 *.34 -.035 2867 '.30 .307 .004 1.2t .0-33
1900 10-Mlon(h Towt . 1 06 17.93D 30.717 44.834 S.A --.041 37 32-4 . -. r 5.330 713
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Alcona (0trl 4o woo noor gazo8,n|) ia 1de3 In bo01 -PWAunA' ro. m:Tb rles 3.1 w en A3 n Mpuder EKtcvM Por, Tabt 81 6
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'Fgure 1.4 Energy Net Imports
(Quadrillon Btu, Except as Noted)

Total, 1973-1999 Total, Monthly
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Table 1.5 Energy Net Imports by Source
(OuadriRion Btu)

Fossil Fou RWa bl Energy

Coal Nlur, trd. P-Ol-. Nydr.o Gao.

1374 ______ col« Ox OH Promdcta' Elcdtidty" pT:f Uiiiu l T ool

I .............. . .1.4 .014 .704 j.71 S. ') 1.asi .; . 1r11

Tob lW ..-.......... -1.567 (.4 w 11.221 $ .. 12.051 .13 .0 142.
1177- T I -1.401 .1 i1i 13.321 4.322 1 M 1 .12 .132 13.01
I3 Totl ........ -3.00 .124 j. 4 .125 31, 11.,1 .24 ,.204 =.IB
13737tN - .-....-_.._ -1.70 .00 1.243 M 132* 3.333 1.5S "1 (-Z I 11 30.740
l7-to .. . -2.»< -B35 ... 57 IN05 2-.12 ( 11-030 -117 |' .217 T 2.24
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m Jwu.wy ......--... -.1M .00 .7 1.497 .143 X] 1.761 '.0155 (I .013 1.770
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li- 1Monh Totl ... -1.S J.3 2.-47 1».3J7 1.3U4 '.943 31.M5S '.1I- ·. 001 .200 11.713

*rhroghV 1988. al Wic.y ipmors rd Impor t iw sMad m iniau powr.' r1 BnM.
Mfm 1919. oud y only I il y iport ma dpOi d exp olrdtic Nw: .* S4 Notes 3 3dl 4 0 noM at clJon_ N pWm Mpo eOUal ITpOWM

po-W elormam.I .ru* laoaw. 6Mb0 ign Wk u aspes we prelw Orn win0 .
C id. o90. tbas wawdwnre. and mpnirft of a~Ut it 0k 1w S9W: * To0k mwy nol *q00 mm atf Cwior0t d&u bo irdi.ndew ,n'.f .

Pstoown RanM. * G°ogrup caxge b Iaw 50 Staies Iw ht D.itr at Colmbiba.
' Pa j-b m te oducb. salfd ns p lus. *W gao-4r. bIlUng 6,Sowmm: * Co~A Tals 6.1 nd AS. * Cod Ce.: S.2on 2.' 

6
nsry

cwppon.w. CnkCoant~umillnn Nols ,d Somr.cs.' Note S. &· T b A. Munml G: TGaa t
May idote or" nuea .lwrgiwaed * ll. 4.1 mc1d A4. . Cnude 0I nd oota rpiducb: T7b 3.1b A2. ad Aa

* Cm.io.. h)warl m po«~r. * Forlla Fol EhecV0y~ D d W1rn l jt. 7.1 uons Snd 7l A6.
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Figure 1.5 Merchandise Trade Value
(Bilion Dollars)

Imports and Exports, 1974-1999 Imports and Exports, Monthly
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Table 1.6 Merchandise Trade Value
(Million Dollars)

1
P 0im.C werI Non- Tota) 3Tc.r dl4.

E.- Ip.- 11_1_cExEortM B - Bt0Eo Nnpob S B n Balance Exports I IportU | BI nc

1974 Tt ... 7.......7..... 71 24.648 -Z3.871 3.444 2.464 -22,010 13.121 9.437 101321 -3.,4
7STotal ......... 7 25.17 -24.2I 4.4780 2,474 .22.0 31.57 10M,54 3.305 1.551

1376 Total ._...8 2 -31.22 .12 4.221 33,106 -2*,21O 21.9 0 11.74 124414 -7.120
lIT Totl .._.............. 1.27 4 42. -41.93 4.14 44,37 -4.34 12.001 123,12 151.S34 -2.J3
1*71 Total ................... .541 3S2 -37,9 3 1 4 -31.21» 60100 u5.47 t176.02 3M.2
17 Total _...-... . 1.1i 5,715 -i, .01 521 AN -4,377 ]34" 1N,313 2i10o » -3.n22
130 Total ....... 2.13 73437 -75.13 7.412 2 4 .74,42 5241 229451 2.242 -.tl*I
1911 Total .......... 3 ..694 7s65 -7.63 1,27 1.36e -71,91 4*,614 238.715 20t.2 -22217
1m2 Tol ................... .M 0.4 M.4511 12.72 M09 -52.0o 2,T170 ? 1,.442 243,532 -27.510
131 TW ................... 4.557 53.27 -4m*s 3,00 57.52 -.4,4S2 .357 ,13. 25.4* -s2.40
194 Total ............... 4.470 56.924 -2.454 i31 WOI0 .S1, -S.033 Z23,7 330,671 .106.703
13s Totl ...... _..._.. 4.77 50,475 -4.7 ,971 53.117 .43,44 -T? Z1i.15 334,521 -117,712
166 Total ... .. .... .0 3.142 -1.t03 3.115 17 -10 -15 -a10,1044 227.15 365,438 .13,27
«137 Total ...... _........ n 3,2 42 ,5 -3,3 7.713 .2 5 - » 254.122 4j,241 -152.11
16 Total ...... 6....0... lm3 38,TI7 -M.4 1.23 4102 32.0 -T2 - 322.426 440,52W .1.$26
9136 Total .-.- ... 5021 4.7T4 -44.603 9.9 s2.7T7 -42.910 -4.4. 63,912 473)211 .10.341

4330 Total -.--...-.-_.._ 61,583 .14..- 2 12.23 3.6 .42 -54406M8 33 2 49.W 41 -1043m
1t Total ........... ....... I.W4 1 44,314 12 S4.62 -4 -24.175 421.T30 488,4L3 -M4T3

Total . .................. .412 1.21r i -44.105 1i 4 5 M 44,002 -40.50 s 44H.4 5.45 -8.M01
1N3Tot3 ...... ..... _ ... .T15 .4 .44.131 *.74 5300 -.4,14 49,4 4,,OO.01 500.09 11tS0u
134 Total ...... _. 5.5 5065 .-45.176 3,911 5311 .47,4 M .10314 1 512.24 66325 .11,2
IM5 Total .......... .31 .. 5438 -,47 ,T10 53*.100 .41.751 -11o.0 584742 743,543 -15i.
19 Total ........-....... _. 7,4 ? 2. 4-4,M 12.11 74,044 -4,S1 .104301 25975 75I.211 -171.214
117Tot alT ..._ ... 3.2 71.15U2 4.560 12-4,2 7M7 .11 Z7 U9 , 12 6,? .74 -1.S2n

ll Jnuwy ......... ...... 715 4.996 -4.281 1.O05 5.54S -4.89 -10.463 55.172 70.224 -15.062
Februar .......... . 597 4.074 -3.477 S55 4.57 -3.732 -9.4211 55.234 6.39.4 -13.160
Mafch ..................... 589 4.119 -3.000 905 4.770 -3.865 .-11.34 62297 75.096 -15.739
Api ................. .... 60S 4.492 -3.900 96 5.056 -4.160 -14.909 56.675 75.744 -19.06B
May .................... SSS 4.549 -3.964 915 5.112 4.197 -13.129 56.672 73.99 -17.326
June ..._.............. 524 4.145 -3.621 836 4.741 -3.905 -18.019 56.94 76.916 -19.924
Ju* ....................... 5 4.278 -3.755 40 4.301 -4.061 -20.693 51.577 7r.337 -24.70'
Agul ............... 522 4.229 -3.707 02 4.67 .4.065 -18.529 53.420 76.014 -22.594
Septembcr ...-...... 513 3.678 -3.365 33 4.409 -3.576 -9.231 55.627 78.434 -22.807
Oclobte ... 4...-...... 476 4.280 -3.04 780 4,64 4,064 -1.315 61.313 . 3.712 -22.399
Nover ......... 415 3.92 -3.477 728 4.520 -3.72 -15.33 58.395 75.020 -19.625

oembe- ..... ....... 514 3.260 .2.74( 306 3.353 -31.047 .14.1B 58.7512 76.007 -17.245
Total .................. .574 50.254 .43.60 10,1251 7 -472.4072 -.16 02.134 9311 .8 -Z21.765

1M Januery .............. 460 3.428 -2.964 692 4.075 -3.313 -15.947 52.436 71.76 .19.330
Fabrury ............. : 380 3.025 -2.B45 600 3.561 -2.961 -17.609 53.279 73.849 .20.570
MWch ..................... 440 3.809 -3,369 683 4.373 -3.(90 -10.493 00.B69 4.072 -23.183
Aor ................... 5779 4.66 -4.089 04 5264 -4.460 -181Z37 57283 79.940 -22.697
May ...... ........... 563 5.630 -5,067 773 6.307 -S.534 -18.943 56.469 a0,965 -24.471

e ........... 5.. 5 5.432 -4,367 781 6.105 -5.316 -74.739 57.825 »7.60 -30.055
Juiy ......... ...... 560 6.146 -5.56 781 6.906 -6.125 -27.653 52.99 86.775 -33.771
Augu.l. ................ 30 6.78 -6156 7.614 -6.72 -2S.564 57.439 89.749 -32.310
Septenmbe ........... 623 6.08 -6.265 869 7.760 -6.891 -23.922 59.431 90.244 30.813
O.ob.t ....... _... 738 7.197 -6.459 982 8.022 -7.040 -24.447 62.973 94.460 -31.487
Novem .............. 700 6.9d9 -6.249 925 7. 54 -6.929 -25.704 60.948 93.581 -32.633
Descmbeor ........... 4 7.190 -6306 1.094 7.62 -6,86 -20.621 63.B08 91.26 .27.489
Total ................ 7.11i 67.173 40.0IS I. 70 7Z.803 4,921 -4l3 (.717 '1.024,1 -32.213.

200 January ............... 796 7.834 -7.040 1.021 6.790 -7,769 -22.378 57.21 87.368 -30.147
Febnuwy -......... 625 9.016 -8.391 796 9.799 -9.003 -21.494 61.325 91.822 -30.497
Maitd ................. 877 9.943 -9.066 1.117 10.96 -9.579 -24.748 68.740 103.067 -34.327
Apil ............. _...... 793 t.632 -8.039 70 9.555 -.585 -23,443 62.76 94.81S -32.028
May ...-.........-...... 667 9.452 -. 785 935 10.206 -. 331 -27.133 64262 100,726 -36.464
jWn ................... 673 10.546 -9.873 915 11.542 -10.627 -25.215 6.271 104.164 -35.892
July ....-......... 723 10.734 -10,011 093 11.952 -10.969 -31.108 59.707 101.7B4 -42077
Augul ............ 929 10.441 -. 512 1.210 11.754 -10.544 -29.432 67.965 107.041 -39.976
Sptlmber ............. 962 10.502 -9.540 1.207 11.69 -10.662 -28.04 67.639 106.349 -38.710
OctobrW ........... 1.180 11.060 -9.90 1.422 12.381 -10.959 "-32.141 70.371 "113.471 -43.100
Novrebtr ............. 9M 9.979 -. 991 1.315 11.438 -10.23 -28,044 67.716 105.4182 -38.167
11-Monlt Toa ..... .230 100.30 -3.00 . 11,00 120,042 .1.(152 .293.234 714.004 1.117.33 -401.311
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Figure 1.6 Cost of Fuels to End Users in Constant (1982-1984) Dollars

Costs, 1973-1999 Costs, September 2000
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Table 1.7 Cost of Fuels to End Users in Constant (1982-84) Dollars

Corusw
Pic diox Motor Gasoline ReJddrW RsiJdental ReMLdntJal

(Uirben) (AN Types) H"ting OB P n CM E.ectrdtyG

Cents pe
IdxJ Cnts par o:a: pp Dpdos per Thound Doa, rpe Centsper D oljn per

1982-1964-100D Gaion 'I¶or, a Gaocn M6iFuln CubicF IFMo AnB KAO"m orM rMon B

173 Aver, ...... __... 444 NA NMA NA 290.5 2.95 5.6 16.5
1974 Avr ge.... .. 4.3 A M HA NA A 20.1 2.3 6.3 15.43
I 7SAvow'r ................... 53. A A MAA 317.8 3.12 3.S 19.07
1976 Av e -.... __.__ 59 A MA NA NA 34.0 3.41 6.5 19.06
IV7" Averge . .. ._ . NA MA NA NA 387.8 3.31 6.6 19.83
197 Aver"ag ... .. 5. . 10.0 1.00 75-2 L42 3926 3.6 6.6 1913
I Avrire -__....__... 121.5 9.71 97.0 6.99 410.3 4.03 6.3 18.57
IM9 Avw g __..... _ 624 148.2 11.5 112 6.52 446J. 4.3 6.6 19.21
191 Average .. _ ... 90. . 14df 11I6 1314 .47 471 4.M6 6.3 19JI9
19-2 Averge ........ ___ . 132.7 16.11 120.2 5.67 S35.5 S. Z 7-2 20.96
16 Avw ........_.._. 6 120 9. 10.2 7.0 60.4 5.90 7.2 21.19
14Avra .._....1........ 039 11 5. 22 105.0 7-5s7 5.0 5.72 6.56 20.17
1 Avera __.... 107.1 1112 l.1 97.3 7.04 SMJ. 552 6.67 20.13
19 Averg ____. 109.3 4.J 8.79 78.3 S31.9 5.17 6.T7 19.84
107/Avenge 11......._ 113.4 42 6.74 70.7 I10 447.7 4.73 6.56 1922
1tM Amverg _....... 11.3 14 6-51 66.7 4.4 442.4 4.4 6.32 18.53
M Average .......... . .... 124. . 85 6.3 72. 5.23 454. 4.41 4.17 .0

1991 Averag ..e .... ... 130.7 93.1 7.44 81.3 443 4.31 5.9 17.56
1991 Avoge .... 1-.. 12t7. 7.02 74., 5-36 427.3 4.14 59 17.3
192 Average ..__ ...... _ 140J . 6.71 4. 4.40 41t.t 4.07 5S5 17.15
1913 Average ......... 144.5 51.2 t49 63.0 4.5 4243. 4.15 5.716 I&M
19 Aver9 .. ....... 141.2 79.2 .31 56.6 4.30 432S 4.21 5A5 16.57
199 Average ................. a15 79.1 .37 5. 4.10 397.6 37 5.51 16.15
1996Ave e ............... 154.9 2.1 .61 63.0 4-4 404.1 3.93 533 15.62
17 Avere .................... 180.5 BOA (.4 61J 4.2 42.4 .21 525 I5."3

19M .uary ..................... 161.6 73.4 5.91 57.2 4.13 396.7 3.84 487 1477
February 161.9 70.2 5.66 56.6 4.06 395.9 3.83 4.92 14.43

r-h .__..„...... ........... 162.2 67.6 5.45 55.2 3.98 387.8 3.75 494 4.47
Api _............. 162.5 66.1 5.45 54.0 3.89 419.1 4.06 5.06 14.64
May .- ................... 162.8 70.4 5.67 52.1 3.76 473.0 4.50 521 15-2
J _..._.__.......... ..... 63.0 70.4 5.6 49.6 3.59 522.1 5.05 5.73 15.34

uy -.......- ........... 163.2 69.5 5.60 47.6 3.43 5227 5.06 5.26 15.41
AuQdl ._.........1.._...... 163.4 67.6 5.46 46-2 3.33 566.1 5.48 5.24 1537
Se.pt er .__......... 163.6 66.7 5.37 47.1 3.39 547.7 5.30 5.15 15.10
Octob __................. 164.0 67.0 5.40 47.9 3.46 463.4 4.49 5.03 14.74
Novnb ._._16 6............. 16.2 534 47 3.51 401.2 3.88 4.90 14.37
Deca<mber .1.....----- 163.9 63. 514 48.1 3.47 386.68 3.74 4.53 14.16
Avere ... 86............... . 163.0 5.51 5L3 3.77 414 4.05 5.07 14.85

1993 Januay .._......... 164.3 62.8 5.06 49.0 3.53 3062 3.55 4.61 13.52
Febuary .................. 5 61.6 4.9 4.6 3.51 32.4 3.72 4.81 14.11
M--,,~ ..._...........___.. 165.0 63.5 5.12 49.1 3.54 367.3 3.57 4.T9 14.03
Ap ......................... 166.2 74. 5.97 49.9 3.60 387.5 3.77 4.87 14.27
May ................. 166.2 74.2 5.98 49.3 3.56 439-2 4.27 4.98 51.55
Jun ....... .... 166.2 724 5.84 48.6 3.50 493.4 4.80 5.07 14.87
.Joy _.................... 166.7 74.6 6.01 48.9 3.53 529.7 5.15 5.09 14.93
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October ........... 168.2 79.0 6.37 56.4 4.07 449.5 4.37 4.8 14.58
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ardh ........................ 1712 93.1 7.50 72.4 5.2 396.0 3.85 4.69 13.75
A . .... .... 171.3 91.1 7.34 687 4.95 4092 3.9 4.75 13.91
Mayly 171.5 90.5 7.29 68.2 4.91 459.5 4.47 4.85 14.22
Ju .... ___................ 172.4 96.6 7.79 67.5 486 529.0 5.1 4.94 14.47
My -.--................. 172.6 95.0 7.66 66.7 4.1 574.1 5.58 4.96 14.54
Augrt ............. 172.8 90.2 7.27 689 4.97 585.6 5.70 4.96 14.60
Splnb e............ .. 173.7 94.1 7.59 76. 5.48 563.0 5.48 4.69 1433
Octor ............. 74.0 92.7 78.6 5.67 NA NA NA NA
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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
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1977Av!me .......... _... 2.44 6.193 .07 243 8 5 18.431 1 1.3 X3. 47.8 4LS 271 70".
1978 A-r1p ._................ 219 9.71 I.m 362 8,02 1,.847 11. 0. 44.4 4l.5 26.5 M1.I
1179 A.," ................ 29 .837 4.14 471 78 18.113 11.-2 30. 45. 7 41.1 24.5 14.7
1M«A*rAe* .............. 1.519 4,3N &,01 5 S44 M.l 17.5 ?. 2SJ 1a.5 22.. 2o 2
13N1 A-rw ................ 1,1» 3.31 5,61 5M .461 O.0M 7. 20z.T 37.3 33.» 2.3 UA
1Ml2 Aer1 .............. 2.14 S.113 91S 4.29N 15i. 4.5 14.0 13.4 21.1 13.- 4a.
1M13 Aver, a.................. 442 I.1 J.l1 7 4,312 1 9n 12. 2 ,32 :.3 9 .1 3J
1e4A, 9 .......... _.... S06 249 S.W 722 4.715 1S.726 3-2 13.0 34.6 3».O .3 37.7
IuA .................. 311 I. 5.7 781 4.2 15.726 2-t0 11. 3U2 27.3 4.1 N.I
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1-AvXrag e .._..._......... 1.N1 4,14 1,01 S% 71.22 17,32 10.7 S 416 23.1 l

Avewip ..... _.......... 1,n 4.2N 1,1 U7 7 T.i 1*9,6 11.6 29.3 474.2 4 - 24. B3.
11t< Ar-a . ... ......._...... 1.43 4,0'2 7.87 1., 4.62 1.714 11.0 24. 4.1 3.9 24..2 t.7
1M2 Avn e ... ............. 1.71T 4,2 7,1 VW aIJm 17,0 10.4 24.0 4.3 4».7 W SI1J
1 Av g .............. ... 1.712 47,27,3 9, 1,.3 7,t14 17» 7 1.3J 241 $.0. M.Z 24.7 «9.
114 Avwg ............... 1,.72 4. 47 I. 42 ,4 17T718 .I A 24.0 58.1 41 . 1.2 472
19J Av9ra ............... _ 1,573 4.002 1 149 T7,6 172 , I. 7.1 B 4.»1 44.5 17.1 4
1M 9Av)mie ................. 1,4W4 4,211 9,471 "I 1 101309 I 23.o 51.» 4.4 1.» 44.4
197 Aw .._..._...__... 1,7S 4.9 10,1 1 ,903 9».1S 1»,2 9.4 24-S 4.6 4.2 17. 45.D

11Jnuy ....... _........... 1.04 4.382 10.127 1.133 8.994 18362 98 23.9 56.2 49.0 17B 43.3
Februay .................... 1.86 4.469 9.91 1.003 .9 18.316 10.0 24.4 54.5 49.1 18.3 44.7
Mcr -............-...... _. . 2.066 4.915 10.034 4 9.oe7 1.685 11.1 26.3 53.7 4.6 0.6 40.0

A .................... 2.111 5.056 11.105 1.04 10.07 19.044 11.1 26.6 S3 S2.8 19.0 45.5
Ma .......................... 1.915 5.0' I1.1 04 1 .0S3 10.051 18..375 10.4 27.5 60.4 54.7 17.3 45.6
June ..... _............._. 2.207 4.96 10.926 ,7 9.939 19.112 11.5 25.8 570 51. 202 4S.4
"Y1 .......................... 2.3S1 5.407 11.649 9» 10.651 946 12.1 27. 59.8 54.7 20.7 46.4

Aum" ....... _... 2.46 5.247 11.032 70 10.252 19,47 12.8 27.1. 57.0 53.0 22.5 476
Soplemb .."........... 2.313 4.753 10.499 3 9.636 18.95 12.6 2S2 556 51.0 22-7 45.3
Oco - .............. 2.1 .5,181 10, 61 1 10.011 19.188 11.4 27.0 5.6 52-2 20.2 477
Nowter ................. 2.153 4.837 10.860 782 10.07 18.673 11.5 25.9 50.2 540 19.B 44.5
Dftr ................. 2.116 4.50 0.25 0613 9.365 19.419 10-9 23.5 52B 4.2 20.6 44.5
A-vg ............... 2.131 4.90 10,701 M * ,74 11.,17 11 2S.1 SAt S.6 IgJ 4S1

IR9 JanuY .. 2................. 2.129 4.019 104249.529 19029 11.2 25.3 548 50.1 20 4 46.2
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Apl ........................... 2.633 5,679 1.616 1.196 10.422 19.152 138 29.7 60.7 54.4 22-7 486.9

. . MI Y .......... ............. 2.479 5.079 11.S11 p15 10.596 1B.705 133 27.2 61.5 6.6 .21.5 .
Jun ....... . .............. 2.590 5.040 11.160 907 10.23 19.836 13.1 25.4 6.3 S1.7 23.2 45.2
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AugS= ................ 2.5'4 5.137 11.142 90 10.240 20,093 12.5 25.5 555 51.0 22.6 46.1
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ODcalan ................ 2.331 4.564 10.0 1230 .35 20.498 11.4 22.3 491 43.1 23.2 45.3
A-nvrlira .... ............... 2,4t4 4. 10.152 94 ».12 1».S1» 1T 2. 2S.4 S54 5» . 22.7 4.
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Figure 1.8 Energy Consumption per Dollar of Gross Domestic Product
(Thousand Btu per Chained (1996) Dollar)
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Table 1.9 Energy Consumption per Dollar of Gross Domestic Product
(Seasonaly A4usted at Annual Rates)
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Figure 1.9 Motor Vehicle Fuel Rates
(Miles per Gallon)
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- Table 1.11 Heating Degree-Days by Census Division
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Table 1.12 Cooling Degree-Days by Census Division
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S. Merchandise Trade Value: Import data presented
Energy Overview Notes are 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

1. Energy Production: Includes production of fossil also reported by the Bureau of the Census. All export
fuels (coal, dry natural gas, crude oil and lease conden- data, and import data prior to 1981, are on a free along-
sate, and natural gas plant liquids), nuclear electric sid c ship (f.a.s) basis.
power, pumped-storage hydroelectric power, and re-
newable energy. Renewable energy production is 'Balance" is exports minus imports; a positive balance
assumed to be equivalent to: end-use consumption of indicates a surplus trade value and a negative balance in-
wood, waste, alcohol fuels, geothermal heat pump and dicates a deficit trade value. "Energy" includes mineral
direct use energy, and solar thermal direct use energy; fuc ls, lubricants, and rclated material. "Non-Energy Bsl-
and electric utility and nonutility net electricity gcncra- ance" and "Total Merchandise" include foreign exports
tion from conventional hydroelectric power, wood, (i. c ., re-exports) and nonmonctary gold and Department
waste, geothermal, solar, and wind. Approximate heat of Defense Grant-Aid shipments. The "Non-Energy Bal-
contents (Btu values) arc derived by using the conver- ance" is calculated by subtracting the "Energy" from the
sion factors provided in Appendix A. See Appendix E Total Merchandise Balance."
for further information on renewable energy.

"Imports" consist of government and nongovernment
shipments of merchandise into the 50 States, the District

2. Energy Consumption: Includes consumption of of Columbia, Puerto Rico, the U.S. Virgin Islands, and
fossil fuels (coal, natural gas, and petroleum), some the U.S. Foreign Trade Zones. They reflect the total arri-
secondary energy derived from fossil fuels (supplemcn- val from foreign countries of merchandise that
tal gaseous fuels, coal coke net imports, and electricity immediately entered consumption channels, warehouses,
net imports from fossil fuels), nuclear electric power, the Foreign Trade Zones, or the Strategic Petroleum Re-
pumped-storage hydroelectric power, and renewable en- serve. They exclude shipments between the United
ergy. Renewable energy consumption includes: end-use States, Puerto Rico, and U.S. possessions, shipments to
consumption ofwood, waste, alcohol fuels, geothermal U.S. Armed Forces and diplomatic missions abroad for
heat pump and direct use energy, and solar thermal di- their own use, U.S. goods returned to the United States
rect use energy; electric utility and nonutility net by its Armed Forces, and in-transit shipments.
electricity generation from conventional hydroelectric
power, wood, waste, geothermal, solar, and wind; and Sources for Table 1.6
net imports of electricity from hydroelectric power and
geothcrmal energy. Approximate heat contents (Btu
values) are derived by using the conversion factors pro- U.S. Department of Commerce, Bureau of the Census,
vided in Appendix A. See Appendix E for further Foreign Trade Division:
information on renewable energy.

Petroleum Exports
1974-1987: 'U.S. Exports," FT410, December issues.

3. Energy Imports: Includes imports of fossil fuels 1988: "Report on U.S. Merchandise Trade, 1988 Final
(coal, natural gas. and petroleum, including crude oil Revisions.'
imported for the Strategic Petroleum Reserve), some 1989: "Report on U.S. Merchandise Trade, 1989 Revi-
secondary energy derived from fossil fuels (coal coke sions."
imports, and electricity imports from fossil fuels), and 1990: "U.S. Merchandise Trade, 1990 Final Report."
renewable energy (electricity imports derived from hy- 1991: "U.S. Merchandise Trade, 1991 Final Report,"
droelectric power and geothermal energy). May 13, 1992.
Approximate heat contents (Btu values) are derived by 1992: "U.S. Merchandise Trade, 1992 Final Report,"
using the conversion factors provided in Appendix A. May 12, 1993.
See Appendix E for further information on renewable 1993: "U.S. International Trade in Goods and Services,
energy. 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.

4. Energy Exports: Includes exports of fossil fuels Annual Revision for 1995."
(coal, natural gas, and petroleum), some secondary en- 1996: "U.S. International Trade in Goods and Services,
ergy derived from fossil fuels (coal coke exports, and Annual Revision for 1996."
electricity exports from fossil fuels), and renewable en- 1997: "U.S. International Trade in Goods and Services,
crgy (electricity exports derived from hydroelectric Annual Revision for 1997."
power). Approximate heat contents (Btu values) are de- 1998: "U.S. International Trade in Goods and Services,
rived by using the conversion factors provided in Annual Revision for 1998."
Appendix A. See Appendix E for further information 1999 and 2000: "U.S. International Trade in Goods and
on renewable energy. Services," FT-900, monthly.
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Petroleumr Imports Annual Revision for 1998."
1974-1987: 'U.S. Merchandise Trade," FT900, De- 1999 and 2000: "U.S. International Trade in Goods and
cember issues, 1975-1988. Services," FT-900, monthly.
1988: "Report on U.S. Merchandise Trade, 1988 Final
Revisions." Petroleum, Energy, and Non-Energy Balances
1989: "Report on U.S. Merchandise Trade, 1989 Revi- Calculated by the Energy Information Administration
sions."
1990: "U.S. Merchandise Trade, 1990 Final Report." Total Merchandise
1991: "U.S. Merchandise Trade, 1991 Final Report," 1974-1987: U.S. merchandise trade press releases and
May 13, 1992, and "U.S. Merchandise Trade, October database printouts for adjustments.
1992," December 17, 1992, page 3. 1988: "Report on U.S. Merchandise Trade, 1988 Final
1992: "U.S. Merchandise Trade, 1992 Final Report," Revisions," August 18. 1989.
May 12, 1993. 1989: "Report on U.S. Merchandise Trade, 1989 Revi-
1993: "U.S. Merchandise Trade, 1992 Final Report," sions," July 10. 1990.
May 12. 1994. 1990: "U.S. Merchandise Trade. 1990 Final Report,"
1994: "U.S. International Trade in Goods and Services, May 10, 1991. and "U.S. Merchandise Trade, December
Annual Revision for 1994." 1992," February 18, 1993, page 3.
1995: "U.S. International Trade in Goods and Services, 1991: "U.S. Merchandise Trade, 1992 Final Report,"
Annual Revision for 1995." May 12,1993.
1996: "U.S. International Trade in Goods and Services, 1992: "U.S. International Trade in Goods and Services,
Annual Revision for 1996." Annual Revision for 1994."
1997: "U.S. International Trade in Goods and Services, 1993 and 1994: "U.S. International Trade in Goods and
Annual Revision for 1997." Services, Annual Revision for 1995."
1998: "U.S. International Trade in Goods and Services, 1995 and 1996: "U.S. International Trade in Goods and
Annual Revision for 1998." Services, Annual Revision for 1996."
1999 and 2000: "U.S. International Trade in Goods and 1997 and 1998: "U.S. International Trade in Goods and
Services," FT-900, monthly. Services, Annual Revision for 1998."

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

Eneltg EIpot rt s and Imports s s ad Sources for Tables 1.11 and 1.12
1974-1987: U.S. merchandise trade press releases and
database printouts for adjustments.
1988: January-July, monthly FT-900 supplement. 1989 There are several degree-day databases maintained by the
issues. August-December, monthly FT-900, 1989 is- National Oceanic and Atmospheric Administration. The
sues. information published here is developed by the National
1989: Monthly FT-900, 1990 issues. Weather Service Climate Analysis Center, Camp Springs,
1990: "U.S. Merchandise Trade, 1990 Final Report." MD. The data are available weekly with monthly sum-
1991: "U.S. Merchandise Trade, 1991 Final Report," marics and are based on mean daily temperatures
May 13, 1992, and "U.S. Merchandise Trade, October recorded at about 200 major weather stations around the
1992," December 17, 1992, page 3. country. The temperature information recorded at those
1992: "U.S. Merchandise Trade, 1992 Final Report," weather stations is used to calculate statewide degree-day
May 12, 1993. averages based on population.
1993: "U.S. International Trade in Goods and Services.
Annual Revision for 1993." The State figures are then aggregated into Census Divi-
1994: "U.S. International Trade in Goods and Services. sions and into the national average. The population
Annual Revision for 1994." weights currently used represent resident State popula-
1995: "U.S. International Trade in Goods and Services, tion data estimated for 1990 by the U.S. Department of
Annual Revision for 1995." Commerce. Bureau of the Census. The data provided
1996: "U.S. International Trade in Goods and Services, here arceavailable sooner than the Historical Climatology
Annual Revision for 1996." Scries 5-1 (heating degree-days) and 5-2 (cooling
1997: "U.S. International Trade in Goods and Services, degree-days) developed by the National Climatic Data
Annual Revision for 1997." Center, Asheville, NC, which compiles data from some
1998: "U.S. International Trade in Goods and Services, 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, Planning and Acquisitions, Burlington Resources, Inc.

John S. Hull, Director, Energy Market Analysis, Texaco Natural Gas

Paul L Kelly, Senior Vice President, Rowan Companies, Inc.

Marshall W. Nichols, Executive Director, National Petroleum Council

Thomas B. Nusz, Vice President, Acquisitions, Burlington Resources, Inc.

Blaise N. Poole, Manager, Marketing and Strategy, El Paso Gas Services Comp.n.

Bryon S. Wright, Vice President, Strategy, El Paso.Corporation
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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 n 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 Oil & Gas (1981)
* Environmental Conservation - The Oil & Gas Industries (1982)
* Third World Petroleum Development: A Statement of Principles (1982)
* Petroleum 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 - Methodsfor Providing Petroleum Industry Expertise

During Emergencies (1991)
* Short-Term Petroleum Outlook - 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).

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
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
An Oil and Natural Gas Advisory Committee to the Secretary ofEnergy

1625 K Stet, N.W. Phone: (202) 393-6100
Wahington, 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 Demaid. The objective for the study was to provide
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 concerns,
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.

The estimated natural gas resource base is adequate to meet this increasing
demand for many decades, and technological advances continue to make more of those-
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 implement the recommendations in order
to meet the nation's growing gas demand.

Respectfully submitted,

ft Joe B. Foster
NPC Chair
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Foreword

The National Petroleum Council is which then-U.S. Energy Secretary Federico
pleased to report to the Secretary of Energy Peia requested the National Petroleum
that, given immediate focus on key issues, Council to:
natural gas can make an important contribu-
tion to the nation's increasing energy needsReassess its 1992 report [Potentialfor
and its environmental goals through 2015 and Natural Gas in the United States] tak-
beyond. The natural gas industry has evolved ing into account the past five years'
into a competitive industry offering its experience and evolving market
expanding and reliable services on a nation- conditions that will affect the poten-
wide basis. Between 1990-the reference tial for natural gas in the United
point for the 1992 NPC report-and 1998, total States to 2020 and beyond. Of par-
U.S. gas consumption grew from 19.3 trillion ticular interest is the Council's
cubic feet (TCF) to an estimated 22 TCF and advice on areas of Government poli-
continues to represent approximately a quar- cy and action that would enable
ter of the nation's fuel needs. Using the study natural gas to realize its potential
methods described in this report, the Council cntutn toard or sare e
concludes that gas demand is likely tocontibution toward our shared eco
increase to 29 TCF in 2010 and could increasenomic energy, and environmental
beyond 31 TCF in 2015. Further, the resource goals.
base exists to support the indicated levels of I m ,
future demand and adequate gas supplies can I n m a k ing his re q uest, the S e c r e t a r y

future demand and adequate gas supplies can noted that "at least two major forces ... are
potentially be produced to meet that market.
The additional supply required can be beginning to take shape which will profound-
brought to market at competitive prices ly affect energy choices in the future - the
through an expanded network of pipeline restructuring of electricity markets and grow-through an expanded network of pipeline, i c a th p t adverse," ,.~ «.. .. * .. ' ing concerns about the potentially adversestorage, and distribution facilities. However, con s at
the Council recognizes that meeting the signif- consequences hat using higher carbon-
icant challenges that accompany such vigor- c n e a ae n al . clate

ous market growth will require strenuous change and regional air quality." Further, theous market growth will require strenuousousmarke g th w ir etre s Secretary stated that "For a secure energyeffort by the industry and substantial support fre eret ad ra sector deci-
on key issues b te g, future, Goverunent and private sector deci-on key issues by the government.AIN on key issues by the goverment. sion makers need to be confident that indus-

The initial impetus for the current study try has the capability to meet potentially sig-
(hereinafter referred to as "the 1999 Study") nificant increases in future natural gas
came from a letter dated May 6, 1998, in demand." (See Appendix A for this letter and
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Secretary Bill Richardson's follow-up letter ural gas to solely transporters. State regula-
expressing his interest in receiving the tors and local distribution companies (LDCs)
Council's advice on these matters.) are moving toward a similar result in many

jurisdictions. This restructuring has driven
To respond to this request, the Council changes in roles and risks for industry partici-

established a Committee on Natural Gasestablished a Committee on Naturpants because a number of market functions
under the Chairmanship of Peter I. Bijur, ants because a number of market functionseChairman of the Board and Chief Eecutive and obligations formerly managed under theChairman of the Board and Chief Executive t

Officer Texaconc. T.Ga iauspices of the LDCs and pipelines must now
Officer, Texaco Inc. T. J. Glauthier, Deputy be accepted and carried out by other market
Secretary of Energy, served as the
Committee's Governm ent Cochair with participants. Since the 1992 Study, new mar-

Committes Gvernment Cochair, wh ket structures-market hubs/centers, futures
H. Leighton Steward, Vice Chairman of trading for natural gas, and a capacity release
the Board, Burlington Resources, Inc., and art secondary pipeline capacty mar-
William A. Wise, President and Chief market (a secondary pipeline capacity mar-

Wilam A. Wiser, Paresident and Chief ket)-have either developed or matured.
Executive Officer, El Paso Energy Corp., serv- Other financial tools have been developed to
ing as Vice Chairs for Supply and foring as Vie Chairs for Supply and for reduce the risk of price change to buyers and
Transmission & Distribution, respectively. The sellers over extended time periods. In short,
Comrnmittee was assisted by a Coordinating

*, ... 1.1, r. ° r~rL ~ the gas market has become highly efficientSubcommittee chaired by Re the gas market has become highly efficientB. Roberts
.Subcoruittee, chaired by Rebcca B. Roberts, and sophisticated, with numerous participants

Strategic Partner, Global Alignment, Texaco ensuing coptite pe. nased cofi-
I. w.it R .Drpwiz. ' Prnia .* > ensuring competitive prices. Increased confi-

Dnc., with Robert S. Kripowicz, Principal dence in the functionality of the gas market
Deputy Assistant Secretary, Fossil Energy,,US .a _ , Deprteno Energy, sen. as' and in competitive gas prices has played a sig-
U.S. Department of Energy, serving as nificant role in increasing gas demand.Government Cochair. (Appendix B contains
the Committee roster along with the rosters of The industry has benefited from remark-
its Coordinating Subcommittee and three Task able progress in technology in areas that were
Groups on Demand, Supply, and Transmission not fully anticipated in 1992. For example,
& Distribution.) three-dimensional (3D) imaging now allows

scientists to virtually "see" underground rock

Key Differences from 1992 formations in graphic detail and to reduce
drilling risk by more accurately predicting

The Secretary was correct in noting that locations for hydrocarbon deposits. Progress
the U.S. energy markets have changed signifi- in 3D and 4D seismic technology, in conjunc-
cantly since the 1992 NPC study on natural tion with imaging technology, has allowed
gas (hereinafter referred to as "the 1992 producers to spot small hydrocarbon accumu-
Study"). The U.S. economy is growing more lations. Improved drilling techniques enable
rapidly than was anticipated in 1992, and with production companies to more precisely hit
that growth has come a higher natural gas drilling targets and accomplish difficult
demand than was expected. Environmental maneuvers such as drilling a vertical well,
regulations that favor natural gas consump- turning a corer, and then drilling horizon-
tion are more firmly in place than in 1992 and tally over five miles. New technology now
environmental restrictions on fossil fuel- allows producers to access supply in ocean
burning facilities are increasingly stringent. In waters that are more than a mile deep. These
fact, gas demand has grown at a rate that improvements, along with many more, have
exceeds even the most robust scenario project- resulted in significant reserve additions and
ed in the 1992 Study. Continued economic prospects of new production in areas that
growth as well as concerns about air quality were once considered physically or economi-
and climate change favor the continued cally unreachable.
expansion of natural gas demand.expansion of natural gas demand. Technological progress has also been evi-

Since 1992, the gas industry has under- dent in the transmission and distribution seg-
gone a significant restructuring. The primary ments of the industry and has contributed to a
impetus came. from Federal Energy steady and significant decline in transmission
Regulatory Commission (FERC) regulations, and distribution charges since the mid-1980s.
which over time have converted interstate Technological advances have taken place in
pipelines from sellers and transporters of nat- areas such as gas measurement, pipeline mon-
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gtorin compression, and storage manage- While these issues are significant, the
net The dramatic improvements in infor- Council wishes to emphasize that the industry
n'ation and communications technology have has successfully met difficult challenges in the

: contributed to more efficient data manage- past and has proved to be resilient and
glent systems that support marketing activi- resourceful. Each of the challenges identified
ties and capacity scheduling. New end-use in this study can be met if immediate, cooper-
gas technologies, such as higher efficiency res- ative, and focused actions are taken by the
idential furnaces, natural gas cooling, and industry and the government.
combined cycle power plants, continue to
offer consumers higher efficiency, lower costs, Approach to e 1999 S dy
and cleaner energy.t and cleaner energy" 'Approach to the 1999 Study

A* m t c c h g In conducting the 1999 Study, the NPC
Although market confidence has grown Committee on Natural Gas and its- v i i. * -1,1. t . Committee on Natural Gas and its

and technology has improved the state of theommitteeCoordinating Subcommittee and three Task
industry, recent events have led to questions for gas

Groups developed projections for gasabout the industry's ability to meet the Grups deeped pr ns for gaTdemand, gas supply, and transmission and
demand growth potential. The downturn in distribution. The primary focus of the 1999

world oil princes between late 1997 and early
o1999 dealt a heav blow to the 7exploration Study was to test supply and delivery systems

1999 dealt a heavy blow to the exploration against significantlyincreased demand As in
and production sectors of the U.S. gas indus- the case of the 1992 Study, the Committee on
try, particularly to the oilfield supply/ser- Natural Gas selected Energy and En-
vice contractors and the independent pro- vironmental Analysis, Inc. (EEA) to run
ducers who supply over half of the nation's econometric models for the analysis. The
natural gas needs. Industry participants Coordinating Subcommittee and its Task
experienced an extended period of poor eco- Groups provided data and assumptions to
nomic returns and, fearing a repeat of the EEA for inclusion in the development of a
1984-89 depression in the industry, respond- Reference Case for the focus period of 1999 to
ed with significant downsizing and cutbacks 2010. The assumptions used in the Reference
in spending. Investment capital for develop- Case represent a plausible view of the future
ing new production, which for most industry and were selected with full understanding
participants is highly dependent on cash that, in reality, each could vary significantly.
flow from crude oil and gas sales, declined Each of the Task Groups developed sensitivity
dramatically in 1999. As a result, new sup- analyses to test the Reference Case through
ply development in the United States has 2010 and to develop an extended view
slowed considerably. Although oil prices through 2015. The results of the Reference
have now rebounded, these events have Case and the sensitivity analyses form a
highlighted the boom and bust nature of the framework for better understanding the fac-
business and have made industry partici- tors that influence supply and demand bal-
pants and investors very cautious. ances. This approach was particularly useful

Several other trends highlight the chal- in exploring the potential range of outcomes
lenges that could impact the future of gas pro- 2010 a at which ertainties in

assumptions begin to escalate. Throughoutduction and delivery. The broadening and sumptions begin to escalate. Throughout
extension of moratoria have reduced access to this report, data are repored for the focus

period of 1999 to 2010, with an extended viewa portion of the nation's natural gas resource period of 1 to 2 i eeded viewfor the more uncertain period of 2011 throughbase. The economic hardship experienced by m e un cer t d of 20 th o

the oilfield supply/service sector has limited 2 0 1 5 e ttempt to
... *,*** , ., * t_ model supply and demand beyond 2015, theconstruction of rigs and other infrastructure, model supply and demand beyond 2015, the-onsh~ctlon of n~. and otner Infrastructu.e, issue of long-term sustainability is addressed.giving rise to questions on the industry's abili- issue of long-term sustainability is addressed.

ty to respond to future drilling needs. The study participants focused on the
Decreased spending on research and develop- broader industry implications and dynamics
ment raises concerns regarding future techno- indicated by the data rather than attempt to
logical breakthroughs. Continued cutbacks forecast specific end results. Issues such as
and layoffs impair the industry's ability to new regulations for climate change were not
attract new employees. examined in detail, but other factors that

3
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increase demand were specifically analyzed understand the results. The members of
and some correlations can be made. Changes the National Petroleum Council were not
that are occurring in the areas of electricity asked to endorse or approve all of the
generation, such as distributed generation, statements and conclusions contained in
were not studied, but the overall impact of Volume HI but, rather, to approve the
increases in gas demand due to electricity gen- publication of these materials as working
eration was examined. papers of the study.

Results of the 1999 Study are presented in Enclosed with Volume m is a CD-ROM
a three-volume report as follows: containing further model output on a

regional basis. The CD also contains dig-
Volume I, Summary Report, provides con- itized maps, which were used in assess-
clusions and recommendations on the ing a key critical factor-access to
potential contribution of natural gas in resources and rights-of-way. These maps
meeting the nation's growing demand for provide a comprehensive inventory of
energy in the residential, commercial, acreage by land-use categories associated
industrial, and electric power generation with related USGS gas plays for the sev-
sectors. Also included are summaries of eral key Rocky Mountain resource areas
key findings from the study's three Task analyzed in the 1999 NPC Study.
Groups: Demand, Supply, and Trans-
mission & Distribution. Volume I can be A n o u t l l n e o f th e fu ll ."^ an d a f on nGroups: Demand, Supply, and Trans- An outline of the full report and a form

siewed and d ownloaded from the c e for ordering additional copies can be found in
viewed and downloadxed from the NPC the back of this volume.
web site, http://www.npc.org.

The National Petroleum Council believes
* Volume I1, Task Group Reports, contains that the results of the 1999 Study are amply

the results of the analyses conducted by supported by the rigorous analyses conduct-
the three Task Groups and provides fur- ed by the Committee on Natural Gas and its
ther supporting details for the conclu- subgroups. Further, the Council wishes to
sions, recommendations, and findings emphasize that the significant growth in
presented in Volume I. demand that is projected in this study is

based on long-term trends and should not be
* Volume HI, Appendices, includes output of interpreted as a "goal" of the industry.

the study's computer modeling activities However, as natural gas demand continues to
as well as various source and reference expand, the natural gas industry stands ready
materials developed for or utilized by the to work with all stakeholders to economically
Task Groups in the course of their analy- develop the natural gas resources and infra-
ses. The Council believes that these structure necessary for continuing the
materials will be of interest to the readers nation's economic growth and meeting its
of the report and will help them better environmental goals.
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Conclusions

The emphasis on natural gas is good improved efficiencies, lower capital costs,
news for the economy, the environment, and reduced construction time, more expeditious
society as a whole. In recent years, the United permitting of natural gas-burning facilities,
States has enjoyed a thriving economy, which and environmental compliance advantages.
has been driven in part by the ready availabil- However, the service requirements and price
ity of energy at competitive prices. Natural sensitivity of this additional load present
gas has played a vital role in meeting those many challenges to suppliers and transporters
;nergy requirements and today provides of natural gas.
almost a quarter of the nation's energy portfo- G i
lio (Figure 1). As this study demonstrates, t to h in such key v ariables as growt
natural gas can be a growing source of energy s u ch v a a b le s a s

to power our economy for many years to in the economy, price of competing fuels,
come. nuclear retirements, and the capacity utiliza-

tion of coal-fired electricity generation plants.
Actual U.S. gas demand has outpaced the For example, if 30 gigawatts of nuclear capaci-

1992 Study High Reference Case projection by ty are retired rather than the 15 gigawatts
more than 1 TCF over the period from 1990 assumed in the Reference Case, demand could
through 1998 (Figure 2). The 1999 Study pro- increase another 0.7 F coal capacity uti-
jects that U.S. gas demand will grow fromjects that U.S. gas demand will grow from lization remains at current levels instead of
22 TCF (induding net storage fill) in 1998 to increasing from 6% to 75% as assumed in the
approximately 29 TCF in 2010 and could rise
approximnatd y 29 TCF 2 n 2010 and could nse Reference Case, demand could rise as much as
beyond 31 TCF in 2015. Each key consump-
tion sector-residential, commercial, industri- N e r,
al, and electricity generation-will increase beyond those thatare currently scheduled for
(Figure 3a). However, the electricity genera- implementation, have not been factored into
tion sector alone will account for almost 50% this analysis and could also further increase
of the increase through 2010 (Figure 3b). Over natural gas demand. While this study did not
110 gigawatts of new gas-fired generation attempt to quantify the impacts of additional
capacity is projected to be in service by 2010, environmental regulations on demand, incre-
and a total of 140 gigawatts by 2015. Natural mental increases from Kyoto-related regula-
gas is now the preferred fuel for new electrici- tion were estimated in independent studies
ty generation facilities, with 98% of the nearly at 2-12% by the Energy Information Ad-
250 recently announced new generation proj- ministration and 10-22% by the Edison
ects planning to bum natural gas. This dra- Electric Institute beyond their respective refer-
matic shift to natural gas is driven by ence cases.
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Figure 1. Total U.S. Energy Consumption
by Primary Energy Source, 1998

7.9% Nuclear

24.1% Natural Gas

40.7% Petroleum

3.8% Hydro
0.2% Other

23.3% Coal

ra, I
Source: DOEEIA, Monthly Energy Review, September 1999.

The role that natural gas plays in improv- being negatively affected by acid
ing the nation's environment has been widely deposition.
recognized. A recent Minerals Management
Service (MMS) report, OCS Resource Man- The MMS report also noted the following
agement and Sustainable Development (Sep- regarding income from offshore resources:
tember 1999), pointed out the benefits of natu-oyaes and taxes enable gove
ral gas: ment to carry on programs which

Natural gas is the least polluting are beneficial to the oil and gas
fossil fuel. It is thought by many, industry as well as society as a
including the present administra- whole. For example, an average of
tion, to be the fuel of the early part 60 percent of the collections from
of the next century that will power Federal offshore sources ($126 bil-
our economy into the sustainable lion since offshore leasing began in
fuels of the later decades and 1953] went into the U.S. Treasury
beyond. Even in the short run, con- General Fund. Among other expen-
version of more of our fuel burning ditures the Government uses a por-
facilities to natural gas will greatly tion of these funds to invest in social
diminish air pollution and improve infrastructure, which helps make the
the long run sustainability of U.S. economy one of the most pro-
forests, waters, and farmlands now ductive in the world. One of the
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in which some of this money is revenues that are collected from these sources

ested is in renewable energy, allow these entities to provide essential ser-
* lding many forms of energy vices expected by their citizens, such as fund-

L^/ ^ nervation. ing for education.

^^m jn 0onshore areas, federal, state, and local
RBj^^enbts receive royalty income and col- This study estimates the U.S. natural gas

.ILqtaxes from natural gas production. The resource base, excluding Alaska, to be 1,466

: " ?-- -- - -Figure 2. U.S. Natural Gas Demand
:Illyi; l Comparison of 1992 and 1999 NPC Study Results

35

'

s 15

-j

IZ~ . I~~ ( ·I-~- 1992 NPC High Case

130 . . = 1992 NPC Low Case

Actual

5 -- 1999 NPC Reference Case

I

Ol,,..,,- .- I 1999 NPC Range oo ces

I *D0
Source of historical data: DOE/EIA, Natural Gas Monthly, September 1999.
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Figure 3a. U.S. Natural Gas Demand by Sector
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Figure 3b. Growth in

Sf~i 201998-2010

Commercal

Residential
I31~~~~~~~5 ~~19%

2927
DOE006-0284DOE006-0284



TCF (Figure 4). This total represents a net tiers such as the deepwater Gulf of Mexico
increase of 171 TCF over the 1,295 TCF esti- and have provided improved information and
mated in the 1992 Study. Taking into account better tools for evaluating-and more fully

the 124 TCF that has been produced in the recovering-resources.
lower-48 states since then, the estimate of the U.S. gas demand will be filled with U.S.
resource base has increased 23% since the last production, along with increasing volumes
study. The increase is largely due to technolo- from Canada and a small, but growing, contri-
gy breakthroughs that have opened new fron- bution from liquefied natural gas (LNG)

Figure 4. Lower-48 Natural Gas
Resource Base Estimates

Comparison of 1992 and 1999 NPC Study Results
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imports (Figure 5a). Two regions-deepwater to serve Mexico's gas demand near the US.
Gulf of Mexico and the Rockies-will con- border.
tribute most significantly to the new supply The infrastructure required to deliver gas
n: 1^,1 iic '.. . .. . . .eThe infrastructure required to deliver gas(Figure 5b). U.S. production is projected to to m m b o
increase from 19 TCF in 1998 to 25 TCF in to ma ket must be optimized and expanded tos
2010, and could approach 27 TCF in 2015. aa the ing listics of geting new s
Deeper wells, deeper water, and nonconven- as th e changing logiscs of getting new sup
tional sources will be key to future supply. ply to new customers. Future needs include
For example, deepwater production (water new pipelines to reach supplies in the frontier
depths greater than 200 meters), which in 1998 regions, expansion of existing pipeline sys-
provided 0.8 TCF annually, will increase to tem s, new laterals to serve electricity plants,
over 4.5 TCF in 2010 (Figure 6). Onshore pro- and expansion and construction of storage
duction from nonconventional formations is facilities to meet seasonal and peak-day
projected to increase by 50%/ from 4.4 TCF in requirements. By 2015, more than 14 million
1998 to almost 7 TCF in 2010, with much of it new customers will be added to the natural
coming from the Rocky Mountain region. By gas delivery system. To serve this growing
2015, nonconventional gas production could market through 2015, over 38,000 miles of new
be approaching 9 TCF. Production is likely to transmission line are projected to be needed as
decrease in more traditional areas such as the well as 263,000 miles of distribution mains
Gulf of Mexico shelf and onshore Louisiana, and almost 0.8 TCF of new working gas stor-
each dropping by roughly one-third by 2015. age capacity.
It is important to note that approximately 14%
of current natural gas supply is "associated,"The current delivery sstem (transmis-
meaning that it is produced from oil wells. sion, distribution, and storage) was built and
This associated gas will continue to be an optimized over decades to meet the design
important component of the overall supply, peak-day requirements of firm service cus-
particularly in deepwater Gulf of Mexico. tomers that were primarily residential, com-

mercial, and to a lesser extent, industrial cus-
Imports from Canada are projected to tomers. The anticipated growth in electricity

increase from 3 TCF in 1998 to almost 4 TCF generation demand for natural gas will
by 2010, continuing to represent 13-14% of require the delivery system to be re-optimized
U.S. demand. Canada's remaining resource to meet larger off-peak swing loads as we as
base is estimated at approximately 670 TCF in peak-day requirements that will increase from
this study, down from 740 TCF in 1992. The l BCFperday in 1997 to over 152 BCF per
decrease in the estimated Canadian resource re ree o e ee
base is due to depletion and reassessment of day 2015 Meeting requirements of the elec-
the nonconventional resources. Challengs tricity generators on a significantly larger scalethe nonconventional resources. Challenges
similar to those confronting the US. industry will entail changes in operational procedures,
will be faced by the Canadian producers, cor- communications, tariffs, and contracting.
pounded by the fact that much of this gas is in Further, these changes must be accomplished
frontier areas such as the Mackenzie Delta in without degrading the historically reliable ser-
far northwest Canada. Reaching this frontier vice to the residential, commercial, and indus-
will require significant capital expenditures as tial markets.
well as considerable lead times. Continued The Council believes that an unprece-
cooperation between the United States and dented and cooperative effort among industry,
Canada will be essential to ensure the timely government, and other stakeholders will be
availability of Canadian gas. required to develop production from new and

LNG imports are projected to reach a existing fields and build infrastructure at suffi-
maximum of approximately 0.9 TCF, based on cient rates to meet the high level of demand
a 75% average capacity utilization rate for indicated in this study. The ability to meet the
existing facilities. The assumption was made anticipated demand hinges on addressing the
that no additional LNG import facilities following critical factors: access, technology,
would be built in the 1999-2015 period. Also, financial requirements, skilled workers,
the assumption was made that exports to drilling rigs, lead times, and changes in cus-
Mexico would reach a maximum of 0.4 TCF tomer requirements.

10
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Figure 5a. U.S. Natural Gas Supply by Source
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Figure 6. U.S. Gulf of Mexico Natural Gas Production
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Source of historical data: PIJDwights production reports, June 1999.

Critical Factors open to either assessment or development
(Figure 7). Two of the most promising regions

Access for future gas production, the Rocky
Mountains and the Gulf of Mexico, currently

Much of the nation's resource base have significant access restrictions. For exam-
resides on federal lands or in federal waters, pie, an estimated 40%-or 137 TCF-of poten-
yet a large portion of this resource base is not tial gas resource in the Rockies is on federal
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land that is either closed to exploration or is United States also faces strong restrictions,
open under restrictive provisions. Another 76 while offshore British Columbia is opening up
TCF of resources are estimated for restricted to greater exploration and production.
offshore areas in the eastern Gulf of Mexico,
the Atlantic, and the Pacific. The eastern Gulf This study assumes that planned lease
of Mexico is largely dosed to exploration and sales for areas in the Outer Continental Shelf
the limited areas that are now open are the sl f ae i th O C Sethe limited areas that are now open are the (OCS) will continue on schedule and that fur-
subject of political debate. The proposed ther restrictions will not be appled to thoseMŜ pase Iale 181 I^"J? 6led P^ 0 5 ^ Decembe ther restrictions will not be applied to thoseMMS Lease Sale 181 scheduled for December
2001 in the eastern Gulf of Mexico is the first l an d s currently open to development These
such sale in this area since the late 1980s, yet assumptions may be optimistic in light of
only covers a small portion of the entire area. re c e n t staements by some public officials.
The East Coast of the United States is com- Further restrictions would increase the chal-
pletely closed to development while Canada is lenge of meeting the projected gas demand
pursuing its East Coast gas resources, as with cost-competitive supply. Conversely,
demonstrated by the recent Sable Island opening hydrocarbon-rich areas for develop-
development off the coast of Nova Scotia. In ment would greatly improve the industry's
addition, drilling on the West Coast of the potential to respond to market needs.

Figure 7. Lower-48 Natural Gas Resources
Subject to Access Restrictions

Approximately 29 TCF of the Roie as
resources are dosed to deveopment and
108 TCF are avilable with restrictns.i
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Access is also an issue for the transmis- recent efforts in other parts of the world have
sion and distribution sectors of the industry as extended the drilling reach to 5-6 miles. This
they seek rights-of-way for pipeline facilities. has the same effect as setting up drilling
The permitting and construction processes operations on the White House lawn and
have become more complex over time. extracting hydrocarbons from beneath most
Restrictions for wetlands, wildlife refuges, of Washington, D.C., and into its suburbs
and other sensitive federal and state lands (Figure 8).
impact the routing and construction of Equally impressive improvements in
pipelines throughout the United States, nottal imp s hve ee e

environmental impacts have been demon-just the frontier areas. Other issues arise from sraed offshore where much of the natural
the encroachment of urban development on strated offshore, where much of the naturalthe encroachment of urban development on
existing rights-of-way, heightened community gas production is associated with oil produc--- - .. c . . ,. j *»- as production is associated with oll produc-

ex0 stmg ° hts-of-way, heightened . " . ... btion. As reported to President Clinton by the
awareness of and resistance to pipeline con- on. As reported to Prsident Clinton by the

-... ~ ,]~ . . .~ .Cabinet in Turning to the Sea: America's Oceanstruction, and increasingly restrictive gove- Cabinet in Turning to the Sea: America's Ocean. ructto,. ana , 0reasmg-y restnct>ve govr- Future (September 1999), "Advances in tech-ment policies and regulations. Resolution of Future (September 1999), "Advances in teh-
these issues-which mustbe addressed for nnology have made offshore oil and gas pro-

duction cleaner and safer than ever. Sinceeach pipeline addition-is costly and time- a sf r neach pipine addition-is costly and time- 1980, 6.9 billion barrels of Outer Continentalconsurming and often results in project delays 'consuming and often rs project, d s . Shelf oil have been produced with a spillage
*or abandonment of project. rate of less than 0.001%. Despite these

Most of the access restrictions are due to advances, however, environmental concerns
environmental concerns or multiple-use con- have led to congressional and executive mora-
flicts even though industry has made tremen- toria since 1981, and many of our coastal areas
dous improvements in reducing the "foot- are now closed to new leasing through the
print" of exploration, production, and year 2012."
transportation activities, and in maintaining Ts s h d t' '. . .. °This study has determined that accessclean, safe operations. As stated in a recent i a a e
Dprtmn of Enrg reot "eoucs issues, and associated environmental con-Department of Energy report, "Resources cerns must be addressed. Access to some

underlying arctic regions, coastal and deep rtn o te feera as resoce bs
ofhre wtr, ses ii . . e ln, an portion of the federal gas resource base cur-offshore waters, sensitive wetlands and.... ,, . ,' ~ .. „.. . . ~rently closed or significantly restricted towildlife habitats, public lands, and even cities rently closed or significantly restricted to

wildlife atats, public lands, and even cities appraisal or development, as well as acquisi-
and airports can now be contacted and pro- tion of rights-of-way, is essential to meeting
duced without disrupting surface features the projected demand with cost-competitive
above them. " l An excellent example of the as supply.
dramatic improvements in environmental
footprints can be found in Alaska where sig-
nificant efforts have been made to minimize Technology
the impact of drilling operations on the tun- Even though the estimated resource base
dra. A report to the Secretary of the Interior is adequate to last many decades, technologi-
in 1997 by the Alaska Oil and Gas Association cal challenges and the degree of difficulty in
stated that in the 1970s, pads for drilling reaching, evaluating, and producing the
operations took up about 65 acres whereas resource base continue to escalate. The previ-
the pads for recent operations are now less ously referenced report by the Office of Fossil
than 10 acres. The report further explained Energy of the U.S. Department of Energy2

that cluster drilling and extended reach highlights the importance of research and
drilling enable producers to access hydrocar- development to the oil and gas industry:
bon deposits 3-4 miles away from the pad,
thus greatly reducing the number of drilling In the past three decades, the
locations and associated roads and pipelines. petroleum business has trans-
Lateral extensions of 18,000 feet are common formed itself into a high-technology
on the Alaskan North Slope today. More industry. Dramatic advances in

technology for exploration, drilling
-i ~_ ~~ -,,~~~and completion, production, and

U.S. Department of Energy, Office of Fossil
Energy, Environmental Benefts of Advanced Oil and Gas
Exploration and Production Technology. October 1999.
pg 13.2 Ibid, p.I.
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? site restoration have enabled the domestic oil and gas industry will
·-'I industry to keep up with the ever- be challenged to continue extending

increasing demand for reliable sup- the frontiers of technology. On-
\1 plies of oil and natural gas at rea- going advances in E&P productivity

sonable prices. The productivity are essential if producers are to
gains and cost reductions attrib- keep pace with steadily growing
utable to these advances have been demand for oil and gas, both in the
widely described and broadly rec- United States and worldwide.
ognized... Looking forward, the Continuing innovation will also be

needed to sustain
the industry's
leadership in the

Figure 8. Reducing Environmental Impact intensely compet-

with Extended-Reach Drilling tive international
arena, and to

." -'.-. '....'..' .. ". .. ..- -..;. -.- ' .. , -- .-.....:- .. ret ain high -pay-
_____ i__.; .....·:.^: _ ___________ ing oil and gas

_ __ i::.: :: :.-?:- .- 'FM aindustry jobs at
:.."-,:-- home. Progress-

'"'~ ~: '~ '~~, ~~:'.':~:.'; .5':i. ively cleaner, less
. ......... intrusive, and

"a:"": ... .. , - " '" more efficient
technology will
be instrumental
in enhancing en-
vironmental pro-
tection in the
I 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

7 potential for intensely
corrosive environments.
These conditions require
high-strength materials and
advanced drilling methods.
Current deepwater endeav-
ors involve 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
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design, fabrication, and installation techniques operating expenses and an estimated $781 bil-
must emerge to enable these new resources to lion for capital investments. Approximately
reach existing markets at attractive prices. $658 billion of capital is projected to be spent

Technology improv s ae ao nd for oil and gas supply development and about
Technology improvements agn e al need- $123 billion for transmission, storage, and dis-

ed for expanding and managing the delivery tribution infrastructure expansion (Figure 9).
system and improving efficiency at the burner- Ti uat to an average annual increase i
tip. The increased challenges of serving This equates to an average annual increase intip. The increased challenges of serving a capital expenditures from $34 billion per year
growing market and changing load must not capibetween 1990 and 1998 to $46 billion betweenar
jeopardize the historical reliability and favor- 1999 and 2015. Many o to he expenditurese
able economics of the transmission and distri- 1 and 2 Many of these expenitures
bution system. Pipelines and LDCs will con- wll le ger r projects o p s t

tinue to rely on technology for reducing large deepwater projects or pipelines to newtinue to rely on technology for reducing frontiers-each of which can easily exceed
operation and maintenance expenses and min- rh o i c i
imizing environmental impacts of facilities
construction. Information and communica- While much of the required capital will
lions technology will play an ever-increasing come from reinvested cash flow, capital from
role in safe and efficient operations as well as outside the industry is essential to continued
in supply management and customer service growth. To achieve this level of capital invest-
enhancements. ment, industry must be able to compete with

advans ae e tial in al other investment opportunities. This poses a
Technology advances are essential m aU challenge to all sectors of the industry, many

industry segments for improving operational of which have historically delivered returns
efficiencies, reducing resource development lowr th h averae rered r Stanar' . .. " . , , . * lower than the average reported for Standardtime, increasing production, developing fron- and oors 5 co ane.

and Poors 500 companies.tier areas, controlling costs, and minimizing
environmental impact. This study assumes The transmission and distribution sectors
that technology improvements will continue of the industry also face challenges in attract-
at an aggressive pace. However, recent indus- ing investments to future projects. Expanding
try trends in research and development the infrastructure of the delivery system to
spending have raised concerns regarding this accommodate increased demand and chang-
assumption. Industry restructuring, consoli- ing requirements of new customers will
dations, and spending cuts have resulted in involve changes in financial risks. For exam-
reductions in research budgets. Producers are pie, expiring long-term LDC contracts for
turning to the service sectors to develop new pipeline capacity, which historically provided
technology for specific applications. Industry the financial backing for pipeline expansions,
consortia have been formed to address critical will be replaced by shorter term contracts with
technology challenges such as deepwater new non-utility customers. Uncertainty exists
development. While many of these changes with future rate structures and obligations to
improve the efficiency with which research serve, as electricity and gas restructuring con-
and development dollars are spent, concerns tinues. Industry participants and regulators
have been widely expressed that basic and must work together to find an appropriate
long-term research are not being adequately balance for these risks so that the needed
addressed. infrastructure expansions can be accom-

plished.

Financial Requirements
Skilled Workers

Adequate financial performance must be
demonstrated in order to compete for and A significant concern of the industry is
attract the investments required to meet the the future availability of skilled workers at all
growing demand. Companies will need to bal- levels to produce the increased supply
ance short-term performance demands with and construct the necessary infrastructure.
long-term planning to achieve the needed Company consolidations and volatile fluctua-
growth. Almost $1.5 trillion ($1998) will be tions in oil prices have resulted in cuts in
required to fund the industry through 2015. exploration and production budgets, leading
This amount includes over $700 billion for to layoffs at all levels in exploration and pro-
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Figure 9. Capital Required for Expansion
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duction companies and in service/supply proportionate percentage of the workforce
companies. Approximately 500,000 jobs have reaching retirement age in the next decade-an
been eliminated from the industry since the average of 40%/ in a sampling of major produc-
early 1980s, with over 40,000 job cuts occurring ers. Furthermore, the next generation of work-
in the producing sector alone in the past year. ers is not choosing to enter the industry, as
Simultaneous reduction in industry hiring indicated by the significant decrease in enroll-
rates in the last 20 years has resulted in a dis- ment in some energy-related college curricula
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since the mid-1980s. The oilfield service/sup- that will be required over the next decade to
ply sector faces a similar situation as many produce the additional supply. The total num-
laborers and supervisory personnel have left ber of oil and gas wells drilled per year
the industry in search of more stable work. (including dry holes) will have to double,
Higher wage scales are likely to be required to from approximately 24,000 in 1998 to over

jattract workers back into the industry. 48,000 by 2015. Even taking into account

Drilling Rigs anticipated improvements in drilling efficien-
cies, approximately 2,300 active rigs (over

The U.S. drilling fleet must expand to 2,100 land rigs and 180 offshore) would be
undertake the dramatic increase in activity needed to achieve this level of drilling. This

Figure 10. Onshore Drilling Rig Fleet
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Figure 11. Offshore Drilling Rig Fleet
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Source of historical data: Offshore Data Services, Rig Locator, September 24, 1999.

represents an 80% increase over the 1,250 mid-1980s. If the 5% per year historical attri-
average active rig count estimated for 1999. tion rate were to continue, most of the existing

1,700 onshore rigs would be retired by 2015
Rig availability, which is crucial to explo- and a total of almost 1,900 onshore rigs would

ration and development, will be a challenge have to be built (Figure 10). Additions to the
for the industry. The oilfield supply and ser- offshore rig fleet will also be needed and are
vice sectors have been hit particularly hard by projected to include 10 deepwater drilling
the boom and bust cycles. Very few new rigs, 32 platform rigs, and 30 jack-up rigs and
onshore drilling rigs have been built since the barges (Figure 11). Although the number of
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new offshore rigs is smaller, the average cost be changing. Other energy market partici-
per rig is significantly higher than that of pants may accept some aspects of the former
onshore rigs. The drilling sector and the man- roles of the LDCs and electric utilities as ser-
ufacturers of drilling equipment are not cur- vices are unbundled. These other partici-
rently positioned to undertake this level of pants, such as producers, generators, mar-
expansion. keters, energy service providers, and

end-users will contract for and use capacity
Lead Times differently than the LDCs and traditional elec-

tric utilities. In addition, new flexible services
Reduction of development lead times- will be required to meet the anticipated

from lease acquisition and prospect identifica- increase in gas demand for electricity genera-
tion, to the beginning of exploration, to tion as projected in this study. For example,
pipeline construction for delivery to the burn- natural gas-fueled turbines (simple and com-
er tip-is critical to meeting the gas demand bined cycle) have unique operating require-
projected in this study. For example, as many ments in terms of inlet pressures and opera-
as 10 years-or two-thirds of the time period tions. Since electricity cannot be stored, the
of this study-may elapse between the time a electricity generation systems must be con-
block in the offshore is leased until production stantly monitored and adjusted to change out-
flows to market. Industry and government put instantaneously as electricity demand
are working diligently to reduce development changes. Thus corresponding changes in nat-
time by streamlining processes and applying ural gas demand occur constantly throughout
new technology However, access limitations the day. These changes in roles, services, and
and cumbersome permitting and approval customer requirements will cause all sectors of
processes often negate those improvements. both the natural gas and electricity industries
For example, increases in time required to per- t manage their assets differently
form studies previously conducted by govern-
ment agencies, and obtain multi-agency per-
mits have resulted in production project Sensitivity Analyses
delays of up to two years on federal lands in A ,
the Rocky Mountain region. While the iMS As discussed earlier in this report, sensi-
the Rocky Mountain region. While the MS tivity analyses provided some important
has improved the approval process for off- inoration rean e importane o tinformation regarding the importance of theshore development by serving as the facilita- .. ° te i. an, ., ' * *, *b . . ,. critical factors (see Figure 12a). Demand, fortor for the process, production and pipeline criical ac e Figure 12a). D and, for. . i-j .. 11' . .* "example, can increase by 0.6 TCF in 2010 ifprojects on land still require extensive interac- exmpe, cn icrese by 0.6 in 2010 i

gross domestic product (GDP) grows by 3.0%tions with multiple levels and agencies of fed- gross d estic prodt ( ) grows by 3.0%
annually instead of 2.5%. Conversely, GDPeral, state, and local governments. For exam- annuall insd of 2 . onersl
growth of 2.0% could result in a decrease inpie, the recently constructed Portland Natural

Gas Transmission System involved the acqui- demand of 0.9 TCF by 2010. If crude oil priceGas Transmission System involved the acqui-in S in i averaged $22.00 rather than $18.50 as assumedsition of over 150 permits and/or approvals .0 rater tan $ as assued, ,c .j , . .~ ,» m~in the Reference Case, demand could increasefrom federal, state, and municipal government by 0.7 TF in However, demand would
agencies. Most of the agencies involved in b
these processes have different data require- be 1.0
ments, forms, and processes. Additional
improvements are needed immediately in The model's output on price also served
order to impact the development in the outer as a gauge for quantifying the impact of cer-
years of this study. tain assumptions (Figures 12b and 13). While

the model projects an average production

Changing Customer Needs weighted U.S. wellhead gas price through
Changing; Customer2010 of approximately $2.74 per million

j~i ~ The ongoing regulatory restructuring of British thermal units (MMBtu), prices in the
lj the natural gas and electricity markets sensitivity analyses change significantly. For
!! changes the roles and responsibilities of all example, the model projects that gas prices

industry participants. As restructuring con- could be as much as $0.32 per MMBtu lower
tinues to unfold at the state level, the roles and in 2010 if technology improvements are signif-
obligations of LDCs and electric utilities will icantly better than assumed in the Reference
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Figure 12a. Influence of Key Assumptions on Natural Gas Demand
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Figu-re 12b. Influence of Key Assuptions on Natural Gas Price
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Figure 13. Historical and Projected U.S. Natural Gas Prices*
Lower-48 Weighted Average Wellhead Price
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Source: DOE/EIA, Monthly Energy Review, September 1999.
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Case. Conversely, a slower pace of technology of 1.6 TCF (primarily from the Rockies and
improvements could drive the price up by the eastern Gulf of Mexico), and a corre-
$0.27 per MMBtu. sponding decrease in price of $0.45 per

MMBtu (Figures 14a and 14b).
The single most significant assumption

in the Reference Case is the size of the The most important conclusion derived
resource base. The model projects that the from these sensitivity analyses is that the
price of gas could be lowered by as much as future availability and cost of natural gas can
$0.96 per MMBtu in 2010 if the economically be influenced. While some variables cannot
recoverable resource base were found to be be controlled, factors such as the rate of tech-
250 TCF larger than assumed in the nology development, knowledge of the
Reference Case. In this case, demand resource base, and access to the resource base
increases by 1.9 TCF and U.S. production can be impacted-either positively or nega-
increases by 1.5 TC. A second sensitivity tively-by the actions of the industry and the
was run to examine the impact of a smaller government.
resource base, although it should be noted
that the resource base estimates have always The Council wishes to emphasize that
increased over time. If estimates of the the price output of the model is not to be
resource base are lowered by 250 TCF, prices used as a forecast, but rather as an indicator
could be as much as $0.56 per MMBtu high- of the relative influence of the critical factors
er, demand would be 1.5 TCF lower, and and assumptions. Seasonal factors that
U.S. production would be 1.6 TCF lower. affect price, such as abnormal weather and
While this sensitivity was run-to evaluate demand fluctuations, have not been taken
the impact of learning more about the into account. The market will ultimately
resource base, it also provides some insight determine the price of natural gas.
to the impact of access restrictions. Access However, actions can be taken by industry
is an important factor because it removes and government to ensure that adequate
potential supply from the available resource supply is available, that it can be delivered
base. Access restrictions also limit the to the market, and that the ultimate price is
opportunity to better assess the resource competitive through the study period and
size in those areas. beyond.

To better quantify the impact of access In summary, affordable energy is neces-
restrictions, two additional sensitivity sary to sustain continued growth of the
cases were developed. The first case tight- nation's economy and quality of life. Natural
ened access restrictions in the Rocky gas will play an important role, particularly
Mountain region and eliminated the as it helps the nation meet its environmental
planned MMS Lease Sale 181. In this goals. By 2015, more than 14 million new
reduced access case, price increased $0.16 customers will be connected to natural gas
per MMBtu in 2010 and demand decreased supply through over 300,000 miles of new
by 0.4 TCF. U.S. production decreased by transmission pipelines and distribution
0.5 TCF. The second sensitivity case mains. Many more customers will use elec-
relaxed access restrictions in the Rockies tricity that is fueled by natural gas as over
and made currently restricted offshore 140 gigawatts of new electricity generation
regions available for leasing in 2004. This capacity-almost entirely gas-burning
increased access case resulted in an units-go into service. These new customers,
increase in U.S. production of 0.5 TCF in as well as the existing customer base, are
2010, an increase in demand of 0.4 TCF and counting on long-term availability of reliable,
a corresponding decrease in price of $0.21 competitively priced natural gas to meet their
per MMBtu. More importantly, a dramatic energy needs and to support the nation's
shift occurred in the Extended View period environmental goals. Industry, government,
of the increased access case with an and other stakeholders must act quickly,
increase in demand of 1.5 TCF in 2015, a cooperatively, and purposefully to meet
corresponding increase in U.S. production those expectations.
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Figure 14a. Impact of Size of Resource Base and Access
on U.S. Natural Gas Production
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Recommendations

The Council wishes to emphasize that sion/distribution and should address the
gas supply, and the associated infrastructure, issues of access to the resource base, technolo-
can be expanded to meet growing.demand if gy development, environmental regulation,
the critical factors are adequately addressed. education of the future workforce, and finan-
The following recommendations are made by cial incentives. It should also affirm and
the Council to ensure that the mutual goals describe the role of natural gas in balancing
of government, industry, and consumers are the national objectives of economic growth,
met. While recommendations are made to environmental protection, and energy securi-
the government for specific actions, the ty. The strategy must provide a proper bal-
Council does not advocate regulations or leg- ance between conflicting environmental and
islation that artificially alter market signals. land-use interests, yet reflect a sense of urgen-
Instead, the Council encourages changes that cy about developing natural gas supply and
remove impediments which hinder the the delivery infrastructure given the long lead
development of supply and infrastructure to times required.
meet market needs. The Council recommends that an

Interagency Work Group on Natural Gas be
'' ' ' .. :. established within the National Economic

Recommendation 1: .:-. Council to formulate this comprehensive
Government and induy ust p t tmiu e'a-,..:e - natural gas strategy and identify and aggres-
leadership position in establis -at sively resolve the issues associated with the
the highest level-a strategy ':for i rat -: development of natural gas supply and sup-
gas in the nation's energy portfoio. 'i :: porting delivery systems. This Interagency
Interagency Work Group'on'Na ial"t'u.: -.- Work Group should be analogous to, but dis-
Gas should be established to work with tinct from, the Interagency Working Group
industry and other stakeho lders to for- on Energy that has been set up under the
mulate the strategy and resolve isues. : National Economic Council to address oil

' .- :...:' industry issues. This new Work Group
- -. . -- -- --- .-.--- -..- should oversee the implementation of gov-

ernment-related recommendations contained
The government can help to overcome in this report. It should also monitor, on a

the barriers to meeting future natural gas biennial basis, trends for the assumptions
) demand by establishing a national strategy used in this study and progress on the iden-

for natural gas. This strategy should include tified critical factors in order to anticipate
the areas of supply, demand, and transmis- changes in the supply/demand equation.
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All federal agencies that have a role in natu- Given the compelling need for develop-
ral gas policy, technology, and resource ing economic natural gas supply, the follow-
assessments should be members. The Work ing actions are recommended:
Group should make every effort to include . Government agences and industry representa-
input from industry and other stakeholder should continue the work begn ith this
groups, including states with natural gas
production or potential for production, in its study to inventory existing infoati on the

resource base in the Rocky Mountain regionstrategy-setting process. This solicitation of re e e the oc Moutain region
stakeholder views should be as interactive as and analyze the impt of access restnctons.
possible. A significant portion of work associated

with this study included a first-time
The industry must also step up to the assessment of resource impacts associated

leadership challenge and work with govern- with land access restrictions and related
ment and other stakeholders to identify and environmental stipulations in six areas in
understand their issues associated with devel- the Rockies. The results were then extrap-
oping supply and delivery systems and to olated to the entire region. This involved
seek practical solutions. Industry must work a cooperative effort between members of
with customers to understand future supply the Supply Task Group and representa-
and delivery needs and work with govern- tives from the federal government, includ-
ment to shape appropriate strategy and poli- ing the U.S. Department of Energy, the
cies so that the required services can be pro- Bureau of Land Management, and the
vided in the most cost-effective manner while US. Forest Service. Representatives from
ensuring safety and reliability. Industry coun- state and local governments, as well as
cils and trade associations can play an integral other stakeholders, also participated. This
role in this effort.~role in this effort~. analysis, and the cooperative approach,

should be continued and expanded
beyond this study to increase understand-
ing of the impact of access restrictions in

' Recommendation 2: the Rockies.
Establish a balanced, long-term * Industry should work with the government to

, approach for responsibly developing prioritize restricted areas on the basis of
. the nation's natural ga resource base. resource potential as well as environmental

-' : - - ..:--.'^ : -:' - . sensitivity. Certain restricted areas should
be more fully assessed to determine the
potential for gas supply. Those with

As seen in the analysis of critical factors igher potential and lower sensitivity
in this report, the estimated size of the should be opened for additional geologi-
resource base is the single most important fac- cal assessment. Industry should work
tor in projecting availability of competitively with the government to identify methods
priced natural gas. While the ultimate size of and technologies that could be practically
the resource base cannot be changed and can- applied to minimize the environmental
not be precisely known, industry can contin- impact of the assessment.
ue to improve its knowledge of the size and
characteristics of the resource base, thus * A comprehensive approach should then be
improving the likelihood of locating and pro- establishedfor developing gas supply in select-
ducing new supply. However, access to a sig- ed restricted areas. Existing moratoria
nificant portion of this resource base for either should be reviewed and modified as
assessment or development is subject to appropriate. Industry should continue to
restrictions due to environmental and land- develop practical techniques that mini-
use concerns. These concerns are appropriate mize environmental impact, particularly
for consideration in granting access to poten- for these sensitive areas. Once a long-term
tial supply areas, but significant improve- development plan is in place, the affected
ments in the industry's environmental foot- agencies should work together to coordi-
prints warrant a new look at these nate their roles in assisting that develop-
restrictions. ment. A template for long-term planning
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and coordination among multiple agen- These principles should balance the
ces can be found in the MMS and their national goals of economic growth, envi-
management of the offshore region. ronmental protection, and energy security

L. te .si- o natura spand should recognize the unique role of
Long-tm susainability naturals s y natural gas in meeting national objectives
should be addressed. The current study finds in the areas of clean air, climate change,

* ^ r -t/ - > jin the areas of clean air, climate change,
that, with focused effort, the gas demand electricity industry deregulation, and
through 2015 and well beyond can be metdomestic energy supply The guiding
with sustainable gas supplies from U.S.principles should also emphasize the
and Canadian resources. The life of the need fr ult use of public land.need for multiple use of public land.
resource base can be further extended by Recognizing that it is the primary respon-
encouraging efficiency at the burner tip. sibility of the Secretaries of the Interior
However, the Council also recognizes that and Agriculture to establish land manage-
at some point in the future-though prob- ment policies within their jurisdictions,
ably not within the timeframe contemplat- the guiding principles should help put
ed by this report-the United States will those policies and priorities in a national
need to develop resources in what are now policy context with respect to natural gas.
regarded as far frontiers. Such sources The principles should be used by the
might include Alaska, large-scale LNG appropriate land management and regu-
imports from a variety of foreign sources, latory agencies to establish policies that
and possibly gas transported by pipeline promote domestic production of natural
from the Caribbean and Latin America. gas in order to meet national goals.

Gas hydrates-frozen crystals of methane * Address the barriers that restrict access to
and water found both below the ocean natural gas resources in the Outer
floor and in Arctic regions-could also be Continental Shell and on onshore federal
a potential source of natural gas. In lands, particularly in the Rocky Mountain

Adn ATurning to the Sea: America's Ocean Future region where the majority of the onshore
(September 1999), the Secretaries of public gas resource is found. The goal of
Commerce and Navy recommend the this effort should be to maximize the
acceleration of scientific research on ocean amount of economic natural gas resource
hydrates. In addition, the Department of available for development (consistent with
Energy's Office of Fossil Energy issued a effective environmental protection), reduce
document, A Strategyfor Methane Hydrates delays in natural gas exploration, produc-
Research & Development (August 1998), tion, and transportation, and improve con-
that provides for a comprehensive nation- sistency among federal and state agences.
al research program that includes bothThe ork Group should oversee the con-
marine and Arctic hydrate resources. tinuing effort to inventory the impact of

access restrictions on natural gas resources
Projects to reach the far frontiers will be as discussed above. It should also evaluate
very expensive and will have extremely the process by which access to the natural
long lead times. At some point during gas resource base and pipeline rights-of-
the study period, government and way has been restricted in the past and
industry must begin a cooperative, pub- may be further restricted in the future.
lic planning process to lay the ground- The Work Group should look at the fol-
work for far frontier projects. lowing categories of barriers:

The recommended Interagency Work - Land withdrawals that put natural
Group could play a very important role in gas resources off limits
addressing access issues and the long-term - Regulatory and policy decisions that
sustainability of natural gas supply. The Work make natural gas resources effective-
Group should be assigned the following ly off limits or impractical to recover,

I 9 responsibilities: such as:

Establish a set of principles that would - "no surface occupancy" designa-
guide federal land management policy. tions
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-use of stipulations more restrictive Industry must also continue to invest in
than needed to protect environ- the development of technologies that
mental resources reduce the environmental impact of

exploration, production, and construction
- old access restrictions that don't of infrastructure. Industry and con-

account for the effect of technolo- sumers should continue to develop more
gy improvements that might allow efficient gas consumption equipment,
development of natural gas in thereby improving energy efficiency and
environmentally sensitive areas yielding lower costs to consumers.

- air quality issues that threaten to * The government should continue investing in
delay or limit natural gas explo- research and development through collabora-
ration and production. tions with industry, state organizations,

national laboratories, and universities.
- Decisions and applications of regula- Efforts should be made to define key

tions and policies that increase the research and development priorities to
cost of or impose unnecessary delays support increased reserve growth in
in natural gas recovery and trans- existing fields and new field discoveries
portation, such as: in areas with the largest potential

~- -resource and to support expansion of the
- "combined hydrocarbon" leasing delivery infrastructure. Examples of spe-

that imposes unnecessary costs on cific research that government might
producers sponsor include:

- a cumbersome Coastal Zone - Reservoir detection and characteriza-
Management process that imposes tion technology targeted at expo-

delays on OCS leasing, ration and field development

___^?;'?" " -''.'j*^g , --,- -- Technologies to reduce the cost of

3 qaommendit aio': : .?.environmental compliance

- Innovative geologic and engineering
Hi , x'.~',;,~-%:':''''~ ^'~.?^._^.^concepts based on novel technologies

such as 3D and 4D seismic and hori-
Technology is another highly critical fac- zontal drilling

tor affecting both supply availability and
price. Accelerating the development of tech- - Technologies to further ensure the
nology is in the best interests of all stakehold- reliability, security, and integrity of
ers. The following industry and government the delivery system.
actions are recommended:

Particular consideration should be given
Industry participants must aggressively to long-term technology needs for ultra-
build on past successes in advancing tech- deep water, low permeability, and non-
nologies by investing in research and sup- conventional reservoirs that will con-
porting additional industry consortia. tribute more of the nation's gas supply in
Transmission and distribution companies the future. Policy issues that affect tech-
should continue to invest in improving nological developments should also be
the efficiency of the delivery systems. All addressed.
industry segments should explore addi-
tional applications that advanced infor- The government should promote high-
mation and communication technology efficiency gas technologies such as fuel cells,
can provide. Industry must continue to gas cooling, and high-efficiency turbines. ii
fund basic research, both independently Due to the inherent environmental
and through grants to universities. advantages of natural gas and the high
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efficiencies offered by new gas equip- retirements, aggressive action must be
ment, the use of gas in place of other taken to attract, train, and retain qualified
fossil energy forms promotes both ener- workers at all levels. Industry must also
gy conservation and environmental undertake initiatives to attract high
improvement (e.g., in areas such as acid school students with strong math and sci-
rain, ozone formation, particulate emis- ence skills to replenish college enroll-
sions, and solid waste disposal). All ments in petroleum, geotechnical, and
energy efficiency evaluations and stan- other energy-related disciplines. Gov-
dards should be based on a "total ener- ernment funding of energy-related stud-
gy efficiency" concept, that is, energy ies in universities can also help to popu-
efficiency measurements should include late these disciplines.
energy used or lost from the point of
production through consumption. * Producers, drilling companies, and equip-

The recommended Iny W k ment manufacturers should form a jointThe recommended Interagency Work ..Te _e . c ,.k ~ industry task force, headed by the
Group on Natural Gas can play a significant Inernaional Association of Drilling
role in overseeing technology investments Contractors, to gather additional information
made by the government. Industry and state Co , t ater additina if on

on infrastructure needs. Of particular con-agencies should be actively involved with the en is th proectu ed. Of particular con-
cem is the projected need to increase the

Work Group in directing these efforts.
number of wells drilled per year and
increase the drilling rigs and equipment

. ' : ..- ':":~-' - required to accomplish that task. The

Recommendation 4: - . ..-:; .......:.~ task force can begin its study by collect-
Plan for capital, infr atrucu.re a4 g -"ing data, such as drilling success rates in
human resource needs. '.: "-'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

The long-term demand growth projected operators as well as industry groups such
-n this study translates to long-term opportu- as the Petroleum Equipment Suppliers
nities for the industry and the government. Association.
The increase in demand provides the opportu-
nity for industry participants to expand their * Government should examine possible new
markets and to increase their service offerings. financial incentives, such as limited-
Benefits to the government extend beyond duration tax and royalty incentives, that
meeting environmental goals and include would accelerate the development of high-
increases in revenues from royalties, rentals, risk, high-cost natural gas resources onshore
and bonuses from the leasing of federal lands and offshore. Past support from the gov-
and development of the resources. For exam- ernment, such as tax credits and deep-
ple, income generated by the Offshore Mineral water royalty relief, has promoted
Management Program alone generates about development activity. The MMS, in their
$4 billion annually. However, taking full January 1999 publication on deepwater
advantage of these opportunities will require development facts, states "The Deep-
long-term resource planning on the part of water Royalty Relief Act, passed in 1995,
industry and government. The following has contributed significantly to the
areas should be specifically addressed: increase in deepwater activity by pro-

viding the opportunity to lease new
Industry must immediately address concerns prospects in deepwater." The MMS
regarding the future availability of skilled reports that Gulf of Mexico OCS bids for
workers. Several years are required to leases in water greater than 800 meters
train highly skilled workers to perform increased from 49 in 1994 to 1,138 in
their jobs knowledgeably, efficiently, and 1997 and 817 in 1998. Other types of
safely. Given the projected increase in incentives should also be explored with
activity and the impending increase in input from industry advisors. These
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incentives, if properly targeted, can con- environmental regulations on natural gas sup-
vert non-economic resources into eco- ply and demand. As shown in this study, regu-
nomic supply. lations that address issues such as climate

change and emissions controls on electricity
... .. .. .......... _... .; generation could have a significant impact on

.- :. W --_.-...[I~..--..._~-:- -.- ,.natural gas demand and the ability of the
i A..'2 ... o '-industry to meet that demand. Changes in reg-

. ^l^ ulations and additional moratoria or extensions
of existing moratoria that reduce access to nat-

fS "~~~~ :i: :m.,?-.:--,~ .i ural gas supply should be examined in the con-

Once a high level policy is established, all text of the need for increasing gas supply. The
agencies involved in the development of sup- reconnended Interagency Work Group could
ply and delivery systems should review and play an important role in this analysis by devel-
align existing policy to eliminate conflicting oping and coordinating a process for reviewing
directives and remove obstructions. Processes any proposed regulations to ensure that the
that affect development must be streamlined benefits of increasing natural gas use are con-
to eliminate duplicative efforts, follow more sidered in the regulatory process
predictable time-lines, and eliminate unneces-
sary costs to the industry, government, and,
ultimately, consumers. Approval processes ..'e- '--'-;'--: -
involving multiple levels of government, and ... . . .. .:".. .'.:-
agencies should be coordinated in order to ~"o ::ceslto-jimeh i
resolve conflicts in a timely manner. , .. .

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

In response to the ongoing restructuring
* Updating of resource management plans of the natural gas and electricity markets, all

for federal lands industry participants must offer new or recon-
Potential fr s g ld mt figured services specifically designed to meet* Potential for sharing land management

and .enironmental assessment resources, changing customer needs. For example, indi-and environmental assessment resources,
such as da b s ad , vidual pipelines and many LDCs are imple-

such as data bases and personnel, among menting new services to meet customer needs
agencies through filings for services such as parking,

* Designation of sufficient budgets for loaning, balancing, peaking, and hourly firm
required land-management planning and transportation. While industry-wide changes
studies may take some time to implement, individual

pipeline changes can be developed and
* Adequacy of legislation for land-manage- approved in far less time. When new services

ment policy and procedures are offered to gas customers, maximum choice

* Opportunities for coordinating permit- should be ensured by allowing all parties to
ting/approval processes among agencies. compete for the provision of those services in

a non-discriminatory manner.

j"-"B""'*:-[ ~}.fa"'~":'~~----''--,~ The members of the National Petroleum
r Council stand ready to further discuss and imple-

t i r--- ment the recommendations made in this report.k G^^^ ^^^^ S^*^ Members will assist the Interagency Work Group
'.- -. . :_.-.' --.:_?:..- .. ini-_:'.:- identifying impediments and solutions to the

mutual goals of government, industry, and con-
Additional evaluation is needed to fully sumers for increased availability of competitively

assess the impact of existing and proposed priced, environmentally desirable natural gas.
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Summary of Key Findings

The following information supplements assumptions for resource base, drilling and
the conclusions and recommendations with an development cost, technological improve-
overview of the findings from the three task ments, upstream environmental compliance
groups. Additional detail on the findings, costs, land access, and financial parameters.
assumptions, sensitivities, and model output The Hydrocarbon Supply Model's projec-
can also be found in the task group reports. tion of future natural gas deliverability by

The various projections and sensitivities region was used in the Gas Market Data and
presented in this report were prepared using Forecasting System to solve for monthly gas
market simulation models developed by production, storage activity, pipeline flows,
Energy and Environmental Analysis, Inc. end-use consumption, and prices at locations
(EEA). The oil and gas supply projections in the United States, Canada, and the
were prepared using the GRI Hydrocarbon Mexico/U.S. border. This model was used to
Supply Model, which was integrated with the project gas demand in the United States and
gas demand, storage, and transportation ele- Canada and to determine the pipeline and
ments of EEA's Gas Market Data and storage infrastructure that would be economi-
Forecasting System. cally justified in the various cases developed

The GRI Hydroca n S y M l for this report. Key inputs to the model that
as oighally G HdrocboEEA for the Gas can be varied among cases include a wide

Research Institutdeveloped by in the e s variety of drivers to gas demand and infra-
and was tbnstitute (CR1) in the early p980s structure-related parameters such as the costand was the basis for the gas supply proje- of new pipeline and storage facilities
tions and scenario analysis for the 1992 NPC
Study on natural gas. The model character- Each task group established key assump-
izes oil and gas exploration, development, tions and identified the variables that could
and production in nineteen U.S. and five significantly influence the model in their
Canadian regions. Each region is further bro- study area. Some of the key assumptions used
ken down into four to eight subareas, usually in the 1999 Study for the 1999-2015 period are
representing drilling depths for onshore listed in Table 1. As indicated in Table 1, the
regions or water depths for offshore regions. model uses a U.S. GDP growth rate of 2.5%
Proved reserves and undiscovered resources per year throughout the study period. This
for gas are divided into associated-dissolved rate is below the rate at which GDP has grown
gas, conventional high permeability gas, tight in recent years. However, history has shown
gas, shales, and coalbed methane. The that recessions have interrupted periods of
Hydrocarbon Supply Model provides the user significant growth and resulted in a lower
with a wide range of options for selecting average growth over an extended period. The
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weather that prevailed in 1998, demand grew
4"~':-~;'~i{6~.~~~'~ ~-'% : -; over that nine-year period in all end-use cate-

· E E^^^2^'$c;!M^^^ ^ -- gories. The various studies of natural gas
Y/-'gi.' 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 (induding 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.

ratey+ Growth in GDP was assumed to be 2.4% annu-
an e r eally and actual growth for the 1990-98 period

was 2.6%. Although energy intensity mea-
sured by Btu per unit of growth declined

Council concluded that a 2.5% growth rate between 1990 and 1998, it declined at a much
was reasonable, but sensitivity analyses were slower rate than the 1992 Study had anticipat-
conducted to test the effects of both higher ed. Most of the increased gas demand occurred
and lower rates. The Canadian GDP growth because of an increase in total energy demand.
rate was assumed to be 2.2%, or 0.3% lower
than the U.S. rate, reflecting a relative value Gas demand grew during this period, even
that has prevailed over the last 10 years. as the market was restructured significantly. In

1990, prior to the restructuring, over 90% of the
The crude oil parices used in the model gas moving in interstate pipelines was owned

were selected to approximate the average real by the pipeine companies. FERC actions in the
prices experienced in the 70 years from 1929 to early 1990s have transformed interstate
1998. These crude oil prices affect the outcome ains o eran r ers
of the model by determinig the welhead val- pipelines from sellers and transporters to solelyTof the moelse by determining tbe wellhead val-
ues of crude oil and natural gas, thereby set- opeaccess transporters. Many state regulato-
ting the price of fuel oils that compete with ry agencies and LDCs are movin toward the

same type of tr ansforma tion.natural gas in end-use markets. The oil prices same tpe of transformation
also strongly influence the amount of capital In addition, major consolidations have
that producers have available for reinvestment occurred within the gas industry in anticipa-
in exploration and production development. tion of and response to the restructuring of the
Sensitivity analyses were run to test the effect gas and electric industries. Numerous combi-
of both higher and lower oil prices. nations of energy service providers have

occurred within and across industry seg-

Findings of the ments, as evidenced by the combinations of
gas and electric companies. In most cases,

Demand Task Group mergers have been driven by the need to
improve competitive position through

-'.:..:---,-:__- .,:: -;- = S;.1 ; - :.- : economies of scale, greater geographic spread,
-D.". i-d " .'a- ; :. . more diversified services, and acquisition of

-- apl~r} i'~t.¢ceededexeos...-Ix 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.

Consumption of natural gas grew much The gas delivery system has remained
faster in the 1990-98 period than was antici- the safest form of transport and continues to
pated. Despite the warmer-than-normal provide reliable service despite these massive
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changes. Natural gas consumption has grown to electricity industry-gas is the preferred choice
a degree that its most ardent supporters would of the electricity generation industry for new
have found amazing at the time the 1992 NPC generating plants. Currently, 98% by capacity

tudy was prepared. 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 capacity will be fueled by coal, oil,
w astewood, wood, wind, and other.

A number of key assumptions were
. C g made concerning electricity generation. One

assumption was that 113 gigawatts of gas/oil
combined-cycle and gas-fired combustion tur-

U.S. natural gas consumption is projected bine capacity would be operating by 2010 (an
to grow from 22 TCF in 1998 to 29 TCF in 2010 increase from 25 gigawatts in 1998) and a
and could increase beyond 31 TCF in 2015 (see total of 140 gigawatts by 2015 to satisfy incre-
Table 2). Canadian gas demand is expected to mental electricity demand. The 1999 Study
rise from 28 TCF in 1998 to 3.5 TCF in 2010 determined that, through 2010, the cost of
and 3.8 TCF in 2015. electricity generated from new coal plants

(including capital costs) would not be corn-
The most significant growth in gas petitive with electricity from new gas units,

demand is projected to be for electricity gener- pettve with electricity from new gas units
ation. In the 1992 Study, increased penetration a afe an e d 20 gigawattof new coal capacity would be built. Heat
of the electricity generation market was an

eectation Today-as result of dramatic rates for all classes of electricity generationexpectation. Today-as result of dramatic sumed to improve 3 percentage points
improvements in heat rate for combined-cycle betwen 18 d 2to mprove 3 peenta points
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- Source: Online data base at Resource Data
ity generation, and the deregulation of the International, Inc. 0uly 999)

-_v dli*ri, US ALGA CONSUMPTION . -
(-1:fr.f'" C. .:..--':..-.: ,:::-.

-r~e;' O -'-ca ' ;C-i--;:': '- ''

;- ' 2.5' .-

''*7 .' A- - .: . -. A - .. :
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combined-cycle plants are assumed to be capacity would be relicensed, and that a total
capable of burning either gas or oil and nuclear capacity of approximately 80
would therefore switch fuels depending on gigawatts would remain in operation in 2015.
cost. Coal capacity utilization was assumed The electricity generation industry has
to increase 11 percentage points from 64% in increasingly relied on its nuclear generation
1997 to 75% by 2015, continuing the trend capacity, as seen in Figure 16. With the
observed in the last 10 years (Figure 15). resumption of service at the Clinton, LaSalle,
However, this continuing increase in capacity and Millstone units in the spring of 1999,
utilization is recognized as a significant chal- nuclear capacity utilization reached an
lenge for those facilities. Adding to this con- unprecedented peak of 96.5% in August 1999.
cern is the legal action taken in November This compares to the previous peak capacity
1999 by the EPA against several large utility utilization of 86% in July 1998 and the histori-
companies, charging that their coal-fired cal average of approximately 75%. The aver-
plants had effectively added to their capacity age annual capacity utilization of nuclear gen- i
during maintenance without installing new erating capacity is assumed to increase from
pollution control equipment This recent 75% to 80%' over the study period. Nuclear
action could have the impact of lowering coal retirements beyond the few projected in this
capacity utilization, thus increasing demand study could significantly increase natural gas
for natural gas. demand in the 2010-2015 time frame.

No new nuclear capacity was projected to Hydroelectric and renewable generation
be developed in the timeframe of this study are assumed to remain nearly constant
and an estimated 15 gigawatts of nuclear gen- throughout this case, although hydroelectric
eration capacity is projected to retire by 2015 generation could diminish due to environ-
as some licenses expire. The Demand Task mental concerns about the adverse impact of
Group projected that 15 gigawatts of nuclear dams on anadromous fish populations, espe-

Figure 15. U.S. Central Utility Coal-Fired
Electricity Generation Capacity Utilization

70%

Z 65%

60%

L 55%

50%I

1990 1991 1992 .1993 1994 1995 1996 1997 1998
YEAR

Source: DOEIEIA, Ectric Power Annual. 1990-1998.
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Figure 16. Total U.S. Daily Nuclear Capacity Utilization
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1997 1998 1999

Source: U.S. nuclear complex activity data, BTU Daily.

cially in the Pacific Northwest. However, such and oil prices proved to be significant drivers
declines are assumed to be nearly offset by of gas demand. For example, if GDP growth
increased generation from renewable energy were to average 3.0% per year rather than
such as wind and solar. Increases in renew- 2.5%, demand could increase by 0.6 TCF in
able capacity are evident because of existing 2010. An average GDP growth of 20% could
and growing demand for "green power," and result in 0.9 TCF lower demand in 2010. If oil
state-level legislation calling for renewable prices were $350 higher than assumed in the
portfolio standards. Reference Case, demand could increase by

The Demand Task Group recognized that 0.7 TCF Conversely, if oil prices were $3.50
.. Gg lower, demand could be 1.0 TCF lower thanassumptions for key variables have a signifi- the Reference Case.

cant impact on ultimate demand. As dis-
cussed, assumptions were made for the The assumptions regarding other fuels
Reference Case about the rate of increase in that are used for electricity generation can also
GDP, prices of competitive fuels (e.g., fuel oil have a large impact on demand. For example,
and coal), construction of new gas-fired gener- if the capacity utilization factor of coal-fired
ating plants, the retirement of nuclear plants, plants is 65% rather than the 75% assumed in
and utilization rates of gas, coal, and nuclear this study, gas demand could increase by
plants. The highest-impact variables were 1.7 TCF. If an additional 15 gigawatts of
tested with sensitivity analyses. GDP growth nuclear retirements were to occur, demand
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could increase as much as 0.7 TC. Further sents a 171 TCF increase from the 1,295 TCF
detail on these sensitivities is included in the used in the 1992 Study (see Figure 4 and Table
Demand Task Group Report. 3). In addition, Canada's resource base is esti-

mated at 667 TCF. Canada's resource base is
- :--'': - ' ~~ T.S.'" '. approximately 73 TCF lower than determined

in the 1992 Study due to depletion and
_:~~ ~~s--~3 .RjE^^^ |^ J ' ' - reassessment of nonconventional resources.

~.m dBia ]BO f ullU~Cnl ^anfs^m ena-n:. The Supply Task Group's team of indus-
'^^*^m ~ -;~., -; ( 3!~..- ̂ try experts on resource assessment conveys a

' high level of confidence in the robustness of
The potential 29 TCF demand projected for the U.S. resource base. This team notes that

2010 does not include the effect of environmen- the 171 TCF increase in the resource base has
tal and other regulations that are not currently occurred despite production in the lower48
scheduled for implementation. New legislation states of 124 TCF of reserves from 1991
or policy initiatives that might be implemented through 1997. The increase in the estimated
to address global climate change could substan- resource base is primarily derived from tech-
tially increase gas demand. For example, the nology improvements. For example, advances
Energy Information Administration (EIA) and in computer technology have yielded break-
the Edison Electric Institute (EEI) have conduct- throughs in data processing, integration, and
ed separate studies of the impact of meeting the imaging, which have in turn vastly improved
U.S. target under the Kyoto protocol. These reservoir modeling. This information enables
studies, which are discussed in the Demand better projections of the size and location of
Task Group Report, confirm that substantial hydrocarbon deposits. Technology has also
reductions in coal and oil consumption would played a significant role in improving drilling
be required with a concomitant increase in gas and completion techniques, thus improving
demand. These studies examine various scenar- access to the resource base. The major contrib-
ios and indicate an increase in gas demand of utors to increases in the resource base are:

2-12% in the case of EIA, and 10-22% in the case * Old Field Reserve Appreciation. The
of EEI above their respective reference cases. application of new technology has helped

While the 1999 NPC Study did not specif- in the assessment of hydrocarbons in
ically analyze the effect of new environmental known fields. The new information has
regulation, correlations can be made with resulted in an increase of 69 TCF in the
other factors that affect demand and price. For estimates of the resource base in "Old
example, the sensitivity analysis that examined Fields."
a decrease in the utilization rate of coal-fired
electricity generation capacity-which could * New Felds Primarily in the Deepwater
easily occur with new environmental regula-Gulf of Mexico. New information and
tion-indicated that a significant correspond- improved interpretations have also yield-
ing increase in demand would occur. ed increases in projections for New

Fields-fields that are theoretically in
place but are yet to be discovered. For

Findings of the example, estimates of New Fields

Supply Task Group resources in deepwater Gulf of Mexico
have increased to 140 TCF, a 145%
increase from the 57 TCF estimate in the

..... l1992 Study

;-Su ffide"'"..s.,. Figures 17a and 17b show the U.S. and
'-. w l n^^^ -;.--: .:, i f^ ^ Canadian assessment regions and the

~;-?.'en~ ' ty~- f - '^i-,~ "Assessed Additional Resources" for each
;:~~~~~*, .--..; region, which is the sum of Old Field growth,

New Field discoveries, and nonconventional'
The estimated resource base of 1,466 TCF gas sources. Two areas, the Rocky Mountain

for the lower-48 states in the 1999 Study repre- Foreland and the Central and Western Gulf of
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TABLE 3

U.S. AND CANADIAN NATURAL GAS RESOURCES
(Trillion Cubic Feet)

1992 NPC Study' 1999 NPC Study
(1-1-91) (1-1-98)

LOWER48 RESOURCES

Proved Reserves 160 157

Assessed Additional Resources 1,135 1,309
Old Fields (Reserve Appreciation) 236 305

New Fields 493 633
Nonconventional 406 371

Total Remaining Resources
(Proved + Assessed Additional) 1,295 1,466

Cumulative Production 758 881

Total All-Time Recovery 2,053 2,347

ALASKAN RESOURCESt

Proved Reserves 9 10

Assessed Additional Resources 171 303
Old Fields (Reserve Appreciation) 30 32
New Fields 84 214
Nonconventional 57 57

Total Remaining Resources
(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 Undeveloped 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.
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Figure 17a. U.S. and Canadian
Assessment Regions

ii

3 Alaskan resources were not assessed in this study.
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Figure 17b. Assessed Additional Resources by Region
::sy~~~~~~ 'JTRILLION CUBIC FEET
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Mexico, contribute almost half of the U.S. Future production will be from deeper
total. In Canada, the Western Sedimentary wells, deeper water, and more nonconvention-
Basin (model region ASM) will provide a sig- al sources. As Table 5 demonstrates, lower-48
nificant amount of the additional resource. production will gradually increase from deep-

er wells. Onshore production from depths
U.S. gas production is projected t o below 10,000 feet is projected to increase from

increase from 19 TCF in 1998 to 25 TCF inin recent years to over 40% by 2010. The
33% inrecent years to over 40% by 2010. The

2010 and could approach 27 TCF in 2015. industry's ability to achieve production from
Canadian imports to the United States are deeper horizons will be dependent on the
projected to increase from 3 TCF in 1998 to 3.8
TCF in 2010 and could reach 4.4 TCF by 2015 appropriate amount of deep drilling infra-TCF in 2010 and could reach 4.4 TCF by 215 structure and the continued evolution of tech-(Table 4). Approximately 13-14% of U.S. gas
supply will continue to come from Canada. noogy.
LNG imports will reach 0.9 TCF using an In the Gulf of Mexico, production from
average of 75% of existing U.S. capacity: No deeper waters will be the driving force in
additional import facilities are projected in future supply growth, as demonstrated in
this study. Exports to Mexico are projected to Table 6. Production from water depths of
increase in the near term to 0.4 TCF and more than 200 meters is projected to increase
remain at that level throughout the study from 0.8 TCF in 1998 to over 4.5 TCF in 2010
period, and maintain approximately that level

- , . ..

-TABLE 4

U.S.GAS SUPPLY
(Trillion.Cubic Feet)

.1998* .2005 2010 2015

U.S. Gas Production- 19.0 -22.6 25.1 26.6
Net Imports from Canada . 3-0 3.7 3.8 4.3
LNG Imports 0.1 0.4 0.6 0.9
Exports to Mexico and Japan -0.1 . -0.4 -0.5 -0.5

Total Supply - 22.0 - - 26.3 29.0 31;3
Canada as a % of Total ::14% .14% 13% 13%

*Histoncal data from Energy Information Administration, Natural Gas Monthly,
September 1999. Data include synthec natural gas:.-

: "TABLE 5

ONSHORE LOWER-48 GAS PRODUCTION
BY DEPTH INTERVAL

1998'- ' 2005 2010 2015
0-5,000 ft 28% . 27% 25% 25%
5-10,000 f 39% '- 37% 34% 32%
10-15,000 ft 26% - 26% 29% 32% .
> 15,000 ft 7% ' -- 10% 12% 11%

.-'Energy and Environmental Analysis, Inc., estimates adapted from 0
Pl/Dwights production reports. . :
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addressed and overcome in order to deliver adequate supply will be hampered. Enabling
cost-competitive supply. Two sensitivity cases access beyond that assumed in the Reference
were developed to determine the impact on Case is necessary to improve availability and
price and demand if technology develops at cost-competitiveness of gas supply in the time
either a slower rate or a faster rate. When period of the 1999 Study.
technology improvements developed more Two areas that will significantly con-
slowly than in the Reference Case, demand in tribute to future gas supply are the Rocky
2010 fell by 0.7 TCF and price inaeased by Mountain region and the Gulf of Mexico, both
$0.27 per MMBtu. Conversely, when the rate of which have significant access restrictions.
of technology improvements increased, For example, approximately 9% of resource-
demand increased by 0.7 TCF, and price bearing lands in the Rockies are completely
decreased $0.32 per MMBtu. inaccessible due to "no leasing" and "no sur-

Sensitivity analyses were also run on the face occupancy" restrictions. Another 32% of
size of the resource base to evaluate the resource-bearing lands are specifically subject
impact of learning more about the resource to restrictions that delay development activity
base. An increase of 250 TCF in the economi- by an average of two years and add measur-
cally recoverable resource base, beyond the ably to the cost of drilling wells on these
1,466 TCF Reference Case estimate, resulted in properties. These restrictions mean that over
a decrease in gas price of $0.96 per MMBtu. 137 TCF of resources are subject to prohibi-
Conversely decreasing the estimate of the tions or impediments. Another 76 TCF of
resource base by 250 TCF from the 1,466 TCF resources are estimated for restricted offshore
estimate, increased the price by $0.56 per areas in the eastern Gulf of Mexico, the
MMBtu. The sensitivity analyses indicated Atlantic, and the Pacific. Regardless of the
that the assumption on the size of the estimat- lack of specific stipulations, nearly all
ed resource base has the highest impact on the public-lands acreage otherwise accessible for
ability to produce competitively priced natu- development regularly becomes encumbered
ral gas. This sensitivity analysis provides to some degree in disputes among stakehold-
some insight into the impact of access issues er groups and inconsistent application of reg-
since access restrictions remove potential sup- ulatory policy by the governmental group(s)
ply from the available resource base. charged with managing these lands. These

issues result in similar delays and added costs
for offshore areas.

- NHi ~The 1999 Study assumes access to those
-2 2d~ .|~~~~~ |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

Access issues limit the ability to reach currently in progress. Similarly, the Destin
known resources, slow down development in Dome area off the Panhandle of Florida was
certain areas, and impede the construction of not assumed to be available for development
needed pipelines required to deliver natural in the Reference Case because the regulatory
gas to markets. For the purposes of the 1999 approval process was taking place during the
Study, the following assumptions were made time of this study.
with regard to access: (1) all scheduled lease Two sensitivity cases were developed to
sales will continue on time (including MMS evaluate the impact of access on natural gas
Lease Sale 181 in the eastern Gulf of Mexico); production. As seen in Table 8, the reduced
(2) all existing regulatory requirements and access case assumed that further restrictions in ;
restrictions on-and all current rights to drill the Rocky Mountain region would increase
on-public lands are honored; and (3) rights- development costs and reduce the area that
of-way will be obtained for constructing and can be leased under standard terms. This case
expanding any necessary pipeline infrastruc- also assumed that the scheduled MMS Lease
ture. If any of these assumptions fall short, Sale 181 would not occur. The reduced access
the ability to explore for, produce, and deliver case resulted in a price increase of $0.16 p.
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\11MBtu in 2010 and a decrease in U.S. produc- 2004 and production from the area opened in

tion oi 0.5 TCF. The declines in production MMS Lease Sale 181 would begin in 2002.

*occurred primarily in the Rockies and the This increased access case resulted in an
eastern Gulf of Mexico. The decrease in pro- increase in U.S. production of 0.5 TCF in 2010,
duction in 2015 was 0.2 TCF, with a decrease 95% of which was in the Rockies and the

in price of $0.08 per MNMBtu. The changes that eastern Gulf of Mexico. A corresponding
occurred in the reduced access sensitivitv case decrease in price of $0.21 per MNMBtu accom-
Wvere not pronounced, primarily: because the panied this production increase. More impor-
access assumptions in the Reference Case tantlv, a dramatic shift occurred in the

evre alreadv verv restrictive. Extended View period with an increase in
U.S. production in 2015 of 1.6 TCF. This

The second sensitiv itv case assumed that increase continued to be primarily from the
access restrictions would be relaxed in the Rockies and the Eastern Gulf of Mexico, with

Rockies, resulting in the elimination of high- some Atlantic offshore production beginning
cost delays. Currently restricted offshore in this time frame. Prices in 2015 decreased
areas were assumed to be open to leasing in by $0.43 per NIMBtu.
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to hinder the ability of the supply sector to

Supply Finding 3: find and develop the required gas supply.
A healthy oil and gas industry is Three major shocks to employment prospects
critial for natiiril assupplyto sat- in the producing sector have occurred in the

,aua g suppl to- -- ,- - -s ,at last 20 years. Each of these shocks (1982,1986ex: .disfype ddin..ii.de mand..- s y n nCa em ~ and 1998) was caused by drastic declines in
:' - ' :.:' :? ; "'::.. *-. -'-.':'-:! *':: .' - - -the world market price of crude oil and result-

ed in significant reductions in expenditures
Adequate financial performance and jobs. At the same time, companies dra- -

must be demonstrated to compete matically decreased hiring rates. As a result
for and attract financial investment. the producing sector now suffers from a very

slim "bench" of mid-career workers betweenThe growth in gas demand projected in the slm "benchof m workers between
1999 Study will require approximately $658 bil- the ages of 30 and 40 and is facng a large
lion [constant 1998 dollarsJ in upstream capital wave of retirements
expenditures from 1999 through 2015. This fig- In the aftermath of precipitous declines
ure includes all exploration, development, in crude oil prices in 1981, enrollments in key
production, and gathering capital expenditures. disciplines that support the producing sector
A summary of the capital investment require- began to decline drastically and gained
ments projected by the Reference Case in the momentum with the equally devastating oil
1999 to 2015 study period is shown in Figure 9. price drop in 1986. The "farm dubs"-college

This supply growth will require an and university petroleum-related degree pro-
increased annual average capital expenditure grams-continue to have great difficulty
of $39 billion per year from 1999 through 2015, attracting promising high school seniors.
versus an annual average of $27 billion from Enrollments in undergraduate petroleum
1991 through 1998. However, these needed engineering and geoscience programs have
levels of investment will take place only if declnedby 77%and 60 ( , respectly,
investors have confidence that competitive between 1985 and 1998 (see Figure 18)
rates of return will be earned. In recent years, The oilfield service/supply sector faces
this has not been the case as the U.S. upstream similar challenges in meeting engineering and
sector has earned very modest rates of return. operations requirements. Volatility in the
According to the Financial Reporting System, drilling industry has caused many toolpush-
the 23 largest producers reported an average ers and other key supervisory personnel to
return on assets of just 5.4% over the 12-year leave the industry in search of more stable
period from 1986 through 1997. careers. Industry contractors will be chal-

The assumption for future oil prices in the lenged tofind and train adequate numbers o
1999 Study does not take into account the price skilled lborers, such as machinists electn-
volatility that has been experienced and that cians, pipefitters, and welders. Higher wage
has caused difficulty in maintaining steady scales are likely to be required to attract work-
levels of upstream investments. The strong ers back into the industry.
direct correlation between commodity prices Beginning immediately, aggressive
and upstream investment means that invest- pro-active workforce planning is a necessity
ments drop rapidly following a significant for producers and contractors to achieve
downturn in oil or gas prices and confidence staffing levels that are necessary to meet the
returns slowly. The historical low rates of challenge of the projected demand increase.
return and the degree of volatility jeopardize
the steady flow of capital that is needed to
achieve the large projected increases in gas
production required to meet growing demand.

Aggressive pro-active workforce -,2 Data from (1) Pel rolcum Enginetring anr
Technology Schools 1997-1998, Society of Petroleum

planning is essential. Engineers http://www.pe.ttu.edu/speschoolsbook/
html/school.html, (2) State of Oil and Natural Gal

Without immediate action, impending Industry, Independent Petroleum Association of
shortages of qualified personnel are expected America. August 4.1999.
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Figure 18. Geoscience Undergraduate and
>I~~ ~ I ~Petroleum Engineering Enrollees
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Source: Society of Petroleum Engineers. Pe/o/eurn Engineering and Technoogy Schools 1997-1998; and

American Geological Institute.

New drilling rigs must be built. stant. Thus, to drill 48,000 wells annually by
2015 an average of 2.100 onshore rigs and 180

n order to supply the volume of naral offshore rigs will be required to actively drill
gas needed through this study period, the each month of the year.
total number of wells drilled annually must
increase from 24,000 in 1998 to 37,000 in 2010 With this increased level of drilling, the
and as high as 48,000 by 2015. The well availability of drilling rigs becomes a primary
counts include both gas and oil wells because concern. Over the 1999-2015 time frame, the
approximately 14% of natural gas produced in number of onshore rigs that will be retired or
the United States is associated gas. In 1998, an lost to attrition is estimated at 90% of the cur-
average of just over 1,250 onshore rigs of the rent fleet. In order to meet estimated rig
1,700 rigs available have been active. While demand, over 1,125 onshore rigs would need
rig efficiency (footage drilled per rig, see lo be constructed by 2010 and as many as
Figure 19) has improved since 1985 and is 1,894 by 2015. Onshore rig construction will
expected to continue to improve over time be needed as early as 2001 Capital require-
with technology advancements, increased ments for onshore rig construction is projected

well depth requirements will likely cause the at $12 billion.
current number of actual wells drilled each Additional offshore drilling rigs will also
year per active rig to remain relatively con- be needed in this time frame, as shown in
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Figure 19. Annual Average Footage Drilled Per Rig
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Table 9. As of September 24,1999, the offshore all facets of the natural gas producing sector.
fleet actively drilling in the Gulf of Mexico The persistent improvement of computing
numbered 207, with 30 of those working in power at consistently decreasing prices has
deepwater. Included in that total were 76 rigs placed increasingly powerful information
that were not being marketed. Some of the technology tools in the hands of even the
rigs in this category might not be returned to smallest producers, improving efficiency and
service due to the costs that would be associat- reducing cost structures. Processing power is
ed with meeting U.S. Coast Guard certification growing and allowing applications to be
requirements and classification society stan- moved from mainframes to high-efficiency
dards. Since offshore drilling rigs are mobile, workstations. The advent of object-based and
improved market conditions in the Gulf of improved data storage technologies have
Mexico could potentially attract rigs to relo- allowed greater access to data with a high
cate from foreign waters. Taking into account level of access in user friendly interfaces.
increasing drilling efficiencies as well as annu- Connectivity has been enhanced by the use of
al attrition rates of 5% for deepwater rigs and high-capacity networks, fiber, and satellite
7% for all others, the 1999 Study projects that communication links, and the Internet
72 additional rigs-either reactivated, new (intranets, extranets, etc). More importantly,
construction, or relocations-will be needed these types of system advances support new
by 2015 for the increased offshore activity. paradigms of multi-disciplinary teaming.
This total includes 10 deepwater rigs, 32 plat- cOne consideration in this constantly
form rigs, and 30 jack-up rigs and barges. Ifonment and worksle is the
all of these additions were met by new con- n h eole an adat, mody

structin capital requirements would be manner in which people can adapt, modify
strucon, capital requirements woud be work processes, and comfortably utilize these

approximately $7 billion.approximately billion tools. These changes challenge management
to ensure that training is constantly updated
to match the fast pace of technology growth.

Supply Finding 4: Advances in technology do not happen
nvestment in research and develop- in a vacuum. All industry stakeholders will

ment is needed to maintain the pace have to support continued investment in tech-
of advancements in technology. nology research and development-from the

producer who must apply the newest
tools/techniques to the next opportunity, to

As stated earlier, technology advance- the investor who must at times be willing to
ment has played a major role in the increase of sifie immeiate ains or onerter i
the North American resource base by: sacrifice immediate gains for longer-term via-the North American resource base by: bility. Continued and increased funding of

* Improving efficiency of drilling, equip- research and development is required for the
ment, operating, and other costs North American resource base to live up to its

potential. Cooperative measures by all parties
· Increasing recovery factors of discovered will be required. With continued emphasis

oil and gas in place and investment, new technologies such as
* Improving success rates (i.e., reducing those listed below could have a significant

the number of dry holes) impact on future gas production:

* Revealing new areas and types of * Improved Seismic Techniques. Time-
resources for exploitation through inno- lapse seismc reservoir monitoring, com-
vative geologic and engineering con- monly known as 4D seismic, is the com-
v ice geploi anetsi e rn o n-parson of 3D seismic surveys acquired at

two or more points in time. This allows
The above improvements occurred scientists to study the movement of flu-

mainly due to advances in 3D seismic, direc- ids in the reservoir. Another technique,
tional drilling, and improved completion tech- multi-coponent technology, provides a

9niques. more detailed picture of a subsurface
Information and communications tech- reservoir's internal architecture. The

nology also has had a widespread impact on combination of these two technologies
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with visualization technology allows areas if technology and cost chale
geoscientists to "see" reservoir events can be met.
such as a gas cap enlarging as oil is pro- The 1999 Study presumes that thee
duced. In the future, real-time reservoir technology advances and many others wifi
models will use these techniques to allow form the basis for new innovations that
quick updating as new data are available, increase exploratory success and optimize
thus enabling drilling and field develop- well production capability. Should techno o-
ment decisions to be made quickly to gy advancements materialize at a slower rate, '

enhance production or should these technologies prove less valu-
able to producers than expected, the avail-

Deep Wireline Measurements. Deep ability of future supply and the cost at which
measurements of gravity and electro- it is delivered could be impacted.
magnetic forces provide information that
complements the seismic data. Wireline-
based deep measurements typically have Findings of the Transmission
higher resolution than seismic and can & Distribution Task Group
provide enhanced detail about gas loca-
tion and movement.. . .

Transmission/Distribution Finding 1:
* Integrated Well Planning. Integrated iiicant expansin and enhanceSignificant expansion and enhance-

well planning is the process of effectively ments to the deliverysystem-are
and accurately planning for optimum required to serve the growing
wellbore placement in the reservoir, de 'nd. I

7demand.
determining suitable equipment/systems
for completion and production, and max -

imizing reservoir output and economics. Substantial changes are expected in natu-

* Drilling Systems. A major focus on ral gas supply and consumption patterns by
drilling systems will continue, because 2015, which creates a need for enhancements

to the existing delivery system and construc-drilling time is a major component of rig to the existing delivery system and construc
cost and thus the total cost of the well. hon of new transmission and storage facilities.

By 2015, annual requirements are projected toSignificant strides have been made in the increase beyond 31 TCF, which equates to
last several years with regard to rates of 88 BCF per day Peak-day requirements will
penetration, equipment dependability, grow from approximately 111 BCF per day in
downhole data gathering, and drilling 1997 to over 152 BCF per day in 2015, as
dynamics. The ability to steer and shown in Figure 20. A significant investment
extend the wellbore both vertically and in pipeline facilities will be necessary to meet
horizontally to zones of interest has the new demand requirements and shifts in
increased significantly with the advent of supply locations to deepwater Gulf of Mexico,
extended reach wells, horizontal drilling, Rockies, western Canada, and the Canadian
and multi-laterals Atlantic. These frontier supply basins will

have increased pipeline costs because of their
* Deepwater Technology. As exploration more distant location from markets, mitiga-

and production activities move deeper tion of potential environmental impacts, and
into the ocean, new technology will be harsher environments for construction, main-
essential for advancing offshore produc- tenance, and operation. However, the annual
tion systems. Traditional platforms are average expenditures projected in this study
being replaced with new designs and are consistent with historical trends.
subsea completions are becoming corn- The consumption of natural gas in the
mon place. New systems.such as United States previously peaked in 1972 at
Floating Production Systems may have 22.1 TCE Since then, geographic shifts in sup-
the potential to significantly extend pro- ply and demand (such as the decline of the
ducing systems to the ultra-deepwater industrial Midwest and increases in supply
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Figure 20. Peak-Day Demand by Year
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Source: EEA, Inc, Gas Market Data and Forecasting System.

from the Rockies and Canadian imports) has requirements on an annual and peak-day
caused the transmission and storage system to basis. Analysis indicates that the system had
expand more slowly than otherwise expected. a 1997 annual capacity of 45 TCF and a daily
Today there are more than 270,000 miles of gas capacity of 131 BCF This additional capacity
transmission pipelines and approximately above the 1998 annual consumption of 22 TCF,
3.2 TCF of working gas storage capacity and estimated firm peak-day demand of
(Figures 21 and 22). The U.S. delivery system 111 BCF per day, allows non-firm customers to
also includes another 952,000 miles of gas use this capacity on peak days, provides nec-
lines owned by the distribution segment of the essary redundancy, adds reliability, and
industry. Through 2015, approximately 38,000 enables the system to support a growing U.S.
miles of transmission pipeline and 255,000 gas market.
miles of distribution mainlines are projected to Peak-day requirements represent the sum

Peak-day requirements represent the sum
be needed to meet the requirements of the of all loads on a system on the day of highest
projected market. This rate of growth is co demand (as measured by volume) Any pr
parable to the expansion experienced in theparable to the expansion experienced in the ticular system must have the ability to meet its
last few years. In addition, working gas stor- "cular system must have the ability to meet its
age wil increase. addition, working gas stor. customers' firm requirements on design peak

age will increase by 08days. Gas utility systems use a combination
The existing transmission and storage of flowing gas and storage gas to meet their

system is capable of meeting its existing firm customers' firm requirements on these days.
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The space-heating load is highly dependent tricity generators, may limit consumption on
on the impact of unpredictable winter weath- peak days and allow (or require) them to
er. For this reason, almost all U.S. gas switch to another fuel. Some customers are
pipelines and distribution companies experi- unable to switch fuels due to restrictions from
ence their peak day during the winter months. environmental regulations. This is becoming
During the remaining months of the year, more common, particularly for the new elec-
these utilities have unutilized capacity beyond tricity generation facilities, as fuel-switching
that needed to meet market requirements and capabilities are becoming more difficult to
to refill storage. permit in some areas of the United States.

In general, the increased demand projec- Thus, the new electricity generation load will
tions for 2010 and 2015 in the residential, likely have a higher impact on peak-day
commercial, and industrial sectors will also requirements than in the past. However,
increase peak-day requirements and thus some level of fuel-switching capability is nec-
necessitate construction of additional pipeline essary to handle overall energy needs on peak
and storage facilities. Contracts with some days and to lessen pipeline and storage
customers, principally industrials and elec- expansion needs.

Figure 21. U.S. Natural Gas Pipeline
Cumulative Mileage
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Figure 22. Underground Natural Gas Storage Capacity
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Sources: Total Capacity: American Gas Association. Engineering Technical Note. Underground Storage in
the U.S. andCanada-1990. April 1991.

Base Gas: Energy Inormation Administration, Annual Energy Review 1990, p. 175.
Working Gas = Total minus Base.

Two shifts in the flows on the transmis- western Canada to the Pacific Northwest, and
sion system have developed recently. The first the Mackenzie Delta to Alberta.
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 t; . f' l ( Fii ng..
of Gulf Coast and Mid-Continent supply by :.AIi ' "U"Sinde installatfion oi
Rockies and western Canadian supply as new.u lrasucture - - : .
additional pipeline infrastructure has come on ....--. - . .
line. The second is the increase in Gulf Coast
supply to the Southeast that was caused by The anticipated shifts in supply regions
the large increase in market demand. Supply and regional growth patterns will require
increases from the Rockies and western building pipelines to tap new supply sources,
Canada will be landing in the Midwest area, expanding infrastructure along existing corri-
turning Chicago into a supply hub at some dors, building laterals to attach new markets,
point in the near future. The Reference Case and attaching new storage facilities to the
shows that significant new or incremental pipeline grid. A fundamental requirement to
transmission capacity will be built from the develop this infrastructure is access to land for
Rockies to California, Canadian Atlantic to attaching, gathering, and processing the natu-
New England, Gulf of Mexico to Florida, ral gas and then transporting the natural gas
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to market or to storage fields for eventual term contracts as the measure of demand
delivery to market for a proposed project.

Issues related to access have become Careful consideration must be given to
more prominent for the transmission and dis- these and similar issues in order to balance the
tribution sectors of the industry. Access issues myriad of interests that exist. The conse-
arise from urban sprawl encroaching on quences of conflicting policy and regulations
potential and existing rights-of-way and elimi- within and across government agencies will
nating potential pipeline routes, heightened lead to higher costs, either directly or via
public resistance to providing easements, and delays. Natural gas has its own environmen-
increasingly restrictive government policies tal benefits that should be taken into account
and regulations. Some of these issues are when formulating policy so that an appropri-
exemplified by public protest to recently pro- ate balance can be achieved.
posed pipeline projects from the Midwest to
serve Northeast markets. Both industry and ,:-".':
government have taken action to address the rannu sioniisribtoFiiding 3:
public's concerns. For example, FERC recent- iew ervice ae'eeded to serve a
ly amended regulations by adding landowner 'P ^ " '*;

notification requirements and also issued. . :: :-
orders to help facilitate pipeline projects. - - -
However, the following examples of proposed The evolving competitive nature of the
policy/regulatory changes demonstrate a natural gas industry requires new mecha-
movement toward additional requirements for nisms for existing and new customers to gain
the building and maintenance of pipelines. access to transportation services at competi-

The U.S. Fish & Wildlife Service (FWS) tive prices. As the LDCs' requirements to
has developed a "raft C ibili hold interstate pipeline capacity decline, mar- -

has developed a Dra Compatblty keters, producers, and other end-users will be
Policy Pursuant to the National Wildlife contracting for the capacity. Many of these
Refuge System Act of 1997" that would customers use capacity differently than the
significantly impact the ability to obtain LDCs, because their individual load require-
permits from the FWS- for non-wildlife- ments and physical capabilities differ from
dependent activities. the aggregated load and system capabilities

* On July 21, 1999, the Corps of Engineers of the LDCs.
proposed to modify Nationwide Permits The current delivery system was built

l\ [ ~in certain areas, which if implemented and optimized over decades to meet the
could affect the ability to obtain permits design peak-day requirements of firm service

, ! in a timely and cost-effective manner. customers that are primarily residential, com-
mercial, and to a lesser extent, industrial and

;'* e On September 15, 1999, the Federal electricity generation customers. To date, the
Energy Regulatory Commission issued a "seasonal slack or off-peak slack" in the deliv-

~; i;. Statement of Policy (Docket No. PL99-3- ery system has been adequate to meet the lev-
.- | I- 000) that it will use in deciding whether els of demand placed on this system by elec-

to authorize the construction of major tricity generators. Looking ahead, the
|5 d pnew pipeline facilities. The change in anticipated tremendous growth in electricity

policy now requires that an applicant generation demand for natural gas will
1 demonstrate that the economic benefits require t h e d e l i v e ry system t o b e re- med:i to the public outweigh adverse impacts. to meet larger off-peak swing loads as well as

*· *;: _ , ' . . °,. . ' ,~ growing peak-day requirements. For exam-
Only when the benefits outweigh the gq,' Only w h e n th e b en e f it s outweigh th e pie, electricity generators (using high-effiden-
adverse effects on economic interests will cy combustion turbines) require significantly
the Commission proceed to complete the higher inlet pressures and higher hourly fl"o
environmental analysis and consider rates than other end-use customers (and pre-
other interests. Prior to this policy vious generation turbines). In addition, the
change the economic test was much sim- loads for peaking generators are volatile and

pier, relying on the percentage of long- of relatively short duration, thereby requiring
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greater flexibility and quicker responses by aging facilities. The magnitude of the expen-
the natural gas delivery system. Meeting ditures is in line with historical averages, but
these requirements, as well as the increasing restructuring has introduced new risks associ-
peak-day requirements of the other sectors, on ated with investments.
a significantly larger scale will entail changes The primary question that looms in this
in physical capabilities, operational proce- e ofe industry is about who willdures, communications cor' t ( y segment of the industry is about who will
dures, cormuncations, contracting (supply accept the risk of financing and constructing
and transportation), and tariffs.. major new facilities. In the past, downstream

·- : ,-9 H : c . - E; -.~? -~..~S, ._~-_.'~35investments in gas pipelines and storage fields
..."'..":- --- ', -- were heavily regulated. LDCs, as franchise

.~ : _iB-" ->.- . ^- : ... ^ holders, had principal access to the end-use
- "~ ''--" -.": . ..... market and thus had a level of certainty that

supported the investment in new facilities.
new: mfllraS:. - - ' The industry restructuring over the last two

. : :i-.;.::....`..decades has led to changing roles and obliga-
tions-as well as new risks and different risk

While the capital required for transmis- profiles-for all the industry participants.
sion and distribution infrastructure expan- Many pipeline shippers now attach little value
sions is not of the same magnitude as for the to holding contracts for firm service of more
upstream sectors, investment issues are just as than three years. The shippers' need to limit
critical. The Reference Case shows that trans- their long-term exposure does not align with
mission and distribution companies will need the pipelines' need for long-term contract
to make capital investments of approximately commitments to justify investment risk. In
$123 billion through 2015. This total includes addition, industry restructuring can impose a
$35 billion for transmission pipelines, $84 bil- myriad of challenges/risks to gas utilities that
lion for distribution facilities, and $4 billion should be considered in the regulatory pro-
for storage. Clearly, companies will need to cess. Faced with these changing conditions, it
make considerable investments in infrastruc- is not clear who will be willing to accept the
ture to serve new customers, manage seasonal risks for building the infrastructure needed to
and peak-day demand swings, and replace support the growth in natural gas demand.

f292

2972:'
DOE006-0329



Appendix A

The Secretary of Energy
Washington, DC 20585

May 6, 1998

Mr. Joe B. Foster
Chair
National Petroleum Council
1625 K Street, N.W.
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, 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 contribution 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,

Federico Peia
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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 bas the capability to meet the significant increases in
natural gas demand forecasted for the twenty-first century. I 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. I
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 11 petroleum program. He felt that it would be beneficial if this dose 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 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 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 U.S. Oil & Gas Outlook (1987)

* Integrating R&D Efforts (1988)

* Petroleum Storage & Transportation (1989)

* Industry Assistance to Government (1991)

* Short-Term Petroleum Outlook (1991)

* The Potentialfor Natural Gas in the United States (1992)

* U.S. Petroleum Refining-Meeting Requirementsfor 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)

* Issuesfor 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

ontributions from its members.
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NATIONAL PETROLEUM COUNCIL

MEMBERSHIP

1999

Jacob Adams William W. Ballard
President President
Arctic Slope Regional Corporation Ballard Petroleum, L.L.C.

George A. Alcom Michael L. Beatty
President Michael L. Beatty & Associates
Alcom Exploration, Inc. Denver, Colorado

Ben Alexander Riley P Bechtel
President Chairman and
Dasco Energy Corporation Chief Executive Officer

Bechtel Group, Inc.
Robert J. Allison, Jr.
Chairman andctor G. Begh

Chief Executive Officer Former President
Anadarko Petroleum Corporation Marathon Oil CompanyMarathon Oil Company

Robert O. Anderson David W Beger
Roswell, New Mexico D d W. Beler

President and
nn~~~~Philip Fr. Ls t ̂ Chief Operating OfficerPhilip F. Anschutz T

President
The Anschutz Corporation

Peter 1. Bijur
Robert G.~ Armstrong Chairman of the Board andRobert G. Armstrong

President Chief Executive Officer
Armstrong Energy Corporation Texaco Inc

-Truman Arnold Frank Bishop
Chairman of the Board, President Executive Director

and Chief Executive Officer National Association of
Truman Arnold Companies State Energy Officials

Ralph E. Bailey Jack S. Blanton
Chairman and President and

Chief Executive Officer Chief Executive Officer
Xpronet Inc. Eddy Refining Company

D. Euan Baird Carl E. Bolch, Jr.
Chairman, President and Chairman and

Chief Executive Officer Chief Executive Officer
Schlumberger Limited Racetrac Petroleum, Inc.
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John F. Bookout Richard B. Cheney
Chairman, President and President and

' Chief Executive Officer Chief Executive Officer
Contour Energy Co. Halliburton Company

Mike R. Bowlin Danny H. Conklin
Chairman of the Board, President Partner

and Chief Executive Officer Philcon Development Co.
Atlantic Richfield Company

Luke R. Corbett
William E. Bradford Chairman and
Chairman of the Board Chief Executive Officer
Halliburton Company Kerr-McGee Corporation

Charles T. Bryan Michael B. Coulson
President and President

Chief Executive Officer Coulson Oil Co.
DeGolyer and MacNaughton Inc.

Gregory L. CraigFrank M. Burke, Jr. Presigy ra i

Chairman and
Chief Executive Officerook Inlet Energy Supply

Burke, Maybom Company, Ltd. Hector . Cuellar

Bill Burton Managing Director _ , -
BPartner Area/Industries Manager

Bank of America
Jones, Day, Reavis & Pogue

Robert DarbelnetRobert H. CampbellRobert Darbelnet
Chaiirman and President andChairman and

Chief Executive Officer Chief Executive OfficerChief Executive Officer
Sunoco, Inc. A A A

Philip J. Carroll George A. Davidson, Jr.
Chairman and Chairman of the Board and

Chief Executive Officer Chief Executive Officer
Fluor Corporation Consolidated Natural Gas Company

R. D. Cash Claiborne P. Deniing
Chairman, President and President and

Chief Executive Officer Chief Executive Officer
Questar Corporation Murphy Oil Corporation

Robert B. Catell Kenneth T Derr
Chairman and Chairman of the Board and

Chief Executive Officer Chief Executive Officer
KeySpan Energy Chevron Corporation

Paul W. Chellgren Cortlandt S. Dietler
Chairman of the Board and President and

Chief Executive Officer Chief Executive Officer
Ashland Inc. TransMontaigne Oil Company
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David F. Dom Douglas L. Foshee
Chairman Emeritus President and
Forest Oil Corporation Chief Executive Officer

Nuevo Energy Company
Archie W. Dunham
Chairman, President and Joe B. Foster

Chief Executive Officer Chairman and
Conoco Inc. Chief Executive Officer

Newfield Exploration Company
Daniel C. Eckermann
President and Dod Fraser

Chief Executive Officer Managing Director and
LeToumeau, Inc. Group Executive

Global Oil and Gas Group
James W. Emison Chase Manhattan Bank
President
Western Petroleum Company Robert W. Fri

Director
Ronald A. Erickson The National Museum of
Chief Executive Officer Natural History
Holiday Companies Smithsonian Institution

Donald L. Evans H. Laurance Fuller
Chairman of the Board and Co-Chairman

Chief Executive Officer BP Amoco, p.l.c.
Tom Brown, Inc.

Barry J. Gait
John G. Farbes Retired Chairman and
President Chief Executive Officer
Big Lake Corporation Ocean Energy, Inc.

Richard D. Farman Robert P. Gannon
Chairman and Chairman of the Board, President

Chief Executive Officer and Chief Executive Officer
Sempra Energy Montana Power Company

Thomas G. Finck James A. Gibbs
Independent Oil and Gas Producer President
Vero Beach, Florida Five States Energy Company

Thomas L. Fisher Alfred R. Glancy II
Chairman, President and Chairman, President and

Chief Executive Officer Chief Executive Officer
Nicor Inc. MCN Energy Group Inc.

William L. Fisher Bruce C. Gottwald
Leonidas T. Barrow Chair in Chairman and

Mineral Resources Chief Executive Officer
Department of Geological Sciences Ethyl Corporation
University of Texas at Austin

S. Diane Graham
James C. Flores Chairman and
Chairman of the Board Chief Executive Officer
Ocean Energy, Inc. STRATCO, Inc.
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Gilbert M. Grosvenor James M. Hutchison
Chairman of the Board President

and President HUTCO Inc.
National Geographic Society

Frank J. larossi
Ron W. Haddock Chairman
President and American Bureau of Shipping &

Chief Executive Officer Affiliated Companies
FINA, Inc.

Frederic C. Hamilton A. V. ones, Jr.
^,~~Chairman .Chairman

Chairmnnan
Van Operating, Ltd.The Hamilton Companies Van Operatg, td.

Thomas M. Hamilton Jon Rex Jones
Chairman, President and Chairman

Chief Executive Officer EnerVest Management Company, L. C.
EEX Corporation

Jerry D. Jordan
Christine Hansen President
Executive Director Jordan Energy Inc.
Interstate Oil and Gas Compact Commission

Fred C. Julander
Michael F. Harness President
President lulander Energy Company
Osyka Corporation

Roger R. Hemminghaus Peter H.KeUey
Chairman of the Board Pr t
Ultramar Diamond Shamrock Corp. Chef Operang Officer

Southern Union Company
John B. Hess
Chairman of the Board and Robert Kelley

Chief Executive Officer Chairman, President and
Amerada Hess Corporation Chief Executive Officer

Noble Affiliates, Incorporated
Jack D. Hightower
Chairman of the Board, President Bernard J. Kennedy

and Chief Executive Officer Chairman, President and
Titan Exploration, Inc. Chief Executive Officer

National Fuel Gas Company
Jerry V. Hoffman
Chairman, President and Fred Kupp

Chief Executive Officer Executive Director
Berry Petroleum Co. Environmental Defense Fund

Roy M. Huffington Ronald L Kueh r.
Chairman of the Board and a h

Chief Executive Officer a r rr
RPoy M. Huffington, Inc. E1 Paso Energy CorporationRoy M. Huffington, Inc.

Ray L. Hunt Susan M. Landon
Chairman of the Board Partner
Hunt Oil Company Thomasson Partner Associates
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Kenneth L. Lay Frederick R Mayer
Chairman and Chairman

Chief Executive Officer Captiva Resources, Inc.
Enron Corp.

F. H. Merelli
Stephen D. Layton Chairman and
President and .Chief Executive Officer

Chief Executive Officer Key Production Company
Equinox Oil Company

C. John MillerVirginia B. LazenbyVi~rgminia B. Lazenby Chief Executive Officer
Chairman and Miller Energy, Inc.

Chief Executive Officer
Bretagne G.P. Steven L. Miller

Chairman, President andDavid L. Lemmon~~~David L. Lem~on jChief Executive Officer
President and

President and ^ Shell Oil Company
Chief Executive Officer Shell Oil Company

Colonial Pipeline Company
Claudie D. Minor, Jr.

John H. Lichtblau President and
Chairman and Chief Executive Officer

Chief Executive Officer Premier Energy Supply Corp.
Petroleum Industry Research

Foundation, Inc. George P Mitchell
Chairman of the Board and

Daniel H. Lopez Chief Executive Officer
President Mitchell Energy and Development Corp.
New Mexico Institute of

Mining and Technology James J. Mulva
Chairman of the Board and

Thomas E. Love Chief Executive Officer
Chairman and Phillips Petroleum Company

Chief Executive Officer
Love's Country Stores, Inc. John Thomas Munro

President
Max L. Lukens Munro Petroleum &
Chairman and Terminal Corporation

Chief Executive Officer
Baker Hughes Incorporated Mark B. Murphy

President
Ferrell P. McClean

Managi ngP. EiMcta ~Strata Production CompanyManaging Director
). P. Morgan & Co. Incorporated Lar Nichol

J. Larry Nichols

William T. McCormick, Jr. President and
Chairman andChairman and Chief Executive Officer

Chief Executive Officer Devon Energy Corporation
CMS Energy Corporation

C. R. Palmer
Cary M. Maguire Chairman of the Board, President
President and Chief Executive Officer
Maguire Oil Company Rowan Companies, Inc.
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Paul H. Parker Henry A. Rosenberg, Jr.
Vice President Chairman of the Board and
Center for Resource Management Chief Executive Officer

Crown Central Petroleum Corporation
Robert L. Parker, Sr.
Chairman of the Board A. R. Sanchez, Jr.
Parker Drilling Company Chairman of the Board and

Chief Executive Officer
James L. Pate Sanchez-O'Brien Oil and Gas Corporation
Chairman of the Board
PennzEnergy Company John C. Sawhill

President and
Howard Paver Chief Executive Officer
President and The Nature Conservancy

General Manager
BHP Petroleum (Americas) Inc Ray Seegmiller

President and
L Frank Pitts Chief Executive Officer
Owner Cabot Oil and Gas Corporation
Pitts Energy Group

S. Scott Sewell
Richard B. Priory President
Chairman and Delta Energy Management, Inc.

Chief Executive Officer
Duke Energy Corporation Donald M. Simmons

President
Daniel Rappaport Simmons Royalty Company
Chairman of the Board
New York Mercantile Exchange Matthew R. Simmons

President
Edward B. Rasmuson Simmons and Company International
Chairman of the Board and

Chief Executive Officer Arlie M. Skov
National Bank of Alaska President

Arlie M. Skov, Inc.
Lee R. Raymond
Chairman, President and Arthur L. Smith

Chief Executive Officer Chairman
ExxonMobil Corporation John S. Herold, Inc.

Oliver G. Richard m Bruce A. Smith
Chairman, President and President and

Chief Executive Officer Chief Executive Officer
Columbia Energy Group Tesoro Petroleum Companies, Inc.

Corbin J. Robertson, Jr. John C. Snyder
President Chairman
Quintana Minerals Corporation Santa Fe Snyder Corporation

Robert E. Rose Joel V. Staff
Chairman, President and Chairman, President and

Chief Executive Officer Chief Executive Officer
Global Marine Inc. National-Oilwell, Inc.
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Charles C. Stephenson, Jr. Deas H. Warley m
Chairman of the Board Chairman of the Board
Vintage Petroleum, Inc. and President

Midland Resources, Inc
H. Leighton Steward
Vice Chairman of the Board C. L. Watson
Burlington Resources, Inc. Chairman of the Board and

Chief Executive Officer
Carroll W. Suggs Dynegy Inc.
Chairman of the Board, President

and Chief Executive Officer Rex H. White, Jr.
Petroleum Helicopters, Inc. Austin, Texas

Patrick F. Taylor Mary Jane Wilson
Chairman and President and

Chief Executive Officer Chief Executive Officer
Taylor Energy Company WZI Inc.

Richard E. Terry Irene S. Wischer
Chairman and President and

Chief Executihief Executive Officeref Executive Officer
Peoples Energy Corporation Panhandle Producing Company

Brion G. WiseRoger E. Tetrault Brio Wise
Chairman of the Board and Chairman and

CifEetieOfcrChief Executive OfficerChief Executive Officer
McDermott International, Inc Wester Gas Resources, Inc.

- Geal William A. WiseGerald Torres
President andAssociate Dean for Academic Affairs rsn

Chief Executive Officer
University of Texas School of Law and

Vice Provost El Paso Energy Corporation
University of Texas at Austin George M Yates

President and
~H.~ A. ~ True, mH~ ~Chief Executive Officer

Partner ! -~~~~Partner /Harvey E. Yates Company
True Oil Company

John A. Yates
Randy E. Velarde President
PresidentTPhresaident Gu Yates Petroleum Corporation
The Plaza Group

Daniel H. Yergin
Philip K. Verleger, Jr. President
PKVerleger, L.L.C. Cambridge Energy Research Associates

A. Wesley Ward, Jr. Henry Zarrow
President Vice Chairman
National Association of Black Sooner Pipe & Supply Corporation

Geologists and Geophysicists
Ronald H. Zech

L. 0. Ward Chairman, President and
Owner-President Chief Executive Officer
Ward Petroleum Corporation GATX Corporation
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Appendix B
NATIONAL PETROLEUM COUNCIL

COMMITTEE ON NATURAL GAS

CHAIR GOVERNMENT COCHAIR

Peter I. Bijur T. J. Glauthier
Chairman of the Board and Deputy Secretary

Chief Executive Officer U.S. Department of Energy
Texaco Inc.

VICE CHAIR, TRANSMISSION &
DISTRIBUTION

VICE CHAIR, SUPPLYSTRIBUION
William A. WiseH. Leighton Steward President and

Vice Chairman of the Board Cief etie ier
Burlington Resources, Inc. Paso Enegy Corporation

El Paso Energy Corporation

EX OFFICIO EX OFFICIO

Joe B. Foster Archie W. Dunham
Chair Vice Chair
National Petroleum Council National Petroleum Council
c/o Newfield Exploration Company c/o Conoco Inc.

SECRETARY

Marshall W. Nichols
Executive Director

National Petroleum Council

Robert J. Allison, Jr. Robert B. Catell
Chairman and Chairman and

Chief Executive Officer Chief Executive Officer
Anadarko Petroleum Corporation KeySpan Energy

Michael L. Beatty * Collis P. Chandler, Jr.
Michael L. Beatty & Associates Chairman of the Board and
Denver, Colorado Chief Executive Officer

Chandler & Associates, Inc.

David W. Biegler Richard B. Cheney
President and President and

Chief Operating Officer Chief Executive Officer
TXU Halliburton Company

Charles T. Bryan Luke R. Corbett
President and Chairman and

Chief Executive Officer Chief Executive Officer
DeGolyer and McNaughton Kerr-McGee Corporation

* Deceased (May 4, 1999).
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NPC COMMITTEE ON NATURAL GAS

Gregory L Craig ion Rex Jones
President Chairman
Cook Inlet Energy Supply EnerVest Management Company, L.C.

George A. Davidson, Jr. Jerry D. Jordan
Chairman of the Board and President

Chief Executive Officer Jordan Energy Inc.
Consolidated Natural Gas Company

Robert Kelley
Kenneth T. Derr Chairman, President and
Chairman of the Board and Chief Executive Officer

Chief Executive Officer Noble Affiliates, Incorporated
Chevron Corporation

Fred Krupp
Donald L. Evans Executive Director
Chairman of the Board and Environmental Defense Fund

Chief Executive Officer
Tom Brown, Inc. Ronald L Kuehn, Jr.

Chairman
Richard D. Farman El Paso Energy Corporation
Chairman and

Chief Executive Officer Kenneth L. Lay
Sempra Energy Corporation Chairman and

Chief Executive Officer
William L. Fisher Enron Corp.
Leonidas T. Barrow Chair in

Mineral Resources Max L. Lukens
Department of Geological Sciences Chairman and
University of Texas at Austin Chief Executive Officer

Baker Hughes Incorporated
James C. Flores
Chairman of the Board Steven L. Miller
Ocean Energy, Inc Chairman, President and

Chief Executive Officer
H. Laurance Fuller Shell Oil Company
Co-Chairman
BP Amoco, p.l.c. J. Larry Nichols

President and
[Barry J. Gait Chief Executive Officer
Vice Chairman Devon Energy Corporaton
Seagull Energy Corporation

C. R. Palmer
JamesA. Gibbs Chairman of the Board, President
President and Chief Executive Officer
Five States Energy Company Rowan Companies, Inc.

Alfred R Glancy, D1 Robert L. Parker, Sr.
Chairman. President and Chairman of the Board

Chief Executive Officer Parker Drilir Co a
~~MCN Energy Group ~Parker Drilling CompanyMCN Energy Group

~~~Christine Hansen ~Richard B. PrioryChristine Hansen Chairman and
Executive Director
Interstate Oil and Gas Chief Executive OfficerInterstate Oil and Gas

Compact Commission Duke Energy Corporation

B-2 2984

DOE006-0341
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Lee R Raymond Roger E. Tetrault
Chairman of the Board and Chairman of the Board and

Chief Executive Officer Chief Executive Officer
Exxon Corporation McDermott International, Inc.

Oliver G. Richard, I H. A. True, DI
Chairman, President and Partner

Chief Executive Officer True Oil Company
Columbia Energy Group

C. L. Watson
John C. Sawhill Chairman of the Board and
President and Chief Executive Officer

Chief Executive Officer Dynegy Inc.
The Nature Conservancy

Rex H. White, Jr.Matthew R. Simmons R . te,
President Austin, TexasPresident
Simmons and Company International

Mary Jane Wilson
Arlie M. Skov President and
President Chief Executive Officer
Arlie M. Skov, Inc. WI Inc.

Richard E. Terry Brion G. Wise
Chairman and Chairman and

Chief Executive Officer Chief Executive Officer
Peoples Energy Corporation Western Gas Resources, Inc.

Daniel H. Yergin
President

Cambridge Energy Research Associates
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COORDINATING SUBCOMMITTEE
OF THE

NPC COMMITTEE ON NATURAL GAS

CHAIR GOVERNMENT COCHAIR

Rebecca B. Roberts ' Robert S. Kripowicz
Strategic Partner Principal Deputy Assistant Secretary
Global Alignment Fo s s il Energy
Texaco Inc. U.S Department of Energy

SECRETARY

John H. Guy, IV
Deputy Executive Director
National Petroleum Council

Collis P. Chandler, Jr. 2 John W. B. Northington
Chairman of the Board Senior Advisor to the Director
Chief Executive Officer Bureau of Land Management
Chandlei & Associates, Inc. U.S. Department of the Interior

Thomas A. Fry, Ils B.
Director, Nominee Ve PesVice President
Bureau of Land Manatement Strategic Planning and Engineering
U.S. Department of the Interior Burlington Resources, Inc.

J. M. Funk
Consultant Susan B. Ortenstone
(Shell Oil Company Retired) Vice President

James W. H-ail, Jr. El Paso Energy Corporation
Executive Vice President
DeGolyer and MacNaughton Steven M. Philley

Patricia A. ~Hax.mick Vice President of Energy Supply
Patniorica A. Haidnck Texas Utilities Electric Company
Senior Vice President Lone Star Gas Company
Strategy and Communications
Columbia Energy Group

~Renze~~ ~Hoeksema ~Charles E. ShultzRenze Hoeksema Chairman andDirector of Public Policy and Eecue a n Oa n f
Government Affairs Chief Executive Officer
GovMEnerrntgy Group Dauntless Energy Inc.MCN Energy Group

Paul L. Kelly
Senior Vice President Matthew R Siunons
Special Projects President
Rowan Companies, Inc. Simmons and Company International

'I Replaced Claire S. Farley (October 1, 1999)

'2 Deceased (May 4. 1999)
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COORDINATING SUBCOMMITTEE'S
DATA INTEGRATION/REPORT WRITING TEAM

LEADER

Rebecca B. Roberts
Strategic Partner
Global Alignment

Texaco Inc.

Edward J. Gilliard Mark H. LaCroix
Manager Petroleum Engineer
Strategic Planning DeGolyer and MacNaughton
Burlington Resources, Inc.

Harvey L. Harmon Blaise N. Poole
Manager Manager
Strategy and Business Development Strategy and Business Development
El Paso Gas Services Company El Paso Gas Services Company

John S. Hull
Manager Ross A. Rigler
Market Assessment & Economics Manager
Texaco Natural Gas Strategic Initiatives

Wayne D. Johnson Columbia Gulf TransmissionWayne D. Johnson
Consultant

Paul L. Kelly Travis D. Stice
Senior Vice President Regional Engineer
Special Projects Corporate Operations
Rowan Companies, Inc. Burlington Resources, Inc.
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DEMAND TASK GROUP
OF THE

NPC COMMITTEE ON NATURAL GAS

GOVERNMENT COCHAIR

I ~~~CHAIR j^James M. Kendell
Matthew R. Simmons Director, Oil and Gas Division
President Office of Integrated Analysis and
Simmons and Company International Forecasting

Energy Information Administration
U.S. Department of Energy

SECRETARY

John H. Guy, IV
Deputy Executive Director

~~I~~~~~~~! ~National Petroleum Council

Paul D. Holtberg Arthur L Smith
Group Manager Chairman
Baseline/Gas Resource John S. Herold, Inc
Analytical Center
Gas Research Institute Paul WiinsonPaul Wilkinson

Vice President
Wayne D. Johnson Vice President
]i Consultant Policy Analysis

I~~~~Consultant ~American Gas Association

Charles W. Linderman
Director John C. Wolfneyer
Fossil Fuels and Consulting Engineer

Renewable Programs Science and Technology Planning
Edison Electric Institute Duke Energy
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TRANSMISSION & DISTRIBUTION TASK GROUP
OFTHE

NPC COMMITTEE ON NATURAL GAS

CHAIR GOVERNMENT COCHAIR

Susan B. Ortenstone Joan E. Heinkel
Vice President Director

Natural Gas DivisionEl Paso Energy Corporation Natural Gas DivisionPaso Energy Corporaton Data Analysis & Forecasting Branch
Energy Information Administration
U.S. Department of Energy

ASSISTANT TO THE CHAIR ASSISTANT TO THE CHAIR
ASSISTANT TO THE CHAIR

Harvey L. Harmon Blaise N. Poole
Manager Manager
Strategy and Business Development Strategy and Business Development
El Paso Gas Services Company El Paso Gas Services Company

SECRETARY
John H. Guy, IV

Deputy Executive Director
National Petroleum Council

Abigail L. Bailey Mark R. Hanson
Manager, Regulatory Affairs Planning Manager
Texaco Natural Gas Company Natural Gas Marketing

BP Amoco

R_ Bruce Bridges
Vice President (Retired) Rita Hartfield
Planning & Administrative Manager
Shell Midstream Enterprises, Inc. Competitive Analysis

Enron Corporation

Del S. Fischer Steve Harris
Director Managing Director
Gas Transportation Planning Asset Management
Shell Offshore Incorporated Dynegy Marketing and Trade

Webster Gray George C. Hass
Technical Advisor Executive Director
Office of Pipeline Regulation Business Development
Federal Energy Regulatory Commission CMS Gas Transmission & Storage
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TRANSMISSION & DISTRIBUTION TASK GROUP

Peter Lagiovani Richard CYNeill
Natural Gas Analyst Director
Office of Fossil Energy, FE-33 Office of Economic Policy
U.S. Department of Energy Federal Energy Regulatory Commission

l ane Lewis Ross A. Rigler
Senior Managing Counsel Manage
American Gas Association Strategic Initiatives

Columbia Gulf Transmission

Lad P. Lorenz
Director John Scarlata
Capacity & Operational Planning General Manager
Southem California Gas Company Public Service Electric & Gas Company

Skip Simmons
John D. Mantyh Project Leader
tlarager ,Natural Gas
Business Development Natural GasoBusiness Development Southern Company Energy Marketing
Florida Power & Light Company

James F. Thomas
L. Harold Milton Senior Vice President
Analyst East Trading
Exxon Mobil Corporation Dynegy

Gregory Zwick
Director

Business Strategy
Trans Canada Pipelines

SPECIAL ASSISTANTS

Robert F. Keeling, Jr Kyle Sawyer
Consultant Manager
El Paso Natural Gas Company Strategy and Business Development

El Paso Gas Services Company
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SUPPLY TASK GROUP
OF THE

NPC COMMITTEE ON NATURAL GAS

CHAIR GOVERNMENT COCHAIR

Thomas B. Nusz Guido DeHoratiis
Vice President Director
Strategic Planning and Engineering Oil and Gas Upstream R&D
Burlington Resources, Inc. Office of Fossil Energy

U.S. Department of Energy

ASSISTANT TO THE CHAIR ASSISTANT TO THE CHAIR

Edward J. Gilliard Travis D. Stice
Manager Regional Engineer
Strategic Planning Corporate Operations
Burlington Resources, Inc. Burlington Resources, Inc.

SECRETARY

Robert L. Brown
Natural Gas Business Consultant

Robert Anderson Laurie M. Cramer
Deputy Associate Director for Director of Communications
Minerals, Realty and Resource Natural Gas Supply Association

Protection
Bureau of Land Management Walter D. Cruickshank
U.S. Department of the Interior Associate Director for Policy and
Kent A. Bowker Management ImprovementKent A. Bowker MMc MS 4230MMS MS 4230Senior Staff Geologist

,-Mid Continent Regn Minerals Management Service
Mit Continergy Corporio U-S. Department of the InteriorMitchell Energy Corporation

David R. Cape, CPL Edward J. DiPaolo
Past President Senior Vice President
American Association of Halliburton Energy Services

Professional Landmen

Margaret M. Carson Robert 1. Finley
Director Contractor, Z, Inc.
Strategy and Competitive Analysis Manager of Reservoir Characterization
Enron Corp. Energy Information Administration

John C. Cochener
Principal Analyst, Resource Evaluation James W. Hail. Jr.
Baseline Center Executive Vice President
Gas Research Institute DeGolyer and MacNaughton
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SUPPLY TASK GROUP
Bruce D. Thomas

John G. Hoffman Manager of Development
Engineering Manager Halliburton Energy Services )
Deepwater Gulf of Mexico
BP Amoco, p..c. Lonny H. Towell

Vice President of Acquisitions
Strategic Planning/Business

John S. Hull Development
Manager Kerr-McGee Corporation
Market Assessment & Economics
Texaco Natural Gas Jeff P. Wahleithner

Manager
Mark H. LaCroix Strategic Growth
Petroleum Engineer Shell E & P Company
DeGolyer and MacNaughton

Michael G. Webb
Christop . her B. M l Senior Vice President

Christopher B. McGill
hristoher* B.a Scupl Strategic Planning/BusinessDirector of Gas Supply Development
and Transportation Development
and Tran as ssoiation Kerr-McGee CorporationAmenrican Gas Association

John H. Wood
Director

Reserves and Production Division
U. S. Department of Energy

SUPPLY TASK GROUP'S
ECONOMIC/FINANCIAL ASSUMPTIONS & POLICY SUBGROUP

LEADER CO-LEADER

John S. Hull Edward J. Gilliard
Manager Manager
Market Assessment & Economics Strategic Planning
Texaco Natural Gas Burlington Resources, Inc.

Mark L. Bacon David R. Cape
Senior Engineering Advisor Past President
Union Pacific Resources American Association of

Professional Landmen
Abigail L. Bailey
Manager, Regulatory Affairs
Texaco Natural Gas Company John C. Cochener

Principal Analyst, Resource Evaluation
Robert L. Brown Baseline Center
Natural Gas Business Consultant Gas Research Institute
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towards ever-increasing reliance on natural gas as the support the Department of Energy in its efforts to
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W Iorksho Summary LThe NPC delivered its report, Meeting the Chalknges
Workshop Sunimary of the Nation! Growing Natural Gas Demand, to Sec-

retary Bill Richardson in December 1999.

Introduction Today, natural gas supplies almost a quarter of the

Nation's energy needs. As projected in the NPC 1999
In the last ten years, the U.S. has struggled with the eport, demand is expected to grow by almost a third
decision of what fuel, or fuels, to rely on to power the by 2010, increasing to 29 trillion cubic feet (Tcf) in
Nation's economy as we move into the 21st century. 2010 and to beyond 31 Tcf by 2015 (Figure 1)
Two of the primary criteria in this decision are that Demand will increase in all consumption sectors-
the fuel has to be available in secure, reliable, and residential, commercial, industrial, and electricity
reasonably-priced volumes, and that the fuel has to generation-with the largest growth in electricity gen-
contribute to the goal of protecting the environment. eration as natural gas remains the preferred fuel for
Out of this process, natural gas dearly emerged as new electricity generation facilities (Figure 2) and in
the fuel-of-choice for the coming decades. all regions of the country (Figure 3). More than 14

In 1990, when it first became apparent that natural million new customers will be connected to natural
gas might play a bigger role in meeting the country's gas supply by 2015 and many more will find their

needs for a clean and reliable fuel, Secretary of En- growing electricity needs met by gas-fired generators.

ergy James Watkins asked the National Petroleum As described in the 1999 report, the Council found
Council (NPC) to undertake '...a comprehensive that the domestic natural gas resource base was ad-
analysis of the potential for natural gas to make a larger equate to meet increasing gas demand for many de-
contribution, not only to our Nation's energy sup- cades. It also found, however. that realizing the full
ply, but also to the President's environmental goal." potential ofnatural gas use in the United States would
The Council responded with a 5-volume report in require focus and action on seven critical factors in-
1992 entitled, The Potentialfor Natural Gas in the duding
United States, which concluded that "natural gas has
the potential to make a significantly larger contribu- * access to resources and rights-of-way,
tion both to this Nation's energy supply and its envi- continued technological advancements,
ronmental goals." This was a landmark report that
encouraged U.S. industry and government to rely on * financial requirements for developing new

natural gas to meet the Nation's energy and environ- supply and infrastructure,
mental goals.

rEna ed
The NPC 1999 Report 35 Ac FocusPeriod

By 1998, it was apparent that the move
towards natural gas envisioned in the 1992 . 30

NPC report was occurring even faster than __

expected due to growing industrial de- Q 25
mand, slower-than-expected improvements .o
in end-use efficiencies, and restructuring I M - iw Nrc C,

r i i - *r * i , " I-'_ 1), NPC H.. C-
of the electric utility industry In response, 20- I WIC- C. -

Secretary of Energy Federico Pena asked the ______ _____ iw NT o

Council to "...reassess its 1992 study tak- ___

ing into account the past five years'experi- 1990 1995 2000 2005 2010 2015
ence and evolving market conditions that Year

will affect the potential for natural gas in Figun 1. U.. Naturl Gas Demand. Comparion of 1992 nd 1999 NPC
the United States to 2020 and beyond." Repo,.

2
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* availability of skilled workers, tion versus the environmental impacts of
natural gas exploration and production, and

· expansion of the U.S. drilling fleer,
* new services be designed to meet changing

* assuring reasonable lead times for develop- custoerd to m
ment, 0 ~~ and*~ ~customer needs.

ment, and

The Council also recommended that, recognizing the* meeting changing customer needs. Nation's changing energy needs and the dynamic na-

ture of natural gas markets, the Department should
periodically monitor trends in the assumptions used

i/ l J \ Eni r;icr \ ~in the study and progress in meeting the critical fac-
1 23%\ Gebrao \tors identified in the report.~47

'^I me ) y DOE'S Workshop on
March 5-6, 2001

*Nati's uOV por tf
m p o

nir ow 
o l

tit Since the NPC report was released in December 1999,

* Riabiy m kry-14 millin now comn by 2015 the domestic natural gas market has experienced con-
· CGonr tiwcan cnr affincy aill nect siderable volatility with prices for natural gas reach-

Fgur 2. Naturd Ga Demand Growth in NPC Rderrnc Cac ingas high as $10 per million Bru (MMBru) on the
(1998-2010): Distribution of 7 Tcf Incease by Sector. spot market. In 2000, average wellhead prices were

about $3.40 per MMBtu ($1998), 70% higher than
in response to ee one nd o nsu the typical $2 poncernsMMB nd to ensure in the 1990s
mutual goals of government, industry and consum- (Figure 4). Historically high gas storage withdrawals
ers are met, the Council in 1999 recommended that: ip .and imports were required to meet gas demand. In

* an interagency group be formed at the view of these recent market events, and concerns raised

highest levels of government to create a that demand for natural gas may be increasing at a

strategy for natural gas in the Nation's rate that the natural gas industry may find difficult
energy portfolio, to supply, it was dear that a review of the report and

its assumptions would be useful.
* a balanced, long-term approach for responsi-

bly developing the Nation's natural gas
resource base be established,

* technology research and develop-
merit be emphasized,

* a plan for capital, infrastructure, 4 L

and human resources be created, '-

* government processes that impact i

gas development be streamlined
to eliminate duplication and
conflicting directives,

* the impact of environmental .
regulation be assessed to objcc-

tively weigh the environmental r- A

benfits of natural gas consump-

Figure 3. Natural Gas Demand WilU Incrras In All Regions (1999 NPC
Rcfernce Case).

3
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Accordingly, the Department sponsored a
workshop on March 5-6, 2001, to provide $4.50
an opportunity for industry and government $4.00

executives, especially those individuals who $3.50 t -x

participated in developing the NPC 1999 $3.00
report, to discuss and share their individual $2.50
observations on the report and changes that $2.00
have been seen in the marketplace since the $1.50 - Actal
report was released. S1.00 NPC Lowst

A "roadmap" highlighting key assumptions $050 NPC Hhest
from the NPC 1999 report provided the 195 195 2000 2005 2010 20151980 1985 1990 1995 2000 2005 2010 2015
backdrop for workshop discussions

,_.*~~~~~~~~ * , , ' .19985$MMBtu
(Figure 5). In three areas that corresponded
to Task Groups previously organized by the Figure 4. Average U.S. WRllhaJd Ga Price-1999 NPC Cuas.
Council -Demand, Supply, and Transpor-
tation and Distribution-the workshop participants The Department requested that the workshop par-
reviewed: ticipanis share their expert insights and observations

s ud in te NC 19 on the recent events in the natural gas industry, and
* assumptions used in the NPC 1999 reportReference se or derved from the model- did not seek a consensus view. The purpose of the

Reference Case or derived from the model-
Rfring rCsults e odeworkshop was for the participants to gain an improved

ing results, understanding of our Nations energy situation and
* changes in natural gas market conditions the evolving role of natural gas in meeting the energy

and public policies since the NPC 1999 needs of consumers.
report was released,

* the magnitude of these changes (e.g., as
compared to results or sensitivity
analyses from the NPC 1999 Reference Case
report), and

Sensitivity Cases
* possible implications these changes may · RoucrtBa

have for the results, findings and recommen- __ _ Techbol

dations of the NPC 1999 report. o il
Prr

* GDP

I I

Demand Supply Transmission/Distribution

U.S. GDP Growth Rewurr Bse 'Maor ProjecC Completed and Planed
U.S. Industria Production Index 'Domcerc Gas Production Bass Diff rcria
Caadian GDP GCwth Comenoal. GOM. Uxcmdnetonal LNG Imporm
Crude Oil Prices Wdls nd Fooot Drillod '*Fronrc p Pipeline Pjec

'Ne' Po.erplan( Construction ICo a
Porrplant Fuel S.ithing Capabiliry GC . Mxim LNG GPipaclu Co soo COsr
Nuclnr Plant RAcrnsit ngTc mobl Popr Gas Stor a Cots
Coal and Nude Capacity Udliution Eploradon Succss New Secrv:
Indusnil and Rcsidcniadoxnmmrcial Drilling Eflfidies Accea to Righa of Way

Nanura Ga Demand 'Acces to Resouce Financi.i Rcqulomcna
Wether

Fatiual Requirtmlno

'Key isues.

Figure 5. NPC Naturl Gas Study Roadnp.
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Workshop Commentary There was discussion among the participants that if
oil prices stayed high, upward pressure would be

Over the past two years, a number of significant placed on gas prices because in the NPC Reference
changes have taken place in natural gas markets. De- Case and in most of the sensitivities, potential gas
mand has increased significantly, driven primarily by demand was projected to be switched to oil to bal-

power generation needs, while domestic production ance the market. If oil prices were higher, then gas
has not kept pace with demand. The situation prices would also be higher than projected. While
reached levels of significant concern this past Decem- these higher prices would bring in more gas supply,
ber when the "perfect storm" hit domestic gas mar- they might also inhibit long-term gas demand by,
kets Following a cold November, December was even for example, making coal more economic for new

colder-over 20% colder than normal. Gas storage power plants.

had already been heavily drawn down and, the sup-
had already bleen heavily drawn down and thae sup- The participants discussed the fact that about 12,000
ply/demand balance was tight as end-users that could (MW) of new coal capacity beyond thatmegawatt (MW) of new coal capacity beyond that
switch to oil had already done so. As a result, in p i t N

projected in the NPC study has already been an-
December 2000, wellhead natural gas prices nation- ocd n the a s ths de t a an-~~., ~ ~~~ ~ . , ,...-. » . ~ nounced in the last six months due to high gas and
wide averaged $5-55 per MMBtu, almost three timeswide averaged $5.55 per MMBtu, almost three times oil prices. There was some disagreement as to whether
the prices one year earlier, and peaked at over 10.00 these and other ew oa as a t be p nethese and other new coal plants that might be planned
per MMBru. in the future would add to the NPC projection for
The increased demand over recent months has been coal generation or make up for old coal plants that
made up mostly by one-time increased drawdown will be retired due to the high cost of retrofitting
from storage, as well as increased imports from Canada environmental controls.

and decreases in demand (fuel switching and reduced wo p ps
i.. ., T As might be expected, workshop participants pre-consumption in the industrial sector). The extent to

which these tres cn sented a range of views, from expectations that thewhich these trends can continue is unclear. It ap- marketplace would shortly come ack into balance
pears that demand will continue to grow as least as

pears, .that demand wll cs Jalbeit at higher price levels than in the past. to more
quickly as envisioned in the 1999 NPC report, and

possibly faster. As 2 Nation we need to examine ominous views that acute natural gas shortages maypossibly laster. As a Nation, we need to examine
cpossily faster.Aa Nar tion, weil e tcom examie hi be in the offing in the near future. What became
closely how the marketplace will accommodate this clea, however, was that there may be in.s~ .* ~~ ,,~ r~ *clear, however, was that there may be inadequate dataincreased demand ror natural gas. at this time with which to decide among differing

With respect to oil prices, the NPC Reference views regarding the implications of nascent trends.
Case oil price assumption was $18.50/bbl West
Texas Intermediate (WTI) in real 1999 dol- $35.00
lars and $16.50 for refiners average cost of crude
(RACC). These prices were chosen for the /.
study because they are the actual long-run $25.00-
average over several decades. (High Oil Price 00 A - /
and Low Oil Price sensitivity cases assuming/ \' .\ /
long-run WTI oil prices of plus or minus 5.0 \x , _
$3.50/bbl were also run.) Actual oil prices $10o.oo0
(Figure 6) in 1999 and 2000 were higher than NPC 99

S5.00 --- Aci^l (ELA)--
even the High Oil Price case. The high oil
prices stimulated drilling activity and led in- 10.00
directly to higher gas prices through much of 1995 1996 1997 1998 199 2000 2001
2000 when gas competed with distillate and
fuel oil at the burner tip. Figurr 6. Oil Prir (RACC) (Nominal US. Doll3 n per Banel).
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Participants universally saw the need for increased Natural Gas Demand
benchmarking of key demand, supply, and transmis-
sion and distribution milstones, which would help The estimated actual gas demand in year 2000 was
clarify the situation. Further, there was a call to re- about 0.5 Tcfhigher than expected by the NPC 1999
convene another workshop in six to nine months when report reference case (Figure 7).' Workshop partici-
improved data on year 2000 and information on pants discussed how harsher weather in 2000, to-
trends for 2001 would be available and more mean- gether with less electric production from hydro units,
ingful directions could be established. had contributed to the strong demand for natural

The NPC 1999 report has been characterized as the gas. The participants also noted that unusually highThe NPC 1999 report has been characterized as the
e r - * i 1 r - r . ,. . net withdrawals from gas storage, both in the U.S.most definitive body of information outlining net withdrawals from gas storage, both in the U.S.

and Canada, helped meet the demand for natural gasindustrys ability to meet future demand for natural and Canada helpd meet the deand for natural gas
gas in the United States. And, overwhelmingly, work- Ewhen gas supplies were lower than expected in 2000.2

shop participants reaffirmed the value of the NPC As foreseen by workshop participants, higher growth
1999 report and the validity of the recommendations in the Gross National Product (GDP), greater instal-
therein. While the growth in natural gas demand lation of gas-fired power generation capacity, cmerg-
projected in the report may turn out to be conserva- ing environmental concerns, and government poli-
tive if demand increases more rapidly than antici- cies that encourage gas use, could all contribute to
pated, the common theme expressed by workshop future gas demand growing even faster than set forth
participants was that the results, findings and rec- in the NPC 1999 report. Close monitoring and
ommendations of the NPC 1999 report are even more benchmarking of this issue was determined by the
critical today and that, as a long-range document, it workshop participants be a high priority, particularly
remains valid. It was stated repeatedly that an even to provide reliable information to industry.
greater sense of urgency should be attached to its find-
ings and recommendations, particularly for decision Given short-term GDP growth of4.2% in 1999 and
makers in government and industry. 5% in 2000, versus the long-term 2.5% annual growth

The balance of this workshop summary pre-
sents the key issues and trends identified
and discussed by workshop participants on 24.0
natural gas demand, supply, and transpor- -NPC 99
tation and distribution. The report also ex- 2 - Est. Actual (EEA)
amines the status of the critical factors set 23.0
forth in the NPC 1999 report and high-
lights new issues that have emerged since 22.5

the issuance of the report. Material from
22.0 ........

presentations made at the workshop can be
found in the Appendix. For the sake ofbrev- 215
it). NPC 1999 report assumptions that were
not considered by workshop participants to 21.0
warran critical benchmarking are not de- 199 1996 1997 1998 1999 200 2

scribed.
Figure 7. US. Total Gas Consmpion (Tcf/ycar).

EsLtismrd actua demand fo 1999 and 2000 wer aJculatcd by adluiing ELA's consumption da,. ({ourcr: EIA's Nnrl GC Aai1l snd N1nml l
GaC Mum)h) by their 'baancing itrnms to ls gas production and gtcaa gas consumption for those yrs.

While the NPC projection foresaw that the drilling declines in 1999 would ead to a vey tight ga markrt in 2000. it id asumed rhat fuel
wigching to oil (rather than storage widhdrnwls) would balance the nukct. High price for oil in 2000 preented the fuel twitching from occurring

as anticipared.

6
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assumed in the NPC 1999 report Rcf- Incrsed GasOi-Fircd
erence Case (Figure 8), workshop par- Faster GDP Growth Electric Power Gpidry
ticipants stated that consideration (2000) (1998-2000)
should be given to using higher GDP 6.0% 5 40
growth rates of about 3% in future g 5.0%
analyses of natural gas demand It was 2 35

L 4.0%noted that the EIA had increased ex- 4. 0 - 30GW
0L ~ ~ ~ ~ e,30

pecred GDP growth rates to 3% annu- 3.0% i
8 3.0% *2.5% 0

ally in recent analyses. (The NPC - S 2525
analysis also included a 3% GDP .
growth sensitivity case.) Participants 1.0% 20 -
observed that, if actual average GDP
growth rates continue to be higher 0.0%N 999Actul* NPC 1999 Actual" NPC 1999
than the 2.5% average GDP growth Study Study
rate used in the NPC Reference Case, 'EIA Short Term Energy Oudook, Natural gas for lectricity-
the gap between actual natural gas de- Jan 2001. 4 years ahead of NPC projection
mand and the Reference Case demand **EEA
could widen significantly as time

gurrogresses. 8. GDP Gwsth (2000) and Ga/Oi- Fired Elecric Power Capacity (1998-progresses. 2000).

Workshop participants acknowledged
that more gas-fired power capacity had been installed Nations industrial sector and how much reduction
in the past two years and that much more would be in industrial gas demand occurred this past winter as

installed in the next several years than expected in aluminum and ammonia plants shut down their
the NPC 1999 report. Participants noted that the manufacturing capacity and sold gas back into the

availability of data on the role and use of these plants, marketplace.

ranging from peaking to near base load, would be Workshop participants expected that actions that may
useful to better define new demand for natural gas be taken to address concerns over the role of carbon
from power generation. dioxide (CO2 ) and greenhouse gas emissions as well

Much workshop discussion centered on the need for as controls on other coal-fired power plant emissions

improved data on national as well as regional elec- would likely increase the demand for natural gas.

tricity demand and capacity. Improved data on new Placing CO2 capture equipment in plants would sig-

gas-fired generating capacity was viewed as particu- nificantly reduce (by 20 to 25%) the generating ca-
larly imponant, as companies look to rebuild spare paciy of current coal-fired power plants.
capacity in selected regions of the country such as
California and New England. It was noted that re- Natural Gas Supply
duced electricity generation from hydropower had ex-
acerbated the California power crisis although in- Workshop participants recognized that supply is de-

... c -te Caionaowr crsi atog in tcrmined fundamentally by the quality of the resourcecreased utilization or nuclear plants had compensated ndamentally by the qality of the resorce
nc tw icwd et ha c e base and the availability of appropriate technology

for shortages in hydropower nationwide.
by which to produce it. In the U.S., the natural gas

Considerable workshop discussion centered on estab- resource base is large. But, at the same time, partici-
lishing how much fuel switching actually took place pants emphasized that the remaining domestic natu-
last year when natural gas prices (on a Btu basis) ex- ral gas resource base is geologically complex and con-
ceeded distillate oil prices. Also, there were requests sists of smaller fields. The geologic quality of remain-
for improved data on the physical (and regulatory) ing resources is likely becoming poorer, or as described
ability to switch from gas to distillate and more reli- in the words of one participant, mimicking the popu-
able information on the fuel choices available to the lar political slogan, It's the geology, stupid." One

7
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participant observed that his

company has drilled prospects g 20 199
down to about 4 Bcfand what 19.1
is left is smaller, tighter and c. 15 O ti orU

Domic Conventional/ GOM Unoonvetonal
costly to drill. He also noted irPherion Offshorc Ga
that reserves growth is not as _ 94
great for new fidds as was the , . 7
case in the past. suggesting . 53 5.7 1 5

- 5 7that reserve growth factors 5 .

should be monitored. It was
E

stated that frontier areas such t 0 , C -PC N.a A*".J NPC199 A-r.J NPC 1999 A.J NPC 1999 Ao,2 NPC 1999

as the Arctic and deepwater SSoce su" 'u, ss,, s

ar- *j .* . ~ . Source
offshore provide opportunities Tol - EIA Monthly Energy Revicw. Jan 2001 (0.4 Tcf of Difference

for improved exploration suc- Due to Calibntion Differences, NPC vs EIA).

cess and expanding the resource Offsbore - ARI estimates
base, but that many of these Unconventiona -AR cstimates

frontier areas are on public Fiygu 9. Domenic Nature Gas Production for 2000 Was Below Expectatons, Except
lands and have access con- UnooaventionalGas.

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-
rored 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 to have declined. Similarly, drilling efficiency
than anticipated in the NPC 1999 report. (footage drilled per rig per year) was assumed to im-

prove 1.25% annually for operations onshore and in
In 2000, actual natural gas production in the U.S. the shallow Gulf of Mexico (GOM) and 1.5% in the
relative to the NPC 1999 report Reference Case was deepwater GOM. While drilling efficiency improved
lower than projected (Figure 9). Greater natural gas , et ethrough 1998, recent data appear to show a decline.
imports and withdrawals trom storage were used to rimports and withdrawals from storage were used to The group felt strongly that these issues need to be
meet demand (Figure 10). Workshop participants.meet demand (Figure 1). Workshop participants closely monitored, recognizing that more data is
indicated that prompt analysis of the reasons behind closly monitored recognizing that more data isindicated that prompt analysis of the reasons behind needed before it can be determined if these are short-
the (thus tar) lowcr-Ihan-CXpCcted supply response
thws essent f oar) l ers-tanexected suply resoe term events or long-term changes in these factors. Ac-
was essential for understanding the outlook
for future natural gas supply.

Although domestic production for 2000 ap- 19.P 9.1
peared to be less than anticipated in the NPC 1
1999 report, whether this is due to low prices Dor estic Net Imports Withdrawals
in previous years inhibiting investment in new a Prod tion From Storage
drilling, to time lags, or to poorer exploration v 5.
success rates and drilling efficiencies is not yet ,
clear. Several workshop participants expressed E
the view that sufficient time had passed for " 0. s

seeing a production response given the speed o0 _ 1
with which wells are hooked up to the pipe- Acnud NPC 1999 A tual NPC 1999 Actual NPC 1999

line system in the present marker. Soucc: Energy Information Admninutnion

F.gure 10. Actual . Expected Sourcx of Natura CGas Supply 2000.

8
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oailuEG, E.pann Dnri Efdi.,, y been cited by the Minerals Management

35 S ( 9 -2000) 0 (19 -2000) aService (MMS) and industry as providing

3.S 23. a stimulus to deepwarer development, ex-
cg.79( 6H -- -- : 27 l"I pired in December 2000, an opportunity

_ci VB& kS H _ was missed to continue the program and
2 TB 'i * * provide strong incentives for increased

21 lisa sa H > ^H H deep water production It was noted, how-
a _ _ ever, that the MMS extended deepwatcr

994-97 1998 1999-2000 G1994-9 199 1999- o20 royalty relief in a reduced form and also
tAW.) (AA.) (Ag.) (Avg) provided incentives for natural gas devel-

Sowce. EIA Monhly EngB Rv . )1001. Su0. EIA MoUy ELnog R-.-. 1J 2001. opment on the shelf.

Figum II. Progsr in E&P Tcdhnol<oU. · Given the delayed domestic production

celerating depletion rates were cited as one cause for response to drilling, much of the spare
overall flat or falling production and that depletion supply capacity to meet demand growth was con-
rates should also be monitored. As demand for natu- s"u cd th past year. nada ha been eporin naru-
ral gas increases, due to smaller field sizes and more ral gas o th U.S.significantlyinexcessofNPC 1999
rapid depletion, some perceive that industry may be report projections. t was indicated by workshop par-
running in place" to maintain production despite icipants that it is unclear whether Canadian produc-

doing all it can to increase the pace of drilling aaiv- ion can uphold this trend. The Mririmes and
iry. Northeast pipeline, which came onstream a year ear-

lier than projected at a rate of 440 million cubic feet
The group noted that near-term supply response will per day, accounts for a portion of the increase in Ca-
depend upon production from coalbed methane nadian imports. Additional gas imports came from
(CBM) and the deepwater GOM, which are being drawdown of Canada's gas storage. Participants indi-
produced at rates higher than or equal to these pro- cared that further information would be valuable to
jected in 2000. more fully understand the nature of the gas supply

from Canada. One encouraging note was that drill-Longer term, U.S. production will depend on having frrom Canada. One encouraging note was th drill-
adequate technology to efficintly develop coalbcd ng in Canada is moving further toward frontier ar-
methane, deep gas, tight sands and other unconven- eas, northern basins, and deeper formations in cstab-methane, deep gas, tight sands and other unconven-

lished basins.tional gas plays. Independents will continue to play l s c

the critical role in developing these new natural gas Participants also noted that pipelines from both Alaska
plays and will be users of newly developed technol- and the MacKenzie Delta may be needed to meet
ogy. Observations were made that there have been future natural gas demand. Even though natural gas
very few "step change" improvements in exploration from these areas may not be available to the Lower-
and production technology over the last decade, most 48 states until the 2008 to 2010 rimeframe, action
notably being the wider application of 3-D seismic needs to be taken to preclude further delay. While
and horizontal drilling. pipelines from these areas may face economic compe-

tition with increased imports of LNG, it wa5 statedTo meet future natural gas demand, the NPC 1999 tition wih increased imports of it w staed
report Reference Case projected that 14% of supply tha, mos likely both sources of gas suppl would
would come from the Rocky Mountains and 33%

from the Gulf of Mexico. It was commented that Expanded supply is also expected to occur from the
when the Deepwater Royalty Relief Act, which has increased use of existing LNG facilities and the con-

3
From the pcrnpectie of the Dcparnment of the Interior, March 2001 Central Gulf of Mexico lease sal conducerd wit these t erms vwa

nexremely succcsful yielding $505 million in high bids on 54 tncts (68% and 60% increases respccti'ely. ovcr the pcvious cI's Icsulh. wilh
increaics evident a1 a water depths). Ninety companies paticipated. induding 11 first lime bidders.
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struction of new LNG facilities. New LNG facilities While recognizing the continued need for responsible
will need to make a positive case to the public on development by industry, new safety regulations were
value and safety and will depend upon long-term noted as a major concern for the industry by work-
price and supply in world markets. shop participants. It is anticipated that these regula-

Paicipnts. . noed thatexprr tions may increase capital and operations and main-
Participants noted that exports of about 50 Bcf per

yar, ,omt the U .S .to .nMexico say inroatgive pro .tenance costs, may restrict gas flows, and increase costs
year from the U.S. Mexicma nr n to exiconsumers Additional inspections valve replace-
jected growth in Mexican demand for natural gas,. ts making od ines sm" and othemerits, making old lines "smart-piggable" and other
especially in border states due to the growing pres- mens d rn
ence of NAFTA-relatcd "maquilladora" manufactur- requirements could add billions of dollars of increasedence ofNAFTA-related "maquilladora" manufactur-

ing facilities in Mexico. Environmental compliance costs. Lost capacity could also result, especially ining facilities in Mexico. Environmental compliance
ivg coein g resi al oilir plan the critical summertime period, as lines are undergo-

involving convening residual oil-fired power plants
, , - .. . * , , me~ing inspection and upgrading.

to natural gas and the manufacturing and popula-
tion growth in the near-border areas would maintain Reliability of supply to end-users was also a concern.
increasing demand. A number of workshop panici- And, this issue is currently being reviewed by the
pants predicted that, even with expanded natural gas Federal Energy Regulatory Commission. Such reli-
development in Mexico's gas basins, Mexico would ability concerns have to do with serving new power
continue to call on U.S. natural gas supplies. plants that will come online, but which operate only

during certain periods of the day, creating new re-Finally, volumes of gas in storage at the end of this
quirements on interstate gas transmission.

winter season are likely to be historically low. With qemnts on nterstate gas transmission
the trend towards year-around gas demand for elec- Pipeline costs have increased faster than expected, par-
tricity, storage injections are likely to be low during ticularly for rights-of-way. In addition, demand pidl
the coming summer, raising concerns as to whether has bid up contractor costs. It was noted that, al-
adequate injections can be made in preparation for though considerable pipeline capacity has been added
the next winter season. It was also noted that de- in the past two years, future pipeline projects face
mand to warrant new and extended storage capacity, increasing lead times, especially as a more dominant
while needed by power generators, is just not yet local role in the rights-of-way approval process
there." emerges, leading one participant to comment that

"All access is local."

Transmission and Distribution
Critical Factors

The NPC 1999 report assumed that over 5.2 Bcfper
day of new pipeline capacity would be built in 1999 The participants in the workshop reviewed the status
and 2000. Actual additions were 7.7 Bcf per day, of the seven critical factors that were identified in the
exceeding expecations. Participants noted that, while NPC 1999 report. Participants stared that the criti-

this may be good news, future capacity installations cal factors remain valid and warrant action and dose
face substantial challenges due to constraints on ac- monitoring more than ever. Several workshop par-
cess to rights-of-way, landowner concerns and other ticipants characterized the situation regarding some
factors. Through 2015, in the NPC 1999 report, it critical factors as having lost ground in recent months,
was projected that almost 300,000 miles on new trans- rather than making progress towards a more positive
mission pipelines and distribution mainlines would outcome.

be needed to meet the future natural gas demand.
1. Access. Of the critical factors identified in the

Despite recent gains in pipeline capacity, the need
Despit rect gi in p n te nd original NPC 1999 report, access received the grcat-

for a significantly expanded natural gas infrastructure .n . .,
est attention from workshop participants. In the

remains. Future needs include new pipelines to reach ttntion om w op pacipn n theRocky Mountains, pending implementation of thesupplies in frontier regions, expansion of existing pipe- p in im
recently established Department ofAgriculture, U.S.

line systems, and new laterals to serve electricity plants.

10
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Forest Service policy on roadless areas will dose
an estimated 9 Tcf of technically recoverable ,'

natural gas resources to development in ad-
dition to the previous 29 Tcf that were idcn- ir -
tified as off-limits in the NPC 1999 report.

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) (Figure 12).

It was noted that the industry has advanced
technology such as "postage stamp" drillpads .w a i
with which to drill in environmentally sensi-
tive areas, but the view was expressed that this r sm6clr l a a g ar doadl t wri dopcte and106 Td'a ,mlzble z ,r, mzricnoLa
may not be enough to convince the public

and policymnakrs to grant access. Rather, it Figurt 12. U.S. Lower-48 Naural Gas Resour Subct to Acce

may take stark supply consequences to con- Rcnrins WNC 1999 Study Plus ChangcThrough 2000).

vince the public that access is in the Nation's ass the Aanic Outer Continental ShfOCS) to
interest.

i avent ndqeretst. n at provide better information regarding the resource po-
Workshop participants suggested that the current tential in that area. 4 This recommendation was con-

Departnent of Interior (DOI) and Department of sistent with a prevailing workshop theme suggesting
Energy efforts to inventory resources and related ac- the need to match access to the resource base and
cess restrictions (called for by the Energy Policy and regional supply with regional energy nec ("Regional
Conservation Act) would be accelerated. Further com- Supply for Regional Demand").

ments, however, indicated concerns that DOI and
2. Technology. Ir was recognizcd by workshop par-

DOE have inadequate funds and other resources to ticipants that, although the data are preliminary,
undertake a full and thorough inventory. In someundertake a full and thorough inventory. In sme progress in technology does nor appear to be keeping
instances, lease stipulations restricting access to fcd- pace with ntpectations set forth in the NPC 1999
eral lands have substantially reduced the drilling win- A t i
dow and resulted in reduced rig availability and highcr report. At the same time, workshop participants cx-
drilling costs.. pressed concern that technology is now more critical

than ever. One participant noted that, over the last

Concerns were raised about the future of Dstin Dome 15 years, the industry has been able to hold produc-
offshore Florida, development offshore California. and tion constant, even with fewer rigs and wells due to
Lease Sale 181 in the eastern Gulf of Mexico (which the aggressive use of technology. Other workshop
was estimated in the 1999 NPC report to contain participants noted that few, if any, breakthrough tech-

about 9Tcf of resources) and could become closed to nologies appear to be on the immediate horizon.
access. Concerns were also raised about whether fed- Rsarch nd dvopmnt(RD) expendiurs byResearch and development (R&D) expenditures by
era] land management agencies (e.g., Bureau of Land m e

Mincrals Scrviccmajor energy production companies have declined
Management, Minerals Management Service, Forest (Figure 13). Although some R&D efforts have been
Service) with jurisdiction over natural gas leasing. d- picked up by sece companies and independents,v'lopmcnt an.l permi"tin havc a rcsourccs picked up by service companies and independents,

velopmen, and permitting have adequate resourc.s data are not available to capture these R&D cxpcndi-
for increased, as well as existing, activity.for increased, as wel as existing, activity. tures. In addition, the comment was made that. al-

It was stated that, given the success of Canada's Sable though R&D has shifted to the service sector, the

Island developments, it would be useful to further research "cupboards are bace" for new technology.

' The concept of enabling DOI (o gathc information on the natural la resourcc potential and conduct focused. limited Irasnin in OC Bright

Spots' currendy conniained by OCS moratoria hz been discused within the DOE OCS Policy Commi(lee and other forums.
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Given the severity of market imperfections for i.oo

R&D, suggestions were made for new insti-
rutions and initiatives such as entities similar__

to those established in the late 1970s and
early 1980s, namely the Energy Research and* *
Development Administration (that formed , _.

the foundation of today's DOE R&D pro- 5 M

gram in natural gas), and that tax incentives, 8 400

such as the Section 29 Tax Credit, be imple- 3 W00

mented. 200
1992 1993 19 994 i 1996 1997 199I 199 2000

3. Financial Requirements. Workshop par- Sour.: ELA Prformrncc Profile ofMaor Energ Producm. 1999.
ticipants noted that the recent higher natu- 'Due to more activity, addiional companir added ro survey of

ral gas wellhead prices have increased corn- Majo' EncrProducc
panies' internal cash flows and access to capi- Figure 13. R&D Expenditure by Producsn for Oil and Gas Recowry Have

tal, although constraints remain, particularly Faln by MoreThAn 50% Since 1992.

for independents. It was noted that the al-for independents. It was noted that the , , to cost expectations in the NPC 1999 report. Given
ternative minimum tax was becoming a forefront is- the even g r-than-xp increase in demand~ the even greater-than-cxpected increase in demand
sue, impacting the return on investment for new for rigs (nearly 2200 by 2010 in the NPC 1999 re-
projects. There was concern stated that increases in port Reference Case), workshop picipants cited the

port Reference Case), workshop participants cited the
E&P costs (paricularly in well drilling and comple- need for ideas on how to provide reliable market sig-
lion) may consume much of the increases in planned nals or contractual assurnc to the rig construction

,. . .. . . . ,nals or contractual assurance to the rig construction
capital expenditures, restricting increased activity .industry. Given the natural gas price volatil rindustry. Given the natural gas price volatility of re-
Costs increases of 25 to 40% have been experiencedCosts increases of25 to have been rincd cent years, neither Wall Street nor the rig construe-
already as labor and rig mobilization costs have in- tin instry ha t prices a rig dcy-

creased.'~~~~ "t(ion industry have confidence that prices and rig day-
creased.

rates will remain high enough to justify investments
4. Skilled Workers. Workshop participants noted in new rig construction.

that the past "boom and bust" cycles have damaged 6. Lea ims. Cumbrsom prmitting and p-* , . ,. , , , . D . , , ...................6. Lead Times. Cumbersome permitting and ap-
the stability of the production industry's work force. proval processes and lengthy study requirements at

_ . . . . . ..................... proval processes, and lengthy study requirements at
T he availability of skilled ng hands and other E&PThe availability of skilled rig hands and other EP federal, stare and local levels, remain a concern. Nu-
personnel now represents a serious constraint to in-ous wokshop paticipants noted that poblems, 111. . . , merous workshop participants noted that problems
creasing supply. Some workshop participants indi-creasing supply. Some workshop participants indi- with lease stipulations and access are increasing drill-
cared that skilled workers (along with rig limitations) i .

. 6" ing costs and development lead times. One patrici-
are now the most limiting factors for the industry. It pant noted that th Minerads Management Sricipant noted that the Minerals Management Service
was suggested that the solution will of necessity be a h done good job in terms of expediting prmit-
combined industry effort comprising such items as a o a g )ob m r o -11- m i-combined industry effort comprising such items a ting for offshore drilling, bur, onshore drilling is sub-
training programs, higher compensation, and assur-

ances ofst y. Inhenere ,jeCer to delays, in part due to lack ofsufficicni Bureau
ances of stability. In the near term, labor shortages of Land Managem sta.

of!Land Management staff.
have resulted in companies in several stares employ-
ing prisoners on work-release and foreign workers. 7. Requirements of New Customers. Workshop par-

ticipants indicated that new customer requirements
5. Rigs. Both onshore and offshore rig fleets are near0i o or iigflects uecan be met, but that a primary issue is at what cost
capacity and rig constraints have emerged at least five andhow ese costs willbe recover d.
years sooner than expected 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 benchmark these costs

12
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NPC 1999 Recommendations New Issues for Consideration
Workshop participants overwhelmingly reaffirmed the Public Education/Relations. A common theme ex-
importance of the recommendations put forth by the pressed by many workshop participants was the need

Council in its 1999 report. Particular emphasis be- for educating the public regarding the challenges faced
ing placed on: by industry in providing adequate and affordable sup-

govrnmey t g a l p plies of natural gas to meeting the Nation's growing* government and industry taking a leadership
role in establishing a strategy for natural gas demand for natural gas. Currently the suong inter-
role in establishing a strategy for natural gas

in the Nation's energy portfolio (Recon- est by the public in energy presents an opportunity
in the Nation's energy portfolio (Rccom-

for telling the "natural gas story.
mendation 1)-as reflected in commentary

on national energy policy, future fuel The need for communication was expressed, for ex-
choices, and the confluence of factors ample, concerning the issue of access, where consum-
induding limited spare capacity in domestic ers may be unaware that restrictions on access drive
and world energy markets that, if nor up natural gas prices by limiting supply and discour-
addressed by government and industry, aging transmission and distribution construction.

could increase the Nation's vulnerability to Similarly, the public may not fully understand what
energy supply disruptions and higher energy efforts are necessary to turn a complex resource base
prices that would adversely affect consumers into economically recoverable reserves and deliver
and the economy; natural gas to the Nation's homes, offices, and facto-

ries. Some workshop participants felt perspectives* establishing a balanced, long term approach . . . - .establishing a balanced, long term approach that individual resource areas such as the Atlantic or
to responsibly developing the Nation's

nto responsiblyre develoi thecNtommndas Pacific OCS may contain only a few year's supply of
natural gas resource base (Recommendation
natural gas resource base (Recommendation natural gas, and therefore should remain closed to
2)-as reflected in commentary on the

i eof access to resources and rights- access, are misguided. And, some suggested that more
importance of access to resources and rights-

,importance o, ,,cs torsucsainformation needs to be shared with the public about
of-way, onshore and offshore;

the environmental benefits of the advanced technol-

* the need for technology advancement ogy. Effective communication between industry and
(Recommendation 3)-as reflected in parties that may be affected by its operations is a ne-
commentary on drilling efficiency and the cessiry.

geologic complexity of the remaining natural Be. W ks . .pi
ga resource base Benchmnarking. Workshop participants expressed sat-

gas resource base; isfaction with the outcomes of the workshop and

* the need for capital, infrastructure and strongly recommended that, consistent with recom-
human resources (Recommendation 4)-as mendations in the NPC 1999 report. government
reflected in commentary on increasing costs should undertake efforts in cooperation with indus-

to produce and deliver natural gas to con- try to periodically "benchmark" actual market condi-
sumers, cash flow, investment markets, and tions relative to the expectations set forth in the NPC
shortages of skilled workers and drilling rigs; 1999 report. Specific items to benchmark include
and fuel switching, actual gas demand, field size distri-

bution, production, especially Gulf of Mexico shal-
* streamlining government processes that

strea g gover pre t low water production, depletion, exploration success
impact natural gas development (Recom- .. ' . .

impact natal gas relected in concerns rates, reserve additions per well, drilling efficiencies,
mendation 5)-as reflected in concernsdativon - rlctd isn c e drilling costs, Canadian supply mix, and T&D costs,
about development lead times and the

adequacy of staff and other resource 2t among others. It was suggested that another work-
adequacy of staff and other resources at
federal lof sf an doagement agencies ashop would ideally be convened in the Fall 2001,
federal land management agencies. fdr l m awhen improved data on year 2000 and information

on trends for the year 2001 would be available.
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Conclusions of the Workshop Highlights of orkshop Commentary

Due to a confluence of factors, the Nation now faces Potential Actions for Government
potential constraints in oil, natural gas, and electric-

- . |~ is~ r l.i~ i r . * ' Improve intcragency coordinationity supply, all of which are needed for a growing
economy. The situation is such that there is limited * Establish a national strategy for natural gas
spare capacity and, as noted by some participants,

Review existing and proposed regulationseverything must go right" to meet current and fu- eie eisting and propod
ture energy demand. Without prompt action by gov- and policies that may impact natural gas
ernment and industry, America could face a spate of supply

regional and national energy crises over the next de- * Increase access to resources and right-of-way
cade. As summarized at the workshop, the solutions (Federal lands inventory, Sale 181, Dcstin
to the Nation's energy problems are complex and there Dome, OCS Bright Spots)
is no silver bullet." The Nation will need a mix of
fuels, fossil and renewable, coupled with conserva- Streamline permittingand approva
tion to meet its future energy needs. processes

The aspiration among participants to stay informed, Consul with states (maintaining a national

and to work to inform others, about the opportuni- perspective)
ties and challenges of natural gas supply was readily . Maintain view of North American gas
apparent. In the view of many workshop participants, market and international sources of supply
the Nation has not had an adequate energy policy,
particularly with respect to natural gas supplies in * Encourage technologydeveopment
recent years. Furthermore, misunderstandings about . Evaluate royalty relief and other financial
the national energy supply situation and crises such incentives
as those experienced this winter tend to increase dis-
trust of industry and the likelihood of what some par- Monitor progress on Critical Factors
ticipants perceive to be ill-conceived public policies,
e.g., moratoria and price controls. Given current poli-
cies that constrain access to higher quality resource
areas and other factors, industry will remain signifi-
cantly challenged to increase supply.

Public debate is turning to a new focus of fueling the
economy of the future. In this regard, a significant
opportunity exists to highlight issues of concern such

as access, technology progress, the need for expedited
permitting, and a 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 cooperation is needed to
ensure adequate and affordable supplies of natural gas
for American consumers. Similarly, natural gas is pre-
dominantly a North American resource, and a coop-
erative North American energy policy is needed to
meet demand growth and accelerate supply develop-
ment in Canada, Mexico, and the U.S.
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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

March 5-6,2001

The Madison Hotel, 15th and M Street, N.W., Washington. D.C.

Meeting Agenda
Mach 5. 2001

1:00 p.m. Welcome and Overview-Robert Kripowicz, Paul Kelly

* Introductions
* 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 Distribution Review and Discussion-Blaise Poolc, Harry Vidas,
Kevin Petak

5:30 p.m. Adjourn

March 6. 2001

9:00 a.m. Summary of Day One and What's Ahead-Robert Kripowicz, Paul Kelly

9:15 a.m. Stepping Back and Assessing the Market and Industry Situation - Paul Kelly,
Vello Kuuskraa. James Kendell

* Overall Significance of Changes
* Progress on Critical 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 Challenges
of the Nation's Growing Natural Gas Demand

March 5-6, 2001

The Madison Hotel, Washington, D.C.

Workshop Attendees
Workshop Chairs

Robert S. Kripowicz', Acting Assistant Secretary for Fossil Energy, U.S. Department of Energy

Paul L. Kelly,* Senior Vice President, Rowan Companies, Inc.

IndsuY Atnndces

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 J. Gilliard,' Senior Advisor, Planning and Acquisitions, Burlington Resources, Inc.

John H. Guy, IV,' Deputy Executive Director, National Petroleum 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.

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

Rhone 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

Matthew 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 Petroleum Association of America

Diemer True, Partner, 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 Engineer, Science and Technology Planning, Duke Energy

Byron S. Wright, Vice President, Strategy, El Paso Corporation

Gregory W. Zwick,* Director, Business Strategy, TransCanada PipeLines

Government Attendees

Elizabeth E. Campbell, Director, Natural Gas Division, Data Analysis & Forecasting Branch, Energy Infor-
mation Administration, U.S. Department of Energy

Walter D. Cruickshank,' Associate Director, Policy and Management Improvement,
Minerals Management Service, U.S. Department of the Interior

Guido DeHoratiis,' Acting Deputy Assistant Secretary, Office of Natural Gas and Petroleum Technology,
U.S. Department ofEnergy

Arthur M. Hartstein, Program Manager, Oil and Gas Processing, Office of Natural Gas and Petroleum
Technology, U.S. Department of Energy

Nina Rose Hatfield, Acting Director, Bureau of Land Management, U.S. Department of the Interior

Erick V. Kaatlela.* Senior Policy Advisor to the Assistant Director, Minerals, Realty and Resource Protection,

Division of Fluid Minerals, Bureau of Land Management, U.S. Department of the Interior

James M. Kendell,* Director, Oil and Gas Division, Office of Integrated Analysis and Forecasting, Energy

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, Chief Geologist. Minerals Management Service, U.S. Department of the Interior

Spcial Assistants

David Cosrello, Energy Information Administration, U.S. Department of Energy

Nancy L Johnson, Director, Planning and Environmental Analysis, Office of Fossil Energy,

U.S. Department of Energy
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Elena Subia Melchert, Program Manager, Office of Natural Gas and Petroleum Technology,
U.S. Department of Energy

John J. Pyrdol,' Senior Economist, Office of Natural Gas and Petroleum Technology,
U.S. Department of Energy

Trudy Transtrum, Communications, Office of Natural Gas and Petroleum Technology,
U.S. Department of Energy

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 International, Inc.

Kevin Petak,* Director, Energy Modeling and Analysis, Energy and Environmental Analysis, Inc.

E. Harry Vidas,* Managing Director, Energy and Environmental Analysis, Inc.

Indicaes pirnicipation in Ihe 1999 NPC Narural Gas Study.
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Department of Energy

Washington, DC 20585

SAMPLE
Dear Colleague:

The purpose of this letter is to invite you to attend a Department of Energy Office of Fossil Energy workshop
on Surveying the Milestones for Meeting the Challenges of the Nation's Growing Natural Gas Demand. The
workshop will be held in Washington, D.C. on March 5 and 6, 2001, convcning the first day from 1:00 p.m.
to 5:30 p.m. and the second day from 9:00 a.m. to 12 noon. Joining me as co-chair of the workshop will be
Paul L Kelly, Senior Vice President, Rowan Companies, Inc.

In December 1999, the National Petroleum Council presented a report to the Secretary of Energy with
findings and recommendations for Meeting the Challenges of the Nation's Growing Natural Gas Demand.
The report highlighted the potential contribution of natural gas to meeting the Nation's future economic,
energy 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 widely and has done much to raise awareness of natural gas issues among industry and government
decision makers. However, the Nation's energy needs and industry's ability to address these needs are dynamic
and vw'll change over time. Accordingly. the Council recommended that government 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 report would be useful.

Our aim in conducting this workshop is to offer an opportunity for industry and government executives.
especially those individuals who participated in the conduct of the Council's 1999 study. to discuss and share
their individual observations about: 1) the assumptions used in the 1999 study. 2) changes in natural gas
market conditions and public policies since then, 3) the magnitude of these changes (e.g.. as compared to
prior modeling 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 seeking consensus views, we
trust these observations can inform industry and government decision makers in understanding our Nation's

energy situation and the role of natural gas in meeting the future energy needs of consumers.

To confirm your availability, or if you have questions regarding the workshop, pleasc contact Nancy Johnson.
Director of Planning and Environmental Analysis (202-586-6458), or Trudy Transtrum (202-586-7253) with

the Office of Fossil Energy. You may also contact Marshall Nichols or John Guy of the National Petroleum

Council staff who have kindly assisted us in planning this event. Additional workshop details will be sent to
you as soon as they are finalized. I look forward to a comprehensive and enlightening discussion.

Sincerely,

Robert S. Kripowicz
Acting Assistant
Scretary for Fossil Energy

Enclosure
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The Secretary of Energy
Washington, DC 20585

May 6, 1998

Mr. Joe B. Foster
Chair
National Petroleum Council
1625 K Street, N.W.
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, 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 contribution 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.

Federico Pena
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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. 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. I
look forward to the study's results.

Yours sincerely,

Bill Richardson
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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

March 5-6, 2001
Washington, DC

* NPC Natural Gas Study
Assumptions Roadmap

Demand

· Supply

* Transmission & Distribution l
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KEY MODEL ASSUMPTIONS

Meeting the Challenges of
the Nation's Growing U.S. GDP Growth 2.5% per yearthe Nation's Growing
Natural Gas Demand Canadian GDP Growth 2.2% per year

U.S. Industrial Production 3.0% per year

U.S. Inflation Rate 2.5% per year

NATIONAL PETROLEUM COUNCIL Crude Oil Price (WTI) $18.50/BBL In 1999 $

Crude Oil Price (RACC*) $16.501BBL In 1999 $
* Refnl,' AvwIG C lt of Cnrde In Ae Unllle S.ife

DEMAND KEY FINDINGS U.S. Natural Gas Demand, 1990-1998

22Tl~~~~.! o~~ACTUAL

' Finding #1: Rapid Growth Exceeded "-
Expectations of the 1992 Study Ig ,NP c HoHcA

2 ,** --.. /...--- .......--- -

- Finding #2: Demand Will Increase by .. -
32% between 1998 and 2010 . . .. ." ----.... \.O CAS.

o - Finding #3: Environmental Regulations
mo Could Add Significant Incremental
O Demand "°
-.4 1,1 l-- - -i lt * IOL1 11 -4 1M 114 I#? telj CDI 1
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Growth in Reference Case Demand SUPPLY KEY FINDINGS
1998-2010

Diell"Jmi nodfTcr n, T ... b IrSMI > Finding #1: Sufficient Resources Exist
O^strf --- w" ^.~ ~to Meet Growing Demand

/^S~Elet~Eikty > Finding #2: A Healthy Oil & Gas
/*.7:w ^ \ Gen~ ion \ Industry Is C ritical

\i.^^ ,0^~ P/~> Finding #3: Investment in Research and
Development Is Needed

> Finding #4: Restricted Access Will
Limit the Availability of Supply

Growth in Reference Case Supply U.S. Gulf of Mexico Natural Gas Production
1998-2010

ROCKIES N' DEEPWS.ATR I ER
;4 % E.TEXAS >20METERS

NET IMPORTS
FROM CANDAD

0 11%
m

Co' ALL OTHER AREAS
, LN IMPORTS *l b'n'

3 23%
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U.S. Lower-48 Natural Gas Resources
NEW SUPPLY WILL COME FROM Subject to Access Restrictions

> Deeper Wells

": More Non-Conventional Sources

> Deeper Water

GJIj-'- ; _ "" , .__ L, /J (ffi--

Onshore Drilling Rig Fleet, 1997-2015 RECENT TRENDS

IN TECHNOLOGY DEVELOPMENT

> Industry Consortia for Technology Development Have

Been Cost-Effective

NEW RI O > Technology Development Has Shifted from the Majors to
CONSTRUCTION the Service Companies

Investment In Research and Development Down Due to
z0 .I b i i _ Consolidations and Cutbacks

m ME , 1|1 HI| H"1 lia l ff il > Funding for Basic Research Appears To Be Lagging

O &7 ' looo@l tloo o Io

O ^~ ~~~~~~~~~ ~~: "1['?,- r,' [J: .q-". ~'-
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TRANSMISSION AND DISTRIBUTION MARKET CHANGES

KEY FINDINGS s Restructuring Changes the Roles of Market
Participants> Finding #1: Delivery System Requires Particpants

Significant Expansion and Enhancements LDCs I Electric Utilities I Marketers I Energy Service
Providers / Producer I Electricity Generstor

> Finding #2: Access Issues Impede
Installation of New Infrastructure

P Operational Aspects of Gas-Fired Electricity
> Finding #3: New Services Are Needed for Generation Drive Need for New Services

the Changing Market * High Minimum Inlet Pressures for GaO-Fired Turbine

> Finding #4: Risk Assumption for Pipeline * Swing Capebilltlr Due to LoadFollowing Requirement

Expansions Is In Question * Hourly Scheduling I Nominations

CRITICAL FACTORS Historical and Projected
U.S.Natural Gas Prices

> Access

> Technology .

> Financlal Requirements d,._

> Skilled Workers

D ;-" Rigs r ')'

m i Lead Tmes " --,

? i Requirements of New Customers o -, o.

o ·1; ' F11 ; .'; ." (7.G c-A

® 1 ---- -- ------------------------------ * -------- -- --- -- - -- ---- -- - - --- -



Influence of Key Assumptions on Influence of Key Assumptions on
Natural Gas Demand Natural Gas Price
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RECOMMENDATION #1 RECOMMENDATION #2

' Establish a Strategy - at the Highest Level - , Establish a Balanced, Long-term Approach for

for Natural Gas in the Nation's Energy Portfolio Responsibly Developing the Nation's Resource

> Form an Interagency Work Group under the Base

National Economic Council . Assess Impact of Existing Restrictions

0 . Prioritize Restricted Areas
m

§o .· Develop Supply In Selected Areas

o . Plan for Long-Term Sustainabillty
Cl
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RECOMMENDATION #3 RECOMMENDATION #4

> Drive Research and Technology p Plan for Capital, Infrastructure, and

Development at a Rapid Rate Human Resource Needs

· invest in Research. ~ Invest In Research ^.~· Examine New Financial Incentives
. Support Additional Industry Consortia , Form a Joint Industry Task Force on Drilling

· Promote High-Efficiency Gas Technology . Develop Workorce Plan

C,,

> RECOMMENDATION #5

Streamline Processes that Impact Gas
Development

> RECOMMENDATION #6

Assess the Impact of Environmental
Regulation on Natural Gas Demand and

g~~~~~~o ^~~~~Supply
0
m > RECOMMENDATION #7
o Design New Services to Meet Changing

c^~~~~~~o~~~ OCustomer Needs



SURVEYING THE MILESTONES Background and Purpose

IN THE
The 1999 National Petroleum Council (NPC) study,

NPC 1999 Study entitled "Meeting the Challenges of the Nation's
Growing Natural Gas Demand", was prepared to

VlloA.tu"mr provide the Secretary of Energy with forward looking
ADVANCED RESOURCES INTERNATIONAL, INC. advice and a roadmap for action on natural gas.

. EPAR T O ENERGY In delivering the report, the NPC stated Its Interest
OFFICE OF FOSSIL ENERoY WORKSHOP In maintaining the "evergreen" nature of the roadmap

WASHINGTON oc and recommended that certain trends in the natural
MARCHS.6. 2001~MA R~CH I~ *- 200 t1 gas industry "should be actively monitored as early

warning Indicators."

Background and Purpose (cont) 1. Domestic Natural Resource Base Is Bountiful.

The purpose of this "survey of the milestones" is It Is Important to highlight that the recent natural gas
to record the performance of the natural gas industry market Issues do not stem from a lack of underlying
during the past two years and, more Importantly, to natural gas resources. As stated in the NPC 1999 Study,
gain an updated perspective on the critical trends of the U.S. has a large, rich and diverse natural gas
importance to the industry. resource base.

0os ~Particular attention will be given to the topics and Each time Industry or resource appraisers have
0 issues that may require action by government,m issues that may require action by government, examined the natural gas resource base, they have

§c~ Industry and other stakeholders to ensure reliable, th n t u o be larger.
? competitively priced natural gas.
co
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Figure 1.
2. Demand For Natural Gas Has Grown Faster Factors Behind Increased Natural Gas Demand

Than Anticipated.
Natural gas demand has grown by 1.8 Tcf from 1998 s.o%

to 2000, 0.5 Tcf higher than projected In the NPC 1999 .o0 +5.0%
Study. 3

Faster economic growth, Increased demand for 4.% o .
natural gas-fired electricity, lower hydropower and a , 30 GW
colder than normal winter account for the Increased o S ,2.5%
demand. ,.o%
* I the higher-than-2.5% annual ODP growth (In '99 & '00) a c c

longer term trend? How does this affect energy < 2.0 M
consumption?

* How much additlonal gas-fard electric power capacity will
be Instaled In the next two year? How will this capacity o.o o
be dispatched? 

Adct ' NPc 1
1

t
l k-Alu' M NPC 19ft

dltcudy Sdy

' Ekk USt WT t Mt .-,2 00(. .E. tu Mnvt( ,2r^0A,..i.

Figure 2.
3. Domestic Gas Production Has Been Actual vs Expected Sources of Natural Gas SUDDIy 2000)

Essentially Flat.
20

U.S. natural gas production has been relatively flat c 1 .
during the past two years, 800 Bcf less than expected In
the NPC 1999 Study. Increased imports from Canada and 1 ti Net Imports wlhdrawal
gas storage were used to meet demand. Q ctlon From Storage

Adverse market conditions of 1998199 seriously u
affected capital Investment and well drilling.

O . With Increases In drilling activity in 2000, Is domestic .

o productive capacity responding?7 _
0 ^AbW NpC It" Actd NdC KI Act. NHPC Iv

) * Now much additional Canadian productive capacity will be uf A Sltuy atmz

W available In the next rive year ?
O0



4. Progress in Technology and Access To 4. Progress in Technology and Access To
Resources Remain Major Issues Resources Remain Major Issues (cont)

Technoloav Proaress
Preliminary data for exploration success and rig Access

efficiency show potential declines since the NPC 1999 Forest Service Roadless Areas have decreased
Study's projected Increases, industry's access to Rocky Mountain resources.

The NPC Study assumed expected "technological Access to resources in the Eastern Gulf of Mexico
advances based on recant levels of R&O funding and and the Alaskan North Slope are topical issues.
the general effectiveness of those efforts". Actual data
shows R&D funding by major energy producers to be Can the Industry increase supply sufficiently without
declining, potentially Impeding technology progress. acess to reetricted areas?

What will stimulate the Industry to Invest In new drilling * What technology advances would reduce Impact In
sys tms? environmentally sensitive areas ?
How might Industry and government ssure required R&D
Investments?

5. Natural Gas Prices Have Been Higher Than Summary
Anticipated.

Differences exist between the NPC 1999 Study's
Domestic wellhead prices for natural gas averaged anticipated and today's actual conditions In the natural

about $3.70 per Mcf In 2000, with a season spike of gas Industry Are these:
nearly $10 per Mcf in December, 2000 (Henry Hub). The
NPC 1999 Study projected Increased wellhead prices TemporaryAnomales (eg. low hydropower)?
for 2000 and 2001, though not as high as actual. Near-Term Constraints (eg. rigs and manpower)?

Longer Term Trends (eg. higher GDP growth; slower~0 .* How significantly will the changes In demand and echnolog progress)
o supply Influence future gas price?
o How might the near term constraints be mitigated?

* What actions might help provide a market-based
*o~ clceiling on future gas prices? ' What are the Implications of longer term trends for the natural

(^wc~~~~~~~~~~~ o9~~~~~~~~gas Industry?
co



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

O · Natural Gas Balance
m

o * Gas Demand by Sector

0
Obs Weatheionsr Efcts

() * Observations
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Economic Activity
U.S. Gross Domestic Product

National Petroleum Council Assumption:The N PC Reference Case assumed U.S Gross Domestic Product
that U.S. Gross Domestic Product (GDP) would grow at 3.3% in 1999 (full (Billion Chained 199 Dollars)

year over full year) and an average of 2.5% each year thereafter. Sensitivity
cases were run with 3.0% and 2.0% long-run GDP growth.

9510

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. a" --^ ",

Magnitude of Change: By 2000, actual GDP was 9.402 trillion in 1992 lo'"s .---
dollars versus an anticipated GDP of 9.087 trillion dollars. This is a differ- 7.o -3 0

ence of 3.5%. 7oo
1)s « 19,4 199 7 19 1999 OO tool

Canadian GDP U.S. Industrial Production Index
(Billion 1992 Canadian Dollars) (1992 10O)

9!0 0

900 . .- --

8.1 ~0 _ = C <140 .~ (

P° ...10M . ._,...

C fO0 ,
IOo

0
W 650 ________19 19-97 19 199- 2I00 O200

19(9 I94 1997 1991 1999 1000 o001

0 -------------- ---------------



Oil Prices
Oil Price (RACC)

National Petroleum Council Assumption: The Reference Case oil (Nominal U.S. Dollars per Barrel)
price assumption was $18.50/bbl WTI in real 1999 dollars and
$16.50 for refiners average cost of crude (RACC). These' prices were s, .0
chosen because they are the actual long-run average over several de- ,o.o _

cades. Sensitivity Cases assuming WTI oil prices of plus or minus 3_.o

$3.50/bbl were also run. ./._ /
120.00 /\, -

Market or Public Policy Change Since 1999 Study: Actual prices 1. \
were much higher starting in the second half of 1999. Through ,,,. " _

most of 2000, oil prices were about $2.00/MMBtu higher than ex- . ____-____.

pected..00 o.o

Obsrvations: 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. Dollars per MMBtu)

,.o00

14.00

O .. Ides Oslo abet io, oAs_"' "' x --- i

13.00 ,

m 11.00 _
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