
DOE/EIA-0484(98)
Dis tri bu tion Cate gory UC-950

In ter na tional
En ergy Out look

1998

April 1998

En ergy In for ma tion Ad min istra tion
Of fice of In te grated Analy sis and Fore cast ing

U.S. De part ment of En ergy
Wash ing ton, DC  20585

This re port was pre pared by the En ergy In for ma tion Ad min istra tion, the in de pend ent sta tis ti cal and
ana lyti cal agency within the De part ment of En ergy. The in for ma tion con tained herein should be
at trib uted to the En ergy In for ma tion Ad min istra tion and should not be con strued as ad vo cat ing or
re flect ing any pol icy po si tion of the De part ment of En ergy or of any other or gani za tion.



Con tacts

The Inter na tional Energy Out look is pre pared by the
Energy Infor ma tion Admin istra tion (EIA). Gen eral
ques tions con cern ing the con tents of the report should
be referred to Mary J. Hutzler (202/586-2222), Direc tor,
Office of Inte grated Analy sis and Fore cast ing, or

Arthur T. Ander sen (202/586-1441), Direc tor, Inter -
national, Eco nomic, and Green house Gases Divi sion.
Spe cific ques tions about the report should be referred
to Linda E. Doman (202/586-1041) or the fol low ing
analysts:

World En ergy Con sump tion . . . Ar thur An der sen (art.an der sen@eia.doe.gov, 202/586-1441)
Linda E. Do man (linda.do man@eia.doe.gov, 202/586-1041)

World Oil Mar kets . . . . . . . . G. Dan iel But ler (george.but ler@eia.doe.gov, 202/586-9503)
Perry Lind strom (perry.lind strom@eia.doe.gov, 202/586-0934)

Re for mu lated Gaso line . . . . . . Stacy Mac In tyre (stacy.mac in tyre@eia.doe.gov, 202/586-9795)
Natu ral Gas . . . . . . . . . . . . Linda E. Do man (linda.do man@eia.doe.gov, 202/586-1041)

Phyl lis Mar tin (phyl lis.mar tin@eia.doe.gov, 202/586-9592)
Coal . . . . . . . . . . . . . . . . . Mi chael Mellish (mi chael.mellish@eia.doe.gov, 202/586-2136)
U.S. Mi ne mouth Coal Prices . . . Rich ard New combe (rich ard.new combe@eia.doe.gov, 202/586-2415)
Nu clear . . . . . . . . . . . . . . . Laura Church (laura.church@eia.doe.gov, 202/586-1494)
Re new able En ergy . . . . . . . . Linda E. Do man (linda.do man@eia.doe.gov, 202/586-1041)
Elec tric ity. . . . . . . . . . . . . . Kevin Lil lis (kevin.lil lis@eia.doe.gov, 202/586-1395)
Eco nomic Growth . . . . . . . . . Kay A. Smith (kay.smith@eia.doe.gov, 202/586-1455)

ii En ergy In for ma tion Ad min istra tion/ In ter na tional En ergy Out look 1998

Elec tronic Ac cess and Re lated Re ports

The IEO98 will be avail able on CD-ROM and the EIA Home Page (http://www.eia.doe.gov/oiaf/ieo98/home.html)
by May 1998, in clud ing text, fore cast ta bles, and graph ics. To down load the en tire pub li ca tion in Port able
Docu ment For mat (PDF), go to ftp://ftp.eia.doe.gov/pub/pdf/in ter na tional/048498.pdf.

For or der ing in for ma tion and ques tions on other en ergy sta tis tics avail able from EIA, please con tact EIA’s
National En ergy In for ma tion Cen ter. Ad dresses, tele phone num bers, and hours are as fol lows:

Na tional En ergy In for ma tion Cen ter, EI-231
En ergy In for ma tion Ad min istra tion
For restal Build ing, Room 1F-048
Wash ing ton, DC  20585

Tele phone: 202/586-8800 E-  mail: in foctr@eia.doe.gov
TTY: For peo ple who are deaf World Wide Web Site: http://www.eia.doe.gov

or hard of hear ing: 202/586-1181 Go pher Site: go pher://go pher.eia.doe.gov
9 a.m. to 4 p.m., east ern time, M-F FTP Site: ftp://ftp.eia.doe.gov



Con tents

Pref ace . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .       ix

High lights . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .        1

World Energy Con sump tion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .        7
Alter na tive Growth Cases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .        9
Trends in Energy Inten sity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     13
Emis sions of Green house Gases and the Kyoto Pro to col . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     15
Car bon Emis sions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     18
Ref er ence Case Trends in  Pri mary Energy Con sump tion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     20
Fore cast Com pari sons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     21
Ref er ences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     24

The World Oil Mar ket . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     25
Oil Demand Growth in Indus tri al ized Coun tries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     26
Oil Demand Growth in Non in dus tri al ized Coun tries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     27
Oil Demand and Trans por ta tion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     28
The Com po si tion of World Oil Sup ply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     30
World wide Petro leum Trade in the Ref er ence Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     35
World Oil Price Pro jec tions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     37
Other Views of Prices and Pro duc tion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     38
Poli cies To Lessen Envi ron men tal Dam age from Trans por ta tion Fuel Use . . . . . . . . . . . . . . . . . . . . .     40
Ref er ences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     47

Natu ral Gas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .     49
Reserves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    51
Regional Activ ity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    51
Ref er ences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    64

Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    69
Trends in Coal Con sump tion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    70
Envi ron men tal Issues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    71
Reserves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    73
Regional Con sump tion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    73
Trade . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    80
Ref er ences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    83

Nuclear Power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    87
Regional Over view . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    90
Ref er ences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    94

Hydroe lec tric ity and Other Renew able Resources. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   97
Regional Activ ity. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   98
Ref er ences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

Elec tric ity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
Pri mary Fuel Use . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
The Financ ing of Elec tric Power Expan sion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
Pub li c Pol icy Reform in the Elec tric ity Indus try . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
Regional High lights  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116
Ref er ences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128

En ergy In for ma tion Ad min istra tion/ In ter na tional En ergy Out look 1998 iii



Appen dixes

A. World Energy Con sump tion, Car bon Emis sions, Oil Pro duc tion, and Nuclear Power Capac ity Tables . . . . . 131
B. World Energy Pro jec tion Sys tem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189
C. A Status Report on Devel op ing Trans por ta tion for Cas pian Basin Oil and Gas Pro duc tion . . . . . . . . . . . . 191

Index. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195

Tables

1. Energy Con sump tion and Car bon Emis sions by Region, 1990-2020. . . . . . . . . . . . . . . . . . . . . . . . .      3
2. World Energy Con sump tion by Energy  Source, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      8
3. World Energy Con sump tion by Region, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      9
4.  Energy Use and Eco nomic Growth for Selected Devel op ing Asian Coun tries, 1985-1995 . . . . . . . . . . . . .      9
5.  Annual Growth Rates in Gross Domes tic Prod uct by Region and for Selected Coun tries, 1970-2020. . . . . . .   10
6.  Annual World Energy Con sump tion by Region in Three Eco nomic Growth Cases, 1970-2020 . . . . . . . . . .   13
7. Aver age Energy Elas tic ity by Region, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   14
8.  Car bon Emis sions in the Annex I Coun tries, 1990 and 2010, and the Effects of Kyoto Pro to col in 2010. . . . . .   16
9. Com pari son of Energy Con sump tion Growth Rates, 1993-2010, by Region . . . . . . . . . . . . . . . . . . . .   21

10. Com pari son of Eco nomic Growth Rates, 1993-2010, by Region . . . . . . . . . . . . . . . . . . . . . . . . . . .   22
 11. OPEC Oil Pro duc tion, 1990-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   31
 12. Non- OPEC Oil Pro duc tion, 1990-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   32
 13. World wide Petro leum Trade in the Ref er ence Case, 1995 and 2020 . . . . . . . . . . . . . . . . . . . . . . . . .   36
14. Com pari son of World Oil Price Pro jec tions, 2000-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   38
15. Com pari son of World Oil Pro duc tion Fore casts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   39
16. Refor mu lated Fuel Require ments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   43
17. Selected Refor mu lated Gaso line Require ments by Coun try . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   45
18. Selected Refor mu lated Die sel Fuel Require ments by Coun try. . . . . . . . . . . . . . . . . . . . . . . . . . . .   46
 19. World Natu ral Gas Reserves by Coun try as of Janu ary 1, 1998. . . . . . . . . . . . . . . . . . . . . . . . . . . .   51
 20. Con tracts in Place for Natu ral Gas Sales from the United King dom’s Inter con nec tor to Main land Europe . . .   55
 21. World Coal Flows by Import ing and Export ing Regions, Ref er ence Case, 1996, 2010, and 2020 . . . . . . . . .   81
22. His tori cal and Pro jected Oper able Nuclear Capaci ties by Region, 1995-2020 . . . . . . . . . . . . . . . . . . .   89
23. Post poned Indo ne sian Geo ther mal Power Pro jects, 1997 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
24. Bra zil ian Hydroe lec tric Ten ders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
25. World Net Elec tric ity Con sump tion by Region, 1990-2020. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
26. World Energy Con sump tion for Elec tric ity Gen era tion by Region and Fuel, 1995-2020 . . . . . . . . . . . . . 115
27. Cumu la tive Pro jected World wide Elec tric Power Invest ments by Region, 1995-2010 . . . . . . . . . . . . . . 116

A1. World Total Energy Con sump tion by Region, Ref er ence Case, 1990-2020 . . . . . . . . . . . . . . . . . . . . . 133
 A2. World Total Energy Con sump tion by Region and Fuel, Ref er ence Case, 1990-2020 . . . . . . . . . . . . . . . . 134
 A3. World Total Oil Con sump tion by Region, Ref er ence Case, 1990-2020 . . . . . . . . . . . . . . . . . . . . . . . 136
A4. World Total Natu ral Gas Con sump tion by Region, Ref er ence Case, 1990-2020 . . . . . . . . . . . . . . . . . . 137
A5. World Total Coal Con sump tion by Region, Ref er ence Case, 1990-2020 . . . . . . . . . . . . . . . . . . . . . . 138
A6. World Net Nuclear Energy Con sump tion by Region, Ref er ence Case, 1990-2020 . . . . . . . . . . . . . . . . . 139
A7. World Con sump tion of Hydroe lec tric ity and Other Renew able Energy by Region, Ref er ence Case,

1990-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140
A8. World Total Net Elec tric ity Con sump tion by Region, Ref er ence Case, 1990-2020 . . . . . . . . . . . . . . . . . 141
A9. World Total Car bon Emis sions by Region, Ref er ence Case, 1990-2020 . . . . . . . . . . . . . . . . . . . . . . . 142

A10. World Car bon Emis sions from Oil Use by Region, Ref er ence Case, 1990-2020. . . . . . . . . . . . . . . . . . . 143
A11. World Car bon Emis sions from Natu ral Gas Use by Region, Ref er ence Case, 1990-2020 . . . . . . . . . . . . . 144
A12. World Car bon Emis sions from Coal Use by Region, Ref er ence Case, 1990-2020 . . . . . . . . . . . . . . . . . . 145
A13. World Total Energy Con sump tion in Oil- Equivalent Units by Region, Ref er ence Case, 1990-2020 . . . . . . . 146
A14. World Total Energy Con sump tion by Region, High Eco nomic Growth Case, 1990-2020 . . . . . . . . . . . . . 147
A15. World Total Energy Con sump tion by Region and Fuel, High Eco nomic Growth Case, 1990-2020. . . . . . . . 148
A16. World Total Oil Con sump tion by Region, High Eco nomic Growth Case, 1990-2020 . . . . . . . . . . . . . . . 150
A17. World Total Natu ral Gas Con sump tion by Region, High Eco nomic Growth Case, 1990-2020 . . . . . . . . . . 151
A18. World Total Coal Con sump tion by Region, High Eco nomic Growth Case, 1990-2020 . . . . . . . . . . . . . . 152
A19. World Net Nuclear Energy Con sump tion by Region, High Eco nomic Growth Case, 1990-2020 . . . . . . . . . 153
A20. World Con sump tion of Hydroe lec tric ity and Other Renew able Energy by Region, 

High Eco nomic Growth Case, 1990-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154

iv En ergy In for ma tion Ad min istra tion/ In ter na tional En ergy Out look 1998



Tables (Continued)

A21. World Total Net Elec tric ity Con sump tion by Region, High Eco nomic Growth Case, 1990-2020 . . . . . . . . . 155
A22. World Total Car bon Emis sions by Region, High Eco nomic Growth Case, 1990-2020 . . . . . . . . . . . . . . . 156
A23. World Car bon Emis sions from Oil Use by Region, High Eco nomic Growth Case, 1990-2020. . . . . . . . . . . 157
A24. World Car bon Emis sions from Natu ral Gas Use by Region, High Eco nomic Growth Case,

1990-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158
A25. World Car bon Emis sions from Coal Use by Region, High Eco nomic Growth Case, 1990-2020. . . . . . . . . . 159
A26. World Total Energy Con sump tion in Oil- Equivalent Units by Region, 

High Eco nomic Growth Case, 1990-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160
A27. World Total Energy Con sump tion by Region, Low Eco nomic Growth Case, 1990-2020 . . . . . . . . . . . . . 161
A28. World Total Energy Con sump tion by Region and Fuel, Low Eco nomic Growth Case, 1990-2020 . . . . . . . . 162
A29. World Total Oil Con sump tion by Region, Low Eco nomic Growth Case, 1990-2020. . . . . . . . . . . . . . . . 164
A30. World Total Natu ral Gas Con sump tion by Region, Low Eco nomic Growth Case, 1990-2020 . . . . . . . . . . 165
A31. World Total Coal Con sump tion by Region, Low Eco nomic Growth Case, 1990-2020 . . . . . . . . . . . . . . . 166
A32. World Net Nuclear Energy Con sump tion by Region, Low Eco nomic Growth Case, 1990-2020 . . . . . . . . . 167
A33. World Con sump tion of Hydroe lec tric ity and Other Renew able Energy by Region, 

Low Eco nomic Growth Case, 1990-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168
A34. World Total Net Elec tric ity Con sump tion by Region, Low Eco nomic Growth Case, 1990-2020 . . . . . . . . . 169
A35. World Total Car bon Emis sions by Region, Low Eco nomic Growth Case, 1990-2020 . . . . . . . . . . . . . . . 170
A36. World Car bon Emis sions from Oil Use by Region, Low Eco nomic Growth Case, 1990-2020 . . . . . . . . . . . 171
A37. World Car bon Emis sions from Natu ral Gas Use by Region, Low Eco nomic Growth Case,

1990-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172
A38. World Car bon Emis sions from Coal Use by Region, Low Eco nomic Growth Case, 1990-2020 . . . . . . . . . . 173
A39. World Total Energy Con sump tion in Oil- Equivalent Units by Region, 

Low Eco nomic Growth Case, 1990-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 174
A40. World Oil Pro duc tion Capac ity by Region and Coun try, Ref er ence Case, 1990-2020 . . . . . . . . . . . . . . . 175
A41. World Oil Pro duc tion Capac ity by Region and Coun try, High Oil Price Case, 1990-2020. . . . . . . . . . . . . 176
A42. World Oil Pro duc tion Capac ity by Region and Coun try, Low Oil Price Case, 1990-2020 . . . . . . . . . . . . . 177
A43. World Oil Pro duc tion Capac ity by Region and Coun try, High Non- OPEC Sup ply Case, 1990-2020 . . . . . . 178
A44. World Oil Pro duc tion by Region and Coun try, Ref er ence Case, 1990-2020 . . . . . . . . . . . . . . . . . . . . 179
A45. World Oil Pro duc tion by Region and Coun try, High Oil Price Case, 1990-2020 . . . . . . . . . . . . . . . . . . 180
A46. World Oil Pro duc tion by Region and Coun try, Low Oil Price Case, 1990-2020 . . . . . . . . . . . . . . . . . . 181
A47. World Oil Pro duc tion by Region and Coun try, High Non- OPEC Sup ply Case, 1990-2020 . . . . . . . . . . . . 182
A48. World Nuclear Gen er at ing Capac ity by Region and Coun try, Ref er ence Case, 1995-2020 . . . . . . . . . . . . 183
A49. World Nuclear Gen er at ing Capac ity by Region and Coun try, Low Nuclear Case, 1995-2020 . . . . . . . . . . 185
A50. World Nuclear Gen er at ing Capac ity by Region and Coun try, High Nuclear Case, 1995-2020 . . . . . . . . . . 187

Fig ures

1.  Map of the Six Basic Coun try Group ings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      x
2. World Energy Con sump tion, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      1
 3. World Energy Con sump tion by Region, 1995-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      1
4. Energy Con sump tion in Indus tri al ized and Devel op ing Regions, 1970-2020 . . . . . . . . . . . . . . . . . . .      2
5. World Energy Con sump tion Shares by Region, 1995-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      2
 6. World Car bon Emis sions by Region, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      3
7. Com pari son of 1997 and 1998 World Oil Price Pro jec tions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      3
 8. World Energy Con sump tion Shares by Energy Source, 1995-2020 . . . . . . . . . . . . . . . . . . . . . . . . .      4
 9. World Energy Con sump tion by Energy Source, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      4

 10. Net Elec tric ity Con sump tion per Cap ita by Region, 1995-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . .      5
11. World Energy Con sump tion, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      7
12. World Energy Con sump tion by Fuel Type, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      7
13. Non in dus tri al ized Energy Con sump tion by Region, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . .      8
14. World Energy Con sump tion by Region, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      8
15. World Energy Con sump tion by Eco nomic Growth Case, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . .   12
16. Energy, GDP, and Popu la tion Trends in Indus tri al ized Coun tries, 1995-2020 . . . . . . . . . . . . . . . . . . .   13
17. Energy, GDP, and Popu la tion Trends in Devel op ing Coun tries, 1995-2020 . . . . . . . . . . . . . . . . . . . .   14
18. World Energy Con sump tion per Cap ita by Region, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . .   14
19. Energy Inten si ties by Region, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   15

En ergy In for ma tion Ad min istra tion/ In ter na tional En ergy Out look 1998 v



Figures (Continued)

20. World Car bon Emis sions by Fuel Type, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   18
 21. World Car bon Emis sions by Region and Fuel Type, 1990, 2010, and 2020 . . . . . . . . . . . . . . . . . . . . .   18
22. World Car bon Emis sions by Region, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   19
23. Car bon Emis sions per Cap ita by Region, 1990, 2010, and 2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . .   19
24. Car bon Emis sions per Cap ita for Selected Regions and Coun tries, 1990-2020 . . . . . . . . . . . . . . . . . . .   19
25. Com pari son of IEO Fore casts with 1990 Energy Con sump tion in Mar ket Econo mies . . . . . . . . . . . . . . .   23
26. Com pari son of IEO Fore casts with 1995 Energy Con sump tion in Mar ket Econo mies . . . . . . . . . . . . . . .   23
27. Com pari son of IEO Fore casts with 1995 World Energy Con sump tion. . . . . . . . . . . . . . . . . . . . . . . .  24
 28. World Oil Prices in Three Cases, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    25
 29. Oil Demand in Indus tri al ized Coun tries, 1970, 1995, and 2020. . . . . . . . . . . . . . . . . . . . . . . . . . . .   27
30. Non in dus tri al ized Oil Demand by Region, 1970, 1995, and 2020 . . . . . . . . . . . . . . . . . . . . . . . . . .   27
 31. Oil Demand for Trans por ta tion in Devel op ing Asia, 1995-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . .   29
32. Vehi cle Stocks in Selected Devel op ing Asian Coun tries, 1975-1995 . . . . . . . . . . . . . . . . . . . . . . . . .   29
33. U.S. and Total World Vehi cle Fleets, 1970-1995 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   29
34. Vehi cle Own er ship in Selected Indus tri al ized Coun tries, 1995 . . . . . . . . . . . . . . . . . . . . . . . . . . .   30
 35. Vehi cle Own er ship in Non in dus tri al ized  Regions, 1995 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   30
36. World Oil Pro duc tion in the Ref er ence Case by Region, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . .   31
37. OPEC Oil Pro duc tion in Three Oil Price Cases, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   31
38. OPEC and Non- OPEC Oil Pro duc tion in Two Cases, 1990-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . .   35
39. Non- OPEC Oil Pro duc tion by Region in Two Cases, 2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   35
40. Imports of Per sian Gulf Oil by Import ing Region, 1995 and 2020. . . . . . . . . . . . . . . . . . . . . . . . . . .  35
41. Crude Oil Reserves in Three Undis cov ered Oil Cases, 1995-2020 . . . . . . . . . . . . . . . . . . . . . . . . . .   37
42. Cur rent Mar ket Shares of Unleaded Gaso line by Coun try . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    42
43. World Natu ral Gas Con sump tion in Three Cases, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49
44. Natu ral Gas Use for Elec tric ity Gen era tion and for All Other Uses,  1995-2020 . . . . . . . . . . . . . . . . . . .    49
45. World Natu ral Gas Con sump tion by Region, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   50
46. World Natu ral Gas Reserves by Region, 1975-1998 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   51
47. World Natu ral Gas Reserves by Region as of Janu ary 1, 1998 . . . . . . . . . . . . . . . . . . . . . . . . . . . .   51
48. Natu ral Gas Con sump tion in North Amer ica by Coun try, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . .   52
49. Natu ral Gas Con sump tion in West ern Europe, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   53
50. Cur rent Status of West ern Euro pean Natu ral Gas Pipe lines, 1997 . . . . . . . . . . . . . . . . . . . . . . . . . .   55
51. Natu ral Gas Con sump tion in the EE/FSU Region, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . .   58
52. Natu ral Gas Con sump tion in Bra zil and Other Cen tral and South Amer ica, 1970-2020 . . . . . . . . . . . . . .   59
53. Natu ral Gas Con sump tion in the Mid dle East and Africa, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . .  60
54. Natu ral Gas Con sump tion in Asia by Region, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    62
55. Coal Share of World Energy Con sump tion by Sec tor, 1995 and 2020 . . . . . . . . . . . . . . . . . . . . . . . .  69
56. Coal Share of Regional Energy Con sump tion, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    70
57. World Coal Con sump tion in Three Cases, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   71
58. Pro jected Cumu la tive Growth in World Car bon Emis sions by Region, 1990-2010. . . . . . . . . . . . . . . . .   72
59. Coal Share of Total Car bon Emis sions by Region, 1995 and 2010 . . . . . . . . . . . . . . . . . . . . . . . . . .   72
60. Regional Shares of World Car bon Emis sions, 1995 and 2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   72
61. World Recov er able Coal Reserves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  73
62. World Coal Con sump tion by Region, 1980, 1995, and 2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    74
63. Pro duc tion and Imports of Hard Coal by Region, 1985, 1990, and 1996 . . . . . . . . . . . . . . . . . . . . . . .   80
64. World Coal Trade, 1985, 1996, and 2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   82
65. Nuclear Shares of National Elec tric ity Gen era tion, 1996 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   87
66. World Nuclear Capac ity by Region, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   87
67. World Nuclear Capac ity in Three Cases, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   88
68. World Nuclear and Total Elec tric ity Con sump tion, 1995-2020. . . . . . . . . . . . . . . . . . . . . . . . . . . .   88
69. World Con sump tion of Hydroe lec tric ity and Other Renew able Energy in Three Cases, 1970-2020 . . . . . . .   97
70. Renew able Energy Share of World Energy Con sump tion, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . .   97
71. Renew able Energy Con sump tion by Region, 1970, 1995, and 2020 . . . . . . . . . . . . . . . . . . . . . . . . .   98
72. Renew able Energy Con sump tion in North Amer ica, 1975-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . .   98
73. Grid- Connected Wind Power Plants in the United States as of Decem ber 31, 1996. . . . . . . . . . . . . . . . .   99
74. Renew able Energy Con sump tion in West ern Europe, 1980-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . 100
75. Renew able Energy Con sump tion in Asia, 1970-2020 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

vi En ergy In for ma tion Ad min istra tion/ In ter na tional En ergy Out look 1998



Figures (Continued)

76. Energy Con sump tion for Elec tric ity Gen era tion in China, 1995 and 2020 . . . . . . . . . . . . . . . . . . . . . 117
77. Energy Con sump tion for Elec tric ity Gen era tion in India, 1995 and 2020 . . . . . . . . . . . . . . . . . . . . . . 118
78. Energy Con sump tion for Elec tric ity Gen era tion in Cen tral and South Amer ica, 1995 and 2020 . . . . . . . . . 121
79. Energy Con sump tion for Elec tric ity Gen era tion in the United States, 1995 and 2020 . . . . . . . . . . . . . . . 122
80. Energy Con sump tion for Elec tric ity Gen era tion in Mex ico, 1995 and 2020. . . . . . . . . . . . . . . . . . . . . 122
81. Energy Con sump tion for Elec tric ity Gen era tion in West ern Europe, 1995 and 2020 . . . . . . . . . . . . . . . 124
82. U.S. Direct Invest ment in Over seas Utili ties, 1988-1996 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
83. Energy Con sump tion for Elec tric ity Gen era tion in Japan, 1995 and 2020. . . . . . . . . . . . . . . . . . . . . . 125
84. Energy Con sump tion for Elec tric ity Gen era tion in Aus tra la sia, 1995 and 2020 . . . . . . . . . . . . . . . . . . 125
85. Energy Con sump tion for Elec tric ity Gen era tion in East ern Europe, 1995 and 2020 . . . . . . . . . . . . . . . . 127
86. Energy Con sump tion for Elec tric ity Gen era tion in the Mid dle East, 1995 and 2020 . . . . . . . . . . . . . . . . 127
87. Energy Con sump tion for Elec tric ity Gen era tion in Africa, 1995 and 2020 . . . . . . . . . . . . . . . . . . . . . 128
C1. Cas pian Sea Region Oil Pro duc tion and Export Poten tial, 1990-2020 . . . . . . . . . . . . . . . . . . . . . . . . 192

En ergy In for ma tion Ad min istra tion/ In ter na tional En ergy Out look 1998 vii



Pref ace

The En ergy In for ma tion Ad min istra tion’s out look for world en ergy trends
is pre sented in this re port. Model pro jec tions now ex tend ing to the

year 2020 are re ported, and re gional trends are dis cussed.

The Inter na tional Energy Out look 1998 (IEO98) pres ents
an assess ment by the Energy Infor ma tion Admin -
istration (EIA) of the out look for inter na tional energy
mar kets through 2020. The report is an exten sion of the
EIA’s Annual Energy Out look 1998 (AEO98), which was
pre pared using the National Energy Mod el ing Sys tem
(NEMS). U.S. pro jec tions appear ing in IEO98 are con sis -
tent with those pub lished in AEO98. IEO98 is pro vided
as a sta tis ti cal serv ice to energy man ag ers and ana lysts,
both in gov ern ment and in the pri vate sec tor. The pro -
jections are used by inter na tional agen cies, Fed eral and
State gov ern ments, trade asso cia tions, and other
planners and deci sion mak ers. They are pub lished
pursu ant to the Depart ment of Energy Organi za tion Act
of 1977 (Pub li c Law 95-91), Sec tion 205(c). The IEO98
pro jec tions are based on U.S. and for eign gov ern ment
poli cies in effect on Octo ber 1, 1997.

Pro jec tions in IEO98 are dis played accord ing to six basic
coun try group ings (Fig ure 1). The indus tri al ized region
includes pro jec tions for four indi vid ual coun tries—the
United States, Can ada, Mex ico, and Japan—along with
the sub groups West ern Europe and Aus tra la sia (defined 
as Aus tra lia, New Zea land, and the U.S. Ter ri to ries). The 
devel op ing coun tries are rep re sented by four sepa rate
regional sub groups: devel op ing Asia, Africa, Mid dle
East, and Cen tral and South Amer ica. China and India
are rep re sented in devel op ing Asia. New to this year’s
report, country- level pro jec tions are pro vided for
Brazil—which is rep re sented in Cen tral and South
Amer ica. East ern Europe and the former Soviet Union
(EE/FSU) are con sid ered as a sepa rate coun try
grouping.

The report begins with a review of world trends in
energy demand. The his tori cal time frame starts with
data from 1970 and extends to 1996, pro vid ing read ers
with a 26- year his tori cal view of energy demand. For the
first time, IEO98 pro jec tions are extended to 2020, so that 
the fore casts cover a 24- year pe ri od.

High eco nomic growth and low eco nomic growth cases,
based on dif fer ent rates of growth in regional gross
domes tic prod uct (GDP), are used to depict a set of alter -
na tive growth paths for the energy fore cast. The pro jec -
tions and the uncer tainty asso ci ated with mak ing

inter na tional energy pro jec tions in gen eral are dis -
cussed in the first chap ter of the report. The status of
envi ron mental issues, includ ing global car bon emis -
sions, is reviewed. Com pari sons of the IEO98 pro -
jections with other avail able inter na tional energy
fore casts are also included in the first chap ter, along
with a review of the per form ance of EIA's inter na tional
energy pro jec tions from pre vious edi tions of the IEO.

The next part of the report is organ ized by energy
source. Regional con sump tion pro jec tions for oil, natu -
ral gas, coal, nuclear power, and renew able energy
(hydro elec tric ity, geo ther mal, wind, solar, and other
renew ables) are pre sented in five fuel chap ters, with a
review of the cur rent status of each fuel on a world wide
basis. This IEO98 includes expanded cov er age of the
trans por ta tion sec tor. A dis cus sion of energy use in the
trans por ta tion sec tor—where EIA expects robust
growth over the next 25 years—has been added to the
chap ter on world oil mar kets. The last chap ter of the
report con tains a dis cus sion of energy use for elec tric ity
pro duc tion.

Sum mary tables of the IEO98 pro jec tions for world
energy con sump tion, car bon emis sions, oil pro duc tion,
and nuclear power gen er at ing capac ity are pro vided in
Appen dix A. The ref er ence case pro jec tions for total
foreign energy con sump tion and for natu ral gas, coal,
and renew able energy were pre pared using EIA’s World 
Energy Pro jec tion Sys tem (WEPS) model, as were
projec tions of car bon emis sions, net elec tric ity con -
sumption, and energy use for elec tric ity gen era tion.
Refer ence case pro jec tions of for eign oil pro duc tion and
con sump tion were pre pared using the Inter na tional
Energy Mod ule of the National Energy Mod el ing
System (NEMS). The NEMS Coal Export Sub mod ule
(CES) was used to derive flows in inter na tional coal
trade. Nuclear con sump tion pro jec tions were derived
from the Inter na tional Nuclear Model, PC Ver sion
(PC-INM). Alter na tively, nuclear capac ity pro jec tions
were devel oped by two meth ods: the nuclear ref er ence
case and low growth case pro jec tions were based on
analysts’ knowl edge of the nuclear pro grams in dif fer -
ent coun tries; the high growth case was gen er ated by the 
World Inte grated Nuclear Evalua tion Sys tem (WINES),
a demand- driven model.
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Fig ure 1.  Map of the Six Basic Coun try Group ings

Source: Energy Infor ma tion Admin istra tion, Office of Inte grated Analy sis and Fore cast ing.

The six basic coun try group ings used in this report
(Figure 1) are defined as fol lows:

• Indus tri al ized Coun tries (the indus tri al ized
coun tries con tain 18 per cent of the 1997 world
popu la tion): Aus tra lia, Aus tria, Bel gium, Can ada,
Den mark, Fin land, France, Ger many, Greece,
Iceland, Ire land, Italy, Japan, Lux em bourg,
Mexico, the Neth er lands, New Zea land, Nor way,
Por tu gal, Spain, Swe den, Swit zer land, Tur key, the 
United King dom, and the United States. The
indus tri al ized coun tries actu ally rep re sent all the
coun tries that are mem bers of the Organi za tion
for Eco nomic Coop era tion and Devel op ment
(OECD), with the excep tions of the most recent
addi tions—the Czech Repub lic, Hun gary, Poland, 
and South Korea.

• East ern Europe and the former Soviet Union
(EE/FSU) (7 per cent of the 1997 world popu la tion):

 - East ern Europe: Alba nia, Bos nia and Her ze -
govina, Bul garia, Croa tia, Czech Repub lic,
Hungary, Mace do nia, Poland, Roma nia, Ser bia
and Mon te ne gro, Slo va kia, and Slove nia.

 - For mer Soviet Union (FSU): The Bal tic States of
Esto nia, Lat via, and Lithua nia, as well as Arme -
nia, Azer bai jan, Bela rus, Geor gia, Kazakhstan,

Kyr gyz stan, Moldova, Rus sia, Tajiki stan, Turk -
meni stan, Ukraine, and Uzbeki stan.

• Devel op ing Asia (54 per cent of the 1997 world
popu la tion): Afghani stan, Bang la desh, Bhu tan,
Brunei, Cam bo dia (Kam pu chea), China, Fiji,
French Poly ne sia, Hong Kong, India, Indo ne sia,
Kiriba tia, Laos, Malay sia, Macau, Mal dives,
Mongo lia, Myan mar (Burma), Nauru, Nepal, New 
Cale do nia, Niue, North Korea, Paki stan, Papua
New Guinea, Phil ip pines, Samoa, Sin ga pore,
Solomon Islands, South Korea, Sri Lanka, Tai wan,
Thai land, Tonga, Vanu atu, and Viet nam.

• Mid dle East (2 per cent of the 1997 world popu la -
tion): Bah rain, Cyprus, Iran, Iraq, Israel, Jor dan,
Kuwait, Leba non, Oman, Qatar, Saudi Ara bia,
Syria, the United Arab Emir ates, and Yemen.

• Africa (12 per cent of the 1997 world popu la tion):
Alge ria, Angola, Benin, Bot swana, Burk ina Faso,
Burundi, Cam er oon, Cape Verde, Cen tral Afri can
Repub lic, Chad, Como ros, Congo (Braz za ville),
Congo (Kin shasa), Dji bouti, Egypt, Equa to rial
Guinea, Eri trea, Ethio pia, Gabon, Gam bia, Ghana,
Guinea, Guinea- Bissau, Ivory Coast, Kenya,
Lesotho, Libe ria, Libya, Mada gas car, Malawi,
Mali, Mau ri ta nia, Mau ri tius, Morocco, Mozam -
bique, Namibia, Niger, Nige ria, Reun ion,
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Rwanda, Sao Tome and Prin cipe, Sene gal,
Seychelles, Sierra Leone, Soma lia, South Africa,
St. Helena, Sudan, Swa zi land, Tan za nia, Togo,
Tuni sia, Uganda, West ern Sahara, Zam bia, and
Zim babwe.

• Cen tral and South Amer ica (6 per cent of the 1997
world popu la tion): Ant arc tica, Anti gua and
Barbuda, Argen tina, Aruba, Bahama Islands,
Barba dos, Belize, Bolivia, Bra zil, Brit ish Vir gin
Islands, Cay man Islands, Chile, Colom bia, Costa
Rica, Cuba, Domin ica, Domini can Repub lic,
Ecuador, El Sal va dor, Falk land Islands, French
Gui ana, Gre nada, Gua de loupe, Gua te mala,
Guyana, Haiti, Hon du ras, Jamaica, Mar tin ique,
Mont ser rat, Neth er lands Antil les, Nica ra gua,
Pan ama Repub lic, Para guay, Peru, St. Kitts- Nevis, 
St. Lucia, St. Vin cent/Grena dines, Suri name,
Trini dad and Tobago, Uru guay, and Vene zuela.

In addi tion, the fol low ing com monly used coun try
group ings are ref er enced in this report:

• G-7 Coun tries: United States, Japan, Can ada,
United King dom, France, Ger many, and Italy.

• Organi za tion of Petro leum Export ing Coun tries
(OPEC): Alge ria, Gabon, Indo ne sia, Iran, Iraq,
Kuwait, Libya, Nige ria, Qatar, Saudi Ara bia, the
United Arab Emir ates, and Vene zuela.

• Pacific Rim Devel op ing Coun tries: Hong Kong,
Indo ne sia, Malay sia, Phil ip pines, Sin ga pore,
South Korea, Tai wan, and Thai land.

• Per sian Gulf: Bah rain, Iran, Iraq, Kuwait, Qatar,
Saudi Ara bia, and the United Arab Emir ates.

• Organi za tion for Eco nomic Coop era tion and De -
vel op ment (OECD): Aus tra lia, Aus tria, Belgium,
Canada, Czech Repub lic, Den mark, Fin land,
France, Ger many, Greece, Hun gary, Ice land,
Ireland, Italy, Japan, Lux em bourg, Mex ico, the
Neth er lands, New Zea land, Nor way, Poland,
Portu gal, South Korea, Spain, Swe den, Swit zer -
land, Tur key, the United King dom, and the
United States.

• Annex I Coun tries (coun tries par tici pat ing in the
Kyoto Pro to col on Green house Gas Emis sions):
Aus tra lia, Aus tria, Bela rus, Bel gium, Bul garia,
Can ada, Croa tia, Czech Repub lic, Den mark, Euro -
pean Eco nomic Com mis sion, Esto nia, Fin land,
France, Ger many, Greece, Hun gary, Ice land,
Ireland, Italy, Japan, Lat via, Lithua nia, Lux em -
bourg, the Neth er lands, New Zea land, Nor way,
Poland, Por tu gal, Roma nia, Rus sia, Slo va kia,
Slove nia, Spain, Swe den, Swit zer land, Tur key,1
the Ukraine, the United King dom, and the United
States.
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The pro jec tions in IEO98 are not state ments of what will hap pen, but what might hap pen given the spe cific
assump tions and meth od olo gies used. These pro jec tions pro vide an objec tive, policy- neutral ref er ence case
that can be used to ana lyze inter na tional energy mar kets. As a policy- neutral data and analy sis organi za tion,
EIA does not pro pose, advo cate, or specu late on future leg is la tive and regu la tory changes. The pro jec tions are
based on cur rent U.S. and for eign gov ern ment poli cies. Assum ing cur rent poli cies, even know ing that changes 
will occur, will natu rally result in pro jec tions that dif fer from the final data.

Mod els are abstrac tions of energy pro duc tion and con sump tion activi ties, regu la tory activi ties, and pro ducer
and con sumer behav ior. The fore casts are highly depend ent on the data, ana lyti cal meth od olo gies, model
struc tures, and spe cific assump tions used in their devel op ment. Trends depicted in the analy sis are indica tive
of ten den cies in the real world rather than rep re sen ta tions of spe cific real- world out comes. Even where trends
are sta ble and well under stood, the pro jec tions are sub ject to uncer tainty. Many events that shape energy
markets are ran dom and can not be antici pated, and assump tions con cern ing future tech nol ogy char ac ter is tics, 
demo graph ics, and resource avail abil ity can not be known with any de gree of cer tainty.

1 Although Tur key is an Annex I coun try, it did not com mit to a quan ti fied reduc tion in green house gas emis sions under the Kyoto
Pro to col.



High lights

Growth in energy use is pro jected world wide through 2020. The demand for
elec tric ity in homes, busi ness, and indus try is grow ing in all regions,

as is the demand for petroleum- powered per sonal trans por ta tion.

The Inter na tional Energy Out look 1998 (IEO98) ref er ence
case fore cast indi cates that by 2020, the world will con -
sume three times the energy it con sumed 28 years ago in
1970 (Fig ure 2). Much of the pro jected growth in energy
con sump tion is attrib uted to expec ta tions of rapid
increases in energy use in the devel op ing world—espe -
cially in Asia. Although the eco nomic down turn in Asia
that began in mid- 1997 and con tin ues into 1998 has low -
ered expec ta tions for near- term growth in the region, the 
fore cast still sug gests that almost half the world’s pro -
jected increase in energy con sump tion will be in devel -
op ing Asia (Fig ure 3). Strong long- term eco nomic
growth in the Asia Pacific is expected to result in
improved stan dards of liv ing which, in turn, will mean
increased use of energy for a vari ety of resi den tial and
com mer cial pur poses and for per sonal trans por ta tion.
By 2020, the pro jected energy con sump tion in devel op -
ing Asia (includ ing China and India, but exclud ing
Japan, Aus tra lia, and New Zea land) sur passes that of all
North Amer ica by more than 50 quad ril lion Btu (36 per -
cent).

Total world energy con sump tion in the IEO98 ref er ence
case is pro jected to reach 639 quad ril lion Btu in 2020, an

Fig ure 2.  World Energy Con sump tion, 
1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

increase of almost 274 quad ril lion Btu (75 per cent) over
1995 lev els (Fig ure 2). The devel op ing world will
account for 174 quad ril lion Btu (64 per cent) of the
world’s incre ment in energy use. In 1995, energy con -
sump tion in the indus tri al ized coun tries exceeded that
in the devel op ing coun tries by 86 quad ril lion Btu (76
per cent), but by 2020 the devel op ing coun tries sur pass
the indus tri al ized coun tries by 16 quad ril lion Btu (6 per -
cent) (Fig ure 4). Devel op ing Asia accounted for only 20
per cent of the world’s energy use in 1995, but its share
grows to over 30 per cent by 2020 in the IEO98 ref er ence
case (Fig ure 5), with an incre ment of 128 quad ril lion Btu
(178 per cent) pro jected for the coun tries of that region
over the fore cast.

Two devel op ments in 1997 may sub stan tially impact
future energy demand lev els: the deep eco nomic reces -
sion in South east Asia and the poten tial con se quences of
the Kyoto Cli mate Change Pro to col. The Asian eco -
nomic down turn has resulted in some short- term reduc -
tions in expec ta tions for the energy use there. No
adjust ments were made to the pro jec tions to account for
the effects of the Kyoto Pro to col, how ever, because the
IEO98 fore cast is based on cur rent laws and regu la tions.

Fig ure 3.  World Energy Con sump tion by Region,
1995-2020

Sources: 1995: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Energy
Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary
1998). Pro jec tions: EIA, World Energy Pro jec tion Sys tem
(1998).
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Fig ure 4.  Energy Con sump tion in Indus tri al ized
and Devel op ing Regions, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

None of the par tici pat ing coun ties had rati fied the treaty 
at the time this report was pre pared for pub li ca tion.

The Kyoto Pro to col could pro foundly affect energy
growth in the indus tri al ized coun tries. For the emis sions 
tar gets speci fied by the Pro to col to be achieved by indus -
tri al ized coun tries solely through reduc tion of fos sil fuel
use, pro jected energy demand in 2020 would have to be
scaled back by 40 to 60 quad ril lion Btu—equiva lent to
between 20 and 30 mil lion bar rels of oil per day. The
expec ta tion is that, with fuel-switch ing oppor tu ni ties,
emis sions trad ing, and other off sets allowed under the
Pro to col, such as refor es ta tion, a more mod est reduc tion
in fos sil fuel use will be needed.

The eco nomic cri sis in South east Asia may put some of
the pro jected increase in energy use for devel op ing Asia
at risk. The coun tries most harmed by Asia’s cur rency
and debt cri sis include South Korea, Indo ne sia, Thai -
land, and Malay sia, which cur rently account for just
under 20 per cent of the energy use in devel op ing Asia.
The reces sion has already caused delays of many energy
proj ects in those coun tries, and a quick eco nomic recov -
ery will be needed to sup port their com ple tion.

If world energy con sump tion reaches the lev els pro -
jected in the IEO98 ref er ence case, annual car bon emis -
sions will increase by 4.6 bil lion met ric tons between
1995 and 2020 (Table 1). Accord ing to this pro jec tion,
world car bon emis sions would exceed 1990 lev els by 81
per cent at the end of the fore cast pe ri od. By 2010, emis -
sions in the devel op ing world are pro jected to be nearly
equal to those of the indus tri al ized nations (Fig ure 6).
Between 1990 and 2010, 78 per cent of the world’s incre -
ment in car bon emis sions is attrib uted to the devel op ing 

Fig ure 5.  World Energy Con sump tion Shares by
Region, 1995-2020

Sources: 1995: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Energy
Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary
1998). Pro jec tions: EIA, World Energy Pro jec tion Sys tem
(1998).

coun tries. If the Annex I coun tries that are par ties to
theKyoto Pro to col were able to achieve the pro posed tar -
get reduc tions, the fore cast for their emis sions would be
altered; but emis sions lev els world wide would con tinue
to increase. Should the Annex I coun tries meet their tar -
gets exactly, their pro jected level of emis sions could be
reduced by as much as 700 mil lion met ric tons. Many
issues remain to be resolved, how ever, with regard to
cred its for con trol ling green house gases other than car -
bon diox ide, seques ter ing car bon through for estry and
other activi ties, and trad ing emis sions rights with coun -
tries whose emis sions are below the caps set by the
Kyoto agree ment and related pro to cols.

The long- term pro jec tions for world oil prices in the
IEO98 ref er ence case remain vir tu ally unchanged from
those in last year’s report (Fig ure 7). The long- term trend 
in this year’s fore cast shows oil prices ris ing slowly in
real terms, reach ing about $22.00 (con stant 1996 U.S.
dol lars) per bar rel in 2020 from the cur rent price of
$17.00. The year- end 1996 price was $24.00 a bar rel.
General per cep tions are that near- term price risks are
more heav ily weighted on the down side, rather than
the upside; many ana lysts have low ered their near- term
pro jec tions by $1.00 or more per bar rel over at least
the next year, a sharp rever sal of the views held in early
1997. In the next year or so, prices are expected
to recover from pres ent lev els as the demand for oil
begins to grow more rap idly, espe cially in devel op ing
regions.

Over the longer term, oil prices are expected to remain
rela tively low through out the pro jec tion pe ri od. The
recent expan sion of non- OPEC oil pro duc tion is expect -
ed to con tinue in the short term, given that tech no logi cal
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Table 1.  Energy Con sump tion and Car bon Emis sions by Region, 1990-2020

Fig ure 6.  World Car bon Emis sions by Region,
1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

improve ments have expanded non- OPEC pro duc tion
pos si bili ties. Nev er the less, OPEC pro duc ers are pro -
jected to gain share in the world oil pro duc tion mar ket,
pro vid ing about 52 per cent of the world’s oil sup ply in
2020, com pared with 39 per cent in 1996.

There is now agree ment among many ana lysts that
resources are not a key con straint in sat is fy ing sub stan -
tial increases in oil demand through 2020. Rather more
impor tant to the devel op ment of oil mar kets are politi -
cal, eco nomic, and envi ron mental cir cum stances. Uncer -
tain ties with regard to the final set tle ment of sanc tions in

Figure 7.  Comparison of 1997 and 1998 World Oil
Price Projections

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

Iraq and the devel op ment of suit able trans por ta tion
infra struc ture for the mar ket ing of oil from the Cas pian
region are two obvi ous exam ples; the future behav ior of
OPEC is another. OPEC recently increased its out put
quota by 10 per cent, from 25 mil lion bar rels per day to
27.5 mil lion bar rels per day. While some argue that the
adjust ment—led by Saudi Ara bia—sig nals a deter mi na -
tion by the Saudis to improve their share of the world oil
pro duc tion mar ket, oth ers sug gest that it merely reflects
an effort by OPEC to develop a path for future pro duc -
tion lev els that will accom mo date the con tin ued expan -
sion of world oil mar kets.
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Region

Energy Con sump tion (Quad ril lion Btu) Car bon Emis sions (Mil lion Met ric Tons)

1990 1995 2010 2020 1990 1995 2010 2020

Annex I Coun tries

  Indus tri al izeda . . . . . . 179.8 193.7 238.7 260.5 2,807 2,851 3,535 3,907 

  EE/FSUb . . . . . . . . . 73.6 53.2 69.0 80.4 1,290 866 1,072 1,223 

    Total . . . . . . . . . . 253.4 246.8 307.6 340.9 4,097 3,717 4,607 5,130 

Non- Annex I Coun tries

  Asia . . . . . . . . . . . 51.4 71.8 137.4 199.4 1,065 1,427 2,603 3,835 

  Other . . . . . . . . . . . 39.0 46.9 74.7 99.1 624 692 1,120 1,482 

    Total . . . . . . . . . . 90.4 118.7 212.0 298.5 1,689 2,121 3,723 5,317 

Total World . . . . . . . . 343.8 365.6 519.6 639.4 5,786 5,841 8,330 10,447 
aExcludes Mex ico. Mex ico is included in Non- Annex I Other.
bIEO98 does not proj ect sepa rately for coun tries in the EE/FSU. How ever, emis sions from Annex I coun tries in the EE/FSU region

cur rently account for 87 per cent of total regional emis sions. Hence, this number is slightly over stated.
Sources: His tory: Energy Infor ma tion Admin istra tion (EIA), Inter na tional Energy Annual 1996, DOE/EIA-0219(96) (Wash ing ton,

DC, Feb ru ary 1998). Pro jec tions: EIA, World Energy Pro jec tion Sys tem (1998).
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Two cur rent devel op ments are likely to con trib ute to a
situa tion of excess sup ply in world oil mar kets in the
short term. On the demand side, the onset of the Asian
reces sion por tends a slow ing of oil demand growth in a
region that cur rently accounts for one- fourth of the
world’s oil con sump tion. On the sup ply side, the Iraqi
cri sis—if set tled peace fully—could lead to an accel era -
tion of oil exports even as oil prices decline. That is, since 
allow able Iraqi exports are defined in dol lars, as the oil
price declines, more oil sup plies can enter the mar ket.
Increases in the dol lar allow ance for export earn ings also 
raise the pros pect of over sup ply.

Large increases in oil con sump tion are expected in the
IEO98 ref er ence case. Between 1995 and 2020, oil
demand grows at an aver age rate of 2 per cent annu ally,
result ing in an incre ment of more than 45 mil lion bar rels
per day. Even given this growth in demand, oil’s share
of total energy use declines over the pro jec tion pe ri od,
fal ling from 39 per cent in 1995 to 37 per cent in 2020, as
natu ral gas becomes an increas ingly pow er ful com peti -
tor to oil in all end uses except trans por ta tion (Fig ure 8).
In the indus tri al ized coun tries, oil use grows by 1.1 per -
cent per year—mainly in the trans por ta tion sec tor,
where it has lim ited com pe ti tion. Oil use in the devel op -
ing coun tries is pro jected to grow by 3.5 per cent annu -
ally, increas ing in all end- use sec tors. Higher stan dards
of liv ing are expected to encour age increased demand
for per sonal trans por ta tion and larger and bet ter
equipped homes in the world’s devel op ing coun tries,
many of which do not have natu ral gas dis tri bu tion
infra struc tures that would allow com pe ti tion with oil.

Fig ure 8.  World Energy Con sump tion Shares by
Energy Source, 1995-2020

Sources: 1995: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Energy
Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary
1998). Pro jec tions: EIA, World Energy Pro jec tion Sys tem
(1998).

Natu ral gas demand more than dou bles over the pro jec -
tion pe ri od, reach ing 172 tril lion cubic feet in 2020.
World wide, gas use grows faster than any other pri mary 
energy source, 3.2 per cent per year com pared to about 2
per cent for oil and coal. On a Btu basis, world wide gas
con sump tion sur passes coal con sump tion by 2005 in the
ref er ence case. By 2020, natu ral gas demand is 11 per cent 
higher than coal demand (Fig ure 9). Much of the incre -
ment in gas usage will fuel elec tric ity gen era tion, par -
ticu larly in the indus tri al ized coun tries, where natu ral
gas can re place the other, rela tively more carbon- intense 
fos sil fuels.

Gas demand is expected to grow most quickly in the
world’s devel op ing coun tries. In devel op ing Asia, natu -
ral gas con sump tion grows by 7 per cent annu ally even
given the region’s recent eco nomic tur moil. Cen tral and
South Amer ica also are expected to expe ri ence fast-
 paced growth in gas demand, by 7 per cent annu ally
between 1995 and 2020. In Bra zil alone, gas use increases 
by 14 per cent per year in the ref er ence case. There is
robust activ ity in the region to develop the infra -
structure needed to deliver natu ral gas to indus trial
consum ers and elec tric power gen era tors. Con struc tion
on sev eral major pipe lines began in 1997, includ ing
work on the $2 bil lion Bolivia- Brazil pipe line.

Coal’s role in energy use world wide has shifted sub stan -
tially over the dec ades, from a fuel used exten sively in
all sec tors of the econ omy to one that is now used pri -
mar ily for elec tric ity gen era tion and in a few key
industrial sec tors, such as steel, cement, and chemi cals.

Fig ure 9.  World Energy Con sump tion by Energy
Source, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).
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Coal con sump tion is expected to increase by about 3.5
bil lion short tons over the next 25 years (an increase of
about 69 per cent). 

The coal share of total energy con sump tion decreases
only slightly, from 25 per cent in 1995 to 24 per cent in
2020, mostly because of large increases pro jected in
devel op ing Asia. Coal use is expected to decline in East -
ern Europe and the former Soviet Union (EE/FSU) and
grow slowly in the indus tri al ized world. The rela tively
sta ble out look por trayed for coal in the IEO98 fore cast
could change sub stan tially as a result of the reduc tions
in car bon emis sions tar geted in the Kyoto Pro to col. If the 
pro posed reduc tions occur, the coal indus try could face
a rap idly declin ing mar ket for its prod uct in the years
ahead.

World wide nuclear capac ity is pro jected to increase
from 351 giga watts in 1995 to 356 giga watts in 2005, be -
fore declin ing to 304 giga watts in 2020. Aggres sive plans 
to expand nuclear capac ity, mainly in the Far East, drive
the near- term increase; but retire ments of exist ing
units—par ticu larly in the United States, where re place -
ment by new nuclear units is not expected—out weigh
the expected devel op ment in Asia.

Nuclear power pro vided 17 per cent of total elec tric ity
gen era tion in 1996. In nine coun tries it pro vided more
than 40 per cent of elec tric ity gen era tion. Nev er the less,
mar ket com pe ti tion from natu ral gas, pub li c con cern
about the safety of nuclear reac tor opera tions, and prob -
lems asso ci ated with the dis posal of nuclear waste are
con strain ing the expan sion of nuclear power pro grams
in many nations. The wide spread trend toward pri va ti -
za tion and deregu la tion of the elec tric util ity sec tor has
also under mined the viabil ity of the nuclear option,
because of the high costs asso ci ated with build ing and
oper at ing nuclear power plants. It is pos si ble, how ever,
that rati fi ca tion of the Kyoto Pro to col could change the
out look for nuclear power. Indus tri al ized coun tries
could con ceiva bly extend the lives of their nuclear plants 
in efforts to con strain green house gas emis sions.

Low fos sil fuel prices are expected to con tinue to ham -
per the devel op ment of renew able energy sources.
Again, how ever, the impact of the Kyoto Pro to col on
renew ables ini tia tives is not yet known, and many of the
indus tri al ized Annex I coun tries may turn to renew ables 
to help meet their car bon emis sions reduc tion tar gets.
Although the IEO98 pro jec tions do not address the
poten tial of hydroe lec tric ity and other renew able energy 
sources under the terms of the Pro to col, con sump tion of

renew ables in the ref er ence case is pro jected to grow by
67 per cent, to about 50 quad ril lion Btu in 2020. While
renew able energy sources are not expected to gain mar -
ket share, they are pro jected to retain an 8-percent share
of world energy use in 2020. Large- scale hydroe lec tric
proj ects in devel op ing Asia, such as Chi na’s
18.2-gigawatt Three Gorges Dam proj ect sched uled for
com ple tion in 2009, sup port expec ta tions that the use of
renew ables for elec tric ity gen era tion will more than
dou ble in that region over the next 25 years.

Net elec tric ity con sump tion exceeds 23 tril lion kilo wat t -
hours in the IEO98 ref er ence case in 2020, a 97- percent
increase from the 1995 level of 12 tril lion kilo wat thours.
Growth in elec tric ity demand in devel op ing coun tries is
pro jected to more than tri ple between 1995 and 2020,
and even though growth is expected to be slower in the
indus tri al ized coun tries, per cap ita con sump tion is
expected to rise as new uses for elec tric ity pro lif er ate
among resi den tial, com mer cial, and indus trial con -
sumers (Fig ure 10). Per cap ita elec tric ity con sump tion in 
the indus tri al ized coun tries grows from 7.2 th o u s a nd
kilo wat thours per per son in 1995 to 10.3 th o u s a nd kilo -
wat thours per per son in 2020, a 42- percent increase. The
great est gains are expected in devel op ing Asia and in
Cen tral and South Amer ica, where ris ing stan dards of
liv ing are lead ing to greater elec tri fi ca tion and inten sive
use of mod ern appli ances, space heat ing, air con di tion -
ing, and light ing.

Fig ure 10.  Net Elec tric ity Con sump tion per Cap ita
by Region, 1995-2020

Sources: 1995: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Energy
Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary
1998). Pro jec tions: EIA, World Energy Pro jec tion Sys tem
(1998).
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World En ergy Con sump tion

IEO98 proj ects that total annual world energy con sump tion could be 75 per cent higher
in 2020 than it was in 1995. Demand for all sources of energy except

nuclear power is expected to grow over the pro jec tion pe ri od.

By 2020 the world is pro jected to con sume three times
the amount of energy it used 25 years ago (Fig ure 11).
Despite the recent eco nomic cri sis in South east Asia,
which may reduce expected growth of energy con sump -
tion in the short term, EIA believes that almost half of the 
world’s pro jected energy incre ment will occur in devel -
op ing Asia. Indeed, the IEO98 ref er ence case pro jec tions
for Asia adopt the widely held expec ta tion that the
reces sion in that part of the world will not be pro tracted,
and that by 2000 there will be a return to the strong eco -
nomic growth—and, as a result, strong growth in energy 
demand—that was expected bef ore the cri sis emerged.
By 2010, energy use in devel op ing Asia (includ ing China 
and India, but exclud ing Japan, Aus tra lia, and New Zea -
land) is pro jected to sur pass con sump tion in all of North
Amer ica; and by 2020 it is expected to exceed North
Ameri can con sump tion by more than 50 quad ril lion
Brit ish ther mal units (Btu) (36 per cent).

Fig ure 11.  World Energy Con sump tion, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

IEO98 proj ects that total world energy con sump tion will 
reach 639 quad ril lion Btu, grow ing by 2.3 per cent annu -
ally between 1995 and 2020, as much as it had in the pre -
vious 25- year pe ri od (Table 2). All sources of energy
except nuclear are expected to grow over the pro jec tion
pe ri od (Fig ure 12). Renew ables are not expected to grow
as quickly in the fore cast pe ri od as they have in the past
25 years. By 2020, the total incre ment in world energy

con sump tion from its 1995 level is pro jected to be about
274 quad ril lion Btu, rep re sent ing a 75- percent increase
in total energy con sump tion from 1995 to 2020.

Fig ure 12.  World Energy Con sump tion by Fuel
Type, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

Much of the growth in energy con sump tion occurs out -
side the indus tri al ized world, which today con sumes
about 86 quad ril lion Btu more than the devel op ing
coun tries (Fig ure 13 and Table 3). In fact, by 2005, non in -
dus tri al ized coun tries are pro jected to con sume as much 
energy as the indus tri al ized coun tries. And by the end of 
the fore cast, energy con sump tion in the devel op ing
coun tries (devel op ing Asia, Africa, the Mid dle East, and
Cen tral and South Amer ica) exceeds that of the indus tri -
al ized world by 16 quad ril lion Btu (Fig ure 14). Such
large increases will have an enor mous impact on the
energy mar kets of the future. The pro jec tions assume
sub stan tial lev els of new invest ment in all phases of
energy pro duc tion and dis tri bu tion. To achieve such
invest ment in many areas of the world, gov ern ment
poli cies must con tinue to evolve, favor ing pri vate incen -
tives for sav ing, trade, and devel op ment.

Two events in 1997 have ren dered the assess ment of
energy sup ply and demand sce nar ios even more haz -
ard ous than usual. Under any con di tions, sub stan tial
uncer tainty attends the devel op ment of any long- term
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Table 2.  World Energy Con sump tion by Energy  Source, 1970-2020
(Quad ril lion Btu)

sce nario for world energy sup ply and demand.
Assump tions must be made about the rate and regional
com po si tion of world wide eco nomic growth, and many
char ac ter is tics of the rela tion ship between eco nomic
growth and energy use pat terns must be speci fied, as
must fea si ble paths of energy sup ply devel op ment.
Added to such nor mal sources of uncer tainty are the
new issues that arose in 1997. First, the poten tial con se -
quences of the Kyoto Cli mate Change Pro to col for
energy and eco nomic growth are sub stan tial. Sec ond,
the extent of eco nomic dis rup tion that could flow from
eco nomic reces sions cur rently under way in the Asia
Pacific region is not known.

The Kyoto Pro to col could fore stall much energy
demand growth in the indus tri al ized world. Most
business- as- usual pro jec tions cur rently avail able would
have indus tri al ized coun tries account ing for about one-
 third of world growth in energy demand between now
and 2010. Were emis sions tar gets iden ti fied in the

Fig ure 13.  Non in dus tri al ized Energy Con sump tion
by Region, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

Protocol to be achieved by reduc ing fos sil energy usage,
energy con sump tion over all could be reduced by
between 40 and 60 quad ril lion Btu—equiva lent to
between 20 and 30 mil lion bar rels per day of oil demand. 
On the other hand, poten tial fuel switch ing oppor tu ni -
ties could sof ten the effects of the agree ment.

Even though the 1995 energy demand in devel op ing
Asia was only 36 per cent of the total energy demand in
indus tri al ized coun tries, the rate of expected growth is
such that more incre mental demand—an increase of
more than 65 quad ril lion Btu by 2010—is expected in
this region than from all indus tri al ized coun tries com -
bined. Thus, in the con text of the pro jec tions pre pared in
1997, the Asian eco nomic cri sis and the Kyoto Pro to col
put at risk about 100 quad ril lion Btu or two- thirds of
poten tial growth in energy demand through 2010.

The cur rent pro jec tions of near- term energy demand
pre sented in this IEO have been adjusted down ward

Fig ure 14.  World Energy Con sump tion by Region,
1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

8 En ergy In for ma tion Ad min istra tion/ In ter na tional En ergy Out look 1998

Energy Source 1970 1995 2010 2020

Annual Per cent Change

1970-1995 1995-2020

Oil . . . . . . . . . . . . . . 97.8 142.5 195.5 237.3 1.5 2.1

Natu ral Gas . . . . . . . . . 36.1 78.1 133.3 174.2 3.1 3.3

Coal . . . . . . . . . . . . . 59.7 91.6 123.6 156.4 1.7 2.2

Nuclear . . . . . . . . . . . 0.9 23.3 24.9 21.3 13.9 -0.4

Renew ables . . . . . . . . . 12.2 30.1 42.4 50.2 3.7 2.1

  Total . . . . . . . . . . . . 206.7 365.6 519.6 639.4 2.3 2.3

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA), Office of Energy Mar kets and End Use, Inter na tional Sta tis tics Data -
base and Inter na tional Energy Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec tions: EIA, World Energy
Pro jec tion Sys tem (1998).
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Table 3.  World Energy Consumption by Region, 1970-2020
(Quadrillion Btu)

only modestly relative to last year’s edition. No adjust-
ments are made to try to account for the potential
impacts of the Kyoto Protocol (see discussion on page
15), because the IEO98 projections consider only current
laws and regulations as of October 1, 1997. As of March
1998, the Kyoto agreement has not yet been ratified by
the conference participants. Those adjustments which
have been made reflect an effort to account for current
economic troubles in Asia. The reference case projection
for Asia reflects adoption of the most broadly held
expectation—that economic recession in the region will
be sharp but not protracted. Thus, it is expected that, by
2000, economic expansion in Asia will resume at rates
above the average for the world economy as a whole.

To date, the countries most harmed by currency and
debt crises include South Korea, Thailand, Malaysia,
and Indonesia. Although these countries accounted for
less than 15 percent of energy consumption for all of
Asia in 1995 (Table 4), increases in their consumption
account for 25 percent of the change in energy demand
for the entire region since 1985. In each of the four coun-
tries, energy demand has grown more rapidly than
gross domestic product (GDP) over the past decade.
Thus, quick economic recovery in the region is impor-
tant if a wide range of energy development projects cur-
rently underway or planned are to be profitable. The
effects of the recession are already evident from the vari-
ety of actions that have been initiated to stretch out or

postpone projects to expand liquefied natural gas (LNG)
trade, electric power generation, and oil refining.

The IEO98 assumes that world economic growth will
average about 3.1 percent annually between 1995 and
2020. Over the past quarter century, world GDP grew by
about $12 trillion (1990 U.S. dollars). Over the next 25
years, GDP is expected to increase by more than twice
that amount, reaching $53 trillion by 2020. The bulk of
the growth occurs in the developing countries, which
average 5.2 percent annual growth—compared with 2.3
percent annual growth in the industrialized countries
and 3.7 percent in the recovering economies of Eastern
Europe and the former Soviet Union (EE/FSU) (Table 5).

Alternative Growth Cases
Current discussions underscore the uncertainties inher-
ent in economic growth projections, both near- and long-
term. Discussion surrounding the Asian financial crisis
reveals two predominant perspectives (as of winter
1998). One perspective, adopted for the IEO98 reference
case, likens current developments to those experienced
in Mexico beginning in 1990—severe currency devalua-
tion, debt repayment difficulties, shortage of investible
funds, and crisis in confidence. The Mexican economic
crisis led to rescue efforts by international agencies and
internal policy adjustments that promoted reform
and recovery and relatively quick movement toward
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Region 1970 1995 2010 2020

Annual Percent Change

1970-1995 1995-2020

Industrialized . . . . . . . . . . . 135.1 199.1 247.5 271.5 1.6 1.2

United States. . . . . . . . . . . 67.6 90.4 112.2 118.6 1.2 1.1

Developing . . . . . . . . . . . . 32.0 113.3 203.0 287.5 5.2 3.8

Developing Asia . . . . . . . . . 18.9 71.8 137.4 199.4 5.5 4.2

EE/FSU . . . . . . . . . . . . . . 39.7 53.2 69.0 80.4 1.2 1.7

Total World . . . . . . . . . . . . 206.7 365.4 519.5 639.4 2.3 2.3

Sources: History: Energy Information Administration (EIA), Office of Energy Markets and End Use, International Statistics Data-
base and International Energy Annual 1996, DOE/EIA-0219(96) (Washington, DC, February 1998). Projections: EIA, World Energy
Projection System (1998).

Table 4.  Energy Use and Economic Growth for Selected Developing Asian Countries, 1985-1995

Country

1995 Energy Consumption Average Annual Growth, 1985-1995

Quadrillion Btu
Percent of
Total Asia

Energy Use
(Percent per Year)

Gross Domestic Product
(Percent per Year)

Indonesia . . . . . . . . . 3.3 3.4 7.2 6.7

Malaysia . . . . . . . . . . 1.5 1.5 7.8 7.7

South Korea . . . . . . . . 6.5 6.6 11.2 8.9

Thailand . . . . . . . . . . 2.2 2.2 12.2 9.4

Total . . . . . . . . . . . 13.5 13.7 9.8 8.3

Sources: Energy Information Administration, International Energy Annual 1996, DOE/EIA-0219(96) (Washington, DC, February
1998); and WEFA Energy, World Economic Outlook: 20-Year Extension (Eddystone, PA, April 1997).



Table 5.  Annual Growth Rates in Gross Domes tic Prod uct by Region and for Selected Coun tries, 1970-2020
(Aver age Annual Per cent Growth)

renewed eco nomic expan sion. Those hold ing simi lar
expec ta tions for Asia point to the wide array of actions
under way or prom ised which are expected to have
bene fi cial effects on con fi dence in inter na tional capi tal
mar kets and the func tion ing of indige nous econo mies.

A more pes si mis tic per spec tive lik ens cur rent and pro -
spec tive Asian devel op ments to the Latin Ameri can
debt cri sis of the 1980s, after which long- term regional
growth nearly ceased for a dec ade. This view empha -
sizes the dif fi culty of affect ing eco nomic reforms already 
prom ised within such coun tries as Indo ne sia, Thai land,
and South Korea. The view also reflects an expec ta tion
that the adverse eco nomic effects evi dent in a few coun -
tries will spread to oth ers, includ ing most nota bly China
and Japan, both of which are sen si tive to the increased
com pe ti tion in export mar kets that could fol low the
devalua tion of many South east Asian cur ren cies.

Expe ri ence dem on strates that growth pros pects can
change mark edly and for extended peri ods of time,
involv ing major sec tions of the world econ omy. A major
case in point is the col lapse of the former Soviet Union in
the 1990s, in stark con trast to the remark able growth
record of devel op ing Asia.

IEO98 includes a high eco nomic growth case and a low
eco nomic growth case in addi tion to the ref er ence case.
The ref er ence case fore cast was for mu lated by estab lish -
ing a set of regional assump tions about eco nomic

growth paths and energy elas tic ity (the rela tion ship
between changes in energy con sump tion and changes in 
GDP). The two alter na tive growth cases, based on alter -
na tive ideas about the pos si ble paths of eco nomic
growth, were for mu lated to pro vide users with a way to
quan tify the range of uncer tainty asso ci ated with the ref -
er ence case.

For the high and low eco nomic growth cases, dif fer ent
assump tions were made about the range of pos si ble eco -
nomic growth rates for devel op ing and indus tri al ized
nations, reflect ing the greater uncer tainty inher ent in
attempts to fore cast eco nomic growth in devel op ing
econo mies. The same pat tern of change in energy inten -
sity rela tive to change in GDP (dis cussed below) was
assumed for the high and low growth cases as for the ref -
er ence case. For indus tri al ized coun tries, incre ments of
+1.0 and -1.0 per cent age points, respec tively, were
added to the ref er ence case growth rates to gen er ate the
high and low growth cases. For non in dus tri al ized coun -
tries and/or regions, apart from China and EE/FSU,
incre ments of +1.5 and -1.5 per cent age points were used
to gen er ate the high and low growth cases.

China and the EE/FSU coun tries are spe cial cases with
regard to pros pects for future eco nomic growth. China
has expe ri enced quite high eco nomic growth in the past
few years, and the EE/FSU region has suf fered a severe
eco nomic down turn. In both regions there is oppor tu -
nity for a sub stan tial change in growth: China has the
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Region/Coun try

His tory Pro jected

1970-1980 1980-1990 1990-2000 2000-2010 2010-2020 1995-2020

Indus tri al ized . . . . . . . . . . 3.1 2.9 2.0 2.4 2.2 2.3

  North Amer ica. . . . . . . . . . 2.8 2.8 2.1 2.3 1.9 2.1

  West ern Europe . . . . . . . . . 2.9 2.4 2.1 2.5 2.4 2.4

  Pacific . . . . . . . . . . . . . . 4.5 3.9 1.7 2.5 2.5 2.3

Non in dus tri al ized . . . . . . . . 4.3 2.6 2.2 5.2 5.1 4.9

  EE/FSU . . . . . . . . . . . . . 2.6 1.9 -3.8 4.8 3.6 3.7

    For mer Soviet Union. . . . . . 2.6 2.0 -4.4 4.8 3.4 3.6

    East ern Europe . . . . . . . . 2.9 0.8 1.6 4.6 4.4 4.4

  Devel op ing . . . . . . . . . . . 5.6 3.1 4.8 5.3 5.4 5.2

    Devel op ing Asia . . . . . . . 5.8 7.3 6.8 6.3 6.4 6.2

      China . . . . . . . . . . . . . 5.3 9.3 10.0 7.8 8.0 7.9

      Other . . . . . . . . . . . . . 5.9 6.7 5.5 5.4 5.2 5.2

    Mid dle East . . . . . . . . . . 5.7 0.2 3.0 3.7 4.1 3.8

    Africa. . . . . . . . . . . . . . 3.6 2.1 2.6 4.1 4.2 4.1

    Cen tral and South Amer ica . . 6.3 0.9 3.5 4.5 4.2 4.3

Total World . . . . . . . . . . . 3.4 2.8 2.1 3.2 3.2 3.1

Note: India is includ ing in devel op ing other Asia.
Sources: Derived from WEFA Energy, World Eco nomic Out look: 20- Year Exten sion (Eddystone, PA, April 1997). U.S. data from

Energy Infor ma tion Admin istra tion (EIA), Annual Energy Out look 1998, DOE/EIA-0383(98) (Wash ing ton, DC, Decem ber 1997); and
EIA, World Energy Pro jec tion Sys tem (1998).
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Uncer tain ties in Eco nomic Growth

The eco nomic cri sis in East Asia began in the sum mer
of 1997 and con tin ued to deepen into the win ter of
1998. In most of the coun tries of the region, local
curren cies have fallen dras ti cally rela tive to the U.S.
dollar. The Malay sian rin gitt lost 47 per cent of its value
com pared to the dol lar between Janu ary 2, 1997, and
Janu ary 9, 1998; the Thai baht 41 per cent; the Korean
won 53 per cent; and the Indo ne sian rupiah 77 per cent
(see table below). As of Janu ary 1998, the Inter na tional
Mone tary Fund (IMF) had arranged more than $100
bil lion in fund ing for South Korea, Indo ne sia, and
Thai land—loans that will require them to cut energy
sub si dies and to deregu late and pri vat ize their energy
indus tries [1]. Indo ne sia has agreed to phase out sub -
sidies on fuel and elec tric ity as part of its IMF loan
pack age. Thai land’s gov ern ment has put oil and gas
pri va ti za tion on a “fast track.”

These recent eco nomic events have high lighted the
uncer tain ties attached to any eco nomic growth fore -
casts—both short- term and long- run. Most of the major 
uncer tain ties regard ing eco nomic growth have cen -
tered in the devel op ing world, since their econo mies
need to devote much of their eco nomic resources to
improv ing infra struc ture (edu ca tion, trans por ta tion,
and com mu ni ca tion as well as energy resources) and
tend to rely on inter na tional capi tal flows to finance
much of their invest ment. But inter na tional capi tal
flows, espe cially port fo lio invest ment, are vola tile and
may have sub stan tial impacts on short- term growth.
Whether long- run growth is also affected depends on
the rea sons for the finan cial insta bil ity, the under ly ing
eco nomic char ac ter is tics of the coun try (such as the
skill of the labor force), the domes tic sav ings rate, the
pros pects for traded goods in global com pe ti tion, and
the infra struc ture that sup ports the econ omy.

The long- run poten tial for eco nomic growth depends
on the econo my’s capac ity to expand aggre gate sup -
ply, or poten tial out put. Poten tial GDP is that level of
out put that could be pro duced if all resources were
fully employed. The growth in aggre gate sup ply
depends upon the increase in the labor force, the
growth of capi tal stock, and pro duc tiv ity improve -
ments. Labor force growth depends upon popu la tion
and demo graphic growth and labor force par tici pa tion
rates. Also criti cal to long- run expan sion of aggre gate
sup ply are capi tal stock accu mu la tion and pro duc -
tivity growth, as well as fis cal and mone tary poli cies.

The analy sis of the short- run behav ior of the econ omy
focuses on the busi ness cycle and empha sizes fac tors
that deter mine how close or how far actual out put
varies from poten tial. On an inter na tional scale,

interna tional capi tal flows can typi cally be explained
by short- run phe nom ena; how ever, if fis cal or mone -
tary poli cies imposed in response to short- run capi tal
mar ket fluc tua tions lead to increased rigid ity in the
mar kets, then the growth of out put can be hin dered.

Start ing in late spring 1997, cur rency mar kets in South -
east Asia became extremely vola tile, with Thai land,
Malay sia, and Indo ne sia expe ri enc ing sharp depre cia -
tions first, fol lowed shortly by the Phil ip pines and
South Korea. Since the begin ning of 1997, the dol lar has 
risen by 61 per cent against the Thai baht, nearly 43 per -
cent against the Malay sian rin gitt, and more than 45
per cent against the South Korean won. These econo -
mies share many char ac ter is tics: rela tively rapid
growth over the past 3 to 6 years; high domes tic sav -
ings rates; export- led instead of domes tic demand
growth to sus tain eco nomic expan sion; high cur rent
account defi cits; high for eign capi tal inflows; and rela -
tively lax finan cial regu la tions.

In Thai land, Indo ne sia, and South Korea, the IMF has
agreed to sup ply increased capi tal in exchange for
agree ment to a set of fis cal and mone tary poli cies
designed to reduce vola til ity in finan cial mar kets. The
poli cies are aimed at decreas ing gov ern ment expen di -
tures, remov ing some gov ern ment con trols over the
finan cial sec tor, allow ing insol vent finan cial insti tu -
tions and busi nesses to fail, and allow ing more for eign
own er ship to encour age for eign direct invest ment. The 
short- run impacts of such poli cies are likely to be
higher infla tion, lower imports, and reduc tions in
sectors of the econ omy that are sen si tive to inter est
rates (such as con struc tion and invest ment). One result
is pro jected lower growth rates for the next sev eral
years.

Whether these sharp cur rency devalua tions will lead to 
lower growth rates over the next 25 years depends in
large part on the type of poli cies enacted in response to
short- run phe nom ena. If the finan cial reforms enacted
make finan cial trans ac tions more trans par ent, then
mar ket con di tions will judge the effi cacy of new invest -
ments. Mak ing invest ment deci sions more market-
 driven will lead to poten tially higher long- run poten -
tial growth, espe cially given the rela tively high edu ca -
tion lev els and sav ings rates of the labor force in
South east Asia.

The eco nomic growth rates used in the IEO98 fore cast
rep re sent long- term trend fore casts, which abstract the
impacts of exoge nous shocks or busi ness cycles. Eco -
nomic out put is assumed to con verge toward its poten -
tial maxi mum, with all resources fully util ized.

(Con tin ued on page 12)



poten tial for a larger decline in growth rate given its cur -
rently high rate, and there are pros pects for a sub stan tial
increase in the rate of growth for EE/FSU nations should 
their cur rent politi cal and insti tu tional prob lems be
mod er ated suf fi ciently for the recov ery of a con sid er able 
indus trial base. Reflect ing these uncer tain ties, -3 per -
cent age points were added to Chi na’s growth rate for the 
low eco nomic growth case and +1.5 for the high case;
and +3.0 per cent age points were added to the EE/FSU
growth rate for the high eco nomic growth case and -1.5
for the low case.

In the ref er ence case, total world energy con sump tion is
pro jected to reach 639 quad ril lion Btu in 2020, with
indus tri al ized coun tries con sum ing 271 quad ril lion Btu
and the rest of the world 368 quad ril lion Btu (Table 6 and 
Fig ure 15). Under the assump tions of the high eco nomic
growth case, total world energy con sump tion would be
781 quad ril lion Btu in 2020, 142 quad ril lion Btu higher
than the ref er ence case pro jec tion. In the low eco nomic
growth case, world wide con sump tion would be 519
quad ril lion Btu, 121 quad ril lion Btu less than in the ref -
er ence case. Thus there is a sub stan tial range between
low and high eco nomic growth cases. The range
between the cases for total world energy con sump -
tion—262 quad ril lion Btu—is more than 40 per cent of
the total ref er ence case con sump tion pro jected for 2020.

Devel op ing nations con trib ute 159 quad ril lion Btu to
this spread, reflect ing the uncer tainty asso ci ated with
their eco nomic pros pects.

Fig ure 15.  World Energy Con sump tion by
Eco nomic Growth Case, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

12 En ergy In for ma tion Ad min istra tion/ In ter na tional En ergy Out look 1998

Uncer tain ties in Eco nomic Growth (Continued)

Asian Cur ren cies Rela tive to the U.S. Dol lar, Janu ary 2, 1997, to Janu ary 9, 1998
(Cur rency per U.S. Dol lar)

Coun try

Date Depre cia tion,
1997-1998
(Per cent)1/2/97 11/17/97 12/1/97 12/11/97 1/2/98 1/9/98

India (rupee) . . . . . . . 35.84 36.68 38.50 39.00 39.21 39.64 -9.5

Paki stan (rupee) . . . . . 40.07 44.00 45.40 44.00 44.00 44.00 -8.9

Bang la desh (taka) . . . . 42.45 45.00 45.30 45.45 45.45 45.45 -6.6

Malay sia (rin gitt) . . . . . 2.48 3.29 3.50 3.66 3.89 4.68 -47.0

Thai land (baht) . . . . . 25.68 38.70 39.85 42.35 48.15 53.47 -40.9

Indo ne sia (rupiah) . . . . 2,372.5 3,445.0 3,645.0 4,405.0 5,495.0 10,100.0 -76.5

Phil ip pines (peso) . . . . 26.30 33.48 34.65 35.25 39.90 44.92 -41.4

Sin ga pore (dol lar) . . . . 1.40 1.57 1.59 1.61 1.68 1.78 -21.3

Viet nam (dong) . . . . . 11,183.3 12,202.5 12,224.0 12,291.5 12,292.5 12,292.0 -9.0

Hong Kong (dol lar) . . . 7.73 7.73 7.73 7.74 7.74 7.74 -0.1

China (yuan). . . . . . . 8.29 8.28 8.28 8.28 8.28 8.27 +0.2

Tai wan (dol lar). . . . . . 27.40 31.00 32.07 32.23 32.66 34.36 -20.3

South Korea (won) . . . 848.1 988.7 1,119.5 1,565.9 1,695.1 1,787.5 -52.6

Japan (yen) . . . . . . . 117.10 125.88 126.95 129.02 130.01 132.63 -11.7

Aus tra lia (dol lar) . . . . . 1.27 1.44 1.47 1.49 1.53 1.57 -19.1

New Zea land (dol lar) . . 1.41 1.60 1.62 1.66 1.72 1.76 -19.8

Note: The Hong Kong dol lar and Chi nese yuan are pegged to the U.S. dol lar.
Source: “Will Asia Ever Be the Same Again?” Finan cial Times: Power in Asia (Janu ary 12, 1998).
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Table 6.  Annual World Energy Con sump tion by Region in Three Eco nomic Growth Cases, 1970-2020
(Quad ril lion Btu)

Trends in Energy Inten sity
Still another dimen sion of uncer tainty regard ing long-
 term energy demand is the way in which energy
demand evolves rela tive to GDP over time. Eco nomic
growth and energy demand are linked, but the strength
of that link var ies among regions and stages of eco nomic 
devel op ment (Table 7). In indus tri al ized coun tries, his -
tory shows the link to be rela tively weak—that is, energy 
demand growth trails eco nomic growth. For every per -
cent increase in eco nomic activ ity, energy demand
increases only about half a per cent. In devel op ing coun -
tries, demand and eco nomic growth have tended to be
more closely linked, with energy demand growth tend -
ing to track the rate of eco nomic expan sion. His toric
behav ior in the FSU is more prob lem atic. Until 1990,
increases in eco nomic activ ity were more than matched
by increased energy con sump tion. From 1990 to 1995,
how ever, eco nomic prob lems in the EE/FSU dis torted

Fig ure 16.  Energy, GDP, and Popu la tion Trends in
Indus tri al ized Coun tries, 1995-2020

Sources: 1995: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Energy
Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary
1998). Pro jec tions: EIA, World Energy Pro jec tion Sys tem
(1998).

the region’s energy inten si ties. GDP and energy con -
sump tion were both declin ing, but GDP fell more rap -
idly, caus ing a rise in energy inten sity and a posi tive
energy- to- GDP elas tic ity.

The stage of eco nomic devel op ment and the stan dard of
liv ing of indi vidu als in each region strongly con di tion
the link between eco nomic growth and energy demand.
Advanced econo mies with high liv ing stan dards tend to
have rela tively high energy use per cap ita, but they also
tend to be econo mies where per cap ita energy use is rela -
tively sta ble or changes very slowly. In this con text, ris -
ing energy demand tends to track employ ment and
popu la tion growth (Fig ure 16). In indus tri al ized coun -
tries, use of mod ern appli ances and per sonal trans port
equip ment is wide spread. As a result, incre ments to per -
sonal income tend to result in spend ing on goods and
serv ices that are not energy inten sive. To the extent that
spend ing is directed at energy- using goods, it involves 
more often than not pur chases of new equip ment to re -
place old capi tal stock. The new stock is often more effi -
cient than the equip ment it is replac ing, so that the
rela tion between income and energy demand is weaker.
In devel op ing coun tries, stan dards of liv ing, while ris -
ing, tend to be low rela tive to those in more advanced
econo mies. As a result, many energy- using devices are
being widely adopted for the first time, caus ing energy
use to track more closely with ris ing income lev els
(Figure 17).

The growth in energy con sump tion in the devel op ing
coun tries also indi cates improv ing life styles made pos si -
ble by ris ing per sonal incomes. In the devel op ing world,
income per cap ita is expected to increase by almost 149
per cent between 1995 and 2020, from $1,104 to $2,744
per per son. While this increase is impres sive, the devel -
op ing world will still—on a per cap ita basis—con sume
less than one- fifth the energy of the indus tri al ized world 
(Fig ure 18). Moreo ver, per cap ita energy use in the
Middle East and Africa is not expected grow at all
between 1995 and 2020, because a near dou bling of their
popu la tion lev els over the 25- year pe ri od off sets the
growth in energy con sump tion.
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Region

His tory 2010 2020

1970 1995 Low Ref er ence High Low Ref er ence High

Indus tri al ized . . 135.1 199.1 231.5 247.6 264.1 242.1 271.5 303.0

EE/FSU . . . . . 39.7 53.2 62.4 69.0 84.2 68.2 80.4 111.2

Devel op ing . . . 32.0 113.3 166.1 203.0 237.2 208.4 287.5 366.9

  China. . . . . . 11.6 36.4 55.4 71.3 80.8 72.6 109.7 134.5

  Other Asia . . . 7.2 35.4 55.3 66.0 78.7 68.9 89.8 116.6

Total World . . . 206.7 365.6 460.0 519.6 585.5 518.8 639.4 781.1

Sources: 1970: Energy Infor ma tion Admin istra tion (EIA), Office of Energy Mar kets and End Use, Inter na tional Sta tis tics Data base. 
1995: EIA, Inter na tional Energy Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec tions: EIA, Annual
Energy Out look 1998, DOE/EIA-0383(98) (Wash ing ton, DC, Decem ber 1997), and World Energy Pro jec tion Sys tem (1998).
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Table 7.  Average Energy Elasticity by Region, 1970-2020
(Change in Energy Con sump tion vs. Change in GDP)

Ris ing lev els of per sonal income mean that more areas of 
the world are—for the first time—gain ing access to elec -
tric ity. Access to elec tric ity means an expan sion in the
amount and vari ety of home appli ances that can be
used. Simul ta ne ously, the demand for per sonal auto mo -
biles also becomes an impor tant part of con sumer
demand in the indus tri al iz ing areas—which, of course,
results in higher con sump tion of petro leum prod ucts for 
trans por ta tion. In many Asian coun tries, such as South
Korea, Thai land, India, and China, growth rates for
auto mo bile own er ship have exceeded 10 per cent in
recent years. The poten tial mar ket in the coun tries of this 
region is enor mous. By one esti mate, there are only
about 6.6 motor vehi cles per th o u s a nd per sons in China,

Fig ure 17.  Energy, GDP, and Popu la tion Trends in
Devel op ing Coun tries, 1995-2020

Sources: 1995: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Energy
Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary
1998). Pro jec tions: EIA, World Energy Pro jec tion Sys tem
(1998).

as com pared with 720 in the United States, 520 in Japan,
and 130 in South Korea [2].

The com po si tion of indus trial activ ity also affects the
rela tion ship between eco nomic activ ity and energy con -
sump tion. For exam ple, steel and cement pro duc tion are 
impor tant for China as it under takes to build mod ern
infra struc ture through out the coun try. China is cur -
rently the world’s larg est pro ducer of iron, steel, and
cement which even with the most mod ern pro duc tion
tech nol ogy are among the most energy- intensive in dus -
trial activi ties. The FSU was also a cen ter of large- scale,
energy- intensive indus trial activ ity prior to the ini tia -
tion of efforts at mar ket reform. In both regions,

Fig ure 18.  World Energy Con sump tion per Cap ita
by Region, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).
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Region
1970-1

975
1975-1

980
1980-1

985
1985-1

990
1990-1

995
1995-2

000
2000-2

005
2005-2

010
2010-2

015
2015-2

020

Indus tri al ized . . . . . . . . . . 0.74 0.69 0.03 0.55 0.84 0.83 0.54 0.53 0.42 0.41

EE/FSU . . . . . . . . . . . . . 1.27 2.89 1.39 0.39 0.68 0.55 0.43 0.43 0.43 0.43

Devel op ing . . . . . . . . . . . 0.98 0.94 1.77 1.33 1.17 0.89 0.79 0.68 0.66 0.65

  Asia . . . . . . . . . . . . . . . 1.03 0.71 0.81 0.66 0.88 0.84 0.73 0.62 0.60 0.60

    China . . . . . . . . . . . . . 0.88 0.63 0.48 0.51 0.51 0.60 0.59 0.56 0.55 0.55

    Devel op ing Asia
    With out China . . . . . . . . . 1.21 0.95 1.05 0.84 1.22 1.03 0.83 0.63 0.60 0.60

Total World . . . . . . . . . . . 0.95 0.94 0.69 0.69 0.85 0.92 0.75 0.69 0.65 0.65

Notes: EE/FSU = East ern Europe/For mer Soviet Union. The elas tici ties for each 5-year pe ri od were cal cu lated by divid ing the per -
cent age change in energy con sump tion by the per cent age change in gross domes tic prod uct (GDP).

Sources: His tory: Derived using GDP data from WEFA Energy, World Eco nomic Out look: 20- Year Exten sion (Eddystone, PA,
April 1997), and energy con sump tion data from Energy Infor ma tion Admin istra tion (EIA), Office of Energy Mar kets and End Use,
Inter na tional Energy Sta tis tics Data base (1970-1979) and Inter na tional Energy Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC,
Feb ru ary 1998) (1980-1995). Pro jec tions: EIA, World Energy Pro jec tion Sys tem (1998).
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rela tively high energy use per dol lar of out put reflects
heavy reli ance on pro duc tion from energy- intensive
indus tries.

Given his toric dif fer ences across regions, what can be
expected in the future? The ref er ence case pro jec tions
assume declin ing ratios of energy use per dol lar of GDP.
Thus, energy demand growth is pro jected to trail eco -
nomic growth. While world eco nomic growth is pro -
jected to aver age 3.1 per cent per year between 1995 and
2020, energy growth is pro jected at 2.3 per cent per year.
This assumes a nearly 25- percent reduc tion in energy
inten sity world wide, with declines of one- third or more
in the devel op ing coun tries and in the EE/FSU.

The decline in energy- to- GDP elas tic ity for devel op ing
nations is pro jected to con tinue through 2020, but at a
slower rate than for the indus tri al ized nations (Fig ure
19). The pro jected decline in energy inten sity is based on
the assump tion that energy- efficient tech nolo gies used
in the indus tri al ized world will also be adopted in the
devel op ing world. The wide spread use of effi cient
technol ogy could come about through pres sures for
economic effi ciency as devel op ing and tran si tional
econo mies become more market- driven and more
integrated into the global econ omy. It is also pos si ble,
how ever, that the drive for mod ern liv ing stan dards
could lead to sig nifi cant fur ther increases in energy use
per cap ita, push ing world energy require ments well
beyond the ref er ence case pro jec tions. In recent years,
most pro jec tions for devel op ing coun tries have indi -
cated an expec ta tion of declin ing energy inten si ties. For
many coun tries, how ever, eco nomic growth and energy
growth have moved together, mak ing it nec es sary to
move back the expected dates for declines in energy

Fig ure 19.  Energy Inten si ties by Region, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

growth rela tive to GDP growth, and caus ing upward
revi sions to expec ta tions of world energy require ments.

On the other hand, recent com mit ments by indus tri al -
ized coun tries to reduce green house gas emis sions
below 1990 lev els, to be achieved, would require sub -
stan tial reduc tions in the ratio of energy growth to GDP
growth. For the com mit ments to be achieved through
reduced energy use alone, the pro jected rate of decline in 
energy inten sity would have to nearly tri ple rela tive to
cur rent expec ta tions.

Emis sions of Green house Gases
and the Kyoto Pro to col
In 1992, a Frame work Con ven tion on Cli mate Change
was endorsed in Bra zil, with a stated aim of sta bi liz ing
atmos pheric con cen tra tions of green house gases. The
ini tial agree ment called for vol un tary actions by Annex I 
coun tries (includ ing all indus tri al ized coun tries, except
Mex ico, and includ ing Bela rus, Bul garia, Croa tia, the
Czech Repub lic, Esto nia, Hun gary, Lat via, Lithua nia,
Poland, Roma nia, Rus sia, Slo va kia, Slove nia, and the
Ukraine) that would sta bi lize green house gas emis sions
at 1990 lev els by 2000.

By 1995 it was rec og nized that prog ress toward emis -
sions sta bi li za tion among the Annex I coun tries was
insuf fi cient and that addi tional steps were needed to
iden tify a path toward emis sions sta bi li za tion for the
indus tri al ized coun tries. As a con se quence, new nego -
tia tions were ini ti ated under what came to be known as
the “Ber lin Man date” to elabo rate and agree upon tar -
gets and time ta bles for reduc ing green house gas emis -
sions after 2000.

On Decem ber 11, 1997, in Kyoto, Japan, the par ties to the
Frame work Con ven tion agreed to a new set of com mit -
ments for reduc ing green house gas emis sions. The
agree ment—the Kyoto Pro to col—may sig nal a sig nifi -
cant change in the level of effort among indus tri al ized
coun tries to reduce green house gas emis sions [3]. The
pledge, if real ized, will mark edly reduce or change
energy use among sig na tory par tici pants. If the agree -
ment proves to be mean ing ful, sub stan tial shifts in the
com po si tion of energy sup ply away from high- carbon
fuels, sub stan tial reduc tions in energy use inten sity, or
some com bi na tion will have to be achieved in devel oped 
coun tries. Table 8 sum ma rizes the extent of change pro -
jected to be required rela tive to cur rent ref er ence case
pro jec tions for coun tries com mit ting to fixed tar gets
under the Pro to col. It should be noted that the per cent
reduc tion in emis sions that a coun try would have to
make rela tive to the 1990 lev els could change, based on
sinks and off sets that must be evalu ated for each coun -
try. Fur ther, inter na tional car bon trad ing per mits could
lessen the cost of com pli ance or the sever ity of the reduc -
tions.
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Table 8.  Car bon Emis sions in the Annex I Coun tries, 1990 and 2010,
and the Effects of Kyoto Pro to col in 2010

To achieve the tar gets pro posed under the Kyoto Pro to -
col, emis sions in 2010 would have to be 26 per cent lower
than those cur rently pro jected for the indus tri al ized
Annex I coun tries in the IEO98 ref er ence case (Table 8).
In the United States and Can ada alone, meet ing the tar -
gets would require reduc tions of 31 and 30 per cent,
respec tively, from 2010 pro jected emis sions. In con trast,
emis sions in the EE/FSU are so much lower now than
they were in 1990 that it is doubt ful they could be
restored to those lev els by 2010. If energy con sump tion
in the coun tries of the FSU grew as shown in the ref er -
ence case fore cast, car bon emis sions would remain
about 25 per cent below lev els allowed under the Kyoto
Pro to col, which requires no reduc tions to the 1990 emis -
sions lev els in the tran si tional econo mies of the FSU.2
Even in East ern Europe—where coun tries are expected
to hold emis sions to 7 per cent below their 1990 lev els by
2010—car bon emis sions must be reduced by only 1 per -
cent from the ref er ence case pro jec tions.

There are many pos si ble paths to the ful fill ment of
national com mit ments under the Pro to col. In the energy
arena, non fos sil energy may be sub sti tuted for fos sil
fuels. Alter nately, high- carbon fuels—nota bly coal—
may be replaced by low- carbon fuels—par ticu larly
natu ral gas. Fur ther, improved end- use effi ciency or
reduced reli ance on energy- intensive activi ties may
serve to reduce the link between ris ing eco nomic activ ity 
and increased energy con sump tion. Emis sions can also
be reduced through reduc tions in the demand for

energy serv ices, such as low er ing ther mo stats, driv ing
cars less, or switch ing to mass tran sit.

Actions not related to energy may also pro mote pro -
grams toward the goals set out by the Pro to col. In addi -
tion to car bon diox ide, five cate go ries of gases were
iden ti fied as green house gases to be con trolled and for
which con trol cred its could be counted in mov ing
toward Pro to col tar gets (see box). The gases include
meth ane (CH4), nitrous oxide (N2O), hydro fluoro -
carbons (HFCs), per fluoro car bons (PFCs), and sul fur
hexafluo ride (SF6). Reduc tions for car bon diox ide, meth -
ane, and nitrous oxide—gases which rep re sent the bulk
of all emis sions—will be cal cu lated from a 1990 base line. 
Reduc tions of other gases will be cred ited in com pari son 
with a 1995 base line. In addi tion, actions which enhance
car bon stor age or seques tra tion in for ests may also pro -
vide credit toward tar geted com mit ments. Lastly, car -
bon per mits may be earned through inter na tional
agree ments to mod er ate the de gree of reduc tion needed
to be judged in com pli ance with national com mit ments.
The imple men ta tion of the lat ter path to com pli ance is
sub ject to fur ther nego tia tion and speci fi ca tion over the
next year.

Since fos sil fuel use is the major source of anthro po genic
green house gas emis sions (for exam ple, 84 per cent of
U.S. green house gas emis sions con sist of car bon pro -
duced by energy- related activi ties [4, p. ix]), it is dif fi cult
to con tem plate achieve ments of com mit ments with out
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Coun try

Mil lion Met ric Tons Car bon Per cent Change

1990
Emis sions

2010
Base line

Pro jec tion

2010
Kyoto
Tar get

Reduc tion
from 2010
Base line From 1990

From 2010
Base line

Annex I Indus tri al ized Coun tries

  United States . . . . . . . . . . . 1,346 1,803 1,252 552 -7 -31

  Can ada . . . . . . . . . . . . . . 126 170 118 52 -6 -30

  Japan . . . . . . . . . . . . . . . 274 342 258 85 -6 -25

  West ern Europe . . . . . . . . . . 971 1,101 893 208 -8 -19

  Aus tra la sia. . . . . . . . . . . . . 90 119 97 22 8 -18

    Total . . . . . . . . . . . . . . . 2,807 3,535 2,618 917 -7 -26

Annex I Tran si tional Econo miesa

  For mer Soviet Union . . . . . . . 991 792 991 -199 0 25

  East ern Europe . . . . . . . . . . 299 280 277 3 -7 -1

    Total . . . . . . . . . . . . . . . 1,290 1,072 1,268 -196 -2 18

Total Annex I Coun tries. . . . . . . 4,097 4,607 3,886 721 -5 -16
aIncludes Non- Annex I coun tries. IEO98 does not proj ect emis sions for sepa rate coun tries within the EE/FSU region; how ever,

Annex I coun tries in the EE/FSU region cur rently account for about 87 per cent of the region’s total emis sions.
Source: Energy Infor ma tion Admin istra tion, Inter na tional Energy Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary

1998), and World Energy Pro jec tion Sys tem (1998).

2 Note that not all the coun tries of the former Soviet Union agreed to the Kyoto Pro to col. Rus sia, the Ukraine, and the three Bal tic
Repub lics (Esto nia, Lat via, and Lithua nia) acceded to the Pro to col. Arme nia, Azer bai jan, Bela rus, Geor gia, Kazakhstan, Kyr gyz stan,
Moldova, Tajiki stan, Turk meni stan, and Uzbeki stan did not.
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Green house Gases Tar geted Under the Kyoto Pro to col

A number of green house gases have been tar geted for
reduc tion under the Kyoto Pro to col. Pro vided below is
a descrip tion of each of the tar geted green house gases
and, when ever pos si ble, an esti mate of world emis -
sions of each gas [4, pp. 3-5]. Car bon diox ide is the most 
abun dant green house gas. Oth ers, while volu met ri -
cally less sig nifi cant, can have dis pro por tion ate effects
in trap ping heat in the Earth’s atmos phere.

Car bon Diox ide. Car bon is a com mon ele ment on the
planet, and immense quan ti ties can be found in the
atmos phere, in soils, in car bon ate rocks, and dis solved
in ocean water. Records from Ant arc tic ice cores indi -
cate that the car bon cycle* has been in a state of imbal -
ance for the past 200 years, with car bon diox ide
emis sions into the atmos phere exceed ing absorp tion.
As a result, atmos pheric car bon diox ide con cen tra tions 
have been ris ing stead ily.

The most impor tant natu ral sources of car bon diox ide
are releases from the oceans (90 bil lion met ric tons per
year), aero bic decay of vege ta tion (30 bil lion met ric
tons per year), and plant and ani mal res pi ra tion (30 bil -
lion met ric tons per year) [5]. Known anthro po genic
sources account for 7 bil lion met ric tons of car bon per
year. The prin ci pal anthro po genic source is the com -
bus tion of fos sil fuels, which accounts for about 75 per -
cent of total anthro po genic emis sions of car bon
world wide.

Meth ane. Meth ane (CH4) is also a com mon com pound.
Meth ane is released pri mar ily by anaero bic decay of
vege ta tion, by the diges tive tracts of ter mites in the
trop ics, and by sev eral other lesser sources. The main
anthro po genic sources are leaks from the pro duc tion
of fos sil fuels, human- promoted anaero bic decay in
land fills, and the diges tive tracts of domes tic ani mals.
Known and unknown sources of meth ane are esti -
mated to total about 600 mil lion met ric tons annu ally;
known sinks (i.e., absorp tion by natu ral processes)
total about 560 mil lion met ric tons. The annual increase

in meth ane con cen tra tion in the atmos phere accounts
for the dif fer ence of 35 to 40 mil lion met ric tons.

Nitrous Oxide. The sources and absorp tion of nitrous
oxide (N2O) are much more specu la tive than those for
other green house gases. The major sources are thought
to be bac te rial break down of nitro gen com pounds in
soils, par ticu larly for est soils, and fluxes from ocean
upwel lings. The pri mary human- made sources are
enhance ment of natu ral processes through appli ca tion
of nitro gen fer til iz ers, com bus tion of fuels, and cer tain
indus trial processes. The most impor tant sink is
thought to be decom po si tion in the strato sphere.
World wide esti mated known sources of nitrous oxide
total 13 to 20 mil lion met ric tons annu ally, and known
sinks total 10 to 17 mil lion met ric tons.

Hydro fluoro car bons. Hydro fluoro car bons (HFCs) are
engi neered chemi cals that do not exist in nature. They
were rare prior to 1990 but since then have come into
wide spread use as refrig er ants and blow ing agents,
replac ing chlo ro fluoro car bons, which are being
phased out under the terms of the 1987 Mont real Pro to -
col. The most com monly used HFC, HFC- 134a, is now
the stan dard refrig er ant used in auto mo bile air con di -
tion ers and home refrig era tors in the United States.

Per fluoro car bons. Per fluoro car bons (PFCs) are chemi -
cals com posed of one or two car bon atoms and four to
six fluo rine atoms, con tain ing no chlo rine. They are
emit ted as a byprod uct of alu mi num smelt ing and are
also used in semi con duc tor manu fac tur ing.

Sul fur Hexafluo ride. Sul fur hexafluo ride (SF6) is an engi -
neered chemi cal, pro duced in very small quan ti ties,
which has direct radia tive forc ing effects. It is a col or -
less gas, solu ble in alco hol and ether and slightly solu -
ble in water. SF6 is used as a dielec tric in elec tron ics and 
is also a fugi tive emis sion from mag ne sium smelt ing.
World wide emis sions in 1995 were about 5,700 met ric
tons.

   *The “car bon cycle” is the process by which car bon diox ide (CO2) is extracted from the air by plants and decom posed into car bon and
oxy gen, with the car bon being incor po rated into plant bio mass and the oxy gen released into the atmos phere. Plant bio mass, in turn, ulti -
mately decays (oxi dizes), releas ing car bon diox ide back into the atmos phere, or stor ing organic car bon in soil or rock. There are vast
exchanges of car bon diox ide between the ocean and the atmos phere, with the ocean absorb ing car bon from the atmos phere and plant life
in the ocean absorb ing car bon from water, dying, and spread ing organic car bon on the sea bot tom, where it is even tu ally incor po rated
into car bon ate rocks.



marked changes in energy sup ply and usage. As noted
ear lier, if the indus tri al ized Annex I coun tries were to
meet emis sions tar gets speci fied by the Kyoto Pro to col
solely by reduc ing the con sump tion of fos sil fuels, the
ref er ence case fore cast could face decreases in energy
use in the range of 40 to 60 quad ril lion Btu by 2010. How -
ever, because fuel switch ing and emis sions trad ing will
also be used to reduce a coun try’s emis sions, the poten -
tial fos sil fuel con sump tion reduc tions noted above are
proba bly over stated.

Car bon Emis sions
Because of the recency of the Kyoto Pro to col agree ment
and the many pos si ble paths to com pli ance, no explicit
adjust ment has been made to the IEO98 fore casts, which
were based on cur rent laws and regu la tions in effect on
Octo ber 1, 1997. The coun tries that agreed to the reduc -
tions in the Pro to col had not yet rati fied or even signed
the treaty at the time this report was pre pared for pub li -
ca tion.

If energy con sump tion grows to lev els pro jected in the
ref er ence case, annual car bon emis sions will reach 8.3
bil lion met ric tons by 2010 and 10.4 bil lion met ric tons by 
2020 (Fig ure 20). The result ing emis sions would exceed
1990 lev els by 44 per cent in 2010 and by 81 per cent in
2020. Emis sions are pro jected to grow by 2.5 bil lion met -
ric tons between 1990 and 2010 and another 2.1 bil lion
met ric tons by the end of the pro jec tion pe ri od. Coal con -
trib utes 1.7 bil lion met ric tons to the over all increase
between 1990 and 2020, oil 1.5 bil lion met ric tons, and
natu ral gas 1.4 bil lion met ric tons.

Fig ure 20.  World Car bon Emis sions by Fuel Type,
1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

Emis sions in the indus tri al ized world increase by 1.2
billion met ric tons between 1990 and 2020, reach ing 4.1
bil lion met ric tons at the end of the fore cast pe ri od
(Figure 21). About half of the increase in emis sions is
attrib uted to addi tional use of natu ral gas. Car bon emis -
sions from natu ral gas use are almost equiva lent to those 
from coal by the end of the pro jec tion pe ri od, reflect ing
the strong growth in natu ral gas con sump tion rela tive to 
coal. In 1990, car bon emis sions from natu ral gas use
were only about half of those from coal use. Oil remains
the domi nant source of car bon emis sions in the indus tri -
al ized world, where petro leum remains the main source
of trans por ta tion fuel. Emis sions from petro leum prod -
ucts, which accounted for 49 per cent of total emis sions
in the indus tri al ized coun tries in 1990, are pro jected to
decline to 46 per cent by 2020 as a result of increases in
natu ral gas con sump tion over the fore cast pe ri od.

Fig ure 21.  World Car bon Emis sions by Region and 
Fuel Type, 1990, 2010, and 2020

Sources: 1990: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Energy
Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary
1998). Pro jec tions: EIA, World Energy Pro jec tion Sys tem
(1998).

By 2010, car bon emis sions from the devel op ing coun -
tries are expected nearly to equal those in the indus tri al -
ized world (Fig ure 22). Devel op ing coun tries will, by
that time, con sume about 40 per cent more coal but only
about two- thirds as much oil and natu ral gas as are
consumed in the indus tri al ized coun tries. But by 2020,
the devel op ing coun tries are expected to con sume 95
per cent as much oil as the indus tri al ized coun tries, 74
per cent as much gas, and more than twice as much coal.
Indeed, if energy con sump tion in the devel op ing
economies approaches the lev els pro jected in the IEO98
ref er ence case, they will emit 5.2 bil lion met ric tons of
car bon, an amount nearly equal to total world car bon
emis sions in 1990.

In the IEO98 ref er ence case pro jec tions, devel op ing Asia
accounts for more than half the incre ment in world
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Figure 22.  World Carbon Emissions by Region,
1970-2020

Sources: History: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Statistics
Database and International Energy Annual 1996, DOE/EIA-
0219(96) (Washington, DC, February 1998). Projections:
EIA, World Energy Projection System (1998).

carbon emissions between 1990 and 2020 and three-
fourths of the increment for all the developing countries.
The increase reflects the region’s continuing heavy reli-
ance on coal, the most carbon-intensive of the fossil
fuels. Increased coal use accounts for 1.7 billion metric
tons of developing Asia’s 2.8 billion metric ton incre-
ment in carbon emissions. At the end of the forecast peri-
od, emissions in China alone surpass those of the United
States.

Worldwide, carbon emissions per person grow from 1.1
metric tons in 1990 to 1.2 metric tons in 2010 and to 1.4
metric tons in 2020 (Figure 23). Per capita carbon emis-
sions for the Annex I countries remain markedly higher
than those for other countries throughout the forecast
period, increasing from a 1990 level of 3.2 metric tons of
carbon per person in 1990 to 3.7 metric tons per person in
2020. In comparison, the 1990 level for non-Annex I
countries was 0.4 metric tons per person, and the pro-
jected 2020 level of 0.8 metric tons is one-fourth the 1990
level of per capita emissions for the Annex I countries.
On the other hand, the increments for the Annex I and
non-Annex I countries over the forecast period are actu-
ally equivalent. The non-Annex I countries accounted
for 75 percent of the world’s population in 1990; in 2020
they will account for almost 82 percent of the world’s
population; therefore, the effects of relatively small
increases in per capita emissions for non-Annex I
countries on overall emissions levels will be far greater
than the effects of equivalent per capita increases for the
Annex I countries.

Within the Annex I countries, the United States and
Canada have the highest per capita emissions levels

Figure 23.  Carbon Emissions per Capita by
Region, 1990, 2010, and 2020

Sources: 1990: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Energy
Annual 1996, DOE/EIA-0219(96) (Washington, DC, February
1998). Projections: EIA, World Energy Projection System
(1998).

throughout the forecast, reaching 6.0 and 5.6 metric tons
per person in 2020, respectively (Figure 24). However,
the growth rate of per capita emissions in both countries
is projected to be fairly flat after 2000. In contrast, out-
side the Annex I countries, per capita emissions are pro-
jected to increase more rapidly. In China, for instance,
per capita carbon emissions in 2020 are projected to be
more than triple their 1990 level, reflecting fast-paced
industrialization based largely on fossil fuel consump-
tion over the forecast period.

Figure 24.  Carbon Emissions per Capita for
Selected Regions and Countries,
1990-2020

Sources: History: Energy Information Administration (EIA),
Office of Energy Markets and End Use, International Energy
Annual 1996, DOE/EIA-0219(96) (Washington, DC, February
1998). Projections: EIA, World Energy Projection System
(1998).
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Ref er ence Case Trends in 
Pri mary Energy Con sump tion

World energy con sump tion is pro jected to reach 639
quad ril lion Btu by 2020 in the IEO98 ref er ence case, rep -
re sent ing a 75- percent increase in total energy use from
1995 to 2020. Much of the growth stems from increased
fos sil fuel use. Natu ral gas use is expected to have the
fast est growth rate among pri mary energy sources, at 3.3 
per cent per year on a Btu basis, but use of all fos sil fuels
is pro jected to grow faster over the next 25 years than in
the pre vious 25 years.

By 2020, oil con sump tion is expected to reach 116 mil lion 
bar rels per day, a 66- percent increase over the 1995 level. 
Oil has been the domi nant energy source his tori cally
and is expected to remain so over the pro jec tion pe ri od.
How ever, oil demand is expected to grow more slowly
than total energy con sump tion in the fore cast, as it has
for the past 25 years. In the indus tri al ized coun tries, oil
use con tin ues to grow in the trans por ta tion sec tor,
where petro leum fuels have only lim ited com pe ti tion
from other energy sources. In the rest of the world, oil
demand is expected to grow in all eco nomic sec tors.

The world wide growth in oil demand is expected to
result in some increase in oil prices over the pro jec tion
pe ri od. Prices rise from $18 per bar rel (U.S. 1996 dol lars)
in 1995 to over $22 per bar rel in 2020. In the low world oil 
price case included in the IEO98 fore cast, oil prices reach 
about $14 per bar rel. In the high world oil price case,
they reach $29 per bar rel.

The IEO98 expects that oil prices will gen er ally stay low
because non- OPEC nations will be able to con tinue to
expand oil pro duc tion in the short term. Improve ments
in tech nol ogy asso ci ated with oil explo ra tion, devel op -
ment, and pro duc tion will allow the non- OPEC pro duc -
ers to achieve these expec ta tions. The use of
three- dimensional seis mic imag ing, hori zon tal drill ing,
and sub sea well com ple tion tech nolo gies has helped to
extend the pro duc tive life of mature oil fields and to
reduce devel op ment and pro duc tion costs at new fields.
While the Mid dle East may pos sess the larg est reserves
that can be devel oped most eco nomi cally, the reserves
and pro duc tion poten tial of other areas of the world
have been sub stan tially broad ened.

Among all pri mary energy sources, natu ral gas is
expected to grow most rap idly, by 3.3 per cent annu ally
over the next 25 years. Natu ral gas use sur passes coal by
2005, and by 2020 it exceeds coal demand by almost 18
quad ril lion Btu (gas demand is about 13 quad ril lion Btu
less than coal today). Natu ral gas resources are fairly

wide spread and burn more cleanly than other fos sil
fuels. Much of the future growth in gas demand will be
for elec tric ity gen era tion. Combined- cycle gas- fired gen -
era tors require shorter con struc tion peri ods and are
often more effi cient than other fos sil fuel gen era tors or
nuclear power plants. There is much activ ity designed to 
expand natu ral gas infra struc ture world wide. In Feb ru -
ary 1997, 11,000 miles of gas pipe line were under con -
struc tion and expected to be com pleted by the end of the
year, and over 34,000 miles of gas pipe lines were
planned for years beyond 1997 [6].

World wide coal con sump tion grows 1.7 times above the
1995 lev els, reach ing 8.6 bil lion short tons by 2020. The
strong est growth in coal use occurs in Asia in the IEO98
fore cast. Indeed, nearly 90 per cent of the increase in coal
use is attrib uted to the coun tries of devel op ing Asia.
Moreo ver, 95 per cent of the increase in devel op ing Asia
is attrib uted to only two coun tries, China and India,
where coal con tin ues to be the major pri mary fuel
source. Out side of China, almost all of the increase in
coal use will be for elec tric ity gen era tion.

Nuclear power con sump tion declines over the fore cast
hori zon, and the source loses share of total energy con -
sump tion, fal ling from 6 per cent in 1995 to 3 per cent in
2020. At the end of the pro jec tion pe ri od, elec tric ity gen -
era tion from nuclear energy falls to only 2,021 bil lion
kilo wat thours, some what below the 2,203 bil lion kilo -
wat thours con sumed in 1995. Use of this energy source
is expected to peak in 2005 at 2,368 bil lion kilo wat thours, 
after which the United States and other coun tries with
mature nuclear pro grams are expected to phase out their 
nuclear gen era tion and retire nuclear capac ity with out
replac ing it. A sub stan tial reduc tion in nuclear capac ity
is also expected in the former Soviet Union after 2010.
Nev er the less, some coun tries—par ticu larly, Japan and
some of the devel op ing coun tries of Asia—have plans to
increase their reli ance on nuclear power for elec tric ity
gen era tion.

Hydroe lec tric ity and other renew able resources are
expected to retain their 8-percent share of total energy
con sump tion through out the fore cast pe ri od. Low fos sil
fuel prices make it dif fi cult for renew ables to com pete
for mar ket share. In the ref er ence case, renew ables grow
by 67 per cent world wide, with strong est growth pro jec -
tions in the devel op ing world. There are some efforts in
the indus tri al ized coun tries to increase the pene tra tion
of renew able energy sources to help stem the growth of
green house gases. In par ticu lar, in Novem ber 1997, the
Euro pean Union announced a pack age to stimu late the
growth of renew ables and plans to invest about $11 bil -
lion (U.S.) in wind plants with a view to install 10 giga -
watts of wind farms by 2010 [7].
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Fore cast Com pari sons
Com pari sons with Other Fore casts

An alter na tive way to illus trate the uncer tainty in the
IEO98 pro jec tions (in addi tion to the alter na tive eco -
nomic growth cases pre sented above) is to com pare
them with other fore casts. Three organi za tions pro vide
fore casts com pa ra ble to those in IEO98. The Inter na -
tional Energy Agency pro vided two sce nar ios in its 1996
World Energy Out look—the Capac ity Con straints Case
(IEA CC) and the Energy Sav ings Case (IEA ES). The
IEA Out look was last updated in April 1996 and, there -
fore, may be con sid ered some what dated.3 Petro leum
Eco nom ics, Ltd. (PEL) and Petro leum Indus try Research 
Asso ci ates (PIRA) also pub lish energy fore casts for the
world. Because the IEA in its Out look pro vided the lat est
his tori cal data only for 1993, and all the other fore casts
but one (PEL) pub lished 1993 esti mates, com pari sons
among the fore casts are made for the pe ri od 1993-2010.
The pe ri od 1995-2010 was used for PEL, which included
his tori cal data for 1995 in its energy con sump tion tables.
One of the fore casts (PIRA) proj ects stronger world wide
energy demand growth than does IEO98 for 1993 to
2010. The other three (IEA CC, IEA ES, and PEL) proj ect
lower growth.

Gen er ally the fore casts of total energy con sump tion fall
within the span defined by the IEO98 low and high eco -
nomic growth cases (Table 9). There are some excep -
tions, how ever. For instance, PEL is more pes si mis tic
about recov ery in the FSU econo mies than are the other
fore casts, includ ing IEO98. Energy use in the FSU is
expected to fall by 0.4 per cent annu ally between 1995
and 2010 in the PEL fore cast (1993 unavail able). In com -
pari son, even in the low eco nomic growth case for
IEO98, the pro jected decline in energy con sump tion in
the FSU aver ages only 0.1 per cent per year between 1993 
and 2010.

There is wide varia tion in expected energy demand
growth for the Mid dle East region. The IEO98 low
economic growth case proj ects an increase of 1.8 per cent
per year between 1993 and 2010, and the high eco nomic
growth case 3.6 per cent per year. How ever, growth
projec tions in one of the fore casts (IEA CC) exceed the
annual growth rates expected in the IEO98 high case.
The IEO98 ref er ence case fore cast of 2.7 per cent annual
growth in energy demand for the Mid dle East actu ally
rep re sents an upward adjust ment from the IEO97
forecast of 2.1 per cent per year. Simi larly, the IEO98
projec tions for Africa are higher than the IEO97
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Table 9.  Com pari son of Energy Con sump tion Growth Rates, 1993-2010, by Region
(Aver age Annual Per cent Growth)

Region

IEO98

IEO97 IEA CC IEA ES PELa PIRA
Low

Growth Ref er ence
High

Growth

Indus tri al ized Coun tries . . . . . 1.1 1.5 1.9 1.5 1.4 0.8 1.1 1.4 

  North Amer ica . . . . . . . . . 1.3 1.6 1.9 1.5 1.3 0.8 1.2 1.3 

  West ern Europe . . . . . . . . 0.9 1.3 1.8 1.3 1.1 0.5 0.9 1.5 

  Pacific . . . . . . . . . . . . . 1.1 1.6 2.1 2.0 2.1 1.6 1.0 2.0 

EE/FSU . . . . . . . . . . . . . 0.2 0.8 2.0 1.0 0.8 0.0 0.2 1.1 

  For mer Soviet Union . . . . . . -0.1 0.5 1.7 0.8 0.5 -0.3 -0.4 —

  East ern Europe . . . . . . . . 1.2 1.8 3.0 1.8 1.7 1.0 1.9 —

Devel op ing Coun tries . . . . . . 3.1 4.3 5.3 4.0 4.3 4.0 4.0 4.7 

  Asia . . . . . . . . . . . . . . 3.5 4.9 5.8 4.7 4.6 4.4 4.4 5.3 

    China . . . . . . . . . . . . . 3.4 5.0 5.7 4.7 4.2 4.1 3.8 5.2 

    Other Asiab . . . . . . . . . . 3.7 4.8 5.8 4.7 5.1 4.7 4.9 5.3 

  Mid dle East. . . . . . . . . . . 1.8 2.7 3.6 2.1 4.2 3.4 3.2 3.4 

  Africa . . . . . . . . . . . . . . 1.9 2.8 3.7 2.3 4.0 3.5 2.9 3.2 

  Cen tral and South Amer ica . . 2.8 4.0 5.2 3.1 3.1 2.4 3.6 3.8 

    Total World . . . . . . . . . . 1.6 2.3 3.1 2.2 2.2 1.8 2.0 2.6 
aPEL growth rates are for the pe ri od 1995-2010.
bOther Asia includes India.
Sources: IEO98: Energy Infor ma tion Admin istra tion (EIA), World Energy Pro jec tion Sys tem (1998). IEO97: EIA, Inter na tional

Energy Out look 1997, DOE/EIA-0484(97) (Wash ing ton, DC, April 1997), Table A1, p. 115. IEA CC: Inter na tional Energy Agency,
World Energy Out look 1996 (Paris, France, 1996), Capac ity Con straints Case, pp. 237-249. IEA ES: Inter na tional Energy Agency,
World Energy Out look 1996 (Paris, France, 1996), Energy Sav ings Case, pp. 257-269. PEL: Petro leum Eco nom ics, Ltd., Oil and
Energy Out look to 2010 (Lon don, United King dom, Janu ary 1998). PIRA: PIRA Energy Group, Retainer Cli ent Semi nar—Part One
(New York, NY, Octo ber 1997), Tables II-1 and II-2.

3 The Inter na tional Energy Agency plans to release an updated edi tion of the World Energy Out look in 1998.



pro jec tions. The improved eco nomic growth expec ta -
tions for these devel op ing regions are attrib uted to
improved expec ta tions for mar ket reform. The IEA CC
energy growth fore cast for Africa sur passes the IEO98
high eco nomic growth case pro jec tions.

The pro jected eco nomic growth rates for Cen tral and
South Amer ica are also higher in IEO98 than they were
in IEO97. The coun tries of the region are recov er ing
from the early 1990s cur rency cri sis more rap idly than
origi nally expected. The Asian eco nomic reces sion
could affect the growth of some Cen tral and South
Ameri can econo mies, but far more impor tant is the con -
tin ued prog ress toward eco nomic deregu la tion and
mar ket inte gra tion that has bol stered oppor tu ni ties for
domes tic and inter na tional invest ment. The IEO98 ref er -
ence case pro jec tion for growth in Cen tral and South
Amer ica is the high est among the fore casts com pared
here.

Key to the dif fer ences among the fore casts are dif fer ent
expec ta tions about future eco nomic growth rates.
Expec ta tions for eco nomic growth between 1993 and
2010 for the indus tri al ized coun tries are sub stan tially
alike among most of the fore cast ers (Table 10). IEO98
expects GDP among the indus tri al ized coun tries to
grow by 2.3 per cent annu ally, PEL proj ects annual
growth of 2.1 per cent, and PIRA 2.4 per cent. The IEA
proj ects a some what higher annual eco nomic growth
rate, 2.5 per cent, but its fore casts were made in April

1996, bef ore the recent eco nomic down turns in Asia. In
fact, a down ward revi sion to the IEO98 eco nomic
growth rate for Japan—the larg est econ omy in indus tri -
al ized Asia—com pared with IEO97 results in lower
expec ta tions for the devel oped econo mies as a whole.

Assump tions about GDP growth rates for the EE/FSU
region over the 1993-2010 time pe ri od vary more widely, 
as might be expected in a region of sub stan tial uncer -
tainty. While IEO98 assumes annual GDP growth of 2.3
per cent for the region, IEA proj ects a more opti mis tic 2.9
per cent per year and PIRA an even more opti mis tic 3.4
per cent per year. PEL remains some what pes si mis tic
about the recov ery of the econo mies in the region, pro -
ject ing eco nomic growth rates of 1.1 per cent per year for
the FSU and 2.1 per cent per year for East ern Europe.

All the fore casts agree that the high est eco nomic growth
will occur in the devel op ing coun tries of the world over
the two- decade pe ri od from 1993 to 2010, espe cially in
the Asian coun tries. For China, the fore casts of annual
eco nomic growth range from 7.2 per cent per year (PIRA) 
to 9.0 per cent per year (PEL). In the other coun tries of
devel op ing Asia (includ ing India), expec ta tions for GDP 
growth range from 5.0 per cent per year (PIRA) to 6.4
per cent per year (PEL). As for other devel op ing regions,
IEO98 has higher growth rates than do the other fore -
casts for Cen tral and South Amer ica. For Africa and the
Mid dle East, the IEO98 GDP growth rate pro jec tions fall
within the range defined by the other fore casts.
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Table 10.  Com pari son of Eco nomic Growth Rates, 1993-2010, by Region
(Aver age Annual Per cent Growth)

Region

IEO98

IEO97 IEA PEL PIRA
Low

Growth Ref er ence
High

Growth

Indus tri al ized Coun tries . . . . . 1.4 2.3 3.2 2.6 2.5 2.1 2.4 

  North Amer ica . . . . . . . . . 1.4 2.3 3.2 2.6 2.6 2.2 2.5 

  West ern Europe . . . . . . . . 1.6 2.4 3.3 2.5 2.5 2.1 2.4 

  Pacific . . . . . . . . . . . . . 1.2 2.1 3.0 2.7 2.5 2.1 2.1 

EE/FSU . . . . . . . . . . . . . 1.0 2.3 4.9 2.4 2.9 — 3.4 

  For mer Soviet Union . . . . . . 0.7 2.0 4.6 2.1 2.3 1.1 —

  East ern Europe . . . . . . . . 3.0 4.3 7.0 4.0 4.1 2.1 —

Devel op ing Coun tries . . . . . . 3.6 5.1 6.5 4.8 5.4 — 5.6 

  Asia . . . . . . . . . . . . . . 4.6 6.4 7.7 6.4 6.6 — 7.1 

    China . . . . . . . . . . . . . 5.6 8.3 9.6 7.9 7.8 9.0 7.2 

    Other Asiaa . . . . . . . . . . 4.1 5.4 6.7 5.6 6.0 6.4 5.0 

  Mid dle East . . . . . . . . . . 2.1 3.5 4.8 2.5 3.6 3.3 3.7 

  Africa. . . . . . . . . . . . . . 2.5 3.9 5.2 3.3 4.1 2.5 3.3 

  Cen tral and South Amer ica . . 3.0 4.4 5.7 3.6 3.7 3.0 3.8 

    Total World . . . . . . . . . . 1.9 2.9 4.1 3.0 3.2 2.8 4.0 
aOther Asia includes India.
Sources: IEO98: Energy Infor ma tion Admin istra tion (EIA), World Energy Pro jec tion Sys tem (1998). IEO97: EIA, Inter na tional

Energy Out look 1997, DOE/EIA-0484(97) (Wash ing ton, DC, April 1997), Table A1, p. 115. IEA: Inter na tional Energy Agency, World
Energy Out look 1996 (Paris, France, 1996), Capac ity Con straints Case, pp. 237-249. PEL: Petro leum Eco nom ics, Ltd., Oil and
Energy Out look to 2010 (Lon don, United King dom, Janu ary 1998). PIRA: PIRA Energy Group, Retainer Cli ent Semi nar—Part One
(New York, NY, Octo ber 1997), Tables II-1 and II-2.



Per form ance of Past IEO Fore casts 
for 1990 and 1995

In an attempt to meas ure how well the Inter na tional
Energy Out look (IEO) pro jec tions have esti mated future
energy con sump tion trends over its 13- year his tory, we
pres ent a com pari son of IEO fore casts pro duced for
years 1990 and 1995. The fore casts can be com pared with 
actual data pub lished in EIA’s Inter na tional Energy
Annual 1996 (IEA96). This com pari son was under taken
as part of EIA’s com mit ment to pro vide users of the IEO
with a set of per form ance meas ures to assess the fore -
casts pro duced by this agency [8].

EIA has pub lished the IEO since 1985. In IEO85, mid-
 term pro jec tions were derived only for the world’s
market econo mies. That is, no pro jec tions were pro -
duced for the cen trally planned econo mies (CPE) of the
Soviet Union, East ern Europe, Cam bo dia, China, Cuba,
Laos, Mon go lia, North Korea, and Viet nam. The IEO85
pro jec tions extended to 1995 and included fore casts of
total energy con sump tion for 1990 and 1995 and pri mary 
con sump tion of oil, natu ral gas, coal, and “other fuels.”
IEO85 pro jec tions were also pre sented for sev eral
individ ual coun tries and subre gions: the United States,
Can ada, Japan, the United King dom, France, West
Germany, Italy, the Neth er lands, other Euro pean coun -
tries in the Organi za tion for Eco nomic Coop era tion and
Devel op ment (OECD), other OECD (Aus tra lia, New
Zea land, and the U.S. Terri to ries), OPEC, and other
devel op ing coun tries. Begin ning with IEO86, nuclear
power pro jec tions were pub lished sepa rately from the
“other fuel” cate gory.

Fig ure 25.  Com pari son of IEO Fore casts with 1990
Energy Con sump tion in Mar ket
Econo mies

Sources: 1990: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Energy
Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary
1998). 1990 Pro jec tions: EIA, Inter na tional Energy Out look,
DOE/EIA-0484 (Wash ing ton, DC, vari ous years).

The regional aggre ga tion has changed from report to
report. In 1990, the report cov er age was expanded to
include pro jec tions for China, the former Soviet Union,
and other CPE coun tries, mak ing IEO90 the first edi tion
to rep re sent the entire world in the energy con sump tion
fore cast.

The data for total regional energy con sump tion in 1990
show that the IEO pro jec tions were—with few excep -
tions—lower than the actual data for the mar ket econo -
mies. For the four edi tions of the IEO printed between
1985 and 1989 (no IEO was pub lished in 1988) in which
1990 pro jec tions were pre sented, total pro jected energy
con sump tion in the mar ket econo mies ran between 2
and 5 per cent lower than the actual con sump tion
number pub lished in the IEA96 (Fig ure 25).

In addi tion, mar ket econ omy pro jec tions for 1995 in the
1985 through 1993 out look reports (EIA did not release
an inter na tional fore cast for 1995 in either the 1994 or
1995 edi tion of the report) were con sis tently lower than
the actual 1995 data (Fig ure 26). Most of the dif fer ence
was for coun tries out side the OECD. Through the years,
EIA’s eco nomic growth assump tions for OPEC and
other mar ket econ omy coun tries out side the OECD have 
been low. The 1993 fore cast, which was, as might be
expected, the clos est to the actual 1995 number, still was
more than 10 per cent lower than the actual value.

In IEO90, energy con sump tion fore casts for the entire
world were first released. Since then, the IEO fore casts of 
world energy con sump tion for 1995 have been

Fig ure 26.  Com pari son of IEO Fore casts with 1995
Energy Con sump tion in Mar ket
Econo mies

Sources: 1995: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Energy
Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary
1998). 1995 Pro jec tions: EIA, Inter na tional Energy Out look,
DOE/EIA-0484 (Wash ing ton, DC, vari ous years).

En ergy In for ma tion Ad min istra tion/ In ter na tional En ergy Out look 1998 23

238

234

228

225

225

Actual 1990

IEO89

IEO87

IEO86

IEO85

0 50 100 150 200 250 300

Quadrillion Btu

273

269

268

260

258

256

251

245

247

Actual 1995

IEO93

IEO92

IEO91

IEO90

IEO89

IEO87

IEO86

IEO85

0 50 100 150 200 250 300 350

Quadrillion Btu



Fig ure 27.  Com pari son of IEO Fore casts with 1995
World Energy Con sump tion

Sources: 1995: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Energy
Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary
1998). 1995 Pro jec tions: EIA, Inter na tional Energy Out look,
DOE/EIA-0484 (Wash ing ton, DC, vari ous years).

consistently higher than the amount actu ally con sumed
(Fig ure 27), pri mar ily because of the unan tici pated
collapse of the Soviet Union econo mies. IEO90 pro jected
that the FSU would con sume 66 quad ril lion Btu,
whereas 40 quad ril lion Btu of energy was actu ally
consumed. The “other CPE” coun tries—driven mainly
by con sump tion in the coun tries of East ern Europe but
also includ ing Cam bo dia, Cuba, Laos, Mon go lia, North
Korea, and Viet nam—showed a simi lar pat tern. The
mag ni tude and dura tion of the eco nomic declines in the
FSU were not antici pated, and pro jec tions for the region
ran about 30 per cent higher than actual con sump tion.

As might be expected, the IEO pro jec tions for the use of
spe cific fuels reflect the ten dency of the total regional
con sump tion pro jec tions to under es ti mate energy use in 
the mar ket econo mies out side the OECD and over es ti -
mate energy use in the FSU and “other CPE.” For
instance, IEO85 under es ti mated 1995 oil use in the
“other devel op ing mar ket econo mies” by more than 40
per cent, and IEO90 over es ti mated 1995 oil use in the
FSU by 84 per cent.

It is inter est ing to con sid er the fore casts in the his tori cal
con text that cer tainly influ enced the ana lyti cal think ing
of the day. For exam ple, IEO85, pub lished after the oil
price shocks of the 1973-1974 Arab embargo and the
1979-1980 Ira nian revo lu tion but bef ore the Cher no byl
nuclear acci dent of 1986, pro jected that oil would lose
share of total energy con sump tion in the mar ket econo -
mies over the 1985-1995 dec ade, declin ing by as much as
5 per cent age points as natu ral gas, coal, and “other
fuels” all gained share. Nuclear was expected to be the
fast est grow ing energy source, with a pro jected growth
rate of nearly 4 per cent per year.

In real ity, the IEO85 fore cast for nuclear energy turned
out to be fairly accu rate. Nuclear power con sump tion
did increase more rap idly than any other energy source
in the mar ket econo mies, at a rate of nearly 5 per cent per
year between 1985 and 1995. On the other hand, oil use
did not decline as pro jected but main tained a 45- percent
share of energy con sump tion. The natu ral gas share
grew more slowly than pro jected, reach ing 21 per cent of
energy con sump tion in the mar ket econo mies by 1995,
rather than the pro jected 22- percent share. The larg est
diver gence between pro jected and actual trends was for
coal, which in IEO85 was expected to see increas ing use
for elec tric ity gen era tion and indus trial appli ca tions in
West ern Europe. Those expec ta tions did not mate ri al ize. 
Coal’s share of energy con sump tion in the mar ket
econo mies declined from 21 per cent in 1985 to 18 per cent 
in 1995, whereas IEO85 had pro jected an increase to a
22- percent share in 1995.
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The World Oil Mar ket

Oil prices are expected to remain rela tively low, and resources are not expected
to con strain sub stan tial increases in oil demand through 2020. Oil use

con tin ues to domi nate trans por ta tion energy mar kets.

In the early 1990s, oil demand was rela tively flat: oil
consump tion world wide was only 1 mil lion bar rels per
day higher in 1993 than it was in 1989. Since 1993,
however, the world’s demand for oil has risen by almost
7 mil lion bar rels per day, to 73.7 mil lion bar rels per day
in 1997 [1]. None the less, oil prices moved down sharply
dur ing 1997, fal ling from the $23 to $24 range in Janu ary
to a range of $18 to $19 per bar rel in the fall. Many
analysts have low ered their near- term price pro jec tions
by $1.00 or more per bar rel over at least the next year.
Gen eral per cep tions are that near- term price risks are
more heav ily weighted on the down, rather than the up
side. This is a sharp rever sal of views gen er ally held in
early 1997.

Cur rent price move ments have not modi fied EIA’s inter -
me di ate and long- term price expec ta tions. Three long-
 term price paths are pos ited. The ref er ence case price
track for this out look is essen tially unchanged from last
year’s, except that the end year of the pro jec tion has been 
extended to 2020. In that con text, the long- term trend in
oil prices is assumed to rise slowly in real terms, reach -
ing about $23.00 a bar rel in 2020 rela tive to cur rent prices 
of $17.00 and year- end 1996 prices of $24.00 (Fig ure 28).

Fig ure 28.  World Oil Prices in Three Cases, 
1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Annual Energy Review 1996, DOE/EIA-0384(96) (Wash ing -
ton, DC, July 1997). Pro jec tions: EIA, Annual Energy Out look
1998, DOE/EIA-0383(98) (Wash ing ton, DC, Decem ber 1997).

The ref er ence case pro jec tions show large increases in
both oil demand and sup ply. Between 1995 and 2020, oil
demand is expected to grow at an aver age rate of 2 per -
cent per year, result ing in an increase of more than 40
mil lion bar rels per day rela tive to 1997. In 2020, world oil 
con sump tion is pro jected to exceed 115 mil lion bar rels
per day. A higher or lower oil price track is pos si ble, but
the expected range is lim ited. Over the past 25 years, oil
prices have been highly vola tile. In the future one can
expect vola tile behav ior to recur prin ci pally because of
unfore seen politi cal and eco nomic cir cum stances. It is
well rec og nized that ten sions in the Mid dle East, for
exam ple, could eas ily give rise to seri ous dis rup tions in
nor mal oil pro duc tion and trad ing pat terns. On the
other hand, sig nifi cant excur sions from the ref er ence
price tra jec tory are not likely to be long sus tained. High
real prices deter con sump tion and encour age the emer -
gence of sig nifi cant com pe ti tion from mar ginal but large 
sources of oil and non- oil energy sup plies. Per sis tently
low prices have the oppo site effects.

Lim its to long- term oil price esca la tion include sub sti tu -
tion of other fuels (such as natu ral gas) for oil, mar ginal
sources of con ven tional oil that become reserves when
prices rise, and non con ven tional sources of oil that
become reserves at still higher prices. Advances in
explo ra tion and pro duc tion tech nolo gies bring down
the price where these addi tional resources become part
of the reserve base. There are also impor tant lim its to the
poten tial range of oil price declines rela tive to ref er ence
case expec ta tions. Lower prices deter invest ment in
explo ra tion and devel op ment, caus ing the expan sion of
oil sup ply capa bili ties to be dimin ished. At the same
time, low prices encour age increased oil use, so that
reserves are con sumed with out being replaced through
explo ra tion activ ity.

It should be noted that, regard less of the IEO98 price
scenario, oil demand rises sig nifi cantly over the pro jec -
tion pe ri od. In the high and low world oil price cases, the 
pro jected rise in oil con sump tion ranges from a low of 25 
to as much as 60 mil lion bar rels per day. There is now
wide spread agree ment that resources are not a key con -
straint in sat is fy ing increases in world oil demand to
2020. Rather more impor tant are the politi cal, eco nomic,
and envi ron mental cir cum stances con di tion ing sup ply
and demand devel op ment.
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Although there is sub stan tial opti mism in long- run
expec ta tions for oil mar kets, cur rent devel op ments
suggest poten tial chal lenges to demand- supply equi lib -
rium. The onset of reces sion in South east Asia could
slow oil demand growth in a region that has accounted
for 40 per cent of the growth in world oil demand since
1990. On the sup ply side, the cri sis in Iraq, if set tled
peace fully, could lead to an accel era tion of oil exports
even as oil prices are in decline. The denomi na tion of
allow able Iraqi exports in dol lar terms means that as oil
prices decline, more physi cal sup ply must enter the mar -
ket. The impact is com pounded as the dol lar quota is
increased. The 1997 United Nations quota per mit ted
exports in the range of 700,000 to 800,000 bar rels per day. 
In Feb ru ary 1998, the quota was more than dou bled
(from $2 bil lion to $5.2 bil lion in sales for 6 months). At
cur rent prices, the implied per mit ted export vol ume
would exceed cur rent Iraqi sup ply capa bili ties, which
are esti mated at more than 2 mil lion bar rels per day [2].

Some ana lysts argue that still another fac tor weak en ing
the near- term pros pects for oil prices is the recent deci -
sion by the Organi za tion of Petro leum Export ing Coun -
tries (OPEC) to raise out put quo tas by 10 per cent, from
25 mil lion bar rels per day to 27.5 mil lion bar rels per day.
Within OPEC the move to increase quo tas was led by
Saudi Ara bia. It has been sug gested that the ini tia tive
sig nals a deter mi na tion by Saudi Ara bia to improve its
share of pro duc tion in world oil mar kets. If this were
pur sued, near- term oil prices would fall. As of this writ -
ing, how ever, Saudi Ara bia has not increased pro duc -
tion beyond the lev els it reached bef ore the quota
adjust ment. A more benign inter pre ta tion of the quota
adjust ment would be that it was needed to reflect the
reali ties of cur rent pro duc tion pat terns and to develop a
frame work for cop ing with future adjust ments likely to
be nec es sary as world oil mar kets con tinue to grow.

The lat ter view is one of the under pin nings for the ref er -
ence case price pro jec tion pre sented in IEO98. Still
another impor tant assump tion is that the finan cial
down turn now being suf fered in coun tries such as Thai -
land, Indo ne sia, Malay sia, and South Korea will not
spread to China, India, and other parts of devel op ing
Asia. While the short term (1998 through 2000) may see
lower GDP, it is expected that in the medium term the
econo mies of these devel op ing coun tries will recover,
and that eco nomic growth in Japan will be typi cal of the
indus tri al ized world.

High lights of the IEO98 pro jec tions for the world oil
mar ket are as fol lows:

• While the econo mies of the devel op ing Asian
coun tries are cur rently expe ri enc ing a down turn, 
it is not expected to last long. The mid- to long-
 term trend appears to be con tin ued eco nomic
growth with resul tant increases in oil demand. Oil

con sump tion in the devel op ing coun tries of Asia
is pro jected to grow by 3.8 per cent per year, from
11.3 mil lion bar rels per day in 1995 to about 28.6
mil lion bar rels per day in 2020. The level of con -
sump tion pro jected for 2020 would exceed the
pro jected level of con sump tion in the United
States (24.4 mil lion bar rels per day in 2020).

• Enhanced sub sea tech nolo gies con tinue to con -
trib ute to sig nifi cant opti mism about the long-
 term poten tial for off shore oil pro duc tion. The
focus on off shore activ ity by major oil com pa nies
has led to record lev els of demand for equip ment
capa ble of oper at ing in water depths up to 10,000
feet. Vast areas of off shore West Africa are now
con sid ered to be prom is ing sites for future devel -
op ment.

• There is enor mous poten tial for oil pro duc tion
from the Cas pian Basin. There are esti mated
reserves of over 200 bil lion bar rels in the Cas pian
Basin. Exports from the region, cur rently less than
1 mil lion bar rels per day, could exceed 6 mil lion
bar rels per day by 2020.

• OPEC has increased its out put quota from 25 to
27.5 mil lion bar rels per day. The new quota more
closely tracks pro duc tion lev els already achieved
in 1997.

• OPEC mem bers out side the Per sian Gulf region
are expected to improve their mar ket share over
the next dec ade. There is sig nifi cant poten tial for
off shore oil pro duc tion in Nige ria, as well as
aggres sive plans to expand the oil pro duc tion
capac ity of Vene zuela. Sub stan tial increases in oil
out put are also expected for Alge ria and Indo ne sia 
over the next 10 years.

Oil Demand Growth in Indus tri al ized
Coun tries
Oil demand in the indus tri al ized coun tries is pro jected
to grow by 1.1 per cent per year, from 42.4 mil lion bar rels 
per day in 1995 to 55.3 mil lion bar rels per day in 2020
(Fig ure 29). Although oil is still the most impor tant
energy source in the major ity of indus tri al ized coun -
tries, its share of total energy con sump tion is expected to 
drop by 2 per cent age points (from 43 to 41 per cent) over
the 1995 to 2020 pe ri od. The decline reflects a con tinua -
tion of trends in Europe, Japan, North Amer ica, and
other coun tries, in which newer tech nolo gies use oil
more effi ciently and natu ral gas and other energy
sources re place oil for many uses. The major por tion of
oil’s growth within indus tri al ized econo mies is in fuels
used for trans por ta tion, where it has no sub stan tial
compe ti tion.
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Fig ure 29.  Oil Demand in Indus tri al ized Coun tries,
1970, 1995, and 2020

Sources: 1970 and 1995: Energy Infor ma tion Admin istra tion 
(EIA), Office of Energy Mar kets and End Use, Inter na tional
Sta tis tics Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). 2020:
EIA, World Energy Pro jec tion Sys tem (1998).

The indus tri al ized coun tries in 1995 accounted for
almost two- thirds of total world oil demand, whereas
over the next two dec ades they are expected to account
for only one- third of the increase in demand. The ref er -
ence case pro jec tion antici pates about 55 mil lion bar rels
per day of oil demand in 2020 for the indus tri al ized
coun tries, up by almost 13 mil lion bar rels per day from
1995. North Amer ica—the United States, Can ada, and
Mex ico—is expected to account for 8.4 mil lion bar rels
per day of incre mental demand. The pro jected growth in 
U.S. oil demand is the slow est within North Amer ica (1.3 
per cent per year). U.S. con sump tion in 2020 is expected
to be nearly 6.7 mil lion bar rels per day higher than 1995
lev els. Mex ico has the high est pro jected per cent age
increase in North Amer ica (2.3 per cent per year), pri -
mar ily because eco nomic growth is expected to pro ceed
at twice the rate of growth for the United States and
Canada.

Oil demand in indus tri al ized Asia is pro jected to rise
from 7 mil lion bar rels per day in 1995 to 10 mil lion in
2020. The ref er ence case pro jec tion is more uncer tain for
Japan than for North Amer ica because of its close ties
to coun tries cur rently expe ri enc ing cur rency and debt
diffi cul ties.

The slow est growth in oil use is pro jected for West ern
Europe, where over all oil demand is expected to rise by
less than 2 mil lion bar rels per day from 1995 to 2020. Oil
use for power gen era tion and home heat ing is declin ing
and being replaced by natu ral gas through out the
region. Oil is also los ing mar ket share to natu ral gas and
elec tric ity in many indus trial energy uses. In addi tion,
energy- intensive indus tries are begin ning to be replaced 

by serv ice indus tries, which are more likely to use natu -
ral gas and elec tric ity than oil.

A loom ing uncer tainty not addressed in IEO98 relates to
con se quences that may flow from com mit ments under
the Kyoto Pro to col. In North Amer ica, half of all growth
in car bon emis sions in the IEO98 pro jec tions is asso ci -
ated with increased use of oil, espe cially in trans por ta -
tion. The Kyoto ini tia tives could prompt changes in the
fuel use char ac ter is tics of motor vehi cles, with the pos si -
bil ity that as much as 8 mil lion bar rels per day of oil
demand growth could be cur tailed.

It should be noted that the IEO98 pro jec tions for U.S. oil
demand reflect an upward revi sion rela tive to those pre -
sented in IEO97. Key forces driv ing that revi sion were
rela tively low oil prices and ris ing per sonal income,
which encour age con sum ers to travel more and to travel
in larger and less fuel- efficient vehi cles.

Oil Demand Growth in
Non in dus tri al ized Coun tries
In devel op ing coun tries, the increase in oil demand
between 1995 and 2020 in the ref er ence case is more than
29 mil lion bar rels per day. The major impe tus to growth
is expected from Asia. Oil con sump tion in the devel op -
ing coun tries of Asia is pro jected to grow by 3.8 per cent
per year, from 11.3 mil lion bar rels per day in 1995 to
about 28.6 mil lion bar rels per day in 2020 (Fig ure 30).

Fig ure 30.  Non in dus tri al ized Oil Demand by
Region, 1970, 1995, and 2020

Sources: 1970 and 1995: Energy Infor ma tion Admin istra tion 
(EIA), Office of Energy Mar kets and End Use, Inter na tional
Sta tis tics Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). 2020:
EIA, World Energy Pro jec tion Sys tem (1998).

The devel op ing econo mies of Asia will become a domi -
nant force on the demand side of the world oil mar ket
over the pro jec tion pe ri od. The region’s oil demand in
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the year 2000 is expected to aver age 13.3 mil lion bar rels
per day—close to West ern Euro pe’s 14.3 mil lion bar rels
per day—and its expected level of 28.6 mil lion bar rels
per day in 2020 is greater than the pro jected con sump -
tion in the United States (24.4 mil lion bar rels per day).
High rates of eco nomic growth and ris ing stan dards of
liv ing drive these expec ta tions.

In China, oil con sump tion is expected to grow at an
aver age rate of 5.0 per cent per year from 1995 to 2020,
with oil con sump tion tri pling (Fig ure 30). As com pared
with 19 per cent in 1995, oil is expected to account for 21
per cent of Chi na’s total energy con sump tion in 2020.
The poten tial for oil demand growth in China is large,
given its huge popu la tion, its poten tial for sus tained
long- term eco nomic growth, and the char ac ter is tics of
its trans por ta tion sec tor, as dis cussed below.

The trans por ta tion sec tor in China is under de vel oped
rela tive to other eco nomic sec tors and has a sub stan tial
rail com po nent. The rail sys tem depends heav ily on
coal- fired engines but is switch ing to die sel or elec tric
engines, which will lead to some increase in the demand
for oil. More impor tantly, road trans por ta tion in China
is lim ited, both for freight haul ing and for per sonal
travel, and is likely to develop rap idly in the future. The
increase in demand for motor fuels will lead to an
increase in the use of lighter petro leum prod ucts in
China. The indus trial sec tor will con tinue to be domi -
nated by coal, but mod er ate growth in oil use is
expected. Increases in oil use for heat ing and cook ing are 
also expected in the resi den tial and com mer cial sec tors.

In India, where GDP growth is expected to be slower
than Chi na’s, growth in oil demand is pro jected to
average 3.6 per cent per year between 1995 and 2020
(com pared with 5.0 per cent per year in China). India
cur rently imports refined petro leum prod ucts, as well as 
crude oil to feed domes tic refin er ies. Its import require -
ment for petro leum prod ucts is expected to grow until
new refin ing capac ity comes on stream, at which time
the import empha sis will switch from prod ucts to crude
oil.

If the future growth of oil demand in China and India
were to match the his tori cal rate for South Korea, the
IEO98 pro jec tion could be low by sev eral tens of mil lions 
of bar rels per day. Although high growth rates in oil use
are pro jected for China and India in the ref er ence case,
the rates are much lower than those seen in the recent
past for the rap idly grow ing econo mies of Indo ne sia,
Malay sia, South Korea, Tai wan, and Thai land. In South
Korea, for exam ple, oil con sump tion grew at an aver age
rate of 13.5 per cent per year from 1985 to 1995, and in
1995 the coun try’s annual oil con sump tion was 16.5
barrels per cap ita [3]. In China and India, oil con sump -
tion cur rently is less than 1 bar rel per cap ita annu ally,
even though their usage lev els have increased by 77

percent and 76 per cent, respec tively, since 1985. Oil
demand is highly income- elastic, espe cially in coun tries
like China and India, which have under de vel oped
personal trans por ta tion sys tems but 38 per cent of the
world’s popu la tion.

Sub stan tial growth in oil demand is also antici pated out -
side Asia, in other devel op ing regions. In Cen tral and
South Amer ica, oil con sump tion is expected to more
than dou ble between 1995 to 2020. Fol low ing the
reforms in gov ern ment poli cies led by devel op ments in
Argen tina and Chile, sub stan tial eco nomic growth is
pro jected—twice the rate for devel oped econo mies.
Such growth (4.3 per cent annu ally) can pro mote
improve ments in liv ing stan dards and, in con cert,
strong increases in demand for energy and oil- using
prod ucts. In this region, large increases in trans por ta tion 
fuel use can be expected, and demand for non-
 transportation uses will also grow. While the share of
baseload elec tric ity gen era tion fueled by oil will
decrease, oil con sump tion in the elec tric ity sec tor is pro -
jected to increase in abso lute terms, pri mar ily in remote
areas and for peak load gen era tion. Large invest ments
are being made in gas and elec tric ity trans mis sion in
Cen tral and South Amer ica, and a sig nifi cant por tion of
incre mental power gen era tion is expected to rely on
natu ral gas; how ever, diesel- fired com bus tion tur bines
will con tinue to be used to sat isfy a sig nifi cant por tion of
the region’s demand for elec tric power.

The ref er ence case pro jec tion for East ern Europe and the
former Soviet union (EE/FSU) depicts a near dou bling
of oil demand between 1995 and 2020, which would
return con sump tion lev els to those last seen in 1990,
before eco nomic depres sion befell the region. Signs of
eco nomic recov ery are now clearly evi dent in East ern
Europe, with growth in GDP at 4 per cent or more per
year. For the FSU, 1997 appears to mark the begin ning of
eco nomic turn around, and aver age annual growth of
about 3.5 per cent is pro jected through 2020. Still, oil
demand pro jec tions for the EE/FSU region are highly
uncer tain. Obvi ous uncer tain ties relate to pri va ti za tion
and the insti tu tion of market- based eco nomic reforms,
which if suc cess ful would increase per cap ita incomes.
As in Asia, there is a strong poten tial for oil demand
beyond that cur rently pro jected, espe cially in rela tion to
per sonal trans por ta tion, if reforms are suc cess ful.

Oil Demand and Trans por ta tion
In devel oped coun tries, the bulk of oil demand and the
pro spec tive growth in demand are asso ci ated with
trans por ta tion. Oil price shocks in the 1970s drove
efforts to sub sti tute other fuels for oil, an objec tive
largely achieved except in the pro vi sion of trans por ta -
tion serv ices. With high vehi cle own er ship rates, per
cap ita oil use for trans por ta tion tends to be high in the
indus tri al ized nations: about 15 bar rels per per son per
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year. Not much growth in total per cap ita oil use is
expected, how ever, and thus oil demand in indus tri al -
ized coun tries tends to increase mostly in pro por tion to
popu la tion.4

The great est poten tial for growth in trans por ta tion
energy demand is in the devel op ing world. The larg est
increase is pro jected for China, where oil use for trans -
por ta tion rises from about 1 mil lion bar rels per day in
1995 to 3.5 in 2020, an increase of 250 per cent (Fig ure 31).
For India, the pro jected increase is 1.2 mil lion bar rels per 
day, or 165 per cent; and for the rest of devel op ing Asia
com bined, trans por ta tion oil use grows from about 2.7
mil lion bar rels per day to 6.6 mil lion bar rels per day, an
increase of 3.9 mil lion bar rels or 144 per cent. Because
vehi cle own er ship rates can have a large impact on
trans por ta tion energy demand, the fol low ing dis cus sion 
focuses on the impli ca tions of ris ing vehi cle own er ship
rates for oil demand, par ticu larly in devel op ing coun -
tries.

Fig ure 31.  Oil Demand for Trans por ta tion in
Devel op ing Asia, 1995-2020

Sources: 1995: Derived from Energy Infor ma tion Admin -
istra tion (EIA), Office of Energy Mar kets and End Use, Inter na -
tional Energy Annual 1996, DOE/EIA-0219(96) (Wash ing ton,
DC, Feb ru ary 1998). Pro jec tions: EIA, World Energy Pro jec -
tion Sys tem (1998).

Despite recent tur moil in the econo mies of devel op ing
Asia, the poten tial for long- term growth in trans por ta -
tion demand is the great est in this region. Until late in
1997 these econo mies had been grow ing by more than 8
per cent a year. Increas ing busi ness and indus trial
activity as well as increas ing house hold incomes and
grow ing urban popu la tions have led to a ris ing demand
for trans por ta tion. In 1995, trans por ta tion energy

demand in devel op ing Asia was 9.6 quad ril lion Btu,
account ing for 13.4 per cent of total energy con sump tion. 
By 2020, trans por ta tion energy demand for the region is
pro jected to sur pass 26 quad ril lion Btu, nearly half of
which will be in China and India. The pri mary rea son for 
the rapid growth is the increas ing motori za tion of Asia
(Fig ure 32) as a result of pro jected robust eco nomic
growth in the medium to long term.

Fig ure 32.  Vehi cle Stocks in Selected Devel op ing
Asian Coun tries, 1975-1995

Source: Ameri can Auto mo bile Manu fac tur ers Asso cia tion,
World Motor Vehi cle Data 1997 (Detroit, MI, 1997).

Pas sen ger car own er ship rates dif fer among the coun -
tries of devel op ing Asia. South Korea has a pas sen ger
car den sity of 132 cars per 1,000 inhabi tants; both China
and India have rates of approxi mately 3 to 4 cars per
1,000 inhabi tants [4]. Between 1994 and 1995, new car
reg is tra tion grew by almost 40 per cent in China, India,
and Malay sia. By 2015, China is pro jected to have 51
million cars and India 16 mil lion [5].

Rapid growth in vehi cle own er ship rates has been seen
in many coun tries as income per cap ita has risen. When
incomes rise above sub sis tence lev els, demand for
vehicle own er ship tends to be highly income- elastic [5,
pp. 12-13], as dem on strated by the leg en dary traf fic jams 
of Bang kok, Manila, Mex ico City, and else where. From
1960 to 1973, the ratio of vehi cles to popu la tion grew by
24 per cent per year in Japan and by 19 and 14 per cent,
respec tively, in Spain and Italy. In South Korea, the ratio
increased by 16 per cent per year between 1970 and 1991.
If China sus tains a growth rate in vehi cle own er ship of
10 per cent per year for the next two dec ades, its vehi cle
popu la tion will approxi mate the U.S. vehi cle popu la tion 
by 2015. Even at that rate, how ever, China would have
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4 In the indus tri al ized coun tries (espe cially the United States), sev eral impor tant trends have been influ enc ing the per sonal car mar ket
and, con se quently, energy con sump tion. More pow er ful engines and cars with increased safety and lux ury fea tures reduce aver age gas
mile age and cause over all fuel con sump tion to rise. The trend has been some what off set by tech no logi cal advances that have allowed
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sport util ity vehi cles, which are less fuel effi cient than ordi nary pas sen ger cars, has also hurt aver age gas mile age. Finally, peo ple are quite
sim ply driv ing their cars more. Years of sta ble and rela tively low gaso line and die sel fuel prices, cou pled with increas ing incomes in indus -
tri al ized coun tries, has meant more peo ple driv ing more miles and there fore increased energy con sump tion.



fewer vehi cles per cap ita in 2015 than Japan and South
Korea have already [5, p. 25]. In 1970, 44 per cent of the
world vehi cle popu la tion was in the United States, but
by 1995 the U.S. share had dropped to 31 per cent, even
though U.S. vehi cle own er ship had nearly dou bled
(Figure 33).

Fig ure 33.  U.S. and Total World Vehi cle Fleets,
1970-1995

Source: Ameri can Auto mo bile Manu fac tur ers Asso cia tion,
World Motor Vehi cle Data 1997 (Detroit, MI, 1997).

Fig ure 34 shows vehi cle own er ship rates for selected
indus tri al ized coun tries. Fig ure 35 reports on regions of
the devel op ing world and Rus sia. Indus tri ali za tion,
with higher per cap ita incomes, appears to give rise to
vehi cle own er ship rates which are orders of mag ni tude
greater than now evi dent in emerg ing econo mies. Thus,
sus tained eco nomic growth is likely to drive large
increases in petro leum demand, given cur rent fuel use
tech nolo gies for motor vehi cles.

Fig ure 34.  Vehi cle Own er ship in Selected
Indus tri al ized Coun tries, 1995

Source: Ameri can Auto mo bile Manu fac tur ers Asso cia tion,
World Motor Vehi cle Data 1997 (Detroit, MI, 1997).

The Com po si tion of World Oil
Sup ply
The IEO98 ref er ence case proj ects an increase in world
oil sup ply of 40 mil lion bar rels per day over the next 25
years. Gains in pro duc tion are expected for both OPEC
and non- OPEC regions; how ever, only one- fourth of the
pro duc tion rise is expected to come from non- OPEC
areas. Over the past two dec ades, the growth in non-
 OPEC oil sup ply has eroded OPEC’s mar ket share, and
the long- term out look for non- OPEC sup ply remains
opti mis tic even in the face of lower world oil prices. New 
explo ra tion and pro duc tion tech nolo gies, aggres sive
cost- reduction pro grams by indus try, and attrac tive
fiscal terms to pro duc ers by gov ern ments all con trib ute
to the out look for con tin ued growth in non- OPEC oil
pro duc tion.

On the other hand, the ref er ence case pro jec tion antici -
pates that as much as three- fourths of the increase in
demand over the next two dec ades will be met by
increases in pro duc tion by mem bers of OPEC rather
than by non- OPEC sup pli ers. OPEC pro duc tion capac -
ity in 2020 is pro jected to be more than 32 mil lion bar rels
per day higher than it was in 1996 (Fig ure 36). Some
analysts sug gest that OPEC might pre fer and pur sue
signifi cant price esca la tion through con ser va tive capac -
ity expan sion deci sions rather than under tak ing such an
ambi tious pro duc tion expan sion effort. The view pre -
sented in this out look dis counts such an expec ta tion.

Expan sion of OPEC Pro duc tion Capac ity

There is gen eral agree ment that OPEC mem bers with
large reserves and rela tively low pro duc tion capac ity
expan sion costs can accom mo date siz able increases in

Fig ure 35.  Vehi cle Own er ship in Non in dus tri al ized  
Regions, 1995

Source: Ameri can Auto mo bile Manu fac tur ers Asso cia tion,
World Motor Vehi cle Data 1997 (Detroit, MI, 1997).
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petro leum demand. In the IEO98 ref er ence case, the pro -
duc tion call on OPEC pro duc ers grows at a robust
annual rate of 3.1 per cent (Table 11 and Fig ure 37). With
the expected growth in demand, espe cially in the devel -
op ing coun tries of the Pacific Rim, OPEC capac ity utili -
za tion is expected to increase sharply after 2000,
reach ing 95 per cent by 2010 and remain ing there for the
dura tion of the fore cast pe ri od.

Given the require ments for OPEC pro duc tion capac ity
expan sion implied by the IEO98 esti mates, much atten -
tion has been focused on the oil devel op ment, pro duc -
tion, and oper at ing costs of indi vid ual OPEC pro duc ers. 

Fig ure 36.  World Oil Pro duc tion in the Ref er ence
Case by Region, 1970-2020

Sources: 1970-1979: Energy Infor ma tion Admin istra tion
(EIA), Office of Energy Mar kets and End Use, Inter na tional
Sta tis tics Data base. 1980-1996: EIA, Inter na tional Energy
Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary
1998). Pro jec tions: EIA, World Energy Pro jec tion Sys tem
(1998).

Table 11.  OPEC Oil Pro duc tion, 1990-2020
(Mil lion Bar rels per Day)

Fig ure 37.  OPEC Oil Pro duc tion in Three Oil Price
Cases, 1970-2020

Sources: 1970-1979: Energy Infor ma tion Admin istra tion
(EIA), Office of Energy Mar kets and End Use, Inter na tional
Sta tis tics Data base. 1980-1996: EIA, Inter na tional Energy
Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary
1998). Pro jec tions: EIA, World Energy Pro jec tion Sys tem
(1998).

With the reserve- to- production ratio of Per sian Gulf
pro duc ers exceed ing 80 years, sig nifi cant capac ity
expan sion is obvi ously fea si ble.

The cost to pro duce a bar rel of oil in Per sian Gulf OPEC
nations ranges between $0.99 and $1.49 per bar rel,
depend ing on field size. The capi tal invest ment required 
to increase pro duc tion capac ity by 1 bar rel per day in
Per sian Gulf OPEC nations ranges between $2,525 and
$4,866 [6], also depend ing on field size. Assum ing the
IEO98 low price case and mid- size fields only, total
devel op ment and oper at ing costs over the entire fore -
cast pe ri od as a per cent age of gross reve nues range only
between 15 and 20 per cent. Thus, for the Per sian Gulf
pro duc ers, the total cost of capac ity expan sion is a rela -
tively small per cent age of pro jected gross reve nue even
in the low price case.

For OPEC pro duc ers out side the Per sian Gulf, the cost to 
expand pro duc tion capac ity by 1 bar rel per day is con -
sid era bly greater, rang ing from $7,610 (Indo ne sia) to
$10,240 (Vene zuela). Nev er the less, even this group of
pro duc ers can expect mar gins in excess of 40 per cent on
invest ments to expand pro duc tion capac ity over the
long term in the low price case [7]. Vene zuela has the
great est poten tial for capac ity expan sion and has
already announced plans to increase its pro duc tion
capac ity to 4.5 mil lion bar rels per day by 2005. Tables
A40-A47 in Appen dix A show the ranges of pro duc tion
poten tial for both OPEC and non- OPEC pro duc ers.

The ref er ence case pro jec tion implies aggres sive efforts
by OPEC to apply or attract invest ment capi tal to imple -
ment a wide range of pro duc tion capac ity expan sion
proj ects. If those proj ects were not under taken, world oil 
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prices could esca late; how ever, the com bi na tion of
poten tial prof it abil ity and the threat of com pe ti tion from 
non- OPEC sup pli ers argues for the pur suit of an aggres -
sive expan sion strat egy.

In IEO98, the pro jec tions for oil pro duc tion from OPEC
mem bers out side the Per sian Gulf have been bol stered
some what over the IEO97 pro jec tions. Recent dis cov er -
ies of sig nifi cant Nige rian off shore pro duc tion poten tial, 
as well as increased opti mism with regard to Alge rian,
Indo ne sian, and Vene zue lan out put, have con trib uted
to this reas sess ment. OPEC pro duc tion out side the
Persian Gulf is expected to increase by at least 1 mil lion
bar rels per day early in the next cen tury and con tinue for 
the dura tion of the fore cast pe ri od. As a result, the
world’s pro jected depend ence on Per sian Gulf oil is 3 to
5 per cent lower than was pro jected in IEO97.

Non- OPEC Sup ply

The growth in non- OPEC oil sup plies has eroded
OPEC’s mar ket share over the past two dec ades. Dur ing
that pe ri od, non- OPEC oil sup ply has become increas -
ingly diverse. North Amer ica domi nated non- OPEC
sup ply in the early 1970s, the North Sea and Mex ico
emerged as major pro duc ers in the 1980s, and much of
the new pro duc tion in the 1990s has come from devel op -
ing coun tries. In the IEO98 ref er ence case, non- OPEC
sup ply from proven reserves is expected to increase
stead ily, from 43.5 mil lion bar rels per day in 1996 to 55.3
mil lion in 2020 (Table 12).

Table 12.  Non- OPEC Oil Pro duc tion, 1990-2020
(Mil lion Bar rels per Day)

There are sev eral impor tant dif fer ences between the
IEO98 pro duc tion pro files and those pub lished in
IEO97:

• U.S. pro duc tion does not decline as severely in the
IEO98 pro jec tions, as a result of tech no logi cal
advances and increased off shore Texas Gulf pro -
duc tion.

• North Sea pro duc tion does not peak until after
2000 and is more than 1 mil lion bar rels per day
higher in IEO98, as a result of enhanced sub sea
tech nol ogy.

• Pro jected pro duc tion from the former Soviet
Union is some 2 mil lion bar rels per day higher in
2015 in IEO98, as a result of increased opti mism
about the oil resources of the Cas pian Basin. Politi -
cal uncer tainty still remains a poten tial bar rier to
the devel op ment of the region’s vast resources.

• The pro duc tion out look for the devel op ing coun -
tries of Africa is more opti mis tic by at least 1 mil -
lion bar rels per day in IEO98, as a result of
sig nifi cant West Afri can off shore finds.

In the IEO98 fore cast, North Sea pro duc tion reaches a
peak in 2003, exceed ing 7.6 mil lion bar rels per day.
Produc tion from Nor way, West ern Euro pe’s larg est
producer, is expected to peak at about 3.8 mil lion bar rels
per day in 2003 and then gradu ally decline to about 3.1
mil lion bar rels per day by the end of the fore cast pe ri od
with the matur ing of some of its larger and older fields.
The United King dom sec tor is expected to pro duce
about 3.6 mil lion bar rels per day early in the next
decade, fol lowed by a decline to about 2.3 mil lion bar rels 
per day in 2020.

Two non- OPEC Per sian Gulf pro duc ers are expected to
increase out put gradu ally into the begin ning of the next
dec ade. Enhanced recov ery tech niques are expected to
increase cur rent out put in Oman by about 40,000 bar rels
per day, and only a mod est decline in pro duc tion is
antici pated beyond 2005. Cur rent oil pro duc tion in
Yemen could increase by almost 100,000 bar rels per day
early in the next cen tury, and those lev els could be main -
tained through out the fore cast pe ri od. Syria’s pro duc -
tion is expected to show a steady decline.

Oil pro duc ers in the Far East are begin ning to reap the
bene fits of enhanced explo ra tion and pro duc tion tech -
nolo gies. India is expected to show a mod est pro duc tion
increase into the next dec ade and exhibit very lit tle
decline in out put there af ter. Deep wa ter fields off shore
from the Phil ip pines are expected to pro duce in excess of 
200,000 bar rels per day by the year 2000. There has been
much opti mism about the long- term pro duc tion poten -
tial for Viet nam, where out put is pro jected to exceed
450,000 bar rels per day by 2020. Aus tra lian pro duc tion is 
expected to peak at about 870,000 bar rels per day in the
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Ref er ence 
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High

Oil Price
Low

Oil Price

His tory . . . . . . .

  1990 . . . . . . . . 42.2 — —

  1996 . . . . . . . . 43.5 — —

Pro jec tions. . . . .

  2000 . . . . . . . . 47.3 47.9 46.6

  2005 . . . . . . . . 52.0 53.0 50.2

  2010 . . . . . . . . 55.0 56.7 52.6

  2015 . . . . . . . . 55.2 57.6 52.5

  2020 . . . . . . . . 55.3 57.7 52.4

Note: Includes the pro duc tion of crude oil, natu ral gas plant
liq uids, refin ery gain, and other liq uid fuels.

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Inter na tional Petro leum Sta tis tics Report, DOE/EIA-
0520(97/12) (Wash ing ton, DC, Decem ber 1997), Table 1.4.
Pro jec tions: EIA, World Energy Pro jec tion Sys tem (1998).



early years of the next dec ade, but enhanced pro duc tion
tech nolo gies will tem per the pro duc tion declines some -
what after 2005. Malaysia’s out put will peak at about
810,000 bar rels per day by the turn of the cen tury and
gradu ally decline to about 650,000 bar rels per day
by 2020. Explo ra tion and test- well activ ity have indi -
cated some pro duc tion poten tial for Bang la desh and
Mon go lia, but sig nifi cant out put is not expected until
the turn of the cen tury.

Cen tral and South Ameri ca’s pro duc ers have sig nifi cant
poten tial for increas ing out put over the next dec ade. By
the turn of the cen tury, both Bra zil and Colom bia will
have joined the rela tively short list of world wide pro -
duc ers whose out put exceeds 1 mil lion bar rels per day.
Colom bia’s out put is pro jected to reach almost 1.3 mil -
lion bar rels per day early in the next dec ade and to
remain at that level through 2020. Bra zil is viewed as
hav ing vast untapped pro duc tion poten tial and, given a
favor able cli mate for attract ing for eign invest ment,
could exceed 1.8 mil lion bar rels per day by 2020.
Argentina is expected to raise its pro duc tion lev els
modestly out to the end of this dec ade, and former
OPEC mem ber Ecua dor is expected to increase its pro -
duc tion capac ity to allow addi tional out put of more than 
100,000 bar rels per day.

West Afri can pro duc ers Angola, Congo Braz za ville, and 
Congo Kin shasa will reap the bene fits of sub stan tial off -
shore explo ra tion activ ity and com bine for an addi tional 
700,000 bar rels per day in out put in the early part of the
next dec ade. Pro duc tion lev els are expected to increase
mod estly for the remain der of the fore cast pe ri od. North
Afri can pro duc ers Tuni sia and Egypt pro duce from
mainly mature fields, which are likely to be in grad ual
decline after 2000. Chad and the Sudan are expected to
com bine for 600,000 bar rels per day of out put by the turn 
of the cen tury. Other Afri can pro duc ers with out put
poten tial beyond 2000 include the Ivory Coast, Equa -
torial Guinea, Soma lia, and South Africa.

For North Amer ica, the fal ling U.S. out put is more than
off set by pro duc tion increases from Can ada and Mex ico. 
Cana da’s out put is expected to increase by 200,000
barrels per day by the end of the dec ade, mainly from
New found land’s Hiber nia oil proj ect, which could pro -
duce 140,000 bar rels per day at its peak, some time near
the turn of the cen tury. Can ada will add an addi tional
500,000 bar rels per day in out put from a com bi na tion of
fron tier area off shore proj ects and oil from tar sands.
Off shore dis cov er ies in the Gulf of Mex ico, incre mental
Alas kan pro duc tion from Cook Inlet, and tech no logi cal
advances in pro duc tion meth ods will tem per the decline 
in U.S. pro duc tion. In Mex ico, with the con tinua tion of
gov ern ment energy poli cies that encour age the effi cient
devel op ment of its vast resource base, pro duc tion vol -
umes are expected to reach 4 mil lion bar rels per day by

2005 and hold at that level for the remain der of the fore -
cast pe ri od.

Oil pro duc tion in the former Soviet Union is expected to
reach 9.5 mil lion bar rels per day by 2005 and to exceed
13.1 mil lion bar rels per day by 2020. Thus, by the end of
the fore cast pe ri od, the FSU would be a net exporter of
almost 5.7 mil lion bar rels per day. Much of the export
poten tial for the FSU region is in the resource- rich
Caspian Basin (see box). While Chi na’s out put is
expected to increase stead ily, to more than 3.6 mil lion
bar rels per day by 2015, it will find itself import ing large
vol umes of petro leum to meet its bur geon ing domes tic
demand.

The IEO98 esti mates of non- OPEC oil pro duc tion are
based on such parame ters as num bers of explo ra tion
wells, find ing rates, reserve- to- production ratios,
advances in both explo ra tion and pro duc tion tech nolo -
gies, and world oil prices. Non- OPEC pro duc tion poten -
tial could be sig nifi cantly greater if no con straints were
placed on the explo ra tion and devel op ment of undis -
cov ered resources. For the IEO98 ref er ence case, low oil
price, and high oil price assess ments, it was assumed
that no more than 15 per cent of the mean U.S. Geo logi cal 
Sur vey (USGS) esti mate of undis cov ered oil would be
devel oped over the fore cast pe ri od. Tables A40-A47 in
Appen dix A show the ranges of pro duc tion poten tial for 
both OPEC and non- OPEC pro duc ers.

High Non- OPEC Sup ply Case

For non- OPEC pro duc tion poten tial, the world oil price
is the only vari able across the low price, ref er ence, and
high price cases. As a result, the range of non- OPEC
supply pro jec tions is mod est, vary ing by only slightly
more than 5.2 mil lion bar rels per day at the end of the
fore cast pe ri od. A fourth view of non- OPEC pro duc -
tion—the high non- OPEC sup ply case—was there fore
pro vided, assum ing that some por tion of the undis -
covered oil (based on USGS esti mates) in non- OPEC
nations will be devel oped and pro duced bef ore 2020.

The high non- OPEC sup ply case was devel oped from
the fol low ing assump tions:

• World oil prices are the same as in the ref er ence
case.

• U.S. pro duc tion is the same as in the ref er ence
case.

• The esti mates of undis cov ered oil in the former
Soviet Union, Latin Amer ica, and West Africa are
higher than in the ref er ence case, reflect ing
increased opti mism about the pro duc tion poten -
tial of off shore fields.
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• One- third of the world’s undis cov ered oil is con -
sid ered eco nomi cal to develop over the fore cast
pe ri od.

• Tech nol ogy improve ments over the fore cast pe ri -
od are assumed to be trans fer ra ble world wide.

• It is assumed that no insti tu tional bar ri ers will
con strain pro duc tion.

• A reserve- to- production ratio of 15 years (slightly
less than the cur rent non- OPEC ratio) is used as a
lower bound for pro duc tion esti mates.

Fig ure 38 com pares OPEC and non- OPEC pro duc tion
esti mates in the ref er ence and high non- OPEC sup ply
cases. In the high case, the annual growth rate for non-
 OPEC pro duc tion is pro jected to be 1.4 per cent, com -
pared with 1.0 per cent in the ref er ence case. Non- OPEC
pro duc tion reaches a peak of 60.5 mil lion bar rels per day 
in the high case in 2020, com pared with 55.4 mil lion bar -
rels per day in the ref er ence case. Fig ure 39 com pares
peak pro duc tion lev els for six non- OPEC regions in the
ref er ence and high non- OPEC sup ply cases.

In the ref er ence case, OPEC pro duc tion peaks at
60.5 mil lion bar rels per day, and the OPEC share of
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Cas pian Basin Oil Pro duc tion Poten tial

The Cas pian Basin is an area of vast resource poten tial.
Only the United States and Saudi Ara bia are thought to 
have more ulti mately recov er able con ven tional oil
resources, and only the United States, Rus sia, and Iran
are thought to have more ulti mately recov er able con -
ven tional natu ral gas resources. Three of the inde pend -
ent states of the former Soviet Union—Azer bai jan,
Kazakhstan, and Turk meni stan—have the great est oil
pro duc tion poten tial in the Cas pian Sea region. Rus sia,
Uzbeki stan, and Iran have lesser poten tial.

Proven oil reserves are those quan ti ties for which geo -
logi cal and engi neer ing evi dence indi cates a rea son -
able cer tainty for recov ery under cur rent eco nomic and 
tech no logi cal con di tions. The con cept of poten tial oil
resources is much more specu la tive, based on seis mic
and other tests as opposed to actual drill ing. Cas pian
Basin oil resource esti mates are shown in the fol low ing
table.

Oil Resources in the Cas pian Sea Region
(Bil lion Bar rels)

Coun try
Proven

Reserves
Poten tial

Resources
Total

Resources

Azer bai jan. . . . 12.5 32 45

Iran . . . . . . . 0.1 15 15

Kazakhstan . . . 17.6 92 110

Rus sia. . . . . . 0.3 7 7

Turk meni stan . . 1.7 38 40

Uzbeki stan . . . 0.3 2 2

  Total . . . . . . 32.5 186 218

Source: “DESTINY” Inter na tional Energy Fore cast Soft -
ware (Hous ton, TX: Pet ro con sult ants, 1998).

The devel op ment of trans por ta tion infra struc tures is
key to ena bling the Cas pian region to join the ranks of
major sup pli ers in world oil trade (see Appen dix C).
Azer bai jan, Kazakhstan, and Turk meni stan are
surrounded by other coun tries and can not get oil to
mar ket with out cross ing some one else’s ter ri tory.

Cur rently, Cas pian oil, in rela tively small quan ti ties, is
able to flow through pipe lines into Rus sia. By the end
of this dec ade, sev eral pipe line routes to the Black Sea
are expected to become avail able. After the turn of the
cen tury, sig nifi cantly larger vol umes are expected to
flow via pipe line through Tur key to the Medi ter ra nean 
Sea and across Iran to the Per sian Gulf. Even China has
indi cated inter est in obtain ing sup plies by pipe line for
its use [8].

Access to Cas pian oil is a func tion of sev eral dif fi cult
geo po liti cal issues, includ ing own er ship of the re -
sources; financ ing the explo ra tion, pro duc tion, and
dis tri bu tion of the oil; and envi ron mental con cerns.
The man ner in which these issues are resolved,
whether adver sar ial or coop era tive, will deter mine
how quickly oil from the Cas pian Basin pene trates
world mar kets. IEO98 takes an opti mis tic view of the
poten tial for both pro duc tion and exports of Cas pian
oil, as shown in the chart below.

Cas pian Sea Region Oil Pro duc tion and Export
Poten tial, 1990-2020

Source: “DESTINY” Inter na tional Energy Fore cast Soft -
ware (Hous ton, TX: Pet ro con sult ants, 1998).
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world wide pro duc tion does not begin to exceed that of
non- OPEC sup pli ers until 2018. In the high non- OPEC
sup ply case, OPEC pro duc tion peaks at 55.3 mil lion bar -
rels per day and never assumes the major ity mar ket
share over the fore cast pe ri od.

Fig ure 38.  OPEC and Non- OPEC Oil Pro duc tion in
Two Cases, 1990-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Inter na tional Energy Annual 1996, DOE/EIA-0219(96) (Wash -
ing ton, DC, Feb ru ary 1998). Pro jec tions: EIA, World Energy
Pro jec tion Sys tem (1998).

Fig ure 39.  Non- OPEC Oil Pro duc tion by Region in
Two Cases, 2020

Source: Energy Infor ma tion Admin istra tion, World Energy
Pro jec tion Sys tem (1998).

World wide Petro leum Trade in the
Ref er ence Case
In 1995, indus tri al ized coun tries imported 15.8 mil lion
bar rels of oil per day from OPEC pro duc ers. Of that
total, 9.4 mil lion bar rels per day came from the Per sian
Gulf region. Oil move ments to indus tri al ized coun tries
rep re sented more than two- thirds of the total petro leum
exported by OPEC mem ber nations and more than 60
per cent of all Per sian Gulf exports (Table 13). By the end

of the fore cast pe ri od, OPEC exports to indus tri al ized
coun tries are esti mated to be more than 6 mil lion bar rels
per day higher than their 1995 level, with almost three-
 quarters of the pro jected increase com ing from the Per -
sian Gulf region.

Despite such a sub stan tial increase, the pro jected share
of total petro leum exports in 2020 that goes to the indus -
tri al ized nations is lower than their 1995 share, at
slightly over 50 per cent. Their share of all Per sian Gulf
exports falls even more dra mati cally, to around 33 per -
cent. This sig nifi cant shift in the bal ance of OPEC export
shares between the indus tri al ized and non in dus tri al -
ized nations is a direct result of the robust eco nomic
growth antici pated for the devel op ing nations of the
world, espe cially those of Asia. OPEC petro leum
exports to devel op ing coun tries are expected to increase
by more than 22 mil lion bar rels per day over the fore cast
pe ri od, with about two- thirds of the increase going to
the devel op ing coun tries of Asia. China, alone, will most 
likely import almost 7 mil lion bar rels per day from
OPEC by the year 2020, vir tu ally all of which is expected
to come from Per sian Gulf pro duc ers.

North Ameri ca’s petro leum imports from the Per sian
Gulf are expected to increase by more than 70 per cent
over the fore cast pe ri od (Fig ure 40); how ever, almost
three- fourths of total North Ameri can imports in 2020
will be from Atlan tic Basin pro duc ers and refin ers.
Large increases in crude oil imports are antici pated from 
Latin Ameri can pro duc ers, includ ing Vene zuela, Bra zil,
Colom bia, and Mex ico. West Afri can pro duc ers, includ -
ing Nige ria and Angola, are also expected to increase
their export vol umes to North Amer ica. Car ib bean Basin 
refin ers are expected to account for most of the increase
in North Ameri can imports of refined prod ucts.

Fig ure 40.  Imports of Per sian Gulf Oil by Import ing 
Region, 1995 and 2020

Sources: 1995: Energy Infor ma tion Admin istra tion (EIA),
Energy Mar kets and Con tin gency Infor ma tion Divi sion. 2020:
EIA, Office of Inte grated Analy sis and Fore cast ing, WORLD
Ref er ence Model.
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Table 13.  World wide Petro leum Trade in the Ref er ence Case, 1995 and 2020
(Mil lion Bar rels per Day)

As North Sea oil pro duc tion declines mod er ately, West -
ern Europe is expected to import increas ing amounts
from OPEC pro duc ers in the Per sian Gulf, North Africa,
and West Africa, as well as sub stan tial quan ti ties from
the Cas pian Basin. Indus tri al ized Asian nations are
expected to increase their already heavy depend ency on
Per sian Gulf oil.

World wide crude oil dis til la tion refin ing capac ity was
76.1 mil lion bar rels per day at the begin ning of 1997. To

meet the pro jected growth in inter na tional oil demand in 
the ref er ence case, world wide refin ing capac ity will
have to increase by more than 50 mil lion bar rels per day
by 2020. Sub stan tial growth in dis til la tion capac ity is
expected in the Mid dle East, Cen tral and South Amer ica, 
and espe cially in the Asia Pacific region. Refin ers in
North Amer ica and Europe, while mak ing only mod est
addi tions to their dis til la tion capac ity, will con tinue to
improve prod uct qual ity and enhance the use ful ness of
the heav ier por tion of the bar rel through invest ment in
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Export ing Region

Import ing Region

Indus tri al ized Non in dus tri al ized

North
Amer ica

West ern
Europe Asia Total

Pacific
Rim China

Rest of
World Total

1995

OPEC

  Per sian Gulf . . . . . . . . . . . . 1.8 3.4 4.2 9.4 4.1 0.4 1.5 6.0 

  North Africa . . . . . . . . . . . . . 0.3 1.9 0.0 2.2 0.0 0.0 0.1 0.1 

  West Africa . . . . . . . . . . . . . 1.0 0.6 0.1 1.7 0.3 0.0 0.1 0.4 

  South Amer ica . . . . . . . . . . . 1.6 0.3 0.0 1.9 0.1 0.0 0.6 0.7 

  Asia . . . . . . . . . . . . . . . . . 0.1 0.0 0.5 0.6 0.1 0.0 0.0 0.1 

    Total OPEC . . . . . . . . . . . . 4.8 6.2 4.8 15.8 4.6 0.4 2.3 7.3 

Non- OPEC

  North Sea. . . . . . . . . . . . . . 0.7 3.4 0.1 4.2 0.0 0.0 0.4 0.4 

  Car ib bean Basin . . . . . . . . . . 2.8 0.3 0.1 3.2 0.1 0.0 0.9 1.0 

  For mer Soviet Union . . . . . . . . 0.0 1.6 0.0 1.6 0.3 0.0 0.7 1.0 

  Other Non- OPEC. . . . . . . . . . 0.6 0.2 1.1 1.9 0.1 0.2 0.4 0.7 

    Total Non- OPEC . . . . . . . . . 4.1 5.5 1.3 10.9 0.5 0.2 2.4 3.1 

World Total Petro leum Imports . . 8.9 11.7 6.1 26.7 5.1 0.6 4.7 10.4 

2020

OPEC . . . . . . . . . . . . . . . .

  Per sian Gulf . . . . . . . . . . . . 3.1 3.8 6.9 13.8 10.1 6.9 11.0 28.0 

  North Africa . . . . . . . . . . . . . 0.3 1.9 0.2 2.4 0.1 0.0 0.2 0.3 

  West Africa . . . . . . . . . . . . . 1.3 0.5 0.3 2.1 0.1 0.0 0.1 0.2 

  South Amer ica . . . . . . . . . . . 2.9 0.4 0.1 3.4 0.1 0.0 0.8 0.9 

  Asia . . . . . . . . . . . . . . . . . 0.0 0.0 0.2 0.2 0.1 0.0 0.0 0.1 

    Total OPEC . . . . . . . . . . . . 7.6 6.6 7.7 21.9 10.5 6.9 12.1 29.5 

Non- OPEC. . . . . . . . . . . . . .

  North Sea. . . . . . . . . . . . . . 0.9 2.7 0.0 3.6 0.1 0.0 0.4 0.5 

  Car ib bean Basin . . . . . . . . . . 3.9 0.1 0.1 4.1 0.1 0.0 1.8 1.9 

  For mer Soviet Union . . . . . . . . 0.6 2.4 0.5 3.5 0.8 0.4 0.9 2.1 

  Other Non- OPEC. . . . . . . . . . 2.2 0.5 0.2 2.9 0.2 0.2 0.5 0.9 

    Total Non- OPEC . . . . . . . . . 7.6 5.7 0.8 14.1 1.2 0.6 3.6 5.4 

World Total Petro leum Imports . . 15.2 12.3 8.5 36.0 11.7 7.5 15.7 34.9 

Notes: Totals may not equal sum of com po nents due to inde pend ent round ing.
Sources: 1995: Energy Infor ma tion Admin istra tion (EIA), Energy Mar kets and Con tin gency Infor ma tion Divi sion. 2020: EIA, Office

of Inte grated Analy sis and Fore cast ing, WORLD Ref er ence Model (1998).



down stream capac ity. Like wise, future invest ments by
devel op ing coun tries must also include more advanced
con figu ra tions in order to meet the antici pated increase
in demand for lighter prod ucts.

World Oil Price Pro jec tions
The three world oil price paths for IEO98 (see Fig ure 28)
are simi lar to the IEO97 fore casts out to the year 2015.
The price pro jec tions con tinue to reflect a view that
world oil pro duc tion can rise dra mati cally with out rais -
ing world oil prices sub stan tially. Beyond 2015, a grad -
ual rise in oil prices is expected in the ref er ence case,
from $21.48 per bar rel (in con stant 1996 dol lars) in 2015
to $22.32 in 2020. In nomi nal dol lars, the ref er ence case
reaches $47 per bar rel in 2020.

By 2020, there is a spread of about $8 per bar rel between
the ref er ence case and the low price case and about $6
per bar rel between the ref er ence case and the high price
case. The IEO97 low and high price cases were sym met -
ri cal in their diver gence from the ref er ence case; how -
ever, the IEO98 high price case reflects the view that
alter na tive or non con ven tional energy sup plies would
become eco nomi cally viable only if the world oil price
reached about $28 per bar rel, and that oil prices are
unlikely to exceed that level for any sus tained pe ri od of
time.

The IEO98 low and high price cases are derived by
assum ing alter na tive lev els of OPEC oil pro duc tion. The
low price case is asso ci ated with vig or ous growth in
OPEC pro duc tion capac ity and assumes the avail abil ity
of out side invest ment capi tal for such expan sion. The
high price case is asso ci ated with more mod est growth
in OPEC pro duc tion capac ity and assumes that pro duc -
tion capac ity expan sion will be financed mainly by the
oil reve nues of the pro duc ing nations them selves.

In the past oil prices have been quite vola tile, and vola -
tile price behav ior can be expected in the future, prin ci -
pally as the result of unfore seen politi cal and eco nomic
cir cum stances. The IEO98 pro jec tions assume, how ever,
that sig nifi cant vola til ity is not likely to be long sus -
tained. High real prices deter con sump tion and encour -
age the emer gence of com pe ti tion from alter na tive
sources of oil and other energy sup plies. Low prices
have the oppo site effect.

This out look con tin ues the opti mism expressed in IEO97
with regard to long- term oil pro duc tion pos si bili ties.
Tech nolo gies con tinue to evolve that sig nifi cantly
enhance both explo ra tion and pro duc tion capa bili ties.
Sub sea drill ing tech nol ogy has per mit ted eco nomi cal
access to resource- rich, deep wa ter areas that were here -
to fore con sid ered too harsh or envi ron men tally risky for 
devel op ment. Sig nifi cant off shore addi tions to the
resource base have been achieved in the United States,

the North Sea, and deep wa ter areas off the coasts of
Brazil and West Africa.

The sta bil ity of gov ern ment insti tu tions and the invest -
ment cli mate cre ated by gov ern ment energy poli cies
can not be over looked as being of equal impor tance to
the ade quacy of the under ly ing resource base. Poli cies
that encour age pri vate invest ment for resource devel op -
ment con tinue to evolve in both OPEC and non- OPEC
nations.

Despite the opti mism regard ing long- term oil sup ply
poten tial, it is not uncom mon to find “gloom- and-
 doom” sce nar ios in pub li ca tions or on the inter net pre -
dict ing that the world will run out of oil within the next
dec ade. A few sim ple cal cu la tions cast sub stan tial doubt 
on such claims. At the begin ning of 1997, there was
slightly more than 1 tril lion bar rels of oil in proven
reserves world wide. “Proven” means that there is
consid er able geo logic and engi neer ing evi dence that
sup ports the abil ity to develop such resources under
cur rent eco nomic and tech no logi cal envi ron ments.
Using the IEO98 ref er ence case pro duc tion pro jec tions
and assum ing that no addi tional oil is dis cov ered world -
wide over the fore cast pe ri od, proven reserves could
eas ily meet oil demand through 2020 (Fig ure 41,
“No Reserves Added”).

Fig ure 41.  Crude Oil Reserves in Three
Undis cov ered Oil Cases, 1995-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Energy
Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary
1998). Pro jec tions: C. Mas ters, E. Attanasi, and D. Root (U.S. 
Geo logi cal Sur vey), “World Petro leum Assess ment and Analy -
sis,” in Pro ceed ings of the Four teenth World Petro leum Con -
gress (New York, NY: John Wiley and Sons, 1994), and EIA,
World Energy Pro jec tion Sys tem (1998).

Moreo ver, it seems unduly pes si mis tic to sug gest that
no addi tional reserves will be added to the resource
base over the fore cast pe ri od. The USGS, in its assess -
ment for the World Petro leum Con gress, attempted to
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bracket an esti mate of undis covered oil resources. The
USGS main tained that there is a 95- percent chance of
find ing an addi tional 292 bil lion bar rels of oil world -
wide but only a 5-percent chance of find ing at least
another tril lion bar rels [9]. Again, using the IEO98 ref er -
ence case pro duc tion pro jec tions and assum ing the high
and low USGS esti mates of un discovered oil, it is clear
that the world is not immi nently run ning out of oil (Fig -
ure 41). In addi tion, the USGS assess ment was based
only on cur rent tech nol ogy and eco nomic envi ron -
ments. If tech no logi cal advances are projected into the
longer term, the prob abil ity of enlarging the ulti mately
recov er able oil resource base increases.

If the above argu ment is not suf fi ciently com pel ling,
then an addi tional argu ment can be made with respect
to non con ven tional oil. The term “non con ven tional oil”
refers to a vast resource base (at least 5 tril lion bar rels by
some esti mates [10]) of oil that is sus pended in some
geo logi cal medium such as tar sands (as in Can ada and
Vene zuela) or shale (as in the United States). Although
the tech nol ogy to seg re gate the effi ciently oil is either
not suf fi ciently devel oped or too expen sive to be applied 
at pres ent, the abil ity to extract oil from tar sands has
improved over the past dec ade. Can ada has dra mati -
cally low ered the oper at ing costs for extrac tion and

proc ess ing, to less than $15 per bar rel, but the ini tial
capi tal invest ment required keeps tar sand pro duc tion
at today’s mod est lev els [11]. If the world oil price were
to rise to $25 a bar rel early in the next cen tury, some fore -
casts sug gest that sig nifi cant vol umes of non con ven -
tional oil (as much as 15 mil lion bar rels per day) could
become avail able by 2020. As tech nol ogy brings the cost
of pro duc ing a non con ven tional bar rel of oil closer to
that of a con ven tional bar rel, it becomes rea son able to
view oil as a viable energy source well into the twenty-
 second cen tury.

Other Views of Prices and
Pro duc tion

World oil price fore casts are pre pared by many oil mar -
ket ana lysts. Widely used fore casts gen er ally pres ent a
con ser va tive view of the pros pects for sig nifi cant oil
price esca la tion over the next dec ade or so. Table 14 com -
pares the IEO98 pro jec tions with simi lar fore casts from
DRI/McGraw- Hill (DRI), the Inter na tional Energy
Agen cy (IEA), Petro leum Eco nom ics, Ltd. (PEL), Petro -
leum Indus try Research Asso ci ates, Inc. (PIRA), the Gas
Research Insti tute (GRI), Natu ral Resources Can ada
(NRCan), and Nat West Secu ri ties, Ltd. (NatWest).
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Table 14.  Com pari son of World Oil Price Pro jec tions, 2000-2020
(1996 Dol lars per Bar rel)

Fore cast 2000 2005 2010 2015 2020

IEO98 . . . . . . . . . . . . . . . .

  Ref er ence Case . . . . . . . . . . 19.11 20.20 20.81 21.48 22.32

  High Price Case . . . . . . . . . . 21.86 24.51 26.97 28.59 28.71

  Low Price Case. . . . . . . . . . . 14.47 14.59 14.44 14.42 14.43

DRI. . . . . . . . . . . . . . . . . . 17.29 19.27 21.07 23.43 26.16

IEA. . . . . . . . . . . . . . . . . .

  Capac ity Con straints (CC) Case . . 18.18 26.73 26.73 NA NA

  Energy Sav ings (ES) Case . . . . . 18.18 18.18 18.18 NA NA

PEL . . . . . . . . . . . . . . . . . 15.31 13.97 13.14 12.71 NA

PIRA . . . . . . . . . . . . . . . . . 19.52 18.54 19.13 NA NA

WEFA . . . . . . . . . . . . . . . . 18.35 19.05 19.77 20.53 21.31

GRI . . . . . . . . . . . . . . . . . 17.05 17.06 17.05 17.06 NA

NRCan. . . . . . . . . . . . . . . . 20.38 20.38 20.38 20.38 20.38

Nat West . . . . . . . . . . . . . . . 19.00 19.00 19.00 19.00 NA

Notes: IEO98 pro jec tions are for aver age landed imports to the United States. DRI, GRI, and WEFA pro jec tions are for com pos ite
refiner acqui si tion prices. PEL pro jec tions are for Brent crude oil. PIRA and NRCan pro jec tions are for West Texas Inter me di ate
crude oil at Cush ing.

Sources: IEO98: Energy Infor ma tion Admin istra tion, Annual Energy Out look 1998, DOE/EIA-0383(98) (Wash ing ton, DC,
December 1997). DRI: DRI/McGraw- Hill, World Energy Serv ice: U.S. Out look, Spring 1997 (Lex ing ton, MA, April 1997), p. 22. IEA:
Inter na tional Energy Agency, World Energy Out look 1996 (Paris, France, 1996), pp. 231-232. PEL: Petro leum Eco nom ics, Ltd.,
Long Term Oil and Energy Out look to 2015 (Lon don, United King dom, Feb ru ary 1998) (pre limi nary num bers). PIRA: PIRA Energy
Group, Retainer Cli ent Semi nar—Part One (New York, NY, Octo ber 1997), Table II-3. WEFA: WEFA Group, U.S. Long- Term
Economic Out look, Spring/Sum mer 1997, p. 3.9. GRI: Gas Research Insti tute, 1998 Data Book of the GRI Base line Pro jec tions of
U.S. Energy Sup ply and Demand to 2015 (Wash ing ton, DC, August 1997), p. SUM-21. NRCan: Natu ral Resources Can ada,
Canada’s Energy Out look, 1996-2020, Annex C2 (Ottawa, Ontario, Can ada, April 1997). Nat West: Nat West Secu ri ties, Ltd., Oil Per -
spec tives (Lon don, United King dom, Sep tem ber 1997).



Among the fore casts, the IEO98 price expec ta tions tend
to be higher than most of the com pa ra ble fore casts.
How ever, this com para tive set rep re sents a very broad
range of prices: the 2005 price esti mates range from
$13.97 per bar rel in con stant 1996 dol lars (PEL) to $26.73
(IEA CC), with IEO98 at $20.19 in the ref er ence case. For
2010, the range is $13.14 (PEL) to $26.73 (IEA CC), with

IEO98 at $20.81. For 2015, the range is $12.71 (PEL) to
$23.43 (DRI), with IEO98 at $21.48. PEL price pro -
jections, in fact, remain the low est of the set through
2015, the last year of the PEL fore cast. By 2020, the range
nar rows (only four of the fore casts extend to 2020).
Prices in 2020 range from $20.38 (NRCan) to $26.16
(DRI), with the IEO98 price at $22.32. The IEA CC and
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Table 15.  Com pari son of World Oil Pro duc tion Fore casts
(Per cent of World Total)

Fore cast OPEC EE/FSUa Rest of World

His tory

  1996 . . . . . . . . . . . . . . . . . . . . 39 10 51

Pro jec tions

  2000

    IEO98 . . . . . . . . . . . . . . . . . . 39 10 51

    DRI . . . . . . . . . . . . . . . . . . . . 43 9 48

    IEA Capac ity Con straints Case . . . . . 42 11 48

    IEA Energy Sav ings Case . . . . . . . . 40 11 49

    PEL . . . . . . . . . . . . . . . . . . . 41 10 49

    PIRA . . . . . . . . . . . . . . . . . . . 36 10 55

    Nat West . . . . . . . . . . . . . . . . . 41 10 48

  2005

    IEO98 . . . . . . . . . . . . . . . . . . 40 11 49

    DRI . . . . . . . . . . . . . . . . . . . . 44 10 45

    PEL . . . . . . . . . . . . . . . . . . . 42 11 48

    PIRA . . . . . . . . . . . . . . . . . . . 36 11 53

    Nat West . . . . . . . . . . . . . . . . . 44 11 45

  2010

    IEO98 . . . . . . . . . . . . . . . . . . 42 13 44

    DRI . . . . . . . . . . . . . . . . . . . . 46 10 44

    IEA Capac ity Con straints Case . . . . . 51 11 38

    IEA Energy Sav ings Case . . . . . . . . 54 11 35

    PEL . . . . . . . . . . . . . . . . . . . 45 12 43

    PIRA . . . . . . . . . . . . . . . . . . . 38 12 50

    Nat West . . . . . . . . . . . . . . . . . 46 11 43

  2015

    IEO98 . . . . . . . . . . . . . . . . . . 47 12 40

    DRI . . . . . . . . . . . . . . . . . . . . 46 10 43

    PEL . . . . . . . . . . . . . . . . . . . 50 12 38

    Nat West . . . . . . . . . . . . . . . . . 48 12 41

  2020

    IEO98 . . . . . . . . . . . . . . . . . . 52 12 36

    DRI . . . . . . . . . . . . . . . . . . . . 48 11 41

    Nat West . . . . . . . . . . . . . . . . . 49 12 39
aPIRA pro jec tions include only the former Soviet Union.
Note: Per cent ages may not add to 100 due to inde pend ent round ing.
Sources: IEO98: Energy Infor ma tion Admin istra tion, World Energy Pro jec tion Sys tem (1998) and “DESTINY” Inter na tional Energy 

Fore cast Soft ware (Dal las, TX: Pet ro con sult ants, 1998). DRI: DRI/McGraw- Hill, World Energy Serv ice: World Out look 1997 (Lex ing -
ton, MA, Feb ru ary 1997). IEA: Inter na tional Energy Agency, World Energy Out look 1996 (Paris, France, 1996), p. 31. PEL: Petro -
leum Eco nom ics, Ltd., Long Term Oil and Energy Out look to 2015 (Lon don, United King dom, Feb ru ary 1998) (pre limi nary num bers).
PIRA: PIRA Energy Group, Retainer Cli ent Semi nar—Part One (New York, NY, Octo ber 1997). Nat West: Nat West Secu ri ties, Ltd.,
fax from Adam Sie min ski (Novem ber 21, 1997).



IEA ES fore casts were for mu lated in April 1996 and, as a
result, can be con sid ered some what dated in rela tion to
the more recent price fore casts from IEO98, PIRA, PEL,
and Nat West.

The price fore casts are strongly influ enced by dif fer ent
views about the antici pated com po si tion of world oil
pro duc tion. Two fac tors are espe cially influ en tial: (1) the 
extent to which OPEC pro duc tion will be expanded, and 
(2) the tim ing of a recov ery in EE/FSU pro duc tion. All
the fore casts agree that EE/FSU oil pro duc tion will
recover slowly. None expects the EE/FSU share of
world pro duc tion to increase above 11 per cent until
2010, and none expects the share to exceed 13 per cent
(Table 15). IEO98 is the most opti mis tic about EE/FSU
recov ery, pro ject ing a 13- percent share of world oil pro -
duc tion for the EE/FSU region in 2010, which falls to 12
per cent in 2015 and remains there for the rest of the fore -
cast pe ri od. DRI is most pes si mis tic about the EE/FSU
recov ery, pro ject ing a 10- percent pro duc tion share that
increases only to 11 per cent in 2020.

Expec ta tions for the split between OPEC pro duc ers and
the rest of the world (exclud ing the EE/FSU) vary more
widely. The IEO98 ref er ence case has the high est esti -
mate for the OPEC share, grow ing from 39 per cent in
2000 to 42 per cent in 2010 and then to 52 per cent in 2020.
The low est esti mate is in the PIRA fore cast, which shows 
the OPEC share of pro duc tion reach ing 36 per cent in
2000 and ris ing to 38 per cent in 2010.

For the rest of the world (out side of OPEC and exclud ing 
the EE/FSU), PIRA pres ents the most opti mis tic fore cast 
of oil pro duc tion. In the PIRA fore cast, the non- OPEC
share of the world’s oil pro duc tion falls from 55 per cent
in 2000 to 50 per cent in 2010. In con trast, IEO98 shows a
sharper decline in the non- OPEC share, which falls from
51 per cent in 2000 to 44 per cent in 2010. DRI, PEL, and
Nat West all proj ect non- OPEC pro duc tion shares
greater than or equal to 43 per cent through 2010; how -
ever, the PEL non- OPEC share falls to 38 per cent and the
Nat West non- OPEC share falls to 41 per cent in 2015. DRI 
is the most opti mis tic about the abil ity of non- OPEC pro -
duc ers to main tain strong pro duc tion lev els beyond
2010, pro ject ing a 43- percent share of world pro duc tion
for the non- OPEC nations in 2015. IEO98 proj ects a non-
 OPEC share of 40 per cent in 2015, but by 2020 the non-
 OPEC share is only 36 per cent in the IEO98 pro jec tion,
com pared with 39 per cent in the Nat West fore cast and
41 per cent in the DRI fore cast.

Poli cies To Lessen Envi ron men tal
Dam age from Trans por ta tion Fuel
Use
The increas ing impor tance of the trans por ta tion sec tor
in the demand for oil prod ucts and the ris ing demand
for oil in devel op ing coun tries will be key fac tors in the
future course of world oil use. The rela tion ship between
eco nomic expan sion and vehi cle use in the devel op ing
nations will in large part deter mine the rate of growth in
world oil demand over the next 20 to 25 years. It will also 
be piv otal in shap ing future envi ron mental chal lenges.

Increased com bus tion of oil as a trans por ta tion fuel will
result in higher lev els of car bon diox ide emis sions. Thus
far no devel op ing coun try has com mit ted to sta bi liz ing
car bon diox ide emis sions, but many are seri ously con -
cerned about the pros pects of wors en ing air pol lu tion. In 
addi tion to car bon diox ide, oil con sump tion emits a
number of pol lut ants that have more local ized con se -
quences, such as lead expo sure, ground- level ozone for -
ma tion, and car bon mon ox ide and par ticu late mat ter
pol lu tion.

The use of leaded gaso line in auto mo biles is a major
source of human expo sure to lead, typi cally account ing
for more than 90 per cent of all lead emis sions in urban
areas [12]. In addi tion to air borne lead, which is inhaled,
lead also accu mu lates in soil, drink ing water, and the
food chain [13]. In a 1996 study, the World Bank referred
to lead as “one of the most seri ous envi ron mental health
haz ards affect ing grow ing urban popu la tions,” cit ing
esti mates that in devel op ing coun tries, all urban chil -
dren under the age of 2 and 80 per cent of those between
3 and 5 years old have lead poi son ing. Many indus tri al -
ized coun tries either have already removed lead addi -
tives from gaso line or are in the process of phas ing them
out; how ever, tech no logi cal and eco nomic cir cum -
stances in other coun tries have slowed the shift to
unleaded gaso line. For exam ple, half the gaso line sold in 
Rus sia is unleaded, but Rus sia remains the world’s
largest con sumer of leaded gaso line, with lit tle pros pect
of phas ing it out. In coun tries that con tinue to rely on
leaded gaso line, more gaso line con sump tion will cre ate
more lead con tami na tion.

Both gaso line and die sel fuel emit vola tile organic com -
pounds (VOCs) and nitro gen oxides (NOx), which con -
trib ute to ground- level ozone, oth er wise known as
“smog.” Although ozone is thought of as an urban prob -
lem, recent stud ies in the United States have shown that
it is actu ally a regional prob lem [14], because the pol lu -
tion can travel for hun dreds of miles. For instance, emis -
sions in a city may cause ozone prob lems for rural areas
lying down wind.
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Oil con sump tion also pro duces emis sions of car bon
mon ox ide, ben zene, and par ticu late mat ter, which con -
trib ute to local pol lu tion. The sever ity of pol lu tion in a
given area depends not only on the type and quan tity of
fuel con sump tion but also on tech no logi cal and cli mate
fac tors. Thus far, poli cies to reduce such emis sions from
mobile sources have focused on either clean ing up
vehicles or clean ing up fuels. Efforts to improve auto -
mobile tech nol ogy focus on engine per form ance and
exhaust sys tems. On the other hand, the fuels them -
selves can be made cleaner by improv ing their com bus -
tion char ac ter is tics and by remov ing ele ments such as
lead and sul fur, which reduce the effec tive ness of auto -
mo bile exhaust clean ing sys tems.

Air pol lu tion is a con cern in almost every coun try of the
world. Because emis sions from trans por ta tion fuels are
linked to many types of pol lu tion, regu lat ing the prop er -
ties of gaso line and die sel fuel has emerged as a mecha -
nism for fight ing pol lu tion. Motor fuels regu la tions have 
been used to achieve two dis tinct goals: the phase out of
lead from gaso line and the adop tion of cleaner burn ing
“refor mu lated” gaso line and die sel fuel.

Lead- based addi tives were widely used in gaso line
between the 1930s and 1970s to enhance engine per form -
ance. In the 1970s, how ever, auto mo bile engines with
cata lytic con verter tech nol ogy were devel oped as a
means of reduc ing auto mo bile emis sions. The newer
engines required unleaded gaso line, because lead
hampers the emis sions reduc ing abil ity of the cata lytic
con verter. At the same time, it was becom ing evi dent
that lead pol lu tion is a threat to pub li c health. In the
1970s and 1980s, many indus tri al ized coun tries moved
to phase out leaded gaso line [15], and in recent years
simi lar ini tia tives have been under taken in other
countries.

Over the past 10 years, motor fuels regu la tions in some
coun tries have gone beyond sim ply ban ning lead in
gaso line to put ting restric tions on a number of the prop -
er ties, or fuel quali ties, of gaso line and die sel fuel, which 
have been “refor mu lated” to reduce tail pipe emis sions
of car bon mon ox ide, VOCs, NOx, and air toxics. Fuel
qual ity stan dards can be tai lored to reduce one or a
combi na tion of emis sions, depend ing on local pol lu tion
prob lems, and “refor mu lated” gaso line or die sel in one
area may not be the same as “refor mu lated” gaso line or
die sel in another area. Because a nation’s restric tions on
gaso line or die sel char ac ter is tics will affect the sup ply of
accept able imports for those prod ucts, many coun tries
are work ing together to develop regional fuel stan dards. 
The tight en ing of fuel qual ity stan dards has devel oped
into a clear but uneven inter na tional trend. While some
coun tries are focus ing solely on phas ing out lead, and
oth ers are phas ing out lead and refor mu lat ing fuels at
the same time.

Unleaded Gaso line

Although leaded gaso line has been entirely phased out
in 20 coun tries around the world, gaso line with a high
lead con tent is still the norm in many parts of Africa, the
Mid dle East, Asia, Latin Amer ica, and East ern Europe
(Fig ure 42). Auto emis sions are the pri mary source of
lead pol lu tion, and the prob lem is expected to worsen as
driv ing popu la tions grow. The World Bank has com -
pleted a number of stud ies on the use of leaded gaso line
and has worked with a number of devel op ing nations to
phase out lead. As a first step the World Bank encour -
ages coun tries using gaso line with a high lead con tent to
set a maxi mum limit of 0.15 grams per liter of gaso line.

Indus tri al ized Coun tries

Many indus tri al ized coun tries have made great
progress toward phas ing out lead. Aus tria, Can ada,
Den mark, Fin land, Japan, Swe den, and the United
States already have com plete bans on leaded gaso line,
and unleaded gaso line holds a mar ket share of at least 70 
per cent in Bel gium, Ger many, Ice land, Lux em bourg, the 
Neth er lands, Nor way, and Swit zer land. The Euro pean
Union (EU) has set the maxi mum lead con tent for leaded 
gaso line at 0.15 grams per liter and plans to phase lead
out entirely by 2000. A 5-year delay will be allowed for
EU mem ber nations that are heav ily reli ant on older
auto mo biles with out cata lytic con vert ers [16, p. 3].

East ern Europe/For mer Soviet Union

In 1995, Slo va kia com pleted a 3-year phase out of leaded
gaso line with the assis tance of the World Bank. Croa tia
also has made prog ress toward lead removal, reduc ing
leaded gaso line to a 10- percent mar ket share. The Czech
Repub lic, Hun gary, Poland, and the Bal tic States are
politi cally moti vated to match EU lead restric tions as a
pre req ui site to join ing the EU. In the other EE/FSU
coun tries, how ever, eco nomic and struc tural prob lems
over shadow the need to phase out leaded gaso line [17].

Cen tral and South Amer ica

Gaso line in Anti gua, Argen tina, Ber muda, Bolivia, Bra -
zil, Colom bia, Costa Rica, El Sal va dor, Gua te mala, Hon -
du ras, and Nica ra gua is already lead- free (Fig ure 42).
Four other coun tries—Bar ba dos, Belize, Ecua dor, and
Mex ico—plan to com plete lead phase outs by 2000,
which will give unleaded gaso line an 83- percent mar ket
share in the region. Other coun tries have set phase out
goals for years beyond 2000, includ ing Jamaica and St.
Lucia (2001), Pan ama (2002), Trini dad and Tobago
(2005), Vene zuela (2007), and Peru (2009) [18, pp. 24-25].

Devel op ing Asia

After updat ing refin er ies to pro duce unleaded gaso line,
Thai land banned leaded gaso line in 1995. China
will require unleaded gaso line in eight major cit ies
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Fig ure 42.  Cur rent Mar ket Shares of Unleaded Gaso line by Coun try

Source: World Bank, Phas ing Out Lead from Gaso line: World- Wide Expe ri ence and Pol icy Impli ca tions (Wash ing ton, DC, August
1996). World Bank, Annex A: World wide Use of Lead in Gaso line, pro vided by Magda Lovei (updated 1997). Infor ma tion on Green -
land is based on dis cus sions with a rep re sen ta tive of the Dan ish embassy.

begin ning in 1998 and through out the nation by 2000.
Indo ne sia has also made plans to phase out lead by 1999. 
Although its national mar ket share of unleaded gaso line
is small, India does con sume unleaded gaso line in its
four larg est cit ies.

Bar ri ers to Lead Removal

One per ceived hur dle to phas ing out lead has been the
notion that unleaded gaso line harms the valves in older
vehi cle engines. In the 1970s and 1980s, phas ing out lead
was tied to the turn over rates for vehi cle fleets. Dur ing
the late 1980s and early 1990s, how ever, stud ies in the
United States and Europe indi cated that only a small
amount of lead is required for lubri ca tion in older cars.
As health con cerns over leaded gaso line height ened,
coun tries began phas ing out lead despite the con tin ued
use of older cars in their vehi cle fleets. In Aus tria,
Sweden, Slo va kia, and Thai land—all of which are
lead-free—the needs of older cars have been met by
blend ing lubri cat ing addi tives into unleaded gaso line.
Slo vakia had totally removed lead from gaso line by
1994, despite the fact that 70 per cent of its car fleet had
older engines [15, p. ii].

The other chal lenge in phas ing out lead is replac ing its
octane con tent. Com plex refin er ies have more refin ery

processes, pro vid ing them with greater flexi bil ity to
increase gaso line octane than can be achieved at less
advanced refin er ies. In com plex refin er ies, octane can be 
boosted by increas ing the sever ity of cata lytic reform ers
and increas ing the use of eth eri fi ca tion, alky la tion,
isomeri za tion, and polym eri za tion processes. For less
sophis ti cated refin er ies, the options are lim ited to
increas ing the sever ity of the reformer and/or blend ing
in octane enhanc ing addi tives such as alco hols and
ethers.

In the United States in the 1980s, cata lytic reform ing was
key to boost ing octane, and the alky la tion and isomeri -
za tion processes played a lesser role [18, p. 10]. Much of
the required octane was replaced by other hydro car bon
streams, such as butane and aro mat ics, each of which
con trib utes to air qual ity prob lems in its own way.
Butane raises the vola til ity of gaso line, increas ing emis -
sions of VOCs. Aro mat ics con trib ute to VOC, NOx, and
air toxics emis sions. Con cerns about these changes in the 
com po si tion of gaso line formed the basis for addi tional
gaso line regu la tions in the United States dur ing the
1980s and 1990s. One aro matic com pound, ben zene, was 
iden ti fied as a car cino gen and has since been restricted
in gaso line in the United States. Other coun tries are also
likely to limit the ben zene con tent of unleaded gaso line.
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Another method of boost ing octane that was intro duced
in the 1980s was the addi tion of octane enhan cers, such
as etha nol and methyl ter ti ary butyl ether (MTBE).
MTBE, because of its rela tively low vola til ity, became
increas ingly impor tant as an octane enhan cer in the
United States after the first sum mer time restric tions on
gaso line vola til ity were enacted in 1989. MTBE is
already widely used in Europe, because it pro vides an
eco nomi cal way to boost octane with out the need for
changes in refin ery processes. As more coun tries phase
out lead, demand for MTBE can be expected to rise,
leading to an expan sion of pro duc tion capac ity for
MTBE at pet ro chemi cal plants and refin er ies. MTBE is
pro duced from a com bi na tion of petro leum blend stocks
and metha nol, a deriva tive of natu ral gas. Increased
blend ing with MTBE will also increase the mar ket for
metha nol.

Refor mu lated Fuels

Fuel char ac ter is tics can be for mu lated to reduce par ticu -
lar types of emis sions. In gaso line, for instance, Reid
vapor pres sure (Rvp) can be lim ited to reduce emis sions

of VOCs; oxy gen can be added to reduce car bon mon ox -
ide emis sions; sul fur can be lim ited to reduce emis sions
of NOx; and aro mat ics can be lim ited to reduce air toxics.
In die sel fuel, emis sions of par ticu late mat ter can be
reduced by restrict ing sul fur con tent; and cetane, a
meas ure of igni tion qual ity, can be raised to reduce
hydro car bon emis sions. Because of the number and
com bi na tions of fuel char ac ter is tics that can be for mu -
lated to reduce emis sions, the devel op ment of refor mu -
lated fuels has taken dif fer ent paths in dif fer ent
coun tries (Table 16).

Stan dards requir ing a mini mum oxy gen con tent in gaso -
line have been widely debated because they neces si tate
blend ing with oxy gen ates such as MTBE and etha nol.
The addi tion of oxy gen ates reduces car bon mon ox ide
emis sions from the gaso line. The choice of which oxy -
gen ate to use is based on rela tive cost as well as the com -
para tive value of the blend ing char ac ter is tics. Beyond
their use as oxy gen ates, etha nol and MTBE are also
added to boost gaso line octane, which pre vents engine
knock. In the United States, eco nom ics have made
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Table 16. Refor mu lated Fuel Require ments
Year Loca tion Refor mu lated Fuel Require ments

1988 Mex ico City . . . . . . . . . . . . Low- sulfur die sel

1989 United States . . . . . . . . . . . Reid vapor pres sure (Rvp) restric tions for sum mer time gaso line

1991 Fin land . . . . . . . . . . . . . .
Swe den . . . . . . . . . . . . . .

Oxy gen ated gaso line
Refor mu lated die sel

1992 Denmark. . . . . . . . . . . . . .
United States . . . . . . . . . . .
United States . . . . . . . . . . .

“Light die sel”
Oxygenated gasoline in some areas during wintertime
Phase II Rvp restrictions for summertime gasoline

1993 Fin land . . . . . . . . . . . . . .
Mex ico. . . . . . . . . . . . . . .
United States . . . . . . . . . . .

Low- sulfur die sel
Low- sulfur die sel
Low- sulfur die sel

1994 Fin land . . . . . . . . . . . . . .
Swe den . . . . . . . . . . . . . .

Refor mu lated gaso line
Refor mu lated gaso line

1995 Nor way . . . . . . . . . . . . . .
United States . . . . . . . . . . .

“Light die sel” 
Refor mu lated gaso line

1996 Europe. . . . . . . . . . . . . . .
State of Cali for nia . . . . . . . . .

Low- sulfur die sel
Refor mu lated gaso line meet ing Cali for nia Air Resources Board speci fi ca tions

1997 Japan . . . . . . . . . . . . . . . Low- sulfur die sel

1998 South Korea . . . . . . . . . . . . Low- sulfur die sel

2000 Europe. . . . . . . . . . . . . . .
South Korea . . . . . . . . . . . .
United States . . . . . . . . . . .
Colom bia . . . . . . . . . . . . .

Refor mu lated gaso line and die sel
Refor mu lated die sel fuel pro posed
Fur ther restric tions on refor mu lated gaso line (Phase II)
Oxy gen ated gaso line required

2001 Latin Amer ica/Car ib bean . . . . . Pro posed stan dards for refor mu lated gaso line and die sel

2005 Europe. . . . . . . . . . . . . . .
Latin Amer ica/Car ib bean . . . . .

Fur ther restric tions pro posed for refor mu lated gaso line and die sel
Fur ther restric tions pro posed for refor mu lated gaso line and die sel

Sources: Mex ico City and Mex ico: G. Unzel man, “Pemex Leads Fuel Refor mu la tion; Clean Air Fol lows,” Hart’s Fuel Tech nol ogy
Man age ment (March 1997). United States: Title II, Clean Air Act Amend ments of 1990. Den mark, Fin land, Nor way, Swe den, and
South Korea: M. Jout simo, “The Refor mu lated Fuels in Nor dic Coun tries,” pres en ta tion at the 1997 Euro pean Oil Refin ing Con -
ference and Exhi bi tion (Lis bon, Por tu gal, June 19, 1997). Japan: “How Evolv ing New Fuel Specs are Chal leng ing Asia’s Refin ers,”
Oil and Gas Jour nal (July 7, 1997). Europe: Com mis sion of the Euro pean Com mu ni ties, Com mu ni ca tion from the Com mis sion to the 
Euro pean Par lia ment (Brus sels, Bel gium, Octo ber 16, 1997). State of Cali for nia: Title 13, Cali for nia Code of Regu la tions.
Colombia: C. Kep lin ger, “Colom bia Eyes Etha nol To Fill Oxy gen Stan dard,” Oxy- Fuel News (Novem ber 17, 1997). Latin
America/Car ib bean: The World Bank, tele fax of pro posed stan dards (Decem ber 10, 1997).



MTBE the most widely used oxy gen ate. Ques tions about 
the pos si ble envi ron mental and health effects of MTBE
have fueled some resis tance to its use in pock ets of the
United States. In Cali for nia, where MTBE has been
found in some water sup plies, State leg is la tors have pro -
posed ban ning its use.

Like the oxy gen require ment, set ting sul fur lim its on
gaso line and die sel fuel has also been con tro ver sial.
Sulfur reduc tion results in a reduc tion in emis sions of
NOx and, to a lesser extent, air toxics and VOCs. While
the bene fits of reduc ing sul fur are widely rec og nized,
much debate has cen tered around the de gree of sul fur
reduc tion. More strin gent lim its on sul fur are thought to
require more costly refin ery invest ments. Nev er the less,
stud ies in sup port of the devel op ment of low- emissions
vehi cles in the United States and in Europe indi cate that
the next gen era tion of engines may require fuels with a
sul fur con tent of about one- tenth of cur rent lev els
(around 40 parts per mil lion).

Refor mu lated Gaso line

In gen eral, regu la tions to reduce auto emis sions by
refor mu lat ing gaso line have been lim ited to indus tri al -
ized coun tries. Refor mu lated gaso line ini tia tives began
in the United States in 1989 with restric tions on the
summer time Rvp of gaso line. The Clean Air Act
Amend ments of 1990 included a number of fuel- related
require ments aimed at clean ing up emis sions. In 1992,
areas of the coun try with the worst car bon mon ox ide
pol lu tion were required to use gaso line with a higher
oxy gen con tent dur ing the win ter time. In 1995, in areas
with the worst ozone prob lems (and in areas with less
severe prob lems that opted into the pro gram), only
refor mu lated gaso line could be sold.

Ini tially, refor mu lated gaso line was defined by a
uniform set of stan dards prom ul gated by the U.S.
Environ men tal Pro tec tion Agency. Begin ning in 1998, it
will be defined on the basis of per form ance results. The
new defi ni tion, known as the “com plex model,” will
require refor mu lated gaso line to meet spe cific emis sions 
reduc tions for NOx, VOCs, and air toxics from 1990 base -
line lev els. Other than stipu lat ing an oxy gen require -
ment of 2 per cent by weight and a ben zene limit of
1 per cent by vol ume, the com plex model does not
specify how the gaso line should be for mu lated to
achieve the emis sions reduc tions.

In 2000, fur ther emis sions reduc tions will be required,
and they are likely to lead to a sig nifi cant reduc tion in
sul fur con tent for refor mu lated gaso line. The State of
Cali for nia devel oped its own set of fuel restric tions in
order to deal with its unique severe pol lu tion prob lems.
The fuel require ments for Cali for nia’s “cleaner burn ing
gaso line” include lim its on the con tents of aro mat ics,
ole fins, and sul fur which are more strin gent than the
initial Fed eral refor mu lated gaso line require ments.

Federal require ments after 2000 are expected to be com -
pa ra ble with the Cali for nia gaso line require ments.

Refor mu lated gaso line was also intro duced in Fin land
and Swe den in 1994. Unlike refor mu lated gaso line
consump tion in the United States, which is man dated,
refor mu lated fuel con sump tion in these coun tries is
based on con sumer pref er ence and tax pol icy. At the
pump, the addi tional proc ess ing cost for the re -
formulated fuel is off set by lower taxes than those on
con ven tional gaso line. In Fin land, the tax pol icy and a
height ened envi ron mental con scious ness have resulted
in a 95- percent mar ket share for refor mu lated gaso line
[19]. Fin land and Swe den have their own unique sets of
gaso line stan dards (Table 17).

By 2000, the vol un tary con sump tion of refor mu lated
fuel in the Nor dic coun tries will be replaced by a man -
dated require ment for refor mu lated gaso line through -
out Europe. As of March 1998, both the Euro pean
Par lia ment and the Coun cil of Min is ters had pro posed
unleaded gaso line stan dards for the year 2000. Nego tia -
tions to rec on cile the two pro pos als may be ongo ing
through June 1998, when a final direc tive is expected.
The appro pri ate sul fur limit was a major issue in devel -
op ing the stan dards, with ear lier pro pos als rang ing
from 100 to 200 parts per mil lion (ppm), com pared with
the cur rent Euro pean con tent of 500 ppm. Both the
Parlia ment and Coun cil pro pos als set tled on a 150 ppm
stan dard. The Coun cil pro posal would allow mem ber
nations such as Greece and Por tu gal, which will require
sub stan tial refin ery invest ments, to post pone the re -
quire ment until 2003 [16].

Although the two Euro pean pro pos als agree on the sul -
fur stan dard, the Par lia ment pro posal has more strin -
gent stan dards for aro mat ics and ole fins and would
allow a lower oxy gen con tent than the Coun cil pro posal. 
Both the Par lia ment and the Coun cil call for the sul fur
stan dard to be tight ened fur ther by 2005. The tighter sul -
fur lim its will be based on ongo ing research on new auto
pol lu tion abate ment tech nolo gies. Recent research by
the Ameri can Auto mo bile Manu fac tur ers Asso cia tion
and the Asso cia tion of Inter na tional Auto mo bile Manu -
fac tur ers indi cates that “the bene fits of low emis sion
vehi cle hard ware (engines) dimin ish as fuel sul fur
increases above 40 ppm” [20].

Although the pri mary goal in Latin Amer ica is to phase
out lead, a recently pro posed unleaded gaso line sta n d -
ard for the Latin Ameri can/Car ib bean region includes
lim its on both sul fur and ben zene, as well as an oxy gen
require ment (Table 17). The pro posed stan dard does not 
aim to reduce ole fins or aro mat ics, because such sta n d -
ards would require more sophis ti cated refin er ies. Some
Latin Ameri can coun tries already have stan dards that
exceed ele ments of the pro posed Latin Ameri can/
Carib bean stan dards. For instance, Colom bia passed
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Table 17.  Selected Refor mu lated Gaso line Require ments by Coun try

leg is la tion in 1995 to require oxy gen ates in all gaso line
by the year 2001. Colom bia is con sid er ing etha nol pro -
duced from sugar cane to meet the new require ment
[21].

Refor mu lated Die sel

Like refor mu lated gaso line, the use of refor mu lated
diesel fuel is lim ited pri mar ily to the indus tri al ized
coun tries. Thus far, the major focus of die sel regu la tions
has been to reduce sul fur because of its con tri bu tion to
par ticu late mat ter emis sions. Speci fi ca tions pro posed
for the future gen er ally tend to reduce sul fur beyond
exist ing lim its and add a mini mum cetane require ment
or maxi mum aro mat ics con tent (Table 18).

Mex ico ini ti ated the first die sel fuel regu la tions in 1988
when it began to limit the sul fur con tent of die sel fuel
used in Mex ico City to 5,000 ppm. The require ment was
extended nation wide in 1993 [22]. Since that time, low-
 sulfur die sel stan dards have been intro duced in a
number of other areas of the world. The sever ity of the
sul fur limit has evolved to less than 10 per cent of the
Mexi can limit in many coun tries.

In 1993, the United States enacted a nation wide low-
 sulfur die sel stan dard of 500 ppm maxi mum for on-
 highway die sel and a cetane index of 40. The State of
Cali for nia enacted more strin gent die sel stan dards,
includ ing a limit on aro mat ics con tent of 10 per cent by

vol ume. Varia tions of refor mu lated die sel were intro -
duced between 1991 and 1995 through out the Nor dic
Coun tries (Fin land, Swe den, Den mark, and Nor way),
where the limit on sul fur con tent ranges between 10 and
55 ppm in addi tion to mini mum cetane require ments.

In 1996, Europe adopted a “Euro die sel” stan dard, which 
restricts sul fur to 500 ppm and requires a mini mum
cetane level of 49. In 2000, the Coun cil of Min is ters pro -
poses to reduce the sul fur con tent to 350 ppm and raise
the cetane number to 51. The Euro pean Par lia ment
proposes a more severe sul fur reduc tion to 200 ppm
(Table 18). Die sel fuel stan dards will be tight ened even
fur ther in 2005 to reflect ongo ing research in fuel and
vehi cle tech nol ogy.

Both Japan and South Korea are sched uled to enact new
low- sulfur die sel stan dards of 500 ppm maxi mum by
weight dur ing 1998. In addi tion, South Korea has
proposed refor mu lated die sel speci fi ca tions for 2000.
Stud ies of new engines and fuels are ongo ing in both
Japan and South Korea. India, which has less sophis ti -
cated refin er ies than Japan and South Korea, has also
been mov ing toward reduced sul fur die sel. In 1996 India 
reduced the maxi mum sul fur con tent from 10,000 ppm
to 5,000 ppm for die sel sold in four met ro poli tan cit ies.
The sul fur limit for those cit ies will be reduced again in
1999 to 2,500 ppm. In June 1997 the gov ern ment
approved die sel desul fu ri za tion proj ects in nine of
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Quali ties
Fin land:
Cur rent

Swe den: 
Fall
1998

State of
Cali for nia:

Cur rent

U.S. Phase I Com plex Model Europe: 2000,
Range of

Pro pos als

Latin Amer ica/
Car ib bean:
Pro posedCur rent 2000

Aro mat icsa NA NA 25 NA NA 35 or 42 45

Ben zenea 1 2 1 1 1 1 2.5

Ole finsa NA 15 6 NA NA 14 or 18 25

Oxy genb 2.1 to 2.7 2.0 max. 2.0 min. 2.0 min. 2.0 min. 2.3 or 2.7 2.7 max.

Reid Vapor Pres surec NA NA NA NA NA 9-12.5

Sul furd 100 100 30 NA NA 150
1,000 by 2001
400 by 2005

Nitro gen Oxidese NA NA NA No increase 5.5 NA NA

Toxicse NA NA NA 15 20 NA NA

Vola tile Organic
Com poundse NA NA NA

South 35.1
North 15.6

South 27.5
North 25.9

NA NA

aMaxi mum per cent age con tent by vol ume.
bMaxi mum per cent age con tent by weight.
cPounds per square inch abso lute (psia), 100oF.
dMaxi mum parts per mil lion (ppm) by weight.
ePer cent reduc tion from 1990 base line gaso line.
NA = not appli ca ble.
Sources: Fin land: “Refor mu lated Gaso line 95ER: Prod uct Data Sheet,” Neste. Swe den: “Envi ron men tal Class 1, Prod uct Speci -

fica tions,” DuPont Conoco Nor dic tele fax (March 3, 1998). State of Cali for nia: Title 13, Cali for nia Code of Regu la tions. United
States: U.S. Envi ron men tal Pro tec tion Agency, Fed eral Reg is ter, 40 CFR Part 80 (Feb ru ary 16, 1994). Europe: Euro pean
Parliament pro posal (Feb ru ary 18, 1998); and Com mis sion of the Euro pean Com mu ni ties, Com mu ni ca tion from the Com mis sion to
the Euro pean Par lia ment (Brus sels, Bel gium, Octo ber 16, 1997). Latin Amer ica/Car ib bean: The World Bank, tele fax of pro posed
stan dards (Decem ber 10, 1997).



Table 18.  Selected Refor mu lated Die sel Fuel Require ments by Coun try

India’s refin er ies, which should allow them to meet the
1999 require ments [23].

Pro posed die sel fuel stan dards for Latin Amer ica and
the Car ib bean reflect less advanced refin ing tech nol ogy
and the qual ity of crude oil sup plies in the region. While
pro posed stan dards aim to improve die sel fuel qual ity
in the region, they are less strin gent than the stan dards
in Europe, the United States, and parts of Asia. The
standards pro posed for the year 2001 include a sul fur
stan dard com pa ra ble to the exist ing Mexi can stan dard
of 5,000 ppm, to be reduced to 2,000 ppm in 2005. The
stan dards also spec ify cetane num bers of 45 for 2001 and 
47 for 2005.

Impli ca tions of Refor mu la tion Require ments

Refin ers have three basic ways of respond ing to gaso line 
and die sel fuel refor mu la tion require ments: chang ing
refin ery inputs, increas ing oxy gen ate blend ing, and
invest ing in refin ery processes. The first two options,
may be used to avoid refin ery invest ment if the fuel
stan dards are not too severe.

In Europe, much of the debate about new prod uct speci -
fi ca tions has cen tered around sul fur require ments,
because the sever ity of the sul fur reduc tion will affect
the trade off between refin ery invest ments and shift ing
to higher qual ity crude oils. The tight en ing of prod uct
speci fi ca tions, espe cially on sul fur, seems to point to a
grow ing demand for higher qual ity crude oils. The

oppo site occurred in the United States, how ever, where
the qual ity of crude oil inputs actu ally declined after
refin ery invest ments were made in the early 1990s.
Many refin ers in the United States made refin ery
upgrades beyond those neces si tated by tight ened prod -
uct stan dards [24]. Refin ery invest ments added com -
plex ity to U.S. refin er ies, giv ing them the abil ity to
pro duce cleaner fuels with crude oil inputs of lower
qual ity. The same out come may occur in other refor mu -
lated fuels mar kets as refin er ies are upgraded.

Refor mu lated fuel require ments may cause some refin -
ers to con sid er switch ing to liq uid feed stocks derived
from natu ral gas. High- quality die sel fuel and gaso line
can be pro duced from little- used gas- to- liquids (GTL)
con ver sion processes, such as the Fischer- Tropsch
process. Although GTL processes are not yet eco -
nomically fea si ble, increased demand for cleaner
products might make them com mer cially attrac tive.
GTL processes would be most attrac tive in areas with
inex pen sive natu ral gas resources but no pipe line infra -
struc ture.

Areas that require oxy gen in their gaso line stan dards
will see increased demand for oxy gen ates, espe cially
MTBE. The need for oxy gen ates may be met by blend ing 
with etha nol or with MTBE pro duced at pet ro chemi cal
plants, or by add ing MTBE pro duc tion capac ity at refin -
er ies. MTBE pro duc tion is likely to be lim ited to more
com plex refin er ies.
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Quali ties
Europe:
Cur rent

Japan and
South
Korea:
1998

Mex ico:
Cur rent

State of
Cali for nia: 

Cur rent
Swe den:
Cur rent

United
States:
Cur rent

Europe:
2000,

Range of
Pro pos als

Latin Amer ica/
Car ib bean:
Pro posed

South
Korea:

Pro posed
2000

Sul fura 500 500 5,000 500 50 500 200-350
5,000 by 2001,
2,000 by 2005

300

Cetane
Indexb NA NA NA NA 50 40 NA NA 50

Cetane
Num berb

49 NA NA NA NA NA 51
45 by 2001,
47 by 2005

NA

Aro mat ics NA NA NA 10 5

NA
(35-40%
cetane

equiva lent)

NA NA 20

aMaxi mum parts per mil lion (ppm) by weight.
bMini mum.
cMaxi mum per cent age by vol ume.
NA = not appli ca ble.
Sources: Europe: Euro pean Par lia ment pro posal (Feb ru ary 18, 1998); and Com mis sion of the Euro pean Com mu ni ties, Com mu -

ni ca tion from the Com mis sion to the Euro pean Par lia ment (Brus sels, Bel gium, Octo ber 16, 1997). Japan: “How Evolv ing New Fuel
Specs are Chal leng ing Asia’s Refin ers,” Oil and Gas Jour nal (July 7, 1997). South Korea: M. Jout simo, “The Refor mu lated Fuels in
Nor dic Coun tries,” pres en ta tion at the 1997 Euro pean Oil Refin ing Con fer ence and Exhi bi tion (Lis bon, Por tu gal, June 19, 1997).
Mex ico: G. Unzel man, “Pemex Leads Fuel Refor mu la tion; Clean Air Fol lows,” Hart’s Fuel Tech nol ogy Man age ment (March 1997).
State of Cali for nia: Title 13, Cali for nia Code of Regu la tions. Swe den: “Die sel Class 1 Speci fi ca tion,” Dupont Conoco Nor dic (Feb ru -
ary 19, 1998). United States: U.S. Envi ron men tal Pro tec tion Agency, Fed eral Reg is ter, 40 CFR Part 80 (Feb ru ary 16, 1994). Latin
Amer ica/Car ib bean: The World Bank, tele fax of pro posed stan dards (Decem ber 10, 1997).



New gaso line and die sel speci fi ca tions will un doubt -
edly result in invest ments to upgrade refin er ies. Oxy gen 
require ments for gaso line may lead some com plex
refiner ies to add processes that pro duce MTBE or other
oxy gen ates. In addi tion, sul fur require ments may lead
refin ers to invest in processes that either desul fu rize
feed stocks bef ore they are refined or desul fu rize the
refined prod ucts. The process of hydrotreat ing feed -
stocks to the fluid cata lytic crack ing unit results in the
great est sul fur reduc tion but also requires the great est
capi tal invest ment [25]. Some refin er ies that are now
only mar gin ally prof it able may not be deemed wor thy
of the required invest ments and may be closed. In the
United States, a number of smaller refin er ies were not
upgraded to meet refor mu lated gaso line or die sel speci -
fi ca tions but remained opened by pro vid ing solely con -
ven tional fuels to niche mar kets. Simi lar spe ciali za tion
may occur in new refor mu lated fuels mar kets.

Inter na tional trade in petro leum will also be affected by
the grow ing demand for refor mu lated fuels. Refin ers in
coun tries out side the refor mu lated fuels mar kets that
wish to export to those mar kets will have to make the
nec es sary refin ing and blend ing adjust ments. Pro grams
to upgrade refin er ies in Can ada and Mex ico are already
under way [26].

Sum mary

The inter na tional trend toward regu la tion of fuel quali -
ties has resulted in the dis place ment of dirt ier fuels by
cleaner burn ing gaso line and die sel fuel. In many coun -
tries, leaded gaso line has been replaced by unleaded
gaso line or is in the process of being replaced. A grow -
ing number of coun tries have either intro duced
reformu lated gaso line and die sel fuel or have plans to
do so.

Goals to remove lead as a gaso line addi tive in China,
Europe, and Latin Amer ica may require addi tional
blend ing with oxy gen ates such as MTBE and etha nol.
Demand for oxy gen ates may also rise where refor mu -
lated gaso line has a mini mum oxy gen con tent. Refor mu -
lated gaso line in the United States, Fin land and Swe den
already require the addi tion of oxy gen ates, and the
proposed stan dards for the Latin Amer ica/Car ib bean
coun tries include an oxy gen require ment.

Poten tial reduc tions in NOx, VOC, air toxic, and par ticu -
late mat ter emis sions from low er ing the sul fur con tent
of gaso line and die sel have made sul fur reduc tion a
major focus in the devel op ment of refor mu lated fuels,
although sul fur lim its vary. For exam ple, pro posed
Latin Ameri can/Car ib bean stan dards for die sel fuel
require a maxi mum sul fur con tent of 5,000 ppm in 2001,
whereas Fin land, Swe den, and the State of Cali for nia
already require die sel fuel con tain ing less than 50 ppm.
Sul fur reduc tions are pro posed for gaso line and die sel
fuel in Europe and the Latin Amer ica/Car ib bean region. 

In addi tion, tighter emis sions require ments for gaso line
in the year 2000 are expected to neces si tate lower sul fur
con tent in the United States. Stiffer lim its on sul fur may
cause some refin er ies to switch to crude oils that are rela -
tively low in sul fur. Invest ment in refin ery desul fu ri za -
tion processes will also play a major role in the
pro duc tion of refor mu lated fuels.
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Natu ral Gas

By 2020, the world’s annual con sump tion of natu ral gas is pro jected to be
more than dou ble the 1995 level. Much of the growth is expected

to fuel elec tric ity gen era tion world wide.

Natu ral gas is expected to be the fastest- growing pri -
mary energy source in the world over the next 25 years.
In the IEO98 ref er ence case, gas con sump tion grows by
3.3 per cent annu ally through 2020, as com pared with
2.1-percent annual growth for oil and renew ables and
2.2 per cent for coal. By 2020, the world’s con sump tion of
natu ral gas is pro jected to equal 172 tril lion cubic feet,
more than dou ble the 1995 level (Fig ure 43). Much of the
growth is expected to fuel elec tric ity gen era tion world -
wide (Fig ure 44), but resource avail abil ity, cost, and
envi ron mental con sid era tions will also con trib ute to
grow ing use of gas in indus trial, resi den tial, and com -
mer cial sec tor appli ca tions.

Fig ure 43.  World Natu ral Gas Con sump tion in
Three Cases, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

World wide there is a great deal of con struc tion activ ity
to develop gas dis tri bu tion and trans mis sion sys tems.
Accord ing to the Inter na tional Pipe Line and Off shore
Con trac tors Asso cia tion, 53,000 miles of new pipe line
are expected to be installed between 1998 and 2000,
includ ing 34,000 miles of natu ral gas pipe lines [1]. The
sur vey included only firm proj ects that have secured
financ ing and did not include proj ects in the former
Soviet Union and China.

Gas demand will grow fast est in the devel op ing coun -
tries of the world. IEO98 expects gas con sump tion in the

Fig ure 44.  Natu ral Gas Use for Elec tric ity
Gen era tion and for All Other Uses, 
 1995-2020

Sources: 1995: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Energy
Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary
1998). Pro jec tions: EIA, World Energy Pro jec tion Sys tem
(1998).

devel op ing coun tries to grow by about 5.6 per cent annu -
ally over the next 25 years, com pared with 2.5 per cent
per year in the indus tri al ized coun tries and 2.4 per cent
in East ern Europe and the former Soviet Union
(EE/FSU) (Fig ure 45). Gas use in devel op ing Asia grows
by more than 7 per cent annu ally over the fore cast
period, despite the recent eco nomic down turn in the
region. While some expen sive gas proj ects in the devel -
op ing nations of Asia may be post poned, many oth ers
are con tinu ing as planned.

Robust activ ity is also con tinu ing in Cen tral and South
Amer ica to develop the infra struc ture needed to deliver
natu ral gas to indus trial con sum ers and elec tric power
gen era tors. In the region as a whole, natu ral gas con -
sump tion grows by 6.7 per cent annu ally over the pro jec -
tion pe ri od. In Bra zil, gas use is expected to increase by
about 14 per cent per year. The coun tries of Cen tral and
South Amer ica are mov ing to diver sify fuel sources for
power gen era tion. Hydro power has domi nated elec tric -
ity gen era tion in the region, but rapid demand growth
and pe ri odic water short ages have led to some power
short ages. Natu ral gas is an attrac tive alter na tive to oil-
and coal- fired gen era tion. Con struc tion on sev eral major 
pipe lines and vari ous power plants and indus trial

En ergy In for ma tion Ad min istra tion/ In ter na tional En ergy Out look 1998 49

1970 1980 1990 2000 2010 2020
0

50

100

150

200

250
Trillion Cubic Feet

History Projections

High
Economic Growth

Low
Economic Growth

Reference Case

1995 2000 2005 2010 2015 2020
0

10

20

30

40

50

60

70
Quadrillion Btu

Electricity Generation All Other



Fig ure 45.  World Natu ral Gas Con sump tion by
Region, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

opera tions began in 1997, includ ing work on the $2 bil -
lion Bolivia- Brazil pipe line.

In 1997 East ern Euro pean coun tries like the Czech
Repub lic—cur rently heav ily depend ent on the FSU to
meet their natu ral gas needs—began efforts to diver sify
their natu ral gas sup plies. The Czech Repub lic signed a
20- year con tract with Nor way’s Gas Nego ti at ing Com -
mit tee to pur chase a peak level of 106 bil lion cubic feet of 
gas per year. Natu ral gas con sump tion in the EE/FSU is
expected to grow by 2.4 per cent annu ally between 1995
and 2020; but the region’s strong est growth occurs in the
coun tries of East ern Europe, where eco nomic recov ery
occurs more rap idly over the fore cast than in the FSU.
Annual gas con sump tion growth approaches 4.0 per -
cent per year in East ern Europe, com pared with only 2.2
per cent per year in the FSU.

In the indus tri al ized world, gas demand grows by 85
per cent over the fore cast hori zon, reach ing 76 tril lion
cubic feet in 2020. Some of the most robust growth
among the indus tri al ized coun tries occurs in West ern
Europe, where gas demand is expected to increase by 3.8 
per cent annu ally over the 25- year pro jec tion pe ri od. The
Euro pean Union has agreed on a time ta ble for insti tut -
ing the Euro pean Gas Direc tive, which will allow for the
deregu la tion of West Euro pean gas mar kets. Pri va ti za -
tion and restruc tur ing of the elec tric util ity sec tor
beyond the require ments of the Gas Direc tive have
already occurred in many Euro pean coun tries where
there are plans to increase natu ral gas use for gen er at ing
elec tric ity. Moreo ver, in a number of West ern Euro pean

coun tries, plans for reduc ing green house gases include
the use of natu ral gas to re place more carbon- intensive
coal- and oil- fired gen er at ing capac ity.

Some key devel op ments sup port ing the world’s natu ral
gas mar kets in 1997 include:

• Instal la tion of Nor Fra, the world’s long est
subsea pipe line, was com pleted in August 1997.
The pipe line extends more than 520 miles from
Draup ner, off shore Nor way, to Dun kirk, France.
Gas deliv ery to France is sched uled to begin in
Octo ber 1998 [2].

• Vibrant growth in Cen tral and South Amer ica
was dem on strated by the com ple tion of the Gas -
An des pipe line. This pipe line, com pleted in
August 1997, pro vided the first natu ral gas
supplies to San ti ago, Chile. Begin ning in Octo ber,
60 mil lion cubic feet per day of natu ral gas was
sup plied from Men doza, Argen tina, for use by the
Chil ean gas dis tribu tor, Metro gas, through the
pipe line. Pro gress was also made on other major
pipe line proj ects, includ ing the Bolivia- Brazil
pipe line and the Ata cama pipe line, in 1997.

• Devel op ment of Iran’s South Par natu ral gas
field moved closer to real ity as Total, Gaz prom,
and Petro gas signed a $2 bil lion con tract to
develop 2 bil lion cubic feet per day from the
field. Despite the threat of pen alty from enforce -
ment of the 1996 U.S. Iran- Libya Sanc tions Act,
plans for the South Par proj ect were final ized in
1997. Gas from the proj ect will even tu ally be
exported to Tur key, per haps as early as 1999. As a
method to deter inter na tional ter ror ist activi ties in
Libya and Iran, the Sanc tions Act penal izes
non-U.S. firms invest ing more than $40 mil lion
(reduced to $20 mil lion in August 1997) in the
energy indus tries of the two coun tries.

• Sub stan tial planned increase in pipe line capac -
ity between the United States and Can ada is
under way. U.S. imports of natu ral gas, pri mar ily
from Can ada, are fore cast in the Annual Energy
Out look 1998 (AEO98) to increase from 2.9 to 5.2
tril lion cubic feet between 1995 and 2020, with
more than half the increase occur ring by 2000.
Most of the capac ity expan sion needed to sup port
the increase between now and 2000 is either
already under con struc tion or in the plan ning
stages. Although year- to- date 1997 fig ures reflect
lit tle increase, imports are expected to expand as
planned capac ity comes on line.
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Reserves
As of Janu ary 1, 1998, proven world natu ral gas
reserves,5 as reported by Oil & Gas Jour nal, were esti -
mated at 5,086 tril lion cubic feet, 141 tril lion cubic feet
higher than the esti mate for 1997. All the increases in
reserves are attrib uted to the devel op ing coun tries, with
vir tu ally no changes in the indus tri al ized regions or the
EE/FSU. Small reserve declines in devel op ing Asia were 
more than off set by increases in the Mid dle East (109 tril -
lion cubic feet), Africa (20 tril lion cubic feet), and Cen tral 
and South Amer ica (14 tril lion cubic feet).

About 73 per cent of the world’s natu ral gas reserves are
located in the FSU and coun tries of the Mid dle East.
Russia and Iran alone account for almost half of the
world’s gas reserves (Table 19). In the indus tri al ized
world, reserves have remained fairly sta ble over the past 
20 years, although they have con tin ued to decline since
1993 (Fig ure 46). Reserves in the EE/FSU and devel op -
ing coun tries have, in con trast, more than dou bled over
the past two dec ades.

Fig ure 46.  World Natu ral Gas Reserves by Region,
1975-1998

Sources: 1975-1997: “World wide Oil and Gas at a Glance,”
Inter na tional Petro leum Ency clo pe dia (Tulsa, OK: Penn Well
Pub lish ing, vari ous issues). 1998: Oil & Gas Jour nal, Vol. 95,
No. 53 (Decem ber 31, 1997), pp. 38-39.

World wide, natu ral gas reserves are more wide spread
geo graphi cally than oil reserves. Out side the EE/FSU
and the Mid dle East, reserves are fairly evenly spread,
except in the Indus trial Pacific region (Fig ure 47). More -
o ver, despite high rates of increase in gas con sump tion,
espe cially in the past 10 years, most regional reserves-
 to- production ratios have remained high. Cen tral and
South Amer ica has a reserves- to- production ratio of
about 70.2 years, the FSU 81.1 years, and the Mid dle East 
and Africa both more than 100 years [3, p. 20].

Table 19.  World Natu ral Gas Reserves by Coun try
as of Janu ary 1, 1998

Fig ure 47.  World Natu ral Gas Reserves by Region
as of Janu ary 1, 1998

Source: Oil & Gas Jour nal, Vol. 95, No. 53 (Decem ber 31,
1997), pp. 38-39.
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Coun try

Reserves
(Tril lion

Cubic Feet)
Per cent of

World Total

World . . . . . . . . . . . . 5,086 100.0

Top 20 Coun tries . . . . . . 4,549 89.4

  Rus sian Fed era tion . . . . . 1,700 33.4

  Iran . . . . . . . . . . . . . 810 15.9

  Qatar . . . . . . . . . . . . 300 5.9

  United Arab Emir ates . . . . 205 4.0

  Saudi Ara bia . . . . . . . . 190 3.7

  United States . . . . . . . . 166 3.3

  Vene zuela . . . . . . . . . 143 2.8

  Alge ria . . . . . . . . . . . 131 2.6

  Iraq . . . . . . . . . . . . . 110 2.2

  Nige ria . . . . . . . . . . . 115 2.3

  Turk meni stan . . . . . . . . 101 2.0

  Malay sia . . . . . . . . . . 80 1.6

  Indo ne sia . . . . . . . . . . 72 1.4

  Uzbeki stan . . . . . . . . . 66 1.3

  Can ada . . . . . . . . . . . 65 1.3

  Kazakhstan . . . . . . . . . 65 1.3

  Mex ico . . . . . . . . . . . 64 1.3

  Neth er lands. . . . . . . . . 61 1.2

  Kuwait. . . . . . . . . . . . 52 1.0

  Nor way . . . . . . . . . . . 52 1.0

Rest of World . . . . . . . . 538 10.6

   Source: “World wide Look at Reserves and Pro duc tion,”
Oil & Gas Jour nal, Vol. 95, No. 52 (Decem ber 29, 1997),
pp. 38-39.
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the prob able cate gory are included in “reserves” esti mates for vari ous coun tries, includ ing those of the former Soviet Union.



Regional Activ ity
North Amer ica

The IEO98 fore cast shows a 55- percent increase in North
Ameri can natu ral gas con sump tion, from 25.4 tril lion
cubic feet in 1995 to 39.4 tril lion cubic feet in 2020. Con -
sump tion in the United States and Can ada is pro jected to 
grow by 49 and 53 per cent, respec tively, and con sump -
tion in Mex ico by 180 per cent (Fig ure 48). Growth in
natu ral gas con sump tion in other areas of the world is
even faster than the growth in North Ameri can con -
sump tion (with the excep tion of Mex ico), and North
Ameri ca’s share of total world natu ral gas con sump tion
declines from 32 per cent in 1995 to 23 per cent in 2020.
North Ameri ca’s share of natu ral gas con sump tion in
indus tri al ized coun tries also falls, from 62 per cent in
1995 to 52 per cent in 2020.

Fig ure 48.  Natu ral Gas Con sump tion in
North Amer ica by Coun try, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

In all three North Ameri can coun tries elec tric util ity sec -
tor restruc tur ing is either under way or under con sid era -
tion, and the pri mary driv ing force behind the pro jected
increases in natu ral gas con sump tion is its use as a fuel
for elec tric ity gen era tion. In EIA’s Annual Energy Out look 
1998 (AEO98) ref er ence case, natu ral gas con sump tion in 
the U.S. elec tric ity gen era tion sec tor almost tri ples be -
tween 1995 and 2020, from 3.4 tril lion cubic feet a year in
1995 to 9.9 tril lion cubic feet in 2020. The increase stems
from expec ta tions of expanded utili za tion of exist ing
gas- fired power plants, addi tions of new tur bines and
combined- cycle facili ties, and the open ing up of new
oppor tu ni ties for gas- fired gen era tion as a result of
restruc tur ing in the elec tric util ity indus try. Although
the great est antici pated increase in U.S. natu ral gas
consump tion is in the elec tric ity gen era tion sec tor,
increases are also pro jected for all the end- use sec tors.

The Cana dian Gas Asso cia tion (CGA) expects strong
growth in Cana dian natu ral gas con sump tion for power
gen era tion, pro ject ing that con sump tion in the power
gen era tion sec tor will more than dou ble between 1997
and 2010, from about 158 bil lion cubic feet in 1997 to 321
bil lion cubic feet in 2010. The strong est growth is
expected between now and 2001, as elec tric ity sec tor
restruc tur ing takes hold. The CGA indi cates that its
forecast is heav ily influ enced by the restruc tur ing of the
elec tric ity sec tor that is cur rently either under way or
antici pated in many prov inces. While growth in gas use
in the resi den tial and com mer cial sec tors is expected to
slow as a result of con ser va tion and effi ciency improve -
ments, the CGA still antici pates mod est growth for those 
sec tors as well [4].

In Mex ico, the Comision Fed eral de Elec tri ci dad (CFE),
the state util ity that cur rently serves 99 per cent of the
Mexi can power mar ket, has been explor ing options for
the restruc tur ing of the elec tric ity sec tor for about 2
years. Although no clear restruc tur ing strat egy has yet
emerged, strong growth for natu ral gas con sump tion for 
power gen era tion is antici pated. Natu ral gas demand
for power gen era tion has grown by more than 5 per cent
per year for sev eral years, and the CFE hopes to install 13 
giga watts of pre domi nantly gas- fired combined- cycle
new capac ity over the next 5 years (the CFE has indi -
cated that it plans to have 47 giga watts of installed
capac ity by 2006). In addi tion, con ver sions of 12 exist ing
fuel- oil plants to natu ral gas are expected to increase gas
demand at those units from 22 mil lion cubic feet per day
in 1996 to 872 mil lion cubic feet per day in 1999. A major
impe tus for the con ver sions is envi ron mental con cerns.
By 2006, over all CFE gas con sump tion is expected to
quin tu ple from the cur rent rate of 500 mil lion cubic feet
per day [5].

Infra struc ture expan sion is both under way and expect -
ed to con tinue through out North Amer ica to meet
increas ing demand. More than 40 pipe line con struc tion
proj ects, includ ing 10 new pipe lines, were com pleted in
the United States in 1997, add ing more than 6.6 bil lion
cubic feet per day of capac ity [6]. The AEO98 proj ects
con tin ued expan sion of inter state pipe line capac ity
between now and 2020, with the big gest increases along
cor ri dors that move Cana dian and Gulf Coast sup plies
to mar kets in the east ern half of the United States.
Increases in stor age capac ity are pro jected for most
regions of the United States. A con sid er able increase in
pipe line capac ity both within Can ada and between
Canada and the United States is expected to pro vide
access to west ern Cana dian sup plies and Sable Island
sup plies in the off shore Atlan tic, sig nifi cantly enhanc ing 
the pos si bili ties for trade between the United States and
Can ada.

Trade between the United States and Mex ico is also
expected to grow, with U.S. exports to Mex ico increas ing 
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to help meet Mexi co’s antici pated con sump tion growth.
Two new natu ral gas export lines to Mex ico, total ing 237
mil lion cubic feet per day of new capac ity, were placed
in serv ice in 1997. The com ple tion of the lines increased
U.S. export capa bil ity to Mex ico by 27 per cent [6]. A past
hin drance to imports of U.S. gas sup plies into Mex ico
has been a 6-percent tar iff on U.S. gas imported into
Mex ico. On June 13, 1997, a peti tion signed by the
Natural Gas Sup ply Asso cia tion and four oth ers was
filed with the U.S. Trade Rep re sen ta tive, seek ing early
elimi na tion of the tar iff [7]. The request is now being
con sid ered by trade offi cials of both coun tries. The tar iff, 
paid by Mexi can busi nesses and con sum ers, has kept
U.S. sup plies from com pet ing with natu ral gas
produced by Mexi co’s monop oly sup plier, Petro leos
Mexi cano (PEMEX). Its elimi na tion would fos ter com -
peti tion between PEMEX and imported gas and lower
the over all cost of gas in Mex ico [8].

Pri va ti za tion of Mexi co’s natu ral gas indus try—begun
in May of 1995 with the man dated lib er ali za tion of the
trans mis sion, dis tri bu tion and stor age of natu ral gas—
con tin ues. Eight dis tribu tor ships have already been
privat ized (three have com pleted the process and five
have been awarded per mits), and four addi tional
conces sions are slated to be offered in the near future [9,
p. 155]. PEMEX is cur rently pre par ing a tender to be
issued in early 1998 for Mexi co’s first natu ral gas stor age
proj ect, report edly to be both built and oper ated by
private com pa nies [10].

Although the Mexi can con sti tu tion pro hib its for eign
par tici pa tion in oil and gas explo ra tion, pro duc tion and
refin ing, there has been specu la tion that the gov ern ment 
would try to allow for eign firms to pro duce gas in the
north ern Mexi co’s Bur gos Basin by design ing a con tract
that would be a serv ice con tract with per form ance
incen tives tied to out put. PEMEX has called a tender for
the devel op ment of Bur gos Basin fields in order to
increase domes tic sup plies in the area and head off
compe ti tion from U.S. pro duc ers, which are gain ing
access to the region as a result of the open ing of the
natural gas pipe line sec tor to for eign invest ment [11].

West ern Europe

West ern Europe is expected to see some of the most
rapid growth in natu ral gas con sump tion among the
indus tri al ized coun tries. In the IEO98 fore cast, gas use in 
West ern Europe rises from 13 tril lion cubic feet in 1995 to 
more than 32 tril lion cubic feet in 2020 (Fig ure 49). In
large part, the growth can be attrib uted to the pri va ti za -
tion that many Euro pean coun tries are cur rently under -
go ing in the energy sec tor, as well as gov ern ment
encour age ment to develop the natu ral gas infra struc ture 
as a way of reduc ing green house gas emis sions. In addi -
tion, the Euro pean Union (EU) is attempt ing to lib er al ize 
Euro pe’s energy mar kets, and year- long nego tia tions
resulted in an approved time ta ble for the EU’s Gas

Direc tive, which allows for the deregu la tion of West ern
Euro pe’s gas mar kets (see box on page 54).

Fig ure 49.  Natu ral Gas Con sump tion in West ern
Europe, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

The United King dom started to lib er al ize its natu ral gas
mar kets in 1986, and they should be fully open by the
end of 1998. The mar ket restruc tur ing has resulted in
sub stan tial growth in gas- fired elec tric power gen -
eration in the coun try and plans for fur ther expan sion in
the future. Since 1990, 11.4 giga watts of combined- cycle
 gas-fired elec tric ity gen era tion capac ity has been built in 
the United King dom. An addi tional 4.5 giga watts of
capac ity is cur rently under con struc tion, 7.5 giga watts
has been approved for con struc tion, and an addi tional
7.9 giga watts has been pro posed, which may or may not
receive approval [14, p. 263]. In 1996 alone, 2.3 giga watts
of new gas- fired elec tric ity gen er at ing capac ity was
added.

The cur rent status of West ern Euro pean natu ral gas
pipe lines is shown in Fig ure 50. In Octo ber 1998, the
Inter con nec tor pipe line should be com pleted, link ing
Bac ton, Eng land, and Zee brugge, Bel gium. The pipe line
will have an export capac ity from Bac ton to the con ti -
nent of 706 bil lion cubic feet per year and an import
capac ity of 388 bil lion cubic feet per year. While it seems
unlikely that the United King dom will be able to use the
Inter con nec tor to export sub stan tial gas to the Euro pean
con ti nent until gas prices rise, sev eral export con tracts
have been signed with the Ger man utili ties Win gas,
Ruhr gas, and Thys sen gas for a total of 1,589 bil lion cubic 
feet, and with Norsk Hydro for an addi tional 424 bil lion
cubic feet. The con tract peri ods range from 7 to 15 years,
begin ning at the end of 1998; thus, between 18 and 70
billion cubic feet per year will be deliv ered under each
con tract [15] (Table 20). These con tracts will allow
German utili ties to diver sify their gas sup plies.
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Euro pean Union Natu ral Gas Direc tive

Since 1990, the Euro pean Union (for merly, the Euro -
pean Eco nomic Com mu nity) has worked to develop an 
agree ment to lib er al ize West ern Euro pe’s energy mar -
kets. In 1990, the EU adopted the Elec tric ity Tran sit
Direc tive, fol lowed in 1991 by the Natu ral Gas Tran sit
Direc tive and the Gas and Elec tric ity Price Trans par -
ency Direc tive. These three direc tives defined the first
part of a three- phase pro gram to open Euro pean
energy mar kets and es tab lish an inter nal mar ket for the 
“pro duc tion, dis tri bu tion, and trans mis sion of energy
in order to increase energy effi ciency and trans par ency
of cost.”

The Elec tric ity Direc tive and the Natu ral Gas Direc tive
form the sec ond phase of the plan. In 1996, the Elec -
tricity Direc tive was approved. It requires mem bers to
deregu late 23 per cent of their elec tric ity mar kets by
1999. A time ta ble estab lish ing the EU’s Natu ral Gas
Direc tive and thereby deregu lat ing Euro pean gas
markets was approved on Decem ber 8, 1997. The
objective of the Natu ral Gas Direc tive is to “es tab lish
com mon rules for access to the mar ket and for the cri -
teria and pro ce dures to be used when licens ing the
trans mis sion, stor age, and dis tri bu tion of natu ral gas”
in the $100 bil lion Euro pean gas mar ket.

The natu ral gas mar kets will be opened in three phases
over a 10- year pe ri od [12]. In each EU mem ber state,
20 per cent of the mar ket is to be opened for the first
5 years, 28 per cent for the next 5 years, and 33 per cent
after the end of the 10- year tran si tion pe ri od.

The larg est impedi ment to secur ing an agree ment
between the EU mem ber states was to deter mine the
mini mum share of the gas mar kets that would have to
be lib er al ized in the three phases of the plan. The EU
min is ters had been debat ing the mini mum level for
open ing the gas mar kets for almost a year, since the
time the Elec tric ity Direc tive was approved. France
and Bel gium wished to limit the deregu la tion to a
mini mum of 15 per cent of the gas mar kets, whereas the 
United King dom and Ger many wished to have at least
28 per cent of the gas mar kets opened in the first phase
of the plan.

In France and Bel gium, lim it ing deregu la tion is a way
to pro tect Gaz de France and Dis tri gaz, which are both
vir tual monop oly com pa nies in terms of natu ral gas

imports and dis tri bu tion for their respec tive coun tries
[13, p. 22]. Alter na tively, the United King dom gov ern -
ment believes that com peti tive mar kets will allow con -
sum ers and pro duc ers to arrive at opti mal gas prices,
and that faster deregu la tion will speed the process.
Ger many felt that the 10- year phased lib er ali za tion of
gas mar kets would be too slow, favor ing more rapid
deregu la tion to move the process along [13, p. 20].

Nego tia tions on other aspects of the Natu ral Gas
Directive also con tin ued through out 1997. In Octo ber,
EU energy min is ters agreed on a review pro ce dure for
long- term gas deals, allow ing regu la tors from mem ber
states to decide whether future take- or- pay con tracts
would be exempt from the direc tive’s pro vi sions, with
a chain of rules that would allow the Euro pean
Commis sion to chal lenge the posi tion of the regu la tor.
Chal lenges to the Com mis sion’s ulti mate posi tions will 
be resolved only through the Euro pean Court of
Justice.

Under the Natu ral Gas Direc tive, all power pro duc ers
will have the right to choose sup pli ers. Euro pean
Union mem bers may, how ever, restrict sup plier access
to cogenera tors that use less than the annual con sump -
tion thresh olds set in the direc tive for each of the three
phases: 833 mil lion cubic feet per year in the first phase; 
530 mil lion cubic feet per year in the sec ond phase; and
177 mil lion cubic feet per year in the final phase. That
is, if open ing the mar ket to cogenera tors con sum ing
more than 833 mil lion cubic feet in the first sup plier
phase year does not result in the lib er ali za tion of at
least 20 per cent of a coun try’s total gas mar ket, the
thresh old will be reduced in sub se quent years until the
20- percent mark is achieved [14, p. 91]. Only in France,
where there is lit tle gas use for elec tric ity gen era tion,
will the 833 mil lion cubic feet thresh old be inade quate
to meet the 20 per cent mini mum open ing.

In the Decem ber announce ment of the Natu ral Gas
Direc tive, there was no men tion of how third- party
access to off shore gas pipe lines would be han dled. In
Octo ber, the Brit ish dele ga tion pre sented a pro posal
that report edly received “gen eral accep tance.” Brit ain
does not want to obli gate off shore pipe line opera tors to 
pub lish “indica tive pipe line tar iffs,” which are con -
sidered to be com mer cially sen si tive.



Fig ure 50.  Cur rent Status of West ern Euro pean Natu ral Gas Pipe lines, 1997

Source: DRI/McGraw- Hill, Towards a Com peti tive Euro pean Natu ral Gas Mar ket (Lex ing ton, MA, Novem ber 1997), p. 100.
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Table 20.  Con tracts in Place for Natu ral Gas Sales from the United King dom’s Inter con nec tor to
Main land Europe

Sup plier/Buyer Con tract Signed
Vol ume

(Bil lion Cubic Feet) Years Cov ereda

Conoco/Win gas. . . . . . . . . . . Feb ru ary 1996 353 10

BGT/Win gas . . . . . . . . . . . . July 1996 706 10

BP/Ruhr gas. . . . . . . . . . . . . Janu ary 1997 530 15

BGT/Thys sen gas . . . . . . . . . . May 1997 106 7

Mobil/Norsk Hydro . . . . . . . . . May 1997 424 15

  Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,119
   aBegin ning in the third quar ter of 1998.
   Source: “UK Gas Sales to Europe Top 60- Bcm as Inter con nec tor Nears,” World Gas Intel li gence, Vol. 8, No. 10 (May 30, 1997),

p. 10.



Other coun tries in West ern Europe will be able to take
advan tage of their resource bases or stra te gic geo -
graphic posi tions in the fast- growing gas sec tor. In
Norway, for exam ple, rich natu ral gas reserves are used
mainly as an export com mod ity and for fairly mod er ate
con sump tion in the coun try’s off shore oil and gas facili -
ties [16]. In fact, plans to con struct two 350- megawatt
gas- fired power plants on Nor way’s west coast to
supply elec tric ity to Swe den and Fin land were met with
pro test from envi ron mental groups, which argued that
the addi tional ther mal capac ity would increase the
coun try’s green house gas emis sions (vir tu ally all
Norway’s elec tric ity is gen er ated by hydroe lec tric ity).
Gov ern ment approval was given to the plants, which
are sched uled to begin oper at ing in 1999, but it will be
dif fi cult to build addi tional plants in the future because
of the envi ron mental con sid era tions. Inter est ingly, the
result ing gas- generated elec tric ity would re place coal-
 fired gen era tion in Swe den and Fin land, thus reduc ing
the regional emis sions.

Nor way secured sev eral natu ral gas export con tracts in
1997, includ ing a con tract to sup ply 1,412 bil lion cubic
feet to Gaz de France over a 26- year pe ri od begin ning in
2001. The gas will be deliv ered to France through the
Nor Fra pipe line, cur rently the world’s long est sub sea
pipe line. Another long- term Nor Fra sup ply con tract
was signed with Italy’s Snam. Between 353 and 424
billion cubic feet of gas per year will be sup plied for
25 years to Italy begin ning in 1999-2000. A small con tract 
(for 25 mil lion cubic feet per day) was also signed with
Ire land’s Bord Gais Eire ann for 1 year [17]. The gas will
be shipped from the Froy field through the Frigg pipe -
line to St. Fer gus in Scot land and from there to Ire land
through Bord Gais’ sub sea pipe line. The con tract will
account for 25 per cent of Ire land’s total gas sup ply.

Nor way has also taken steps to pene trate the East Euro -
pean gas mar ket. The first con tract by an East Euro pean
coun try—the Czech Repub lic—for Nor we gian gas was
signed in April 1997. Nor way will sup ply the Czech
Repub lic’s state gas import ing com pany, Trans gas, with
106 bil lion cubic feet per year for a 20- year pe ri od [18].
Gas deliv er ies began in May 1997.

In 1985, Nor way sup plied about 27 per cent of the gas
used in the United King dom from its share of the Frigg
field [16]. But a sharp increase in UK gas pro duc tion,
cou pled with declin ing out put from Frigg and the
refusal of the Brit ish gov ern ment to author ize new gas
imports, has caused the Nor we gian share to drop to
about 2 per cent. Talks between the two coun tries began
in 1996. Nor way resolved prob lems with the United
King dom in 1997 and now is able to export gas to the
United King dom through the Frigg pipe line [19].

Nor way has taken steps to bol ster its natu ral gas
infrastruc ture in order to accom mo date the increased

oppor tu ni ties for gas exports. Gas is pres ently exported
through the Euro pipe and Nor pipe to Emden, Ger many, 
and through the Zeepipe to Zee brugge, Bel gium. In
1995, Nor we gian authori ties approved con struc tion of
the Nor Fra Sys tem, which will run from the Sleip ner
area fields to Dun kirk, France. The Euro pipe II line,
direct from Kår stø to Emden, should be built bef ore
2000. The two planned export pipe lines will help
Norway meet the terms of exist ing con tracts that will
increase its gas exports to nearly 2,648 bil lion cubic feet
per year.

Aus tria has the geo graphic van tage to become a major
natu ral gas dis tri bu tion point for Sibe rian gas sup plies
to west ern and south east ern Europe [20, pp. 19-20].
ÖMV, the larg est oil com pany in Aus tria, has com pleted
or begun con struc tion on a number of pipe line proj ects
designed to move gas into the Euro pean mar ket, such as
the Trans- Austria- Gasline (TAG), a 237- mile dual pipe -
line run ning across Aus tria from the Slo vak bor der and
sup ply ing 90 per cent of its gas to Italy’s Snam. ÖMV is in 
the process of increas ing the TAG pipe line capac ity. At
the end of 1998, the com pleted line will have a total
capac ity of 23 bil lion cubic meters. Other lines include
the 152- mile West- Austria- Gasline, which runs from the
Slo vak bor der to upper Aus tria and Ger many and
supplies Rus sian gas to Ger many and France; the 16-
 mile South- East- Gasline, which sup plies gas to Italy,
France, Slove nia, and Croa tia; and the 74- mile
Hungaria- Austria- Gasline.

In Ger many, sev eral pipe line proj ects cur rently are
under way, the three most impor tant being Trans Europa 
Natur gas Pipe line (a Ruhr gas/Snam joint ven ture),
Wedel Line (Bie le feld to Aachen), and a pipe line from
Schnait see to the Aus trian bor der. Trans Europa
Naturgas Pipe line will expand an exist ing sys tem that
stretches from the German- Dutch bor der near Aachen to 
the Swiss- German bor der at Schwo er stadt with a line
that will run par al lel to the exist ing line. Ris ing demand
in south ern Ger many and Swit zer land has cre ated the
need for addi tional capac ity, which should be com -
pleted by 2000 [14, pp. 156-158]. The first por tion of the
50- mile Wedel line has been com pleted, con nect ing
Biele feld to Soest. Con struc tion on the sec ond por tion
(136 miles from Soest to Aachen) is sched uled to begin
early in 1998, and the entire pipe line should be com -
pleted by the end of the year. The Wedel line will enable
Ger man Win gas to sup ply gas to the Ruhr region, cur -
rently domi nated by Ruhr gas.

Many other coun tries of West ern Europe, includ ing
Italy, Spain, Greece, and Tur key, have exten sive plans to 
increase natu ral gas use. In Italy, gas sup plies are being
secured from both pipe line and liq ue fied natu ral gas
(LNG) sources. Snam, a sub sidi ary of the Ital ian oil and
gas com pany Eni, has con tracts with Gasunie
(the Nether lands), Sona trach (Alge ria), and Gaz prom

56 En ergy In for ma tion Ad min istra tion/ In ter na tional En ergy Out look 1998



(Russia) for a com bined 1,236 bil lion cubic feet of gas
imports per year [14, pp. 185-186]. Italy con sumed 1,921
bil lion cubic feet of natu ral gas in 1995 [21, p. 8]. Snam
has also signed an agree ment to import between 212 and 
282 bil lion cubic feet per year from Nor way begin ning in 
2000 [14, p. 185]. Eni and Rus sia’s Gaz prom have
contracted to pro vide Italy with an addi tional 194 bil lion 
cubic feet of gas per year. A proj ect to dou ble capac ity on 
the Algeria- to- Italy Trans med pipe line to 847 bil lion
cubic feet per year is already under con struc tion. Enel
signed a con tract with Alge ria’s Sona trach for the
supply of 141 bil lion cubic feet of natu ral gas per year
begin ning in 1997, to be shipped through the Trans med
2 pipe line.

In addi tion to pipe line gas, Italy plans to increase the
amount of LNG it imports. Snam plans to con struct its
sec ond LNG ter mi nal at Mon fal cone, north west of
Trieste in the Gulf of Ven ice. The proj ect would involve
the con struc tion of a ter mi nal with an ini tial annual
capac ity of 282 bil lion cubic feet of meth ane, which
could be expanded to 424 bil lion cubic feet. The exist ing
Snam LNG ter mi nal at Pani ga glia near La Sezia, in the
Gulf of Genoa, has a capac ity of 106 bil lion cubic feet per
year.

Enel had signed a con tract to pur chase 124 bil lion cubic
feet of gas from the Bonny LNG proj ect in Nige ria over a
20- year pe ri od. At the end of 1996, how ever, the com -
pany can celed the con tract, after deter min ing that it
would be unable to con struct an LNG receiv ing ter mi nal 
on the Lus cany coast because of the costs asso ci ated with 
adher ing to envi ron mental stipu la tions attached to the
proj ect.

In 1993, the first Nor we gian gas was imported to Spain
[14, pp. 236-237]. The gas is piped via the French grid at
71 bil lion cubic feet per year. An even more impor tant
devel op ment for Span ish gas is the 859- mile Maghreb
pipe line, which con nects Seville, Spain, with the Hassi
R’Mel gas fields in Alge ria. The pipe line, with a poten -
tial capac ity of 635 bil lion cubic feet per year, will also
extend into Por tu gal. The first gas through Maghreb
(ini tial capac ity 247 bil lion cubic feet per year) arrived in
Spain at the end of 1996.

Greece is attempt ing to intro duce gas con sump tion in
order to diver sify its energy sup plies, decrease de -
pendence on oil and lig nite, and reduce green house gas
emis sions. The state- owned util ity, DEPA, started
import ing gas from Bul garia and Rus sia in July 1997
through a Bul gar ian pipe line [20, pp. 49-50]. The com -
pany has con tracts in place to sup ply natu ral gas to
electric utili ties and 17 indus trial com pa nies.

So far, there are plans for gas use in five Greek cit ies:
Ath ens, Kavalla, Thes sa lo nika, Volos, and Piraeus. A
248- mile pipe line should con nect them, and Rus sia and

Alge ria are expected to sup ply all of the gas con sumed
in Greece. The first gas deliv er ies from Rus sia to
Thessalo nika and Ath ens began in July 1997, through a
310- mile pipe line that runs from Bul garia to Ath ens. The 
gas pipe line is designed to trans port 247 bil lion cubic
feet per year. Pro me theus Gas—a joint ven ture between
Rus sia’s Gaz prom and Greece’s Kopelou zos—along
with Stroy trans gas and Zan gas is also con struct ing a
372- mile dis tri bu tion pipe line.

In addi tion, the Euro pean Invest ment Bank (EIB) is
fund ing the con struc tion of a high- pressure gas trans -
mis sion and dis tri bu tion sys tem in Greece. The proj ect is 
the larg est energy invest ment (Ecu 200 mil lion) in
Greece by the EIB. The sys tem includes a pipe line
running from the Greek- Bulgarian bor der at Kula to
Aghia Tri ada near Ath ens, plus an off shore pipe line
run ning from Aghia Tri ada to Revithoussa Island and
an LNG receiv ing ter mi nal. The proj ect is jointly sup -
port ed by the EIB, the EU’s Struc tural Fund, and the
Euro pean Coal and Steel Com mu nity.

Tur key has exten sive plans to increase natu ral gas use
for elec tric power pro duc tion. The coun try is attempt ing 
to attract enough for eign invest ment to install 4.2 giga -
watts of gas- fired capac ity [22]. A call for bids for six
build- own- operate power plants was offered in early
1997. The pro posed gas- fired plants include two 700-
 megawatt plants in Gebze, one 700- megawatt plant in
Ada paz ari (near Istan bul), one 700- megawatt plant in
Ankara, and a 1,400- megawatt plant on the west coast in
Izmir. Sev eral pipe line proj ects have been pro posed to
sup ply gas to these facili ties, as well as sev eral LNG
termi nals. In addi tion, the state- owned gas trans por ta -
tion com pany, Botas, is expand ing its gas trans mis sion
net work along the Black Sea and the Aegean.

Tur key’s plans to import gas from Turk meni stan
through a pipe line under con struc tion across Iran led to
some con tro versy with the United States in 1997. The
proj ect ini tially appeared to be in vio la tion of the U.S.
Iran- Libya Sanc tions Act; how ever, because Iran will
only receive tran sit fees for mov ing the gas to Tur key,
the United States deter mined that Tur key was not in
viola tion of the Sanc tions Act. The will ing ness of major
world energy com pa nies, such as France’s Total, to risk
vio lat ing the U.S. Sanc tions Act clearly dem on strates
how lucra tive the Turk ish gas mar kets are expected to
become.

East ern Europe and the For mer Soviet Union

IEO98 proj ects a rever sal of recent trends in natu ral gas
mar kets in East ern Europe and the former Soviet Union
(EE/FSU). Natu ral gas con sump tion in the region as a
whole is pro jected to grow from 23.4 tril lion cubic feet in
1995 to 42.7 in 2020, an increase of 83 per cent (Fig ure 51).
The high est growth is pro jected for East ern Europe,
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where con sump tion is pro jected to more than dou ble,
increas ing from 2.7 tril lion cubic feet in 1995 to 7.3
trillion cubic feet in 2020. Con sump tion growth in the
FSU is pro jected to increase by 72 per cent over 1995
levels by 2020, with slight growth between now and
2000 and most of the growth occur ring in the post- 2000
pe ri od. The pro jected growth in East ern Euro pean is
more rapid, with a rela tively steady rise through out the
fore cast.

Fig ure 51.  Natu ral Gas Con sump tion in the EE/FSU 
Region, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

The FSU accounts for more than 40 per cent of the
world’s natu ral gas reserves. With more than 34 per cent
of the world’s proven reserves, Rus sia far exceeds any
other coun try in pro duc tion poten tial. Other FSU
republics with sig nifi cant reserves are Azer bai jan,
Kazakhstan, Turk meni stan, Ukraine, and Uzbeki stan,
with reserves rang ing from 0.1 per cent of the world total
for Azer bai jan to 2.0 per cent for Turk meni stan [23].
Eastern Euro pean coun tries, although attempt ing to
diver sify their sup ply options, are heav ily depend ent on 
the FSU to meet their cur rently increas ing natu ral gas
demand. Proved reserves in all of East ern Europe
currently account for less than 0.5 per cent of the world
total.

As politi cal and eco nomic con di tions sta bi lize within the 
EE/FSU, the down ward trend in natu ral gas pro duc tion
and con sump tion seen between 1990 and 1995 is already
begin ning to be reversed. Natu ral gas pro duc tion for
1996 in the FSU was 1.4 per cent above 1995 lev els, with
increases in almost all of the gas- producing repub lics.
Rus sia, the major pro ducer (account ing for 25.1 per cent
of the world’s total pro duc tion), increased its out put by
1.0 per cent; Uzbeki stan, the sec ond larg est pro ducer,
increased by 0.8 per cent; and Turk meni stan and

Kazakhstan increased by 9.0 and 8.5 per cent, respec -
tively. Only Azer bai jan saw a decline, with pro duc tion
drop ping by 4.5 per cent from 1995 lev els, pri mar ily
because of prob lems in recov er ing asso ci ated gas from
its pri mary pro duc tion source. FSU con sump tion
increased by 0.7 per cent over 1995 lev els.

Rus sia sig nifi cantly slowed its decline in natu ral gas
con sump tion from 5.1 per cent between 1994 and 1995 to
0.3 per cent between 1995 and 1996. All the other major
con sum ing repub lics, with the excep tion of Azer bai jan
and Kazakhstan, showed increases. While East ern Euro -
pean pro duc tion declined in gen eral, con sump tion
increases were seen through out the region [3, pp. 23 and
26].

In both Rus sia and Turk meni stan, pro duc tion sig nifi -
cantly out paced con sump tion in 1996, with the excess
pro duc tion exported to sat isfy both for eign demand and 
demand in other FSU repub lics. Very lit tle gas is
consumed inter nally in Turk meni stan, and most of its
out put went to other repub lics, in par ticu lar, Ukraine.
Rus sia and Turk meni stan together accounted for 95 per -
cent of the gas trade among the FSU repub lics, with
Kazakhstan and Uzbeki stan account ing for the other
5 per cent [24, p. 57]. To date, most of Uzbeki stan’s gas
pro duc tion has been con sumed inter nally. Although
there is con sid er able poten tial for increased pro duc tion
to meet export demand, par ticu larly to Ukraine, it has so 
far failed to mate ri al ize [24, p. 11]. Kazakhstan con -
sumed most of its pro duc tion inter nally and was in
addi tion depend ent on imports to sat isfy a large por tion
of its gas demand.

Trade among the FSU repub lics has been in decline in
the 1990s, in part because of a his tory among the import -
ing repub lics of non pay ment for sup plies and the sub se -
quent amass ing of enor mous debt for natu ral gas,
caus ing reluc tance on the part of ship pers to pro vide
more gas until pay ments are made. Reduc tion of
amassed debt was sig nifi cant in 1996, and Ukraine alone
reduced its debt from 7.03 bil lion rubles to 2.27 bil lion
rubles. Rus sia had in the past treated Ukraine leni ently,
not only because Ukraine was Rus sia’s larg est gas
market, but also because 90 per cent of Rus sian export
gas moved through Ukraine [24, p. 60]. Bela rus, also
signifi cantly in arrears in gas debts, plans to reduce part
of its debt through par tici pa tion in the build ing of
the por tion of the Yamal- Europe pipe line that tran sits
Belarus.

Infra struc ture expan sion within the EE/FSU is under -
way to meet pro jected demand growth. Rus sia,
especially, is plan ning sig nifi cant infra struc ture ex -
pansion in order to serve expand ing Euro pean mar kets.
The most sig nifi cant under tak ing is the devel op ment of
the Yamal gas fields in north ern Sibe ria and the
construc tion of the Yamal- Europe pipe line through
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Bela rus and Poland to move the gas to mar ket. Unlike
other sig nifi cant Rus sian gas fields, where the gas is in
shal low res er voirs and eas ily devel oped, the Yamal
fields are located in an area with extreme cli matic con di -
tions, and pro duc tion costs in the Yamal fields will far
exceed pro duc tion costs at cur rent pro duc ing fields. The
addi tional cost of build ing the pipe line needed to serve
these remote fields will sig nifi cantly increase the cost of
gas sup plies from the region.

Rus sia has long felt that devel op ment of the Yamal fields 
will be nec es sary to sup ple ment declin ing pro duc tion in
already devel oped fields and meet pro jected increases in 
natu ral gas demand; how ever, there has been con sid er -
able specu la tion in the trade press recently as to whether 
the devel op ment of the remote Yamal fields is nec es sary
in the near future. Some ana lysts feel that demand
increases can be sat is fied by the devel op ment of lower
cost sources, such as sat el lite fields in cur rent pro duc ing
regions, per haps for the next 10 to 12 years [25]. Another
blow to the devel op ment of the Yamal fields may have
been dealt by the announce ment of a stra te gic alli ance
between Gaz prom and Royal Dutch Shell on Novem ber
17, 1997, one thrust of which will be the devel op ment of
the gigan tic Zapolyar noye gas and con den sate field in
West Sibe ria. Sig nifi cant out put from the field would
com pete with higher priced Yamal gas [26].

Regard less of what even tu ally hap pens with the Yamal
fields, ear lier stages of the proj ect will con tinue as
planned. The Yamal pipe line proj ect is being con -
structed from the mar ket back, with the ear li est stage
designed to deliver gas to Ger many and Poland from
fields where the infra struc ture is already in place. Work
is under way on sec tions cross ing Poland and Bela rus,
which will help reduce Gaz prom’s near- total depend -
ence on Ukraine for mov ing its gas to Europe [27, p. 12].
Large amounts of gas are expected to flow into Ger many 
by the end of 1998, and some sec tions of the pipe line are
already car ry ing gas from new Sibe rian fields into
Europe [27, p. 11]. Else where in the EE/FSU region, con -
sid er able infra struc ture expan sion is either planned or
under way.

Pri va ti za tion and for eign invest ment con tinue to make
inroads in the EE/FSU, where until recently most of the
natu ral gas indus try had been con trolled by national
gov ern ments. Since Gaz prom relaxed rules bar ring
foreign inves tors last year, inter na tional banks have
been pour ing money into the gas indus try, with export
proj ects—in par ticu lar, the con struc tion of the Yamal-
 Europe pipe line—attract ing most of the big loans.
Gazprom shares, long barred to for eign inves tors, have
been suc cess fully traded on the Lon don stock mar ket
since Octo ber 1996 [28]. The stra te gic alli ance with
Royal Dutch Shell also sig nals the change in Rus sian
sen ti ment toward for eign invest ment in its gas indus try.

In March 1997, Kazakhstan signed a for eign invest ment
law estab lish ing a state com mit tee on invest ment, and
pri va ti za tion is expected to have a sig nifi cant impact
on the gas indus try over the next sev eral years.
Turkmeni stan is invit ing for eign par tici pa tion in the
area of natu ral gas explo ra tion and devel op ment, and
the oil and gas indus try is being restruc tured. For eign
invest ment in Uzbeki stan has also increased dra mati -
cally, and sev eral for eign com pa nies have expressed
inter est in explo ra tion and devel op ment joint ven tures.

Cen tral and South Amer ica

In Cen tral and South Amer ica, vig or ous expan sion of
the natu ral gas infra struc ture is con tinu ing. The region’s 
natu ral gas con sump tion is expected to grow to five
times its 1995 level by 2020, reach ing 13 tril lion cubic
feet. In Bra zil alone, gas use is expected to grow by 14
per cent annu ally through 2020, to 4.3 tril lion cubic feet.
In 1995, 2.6 tril lion cubic feet of natu ral gas was con -
sumed in the entire region [21, p. 8] (Fig ure 52).

Fig ure 52.  Natu ral Gas Con sump tion in Bra zil and
Other Cen tral and South Amer ica, 
1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

Argen tina is attempt ing to solid ify its posi tion as a gas
sup plier to Chile and Bra zil. As part of this effort, the
290- mile, $350 mil lion gas pipe line, Gas An des, began
oper at ing in August 1997, the first gas line link between
Argen tina and Chile [29]. The pipe line will be able to
deliver 350 mil lion cubic feet per day, ini tially trans port -
ing gas from the La Mora com pres sor sta tion in the
Mendoza area of Argen tina to San ti ago, Chile.

Two addi tional pipe lines link ing Chile and Argen tina
are being devel oped: the Ata cama proj ect (a $750 mil lion 
proj ect con sist ing of a 575- mile pipe line to be built from
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north ern Argen tina to north ern Chile and two 355-
 megawatt gas- fired elec tric power plants by a con sor -
tium of Endesa, CMS Energy, and Argen ti na’s Astra and 
Plus petrol Energy) and the Norgas- Latin Amer ica (a
$400 mil lion, 550- mile pipe line to be built from Salta,
Argen tina, to Toco pilla, Chile, by a con sor tium con -
sisting of Edel nor, Elec tro an dina, YPF, and Tecpetrol)
[30; 9, pp. 39-40]. Com pa nies involved in devel op ing the
two plans agree that con struct ing two par al lel pipe lines
is exces sive [31]. In fact, con struct ing both lines will
triple capac ity by 2003, whereas demand is expected
only to dou ble. Nev er the less, talks to reach a com pro -
mise on the proj ects broke down in Octo ber 1997, and it
appears that both proj ects will be con structed.

The Ata cama proj ect advanced in 1997 as GasA ta cama
(a joint ven ture of CMS and Endesa) awarded a con tract
for lay ing the 250- mile pipe line. Con struc tion is ex -
pected to begin in Janu ary 1998. The $750 mil lion
project, which should be com pleted in early 1999, will
pro vide gas from Argen tina to power plants and
industrial cus tom ers in north ern Chile [32]. The
Atacama also involves two 35- megawatt gas- fired
gener at ing plants in the port of Mejil lones, both of which 
are sched uled to begin oper at ing in 1999 [31].

Although there is sub stan tial activ ity in devel op ing gas
infra struc ture between Chile and Argen tina, the pros -
pects for export ing to Bra zil are even greater. The most
promi nent proj ect for Bra zil is the $2 bil lion Bolivia-
 Brazil pipe line, a 1,875- mile line to run from Santa Cruz,
Bolivia, to Porto Ale gre, Bra zil [33]. There are also plans
to export gas from north east ern Argen tina to indus trial
cus tom ers in south ern Bra zil [9, pp. 39-40]. Argen ti na’s
YPF and Bra zil’s Pet ro bas are study ing the pos si bil ity of
con struct ing a pipe line from Argen tina to Sao Paolo,
Bra zil, includ ing a pro posed 1,400- mile pipe line from
Argen ti na’s Aguara gue, Acam buco, and Ramos fields to 
Sao Paolo.

In north east ern Bra zil, con struc tion is con tinu ing on the
230- mile Guamare- Pecem pipe line, run ning from the
Rio Grande do Norte gas fields to the indus trial areas of
Ceara [34]. The proj ect, sched uled to begin oper at ing by
mid- 1998, will deliver 106 mil lion cubic feet per day.
When it is fully opera tional and another link is added,
the Guamare- Pecem sys tem should be able to deliver
565 mil lion cubic feet per day—as much as the Bolivia-
 Brazil pipe line.

The gov ern ment of Colom bia also would like to increase 
that coun try’s access to gas dra mati cally. The gov ern -
ment announced in 1997 that it intended to extend natu -
ral gas access to 80 per cent of the popu la tion by 2010 [9,
pp. 126-127]. Gov ern ment plans include a $27 bil lion
invest ment in the coun try’s energy infra struc ture, with
$3 bil lion dedi cated to the con struc tion of a nation wide
natu ral gas sup ply sys tem. Although leg is la tion to allow 

the pri va ti za tion of state- owned Ecogas failed in May
1997, pri va ti za tion of the dis tri bu tion sys tem has begun,
and two of Colom bia’s larg est dis tribu tors already have
been pri vat ized. Enron acquired Ecopetrol’s share of the
coun try’s larg est dis tribu tor, Pro mi gas, in early 1996,
and in 1997 Ecopetrol’s shares of Gas Natu ral were
purchased by Spain’s Gas Natu ral.

Mid dle East

Natu ral gas con sump tion in the Mid dle East is pro jected
to grow by 2.6 per cent annu ally over the 25- year fore cast 
(Fig ure 53). Elec tric ity gen era tion con sumes the larg est
share of natu ral gas use in the region, because of its
clean- firing quali ties, con ven ience of use, and mod er ate
costs rela tive to oil. Energy pol icy trends are fur ther
promot ing diver si fi ca tion of sup ply, sub sti tut ing gas for 
oil so that oil can be exported, and sub sti tut ing gas in
domes tic con sump tion in place of imported oil. Gas has
made only mod est inroads in resi den tial and com mer -
cial use in Saudi Ara bia, Alge ria, and Iran [35, pp. 41-42].

Fig ure 53.  Natu ral Gas Con sump tion in the Mid dle
East and Africa, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

There have been increas ing efforts to develop Mid dle
East ern LNG for export, espe cially to Asia. Alge ria,
Qatar, Oman, and the United Arab Emir ates’ (UAE) Abu 
Dhabi all have devel oped LNG schemes [35, p. 42]. The
expan sion of LNG sales is impeded some what,
however, by the chal lenge of high costs asso ci ated with
proc ess ing and deliv er ing LNG in spe cial refrig era tor
ships. In recent years, con tract pro vi sions for LNG have
included the flexi bil ity to allow cus tom ers to gauge
prices to the fluc tua tions in crude oil prices or to
negotiate lower prices in exchange for large sup ply
volumes. Alge ria’s exports to Dis tri gas in the United
States have been linked to the aver age U.S. price for
deliv ered gas. Qatar has linked LNG prices to a 3-month
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aver age deliv ered LNG price to Japan (thereby in -
directly link ing the LNG prices to crude oil prices) and
has low ered the floor price in the Korea Gas Corp- Ras
Laf fan con tract. Mobil, the opera tor of Qatar’s Ras
Laffan, has even agreed to the lower floor price in
exchange for larger sales vol umes and has guar an teed
part of the Ras Laf fan debt if prices fall below $1.90 per
mil lion Btu.

Iran has the world’s sec ond larg est natu ral gas reserves,
sec ond only to Rus sia. DRI/McGraw- Hill esti mates
that, given cur rent pro duc tion lev els, the Ira nian
reserves could last for almost 600 years [35, p. 167].
Devel op ing the 321 tril lion cubic feet South Pars field,
which accounts for an esti mated 40 per cent of Iran’s gas
reserves, is a pri or ity for the Ira nian gov ern ment [36].
The devel op ment of these reserves should help Iran
main tain its oil out put by using gas in enhanced oil
recov ery gas injec tion schemes, as well as pro vid ing a
poten tially impor tant export com mod ity.

In Sep tem ber 1997, the energy com pa nies Total (France), 
Gaz prom (Rus sia), and Petro nas (Malay sia) signed a $2
bil lion agree ment with the Ira nian National Petro leum
Com pany to develop 2 bil lion cubic feet per day of the
South Pars reserves. The agree ment was signed despite
the threat of sanc tions under the U.S. Iran- Libya
Sanctions Act of 1996. The South Pars gas is to be used
for domes tic con sump tion, rein jec tion to enhance oil
out put, and ulti mately for export to Tur key. Iran is
commit ted to pro vid ing Tur key with 300 mil lion cubic
feet per day of gas begin ning in 1999 [37]. Paki stan and
India are also poten tial cus tom ers for Iran’s gas, either
by pipe line or as LNG.

There are sev eral pro pos als for bring ing natu ral gas to
Israel. Israel is dis cuss ing the pos si bil ity of import ing
LNG from Qatar and also import ing gas by pipe line
directly from Egypt or Saudi Ara bia [35, pp. 185-186].
The $4 bil lion Qatar LNG import proj ect would pro vide
Eliat with gas for resi den tial use, as well as for export to
Europe. Saudi Ara bia could also be a poten tial source of
natu ral gas, sup ply ing Saudi gas from the Tabuk field to
Israel through a 62- mile pipe line.

Egypt is another poten tial Israeli sup plier. In Novem ber
1993, Egypt agreed in prin ci ple to sell gas to Israel. Gas
would be deliv ered through a 180- mile pipe line from
Egypt’s Delta region across the Gaza Strip into Israel.
Most of the gas would be con sumed for elec tric ity gen -
era tion, though sales are not expected to begin bef ore
2005.

Expand ing the gas sec tor is a pri or ity for the gov ern -
ment of the UAE, par ticu larly in Abu Dhabi which
accounts for 97 per cent of the Emir ates’ proven reserves.
The UAE would like to increase domes tic use of natu ral
gas, use for oil field rein jec tion in enhanced oil recov ery

schemes, and LNG exports. One of the larg est gas-
 bearing struc tures in the world is the UAE’s off shore,
non as so ci ated Khuff res er voir, which has not yet been
fully devel oped [35, p. 258]. Khuff gas is expected to be
trans ported to Dubai for oil field injec tion to extend the
life of Dubai’s oil fields.

In addi tion to the Khuff, expan sion is expected to take
place at the onshore Bab field—known as the Onshore
Gas Devel op ment. Increased capac ity from the Onshore
Gas Devel op ment will be used to fuel elec tric ity gen era -
tion, as well as oil field injec tion. Much of Abu Dhabi’s
off shore gas pro duc tion is being used to sup ply LNG
exports for mostly Japa nese cus tom ers. Capac ity at Das
Island dou bled in 1994 with the con struc tion of a third
LNG train, rais ing capac ity to more than 5 mil lion tons
of LNG per year. An expanded long- term con tract was
signed with Abu Dhabi’s larg est gas cus tomer, the
Japanese util ity TEPCO, and an increas ing number of
spot gas sales have been made into Asian and Euro pean
mar kets.

Africa

Ninety per cent of all cur rent natu ral gas con sump tion in
Africa is attrib uted to four coun tries: Alge ria, Egypt,
Libya, and Nige ria [21, p. 9]. Natu ral gas con sump tion in 
Africa is pro jected to grow to 3.4 tril lion cubic feet by
2020, slightly more than dou bling from the 1995 level.

Alge ria has one of the larg est gas fields in the
world—the Hassi R’Mel field, which has more than 85
tril lion cubic feet of reserves [35, pp. 68-69]. Gas exports
are a major source of income for Alge ria, and export
infra struc ture is being devel oped quickly, despite the
coun try’s eco nomic prob lems. The capac ity of the
Transmed pipe line from the Hassi R’Mel field to Italy
(via Tuni sia) is being dou bled from 459 bil lion cubic feet
to 918 bil lion cubic feet. The 1,460- mile Trans med has
been oper at ing since 1983, sup ply ing Tuni sia, Italy, and
Slove nia. Four long- term Trans med con tracts are
currently in place [35, p. 68]: 688 bil lion cubic feet per
year to Italy’s Snam begin ning in 1983 and end ing in
2019; 18 bil lion cubic feet per year to Tuni sia’s ETAP
begin ning in 1983 and end ing in 2019; 21 bil lion cubic
feet per year to Slove nia’s Pet rol Ljubl jana begin ning in
1992 and end ing in 2007; and 141 bil lion cubic feet per
year to Italy’s Enel begin ning in 1995 and end ing in 2015.

A sec ond major pipe line link ing Alge ria to the Euro pean 
mar kets is the Maghreb, which runs from the Hassi
R’Mel field to Seville, Spain (through Morocco), was
com pleted in Octo ber 1996, and an exten sion from Spain
to Por tu gal was com pleted in Feb ru ary 1997 [38]. The
849- mile Maghreb will allow Alge ria to ship gas as far as
Ger many through the Euro pean pipe line net work [35,
p. 68]. The cost of the Algeria- Spain seg ment was $1.9
bil lion, and the exten sion to Por tu gal was esti mated at
$500 mil lion. The World Bank, Euro pean Invest ment
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Bank, and national gov ern ments helped finance the
proj ect.

Alge ria has also been reno vat ing its LNG plants at
Bethiou, Arzew, and Skikda, which were con structed in
the early 1970s with a com bined capac ity of about 1,094
bil lion cubic feet per year. Sub se quent work on the
project has increased capac ity to 1,200 bil lion cubic feet
per year. There are 11 exist ing con tracts for 911 bil lion
cubic feet of Alge ria’s LNG, with more than one- third of
the con tracted gas to be deliv ered to Gaz de France [35,
p. 69].

In Nige ria, major efforts have been under taken to end
gas flar ing in the coun try’s oil fields. Shell Petro leum
Devel op ment Cor po ra tion of Nige ria (SPDC) has
planned four gas gath er ing proj ects to col lect gas for
Nige ria’s Escravos- Lagos Pipe Net work to use in
various power plants and indus trial appli ca tions in
Odidi, South For ca dos, Escra vos, and the Greater
Ughelli area of Delta State [39]. The Odidi proj ect alone
is expected to cost $250 mil lion and will be used to
collect some 80 mil lion cubic feet of gas per day [40].

Chev ron and the Nige rian National Petro leum Cor po ra -
tion ini ti ated the Escra vos Gas Pro ject to reduce flar ing
and to recover the gas and con den sate from Chev ron’s
off shore oil fields [41]. By Sep tem ber 1997, the proj ect
was pro duc ing 145 mil lion cubic feet of gas, which was
sold to the Nige rian Gas Com pany for indus trial end
users. The proj ect also pro duces 8,000 bar rels of liq ue -
fied petro leum gas and natu ral gas liq uids per day.
Recently, how ever, fund ing prob lems have forced
Chev ron to delay work on the sec ond phase of the
Escravos proj ect, which was to expand the gas gath er ing
sys tem so that another 120 mil lion cubic feet of gas per
day could have been proc essed [42].

Nige ria has plans to develop a natu ral gas net work for
domes tic con sump tion, using $50 mil lion in fund ing
from the World Bank [35, pp. 124-125]. In addi tion, a
number of export proj ects are either under con sid era tion 
or already under con struc tion, includ ing plans to de -
velop the $260 mil lion West Afri can Gas Pipe line Pro ject
to pro vide Nige rian gas for elec tric ity gen era tion and for 
indus trial cus tom ers in Ghana, Benin, and Togo [43].
Ghana is expected to con sume about 75 per cent of the
gas from the pipe line at a pro posed 300- to 400-
 megawatt gas- fired power plant at Takadi and at the
Valco alu mi num smelt ing plant.

Although sev eral Afri can LNG proj ects to sup ply
Europe and the United States have been under con -
sidera tion for years, the Nige rian Bonny LNG proj ect is
far thest advanced. With a cost esti mated at around $4.5
bil lion, the proj ect con sists of gas trans mis sion sys tems,
two liq ue fac tion trains, and export infra struc ture with a
capac ity of 254 bil lion cubic feet. It is sched uled to be

com pleted by 1999, with first sched uled deliv er ies to
begin in 2000. Agree ments for the LNG have been
arranged with Spain’s Enagas (56 bil lion cubic feet per
year); Tur key’s Botas (32 bil lion cubic feet year); and
France’s Gaz de France (18 bil lion cubic feet per year).
Italy’s Enel pulled out of an agree ment to pur chase 124
bil lion cubic feet per year—by far the larg est share of
Bonny LNG out put—in Decem ber 1996 because of
difficul ties the util ity was hav ing in secur ing an LNG
recep tion ter mi nal. The dis pute was resolved in Octo ber
1997 when Gaz de France offered to accept Italy’s
delivery at the Mon toir LNG ter mi nal in Brit tany [44].

Asia

The 1997 Asian cur rency cri sis resulted in the delay of
many energy proj ects in devel op ing Asia. Nev er the less,
many natu ral gas proj ects in this part of the world are
going for ward, although some of the more expen sive
gas proj ects, such as the Natuna gas pipe line proj ect and
the Omani LNG proj ect, face delays. The IEO98 fore cast
does not expect a long- term slow down of eco nomic
growth in the region. In devel op ing Asia, natu ral gas
con sump tion is pro jected to grow nearly six fold over the 
25- year pe ri od, from 4.7 tril lion cubic feet in 1995 to
27.7 tril lion cubic feet by 2020. In indus tri al ized Asia
(Australia, Japan, and New Zea land) gas use grows at a
more con ser va tive pace of 1.6 per cent annu ally, from
3.1 tril lion cubic feet in 1995 to 4.6 tril lion cubic feet in
2020 (Fig ure 54).

Fig ure 54.  Natu ral Gas Con sump tion in Asia
by Region, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

Thai land was hit par ticu larly hard by the eco nomic
down turn. The eco nomic reces sion has meant that many 
energy proj ects in the coun try are being rene go ti ated.
The 50- percent devalua tion of the Thai baht between
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May and Octo ber 1997 led to a post pone ment of a
number of gas proj ects. Oman LNG announced that
both the Petro leum Author ity of Thai land (PTT) and
Oman LNG had agreed to sus pend the unsigned 25- year 
LNG agree ment that would have brought 1 mil lion tons
of LNG per year to Thai land begin ning in 2001, ris ing to
1.7 mil lion tons in 2003 and 2.2 mil lion in 2004 [45]. The
PTT had wished to delay tak ing the Oman LNG by 10
years, because pro jec tions for gas demand for the next
dec ade have been cut by 20 per cent [46].

A proj ect designed to pipe natu ral gas from Indo ne sia’s
Natuna gas field in the South China Sea also faces delay
and rene go tia tion since Thai land’s eco nomic down turn.
Indo ne sia’s state- owned Per tamina nego ti ated a 2-year
delay for PTT’s pur chase of Natuna gas, mov ing the
startup date for the con tract from 2003 to 2005 [47].
Moreo ver, price nego tia tions are expected to delay
deliv er ies another 2 years, so that the first Natuna gas
would be deliv ered to Thai land in 2007. PTT wanted to
rene go ti ate the price of Natuna gas from the origi nal
terms to a price below that of gas from the Malaysia-
 Thailand Joint Devel op ment Area; how ever, Per tamina
would not agree. Origi nally, Thai land was to begin pur -
chas ing 500 mil lion cubic feet per day from the Natuna
proj ect, increas ing to 1 bil lion cubic feet per day after 2
years.

Despite the cuts, a number of natu ral gas proj ects are
going for ward, and a sub stan tial number of com pa nies
still are inter ested in work ing on gas proj ects in
Thailand. Uno cal cor po ra tion announced in mid-
 November 1997 that it expected devel op ment on the first 
phase of its Pailin field—with pro duc tion of 165 mil lion
cubic feet per day sched uled to begin at the end of
1998—to con tinue on sched ule [48]. Moreo ver, in
October, the U.S. energy com pany Enron signed a part -
ner ship with a Thai engi neer ing com pany, EMC, to
“pur sue invest ment oppor tu ni ties in infra struc ture
projects” in Thai land that will include natu ral gas pipe -
lines and elec tric power plants [49]. The Cana dian
natural gas com pany, Nova Cor po ra tion, announced in
Novem ber that it had an inter est in par tici pat ing in
construc tion of gas pipe lines and elec tric power plants
in Thai land, in par ticu lar a third natu ral gas trunk line
planned for the Gulf of Thai land [50].

PTT also signed an agree ment in Novem ber to pur chase
gas from two fields in the Gulf of Thai land from
Rutherford- Moran Oil Cor po ra tion [51]. The cor po ra -
tion already sup plies PTT with 100 mil lion cubic feet per
day of gas. The new agree ments will increase that
amount to 300 mil lion cubic feet per day when pro duc -
tion at the two gas fields begins at the end of 1999.

Malay sia con tin ued some aggres sive gas devel op ment
in 1997. There is con cern that the coun try might face
power short ages in the long term, accen tu ated by the

indefi nite post pone ment of the large- scale Bakun
hydroe lec tric proj ect ear lier in the year in response to a
com bi na tion of envi ron mental criti cism and the Asian
eco nomic cri sis. As a result, Malay sia has decided to
increase its gas- fired power gen era tion capac ity [52].
Malay sia has com mit ted to accept deliv ery of 300 mil -
lion cubic feet per day of the first pro duc tion from the
Malaysia- Thailand Joint Devel op ment Area (JDA),
which should begin oper at ing in late 1999. Because it
will take time for the elec tric ity gen er at ing infra struc -
ture to catch up with the gas pro duc tion, much of the
first gas is expected to be used by a pro posed pet ro -
chemi cal plant.

Explo ra tion in the JDA has been quite suc cess ful, with 10 
tril lion cubic feet of gas already dis cov ered. Malaysia’s
Petro nas and U.S. Tri ton Energy (form ing the joint
venture, Malaysia- Thailand Joint Author ity—MTJA)
believe another 10 tril lion cubic feet of gas could be
discov ered [52]. In fact, in Novem ber 1997, the MTJA
con firmed the dis cov ery of an eighth field in the JDA,
called Wira-1, with a gas flow of 9.1 mil lion cubic feet
per day. Four other finds were made in 1997 alone.

Paki stan is attempt ing to expand its natu ral gas
consump tion, which already accounts for almost 40
percent of its pri mary energy con sump tion [21, pp. 180,
186]. The coun try cur rently pro duces vir tu ally all its
own gas, but con sump tion is expected to over take
produc tion soon, and efforts have been made to secure
sup plies from out side sources. In 1997, Uno cal
announced that Paki stan would be linked to Turk -
menistan in a Cen tral Asia Gas Pipe line proj ect [53].
The 790- mile pipe line would deliver up to 2 bil lion cubic 
feet per day of natu ral gas from south east ern Turk -
menistan’s bor der to Mul tan, Paki stan, with a guar an tee
that up to 25 tril lion cubic feet of gas could be sup plied
through the pipe line from the coun try’s Dau leta bad
field. The con sor tium of six com pa nies and the Turk -
meni stan gov ern ment are also con sid er ing add ing a
400- mile exten sion to the pipe line, which would take gas 
to New Delhi, India, as well.

India is in the process of devel op ing its import, trans -
mis sion, and dis tri bu tion grid to allow gas to pene trate
major cit ies more rap idly. In an attempt to attract for eign 
invest ment in the natu ral gas sec tor, shares of the state-
 owned Gas Author ity of India Lim ited (GAIL) were
placed on the Bom bay Stock Exchange in May 1997 [54].
GAIL was actu ally formed only 13 years ago. The com -
pany man ages India’s only major gas pipe line, the HBJ,
which is used to deliver gas from the Bom bay High field
and other off shore fields to the cit ies of Hazira, Bijaipu,
and Jag dishpu, as well as other north west Indian cit ies.
Most of the gas moved by HBJ is used at large elec tric
power plants and for fer til izer plants, but the gov ern -
ment would like to increase resi den tial and small
commer cial use.
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In 1994, GAIL and the Brit ish BG plc (for merly Brit ish
Gas) formed Mahana gar Gas, a dis tri bu tion com pany
that cur rently serves more than 3,000 domes tic cus tom -
ers in Mum bai (for merly Bom bay) [55]. BG plc is also
work ing on bring ing a 615- megawatt gas- fired power
plant to Pipa vav in Gujarat State that would burn
imported LNG.

Royal Dutch Shell is attempt ing to bring LNG into
India’s south ern state, Tamil Nadu [56]. The com pany is
work ing with Brit ain’s Pow er Gen to import Omani
LNG for use in a 1.4-gigawatt power plant. Omani LNG
should become avail able by 2000. Shell has also applied
to India’s Indus try Min is try for per mis sion to con struct
an LNG and rega si fi ca tion ter mi nal capa ble of han dling
2.7 mil lion tons of LNG per year [57]. The ter mi nal
would be con structed in Hazira, in the west ern state of
Gujarat. Ini tially all gas would be used in indus trial
appli ca tions in Hazira, but it would be pos si ble to
expand the ter mi nal to sup ply other cus tom ers after
2001.

China has plans to dou ble its natu ral gas pro duc tion
capac ity to 1.1 tril lion cubic feet by 2005 accord ing to
China National Petro leum Cor po ra tion [58]. In the
country’s Ninth Five- Year Plan pe ri od (1996-2000),
China expects to increase gas explo ra tion, with the goal
of add ing 3.9 tril lion cubic feet to the cur rent 41.4 tril lion
cubic feet of proven natu ral gas reserves [59]. In 1997, the 
Changqing Petro leum Pros pect ing Admin istra tion
announced plans to move into full- scale explo ra tion of
the Erdos Basin gas field located at the inter sec tion of the 
Shaanxi- Gansu- Shanxi prov inces and Ningxi Hui, Inner
Mon go lia, autono mous regions [60]. Erdos Basin has
10.2 tril lion cubic feet of proven natu ral gas reserves,
with an annual capac ity of nearly 30 bil lion cubic feet of
gas. In June 1996, gas sup plies began to move to Xi’an,
the capi tal of north west Chi na’s Shaanxi Prov ince, and
in Sep tem ber 1996, to Bei jing.

Arco, China National Off shore Oil Cor po ra tion
(CNOOC), and Kuwait For eign Petro leum Explo ra tion
Com pany are jointly devel op ing the off shore, 3 tril lion
cubic foot Yacheng 13-1 gas field [61]. Most of the
Yacheng gas is deliv ered to the Black Point Power Plant
in Hong Kong by way of a 480- mile sub sea pipe line. A
sec ond pipe line deliv ers gas to Hainan Island. Arco and
CNOOC also signed an agree ment to develop three
Ledong gas fields in the South China Sea, which were
dis cov ered in 1996 by a sub sidi ary of CNOOC.

In 1997 there was some prog ress in bring ing natu ral
gas to Chi na’s resi den tial sec tor [62]. Gas from the
Changqing gas field began sup ply ing resi den tial
custom ers in Bei jing in Octo ber 1997. A 533- mile gas
pipe line from Jing bian County to Bei jing was com pleted
in July 1997 and is able to sup ply the city with 353
million cubic feet of gas per day.

In indus tri al ized Asia, natu ral gas con sump tion is
expected to increase by 50 per cent over the next 25 years. 
For Japan, a 1.5-percent annual rate of increase is
projected. Recent set backs in Japan’s nuclear indus -
try—includ ing a series of acci dents that have led to
increas ing pub li c oppo si tion to nuclear power (for
exam ple, the Decem ber 1995 sodium leak that caused
the shut down of the Monju reac tor in Tsu ruga, and the
March 1997 fire at a nuclear waste han dling facil ity in
Tokaimura [63]—may result in faster- paced growth in
gas- fired gen era tion as a sub sti tute for the exten sive
nuclear expan sion antici pated by the Japa nese nuclear
indus try only 2 years ago [64]. Cur rently there are 244
gas utili ties in Japan, 71 of which are pub li c utili ties.
They pro vided gas to 23.6 mil lion cus tom ers in 1996, a
30- percent increase from 18.7 mil lion gas cus tom ers in
1985 [65]. The coun try is already the larg est importer of
LNG in the world. In 1996, Japan imported 62 per cent of
the world’s 3,600 bil lion cubic feet of LNG exports [3,
p. 28].

The Asian cur rency cri sis might also affect natu ral gas
con sump tion in Japan. Devel op ing Asian coun tries like
Thai land are scal ing back on plans to pur chase LNG,
and the result ing glut in LNG sup plies means that Japan
is in a posi tion to nego ti ate deals for reduced prices [66].
In addi tion, Japan—along with South Korea and
China—has shown inter est in estab lish ing a gas pipe -
line route from Rus sia’s East Sibe rian Irkutsk region
in Kovtyktin skoye. A 2,170- mile pipe line from
Kovtyktinskoye across China extend ing to the Yel low
Sea with a sub sea pipe line to Japan would cost an
estimated $10 bil lion to con struct [67].

The cur rency cri sis has also affected plans to expand the
LNG indus try in Aus tra lia. There were plans to dou ble
the size of Wood side Petro le um’s North West Shelf LNG 
proj ect, along with Chev ron’s Gor gon off shore gas
project in the North West Shelf Region, and the BHP
Petroleum- Phillips Petro leum Bayu Undan joint ven ture 
in the Timor Sea [68]. How ever, the eco nomic down turn
in the region, which will make it more dif fi cult to mar ket 
the addi tional gas, might slow down these expan sions.
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Coal

Sub stan tial growth in over all coal use is expected to con tinue through 2020.
China and India are pro jected to account for 85 per cent

of the world’s total increase in coal use.

Coal’s role in energy use world wide has shifted sub -
stantially over the dec ades, from a fuel used exten sively
in all sec tors of the econ omy to one that is now used
primar ily for elec tric ity gen era tion and in a few key
indus trial sec tors, such as steel, cement, and chemi cals.
Although coal has lost mar ket share to petro leum
products, natu ral gas, and nuclear power, it con tin ues to 
be a key source of energy because of the domi nant role it
has main tained in its core mar kets and its suc cess in
pene trat ing mar kets in emerg ing econo mies. In 1995,
coal accounted for 25 per cent of the world’s pri mary
energy con sump tion and 36 per cent of the energy con -
sumed world wide for electric ity gen era tion. Those
shares are not pro jected to change sub stan tially in the
IEO98 ref er ence case through 2020 (Fig ure 55).

Fig ure 55.  Coal Share of World Energy
Con sump tion by Sec tor, 1995 and 2020

Sources: 1995: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Energy
Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary
1998). Pro jec tions: EIA, World Energy Pro jec tion Sys tem
(1998).

The rela tively sta ble out look por trayed for coal in the
IEO98 fore cast could change, how ever, as a result of
recent com mit ments announced by 38 of the indus tri al -
ized coun tries of the world to reduce or cur tail emis sions 
of green house gases. Those com mit ments are not

represented in the IEO98 fore cast, because they do not
become bind ing until rati fied by the gov ern ments of the
indi vid ual coun tries. If the treaty is rati fied, how ever,
the coal indus try could face a rap idly declin ing mar ket
for its prod uct over the years ahead, despite any addi -
tional cost- cutting they may be able to achieve in the
min ing or prepa ra tion of coal.6 On the other hand, a
trading pro gram for green house gases may reduce the
com pli ance costs asso ci ated with the Kyoto agree ment.

High lights of the IEO98 pro jec tions for coal are as
follows:

• World coal con sump tion is pro jected to increase
by 3.5 bil lion tons, from 5.1 bil lion tons in 1995 to
8.6 bil lion tons in 2020. Coal use in devel op ing
Asia alone is pro jected to increase by 3.1 bil lion
tons.7

• Coal’s share of the world’s total pri mary energy
con sump tion declines slightly, from 25 per cent in
1995 to 24 per cent by 2020.

• Coal’s share of energy con sumed world wide for
elec tric ity gen era tion remains con stant at 36 per -
cent through 2020.

• China and India, taken together, are pro jected to
account for 34 per cent of the total increase in
energy con sump tion world wide between 1995
and 2020 and 85 per cent of the world’s total pro -
jected increase in coal use, on a Btu basis.

• In China, 59 per cent of the total increase in coal
demand is pro jected to occur in the non- electricity
sec tors. Else where, over all coal con sump tion in
the non- electricity sec tors is expected to decline
slightly.

• The fore cast for elec tric ity coal con sump tion indi -
cates that China will need more than 340 giga watts 
of addi tional coal- fired gen er at ing capac ity by
2020, and that India will need approxi mately 70
more giga watts.
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6 In an unprece dented move, the United Mine Work ers of Amer ica and lead ers of the coal, elec tric ity, and rail road indus tries in the
United States have joined forces to oppose rati fi ca tion of the global cli mate treaty. Both the union and indus try execu tives indi cate that the
treaty could have a dev as tat ing effect on U.S. employ ment [1, 2].

7 Through out this chap ter, tons refers to short tons (2,000 pounds).



• Recent agree ments regard ing limi ta tions on coal
sub si dies in Ger many, Spain, and France indi cate
that hard coal pro duc tion in West ern Europe will
con tract by an addi tional 40 mil lion tons between
1995 and 2005.

• World coal trade is pro jected to increase from 503
mil lion tons in 1996 to 740 mil lion tons in 2020,
con tinu ing to account for approxi mately 9 per cent
of total world coal con sump tion.

• In the IEO98 fore cast, steam coal (includ ing coal
for pul ver ized coal injec tion at blast fur naces)
accounts for all of the pro jected increase in world
coal trade.

Trends in Coal Con sump tion
His tori cally, trends in coal con sump tion have var ied
con sid era bly by region. Con sump tion has con tin ued to
rise in the United States and Japan (on a Btu basis) over
the past dec ade. Over the same pe ri od, how ever, coal
use in other indus tri al ized coun tries (pri mar ily, the
coun tries of West ern Europe) has declined by about 20
per cent, being dis placed in con sid er able meas ure by
grow ing use of natu ral gas and in France by nuclear
power. Even sharper declines have occurred in the coun -
tries of East ern Europe and former Soviet Union
(EE/FSU), pri mar ily as a result of reduc tions in eco -
nomic activ ity.

None the less, growth in over all coal use has been sub -
stan tial and is expected to con tinue. Declines in coal
usage in West ern Europe and in the FSU have been more 
than off set by strong growth else where, par ticu larly in
China and other Asian coun tries. In 1980, China
accounted for 17 per cent of world coal use (on a Btu
basis); in 1995, its share was 29 per cent. As a group, the
devel op ing coun tries of Asia accounted for 41 per cent of
world coal con sump tion in 1995, whereas in 1980 their
share was about 23 per cent. The United States accounted 
for 21 per cent of the world total in both 1980 and 1995.

Over the fore cast pe ri od, coal is pro jected to account for
approxi mately 24 per cent of total energy con sump tion
in the world. In the fore cast, coal main tains its his tori cal
share because of the large increases in energy use pro -
jected for the devel op ing coun tries of Asia and the
strong role that coal plays in their econo mies. Together,
two of the key coun tries in the region, China and India,
are pro jected to account for 34 per cent of the world’s
total increase in energy con sump tion over the fore cast
pe ri od and 85 per cent of the world’s total pro jected
increase in coal use. The share of total energy con sump -
tion met by coal in these coun tries declines from 70
percent in 1995 to 63 per cent in 2020 (Fig ure 56), because

con sump tion of other energy sources rises in the fore cast 
at a more rapid rate than con sump tion of coal (natu ral
gas, oil, and renew able energy increase by 8.6, 4.6, and
5.1 per cent per year, respec tively, while coal con sump -
tion increases by 4.0 per cent per year). Strong growth in
the con sump tion of oil and natu ral gas results from fast-
 paced growth for petro leum prod ucts in the trans por ta -
tion sec tor and from the expanded use of natu ral gas for
elec tric ity gen era tion, heat ing, and cook ing.

Fig ure 56.  Coal Share of Regional Energy
Con sump tion, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

The most sub stan tial decline in coal’s share of total
energy con sump tion is expected to occur in the EE/FSU, 
where its share decreases from 26 per cent in 1995 to 15
per cent in 2020 (Fig ure 56). In this region, natu ral gas is
pro jected to cap ture an increas ing share of the energy
mar ket over time. In the remain ing regions—the indus -
tri al ized coun tries and the other devel op ing coun tries—
coal’s share of total energy con sump tion is pro jected to
decline slightly over the fore cast pe ri od. As in China and 
India, coal’s declin ing share in these regions is attrib ut -
able to a more rapid increase in the con sump tion of other 
sources of energy.

In physi cal units, coal usage increased from 4.1 bil lion
tons in 1980 to a peak of 5.3 bil lion tons in 1989 (Fig ure
57). Recently, growth in coal con sump tion in the
develop ing coun tries of Asia has led to a recov ery in
world wide coal con sump tion from a low of 5.0 bil lion
tons in 1993 to 5.1 bil lion tons in 1995. In the fore cast,
world coal con sump tion rises by 68 per cent between
1995 and 2020, reach ing 8.6 bil lion tons in 2020. Based on
alter na tive assump tions about eco nomic growth rates,
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Fig ure 57.  World Coal Con sump tion in Three
Cases, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

world coal con sump tion in 2020 could be as high as 10.5
bil lion tons or as low as 6.5 bil lion tons.8

With the excep tion of China, coal for elec tric ity gen era -
tion will account for vir tu ally all of the pro jected growth
in coal con sump tion world wide. In the non- electricity
sec tors, other fuels—pri mar ily, natu ral gas and elec -
tricity—are expected to gain mar ket share. In China,
how ever, coal should con tinue to be the pri mary fuel for
indus trial appli ca tions, in view of the nation’s abun dant
coal reserves and lim ited access to alter na tive sources of
energy. Con sump tion of cok ing coal is pro jected to
decline slightly in most regions of the world as a result of 
tech no logi cal advances in steel mak ing, increas ing out -
put from elec tric arc fur naces, and con tinu ing sub sti tu -
tion of other mate ri als for steel in end- use appli ca tions.

Envi ron men tal Issues
In future years, coal will face tough chal lenges, par ticu -
larly in the envi ron mental area. Increased con cern about 
the adverse envi ron mental impacts asso ci ated with coal
use has taken a toll on coal demand through out indus -
trial ized areas. Coal com bus tion pro duces sev eral air
pol lut ants that adversely affect ground- level air qual ity.

One of the most sig nifi cant pol lut ants from coal is sul fur
diox ide, which has been linked to acid rain. Many coun -
tries have imple mented poli cies or regu la tions to limit
sul fur diox ide emis sions, which typi cally require elec -
tric ity pro duc ers to switch to lower sul fur fuels or invest
in tech nolo gies that reduce the amount of sul fur diox ide
emit ted. In addi tion, coal has the high est car bon con tent
of all the fos sil fuels. Car bon diox ide emis sions per unit
of energy obtained from coal are 80 per cent higher than
from natu ral gas and approxi mately 20 per cent higher
than from resid ual fuel oil—the petro leum prod uct most 
widely used for elec tric ity gen era tion [3].

The first bind ing inter na tional legal agree ment deal ing
directly with cli mate change—the United Nations
Frame work Con ven tion on Cli mate Change (“the Rio
Treaty”)—became effec tive in March 1994. The Con ven -
tion’s pri mary objec tive is the “sta bi li za tion of green -
house gas con cen tra tions in the atmos phere at a level
that would pre vent dan ger ous anthro po genic inter fer -
ence with the cli mate sys tem.” Car bon diox ide, the pre -
domi nant green house gas, accounted for an esti mated
99 per cent of total green house gas emis sions in Annex I
coun tries in 1990 on the basis of tons of gas emit ted, and
for 81 per cent of the total on a car bon equiva lent basis
[4].9

Fol lowup meet ings to the Con ven tion have led to a
strength en ing of com mit ments. In the most recent meet -
ing, held in Kyoto, Japan, in Decem ber 1997, com mit -
ments were obtained from 32 coun tries to reduce their
green house gas emis sions (six dif fer ent gases)10 to lev els 
below those in 1990 [5]. Between 2008 and 2012, coun -
tries of the Euro pean Union must reduce their emis sions
by 8 per cent from 1990 lev els, the United States by 7
percent, and Japan by 6 per cent. Coun tries of the
European Union are per mit ted to act as a sin gle entity
for pur poses of meet ing the com mit ments of all its
member states.11 For the same time frame, six addi tional
coun tries agreed to cur tail their emis sions to lev els at or
slightly above their 1990 emis sions. The agree ment (the
“Kyoto Pro to col”) allows for the trad ing of emis sions
allow ances between Annex I nations and is bind ing on
indi vid ual coun tries only when their gov ern ments com -
plete rati fi ca tion. Coun tries will be allowed to use net
changes in car bon stocks, includ ing refor es ta tion, affor -
es ta tion, and de fores ta tion activi ties, to meet reduc tion
com mit ments.

En ergy In for ma tion Ad min istra tion/ In ter na tional En ergy Out look 1998 71

1970 1980 1990 2000 2010 2020
0

2

4

6

8

10

12
Billion Short Tons

History Projections

High
Economic Growth

Low
Economic Growth

Reference Case

8 In the IEO98 ref er ence case, world gross domes tic prod uct (GDP) is pro jected to increase at a rate of 3.1 per cent per year between 1995 
and 2020. In the low and high eco nomic growth cases, world eco nomic growth rates are 1.3 per cent lower and higher, respec tively, than in
the ref er ence case. By region, the dis per sion in eco nomic growth rates across the cases is less sym met ri cal than for the world as a whole,
result ing in slightly asym met ri cal varia tions in the pro jec tions of world coal con sump tion.

9 The car bon equiva lent basis is a meas ure devel oped by the Inter gov ern men tal Panel on Cli mate Change to esti mate the rela tive
impacts of vari ous gases on global warm ing, as com pared with the impact of car bon diox ide. Car bon diox ide’s share of green house gas
emis sions on a car bon equiva lent basis is smaller than on a more sim ple ton of gas basis, because car bon diox ide is less effec tive than other
gases in trap ping the Earth’s heat.

10 The six green house gases to be con trolled are car bon diox ide, meth ane, nitrous oxide, hyrdo fluoro car bons, per fluoro car bons, and
sul fur hexafluo ride.

11 In addi tion to the coun tries of the Euro pean Union, West ern Europe includes Ice land, Nor way, Swit zer land, and Tur key. Although
Tur key is an Annex I coun try, it did not com mit to a quan ti fied reduc tion in emis sions of green house gases under the Kyoto Pro to col.



In the IEO98 fore cast, car bon emis sions are pro jected to
rise between 1990 and 2010 in many coun tries, includ ing 
an increase of 34 per cent for the United States, 25 per cent 
for Japan, and 13 per cent for West ern Europe (Fig ure
58). On the other hand, car bon emis sions for the former
Soviet Union are pro jected to be 20 per cent lower in
2010, and emis sions in East ern Europe are pro jected to
be 6 per cent lower. Rati fi ca tion of the reduced lev els of
emis sions agreed to in Kyoto could have a sub stan tial
adverse impact on coal, par ticu larly in the United States, 
which relies heav ily on coal to meet its energy needs and 
faces rela tively severe cut backs in car bon emis sions
from those cur rently pro jected for 2010 (Fig ures 58 and
59).

Fig ure 58.  Pro jected Cumu la tive Growth in World
Car bon Emis sions by Region, 1990-2010

Source: Energy Infor ma tion Admin istra tion, World Energy
Pro jec tion Sys tem (1998).

Fig ure 59.  Coal Share of Total Car bon Emis sions
by Region, 1995 and 2010

Sources: 1995: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Energy
Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary
1998). 2020: EIA, World Energy Pro jec tion Sys tem (1998).

In the IEO98 fore cast, coal con tin ues to be the sec ond
larg est source of car bon emis sions, account ing for 38
per cent of the world total in 2020. Oil, at 39 per cent in
2020, remains the larg est source of car bon emis sions,
and natu ral gas accounts for almost all the remain ing
por tion. By coun try, the world’s domi nant coal con sum -
ers—the United States and China—were also the top
two con tribu tors to world car bon emis sions in 1995, at
24 per cent and 14 per cent of the world total, respec tively 
(Fig ure 60). By 2020, how ever, the roles of the two coun -
tries are expected to switch, with China account ing for
22 per cent of car bon emis sions world wide, com pared
with 19 per cent for the United States. The rever sal is
attrib uted to the rela tively strong eco nomic growth pro -
jected for China over the fore cast pe ri od and the coun -
try’s con tinu ing reli ance on coal as its pri mary source of
energy.

Fig ure 60.  Regional Shares of World Car bon
Emis sions, 1995 and 2020

Sources: 1995: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Energy
Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary
1998). 2020: EIA, World Energy Pro jec tion Sys tem (1998).

In the future, envi ron mental regu la tion will rep re sent a
major chal lenge for coal mar kets in many areas of
the world. On the other hand, increases in coal use are
pos si ble in coun tries that have not yet com mit ted to
green house gas emis sions reduc tion pro grams. Al -
though local air pol lu tion prob lems in those areas may
inten sify and encour age greater use of alter na tive fuels,
the avail able alter na tives are more costly, and increased
use will require mul ti lat eral pol icy deci sions. In other 
areas, coal use will dimin ish or its growth will slow.

Com peti tive pres sure from other fuels—par ticu larly, oil
and natu ral gas—has inten si fied because of their cur rent 
low prices, the avail abil ity of new tech nolo gies that
favor the use of natu ral gas for elec tric ity gen era tion,
and increased costs of envi ron mental com pli ance for
coal- fired energy sources. None the less, coal use in the
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IEO98 ref er ence case is pro jected to grow by 3.5 bil lion
tons (68 per cent) world wide between 1995 and 2020.

Reserves
Total recov er able reserves of coal are esti mated at 1,142
bil lion tons—enough to last another 220 years at cur rent
pro duc tion lev els (Fig ure 61).12 Although coal depos its
are widely dis trib uted, 57 per cent of the world’s recov -
er able reserves are located in three regions: the United
States (24 per cent); FSU (23 per cent); and China (11 per -
cent). Another four coun tries—Aus tra lia, India, Ger -
many, and South Africa—account for an addi tional 27
per cent. In 1995, these seven regions accounted for 81
per cent of total world coal pro duc tion [6, Table 2.5].

Fig ure 61.  World Recov er able Coal Reserves

Note: Data shown for the United States rep re sent recov er -
able coal reserves as of Janu ary 1, 1997. Data for all other
coun tries are as of Janu ary 1, 1993.
   Source: Energy Infor ma tion Admin istra tion (EIA), Office of
Energy Mar kets and End Use, Inter na tional Energy Annual
1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998),
Table 8.2.

Qual ity and geo logi cal char ac ter is tics of coal depos its
are other impor tant parame ters for coal reserves. Coal is
a much more het ero ge ne ous source of energy than is oil
or natu ral gas, with qual ity vary ing sig nifi cantly from
one region to the next and even within an indi vid ual
coal seam. For exam ple, Aus tra lia, the United States, and 
Can ada are endowed with sub stan tial reserves of pre -
mium coals that can be used to manu fac ture coke.
Together, these three coun tries sup plied 86 per cent of
the met al lur gi cal coal traded world wide in 1996 (see
Table 21, below).

At the other end of the spec trum are reserves of low- Btu
lig nite or brown coal. Coal of this type is not traded to
any sig nifi cant extent in world mar kets, because of its
rela tively low heat con tent (which raises trans por ta tion
costs on a Btu basis) and other prob lems related to

transport and stor age. In 1995, lig nite accounted for 19
per cent of total world coal pro duc tion (on a ton nage
basis) [6, Tables 2.5 and 5.4]. The top three pro duc ers
were Germany (213 mil lion tons), Rus sia (108 mil lion
tons), and the United States (86 mil lion tons). As a
group, these coun tries accounted for 44 per cent of the
world’s total lig nite pro duc tion in 1995. On a Btu basis,
lig nite deposits show con sid er able varia tion. Esti mates
by the Inter na tional Energy Agency indi cate that the
aver age heat con tent of lig nite from major pro duc ers in
OECD coun tries var ies from a low of 5.2 mil lion Btu per
ton in Greece to a high of 13.5 mil lion Btu per ton in Can -
ada [7, pp. II.xvii- II.xx].

Sev eral new low- cost pro duc ers, includ ing Indo ne sia,
Colom bia, and Vene zuela, have entered the coal sup ply
pic ture in recent years and are rap idly pene trat ing
world coal trade mar kets. Indo ne sia cur rently ranks
ninth in the world in recov er able coal reserves, with
an esti mated 35 bil lion tons. As recently as 1989,
Indonesia’s recov er able reserves were esti mated at only
3 bil lion tons [8]. Indo ne sia’s coal pro duc tion has
increased rap idly, ris ing from less than 1 mil lion tons in
1980 to 41 mil lion tons in 1995 [6, Table 2.5]. Some of its
coal reserves have unique char ac ter is tics that have made 
them sought after in inter na tional mar kets. Some have
extremely low sul fur con tent (0.08 per cent aver age by
weight). Other high- quality Indo ne sian reserves are
find ing accep tance as soft cok ing coals and in the grow -
ing mar ket for pul ver ized coal injec tion at blast fur naces
[9].

Regional Con sump tion
Asia

As a result of fast- paced eco nomic growth, coal con -
sump tion is expected to grow most rap idly in the
develop ing coun tries of Asia. In the IEO98 fore cast, this
region’s share of total world coal con sump tion increases
from 40 per cent in 1995 to 60 per cent in 2020 (on a
tonnage basis). Coal con sump tion in the region is
projected to increase by more than 3.1 bil lion tons, from
2.0 bil lion tons in 1995 to almost 5.2 bil lion tons in 2020
(Fig ure 62). In China alone, coal con sump tion is
expected to increase by about 2.8 bil lion tons. India, too,
is poised for a sub stan tial increase in coal usage, with
con sump tion pro jected to rise by 270 mil lion tons be -
tween 1995 and 2020.

The large increases in coal con sump tion pro jected for
China and India are based on an out look for strong eco -
nomic growth (7.9 per cent per year in China and 5.5 per -
cent per year in India) and the expec ta tion that much of
the increased demand for energy will be met by coal,
par ticu larly in the indus trial and elec tric ity sec tors. The
IEO98 fore cast assumes no sig nifi cant changes in

En ergy In for ma tion Ad min istra tion/ In ter na tional En ergy Out look 1998 73

United States

Former Soviet Union

China

Australia

India

Germany

South Africa

Poland

Indonesia

Other

0 50 100 150 200 250 300

Billion Short Tons

Bituminous and 
Anthracite

Subbituminous
and Lignite

World Total:
1,142 Billion Short Tons

12 Recov er able reserves are those quan ti ties of coal which geo logi cal and engi neer ing infor ma tion indi cates with rea son able cer tainty
can be extracted in the future under exist ing eco nomic and oper at ing con di tions.



Fig ure 62.  World Coal Con sump tion by Region,
1980, 1995, and 2020

Sources: 1980 and 1995: Energy Infor ma tion Admin istra tion 
(EIA), Office of Energy Mar kets and End Use, Inter na tional
Sta tis tics Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). 2020:
EIA, World Energy Pro jec tion Sys tem (1998).

environ mental poli cies in the two coun tries. It also
assumes that nec es sary invest ments in the coun tries’
mines, trans por ta tion, indus trial facili ties, and power
plants will be made.

In China, 59 per cent of the total increase in coal demand
is pro jected to occur in the non- electricity sec tors, pri -
mar ily for steam and direct heat for indus trial appli ca -
tions (pri mar ily in the chemi cal, cement, and pulp and
paper indus tries) and for the manu fac ture of coal coke
for input to the steel mak ing process. Strong growth in
steel demand is expected in China, as infra struc ture and
capi tal equip ment mar kets expand.

Coal remains the pri mary source of energy in Chi na’s
indus trial sec tor, pri mar ily because China has lim ited
reserves of oil and natu ral gas. In the non- electricity sec -
tors, most of the increase in oil use comes from ris ing
demand for energy for trans por ta tion. Growth in the
con sump tion of natu ral gas comes pri mar ily from
increased use for space heat ing in the resi den tial and
com mer cial sec tors. A sub stan tial por tion of the increase 
in demand for both natu ral gas and oil is pro jected to be
sat is fied by imports.

In the elec tric ity sec tor in China, coal use is pro jected to
grow by 5.3 per cent a year, from 7.6 quad ril lion Btu in
1995 to 27.5 quad ril lion Btu in 2020. In com pari son, coal
con sump tion by elec tric ity gen era tors in the United
States is pro jected to rise from 17.3 quad ril lion Btu in
1995 to 23.0 quad ril lion Btu in 2020. One of the key

impli ca tions of the sub stan tial rise in elec tric ity coal
demand in China is that large finan cial invest ments in
new coal- fired power plants and in the asso ci ated trans -
mis sion and dis tri bu tion sys tems will be needed. The
pro jected growth in coal demand implies that China will 
need approxi mately 480 giga watts of coal- fired capac ity
in 2020.13 In 1995, China had approxi mately 142 giga -
watts of fossil- fuel- fired (coal, oil, and gas) gen er at ing
capac ity [6, Table 6.4].

In India, pro jected growth in coal demand matches the
pat tern expected in most other areas of the world, with
vir tu ally all of the increase occur ring in the elec tric ity
sec tor. Between 1995 and 2020, coal use for elec tric ity
gen era tion in India is pro jected to rise by 3.4 per cent a
year, from 4.2 quad ril lion Btu in 1995 to 9.7 quad ril lion
Btu in 2020. This growth implies that India will need
approxi mately 140 giga watts of coal- fired capac ity in
2020.14 In 1995, India’s total fossil- fuel- fired gen er at ing
capac ity amounted to 69 giga watts [6, Table 6.4].

In Japan, coal con sump tion is pro jected to increase at a
much slower pace than in the other coun tries of Asia. In
the elec tric ity sec tor, coal use is pro jected to rise at a rate
of only 1.3 per cent a year, from 1.3 quad ril lion Btu in
1995 to 1.8 quad ril lion Btu in 2020. Pro jected growth in
the non- electricity sec tors is even smaller, with only a
slight increase expected over the fore cast pe ri od. The
lim ited growth in the non- electricity sec tors is attrib ut -
able in part to con tinu ing efforts by Japa nese steel -
makers to reduce the over all amount of coal required per 
ton of steel pro duced.

In the remain ing areas of Asia, a sub stan tial rise in coal
con sump tion is expected over the fore cast pe ri od,
driven by strong growth in coal- fired elec tric ity gen era -
tion in Indo ne sia, South Korea, Tai wan, and the mem ber 
coun tries of the Asso cia tion of South east Asian Nations
(the Phil ip pines, Thai land, and Malay sia). South Korea’s 
only elec tric util ity, the Korean Elec tric Power Cor po -
ration, plans to build 25 addi tional coal- fired units
(14 giga watts) between 1995 and 2005 [10]. In the elec -
tric ity sec tor, coal use in the other devel op ing coun tries
of Asia is pro jected to rise by 4.1 per cent a year, from
2.3 quad ril lion Btu in 1995 to 6.3 quad ril lion Btu in 2020.

West ern Europe

Coal con sump tion in West ern Europe has declined by
313 mil lion tons since 1989, to a level of 674 mil lion tons
in 1995. Over the fore cast pe ri od, the decline in coal con -
sump tion is expected to slow, and a slight recov ery is
expected after 2005. In West ern Europe, envi ron mental
con cerns play an impor tant role in the com pe ti tion
among coal, natu ral gas, and nuclear power. Recently,
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other fuels, par ticu larly natu ral gas, have been favored
over coal.

Although coal con sump tion has declined sub stan tially
in West ern Europe in recent years, much of the decline is 
attrib ut able to the rapid con trac tion of Ger many’s
lignite indus try. Between 1989 and 1995, Ger man lig nite
pro duc tion declined by 267 mil lion tons, while hard
coal15 pro duc tion in all of West ern Europe declined by
only 85 mil lion tons [6, Tables 5.2, 5.3, and 5.4]. The
sharp decline in Ger man lig nite pro duc tion fol lowed the 
con ver sion from lignite- based town gas16 to natu ral gas
in the east ern states of Ger many after reuni fi ca tion in
1990, as well as sub sti tu tion of natu ral gas and other
fuels for lig nite in home heat ing [7, p. II.157; 11]. A
second fac tor was the col lapse of indus trial out put in the 
east ern states [7, p. II.157; 12]. Reduced eco nomic
activity in east ern Ger many con trib uted to an 8.5-per -
cent decline in total energy con sump tion in Ger many
between 1988 and 1994.

In the IEO98 fore cast, fur ther declines in lig nite pro -
duction are pro jected to be small. This out look is based
on the com peti tive ness of Ger man lig nite with other
imported fuels, as well as planned invest ments to re -
furbish or re place exist ing lignite- fired plants using best
avail able com bus tion and pol lu tion con trol tech nolo -
gies. A new 900- megawatt lig nite plant to be built in the
Rhein land area of Ger many is expected to be the most
up- to- date lignite- based power sta tion in the world
when it is com pleted in 2002, boast ing a 43- percent
conver sion effi ciency [7, p. I.162].

Two key trends in West ern Europe are at play over the
fore cast pe ri od. In the Euro pean Union, hard coal pro -
duc tion is expected to con tinue its long, rela tively slow
decline (see box on page 76). Fol low ing the clo sure of the 
last remain ing coal mines in Bel gium in 1992 and
Portugal in 1994, only four mem ber States of the
European Union—the United King dom, Ger many,
Spain, and France—con tinue to pro duce hard coal [13,
14]. As a result, coal con sump tion in these four coun tries
is expected to decline slightly, because coal imports are
not expected to fill the entire gap in energy sup ply left by 
the loss of indige nous coal. Rather, a com bi na tion of
fuels—includ ing natu ral gas, imported coal, and renew -
able energy—are expected to com pen sate for the reduc -
tion in domes tic coal sup ply. Off set ting the decline in
hard coal in Europe are pro jected increases in the con -
sump tion of indige nous lig nite for elec tric ity gen era tion
in Tur key and Greece. Much of the increase is in Tur key,
where coal (both lig nite and hard coal) and natu ral gas
are expected to fuel a large increase in elec tric ity
demand [7, pp. II.301-II.308; 15].

East ern Europe and the For mer Soviet Union

In the EE/FSU coun tries, the process of eco nomic
reform con tin ues, as the tran si tion to a market- oriented
econ omy replaces cen trally planned eco nomic sys tems.
The dis lo ca tions asso ci ated with these insti tu tional
changes have con trib uted sub stan tially to declines in
both coal pro duc tion and con sump tion. Coal con sump -
tion in the EE/FSU region has fallen by more than 513
mil lion tons since 1988, reach ing 934 mil lion tons in 1995
[6, Table 1.4]. In the future, total energy con sump tion in
the EE/FSU is expected to rise, driven pri mar ily by
increas ing pro duc tion and con sump tion of natu ral gas.
In the fore cast, coal’s share of total EE/FSU energy con -
sump tion declines from 26 per cent in 1995 to 15 per cent
in 2020, while the por tion of con sump tion met by natu ral 
gas increases from 40 per cent in 1995 to 49 per cent in
2020.

The three main coal- producing coun tries of the FSU—
Rus sia, the Ukraine, and Kazakhstan—are fac ing simi lar 
prob lems. The coal indus tries in Rus sia and the Ukraine
con tinue to be state- run opera tions, although efforts are
under way to pri vat ize the indus tries in both coun tries.
These efforts are aimed pri mar ily at shut ting down inef -
fi cient mines and trans fer ring sup port activi ties, such as
hous ing, kin der gar tens, and health and rec rea tion facili -
ties, to local munici pali ties. Even effi cient mines, how -
ever, are ham pered by the pay ment arrears of their large
cus tom ers, which have been mak ing it nearly impos si ble 
to pay work ers and pur chase needed min ing sup plies
and equip ment [16]. In Rus sia, the gov ern ment pro -
vided the equiva lent of $1.1 bil lion in sub si dies to the
coal indus try in 1997 [17]. To date, the World Bank has
pro vided $900 mil lion in loan assis tance to the Rus sian
coal indus try and $300 mil lion to the Ukraine [18, 19, 20,
21].

Poland is the key coal pro ducer and con sumer in East ern 
Europe. In 1995, coal con sump tion in Poland totaled 178
mil lion tons, 43 per cent of East ern Euro pe’s total coal
con sump tion for the year. Poland’s hard coal indus try
pro duced 148 mil lion tons in 1995, and lig nite pro duc ers
con trib uted an addi tional 70 mil lion tons [6, Tables 5.2,
5.3, and 5.4]. In other East ern Euro pean coun tries, coal
con sump tion is domi nated by the use of low- Btu sub bi -
tu mi nous coal and lig nite, pro duced from local reserves. 
In 1995, the region’s other impor tant coal- consuming
coun tries were the Czech Repub lic (16 per cent of the
region’s total coal use), Roma nia (12 per cent), Ser bia
(11 per cent), Bul garia (8 per cent), and Hun gary (4 per -
cent). East ern Europe relies heav ily on local pro duc tion,
with sea borne imports of coal to the region total ing less
than 5 mil lion tons in 1996 [22, p. 64].
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15 Inter na tion ally, the term “hard coal” is used to describe anthra cite and bitu mi nous coal. In data pub lished by the Inter na tional
Energy Agency, coal of sub bi tu mi nous rank is clas si fied as hard coal for some coun tries and as brown coal (with lig nite) for oth ers. In data
series pub lished by the Energy Infor ma tion Admin istra tion, sub bi tu mi nous coal pro duc tion is included in the bitu mi nous cate gory.

16 “Town Gas” (or “coal gas”), a sub sti tute for natu ral gas, is pro duced syn theti cally by the chemi cal reduc tion of coal at a coal gasi fi ca -
tion facil ity.
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Hard Coal Pro duc tion and Sub si dies in West ern Europe

Since 1989, all the major pro duc ers of hard coal in
West ern Europe have posted sub stan tial declines in
out put. In Ger many, Spain, and France, recent agree -
ments between the gov ern ments, min ing com pa nies,
and labor unions on future coal pro duc tion sub si dies
indi cate that fur ther declines in out put are forth -
coming. In the United King dom, pro duc tion sub si dies
have been phased out, forc ing coal pro duc ers into
direct com pe ti tion with North Sea gas and inter -
national coal.

Under a treaty approved by the Euro pean Com mis sion 
in Decem ber 1993, mem ber coun tries in the Euro pean
Union may con tinue to sub si dize their respec tive hard
coal indus tries through 2002 [23]. This action was
based on the belief that im me di ate aban don ment of
state coal sub si dies would have led to the col lapse of
the Euro pean coal indus try, caus ing unac cept able
social and eco nomic dis rup tions. The intent of the
treaty, how ever, is for mem ber coun tries to reduce coal 
sub si dies gradu ally over time through efforts to reduce 
min ing costs or through the clo sure of uneco nom ical
mines. Mem ber coun tries are encour aged to solve or
reduce the social and regional prob lems that may
result from mine clo sures.

The Com mis sion also directed that after Decem ber 31,
1996, all sub si dies are to be funded directly through
fed eral, regional, or local budg ets. In pre vious years,
sub si dies in Ger many and Spain were partly funded
through a levy on elec tric ity prices [7, pp. I.165-I.166;
24]. Arti cle 3 of the Kyoto Pro to col requests that sig na -
tory coun tries pro gres sively reduce or phase out
market imper fec tions, fis cal incen tives, tax and duty
exemp tions, and sub si dies that lead to increased emis -
sions of green house gases [5].

Coal sub si dies con tinue to sup port high- cost pro duc -
tion of hard coal in Ger many, Spain,* and France, with
1996 approved sub si dies of $6,951 mil lion in Ger many,
$1,117 mil lion in Spain, and $863 mil lion in France [14,
pp. 34-36].** For each of these coun tries, the aver age
sub sidy per ton of coal pro duced exceeds the aver age
value of imported coal (see table below). Cur rently,

these coun tries are tak ing steps to reduce sub sidy
pay ments, acknowl edg ing that some losses in coal pro -
duc tion are inevi ta ble. In the United King dom, direct
sub si dies for coal pro duc tion came to an end in April
1995, fol low ing the pri va ti za tion of both the elec tric ity
and coal indus tries that began in 1990.

Hard coal pro duc tion in the United King dom declined
from 111 mil lion tons in 1989 to 52 mil lion tons in 1995
[6, Tables 5.2 and 5.3]. Most of the decline resulted from 
pri va ti za tion in the elec tric ity sec tor, which led to a
rapid increase in gas- fired gen era tion at the expense of
coal [7, Table 3.3; 25, Table 3.3]. The UK coal indus try
has seen sub stan tial improve ments in min ing opera -
tions in recent years, with aver age labor pro duc tiv ity
ris ing from less than 1,000 tons per miner- year in 1989
to 2,600 tons per miner- year in 1995 [7, Table 6.5].

Despite these pro duc tiv ity improve ments and domes -
tic pro duc tion costs that are approach ing par ity with
imported coal, Brit ish coal pro duc ers con tinue to face
an uncer tain future [16, p. 33]. Many coal con tracts
between pro duc ers and utili ties nego ti ated prior to the
pri va ti za tion of the coal indus try in 1994 are set to
expire at the end of March 1998 [26; 14, p. 21]. Ini tial
nego tia tions on the renewal of these con tracts in late
1997 indi cated a strong pref er ence among Brit ish utili -
ties to switch to lower cost natu ral gas and away from
coal. The poten tial nega tive impacts on the Brit ish coal
indus try and min ing jobs prompted the issu ance of a
tem po rary mora to rium on the con struc tion of new
gas- fired gen er at ing plants by the Brit ish gov ern ment
[27, 28]. In addi tion, Brit ain’s energy min is ter
requested an analy sis of the nation’s power indus try to
evalu ate how the issues of fuel diver sity and secu rity of 
sup ply should be con sid ered in the approval process
for new power proj ects. In 1995, elec tric ity pro duc ers
in the United King dom con sumed 66 mil lion tons of
coal, rep re sent ing 78 per cent of the coun try’s total coal
con sump tion [22, p. 43].

Ger many’s hard coal pro duc tion, which is highly sub -
si dized, declined from 88 mil lion tons in 1989 to 62

(Con tin ued on page 77)

Coal Indus try Sub si dies, Pro duc tion, and Import Prices, 1996

Coun try

Coal Indus try
Sub si dies

(Mil lion 1996 Dol lars)

Hard Coal
Pro duc tion

(Mil lion Tons)

Aver age Sub sidy per
Ton of Coal Pro duced 

(1996 Dol lars)

Aver age Price per
Ton of Coal Imported

(1996 Dol lars)

Ger many . . . . . . . 6,951 57.9 120 43

Spain . . . . . . . . . 1,117 22.5 50 42

France . . . . . . . . 863 8.0 108 48

Sources: Coal Pro duc tion Sub si dies: Directorate- General XVII—Energy, Euro pean Com mis sion, The Mar ket for Solid Fuels
in the Com mu nity and the Out look for 1997, web site www.europa.eu.int (Brus sels, Bel gium, June 6, 1997). Pro duc tion: Energy
Informa tion Admin istra tion, Inter na tional Energy Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Aver age
Price of Coal Imports: Inter na tional Energy Agency, Coal Infor ma tion 1996 (Paris, France, July 1997).



At pres ent, Poland’s hard coal indus try is at a cross -
roads. The indus try is faced with radi cal restruc tur ing
plans, such as the one pro posed in a World Bank report
in 1997 that rec om mended the clo sure of between 17 and 
28 of Poland’s 62 hard coal mines by as early as 2002 [30,
33]. The Pol ish gov ern ment’s own restruc tur ing plan
pre sented in 1995 (the Mar kowski Plan) rec om mended a 
much less severe down siz ing of the indus try. Nev er -
theless, the pri mary goal of both restruc tur ing plans is to 
trans form Poland’s hard coal indus try to a posi tion of
posi tive earn ings, elimi nat ing the need for gov ern ment
sub si dies. Although Poland has aban doned the
Markowski Plan, its Eco nom ics Min is try has indi cated
that a new restruc tur ing plan will be forth com ing in
1998 [32]. Also affect ing Poland’s coal indus try is the
new Energy Law, passed in April 1997, which calls for
the grad ual free ing of prices for both liq uid fuels and
coal [33].

Over the fore cast pe ri od, coal con sump tion in East ern
Europe is pro jected to decline by about 19 per cent on a
Btu basis. Increased use of natu ral gas, oil, and renew -
able energy com pen sate for the reduced out put from
coal in meet ing the region’s pro jected growth in energy
demand.

North Amer ica

In North Amer ica, coal con sump tion is con cen trated in
the United States, which, at 941 mil lion tons, accounted
for 93 per cent of the regional total in 1995. By 2020, U.S.
coal con sump tion is pro jected to rise to 1,257 mil lion
tons. With its sub stan tial sup plies of coal reserves, the

United States has come to rely heav ily on coal for
electric ity gen era tion and con tin ues to do so over the
fore cast. Coal pro vided 51 per cent of total U.S. elec tric ity 
gen era tion in 1995 and is pro jected to pro vide 49 per cent
in 2020 [34]. To a large extent, EIA’s pro jec tions of
declines in both mine mouth coal prices and coal trans -
por ta tion rates are the basis for the expec ta tion that coal
will con tinue to com pete as a fuel for U.S. power gen -
eration (see box above). In Can ada and Mex ico (the other 
coun tries of North Amer ica), coal con sump tion is pro -
jected to rise from 72 mil lion tons in 1995 to 108 mil lion
tons in 2020.

Cana da’s increased use of coal in the IEO98 fore cast
results pri mar ily from the expected retire ment of some
of the coun try’s older nuclear units after 2010, and the
sub se quent need to re place that gen era tion [35]. Dur ing
this pe ri od, Cana da’s nuclear gen era tion is pro jected to
decline by 24 per cent. A tem po rary decrease in Cana da’s 
nuclear gen era tion early in the fore cast pe ri od also leads
to some increased coal burn then. Dur ing the sum mer
of 1997, Ontario Hydro shut down 7 of its 19 nuclear
reac tors for major over hauls after the dis cov ery of wide -
spread safety and per form ance prob lems [36].

In Mex ico, the state- owned Comision Fed eral de Elec tri -
ci dad has plans to con struct a 2.1-gigawatt dual coal-
and oil- fired plant on Mexi co’s Pacific coast [37]. When
all of the plant’s gen er at ing units are com pleted in the
early 2000s, its coal con sump tion is pro jected to exceed 5
mil lion tons annu ally. A new coal import facil ity being
con structed adja cent to the plant should have an annual
through put capac ity of more than 9 mil lion tons.
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million tons in 1995 [6, Tables 5.2 and 5.3]. In March
1997, the fed eral gov ern ment, the min ing indus try, and 
the unions reached an agree ment on the future struc -
ture of sub si dies to the Ger man hard coal indus try. In
sum mary, sub si dies to the indus try are to be reduced
from DM10.5 bil lion in 1996 to DM5.5 bil lion by 2005,
result ing in an esti mated decline in pro duc tion to 33
mil lion tons [7, pp. I.165-I.165]. The agree ment calls for
the clo sure of 8 to 9 of Ger many’s 19 hard coal mines,
result ing in an esti mated decline in employ ment from
55,000 min ers in 1996 to about 36,000 by 2005.

In Spain, hard coal pro duc tion declined from 29 mil -
lion tons in 1989 to 19 mil lion tons in 1995 [6, Tables 5.2
and 5.3]. In 1997, an agree ment reached between the
gov ern ment, labor unions, and the elec tric ity sec tor
will see sub si dized coal pro duc tion con tinue in Spain
through 2005, with out put set to gradu ally decline to 15 

mil lion tons [29]. In the elec tric ity sec tor, the share of
domes tic coal that must be used in power gen era tion
will be reduced from the cur rent level of about 40 per -
cent to a level of 15 per cent. Spain’s coal mine labor
force will be reduced from 24,000 in 1996 to approxi -
mately 18,000 by 2005 through “non- traumatic” means
such as retire ment and vol un tary sepa ra tions.

France’s pro duc tion of hard coal declined from 14 mil -
lion tons in 1989 to 8 mil lion tons in 1995 [6, Tables 5.2
and 5.3]. A mod erni za tion, ration ali za tion, and restruc -
tur ing plan sub mit ted by the French Gov ern ment to
the Euro pean Com mis sion at the end of 1994 fore sees
the clo sure of all coal mines in France by 2005 [14,
p. 36]. The coal indus try restruc tur ing plan was based
on a “Coal Agree ment” reached between France’s
state- run coal com pany, Char bon nages de France, and
the coal trade unions.

    *In Spain, sub si dies sup port the pro duc tion of both hard coal and sub bi tu mi nous coal.
   **In local cur ren cies, coal sub si dies in 1996 were DM10.5 bil lion in Ger many, Pta141.4 bil lion in Spain, and FF4.4 bil lion in France.
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The Long-Term Decline in U.S. Minemouth Coal Prices

EIA’s Annual Energy Out look 1998 (AEO98) fore casts a
wid en ing gap between coal and other fuels used to
gen er ate elec tric ity in the United States. The aver age
U.S. mine mouth coal price fell from $47.08 to $18.50 (in
con stant 1996 dol lars) between 1978 and 1996. Exclud -
ing the pos si ble impo si tion of a sub stan tial car bon
emis sion pen alty if the Kyoto Pro to col is rati fied by the
U.S. Sen ate, coal may still be the least expen sive fuel for 
elec tric ity gen era tion in com ing dec ades. The fol low -
ing his tori cal trends have con trib uted to the decline in
mine mouth prices:

• Tech no logi cal advances in under ground
mining. Long wall min ing and high- capacity
armored con vey ors make it pos si ble to mine at
over 1,000 tons per hour, greatly reduc ing costs
where suit able coal reserves exist in Appa la chia,
the Mid west, and the Rocky Moun tain States.

• Large- Scale Sur face Min ing. Very large- scale
sur face min ing of coal seams in the Wyo ming
por tion of the Pow der River Basin that are
between 65 and 120 feet thick can pro duce up to
55 mil lion tons per mine per year at $3.00 per ton.

• Labor Pro duc tiv ity Growth and Indus try
Consoli da tion. The U.S. coal indus try now
employs only 35 per cent of the work force
needed in 1978, although pro duc tion has risen by 
61 per cent. Labor pro duc tiv ity has grown by 6.4
per cent per year since 1978. The coal indus try,
once domi nated by hun dreds of small family-
 owned firms with over 6,000 small mines, is
consoli dat ing into big firms with big mines.
About 50 firms now pro duce 80 per cent of U.S.
coal from sev eral hun dred large mines.

• Con soli da tion of Coal Trans por ta tion and
Tech ni cal Inno va tion. Rail merg ers and tech -
nical inno va tion have reduced the real cost of
long- distance over land coal trans por ta tion. As a
result, coal mined in Wyo ming at $0.23 per
million Btu can now com pete with Appa la chian
coal mined at $1.00 per mil lion Btu in States such
as Geor gia and North Caro lina, where coal from
either source can be deliv ered at prices close to
$1.50 per mil lion Btu.

Taken together, these fac tors have revo lu tion ized
econo mies of scale in min ing, mar ket ing, and ship ping
coal in the large quan ti ties required by elec tric ity
genera tion plants. It is pro jected that these trends will
con tinue, although at a gradu ally mod er at ing pace.

Tech ni cal and mana ge rial changes on the sup ply side
are being matched on the demand side. Deregu la tion

of the elec tric ity gen era tion busi ness is mak ing utili ties
more price con scious. Where regu lated utili ties once
focused on obtain ing “reli able fuel sup plies at rea son -
able cost” through long- term cost- plus con tracts, com -
pe ti tion has made gen era tion cost the pri mary issue.
The qual ity of serv ice is now taken for granted, and
gen era tors are aggres sively mini miz ing fuel costs.
Deregu la tion of power gen era tion has cre ated big ger,
fully hedged mar kets for power and fuel. The result
has been lower profit mar gins for coal min ing firms.

Coal mar kets other than elec tric utili ties, which his -
torically have been less sen si tive to prices than the
electric ity mar ket, are now in long- term decline. With
the migra tion of many manu fac tur ers to econo mies
with lower labor and envi ron mental costs, there are
fewer coal- fueled indus tries to be sup plied. For those
that remain, aging coal- based tech nol ogy is gradu ally
being replaced with natu ral gas or more effi cient coal
units in response to envi ron mental require ments.

These market changes guarantee long-term price
pressure on coal. By moving toward larger, less
labor-intensive operations, coal producers can
continue to reduce supply and distribution costs for
some time to come. Interregional competition can still
substantially reduce the average minemouth price,
since regional mine prices vary from $0.20 to more than 
$1.00 per million Btu. Such price competition will be
influenced by long-distance railroad rates for coal. Past 
mergers have reduced the number of major
coal-hauling rail roads to four (Burlington/Santa Fe
and Union Pacific/ Southern Pacific in the West; CSX
and Norfolk/ Southern in the East). Any further
mergers will produce transcontinental systems. Some
analysts be lieve that a national rail duopoly might
reverse the historical decline in coal rates and, in turn,
stabilize the national minemouth coal price, since
much of its historic decline has resulted from declining
long-distance railroad rates.

The Clean Air Act Amend ments of 1990 (CAAA)
place a fixed cap on sul fur oxide emis sions after
January 1, 2000. As con sump tion grows so will emis -
sions, unless the aver age sul fur con tent of coal burned
declines or con sum ers ret ro fit expen sive scrub bers on
their boil ers. The least expen sive low- sulfur coal in
most areas of the United States is sub bi tu mi nous coal
from the Pow der River Basin in Wyo ming and
Montana, which has proven to be more popu lar than
other low- sulfur coals or scrub bers. The 1990 CAAA
estab lished a lim ited number of sul fur oxide emis sions
allow ances, the price of which will vary with demand.
As the amount of coal con sumed increases, the price of
allowances will rise. The average allowance price for

(Con tin ued on page 79)



Africa

In Africa, coal pro duc tion and con sump tion are con cen -
trated almost entirely in South Africa. In 1995, South
Africa pro duced 227 mil lion tons of coal, 70 per cent of
which was routed to domes tic mar kets and the remain -
der to exports [6, Table 2.5]. South Africa ranks third in
the world in coal exports, behind Aus tra lia and the

United States, and is pro jected to main tain that posi tion
over the fore cast. South Africa holds the dis tinc tion of
being the world’s larg est pro ducer of coal- based syn -
thetic liq uid fuels. In 1995, almost one- fifth of the coal
con sumed in South Africa (on a Btu basis) was used to
pro duce coal- based syn thetic fuels, which in turn
accounted for approxi mately one- third of all liq uid fuels 
con sumed in South Africa dur ing the year [38, 39].
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1996 was estimated in the AEO98 at $76.85 per ton of
sulfur oxides emitted, or about $0.202 per million Btu
for high-sulfur coal.* This is equal to about $0.040 per
million Btu for Appalachian low-sulfur coals, or about
$0.026 per million for Powder River Basin sub bi tu mi -
nous coal, which has very low sulfur content (see table
below).**

Thus, in addition to lower mining cost, Powder River
Basin coal has an environmental advantage over other
coals. Wherever the Powder River subbituminous coal

can be deliv ered at a price com peti tive with high-
 sulfur coal, using it will result in about the same total
cost as scrub bing high- sulfur coal, but with out incur -
ring the capi tal and oper at ing cost pen al ties asso ci ated
with a scrub ber.*** There fore, until the min ing and/or
trans por ta tion cost of Pow der River Basin coal rises by
an amount equal to the lev el ized cost of ret ro fit ting and 
oper at ing a scrub ber, con sum ers will use more of it in
pref er ence to scrub bing; and as its mar ket share
increases, the aver age U.S. mine mouth price of coal
will con tinue to decline.

     *A sul fur allow ance enti tles the owner to emit 1 ton of SOx. Allow ances are priced in a national mar ket, open to all. The sul fur allow ance 
pen alty of $0.202 per mil lion Btu for high- sulfur coal is cal cu lated from the national allow ance price of $76.85 per ton of SOx (as esti mated
for 1996 by the National Energy Mod el ing Sys tem (NEMS) in EIA’s AEO98, based on the aver age heat and sul fur con tent for high- sulfur
coal pur chased by elec tric utili ties in 1996).
    **The allow ance prices shown dif fer from region to region because of varia tion in the heat and sul fur con tent of the coal con sumed. The
NEMS Coal Mar ket Mod ule simu lates 34 types of coal, the char ac ter is tics of which have been aggre gated into the five cate go ries shown
in the table. The national val ues are weighted aver ages.
   ***Scrub bing achieves an aver age of about 87 per cent removal of sul fur oxides from plant emis sions. It there fore reduces the allow ance
pen alty asso ci ated with burn ing high- sulfur coal pro por tion ately to about (1.00 - 0.87) × $0.202 = $0.026 per mil lion Btu.

Sulfur Allowance Penalties by Coal Type and Demand Region in the United States, 1996
(1996 Dollars per Million Btu)

Demand Region

Coal Type

Pow der River
Basin

Other
Low- Sulfur Medium- Sulfur High- Sulfur

Scrubbed
High- Sulfur

New Eng land. . . . . . . . . . . . . — 0.037 0.080 0.134 0.017

Mid dle Atlan tic . . . . . . . . . . . . — 0.040 0.102 0.173 0.022

South Atlan tic . . . . . . . . . . . . — 0.041 0.068 0.210 0.027

Geor gia and Flor ida . . . . . . . . . 0.030 0.039 0.066 0.185 0.024

Ohio . . . . . . . . . . . . . . . . . 0.019 0.040 0.064 0.216 0.028

East North Cen tral . . . . . . . . . . 0.024 0.035 0.078 0.205 0.027

Ken tucky and Ten nes see . . . . . . — 0.035 0.078 0.205 0.027

Ala bama and Mis sis sippi. . . . . . . 0.024 0.038 0.082 0.175 0.023

West North Cen tral. . . . . . . . . . 0.024 0.033 0.061 0.197 0.025

West South Cen tral . . . . . . . . . 0.027 0.027 0.079 0.161 0.021

Moun tain . . . . . . . . . . . . . . . 0.030 0.030 0.056 — —

Ari zona and New Mex ico . . . . . . — 0.033 0.058 — —

Cali for nia, Ore gon, 
Alaska, and Hawaii. . . . . . . . . . 0.020 0.030 0.061 — —

Total United States . . . . . . . . . 0.026 0.036 0.074 0.202 0.026

Note: Scrub bing is assumed to remove 87 per cent of the sul fur oxides in high- sulfur coal.
    Source: Energy Infor ma tion Admin istra tion, Form EIA-423, assum ing the Annual Energy Out look 1998 his toric 1996 allow ance
price of $76.85 per ton of sul fur oxide.



For Africa as a whole, coal con sump tion is pro jected to
increase by 45 mil lion tons between 1995 and 2020,
primar ily to meet increased demand for elec tric ity.
Contrib ut ing to the increase in elec tric ity demand is
South Afri ca’s com mit ment to rural elec tri fi ca tion.
There are sub stan tial oppor tu ni ties for trade in elec -
tricity and natu ral gas between South Africa and
neighbor ing coun tries. Such trades may occur, given
gov ern ment reform in South Africa and the sub se quent
removal of trade sanc tions.

Else where in Africa, the com ple tion of four addi tional
coal- fired units at Moroc co’s Jorf Las far plant near
Casablanca should increase coal con sump tion there
from about 2 mil lion tons in 1996 to more than 5 mil lion
tons [40, 41]. When all units are com pleted, the plant is
expected to account for approxi mately one- third of
Moroc co’s total power gen era tion.

South Amer ica

His tori cally, coal has not been an impor tant source of
energy in South Amer ica, account ing for less than 5 per -
cent of the region’s total energy con sump tion. In the
elec tric ity sec tor, hydroe lec tric power cur rently meets
much of South Ameri ca’s elec tric ity demand. Over the
fore cast pe ri od, both hydro power and natu ral gas are
pro jected to fuel much of the pro jected increase in elec -
tric ity gen era tion.

In 1995, Bra zil accounted for 56 per cent of South
America’s total coal demand, with Colom bia, Chile, and
Argen tina account ing for much of the remain ing por tion 
[6, Table 1.4]. In Bra zil, the steel indus try accounts for
almost two- thirds of the coun try’s total coal con sump -
tion, rely ing on imports of met al lur gi cal coal to pro duce
coke for use in its blast fur naces [6, Table 1.4; 7,
p. III.136]. In the fore cast, increased use of coal for steel -
mak ing (both cok ing coal and coal for pul ver ized coal
injec tion) accounts for much of the pro jected increase in
Bra zil ian coal con sump tion [42]. New power proj ects in
Colom bia and Bra zil account for most of the remain ing
growth in coal con sump tion pro jected for South and
Cen tral Amer ica [43].

Mid dle East

Israel and Iran accounted for most of the 10 mil lion tons
of coal con sumed in the Mid dle East in 1995 [6, Table
1.4]. Over the fore cast, Israel’s coal con sump tion is
projected to rise by approxi mately 6 mil lion tons with
the com ple tion of two new coal- fired gen er at ing plants
between 1999 and 2005 [7, III.136; 44]. Israel’s state-
 owned util ity, Israel Elec tric Cor po ra tion, esti mates that
coal- fired plants will meet approxi mately 60 per cent of
the coun try’s elec tric ity needs in the post- 2000 pe ri od
[45].

In Iran, approxi mately 1 mil lion tons of coal con -
sumption has been sat is fied his tori cally by indige nous

sup pli ers [6, Table 2.5]. In addi tion, Iran’s National Steel
Cor po ra tion (NISCO) imports approxi mately 0.5 mil lion 
tons of cok ing coal annu ally, and some addi tional
imports are expected over the fore cast pe ri od as a result
of planned expan sions in the coun try’s steel mak ing
capac ity [46, 47].

Trade
Over view

The amount of coal traded in inter na tional mar kets is
small in com pari son with total world con sump tion. In
1996, world imports of coal amounted to 503 mil lion
tons (Table 21 and Fig ure 63), rep re sent ing 9 per cent of
total con sump tion. By 2020, coal imports are pro jected to 
rise to 740 mil lion tons, account ing for the same share of
world coal con sump tion as in 1996. Although coal trade
has accounted for a rela tively con stant share of world
coal con sump tion over time and should con tinue to do
so in future years, the geo graphi cal com po si tion of trade 
is shift ing.

In recent years, inter na tional coal trade has been char ac -
ter ized by rela tively sta ble demand for coal imports in
West ern Europe and expand ing demand in Asia (Fig ure
63). Ris ing pro duc tion costs in the indige nous coal
indus tries in West ern Europe, com bined with con tinu -
ing pres sure to reduce indus try sub si dies, have led to
sub stan tial declines in pro duc tion there, cre at ing
the poten tial for large increases in coal imports;
however, slow eco nomic growth in recent years and

Fig ure 63.  Pro duc tion and Imports of Hard Coal by
Region, 1985, 1990, and 1996

Note: Pro duc tion and imports include data for anthra cite,
bitu mi nous, and sub bi tu mi nous coal.
  Sources: Pro duc tion: Energy Infor ma tion Admin istra tion
(EIA), Office of Energy Mar kets and End Use, Inter na tional
Sta tis tics Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998).
Imports: Inter na tional Energy Agency, Coal Infor ma tion 1994
(Paris, France, 1995), and Coal Infor ma tion 1996 (Paris,
France, July 1997).
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Table 21.  World Coal Flows by Import ing and Export ing Regions, Ref er ence Case, 1996, 2010, and 2020
(Mil lion Short Tons)
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Export ers

Import ers

Steam Met al lur gi cal Total

Europea Asia Amer icab Total Europea Asiac Amer icab Total Europea Asia Amer icab Total

1996

Aus tra lia . . . . . . . . 6.2 62.2 0.9 69.2 17.7 61.3 6.4 85.4 23.9 123.5 7.3 154.7

United States . . . . . 21.5 8.2 7.8 37.5 31.1 8.5 13.3 53.0 52.6 16.8 21.1 90.5

South Africa . . . . . . 39.2 16.1 4.5 59.9 0.4 3.6 1.7 5.7 39.7 19.7 6.2 65.6

For mer Soviet Union . 4.1 3.0 9.8 16.9 1.4 3.7 0.1 5.3 5.5 6.7 9.9 22.2

Poland . . . . . . . . . 12.2 0.0 0.7 12.9 0.9 0.0 3.0 3.9 13.1 0.0 3.6 16.8

Can ada . . . . . . . . 1.1 4.3 0.9 6.3 5.6 23.6 2.6 31.9 6.7 27.9 3.5 38.1

China . . . . . . . . . 1.2 25.4 -0.3 26.2 0.1 4.9 -0.2 4.7 1.3 30.2 -0.6 31.0

South Amer ica. . . . . 21.2 0.1 8.7 30.0 1.8 0.3 0.2 2.3 22.9 0.4 8.9 32.3

Indo ne siad . . . . . . . 6.4 27.9 11.4 45.6 0.2 4.1 2.0 6.3 6.6 32.0 13.3 51.9

  Total . . . . . . . . . 113.1 147.1 44.3 304.5 59.3 110.1 29.1 198.5 172.4 257.2 73.4 503.0

2010

Aus tra lia . . . . . . . . 6.4 116.3 0.3 122.9 19.6 75.5 6.6 101.7 26.0 191.8 6.9 224.6

United States . . . . . 37.0 14.3 9.5 60.7 25.7 8.7 16.4 50.9 62.7 23.0 25.9 111.6

South Africa . . . . . . 49.9 20.4 5.7 76.0 1.2 5.6 0.0 6.8 51.1 26.1 5.7 82.8

For mer Soviet Union . 7.7 5.5 0.0 13.2 0.6 2.2 0.0 2.8 8.3 7.7 0.0 16.0

Poland . . . . . . . . . 10.5 0.0 0.0 10.5 3.6 0.0 0.0 3.6 14.1 0.0 0.0 14.1

Can ada . . . . . . . . 3.8 3.9 0.1 7.8 5.0 25.1 1.5 31.5 8.8 28.9 1.6 39.4

China . . . . . . . . . 0.0 35.9 0.0 35.9 0.0 3.3 0.0 3.3 0.0 39.2 0.0 39.2

South Amer ica. . . . . 39.6 0.0 18.1 57.8 0.0 0.0 0.0 0.0 39.6 0.0 18.1 57.8

Indo ne siad . . . . . . . 0.8 55.2 0.0 56.0 0.0 0.0 0.0 0.0 0.8 55.2 0.0 56.0

  Total . . . . . . . . . 155.7 251.6 33.6 440.9 55.7 120.4 24.5 200.6 211.4 372.0 58.1 641.5

2020

Aus tra lia . . . . . . . . 4.7 145.8 0.3 150.7 17.7 74.4 8.3 100.4 22.3 220.2 8.6 251.1

United States . . . . . 47.4 20.4 11.1 78.9 24.2 6.0 18.6 48.8 71.6 26.4 29.7 127.7

South Africa . . . . . . 45.9 39.1 8.2 93.3 0.9 5.9 0.0 6.8 46.9 45.0 8.2 100.1

For mer Soviet Union . 8.2 5.5 0.0 13.7 0.6 2.2 0.0 2.8 8.7 7.7 0.0 16.4

Poland . . . . . . . . . 10.5 0.0 0.0 10.5 3.4 0.0 0.0 3.4 13.9 0.0 0.0 13.9

Can ada . . . . . . . . 4.1 4.7 0.1 8.9 5.5 27.6 1.5 34.6 9.6 32.3 1.6 43.5

China . . . . . . . . . 0.0 42.6 0.0 42.6 0.0 3.3 0.0 3.3 0.0 45.9 0.0 45.9

South Amer ica. . . . . 51.3 0.0 23.5 74.7 0.0 0.0 0.0 0.0 51.3 0.0 23.5 74.7

Indo ne siad . . . . . . . 2.4 64.2 0.0 66.6 0.0 0.0 0.0 0.0 2.4 64.2 0.0 66.6

  Total . . . . . . . . . 174.5 322.2 43.2 539.8 52.3 119.4 28.4 200.1 226.8 441.6 71.6 740.0

   aCoal flows to Europe include ship ments to the Mid dle East and Africa.
   bFor 1996, coal flows to Amer ica include a bal anc ing item used by the Inter na tional Energy Agency to rec on cile dis crep an cies
between reported exports and imports. The 1996 bal anc ing items by coal type were 24.4 mil lion tons (steam coal), 5.6 mil lion tons
(met al lur gi cal coal), and 30.0 mil lion tons (total). Nega tive quan ti ties in the table are attrib ut able to the bal anc ing item.
   cFor 1996, includes 9.5 mil lion tons of coal for pul ver ized coal injec tion at blast fur naces shipped to Japa nese steel mak ers.
   dFor 1996, coal exports from Indo ne sia include ship ments from other coun tries not mod eled for the fore cast pe ri od. The 1996 non-
 Indonesian exports by coal type were 8.9 mil lion tons (steam coal), 3.2 mil lion tons (met al lur gi cal coal), and 12.1 mil lion tons (total).
   Notes: Data exclude non- seaborne ship ments of coal to Europe and Asia. Totals may not equal sum of com po nents due to inde -
pend ent round ing. The sum of the col umns may not equal the total, because the total includes a bal anc ing item between import ers’
and export ers’ data.
   Sources: 1996: Inter na tional Energy Agency, Coal Infor ma tion 1996 (Paris, France, July 1997); Energy Infor ma tion Admin istra tion,
Quar terly Coal Report, October- December 1996, DOE/EIA-0121(96/4Q) (Wash ing ton, DC, May 1997); and Inter na tional Coal
Report, Coal Year 1997 (Lon don, United King dom: Finan cial Times Energy Press, June 1997). Pro jec tions: Energy Infor ma tion
Admin istra tion, Annual Energy Out look 1998, DOE/EIA-0383(98) (Wash ing ton, DC, Decem ber 1996), National Energy Mod el ing
Sys tem run AEO98B.D100197A.



increased elec tric ity gen era tion from natu ral gas,
nuclear, and hydro power have cur tailed the growth in
coal imports. Con versely, growth in coal demand in
Japan, South Korea, and Tai wan in recent years has
contrib uted to a sub stan tial rise in Asian coal imports.

Asia

Asia’s demand for imported coal is poised for addi tional 
increases over the fore cast pe ri od, driven by strong
growth in elec tric ity demand in the region and the
conse quent need for addi tional coal- fired gen er at ing
capac ity. Con tinu ing the recent his tori cal trend, Japan,
South Korea, and Tai wan are pro jected to account for
much of the regional growth in coal imports over the
fore cast pe ri od (Fig ure 64).

Fig ure 64.  World Coal Trade, 1985, 1996, and 2020

Sources: 1985: Energy Infor ma tion Admin istra tion (EIA),
Annual Pros pects for World Coal Trade 1987,
DOE/EIA-0363(87) (Wash ing ton, DC, May 1987). 1996: EIA,
Office of Energy Mar kets and End Use, Inter na tional Energy
Annual 1996, DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary
1998). 2020: EIA, World Energy Pro jec tion Sys tem (1998).

Japan con tin ues to be the world’s lead ing importer of
coal, account ing for 23 per cent of total world imports in
2020 [48], as com pared with its his tori cal share of 28
percent in 1996 [7, Table 4.2]. In 1996, Japan pro duced
7 mil lion tons of coal for domes tic con sump tion and
imported 139 mil lion tons. The clo sure of Japan’s Miike
mine in March 1997, how ever, leaves the coun try with
only about 3.5 mil lion tons of pro duc tion capac ity at two 
remain ing coal mines [49]. Pro duc tion at these mines is
expected to end when the gov ern ment elimi nates
industry sub si dies in 2001, leav ing all of Japan’s coal
require ments to be met by imports [7, p. I.158; 50].

China and India, which import rela tively small quan ti -
ties of coal at pres ent, are expected to account for much
of the remain ing increase in Asian imports. Imports by
China and India have the poten tial to be even higher
than the pro jected amount, but it is assumed in the fore -
cast that domes tic coal will be given first pri or ity in

meet ing the large pro jected increase (3.0 bil lion tons) in
coal demand. In China, two fac tors may act to dis -
courage coal imports, par ticu larly with regard to pri vate 
power proj ects: (1) coal con sum ers are required to get
per mis sion to import coal; and (2) coal imports add to a
power pro ject’s poten tial for run ning into for eign
exchange prob lems, mak ing it dif fi cult to obtain ini tial
financ ing from lend ers [51].

Aus tra lia should con tinue as the major exporter to Asia,
meet ing almost one- half of the region’s total coal import
demand in 2020, just as it did in 1996. Coal exports from
China and Indo ne sia—Asia’s inter nal coal sup pli ers—
should keep pace with over all growth in Asian import
demand. Together, they are pro jected to meet 25 per cent
of Asia’s total import needs by 2020.

Dur ing the 1980s, Aus tra lia became the lead ing coal
exporter in the world, pri mar ily by meet ing increased
demand for steam coal in Asia. Some growth in exports
of met al lur gi cal coal also occurred, how ever, as coun -
tries such as Japan began using some of Aus tra lia’s
semi- soft or weak cok ing coals in their coke oven blends. 
As a result, imports of hard cok ing coals from other
coun tries, includ ing the United States, were dis placed.
Austra lia’s share of total world coal trade, which
increased from 17 per cent in 1980 to 31 per cent in 1996, is 
pro jected to reach 34 per cent in 2020 [52].

Europe

Coal imports to Europe also are pro jected to rise over the 
fore cast pe ri od, although by less than one- third the
amount pro jected for Asia. Among the uncer tain ties
surround ing the pros pects for Euro pean imports are the
extent and pace of the decline in indige nous coal
produc tion (pri mar ily in Ger many and the United
Kingdom) and the extent to which natu ral gas and other
sources of energy will sub sti tute for coal in elec tric ity
gen era tion. In the IEO98 fore cast, addi tional imports by
Ger many account for more than half of Euro pe’s total
increase in coal imports. Rela tively smaller increases in
imports are pro jected for Spain, France, Italy, Israel,
Turkey, and Morocco.

In future years, the United States and South Amer ica are
pro jected to meet an increas ing share of Euro pean coal
import demand, pri mar ily at the expense of Aus tra lia
and South Africa. Coal export ers in Aus tra lia and South
Africa are expected to direct most of their addi tional
ship ments of coal to the rap idly expand ing Asian import 
mar kets.

The Ameri cas

Com pared with Euro pean and Asian coal mar kets,
imports of coal by North and South Amer ica are rela -
tively small, amount ing to only 45 mil lion tons in 1996
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 (Table 21).17 Bra zil imported 31 per cent of the 1996 total, 
fol lowed by Can ada (27 per cent) and the United States
(16 per cent) [7, p. I.120]. Almost all (93 per cent) of the
imports to Bra zil were met al lur gi cal coal [7, p. III.13].

Over the fore cast pe ri od, coal imports to the Ameri cas
increase by 27 mil lion tons, with most of the addi tional
ton nage going to South Amer ica and Mex ico. Both Mex -
ico and Bra zil are pro jected to increase their imports of
steam coal for elec tric ity gen era tion, and Bra zil is
expected to import addi tional amounts of coal for use at
inte grated steel plants [43, 53, 54, 55]. Coal imports to the 
Bra zil ian steel indus try are pro jected to rise as the result
of strong growth in domes tic steel demand and a con -
tinu ing switch from char coal to coal coke. Most of the
addi tional imports of coal to the Ameri cas are pro jected
to be met by pro duc ers in Colom bia, Vene zuela, the
United States, and South Africa.

Met al lur gi cal Coal

His tori cally, met al lur gi cal coal has domi nated world
coal trade, but its share has stead ily declined, from 55
per cent in 1980 to 39 per cent in 1996 [56]. In the fore cast,
its share of world coal trade con tin ues to shrink, fal ling
to 27 per cent by 2020.

In abso lute terms, met al lur gi cal coal trade is pro jected to 
decline by only a small amount over the fore cast. Fac tors 
that con trib ute to the decline are addi tional pene tra tion
of steel pro duc tion from elec tric arc fur naces (which do
not use coal coke as an input) and tech no logi cal
improve ments at blast fur naces, includ ing greater use of
pul ver ized coal injec tion (PCI) equip ment as well as
higher aver age injec tion rates per ton of hot metal pro -
duced. One ton of pul ver ized coal (cate go rized as steam
coal) used in steel pro duc tion dis places approxi mately
1.4 tons of cok ing coal [57]. In 1996, an esti mated 21 mil -
lion tons of coal for PCI were traded world wide, rep re -
sent ing 10 per cent of total coal imports for con sump tion
at coke plants and blast fur naces [7]. Partly off set ting the
down ward pres sure on met al lur gi cal coal trade is an
expected rise in imports to South Korea, Tai wan, India,
and Bra zil.
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Nu clear Power

Despite aggres sive plans to expand nuclear power capac ity in the near term, mainly in
the Far East, retire ments of exist ing units—par ticu larly in the United States, where

re place ment by new nuclear units is not expected—lead to a long- term decline.

In 1996, 2,280 bil lion kilo wat thours of elec tric ity was
gen er ated by nuclear power world wide, to pro vide 17
per cent of total elec tric ity gen era tion. Among the coun -
tries with nuclear power, national depend ence on
nuclear power plants for elec tric ity var ies greatly
(Figure 65). Nine coun tries—five in East ern Europe and
the former Soviet Union (EE/FSU) and four in West ern
Europe—met over 40 per cent of their total elec tric ity
demand with gen era tion from nuclear reac tors.

The pros pects for nuclear power to main tain a sig nifi -
cant share of world wide elec tric ity gen era tion are uncer -
tain, despite pro jected growth of 2.7 per cent per year in

Fig ure 65.  Nuclear Shares of National Elec tric ity
Gen era tion, 1996

Source: Inter na tional Atomic Energy Agency, Nuclear Power 
Reac tors in the World 1996 (Vienna, Aus tria, April 1997).

total elec tric ity demand through 2020. Over the long
term, of the regions shown in Fig ure 66, only the devel -
op ing nations and Japan are pro jected to have net addi -
tions to nuclear power capac ity. In other regions,
coun tries that are oper at ing older reac tors and have
other, more eco nomi cal options for new gen er at ing
capac ity are expected to let their nuclear capac ity fade as 
cur rent nuclear units are retired.

In the IEO98 ref er ence case, world wide nuclear capac ity
is pro jected to increase from 351 giga watts in 1996 to 354
giga watts in 2005, then begin to decline, reach ing 302
giga watts in 2020. Aggres sive plans to expand nuclear
capac ity, mainly in the Far East, drive the near- term
increase, whereas plant retire ments in the United States
and other coun tries exceed new addi tions later in the
fore cast. Devel op ing Asian coun tries are pro jected to
add 32.4 giga watts by 2020, but the indus tri al ized
nations over all lose 83.4 giga watts.

As noted ear lier (see page 18), no attempt has been made 
to assess the impacts of the Kyoto Cli mate Change
Proto col on the pro jec tions that appear in IEO98. The
Pro to col could cre ate new incen tives for the use of

Fig ure 66.  World Nuclear Capac ity by Region,
1970-2020

Sources: His tory: Inter na tional Atomic Energy Agency,
Nuclear Power Reac tors in the World 1996 (Vienna, Aus tria,
April 1997). Pro jec tions: Based on detailed assess ments of
country- specific nuclear power pro grams. For some coun tries,
the World Inte grated Nuclear Evalua tion Sys tem (Decem ber
1997 run) was used to sup ple ment the 2020 capac ity pro jec -
tion.
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nuclear power, which does not pro duce car bon emis -
sions. There were, how ever, two alter na tive cases devel -
oped for this report (Fig ure 67 and Table 22). Whereas
the ref er ence case for nuclear power reflects a con tinua -
tion of pres ent trends, the low and high growth cases
pres ent more pessi mis tic and more opti mis tic views of
the future of the nuclear power indus try. For the United
States, the ref er ence case assumes that the cur rent trend
of early reac tor retire ments will con tinue, with almost
one- quarter of cur rently oper at ing units being retired
bef ore their license expi ra tion dates. The remain der are
assumed, on aver age, to con tinue oper at ing for their full
40- year life times. For for eign nuclear pro jec tions, the
ref er ence case takes into account announced sched ules
for com ple tion of units under con struc tion and any
announced retire ment dates. Also con sid ered are politi -
cal envi ron ments, national energy plans, con struc tion
man age ment ex peri ence, and finan cial con di tions. Com -
plete country- by- country list ings of the pro jec tions for
the ref er ence, low, and high nuclear cases are pro vided
in Tables A48, A49, and A50 in Appen dix A.

Fig ure 67.  World Nuclear Capac ity in Three Cases,
1970-2020

Sources: His tory: Inter na tional Atomic Energy Agency,
Nuclear Power Reac tors in the World 1996 (Vienna, Aus tria,
April 1997). Pro jec tions: Based on detailed assess ments of
country- specific nuclear power pro grams. For some coun tries,
the World Inte grated Nuclear Evalua tion Sys tem (Decem ber
1997 run) was used to sup ple ment the 2020 capac ity pro jec -
tion.

The low growth case proj ects a more sig nifi cant decline
in nuclear capac ity orders, and addi tional retire ments of
exist ing units. In the United States, all reac tors are
assumed to be retired after an aver age 30 years of opera -
tion. The fore cast for world wide capac ity in 2020 is 172
giga watts, a 51- percent decline from cur rent capac ity.
The high growth case reflects a slight revival for the
nuclear power indus try, with net capac ity growth of 1
per cent annu ally over the fore cast pe ri od. In the United
States, the high growth case assumes that all plants will
oper ate 10 years longer than in the ref er ence case, except
for units with announced firm retire ment dates. The

high growth pro jec tions are gen er ally based on assump -
tions that con struc tion times for new units will be
shorter, and that pro vi sions will be made to extend the
oper at ing lives of exist ing units beyond cur rent esti -
mates.

Nuclear gen era tion in the ref er ence case remains fairly
flat, with a declin ing share of the world’s elec tric ity
consump tion (Fig ure 68). Among the most sig nifi cant
fac tors shap ing the out look for nuclear power are the
fol low ing:

• Changes in elec tric ity indus tries world wide,
intro duc ing more com pe ti tion in the gen era tion
sec tor. Nuclear power plants require rela tively
large amounts of capi tal and more time to build
than other tech nolo gies (natu ral gas units, in
particu lar). This will make nuclear power less
attrac tive to inves tors in a com peti tive envi ron -
ment, where recov ery of capi tal is not guar an teed.
Com pe ti tion may also affect how long cur rent
reac tors will oper ate. In the United States, three
reac tors were per ma nently closed in the first half
of 1997, all bef ore their licenses expired, and all, at
least in part, due to an inabil ity to com pete with
the other avail able gen er at ing tech nolo gies. On
the other hand, in the United King dom deregu la -
tion is fur ther along, and Brit ish Energy (BE), the
new pri vate com pany cre ated to oper ate the new -
est nuclear units, is expected to show a profit for
the finan cial year 1996-1997. Aver age capac ity fac -
tors have increased, and oper at ing costs have
decreased. BE is show ing an inter est in invest ing
in over seas proj ects to improve per form ance of
nuclear plants in newly deregu lated mar kets [1].
In gen eral, U.S. utili ties oper at ing nuclear power

Fig ure 68.  World Nuclear and Total Elec tric ity
Con sump tion, 1995-2020

Sources: 1995 Energy Infor ma tion Admin istra tion (EIA),
Inter na tional Energy Annual 1995, DOE/EIA-0219(95) (Wash -
ing ton, DC, Decem ber 1996). Pro jec tions: EIA, World Energy
Pro jec tion Sys tem (1998).
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Table 22.  His tori cal and Pro jected Oper able Nuclear Capaci ties by Region, 1995-2020
(Net Giga watts)
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Region 1995a 1996b 2000 2005 2010 2015 2020

Ref er ence Case

Indus tri al ized . . . . . . . . . . . . . . 277.2 283.4 277.9 265.9 253.9 230.0 200.0
  United States . . . . . . . . . . . . . . 99.1 100.8 95.6 86.8 80.4 63.9 49.2
  Other North Amer ica . . . . . . . . . . 16.2 16.2 12.5 13.3 13.3 11.6 9.9
  Japan . . . . . . . . . . . . . . . . . . 39.9 42.4 43.5 44.3 47.5 53.6 54.1
  France . . . . . . . . . . . . . . . . . 58.5 59.9 64.3 62.9 62.9 62.9 63.0
  United King dom . . . . . . . . . . . . 12.9 12.9 11.8 10.5 9.6 7.2 7.2
  Other West ern Europe . . . . . . . . . 50.6 51.2 50.2 48.1 40.2 30.8 16.6
EE/FSU . . . . . . . . . . . . . . . . . 45.4 46.2 46.8 49.0 49.8 48.2 44.9
  East ern Europe . . . . . . . . . . . . . 9.2 9.8 11.1 11.4 11.4 10.6 9.1
  Rus sia . . . . . . . . . . . . . . . . . 19.8 19.8 19.8 20.8 19.8 18.4 22.0
  Ukraine . . . . . . . . . . . . . . . . . 13.6 13.8 13.1 13.1 15.0 15.6 11.4
  Other FSU . . . . . . . . . . . . . . . 2.8 2.8 2.8 3.7 3.6 3.6 2.4
Devel op ing . . . . . . . . . . . . . . . 21.4 21.4 26.4 39.1 49.4 54.4 57.7
  China . . . . . . . . . . . . . . . . . . 2.2 2.2 2.2 6.7 11.5 14.7 18.8
  South Korea . . . . . . . . . . . . . . 9.1 9.1 13.0 13.0 14.9 16.2 15.0
  Other Devel op ing . . . . . . . . . . . . 10.1 10.1 11.2 19.3 22.9 23.5 23.8
Total World . . . . . . . . . . . . . . . 344.2 351.1 351.0 354.0 353.0 332.5 302.5

Low Growth Case

Indus tri al ized . . . . . . . . . . . . . . 277.2 283.4 272.1 236.4 205.4 159.6 113.8
  United States . . . . . . . . . . . . . . 99.1 100.8 92.7 63.9 49.2 22.2 2.3
  Other North Amer ica . . . . . . . . . . 16.2 16.2 11.6 11.6 11.6 8.4 3.3
  Japan . . . . . . . . . . . . . . . . . . 39.9 42.4 43.5 43.5 43.5 43.2 42.9
  France . . . . . . . . . . . . . . . . . 58.5 59.9 64.1 62.9 62.9 62.9 56.2
  United King dom . . . . . . . . . . . . 12.9 12.9 11.4 10.5 7.2 7.2 5.9
  Other West ern Europe . . . . . . . . . 50.6 51.2 48.8 44.0 31.0 15.7 3.2
EE/FSU . . . . . . . . . . . . . . . . . 45.4 46.2 44.5 46.7 43.4 31.8 20.8
  East ern Europe . . . . . . . . . . . . . 9.2 9.8 9.8 10.8 10.6 8.6 6.4
  Rus sia . . . . . . . . . . . . . . . . . 19.8 19.8 19.8 20.1 17.4 10.1 6.3
  Ukraine . . . . . . . . . . . . . . . . . 13.6 13.8 12.1 13.1 13.7 11.4 7.6
  Other FSU . . . . . . . . . . . . . . . 2.8 2.8 2.8 2.7 1.7 1.7 0.5
Devel op ing . . . . . . . . . . . . . . . 21.4 21.4 23.1 31.8 43.2 40.7 37.2
  China . . . . . . . . . . . . . . . . . . 2.2 2.2 2.2 6.7 11.5 11.5 11.5
  South Korea . . . . . . . . . . . . . . 9.1 9.1 10.7 12.3 12.3 13.7 11.9
  Other Devel op ing . . . . . . . . . . . . 10.1 10.1 10.2 12.8 19.3 15.6 13.8
Total World . . . . . . . . . . . . . . . 344.2 351.1 339.8 315.0 292.0 232.1 171.7

High Growth Case

Indus tri al ized . . . . . . . . . . . . . . 277.2 283.4 282.6 285.7 288.4 284.2 276.1
  United States . . . . . . . . . . . . . . 99.1 100.8 97.6 95.6 93.5 86.8 80.4
  Other North Amer ica . . . . . . . . . . 16.2 16.2 14.3 16.2 16.2 14.2 11.6
  Japan . . . . . . . . . . . . . . . . . . 39.9 42.4 43.5 50.2 54.8 61.9 69.3
  France . . . . . . . . . . . . . . . . . 58.5 59.9 64.3 62.9 64.3 70.4 76.5
  United King dom . . . . . . . . . . . . 12.9 12.9 12.7 11.0 9.6 7.8 7.2
  Other West ern Europe . . . . . . . . . 50.6 51.2 50.2 49.8 50.0 43.1 31.1
EE/FSU . . . . . . . . . . . . . . . . . 45.4 46.2 48.1 52.7 52.5 55.3 58.8
  East ern Europe . . . . . . . . . . . . . 9.2 9.8 12.0 12.3 12.1 12.2 13.2
  Rus sia . . . . . . . . . . . . . . . . . 19.8 19.8 19.8 22.7 20.8 23.6 26.4
  Ukraine . . . . . . . . . . . . . . . . . 13.6 13.8 13.1 14.0 15.9 15.9 15.6
  Other FSU . . . . . . . . . . . . . . . 2.8 2.8 3.2 3.7 3.7 3.6 3.6
Devel op ing . . . . . . . . . . . . . . . 21.4 21.4 26.4 41.9 51.7 67.5 85.0
  China . . . . . . . . . . . . . . . . . . 2.2 2.2 2.2 6.7 11.5 17.2 25.1
  South Korea . . . . . . . . . . . . . . 9.1 9.1 13.0 14.9 16.8 22.0 28.0
  Other Devel op ing . . . . . . . . . . . . 10.1 10.1 11.2 20.3 23.4 28.4 31.9
Total World . . . . . . . . . . . . . . . 344.2 351.1 357.1 380.3 392.6 406.8 419.7

aStatus as of Decem ber 31, 1995.
 bStatus as of Decem ber 31, 1996. Data are pre limi nary and may not match other EIA sources.
 Notes: EE/FSU = East ern Europe/For mer Soviet Union. Totals may not equal sum of com po nents due to inde pend ent round ing.
Sources: United States: Energy Infor ma tion Admin istra tion, Annual Energy Out look 1998, DOE/EIA-0383(98) (Wash ing ton, DC, Decem ber

1997). For eign: Based on detailed assess ments of country- specific nuclear power pro grams. For some coun tries, the World Inte grated Nuclear
Evalua tion Sys tem (Decem ber 1997 run) was used to sup ple ment the 2020 capac ity pro jec tion.



 sta tions have already begun to reduce costs and
improve per form ance. In 1996, more than two-
 thirds of U.S. nuclear sta tions gen er ated power at
costs below 2 cents per kilo wat thour [2].

• Pub li c accep tance. The per ceived risks of nuclear
power con tinue to be an issue in tech nol ogy
choices for new gen er at ing capac ity. Recently in
Tai wan, fund ing to build a fourth reac tor was
approved by the gov ern ment, but only after the
objec tions of oppo si tion par ties were over come
[3]. In Swe den, the leg is la ture voted to decom mis -
sion two oper at ing nuclear units, despite argu -
ments from the oper at ing util ity and local
mem bers of par lia ment that the plant oper ates
safely and eco nomi cally [4].

• Nuclear waste issues. A cen tral off- site facil ity is
gen er ally con sid ered nec es sary for long- term
storage of nuclear waste. But choos ing a site for a
facil ity can prove dif fi cult. In the United States, it
is unlikely that new nuclear con struc tion will be
con sid ered bef ore a solu tion to the nuclear waste
prob lem is found. Tai wan has faced pub li c oppo si -
tion to all sites pro posed. The Euro pean coun tries
are per form ing research to deter mine the best site
char ac ter is tics, but none has a per ma nent facil ity
oper at ing.

• Oper at ing per form ance. Nuclear power plants
gen er ally have high fixed costs but low vari able
costs. As they increase out put they become more
eco nomi cal. If sig nifi cant time is lost in either
planned or unplanned out ages, their costs per unit 
of out put will rise. In 1996, the aver age capac ity
fac tor of the world’s nuclear power plants was 73
per cent [5]. Nine coun tries oper ated nuclear
programs with aver age capac ity fac tors above 80
percent, includ ing Fin land, whose four units
main tained an aver age 91.5 per cent capac ity
factor for the year. In recent years, the world wide
average has been improv ing.

Regional Over view
Devel op ing Asia

Coun tries in devel op ing Asia with cur rently oper at ing
nuclear power plants include China, South Korea,
Taiwan, India, and Paki stan. With the excep tion of
South Korea, these pro grams are small, but all expect
some growth in the future. At the end of 1996, these five
coun tries had 18.0 giga watts of nuclear capac ity on line.
By 2020, nuclear power plants are expected to be
operable in North Korea as well (see box on page 92),
and nuclear capac ity for the region is pro jected to be
between 31.9 and 75.7 giga watts. South Korea, cur rently
the larg est opera tor of nuclear power in the region, with
11 oper able units total ing 9.1 giga watts, is pro jected to

have between 11.9 and 28.0 giga watts on line by 2020.
The dra matic drop in Asian stock mar kets toward the
end of 1997, and the result ing eco nomic cri sis in South
Korea in par ticu lar, could reduce the like li hood of
invest ment in new nuclear con struc tion. Indeed, in the
IEO98 low growth and ref er ence cases, only the units
already planned are pro jected to be built. Chi na’s
expected growth rate leads the region, reach ing 9 times
the cur rent capac ity by 2020 in the ref er ence case.

At the end of 1996, 18 units were under con struc tion in
devel op ing Asian coun tries, and as many as 16 more
were in the plan ning stages. Seven of the units actively
under con struc tion at the end of 1996 were in South
Korea, and one of those was con nected to the grid
during 1997. Wol song 2, a 650- megawatt pres sur ized
heavy- water reac tor (PHWR), began com mer cial opera -
tion in July 1997. Two units remain to be com pleted at
the Wol song site [6]. The units under con struc tion at
other sites are all of the Korean stan dard ized design,
based on an advanced ver sion of the ABB Com bus tion
Engi neer ing Nuclear Sys tems (ABB-CENS) Sys tem 80
pressurized- water reac tor (PWR). ABB-CENS will
provide design engi neer ing and com po nents for the
new units [7].

China also plans to build addi tional nuclear power
plants to meet rapid growth in elec tric ity demand. The
next two units at the Qin shan site are 600- megawatt
PWRs of a Chi nese design, although for eign com pa nies
have been con tracted to sup ply major com po nents. Con -
struc tion began on Qin shan 2 and 3 in 1996, and the units 
are expected to be com plete in 2003. Two addi tional
700- megawatt PHWRs sup plied by Atomic Energy of
Canada Lim ited will also be con structed at the site [8].

In Tai wan, GE Nuclear Energy was selected to pro vide
two nuclear reac tors for the Lung men power sta tion.
Con struc tion on the two 1,350- megawatt advanced
boiling- water reac tors (ABWRs) is not expected to begin
until late 1998, with pro spec tive dates for enter ing com -
mer cial serv ice set at 2003 and 2004 [9]. Pub li c oppo si -
tion to new nuclear con struc tion has been a prob lem in
Tai wan, as has find ing sites for low- level waste dis posal. 
The Tai wan gov ern ment has signed a deal to ship
nuclear waste to North Korea for final dis posal, which
has raised con cerns with sev eral inter na tional groups.
North Korea is not a mem ber of the Inter na tional Atomic 
Energy Agency, and there would be no way to moni tor
the han dling of the waste [10].

Other Devel op ing Coun tries

Other devel op ing coun tries that cur rently oper ate
nuclear power plants include Argen tina, Bra zil, and
South Africa. Coun tries with the poten tial to have
nuclear pro grams in place by 2020 include Cuba and
Iran. Argen ti na’s two nuclear units pro vided 11 per cent
of the coun try’s elec tric ity in 1996. Bra zil’s one nuclear
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unit sup plied just 1 per cent of total elec tric ity gen -
eration. South Africa has two nuclear units cur rently
oper able, which pro vided 6 per cent of the coun try’s
elec tric ity gen era tion in 1996. No new nuclear units are
planned in South Africa.

Most of the other devel op ing coun tries do not have the
capi tal for large nuclear pro grams and, in fact, will likely 
require finan cial and tech ni cal assis tance bef ore under -
tak ing nuclear power con struc tion. Suc cess ful com ple -
tion of Cuba’s Jura gua sta tion, where con struc tion was
aban doned after reach ing 75 per cent com ple tion in the
mid- 1980s, will require inter na tional assis tance. Rus sia
has agreed to com plete two units for Iran, at the Bushehr
site, where con struc tion was started in the 1970s.

Indus tri al ized Asia

In the indus tri al ized coun tries of Asia, only Japan has a
well- established nuclear pro gram, with 53 units total ing
42.4 giga watts of oper able capac ity at the end of 1996.
Japan’s nuclear share of elec tric ity in 1996 was 33
percent. Two new nuclear units were brought on line
dur ing 1996: Kashi wazaki Kariwa 6 in Janu ary and
Genkai 4 in Novem ber. A sev enth unit was brought on
line at the Kashi wazaki Kariwa site dur ing 1997.

Japan has ambi tious plans for fur ther nuclear expan sion, 
mainly as a means of reduc ing its depend ence on
imported fos sil fuels. How ever, the uncer tain ties
surround ing finan cial mar kets in Asia, as well as
increases in pub li c oppo si tion to nuclear power in Japan, 
will affect new con struc tion deci sions. Japan’s nuclear
capac ity is pro jected to increase by 11.7 giga watts—to a
total of 54.1 giga watts—by 2020 in the ref er ence case.
The low and high case capac ity fore casts for 2020 are
42.9 giga watts and 69.3 giga watts. The expan sion plan
includes 11 units, total ing 12.5 giga watts, in the con -
struc tion pipe line at the end of 1996. One unit was near
com ple tion at year’s end; the other 10 units are in the
plan ning stages. The ref er ence case assumes that the 11
units will be com pleted by 2020, but that no addi tional
units will be built. The low growth case assumes that no
new con struc tion will be com pleted by 2020.

West ern Europe

West ern Europe relies heav ily on nuclear power for
electric ity. In 1996, nuclear gen era tion from West ern
Euro pean coun tries rep re sented 36 per cent of world -
wide nuclear gen era tion. In France and Bel gium, 77 and
57 per cent, respec tively, of the national demand for
electric ity was sup plied from nuclear power plants.
How ever, the over all trend in West ern Europe is away
from nuclear power builds. In fact, most coun tries in the
region have fro zen all nuclear con struc tion plans. In the
ref er ence case, only France and Tur key are pro jected to
have net increases in nuclear capac ity between 1996 and
2020. Eight other West Euro pean coun tries are pro jected

to have net decreases in total nuclear capac ity due to
plant retire ments.

In France, Chooz- B1, a 1,450- megawatt PWR, sup plied
elec tric ity to the grid for the first time on Sep tem ber 30,
1996. A sec ond unit, Chooz- B2, was con nected to the
grid in April 1997. The two reac tors are touted as the first 
wholly French designed PWRs, cre ated by the French
com pany Alsthom. The out put from the two new
reactors will be shared between France (75 per cent) and
Belgium (25 per cent). France’s remain ing two units
under con struc tion are more than 50 per cent com plete
and are expected on line by 1998. No fur ther nuclear
expan sion has been announced. In the Neth er lands, the
55 mega watt Dode waard plant was shut down per ma -
nently in March 1997. The small boiling- water reac tor
had oper ated well for 28 years but could not com pete
eco nomi cally with other gen er at ing units [15]. The
Swed ish gov ern ment, which has long dis cussed plans to 
phase out nuclear power, has voted to retire the two
units at Barse baeck, the first in 1998 and the sec ond in
2001 [16]. It is expected that the oper at ing state util ity,
Sydkraft, will fight the deci sion.

Com pe ti tion in the elec tric ity mar kets of West ern
Europe may be one cause of declin ing nuclear capac ity
in the future. The Euro pean Union energy min is ters
have agreed to open up the elec tric ity mar ket to com pe -
ti tion, although it will affect only a small frac tion of con -
sum ers in the next few years. The trend to deregu late
and pri vat ize elec tric utili ties requires nuclear plant
opera tors to focus on the com peti tive ness of their
current oper at ing costs, as well as future costs to build
new reac tors. In Spain, for exam ple, the gov ern ment and 
utili ties have agreed to lower elec tric ity rates by 8 per -
cent over the next 5 years to pre pare for com pe ti tion [17]. 
The lat est French study ana lyz ing costs to build new
tech nolo gies shows that new nuclear capac ity would be
the cheap est tech nol ogy under a vari ety of sce nar ios;
how ever, nuclear loses to natu ral gas combined- cycle
units in the low est natu ral gas price sce nario [18], which
assumes natu ral gas prices below $2.70 per mil lion Btu
and an exchange rate of around 5 French francs per U.S.
dol lar. (Because France imports all its natu ral gas, these
sce nar ios must make assump tions about both gas prices
and inter na tional exchange rates.) Non fuel oper at ing
and main te nance costs at exist ing nuclear units in France 
have declined by 2 per cent per year since 1992 [19].

North Amer ica

In North Amer ica, the United States, Can ada, and
Mexico all have nuclear pro grams. Although the United
States has by far the larg est amount of nuclear capac ity
in the region, reli ance on nuclear power is simi lar in the
United States and in Can ada. In 1996, the nuclear share
of elec tric ity in the United States was 19 per cent; in
Canada it was 16 per cent. Mexi co’s two units sup plied
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5 per cent of the coun try’s elec tric ity dur ing 1996. In the
United States, one new unit (Watts Bar 1) came on line in
1996. There are no other U.S. proj ects actively under
construc tion or planned, and no growth in nuclear
capac ity is expected in the region for the remain der of
the fore cast.  By 2020, U.S. nuclear capac ity in the IEO98
ref er ence case is pro jected to be 51 per cent lower than
the 1996 level. In Can ada, with no new orders pro jected
in the ref er ence case, nuclear capac ity falls by 6.3 giga -
watts from 1996 to 2020 as a result of retire ments.
Capacity pro jec tions for the region in 2020 range be -

tween 5.6 and 92.0 giga watts in the low and high growth
cases, based on dif fer ent retire ment assumptions.

In Can ada, Ontario Hydro (OH), the oper at ing util ity for 
the major ity of the coun try’s nuclear units, released an
inde pend ent review of the man age ment and opera tions
of its nuclear power plants, show ing poor per form ance
and inef fi cient man age ment through out. OH later
announced its inten tion to moth ball seven of the old est
units—three at the Bruce A site and four at the Pick er ing
A site. They will be taken out of serv ice over the next
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Nuclear Power in North Korea

In August 1997, amid fire works and con fetti, North
Korea broke ground on a two- unit nuclear power
station located in Shinpo, on its east ern coast. The
project is man aged by a U.S.-led con sor tium known as
the Korean Pen in sula Energy Devel op ment Organi za -
tion (KEDO), but South Korea is pro vid ing most of the
labor and financ ing for the new reac tors. The proj ect is
con sid ered a break through for the iso lated North—for
the first time in almost 50 years com mu ni ca tion lines
have been opened between North and South Korea.
Tele phone lines were installed from the proj ect head -
quar ters to South Korea, and mail serv ice has also
begun [11].

In the early 1990s, North Korea had a 50- megawatt
experi men tal nuclear reac tor opera tional in Yong byon
and another 200- megawatt unit under con struc tion.
The units were Soviet- designed heavy- water reac tors,
which pro duce spent fuel from which weapons- grade
plu to nium can be extracted. North Korea refused
complete inspec tion by the Inter na tional Atomic
Energy Agency (IAEA) and threat ened to with draw
from the Nuclear Non pro lif era tion Treaty in 1993. By
1994, North Korea was sug gest ing that it had nuclear
weap ons capa bil ity. Finally, in Octo ber 1994, Wash -
ington and Pyongy ang signed the Agreed Frame work,
which stated that North Korea would shut down its
nuclear pro gram im me di ate ly in return for mone tary
and dip lo matic incen tives from the United States and
its allies, includ ing two new nuclear reac tors of a dif fer -
ent design. (They will be light- water reac tors, from
which it is much more dif fi cult to extract weapons-
 grade plu to nium.)

In March 1995 KEDO was cre ated, rep re sent ing South
Korea, Japan, and the United States, to carry out the
com mit ments made in the Agreed Frame work. It was
deter mined that South Korea would pro vide the two
advanced light- water reac tors com pati ble with its own
reac tors. Financ ing for the new reac tors would come
mainly from South Korea and Japan. In the interim, the
United States agreed to pro vide North Korea with

9 th o u s a nd bar rels per day of heavy fuel oil, to be used
for energy pro duc tion [12]. There are now 12 coun tries
with mem ber ship in KEDO, includ ing Can ada, the
Euro pean Union, Aus tra lia, and New Zea land. The
United States has obtained pledges from the new est
mem bers to help pay for the fuel oil.

North Korea has allowed lim ited inspec tion of its
existing unit by the United States and the IAEA. In
accor dance with the Agreed Frame work, in April 1996,
the United States began can ning the spent fuel rods in
the stor age pools at the Yong byon facil ity. Even tu ally,
the waste will be removed from the coun try [13].

Even as the vari ous com po nents of the Agreed Frame -
work are being car ried out at the con struc tion site of
the new reac tors and in the cleanup of the old, the
United States and its allies have no assur ance that
North Korea did not already have the nec es sary
materi als for a nuclear weapon bef ore the agree ment
was reached. The North Kore ans still have not allowed
the IAEA to carry out a detailed inspec tion of the site,
which could indi cate how much spent fuel was gen -
erated and how much was removed bef ore the United
States began can ning what is cur rently at the reac tor.
North Korea has agreed to a full inspec tion, but not
until the two new reac tors are com pleted, which could
take up to 10 years. In early 1997, one of North Korea’s
high est rank ing offi cials defected to South Korea. He
tes ti fied to the South Korea National Secu rity Plan ning
Agency that he believes North Korea has nuclear
weap ons [14].

An issue not addressed by the Agreed Frame work or
KEDO’s man date is how the power from the new
reactors will reach the rest of the coun try. North
Korea’s exist ing trans mis sion net work is too out- of-
 date to han dle the out put from the new reac tors, and an 
upgrade to the sys tem will be nec es sary. Likely lend ers 
for the proj ect, esti mated to cost $200 to $300 mil lion,
are the Asian Devel op ment Bank and the World Bank
[12].



year. The seven units may be refur bished and brought
back on line even tu ally, but the first pri or ity for the util -
ity is to improve per form ance at the units that will
remain oper able. Increased gen era tion from coal- fired
plants will re place the elec tric ity gen era tion lost from
the moth balled nuclear units [20].

In the United States, sev eral nuclear units have recently
been retired bef ore their oper at ing licenses expired. In
Con necti cut, Had dam Neck was shut down dur ing 1996
for refu el ing and main te nance, and in Janu ary 1997 it
was announced that the plant would remain closed per -
ma nently. The deci sion was based on an eco nomic
analy sis which showed that re place ment power would
be cheaper than con tin ued opera tion [21]. On August 6,
1997, the board of direc tors of the Maine Yan kee plant
voted to close the plant per ma nently. It was agreed that
they could not run the plant eco nomi cally, and after
attempts to sell the plant were unsuc cess ful, they
decided to shut it down [22]. Big Rock Point, the old est
and long est run ning reac tor in the United States, was
retired in August 1997. Its small size (67 mega watts)
made it too expen sive to oper ate in a com peti tive envi -
ron ment [23].

Deregu la tion of the U.S. elec tric ity indus try will be a
major fac tor in the future for nuclear power in North
Amer ica. Until deci sions are made about stranded cost
recov ery and the future recov ery of decom mis sion ing
costs, there will be lit tle incen tive to invest in new
nuclear capac ity. And deci sions about the future of
currently oper at ing nuclear plants will increas ingly be
based on the com peti tive ness of their oper at ing costs.
Data com piled by the Util ity Data Insti tute (UDI) show
that the aver age cost of elec tric ity from nuclear gen era -
tion in the United States was 1.89 cents per kilo wat thour
in 1996, and that it has declined by 4 per cent per year
since 1993 [24]. Capac ity fac tors for nuclear power units
in the United States have also been improv ing. The aver -
age annual capac ity fac tor for 1996 was 76.4 per cent,
down slightly from 1995, but still much higher than just
5 years ago, when it hit 70 per cent for the first time in
history. World wide, 5 of the top 10 units for 1996 (based
on capac ity fac tor) were U.S. plants, as were 23 of the top 
50 [25]. Con tin ued improve ments in cost and per form -
ance will be needed if nuclear units are to remain com -
peti tive in the deregu lated envi ron ment.
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Nuclear Power Reac tors in North Korea

Source: Energy Infor ma tion Admin istra tion, Office of Inte grated Analy sis and Fore cast ing.
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East ern Europe/For mer Soviet Union

In the EE/FSU region, 69 nuclear units pro duced 264.9
bil lion kilo wat thours of elec tric ity in 1996. More than 75
per cent of that amount was gen er ated in the FSU.
Reliance on nuclear power var ies in the region:
Lithuania gets 83 per cent of its elec tric ity from nuclear
power, Rus sia 11 per cent, and Kazakhstan less than 1
per cent. Sev eral coun tries in the region have ambi tious
plans for addi tional nuclear capac ity, but there are many 
chal lenges that will likely limit new nuclear builds. With 
the poten tial for future proj ects uncer tain, the region’s
nuclear capac ity is pro jected to decline by 1.3 giga watts
between 1996 and 2020 in the ref er ence case. A loss of
25.5 giga watts is pro jected in the low growth case and a
gain of 12.5 giga watts in the high growth case. Rus sia
and the Ukraine have 13 units in the con struc tion pipe -
line, of which 7 are at least 50 per cent com plete. The
pros pects for their com ple tion depend on the abil ity to
obtain financ ing.

Dur ing 1996 Roma nia brought on line a Canadian- built
reac tor at Cer na voda—the first Western- designed
nucle ar power plant in East ern Europe. In the Ukraine,
the Cher no byl 1 unit was shut down in Novem ber 1996;
early in 1997 it was announced that this clos ing would
be per ma nent. The Ukraine has signed a Memo ran dum
of Under stand ing that all units at Cher no byl will be
perma nently shut down by 2000, and it was deter mined
that repairs nec es sary to keep unit 1 oper at ing would
not be cost- effective, given that it would soon be closed.
There are still two units oper able at the Cher no byl site,
and the gov ern ment has sug gested it may need to
continue oper at ing them after 2000 to meet elec tric ity
demand. The Energy Min is ter has expressed frus tra tion
with the lack of funds prom ised to aid the Ukraine in
com plet ing two units under con struc tion, and has
suggested that the Cher no byl units can not be shut
down until new units are oper able and able to pro vide
re place ment power [26].

The lack of indige nous energy resources in many coun -
tries of the EE/FSU, com bined with the prob lems in
financ ing new nuclear proj ects, is result ing in con tin ued
opera tion of reac tors that are con sid ered unsafe by
West ern stan dards. Rus sia has sig nifi cant fos sil fuel
resources, but sig nifi cant amounts of its coal, natu ral
gas, and oil sup plies are being exported in exchange
for hard cur rency. The Min is try of Atomic Energy
(Minatom) of Rus sia had announced ambi tious plans to
begin bring ing the next gen era tion of nuclear reac tors on 
line shortly after 2000 to re place older units that would
be shut down. More recently, how ever, Mina tom has
announced that plans to build new reac tors have been
delayed due to lack of funds, and no new reac tors are
expected to be oper able until at least 2010. As a result,
the opera tion of exist ing units may be extended by 5 to
10 years [27]. The Ukraine is fac ing huge energy debts to
for eign sup pli ers of natu ral gas and oil. Nuclear power

sat is fied 44 per cent of total elec tric ity in the Ukraine in
1996, and the coun try is count ing on com ple tion of new
units to help pro vide energy inde pend ence. Arme nia’s
one unit pro vided 37 per cent of the nation’s elec tric ity in 
1996, and Lithua nia’s two units pro vided 83 per cent of
its total elec tric ity. Both coun tries are oper at ing older
Soviet- designed reac tors that, accord ing to many
experts, are unsafe and would never be licensed in the
West [28].

Ref er ences
1. “Pri vat ized Brit ish Energy Pro duces Good Results,”

Nuclear News, Vol. 40, No. 8 (July 1997), p. 27.

2. “Vir ginia Power Sta tions Top Effi cient Gen era tors in 
1996,” Nucle on ics Week, Vol. 38, No. 24 (June 12,
1997), p. 1.

3. “Late News,” Nuclear News, Vol. 39, No. 12 (Novem -
ber 1996), p. 17.

4. A. Sains, “Barse baeck Shut down Won’t Hike Elec tric 
Costs, Vat ten fall Says,” Nucle on ics Week, Vol. 38, No.
40 (Octo ber 2, 1997), pp. 2-3.

5. “Tepco, Kan sai, Vir ginia Power Top 1996 Capac ity
Fac tor List,” Nucle on ics Week, Vol. 38, No. 7 (Feb ru -
ary 13, 1997), p. 1.

6. “Wolsong-2 Reac tor Starts Com mer cial Opera tion,”
Nuclear News, Vol. 40, No. 9 (August 1997), pp. 31-32.

7. “Late News,” Nuclear News, Vol. 40, No. 1 (Janu ary
1997), p. 17.

8. “Chi nese Candu Con tract Signed for Qin shan Site,”
Nuclear News, Vol. 40, No. 1 (Janu ary 1997), p. 33.

9. “Tai power Issues Sched ule for Lung men
Construction,” Nuclear News, Vol. 40, No. 5 (April
1997), p. 46.

10. L. Tyson, “Nuclear Debate: Pro tests over Waste
Disposal Plan,” Finan cial Times (Octo ber 7, 1997),
p. 5.

11. K. Sul li van and M. Jor dan, “North Korea Opens a
Win dow to World; Energy Pro ject Allows Seoul and
Oth ers into Sta lin ist State,” Wash ing ton Post Serv ice.

12. The Econo mist Intel li gence Unit, Ltd., “North Korea
Update: The Her mit Stirs,” EIU Busi ness Asia
(Decem ber 2, 1996).

13. K. Hart, “DOE Requests Addi tional $4-Million for
Can ning North Korean Spent Fuel,” Nuclear Fuel
(May 6, 1996), p. 5.

94 En ergy In for ma tion Ad min istra tion/ In ter na tional En ergy Out look 1998



14. Shin Yong- bae, “Renewed Claim on North Korean
Nuke Arms; NSP Chief Says Defec tor Believes North 
Has Weap ons of Mass Destruc tion,” The Korea Her ald
(May 10, 1997).

15. “Dode waard Closed After 28 Years of Opera tion,” 
Nuclear News, Vol. 40, No. 6 (May 1997), p. 52.

16. “Swed ish Gov ern ment Agrees To Shut 1,200-MW
Barse baeck Nuclear Plant,” Elec tric Util ity Week (Feb -
ru ary 17, 1997), p. 16.

17. A. MacLachlan, “Nuclear Utili ties Cut ting Costs as
Spain, and EU, Move to Mar ket,” Nucle on ics Week,
Vol. 37, No. 46 (Novem ber 14, 1996), p. 5.

18. A. MacLachlan, “French Study Con firms Nuclear
Costs Edge Slip ping Against Gas,” Nucle on ics Week,
Vol. 38, No. 18 (May 1, 1997), p. 1.

19. A. MacLachlan, “EdF Low ers O&M Below a
Cent/kWh, Says Nuclear Ready To Com pete,”
Nucle on ics Week, Vol. 38, No. 12 (March 20, 1997), p. 1.

20. “Ontario Hydro Tak ing 4,700 MW Off Line as It
Tries To Fix Its Nuclear Pro gram,” Elec tric Util ity
Week (August 18, 1997), p. 1.

21. “Had dam Neck: Con necti cut Yan kee Votes for Pre -
ma ture Shut down,” Nuclear News, Vol. 40, No. 1
(Janu ary 1997), p. 19.

22. “Maine Yan kee: Board Votes for Clo sure; Decom To
Start Right Away,” Nuclear News, Vol. 40, No. 10
(Sep tem ber 1997), p. 14.

23. “Late News,” Nuclear News, Vol. 40, No. 11 (Octo ber
1997), p. 18.

24. “Vir ginia Power Sta tions Top Effi cient Gen era tors in 
1996,” Nucle on ics Week, Vol. 38, No. 24 (June 12,
1997), p. 1.

25. “Tepco, Kan sai, Vir ginia Power Top 1996 Capac ity
Fac tor List,” Nucle on ics Week, Vol. 38, No. 7 (Feb ru -
ary 13, 1997), p. 1.

26. “Chernobyl-1 For mally Closed, To Be De com mis -
sioned,” Nuclear News, Vol. 40, No. 9 (August 1997),
p. 31.

27. M. Hibbs and A. MacLachlan, “Eco nomic Cri sis
Forc ing Rus sia To Extend Lives of 18 Reac tors,”
Nucle on ics Week, Vol. 38, No. 40 (Octo ber 2, 1997),
p. 1.

28. A. Coop er man, “The Next Cher no byl?” U.S.News
and World Report, Vol. 120, No. 17 (April 29, 1996),
pp. 46-49.

En ergy In for ma tion Ad min istra tion/ In ter na tional En ergy Out look 1998 95



Hy droe lec tric ity and Other Re new able Re sources

While renew able energy sources are not expected to gain mar ket share,
they are expected to retain an 8-percent share

of world energy use through 2020.

World events and low fos sil fuel prices in 1997 have had
mixed effects on the mar kets for hydroe lec tric ity and
other renew able energy sources. World oil prices have
fallen from $24 per bar rel in 1996 to the 1997 price of
$17 per bar rel, and they are expected to remain below
$23 per bar rel through 2020 (prices in 1996 U.S. dol lars).
Low fos sil fuel prices will con tinue to make it dif fi cult
for renew able energy sources to com pete for mar ket
share. On the other hand, the cli mate change pro to col
devel oped in Kyoto, Japan, in 1997 increases inter est in
the poten tial role of renew ables, inas much as many
devel oped coun tries have com mit ted to reduc ing car -
bon emis sions sub stan tially over the next dec ade or so.
The IEO98 pro jec tions, how ever, do not take into
account any pol icy ini tia tives that may result from the
draft agree ment.

The IEO98 ref er ence case proj ects that, by 2020, total
con sump tion of renew able energy will reach 50 quad -
rillion Btu—an increase of 67 per cent over 1995 lev els
(Fig ure 69). Renew ables are not expected to gain mar ket
share in terms of world energy con sump tion. Renew able 
energy use grows just enough to main tain an 8-percent
share of total world energy con sump tion through out the

Fig ure 69.  World Con sump tion of Hydroe lec tric ity
and Other Renew able Energy in Three
Cases, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

pro jec tion pe ri od (Fig ure 70). Use in devel oped
countries is pro jected to rise more slowly than in
develop ing coun tries, where major hydroe lec tric de -
velop ment proj ects are under way (Fig ure 71).

Fig ure 70.  Renew able Energy Share of World
Energy Con sump tion, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

Non com mer cial fuels from plant and ani mal sources
remain an impor tant source of energy, espe cially in the
devel op ing world; how ever, com pre hen sive data on the
use of non com meri cal fuels are not avail able and, as a
result, are not included in the IEO98 pro jec tions.
Similarly, because there are few exten sive sources of
inter na tional data on their use, dis persed renew ables
(renew able energy con sumed on the site of its pro duc -
tion, such as solar pan els used for water heat ing) also are 
not con sid ered in the pro jec tions.

Some key devel op ments affect ing world renew able
energy in 1997 include:

• Most renew able energy devel op ment involves
expand ing or refur bish ing sites for hydroe lec tric
power gen era tion—pre domi nantly out side North
Amer ica and West ern Europe, where resources
have for the most part been fully exploited.

En ergy In for ma tion Ad min istra tion/ In ter na tional En ergy Out look 1998 97

1970 1980 1990 2000 2010 2020
0

10

20

30

40

50

60

70
Quadrillion Btu

High
Economic Growth

Low
Economic Growth

History Projections

Reference Case

1970 1980 1990 2000 2010 2020
0

5

10

15

20
Percent of Total



Fig ure 71.  Renew able Energy Con sump tion by
Region, 1970, 1995, and 2020

Sources: 1970 and 1995: Energy Infor ma tion Admin istra tion 
(EIA), Office of Energy Mar kets and End Use, Inter na tional
Sta tis tics Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). 2020:
EIA, World Energy Pro jec tion Sys tem (1998).

• Non hy droe lec tric renew able energy devel op ment 
var ies across regions, with wind gen era tion
receiv ing the great est devel op ment sup port. The
Ameri can Wind Energy Asso cia tion reported in
its 1997 sur vey that, for the sec ond year in a row,
more than 1,200 mega watts of new wind gen er at -
ing capac ity was installed world wide, most of it in
Ger many and India [1]. In 1996, installed wind
energy grew by 25 per cent over the 1995 level.
World wide wind capac ity was esti mated at 6,259
mega watts at the end of 1996.

• The Asian finan cial cri sis in the autumn of 1997
cre ated dif fi cul ties for many renew able energy
proj ects, as well as other energy proj ects that had
been planned in the region. In Indo ne sia, 8 out of
13 power proj ects whose con struc tion was post -
poned in Sep tem ber 1997 because of the finan cial
cri sis were geo ther mal power plants. And the
future of the Lao tian 681- megawatt Nam Thuen 2
hydroe lec tric dam, the out put from which was
slated to be exported to Thai land, remains uncer -
tain, espe cially since a power pur chase agree ment
between the state- owned Elec tric ity Gen er at ing
Author ity of Thai land (EGAT) and the Nam
Thuen 2 Elec tric ity Con sor tium expired when the
con sor tium could not meet its com mit ment to
com plete the proj ect by 2000. Malaysia’s
1.8-gigawatt Bakun hydroe lec tric proj ect was
indefi nitely post poned in 1997.

• Per haps some of the most prom is ing trends for
the future of renew ables involve new ini tia tives
by large fossil- fuel- based com pa nies. Enron
Corpo ra tion formed Enron Renew able Energy

Cor po ra tion in Janu ary 1997 with its acqui si tion of 
Zond Cor po ra tion, an Ameri can wind energy
power plant devel oper [2]. Fur ther, in Octo ber
1997, Enron announced the acqui si tion of Tacke
Wind tech nik GmbH, a Ger man wind tur bine
manu fac turer [3]. In May 1997, Brit ish Petro leum
announced plans to increase solar power sales to
$1.1 bil lion per year within the next dec ade, and in
Octo ber Royal Dutch Shell announced that it
would invest more than $500 mil lion in renew -
ables over the next 5 years [4].

Regional Activ ity
North Amer ica

Over the next 25 years, renew able energy use is
projected to increase by 1.3 per cent annu ally in North
Amer ica. At this rate, renew able energy con sump tion
would increase from 10.6 quad ril lion Btu in 1995 to 14.8
quad ril lion Btu in 2020 and would account for about 10
per cent of total pro jected energy use in the region
(Figure 72).

Fig ure 72.  Renew able Energy Con sump tion in
North Amer ica, 1975-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

In the United States, most growth in renew able energy
use for power gen era tion involves munici pal solid waste 
(MSW), wind, and bio mass [5, p. 57]. The increase in
MSW is attrib uted mostly to the recov ery and use of
land fill gas (meth ane); the increase in bio mass is split
between indus trial cogenera tion and gasi fi ca tion
combined- cycle units owned by elec tric ity gen er at ing
firms. U.S. wind capac ity is expected to dou ble over the
fore cast pe ri od, with improve ments in wind tech nol ogy
that include larger, more effi cient tur bines and im -
proved tur bine siting [5, p. 58]. At the end of 1996,
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Fig ure 73.  Grid- Connected Wind Power Plants in the United States as of Decem ber 31, 1996

Source: Inter na tional Energy Agency and National Renew able Energy Labo ra tory, IEA Wind Annual Report 1996 (Golden, CO,
Octo ber 1997), p. 143.

approxi mately 1.8 giga watts of wind capac ity was oper  -
ating in the United States. There are 17 States with plans
to add new capac ity between 1997 and 2005 (Fig ure 73).

The U.S. Util ity Wind Tur bine Veri fi ca tion Pro gram has
been man aged jointly by the U.S. Depart ment of Energy
and the Elec tric Power Research Insti tute [6]. The pro -
gram—in place since 1992—was designed to increase
the com mer cial viabil ity of wind- powered elec tric ity by
evalu at ing advanced wind tur bines oper at ing at wind
plants devel oped by U.S. elec tric util ity com pa nies.
Under this pro gram, two 6-megawatt proj ects have been 
built. The first was com mis sioned in 1995 and is owned
by Cen tral and South West Serv ices Cor po ra tion in Fort
Davis, Texas. The proj ect uses 12 550- kilowatt wind
turbines. The sec ond proj ect, with 11 550- kilowatt
turbines, began opera tion in August 1997 and is owned
by Green Moun tain Power Cor po ra tion in Sears burg,
Ver mont. Seven other proj ects are cur rently planned or
under con struc tion:

• Iowa. In 1998, three 750- kilowatt tur bines are to be 
installed in Algona. The proj ect is expected to
produce 5.4 mil lion kilo wat thours per year,
provid ing enough elec tric ity to sup ply an
estimated 540 homes.

• Nebraska. Two 750- kilowatt tur bines are
scheduled to begin oper at ing in north- central
Nebraska by the end of 1998. The proj ect is

projected to pro duce 4.2 mil lion kilo wat thours
annu ally, enough elec tric ity for about 420 homes
each year.

• Texas. Texas Wind Power Com pany will develop,
con struct, and oper ate six 750- kilowatt wind
turbines in the Texas pan han dle near Brown field.
The facil ity is expected to pro duce about 9 mil lion
kilo wat thours of elec tric ity each year (enough for
about 900 homes) for Brown field.

• Okla homa and Texas. Cen tral and South West
Serv ices Cor po ra tion (CSW) plans to install four
300- kilowatt wind tur bines by the end of 1998.
CSW is cur rently evalu at ing poten tial sites in
these two States.

• New York. Niag ara Mohawk Power Cor po ra tion
plans to install three 300- kilowatt tur bines in
north ern New York by 1999.

• Wis con sin. EPRI and four utili ties in east ern Wis -
con sin (Wis con sin Pub li c Serv ice Cor po ra tion,
Madi son Gas & Elec tric Com pany, Wis con sin
Elec tric Power Com pany, and Wis con sin Power &
Light Com pany) plan to install two 600- kilowatt
tur bines near Green Bay by the end of 1997. The
two tur bines should sup ply 3.6 mil lion kilo -
watthours of elec tric ity each year, enough for
about 360 homes.
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• Alaska. Three 50- kilowatt wind tur bines were
installed in Kotze bue, Alaska, to sup ple ment the
Kotze bue Elec tric Asso cia tion’s exist ing diesel-
 powered sta tion. The power sta tion, located about
50 miles north of the Arc tic Cir cle in the vil lage of
Kotze bue, serves the 2,100 resi dents of the vil lage.

In Can ada, hydroe lec tric ity remains by far the larg est
source of renew able energy. Although plans for large-
 scale hydroe lec tric proj ects have been scrapped for the
most part, Hydro Que bec plans to com plete con struc -
tion of its 882- megawatt Sainte Mar gue rite 3 proj ect,
north west of Sept- Iles on the Sainte Mar gue rite River
[7]. The proj ect will begin to oper ate in May 2001. Hydro
Que bec began work on the proj ect infra struc ture in 1994
and fin ished build ing the pri mary road to the main dam
site in Novem ber 1995. When com plete, the two gen er at -
ing sta tions are expected to pro duce a total of 3.2 tera -
wat thours of elec tric ity annu ally. The 3.2-gigawatt
Grand Bal eine Com plex in Que bec prov ince is expected
to be built in stages, with the first stage com pleted by
2019 [8, p. 57].

In aggre gate, Can ada proj ects nearly a one- third
increase in hydroe lec tric capac ity by 2020, with most of
the increase after 2010. In the near term, elec tric ity
growth is expected to be rela tively slow, with only
modest addi tions to gen er at ing capac ity planned [8,
pp. 55-59]. The Cana dian gov ern ment has announced a
range of ini tia tives to expand renew able energy use, and 
increased use of bio mass and waste fuels is antici pated;
how ever, only a small part of the coun try’s total energy
needs will be met from these sources.

All other future hydroe lec tric proj ects in Can ada will be
smaller than 500 mega watts of installed capac ity [8,
p. 52]. Other Que bec hydroe lec tric sta tions to be built
when demand exceeds gen er at ing capa bil ity after 2010
include a com bined 2.0 giga watts of capac ity at the
follow ing sta tions: East main 1, Mer cier, Kipawa, Haut
Saint Maurice, and Ashuap mushan [8, p. 58]. In
Manitoba, the Wuks wa tim and Notigi sta tions will
provide an addi tional 405 mega watts of hydroe lec tric
capac ity after 2010. Four hydroe lec tric plants (Waneta,
Bil lant, Keen ley side, and Mur phy Creek) will be
constructed after 2015 in Brit ish Colum bia, with a com -
bined 1.0 giga watt of capac ity. About 237 mega watts of
capac ity from small hydro power facili ties is expected to
be added between 1995 and 2020 [8, p. 61].

West ern Europe

Con sump tion of hydroe lec tric ity and other renew able
energy sources in West ern Europe climbs by almost 70
per cent in the fore cast, from 5.1 quad ril lion Btu in 1995
to 8.7 quad ril lion Btu in 2020 (Fig ure 74). Most of
Europe’s hydroe lec tric resources have already been
devel oped, and the pro jected growth con sists mostly of
alter na tive energy sources, such as wind.

Fig ure 74.  Renew able Energy Con sump tion in
West ern Europe, 1980-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

The Euro pean Wind Energy Asso cia tion proj ects wind
power capac ity to more than dou ble in Europe by 2001,
with par ticu larly large increases fore cast for Ger many
and Spain (1,500 mega watts and 1,200 mega watts,
respec tively) [9]. Ger many remains the fastest- growing
mar ket for wind gen era tion in West ern Europe, add ing
438 mega watts of wind capac ity in 1996.

Under Ger many’s pres ent Elec tric ity Feed Law (EFL),
utili ties must accept renew ables from inde pend ent
power pro duc ers (IPP). The utili ties are obli gated to pay
the IPPs a mini mum price of 90 per cent of their aver age
elec tric ity rate for wind and pho to vol taic energy (today
about 10 cents per kilo wat thour) and 70 per cent for
energy from water, bio mass, or bio gas [10, 11]. The
Chris tian Democrats- CSU party pro posed to reduce the
mini mum required level for wind power fed into util ity
grids in an effort to ease the bur den placed on utili ties to
use renew ables [10]. How ever, strong pub li c sup port for 
the EFL has kept the gov ern ment from mak ing any
changes thus far, and the Ger man rul ing coa li tion
parties have tabled deci sions on the EFL until 1998 [12].

Indi vid ual Ger man munici pali ties are also devel op ing
alter na tive energy sources. In Ber lin, the Ener gie 2000
pro gram was devel oped in an effort to increase solar
elec tric ity use. City offi cials and the area’s power firm,
Bewag AG, are invest ing $22.5 mil lion between 1997 and 
2000 to sup port solar energy proj ects, and 44 poten tial
solar instal la tion sites have already been iden ti fied [13,
p. 390].

In terms of wind devel op ment, Den mark, Spain, and the
United King dom fol lowed Ger many and added, respec -
tively, 190 mega watts, 90 mega watts, and 71 mega watts
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of capac ity in 1996. Den mark still hopes to achieve its
tar get of 1,500 mega watts of installed wind capac ity by
2005 as set forth in the coun try’s Energy 2000 pro gram
[14, p. 27]; how ever, the Dan ish trans mis sion com pa nies
Elsam and Elk raft have not been able to meet their
commit ment to increase wind capac ity. Pub li c resis tance 
to planned facili ties has made it dif fi cult to install the
capac ity; as a result, off shore wind plants are now being
planned [13, p. 399]. The first off shore plant should be
installed by 2000.

The United King dom’s Non- Fossil Fuel Obli ga tion
(NFFO) has helped to boost renew able instal la -
tions—par ticu larly wind—in that coun try. The NFFO,
enacted as part of the Elec tric ity Act of 1989, was seen
pri mar ily as a way to sub si dize the nuclear power indus -
try after the 1989 pri va ti za tion of Brit ain’s elec tric ity
sup ply indus try [15]. The coun try’s nuclear power
plants were unable to attract pri vate inves tors and, as a
result, remained government- owned and needed pub li c
finan cial sup port to oper ate. Although most of the
NFFO taxes were used to sup port the nuclear indus try, a 
small por tion of the pro ceeds was used to sup port
renew ables.

Four NFFO orders have already been made in Eng land,
as well as two in Scot land and two in North ern Ire land
[16, p. 134]. Wind power has domi nated each of the
NFFOs—for exam ple, in the fourth NFFO, proj ects com -
pris ing 341 mega watts of wind capac ity were awarded.
In Novem ber 1997, the Brit ish gov ern ment announced
plans for a fifth NFFO order for 1998. Bids for NFFO 5
are to be solic ited from proj ects based on munici pal and
indus trial waste incin era tion, land fill gas, small- scale
hydro power, and onshore wind energy [17]. In 1998,
there will be no fur ther sub si dies for the nuclear power
indus try, and all NFFO pro ceeds will be used to sup port
renew able energy proj ects [18].

Sev eral other Euro pean coun tries have plans to expand
their use of renew able energy. In Greece, an esti mated
100 mega watts of wind gen era tion capac ity could be
devel oped in the Greek Islands by 2000 [19, p. 46-47].
Sev eral wind facili ties are already oper at ing on islands
in the Aegean Sea. The state- owned Pub li c Power Com -
mis sion installed four wind farms on the islands of
Samos, Chios, Psara, and Andros. These facili ties are
part of a gov ern ment effort to add 150 mega watts of
wind capac ity over the next sev eral years. Since 1991, 13
wind farms have been con structed, with a com bined
capac ity of 22 mega watts.

In June 1997, the Greek gov ern ment announced the start
of con struc tion on the world’s larg est solar pho to vol taic
power sta tion, on the island of Crete [20]. The gov ern -
ment will fund the first 5-megawatt por tion of a pro -
posed 50- megawatt pho to vol taic power sta tion on Crete 
with the U.S. com pany, Enron Solar. The Euro pean

Union (EU) and the Greek gov ern ment will fund 55 per -
cent of the capi tal costs, with a total invest ment of $17.75
mil lion. Enron Solar plans to add 9 mega watts to the
plant each year, reach ing an installed capac ity of 50
mega watts by 2003. Cur rently, the world’s larg est
photo vol taic power sta tion is in Italy, with a capac ity of
3.3 mega watts. When com pleted, the Crete solar power
sta tion will be 15 times larger than any other solar pho to -
vol taic instal la tion in the world and should pro vide elec -
tric ity for almost 100,000 peo ple. Enron has esti mated
that, for the first 5 mega watts of the 50- megawatt pro -
posal, the cost of gen er at ing elec tric ity should be below
8.5 cents per kilo wat thour.

Ital ian Vento Power Cor po ra tion (IVPC) installed 38
mega watts of wind capac ity in Italy in 1996, with a total
of 170 mega watts planned [21]. The poten tial for large
increases in wind capac ity in Italy are a result of 1992
leg is la tion that prom ises a pre mium price for elec tric ity
from renew able energy and cogenera tion. By mid- 1995,
Italy’s Min is try of Indus try had approved proj ects
amount ing to a total of 723 mega watts of installed
capacity, and sev eral hun dred mega watts of capac ity
were added to plans in 1996. The pre mium is quite large, 
at 10.7 cents per kilo wat thour for the elec tric ity gen er -
ated by plants installed in 1997, and it extends for the
first 8 years of opera tion. After that, the price falls to 5.4
cents per kilo wat thour. At pres ent, wind proj ects gen -
erate elec tric ity at costs rang ing from 4.5 to 6.5 cents per
kilo wat thour, mak ing the pre mium very attrac tive to
inves tors.

Although the devel op ment of renew able energy in
Ireland has been very small, the coun try has begun
promot ing the use of renew ables for elec tric ity gen era -
tion through its Alter na tive Energy Require ment (AER)
scheme [19, pp. 76-77]. In 1994, the first AER required
the coun try’s Elec tric ity Sup ply Board (ESB) to offer
contracts to pur chase power from com bined heat and
power (CHP) proj ects, wind, hydroe lec tric, and waste
and bio mass sources for a com bined 75 mega watts
between 1995 and 1997. Thirty- four proj ects (mostly
wind) were awarded (a total of 111 mega watts of
capacity), but because of dif fi cul ties in obtain ing
planning per mis sion for the proj ects, only 6 have ob -
tained per mis sion to pro ceed (41.2 mega watts), 2 are still 
in the process of obtain ing per mis sion (9.8 mega watts),
and the remain ing 26 (22.5 mega watts) have failed to
obtain per mis sion to pro ceed. A sec ond AER was
offered in Decem ber 1995, and a third in 1997. The
govern ment has announced that more AERs will be
issued after 2000, planned for 30 mega watts each year
through 2010.

Although Fin land’s poten tial for devel op ing renew able
energy is only mar ginal because of its geo graphi cal
location and cli mate, the gov ern ment plans to install 100
mega watts of wind capac ity by 2005. State grants and
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sub si dies are being awarded to achieve this goal [14,
p. 60]. The coun try also has plans to add two small
hydroe lec tric plants—Pamilo (26 mega watts) and
Vuotos (37 mega watts)—as well as a waste facil ity—
VTS/Oulu (50 mega watts)—between 1997 and 2001.

In France, an esti mated 85 per cent of poten tial hydro -
elec tric capac ity has already been devel oped [14, p. 120].
In 1989, the gov ern ment halted all hydroe lec tric devel -
op ment until 2000. Most of the other renew able energy
devel op ment in France has been at the 240- megawatt
La Rance tidal bar rage. In 1996, how ever, Elec tric ite de
France and the Indus try Min is try launched the EOLE
2005 wind devel op ment pro gram. Under EOLE, the
gov ern ment hopes to install between 250 and 500 mega -
watts of wind capac ity by 2005. The first call for bids
under EOLE was made in July 1996. At the end of Feb -
ruary 1997, a 2.7-megawatt wind farm began oper at ing
in Dun kirk, near France’s first 300 kilo watt wind
turbine, which was com mis sioned in 1991. At the end of
1997, a third wind facil ity of 7.5 mega watts was sched -
uled to begin oper at ing at Salleles- Limousis.

Indus tri al ized Asia

Over the next 25 years, the coun tries of indus tri al ized
Asia are expected to increase their use of hydroe lec tric -
ity and other renew able energy sources by 0.7 quad ril -
lion Btu from the cur rent level of 1.4 quad ril lion Btu
(Fig ure 75). In Japan, sev eral pro grams are in place to
pro mote renew able devel op ment: the gov ern ment’s
New Sun shine Pro ject, a $68.5 mil lion invest ment from
the City of Tokyo, and a $102.8 mil lion invest ment to
install 9,400 pri vate solar roof arrays are expected to
help the coun try install 400 mega watts of pho to vol taic
capac ity by 2000 and 4,600 mega watts by 2010 [22].

Fig ure 75.  Renew able Energy Con sump tion in
Asia, 1970-2020

Sources: His tory: Energy Infor ma tion Admin istra tion (EIA),
Office of Energy Mar kets and End Use, Inter na tional Sta tis tics
Data base and Inter na tional Energy Annual 1996,
DOE/EIA-0219(96) (Wash ing ton, DC, Feb ru ary 1998). Pro jec -
tions: EIA, World Energy Pro jec tion Sys tem (1998).

New Zea land gen er ates the bulk of its elec tric ity from
hydroe lec tric ity and other renew able resources. In 1995,
almost 27 bil lion kilo wat thours of the total 34 bil lion
kilo wat thours of elec tric ity gen er ated came from
hydroe lec tric ity. Another 2 bil lion kilo wat thours was
gen er ated from geo ther mal and other renew able
resources. There has been lit tle devel op ment of New
Zea land’s wind resources. A dem on stra tion proj ect at
Brook lyn and the Wairarapa Elec trici ty’s 3.5-megawatt
wind farm at Hau Nui are, thus far, the only proj ects
oper at ing. The Elec tric ity Cor po ra tion of New Zea land
pro posal for a wind farm at Bar ing Head was rejected,
and the com pany is encoun ter ing strong pub li c oppo si -
tion to its pro posed devel op ment at Makara (near
Welling ton) [23]. Eco nom ics have kept con struc tion
from begin ning on Tara rua Wind Pow er’s pro posed
137- turbine, 30- megawatt wind facil ity in Mana watu.
Con struc tion is now planned to begin in 1998.

In Aus tra lia the bulk of elec tric ity con tin ues to be gen -
erated from coal. In 1995 only 16 bil lion kilo wat thours of 
the 163 bil lion kilo wat thours of elec tric ity gen er ated
came from hydroe lec tric ity and other renew able sources 
(over whelm ingly hydro). Most of the devel op ment of
wind and solar pho to vol taic energy is planned for non-
 grid sys tems located in remote sites [24]. BP Solar
Austra lia, the coun try’s larg est pho to vol taic manu fac -
turer, has been selected to sup ply 500 solar pho to vol taic
energy sys tems (pro duc ing 1 mil lion kilo wat thours per
year) for the Syd ney Ath letes Vil lage at Home bush [25].
The pho to vol taic facil ity should be com pleted by
Decem ber 1999, with some gen era tion expected to begin
as early as April 1998 [26].

Devel op ing Asia

Despite the can cel la tion of Malaysia’s large- scale Bakun
hydroe lec tric proj ect and the recent eco nomic down turn 
in the region, robust growth in renew ables is still
expected for the coun tries of devel op ing Asia over the
pro jec tion pe ri od. In the ref er ence case, con sump tion of
hydroe lec tric ity and other renew able sources grows
from 4.0 quad ril lion Btu in 1995 to 10.9 quad ril lion Btu in 
2020 (Fig ure 75).

In Sep tem ber 1997, the Malay sian gov ern ment an -
nounced an indefi nite delay of the 2.4-gigawatt Bakun
hydroe lec tric proj ect [27]. The $6.2 bil lion proj ect, first
pro posed in 1962, has been plagued by prob lems
through out its 35- year his tory [28]. A 1996 rul ing by the
Kuala Lam pur High Court stated that the Bakun
project’s envi ron mental impact assess ment was invalid,
fur ther delay ing con struc tion of the dam [29]. Pro tests
by inter na tional envi ron mental groups, and com plaints
that com pen sa tion given to resi dents dis lo cated by the
proj ect were well short of the prom ised amounts, added
to the con tro versy sur round ing the proj ect. The devalua -
tion of the Malay sian rin gitt in 1997 raised cost esti mates 
for the proj ect by 20 per cent and caused the proj ect to be
shelved indefi nitely.
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India has also had prob lems with pub li c pro tests over
sev eral pro posed hydroe lec tric proj ects. In Octo ber
1997, some 10,000 peo ple gath ered to pro test con struc -
tion of the pro posed Mahesh war Dam on the Nar mada
River [30]. The cost of the 400- megawatt Mahesh war
hydroe lec tric proj ect has been pro jected at around $436
mil lion. It is part of the Nar mada Val ley Devel op ment
Pro ject, which is a plan to build 30 large, 135 medium,
and 3,000 small dams on the Nar mada River and its
tribu tar ies. In Sep tem ber, the state gov ern ment of
Sikkim agreed to scale back its 30- megawatt hydro -
electric proj ect at Rathong chu to an 18- megawatt proj ect
[31].

In  Laos, envi ron mental and eco nomic prob lems asso ci -
ated with the $1.2 bil lion Nam Thuen 2 (NT2) hydro -
electric proj ect have resulted in the World Bank’s
with hold ing (at least tem po rar ily) of a par tial loan
guaran tee of $100 mil lion to the Laos gov ern ment [32].
The 680- megawatt dam proba bly will not be able to
proceed with out the World Bank guar an tee. Addi tional
prob lems relate to secur ing guar an teed pur chase agree -
ments for the pro ject’s out put. A 1995 agree ment with
the Elec tric ity Gen er at ing Author ity of Thai land (EGAT) 
expired when the NT2 Elec tric ity Con sor tium ad -
mitted it could not com plete NT2 by 2000 as origi nally
promised.

A number of hydroe lec tric proj ects under con struc tion
in devel op ing Asia are expected to fuel the fast- paced
growth of renew ables in the region. For exam ple,
Japan’s Kajima Cor po ra tion is con struct ing a 280-
 megawatt hydroe lec tric proj ect in Paun glaung,
Myanmar [33], and in the Phil ip pines con struc tion has
been started on the $168 mil lion 70- megawatt Bakun AC
scheme, which will be one of the first pri vate hydro -
electric proj ects in that coun try [34].

China is aggres sively devel op ing its hydroe lec tric
resources. In addi tion to the con tro ver sial 18.2-gigawatt
Three Gorges dam proj ect on the Yangtze River (see box
on page 105), the coun try has announced plans to con -
struct 13 hydroe lec tric sta tions along the upper reaches
of the Yellow River [35]. The Liji axia Hydro power Plant
in Qing hai Prov ince went into opera tion in August 1997, 
with 2 giga watts of installed capac ity and the abil ity to
gen er ate 5.9 bil lion kilo wat thours of elec tric ity per year.
Con struc tion on the Gao baz hou Hydro power Sta tion on 
the Qing ji ang River (through cen tral Hubei Prov ince)
began in 1997. The facil ity will have three gen er at ing
units of 84 mega watts each. It is the sec ond of three
gener at ing sta tions planned for the Qing ji ang River. The 
first sta tion, Geheyan, which was com pleted in 1994, has 
a capac ity of 1.2 giga watts. The site for the final sta tion,
Shuibuya, is pres ently under go ing fea si bil ity stud ies.

Hydroe lec tric proj ects are also under way on south west
Chi na’s Hong shui River [36]. The 1.2-gigawatt

Tianshengquiao hydroe lec tric facil ity is the first of 10
hydro power proj ects planned for the Hong shui.
Tianshengquiao should begin gen er at ing elec tric ity by
the end of 1998.

Chi na’s Yun nan Prov ince has estab lished a memo ran -
dum of under stand ing with Thai land for elec tric ity
supplies from the pro posed Jin hong and Men song
hydroe lec tric proj ects [37]. Con struc tion of Jin hong is
expected to begin in 1998. Thai land would like to
purchase 1.2 giga watts of capac ity from the Jin hong site,
begin ning in 2004 or 2005, when the facil ity can begin
gen er at ing elec tric ity, and 80 per cent of the pro ject’s 1.5
giga watts of installed capac ity would be exported to
Thailand.

Sev eral proj ects have been tabled or post poned in
Indone sia. As part of gov ern ment spend ing cuts—in
reac tion to the devalua tion of the Indo ne sian rupiah
against the U.S. dol lar—Indo ne sia post poned 14 power
gen era tion proj ects worth $5.9 bil lion, placed 9 oth ers
worth $4.9 bil lion under review, and allowed only 6
proj ects to go ahead as sched uled [38]. Eight geo ther mal
power proj ects were included on the post poned list
(Table 23). The U.S. com pany, Uno cal, had been given
the con struc tion con tract for the $550 mil lion Sarulla
geo ther mal proj ect in Suma tra, which was sup posed to
be devel oped between 1998 and 2000 [39]. The geo -
thermal plants Pathua unit 1 in West Java, Dieng units 1,
2, and 3 in Cen tral Java, and Bedu gul in Bali are rumored 
to be under review [38].

There is some good news for Indo ne sian renew able
devel op ment. The World Bank and the United Nations
Global Envi ron men tal Facili ties (GEF) have already pro -
vided Indo ne sia with $40 mil lion for devel op ment of
rural solar power plant proj ects [40]. Con struc tion of
solar power plants in West Java, South Sulaw esi, and
Lam pung prov inces began in 1996. The World Bank
has embarked on a $120 mil lion pro gram to pro vide
elec tricity from solar energy for 200,000 houses [41].
Accord ing to Indo ne sia’s agency for the assess ment of
tech nol ogy, the coun try began its solar energy pro gram
in 1989 in Suka bumi, West Java, pro vid ing solar energy
devices to 85 houses. A new pro gram, funded by the
Aus tra lian gov ern ment, would pro vide solar power to
35,000 houses in nine prov inces in the east ern part of
Indo ne sia.

Wind energy has enor mous poten tial for devel op ing
Asia. India installed 264 mega watts of wind capac ity in
1996, after install ing 383 mega watts in 1995—enough to
make it sec ond only to Ger many in terms of wind capac -
ity addi tions [1]. Wind instal la tions might slow fur ther
in 1997 because of a change in the cor po rate tax code
reduc ing the tax shield pro vided by the 100 per cent
depre cia tion in the first year by almost 18 per cent.
India’s renew able energy pro gram does have some
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Table 23.  Post poned Indo ne sian Geo ther mal Power Pro jects, 1997

prob lems. Although total wind capac ity has exceeded
732 mega watts, exceed ing the Eighth Five- Year Plan
target of 500 mega watts by 1997, some believe that
private opera tors have exploited the tax holi days and
100 per cent depre cia tion incen tives offered by the
federal Min is try of Non con ven tional Energy Sources
with out yield ing appre cia ble gains in energy sup ply
[42]. The per form ance of wind farms, which are
supposed to oper ate at 25 to 30 per cent of the plant load
fac tor, has declined in some cases to only 7 per cent.
Similar prob lems have arisen for India’s solar energy
pro grams.

East ern Europe and the For mer Soviet Union

In East ern Europe and the former Soviet Union
(EE/FSU), renew able energy grows by 2.1 per cent
annually over the fore cast pe ri od, from 3.0 quad ril lion
Btu in 1995 to 5.1 quad ril lion Btu in 2020. Most of the
devel op ment is expected to be in the form of improve -
ments to and expan sions of exist ing hydroe lec tric
capacity, along with some lim ited devel op ment of other
renew able sources. Because the econo mies of the region
have not recov ered fully from the col lapse of the Soviet
Union in the early 1990s, con di tions do not sup port an
expan sion of renew able energy appli ca tions. In East ern
Europe, where eco nomic recov ery has already begun,
more activ ity is pro jected. Renew ables are expected to
grow by about 4.5 per cent annu ally, mostly through
improved hydroe lec tric utili za tion.

Sev eral announce ments for the upgrad ing and repair of
hydroe lec tric facili ties were made dur ing 1997.
Romania’s state util ity, RENEL RA, announced that
the Iron Gates I proj ect on the Danube River would
be upgraded [57]. Iron Gates I is the larg est hydroe lec tric 
plant in Roma nia, sup ply ing about 10 per cent of the
coun try’s elec tric ity. Alba nia received a $50 mil lion loan
from the World Bank to upgrade and repair five of its
hydroe lec tric facili ties [58]. The Euro pean Bank for
Recon struc tion and Devel op ment began coor di nat ing
financ ing to help upgrade Alba nia’s hydroe lec tric
capac ity.

The Dau gava River is the site of Lat via’s three larg est
hydroe lec tric plants—the 848- megawatt Plavi nas, the
260- megawatt Kegums, and the 402- megawatt Rigas
units. The two other power plants owned by the Lat vian
energy com pany, Lat venergo, are 260- megawatt
cogenera tion units located in Riga. IVO Power Engi -
neering, the inter na tional wing of the Fin nish state-
 owned power cor po ra tion, Ima tran Voima Oy (IVO),
has secured a $10 mil lion con tract to recon di tion the
Dau gava River hydroe lec tric dams man aged by
Latvenergo [59]. IVO intends to repair cracks and
fissures in the walls of the Dau gava River dams, and it is
one of four inter na tional groups that have indi cated an
inter est in pri vat iz ing Lat venergo. The Lat vian state
plans to divest a major ity hold ing in the com pany in
1998. The task of find ing West ern inves tors for
Latvenergo has fallen to the Lat vian Pri va ti za tion
Agency, which is cur rently engaged in find ing ways of
clear ing the power com pa ny’s $80 mil lion debt ahead of
any inter na tional bid ding con test. Pro spec tive own ers
will be required to agree to a $1 bil lion, 10- year mod erni -
za tion pro gram for the com pany. Some 54 per cent of
that total capi tal sum will be needed to reno vate the
three hydroe lec tric plants on the Dau gava River, as well
as rebuild ing whole areas of dam struc ture.

Hydroe lec tric ity cur rently pro vides between 60 and 70
per cent of Arme nia’s elec tric ity gen era tion [60]. The
coun try has plans to expand its hydro power resources
on the Razdan River with sev eral new hydroe lec tric
facili ties, as well as plans to reha bili tate sev eral older
plants, some of which were con structed in the 1940s and
1950s. The coun try is con sid er ing a two- stage hydro -
electric devel op ment pro gram, to be funded in part by
an IDA grant of $13.7 mil lion. The first stage, sched uled
to be com pleted by 2000, involves upgrad ing of exist ing
plants, pri vat iz ing small (less than 5 mega watts
capacity) proj ects, and con struct ing 41 units with a
combined capac ity of 167 mega watts. In July 1997,
Arme nia obtained an $18 mil lion loan from Ger many to
reha bili tate the sec ond unit at the Kanater hydroe lec tric
plant.
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Pro ject Loca tion Com pa nies involved

Geo ther mal Plant . . . . . . . . . . . . . . . . . . . Bedu gul Bali Energy, Ltd.

Geo ther mal Plant . . . . . . . . . . . . . . . . . . . Karaha Karaha Bodas Co.

55- Megawatt Geo ther mal Plant (Units 2, 3, and 4) . . Patuha CalEn ergy, Enersindo Supra Abadi

Geo ther mal Plant . . . . . . . . . . . . . . . . . . . Sibayak Diza warta Pow er indo, Enserch

65- Megawatt Geo ther mal Plant (Unit 4) . . . . . . . . Dieng CalEn ergy, Enersindo Abadi

70- Megawatt Geo ther mal Plant . . . . . . . . . . . . Dra jat, Jaya Chev ron Cor po ra tion, Tex aco, Prasarana Nusan tara

Geo ther mal Plant . . . . . . . . . . . . . . . . . . . Cibuni Yala Teknosa Geo ther mal

Geo ther mal Plant . . . . . . . . . . . . . . . . . . . Sarulla Uno cal

Source: “Indo ne sian IPP Schemes Hit by Cur rency Cri sis,” Finan cial Times: Power in Asia, No. 235 (Sep tem ber 22, 1997).
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Chi na’s Three Gorges Dam

The Three Gorges Dam proj ect is the world’s larg est
and one of the most con tro ver sial energy proj ects
currently under con struc tion. When it is com pleted,
more than 1 mil lion peo ple will need relo ca tion as the
sys tem of dams cre ates a water basin more than 400
miles in length. The World Bank and U.S. Export-
 Import Bank have refused to help finance the proj ect,
pri mar ily because of the adverse envi ron mental effects
this mas sive hydroe lec tric proj ect might have. For one,
the res er voir cre ated by the dam may become a major
pol lu tion prob lem, slow ing the flow of the Yangtze
River and allow ing silt to build up, pos si bly clog ging
the planned har bor at Chongqing within a few dec ades 
[43]. Crit ics of the proj ect believe that sew age and
indus trial waste already emp tied into the Yangtze will
make the res er voir the “big gest open sewer in the
world.” Dis rupt ing the flow of the river will place
several rare plant and ani mal spe cies at risk, includ ing
the endan gered Yangtze river dol phin. The Chi nese
gov ern ment, which has been con sid er ing con struc tion
of such a dam since the early part of the cen tury (see
table on page 106), is pro ceed ing.

On Novem ber 8, 1997, China com pleted the first phase
of the three- phase plan to build Three Gorges Dam
across Chi na’s Yangtze River by divert ing the riv er’s
main chan nel so that con struc tion could begin on the
hydroe lec tric plant and locks [44]. Con struc tion on the
proj ect began in 1993. In addi tion to the work per -
formed to block the flow of the Yangtze, popu la tion
relo ca tion was also part of the first phase of the proj ect.
As of Novem ber 1997, about 92,000 peo ple had been
reset tled; by the time the proj ect is com pleted, at least
1.2 mil lion peo ple will have been moved [45].

Phase 2 is expected to take place between 1998 and
2006, when the dam will be con structed, includ ing a
flood dis charge sys tem and the hydroe lec tric plant
[46]. Between 2003 and 2006, 14 gen era tors are sched -
uled to go on line. In the third phase, between 2004 and
2009, two five- stage locks and ship lifts will be con -
structed. In 2009, another 12 gen era tors will be
installed, and Three Gorges Dam will become fully
opera tional.

By 2009, the hydroe lec tric plant is expected to oper ate
at an installed capac ity of 18.2 giga watts, equiva lent to
about 30 600- megawatt coal- fired power plants [47].
Three Gorges will be the world’s larg est hydroe lec tric
proj ect. The dam will be 610 feet high and 1.3 miles
wide, two times the height of the Statue of Lib erty and
the width of 30 jumbo jets [48]. It will cre ate a 412-
 mile- long res er voir, which will sub merge 13 cit ies, 140
towns, 1,352 vil lages, and some 650 fac to ries [45]. Plans 
are to sup ply elec tric ity to cen tral and east ern China,
includ ing 2,000 mega watts to Chongqing in Sichuan

Source: Energy Infor ma tion Admin istra tion, Office of
Integrated Analy sis and Fore cast ing.

prov ince, 12,000 mega watts to cen tral China, and 4,200
mega watts to east ern China [49]. The proj ect will sup -
ply elec tric ity to six major cit ies in addi tion to
Chongqing: Zhengzhou, Wuhan, Nan jing, Shang hai,
Nan chong, and Chang sha [50]. Pro ject advo cates
expect the dam to pro duce as much as 85 bil lion kilo -
wat thours of elec tric ity per year, which is still only
about 10 per cent of the 881 bil lion kilo wat thours of
elec tric ity con sumed in China in 1995 [50, 51].

Along with sup ply ing elec tric ity, Three Gorges Dam is
being con structed to help con trol flood ing along the
Yangtze River. By some esti mates, 317,000 peo ple com -
bined died in this cen tury’s worst three floods along
the river in 1931, 1935, and 1954 [43]. The Chi nese gov -
ern ment esti mates that 15 mil lion peo ple and 4 mil lion
acres of land along the Jin ji ang sec tion of the Yangtze
are vul ner able to flood ing [52]. The gov ern ment
believes the Three Gorges Dam will increase flood con -
trol capac ity from a 10- year fre quency to a 100- year fre -
quency. Finally, the proj ect is sup posed to improve
navi ga tional capac ity along the Yangtze (grow ing
from the cur rent 10 mil lion tons per year to 50 mil lion
tons per year) and will allow ves sels as large as 10,000
tons to sail upstream on the Yangtze as far as
Chongqing, 1,500 miles inland from Shang hai [50].

Esti mates of the cost of the proj ect—includ ing funds to
help cur rent resi dents relo cate—have var ied widely,
from $29 bil lion to $75 bil lion, reflect ing the dif fi culty
of esti mat ing costs for such large- scale proj ects with
exten sive time hori zons [46]. The proj ect has attracted
the inter est of many for eign con struc tion firms. In
August 1997, the Chi nese awarded two major con tracts 
to Euro pean and Cana dian con sor ti ums to build the
first 14 gen era tors and 14 hydroe lec tric tur bines for the

(Con tin ued on page 106)
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Chi na’s Three Gorges Dam (Continued)

His tory of the Three Gorges Dam Project

1919 Chi nese leader, Sun Yat Sen, pro poses con struc tion of a dam at Three Gorges to improve navi ga tion of the Yangtze
River and to make bet ter use of the riv er’s resources.

1944 John Lucian Sav age, chief design engi neer of the U.S. Bureau of Rec la ma tion, sur veys the Yangtze River and drafts a
pro posal for a dam at Three Gorges. 

1946 In May, the resources com mit tee of the Repub lic of China signs an agree ment with its U.S. coun ter part to jointly design
the dam.

1947 The Chi nese gov ern ment orders sus pen sion of the dam proj ect because of high infla tion and an eco nomic cri sis.

1949 Severe flood ing occurs along the Yangtze River. Chi na’s new gov ern ment decides to make flood con trol on the mid dle
and lower por tions of the river a pri or ity. Three years later the Jing ji ang flood diver sion proj ect is com pleted on the
Yangtze.

1953 Mao Zedong is pre sented with a pro posal for con struct ing res er voirs. Mao requests that a dam be built at Three Gorges 
to con trol flood ing.

1954 The Yangtze Val ley suf fers the worst floods of the cen tury.

1958 In August, Zhou En Lai pre sides over a meet ing at Beidaihe in north ern China where the design of Three Gorges Dam
is pre sented.

1970 The gov ern ment decides to begin con struc tion on the Gez houba Dam Pro ject as a part of the Three Gorges Pro ject to
help sup ply increas ing demand for elec tric power in cen tral China.

1979 Chi na’s Min is try of Water Resources sub mits its pro posal for Three Gorges Dam to the State Coun cil and rec om mends 
im me di ate approval by the cen tral gov ern ment.

1982 Deng Xiaop ing pledges to pro ceed with the Three Gorges Dam proj ect.

1984 State Coun cil author izes the Yangtze Val ley Plan ning Office to draft a fea si bil ity study on the Three Gorges Water
Con trol Pro ject.

1986 The cen tral gov ern ments demands a reex ami na tion of the proj ect and more fea si bil ity stud ies. Over the 1986-1989
pe ri od, the Min is try of Water Resources organ izes 14 expert groups for a large- scale, thor ough review of the proj ect.

1989 The plan ning office revises the fea si bil ity report and pro poses begin ning the proj ect as soon as pos si ble. 

1990 A super vi sory com mit tee is formed for the Three Gorges Dam proj ect, with Vice Pre mier Zou Jiahua as direc tor. 

1991 Zou Jiahua’s com mit tee approves the fea si bil ity report and sub mits it to the State Coun cil for final delib era tion at the
Sev enth National Peo ple’s Con gress.

1992 On April 3, the Fifth Ple nary Ses sion of the Sev enth National Peo ple’s Con gress approves a reso lu tion to pro ceed with
the Three Gorges Dam proj ect, with 1,767 depu ties for, 177 against, and 664 abstain ing.

1993 The Three Gorges Pro ject Con struc tion Com mit tee (TGPCC) is formed to rep re sent Chi na’s State Coun cil in
deci sion mak ing and regu lat ing vital issues. In July, the TGPCC approves a pre limi nary design plan for Three Gorges
Dam, rep re sent ing the begin ning of the pe ri od of con struc tion prepa ra tions. In August, the State Coun cil pres ents the
pro ce dures for popu la tion reset tle ment.

1994 On Decem ber 14, Chi nese Pre mier Li Peng announces the offi cial launch ing of con struc tion on Three Gorges Dam.

1996 Two major trans por ta tion proj ects—includ ing the Xil ing Bridge (across the Yangtze) and an air port in Yichang—are
com pleted and become opera tional. On May 30, the U.S. Export- Import Bank decides that it can not issue a let ter of
inter est for the Three Gorges Dam proj ect because the pro ject’s spon sors, China Yangtze Three Gorges Pro ject
Devel op ment Cor po ra tion, failed “to es tab lish the pro ject’s con sis tency with the Bank’s envi ron mental guide lines.” On
Decem ber 18, the Japa nese Export- Import Bank announces that it will pro vide finan cial back ing and trade insur ance
for Japa nese com pa nies wish ing to par tici pate in Three Gorges.

1997 State Plan ning Com mis sion approves the issu ance of 1 bil lion yuan in cor po rate bonds, the first bond offer ing by the
TGPCC to raise con struc tion funds. The first phase of resi dents to be relo cated from the res er voir region have been
reset tled by Sep tem ber. On Octo ber 1, the Qin ji an tuo Bridge opens to traf fic, con clud ing the con struc tion of
trans por ta tion infra struc ture for the proj ect. On Novem ber 8, the Yangtze River is blocked, sig nal ling the com ple tion of
the first phase of con struc tion on the Three Gorges Dam proj ect.

Sources: Chi nese Embassy, web site www.china- embassy.org; U.S. Import- Export Bank, web site www.exim.gov; and
“Europe ans Win Round in Three Gorges Bid ding,” The Nik kei Weekly, Vol. 35, No. 1787 (August 18, 1997), web site www.
satellite.nik kei.co.jp.

(Con tin ued on page 107)



In East ern Europe the dis pute between Slo va kia and
Hun gary over the Gab cík ovo hydroe lec tric proj ect was
resolved in the United Nations Inter na tional Court of
Jus tice at The Hague. The two coun tries had taken their
dis pute to The Hague in 1993. The Court issued its rul -
ing on its first major envi ron mental case on Sep tem ber
25, 1997 [61]. It ruled that both coun tries were in breach
of the 1977 treaty to con struct a series of hydroe lec tric
dams on the Danube River. The 1977 agree ment be -
tween Hun gary and the then Czecho slo va kia was a joint
proj ect to con struct a three- stage hydroe lec tric proj ect of
two dams—the Slo va kian Gab cík ovo and, 80 miles to
the south, the Hun gar ian Nagy ma ros.

Hun gary sus pended work on its por tion in 1989 because 
of pro tests from the popu lace and inter na tional envi ron -
mental groups. In 1992, Czecho slo va kia decided to
complete Gab cík ovo with out Hun gar ian coop era tion.
Today, the $500 mil lion, 180- megawatt Gab cík ovo
project sup plies an esti mated 12 per cent of the elec tric ity 
con sumed in Slo va kia [62]. The Court stated that
Hungary was wrong to with draw from the treaty, but
that Slo va kia also acted unlaw fully by com plet ing its
part of the proj ect on its own. After almost a year of talks
to resolve the dif fer ences between the two coun tries,
Hun gary and Slo va kia signed a pro to col agree ment
on Feb ru ary 27, 1998, to con struct a dam either at
Nagymaros—the origi nal site of the Hun gar ian por tion
of the proj ect—or at Pil is ma rot [63]. Con struc tion
should be com pleted between 2004 and 2006.

There is lit tle pros pect for devel op ment of alter na tive
energy sources in the region. The still weak econo mies in 
the FSU make it unlikely that renew able energy
programs will flour ish, although there are some small
pilot proj ects and some oppor tu nity for renew ables in
harsh cli mates where con di tions are favor able to wind
power gen era tion. In 1997, con struc tion began on a 40-
 megawatt geo ther mal power sta tion near the exist ing
Klaipeda geo ther mal facil ity in Lithua nia [64]. Work

should be com pleted by the mid dle of 1999. The geo -
thermal energy will be used for space heat ing and hot
water sup plies for the city of Klaipeda. The proj ect is
esti mated to cost about $18 mil lion and is being funded
by a World Bank loan ($5.9 mil lion), as well as funds
from the Global Envi ron ment Fund ($6.9 mil lion),
Danish Envi ron ment Fund ($2.6 mil lion), the Lithua nian 
gov ern ment ($2.6 mil lion), and aid funds from the
European Union (Ecu 85,000).

Mid dle East and Africa

Renew able energy remains a small part of the energy
used in the coun tries of the Mid dle East and Africa.
In the Mid dle East, two coun tries—Iran and Syria—
gener ate about 90 per cent of the region’s hydroe lec -
tricity; and in Africa, eight coun tries—Cam er oon,
Egypt, Ghana, Kenya, Nige ria, Congo (Kin shasa,
formerly Zaire), and Zim babwe—gen er ate almost
80 per cent of the region’s hydroe lec tric ity. Simi larly,
only three coun tries in the Mid dle East and Africa—
Jordan, Ethio pia, and Kenya—con sume meas ur able
amounts of other, grid- connected renew ables.

In Octo ber 1997, Mozam bique was able to pro vide South 
Africa with “trial- supplied elec tric ity” from the Cabora
Bassa hydroe lec tric proj ect for the first time in 14 years
[65]. The Cabora Bassa trans mis sion line had been
severely dam aged dur ing Mozam bique’s Civil War.
South Africa may pur chase as much as 75 per cent of the
2-gigawatt dam’s capac ity. The coun try joined the South 
Africa Power Pool (SAPP) along with Angola,
Botswana, Leso tho, Malawi, Namibia, South Africa,
Swa zi land, Tan za nia, the former Zaire, and Zim babwe.
In Octo ber 1997, the gov ern ment of Mozam bique signed 
a memo ran dum of under stand ing with the gov ern ment
of Malawi for con struc tion of a power trans mis sion line
between the two coun tries that would link Malawi to the 
SAPP grid [66]. The trans mis sion line, which will run
from Cabora Bassa to Malawi, will cost an esti mated
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proj ect [53]. A con sor tium of the French com pany GEC
Alsthom and the Swiss- Swedish com pany ABB Power
Gen era tion won con tracts to con struct 8 gen era tors
(the con tract is worth $420 mil lion) [54]. The sec ond
con tract was awarded to a con sor tium formed by Gen -
eral Elec tric Can ada and the Ger man com pa nies Voith
Hydro GmbH and Sie mens AG for 6 gen era tors and 6
tur bines at a cost of $320 mil lion. Bid ding for 12 more
gen era tors will occur in 1999 or 2000.

U.S. com pa nies have not been able to par tici pate sub -
stan tially in the bid ding for con struc tion work on the
proj ect, mostly because of the refusal by the U.S.

Export- Import Bank in May 1996, based on envi ron -
mental con cerns, to guar an tee loans for U.S. com pa -
nies. The Chi nese gov ern ment insists on export credit
guar an tees, mak ing it dif fi cult for U.S. com pa nies to
com pete for con tracts [55]. In con trast, the gov ern -
ments of Can ada, France, Ger many, and Japan are giv -
ing their com pa nies finan cial guar an tees. Ameri can
com pa nies have been able to sell some equip ment to
dam devel op ers. China has pur chased earth- moving
equip ment—worth about $30 mil lion—from the U.S.
com pany Cat er pil lar, Inc., and cranes and con veyor
belts—worth about $50 mil lion—from the U.S.-based
Rotec Indus tries, Inc. [45, 55, 56].



$37 mil lion. Zim babwe has also been receiv ing Cabora
Bassa elec tric ity on a trial basis through an exist ing
trans mis sion line, and Mozam bique hopes to be able to
sup ply the coun try with 500 mega wat thours of elec -
tricity early in 1998 [65].

A suc cess ful imple men ta tion of alter na tive renew ables
is the World Bank’s Global Envi ron ment Facil ity solar
pho to vol taics pro gram which is attempt ing to install
solar energy light ing units in 9,000 Zim bab wean house -
holds by the end of 1997 [67]. By the begin ning of
Novem ber, more than 8,000 units had been installed in
high- density areas, rural busi nesses, and com mu nity
cen ters and clin ics. The $5.6 mil lion proj ect began in
1993 as a pilot pro gram.

Cen tral and South Amer ica

Hydroe lec tric resources are well estab lished in Cen tral
and South Amer ica. In many coun tries of this region, the 
bulk of elec tric ity is gen er ated from hydro power
resources. In fact, the trend seems to be toward diver si -
fy ing the elec tric ity sup ply by install ing more ther mal
elec tric ity gen er at ing capac ity. Renew able energy is
expected to grow by about 1.1 per cent annu ally between
1995 and 2020, from 5.1 quad ril lion Btu in 1995 to 6.6
quad ril lion Btu in 2020. The renew ables share of energy
con sumed for elec tric ity gen era tion actu ally drops by
almost 25 per cent age points over the fore cast. Whereas
renew ables account for about 77 per cent of the energy
con sumed for elec tric ity at pres ent, their share drops to
about 52 per cent in 2020. Increases in natu ral gas
capacity account for most of the loss of share for
renewables.

Hydroe lec tric ity accounted for 92 per cent of Bra zil’s
gen er at ing capac ity in 1996 [68, p. 65]. Although hydro e -
lec tric ity should remain the main source of elec tric ity
gen era tion through the pro jec tion pe ri od, the renew -
ables share of energy con sumed for elec tric ity gen era -
tion is pro jected to fall from about 95 per cent in 1995 to
86 per cent in 2020. Much of the coun try’s hydroe lec tric
poten tial has already been devel oped, and the cost of

 add ing new capac ity is increas ing, because the remain -
ing avail able resources are located far from the con sum -
ing cen ters. Moreo ver, con tin ued heavy depend ence on
hydroe lec tric ity leaves Bra zil vul ner able to droughts,
which result in power short ages.

Work on the 3-gigawatt, Bra zil ian Xingo plant should be
com pleted by the end of 1997 [68, p. 65]. The gov ern ment 
is also launch ing tend ers for seven addi tional green field
hydroe lec tric facili ties (Table 24), accord ing to the local
busi ness daily, Gazeta Mer can til [69].

Chile too is, at pres ent, heav ily depend ent on hydroe lec -
tric ity for its elec tric ity sup plies. Hydroe lec tric ity
accounted for 81 per cent of the coun try’s total elec tric ity
gen era tion in 1996 [68, p. 95]. Endesa, Chile’s major
hydroe lec tric gen era tion util ity, has had to resort to run -
ning inef fi cient com bus tion tur bines because of recent
low water con di tions. In fact, low water lev els in 1997
led to sev eral black out events. To guard against the risk
of droughts in the future, the coun try plans to add large
quan ti ties of ther mal capac ity which, accord ing to
DRI/McGraw- Hill, by 2020 might com pose as much as
44 per cent of total installed capac ity.

Argen tina cur rently has 22.5 giga watts of total elec -
tricity gen era tion capac ity [68, p. 35]. Hydroe lec tric ity
accounts for more than half of Argen ti na’s elec tric ity
gen era tion. Ther mal capac ity is about 10 giga watts, and
nuclear plants pro vide about 0.9 giga watts. The coun try
still expects to pro vide a large amount of addi tional elec -
tric ity capac ity through hydroe lec tric proj ects. The
2.7-gigawatt Yacy reta proj ect (a joint ven ture between
Argen tina and Uru guay) is sched uled to become fully
opera tional by 1998. Sev eral other hydroe lec tric facili ties 
are planned for the Alto Uru guay and Par ana riv ers after 
2010, with an esti mated addi tional capac ity of 4.6 giga -
watts. Finally, there are plans to add sev eral smaller
hydroe lec tric facili ties by 2020. In the near term, there
are plans to pri vat ize the Pichi Picun hydroe lec tric dam
in Pata go nia [70]. The win ner of the bid for this proj ect is
expected to receive a $25 mil lion sub sidy from the
Argen tin ean gov ern ment to com plete the proj ect.
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Table 24.  Bra zil ian Hydroe lec tric Ten ders

Pro ject State
Capac ity

(Mega watts)
Cost

(Mil lion 1996 U.S. Dol lars)

Cana Brava . . . . . . . . . . . . . . Goias 450 500

Irape . . . . . . . . . . . . . . . . . Minas Gerais 372 545

P. de Pedra . . . . . . . . . . . . . . Minas Grosso 176 160

Quie mado. . . . . . . . . . . . . . . Goias 111 145

Camp inho . . . . . . . . . . . . . . . Esp Santo 45 45

Monte Ser rat . . . . . . . . . . . . . Minas Gerais 25 38

Bon fante . . . . . . . . . . . . . . . Minas Gerais 19 29

Source: “Pri va ti za tion: Bra zil,” Finan cial Times: Global Pri vate Power, No. 25 (June 27, 1997).
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Elec tric ity

Between 1995 and 2020, the world’s annual con sump tion of elec tric ity is pro jected to rise
from 12 tril lion kilo wat thours to 23 tril lion kilo wat thours. The great est increases

are expected in devel op ing Asia and in Cen tral and South Amer ica.

Through out the world, elec tric ity is and will con tinue to
be the fast est grow ing com po nent of energy demand.
Between 1995 and 2020, total world elec tric ity demand is 
expected to rise from 12 tril lion kilo wat thours to 23
trillion kilo wat thours (Table 25). Demand growth will
be slow est in the indus tri al ized coun tries; but even in
the advanced econo mies, which cur rently account for
about 60 per cent of world elec tric ity use, abso lute and
per cap ita con sump tion lev els are expected to rise as
new uses for elec tric ity pro lif er ate among resi den tial,
com mer cial, and indus trial con sum ers. Aggre gate
demand for the indus tri al ized coun tries in 2020 is
projected to be more than 4 tril lion kilo wat thours higher
than it was in 1995, exceed ing 11 tril lion kilo wat thours.

In the devel op ing coun tries, elec tric ity demand is
projected to grow at more than twice the rate of growth
in the indus tri al ized coun tries, with aggre gate con -
sump tion more than tri pling between 1995 and 2020, to
10 tril lion kilo wat thours. The great est gains are expected 
in devel op ing Asia and in Cen tral and South Amer ica,
where elec tric ity demand growth has tended to out pace
eco nomic growth. Ris ing stan dards of liv ing are lead ing
to greater elec tri fi ca tion and more inten sive use of
modern appli ances, space heat ing, air con di tion ing, and
light ing.

High lights of recent devel op ments in elec tric ity mar kets 
around the world are as fol lows:

• Pri va ti za tion and elec tric ity reform meas ures
con tin ued apace in 1997. Cen tral and South
Amer ica has led the devel op ing world in the pri -
va ti za tion of elec tric ity and the imple men ta tion of
elec tric ity reform. In 1997, Bra zil fol lowed the
path, bro ken first by Chile and later by Argen tina,
in aggres sively sell ing off state- owned elec tric ity
assets to the pub li c. Sev eral other Latin Ameri can
coun tries have also sold off elec tric ity assets.
Central and South Ameri can energy needs have
given rise to regional, cross- border invest ment,
devel op ment, and trade in natu ral gas and elec -
tric ity.

• Euro pean elec tric ity mar kets are becom ing
increas ingly inte grated. Euro pe’s elec tric ity in -
dus try is likely to become more inte grated in the
future. In 1997, the Euro pean Par lia ment adopted
a direc tive whose intent was to pro vide inde -
pendent pro duc ers with greater access to other
coun tries’ power net works. In recent years,
several cross- border invest ments have been made
in the Euro pean elec tric ity mar ket, and regional
elec tric ity pools have emerged. The United
Kingdom has become the larg est tar get of for eign
direct invest ment in elec tric ity and has attracted
bil lions of dol lars in invest ment in recent years.
Cur rently, a sub stan tial por tion of the UK elec -
tricity indus try is owned by U.S. com pa nies.
Integra tion of national elec tric ity indus tries has
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Table 25.  World Net Elec tric ity Con sump tion by Region, 1990-2020
(Bil lion Kilo wat thours)

Region

His tory Pro jec tions

1990 1995 2000 2005 2010 2015 2020

Aver age Annual
Per cent Change,

1995-2020

Indus tri al ized Coun tries . . 6,299 7,113 7,968 8,804 9,663 10,497 11,349 1.9 

  United States . . . . . . . . 2,713 3,163 3,318 3,601 3,877 4,115 4,308 1.2 

EE/FSU . . . . . . . . . . . 1,908 1,552 1,509 1,685 1,881 2,056 2,248 1.5 

Devel op ing Coun tries . . . 2,224 3,102 3,886 5,007 6,220 7,684 9,548 4.6 

  Devel op ing Asia . . . . . . 1,268 1,912 2,489 3,283 4,160 5,255 6,665 5.1 

    China . . . . . . . . . . . 551 881 1,076 1,476 1,975 2,657 3,574 5.8 

    Other Devel op ing Asia . . 717 1,030 1,413 1,807 2,185 2,598 3,091 4.5 

Total World . . . . . . . . . 10,431 11,767 13,363 15,495 17,764 20,237 23,145 2.7 

Note: EE/FSU = East ern Europe and the former Soviet Union.
    Sources: His tory: Energy Infor ma tion Admin istra tion (EIA), Inter na tional Energy Annual 1996, DOE/EIA-0219(96) (Wash ing ton,
DC, Feb ru ary 1998). Pro jec tions: EIA, World Energy Pro jec tion Sys tem (1998).



pro gressed fur thest in the Scan di na vian coun tries. 
Swe den and Nor way now oper ate a joint elec tric -
ity pool, and Fin land is sched uled to join the pool
in early 1998.

• The pace of for eign invest ment in devel op ing
nations’ elec tric ity sec tors hinges strongly on the
imple men ta tion of elec tric ity reform and the
appli ca tion of trans par ent and con sis tent regu la -
tory and invest ment poli cies. In 1996, the newly
elected Indian state gov ern ment of Maharash tra
and the U.S. com pany Enron suc cess fully re -
negoti ated a law suit stem ming from a claim that
an ear lier agree ment between Enron and the
former Maharash tra gov ern ment unfairly favored
the elec tric ity sup plier over con sum ers. The
dispute has become illus tra tive of the dif fi cul ties
sur round ing the nego tia tion of elec tric ity invest -
ments between for eign com pa nies and devel op ing 
coun tries. Cur rently, eco nomic growth in sev eral
devel op ing nations is being restrained by a short -
age of elec tric ity capac ity. Expe dit ing the nego tia -
tion phase of elec tric power devel op ments is
cru cial to the suc cess ful reali za tion of their full
eco nomic growth poten tial.

Pri mary Fuel Use
Grow ing elec tri fi ca tion con trib utes sub stan tially to
rising world require ments for pri mary energy.
However, grow ing reli ance on elec tric ity does not
dictate increas ing reli ance on any par ticu lar source of
pri mary energy input. As a result, there is con sid er able
diver sity among regions in the com po si tion of energy
use for elec tric ity gen era tion (Table 26). In aggre gate,
coal cur rently is the most widely used pri mary fuel,
account ing for 36 per cent of total fuel con sump tion for
elec tric ity pro duc tion.

Coal is expected to main tain its share of the over all elec -
tric ity gen era tion mar ket through 2020. China shows the 
larg est increase in coal con sump tion over the fore cast
pe ri od, tri ple the increase for the United States. India’s
coal use is expected almost to dou ble. More than two-
 thirds of the over all increase in world coal con sump tion
is expected to occur in China and India. North Ameri ca’s 
coal con sump tion is expected to rise in abso lute terms;
how ever, some nations are expected to reduce their
levels of coal use in both abso lute and rela tive terms—
nota bly, Ger many and the United King dom, which in
recent years have begun reduc ing sub si dies for domes tic 
coal pro duc tion.

Renew able energy—pri mar ily hydro power—is the next
most impor tant source of energy for power gen era tion.
Its rela tive share is expected to change lit tle. Major
hydro power devel op ments in devel op ing Asia will con -
trib ute sub stan tial incre ments of energy for gen era tion.

The most marked changes pro jected for pri mary energy
use in elec tric ity pro duc tion involve nuclear power and
natu ral gas. Of all the fuels used for elec tric ity gen era -
tion, natu ral gas is expected to show the larg est increase
in con sump tion. Due in large meas ure to advances in
explo ra tion and devel op ment tech nolo gies, the cost of
find ing natu ral gas reserves has fallen con sid era bly in
recent years [1], and the world’s natu ral gas reserves- to-
 production ratio has risen sub stan tially. At the same
time, power gen era tion tech nolo gies have evolved to
favor natu ral gas usage. The new tech nolo gies tend to
econo mize on both capi tal and oper at ing costs. Natu ral
gas use for elec tric ity is expected to rise from 16 per cent
of the total in 1995 to almost 25 per cent in 2020. Increas -
ingly, natu ral gas will be used as a fuel for baseload
plants. Almost all regions of the world are expected to
show sub stan tial increases in the use of natu ral gas to
gen er ate elec tric ity.

Increases in the avail abil ity of imported liq ue fied natu -
ral gas (LNG) have also led to greater usage of natu ral
gas for power gen era tion. Although cur rently account -
ing for just under 5 per cent of world natu ral gas con -
sump tion, LNG imports have grown by 27 per cent
between 1992 and 1996 [2, p. 28]. Japan is the larg est
consumer of LNG, and South Korea has become a
signifi cant LNG importer in recent years. How ever,
current eco nomic uncer tain ties in Asia may slow near-
 term demand growth and lead to a post pone ment of
sev eral major LNG devel op ments involv ing increased
trade between Asian cus tom ers and Mid dle East sup -
pliers. On the other hand, sev eral Asian coun tries are
acceler at ing the inter nal devel op ment of natu ral gas and 
elec tric ity mar kets to econo mize on the for eign ex -
change costs asso ci ated with the use of imported oil.

By 2020 nuclear power gen era tion is pro jected to be in
decline. The growth in nuclear use in Asia is expected to
be more than off set by reduced out put in North Amer ica 
and, to a lesser extent, in West ern Europe, where
Sweden is imple ment ing a pro gram to phase out its
nuclear pro gram. Although the United States pro duces
less nuclear power than Europe, the decline in U.S.
nuclear power con sump tion will exceed the Euro pean
reduc tion.

In sum mary, over the pro jec tion pe ri od, fos sil fuel use
will increase in rela tive impor tance as a prime mover for
power gen era tion. Even among Annex I coun tries, the
share of fossil- based pri mary energy used for elec tric ity
gen era tion will increase in the ref er ence case, as will the
abso lute level of utili za tion. In the United States, nuclear 
power is pro jected to decline by 43 per cent, coal use to
rise by 25 per cent, and natu ral gas use to tri ple.
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Table 26.  World Energy Con sump tion for Elec tric ity Gen era tion by Region and Fuel, 1995-2020
(Quad ril lion Btu)

The Financ ing of Elec tric Power
Expan sion
Elec tric ity is a capital- intensive indus try, per haps the
most capital- intensive of all indus tries. To meet global
power pro jec tions, it is esti mated that more than $2.3
tril lion will have to be spent between 1995 and 2010
(Table 27). Roughly two- thirds of the invest ment will be
needed in devel op ing coun tries [3].

Par ticu larly in the devel op ing world, vast infu sions of
for eign capi tal will be required to sus tain growth in
electric ity sup ply. Many devel op ing coun tries are
already cop ing with power short ages. The future power
needs of such popu lous coun tries as Bra zil, China, India, 
Indo ne sia, and Paki stan are immense, pre sent ing invest -
ment demands beyond the finan cial means of their
domes tic capi tal mar kets or gov ern ment resources. As a
result, attract ing for eign invest ment is criti cal to the suc -
cess ful expan sion of the elec tric power sec tors in these
nations.

Pub li c Pol icy Reform in the
Elec tric ity Indus try
Through out the world, a wide range of ini tia tives are
under way to mod ify the regu la tory arrange ments
affect ing elec tric power sup ply and devel op ment. In
emerg ing econo mies, the driv ing forces for change are
capac ity and capi tal short ages. Old arrange ments
wherein gov ern ment enter prises devel oped and
managed the pro vi sion of elec tric ity serv ices have been
judged inade quate to cope with the change asso ci ated
with buoy ant eco nomic devel op ment.

As a con se quence, many coun tries are mov ing to pri vat -
ize gov ern ment enter prises and open entry for new
enter prises, seek ing to lower the cost and improve the
avail abil ity of elec tri cal serv ices. The act of pri vat iz ing
can ease capi tal short age by replac ing a credit- restrained 
man age ment with one that has read ier access to bor row -
ing and supe rior abil ity to insti tute oper at ing econo mies
to free cash flow for invest ment. Remov ing entry
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Region and Fuel 1995 2000 2005 2010 2015 2020

Indus tri al ized . . . . . . . . . . . . . 77.4 85.8 91.5 97.0 102.0 106.2 

  Oil. . . . . . . . . . . . . . . . . . . 5.2 5.5 5.4 5.4 5.5 5.6 

  Natu ral Gas. . . . . . . . . . . . . . 8.1 10.8 14.0 17.3 21.2 24.9 

  Coal. . . . . . . . . . . . . . . . . . 27.6 30.4 31.8 33.2 34.5 35.4 

  Nuclear . . . . . . . . . . . . . . . . 19.4 20.2 19.5 18.7 16.8 14.8 

  Renew ables . . . . . . . . . . . . . 17.2 18.8 20.7 22.5 24.0 25.6 

EE/FSU . . . . . . . . . . . . . . . . 24.8 26.2 28.8 30.8 32.2 31.6 

  Oil. . . . . . . . . . . . . . . . . . . 2.8 2.7 3.1 3.6 4.1 4.6 

  Natu ral Gas. . . . . . . . . . . . . . 9.5 10.7 12.3 13.9 15.2 16.8 

  Coal. . . . . . . . . . . . . . . . . . 6.8 6.7 6.7 6.2 5.3 5.0 

  Nuclear . . . . . . . . . . . . . . . . 2.7 3.0 3.1 3.1 2.9 0.0 

  Renew ables . . . . . . . . . . . . . 3.0 3.1 3.6 4.0 4.6 5.1 

Devel op ing . . . . . . . . . . . . . . 37.1 46.7 58.5 70.8 84.7 101.7 

  Oil. . . . . . . . . . . . . . . . . . . 5.2 6.1 7.3 8.5 9.8 11.4 

  Natu ral Gas. . . . . . . . . . . . . . 4.6 6.5 8.8 11.6 14.4 17.8 

  Coal. . . . . . . . . . . . . . . . . . 16.3 20.7 25.8 31.9 39.4 46.5 

  Nuclear . . . . . . . . . . . . . . . . 1.2 1.5 2.4 3.2 3.6 6.5 

  Renew ables . . . . . . . . . . . . . 9.9 11.9 14.2 15.8 17.5 19.5 

Total World . . . . . . . . . . . . . . 139.4 158.7 178.9 198.6 218.9 239.6 

  Oil. . . . . . . . . . . . . . . . . . . 13.1 14.3 15.8 17.5 19.5 21.6 

  Natu ral Gas. . . . . . . . . . . . . . 22.2 28.1 35.2 42.8 50.9 59.5 

  Coal. . . . . . . . . . . . . . . . . . 50.7 57.9 64.3 71.2 79.2 86.9 

  Nuclear . . . . . . . . . . . . . . . . 23.3 24.7 25.0 24.9 23.3 21.3 

  Renew ables . . . . . . . . . . . . . 30.1 33.8 38.6 42.4 46.0 50.2 

Note: EE/FSU = East ern Europe and the former Soviet Union.
   Sources: 1995: Derived from Energy Infor ma tion Admin istra tion (EIA), Inter na tional Energy Annual 1996, DOE/EIA-0219(96)
(Wash ing ton, DC, Feb ru ary 1998). Pro jec tions: EIA, World Energy Pro jec tion Sys tem (1998).



Table 27.  Cumu la tive Pro jected World wide Elec tric Power Invest ments by Region, 1995-2010
(Bil lion Nomi nal Dol lars)

barriers for domes tic or for eign inves tors has spawned
the devel op ment of inde pend ent power pro duc ers that
sig nifi cantly aug ment power gen era tion capac ity.

Although global capi tal mar kets and the global pool of
sav ings are con sid ered ade quate to the task of fund ing
future elec tric ity invest ments, for sev eral nations invest -
ment funds may not be forth com ing unless dif fi cult elec -
tric ity pol icy reforms are adopted. These reforms are
nec es sary in order to pro vide inves tors (both for eign
and domes tic) with expec ta tions of achiev ing ade quate
rates of return at accept able lev els of risk. The state and
meth od ol ogy of pol icy reform var ies widely among
devel op ing nations. Clearly, how ever, there is strong
pres sure toward reform. Sig nifi cant pol icy reforms are
under way in devel oped coun tries as well, where the
pres sure for reform stems from an expec ta tion that
increased com pe ti tion will reduce the cost of elec tric ity.
The pre cise char ac ter of reform var ies widely among
coun tries, and in most areas it is still evolv ing.

Regional High lights
Devel op ing Asia

Of all the regions, Asia is expected to show the most
rapid increase in eco nomic growth and elec tric ity con -

sump tion over the next few dec ades. Whereas devel op -
ing Asia accounted for only 16 per cent of total world
elec tric ity con sump tion in 1995, it is expected to account
for 42 per cent of demand growth between now and
2020.

China

In part, Chi na’s vast size will drive the growth of elec -
tric ity demand. China, with 1.2 bil lion peo ple, is the
world’s most popu lous nation. It also has had one of the
fast est grow ing econo mies in recent years, a trend that is
pro jected to con tinue, although at a reduced rate.

Elec tric ity con sump tion in China is expected to grow at
a 5.8-percent annual rate over the fore cast pe ri od. The
high level of coal use in Chi na’s elec tric ity indus try
reflects the coun try’s ample coal reserves. China
accounts for nearly one- third of all world coal pro duc -
tion [4, p. 73] and has about 11 per cent of the world’s
coal reserves [2, p. 30]. As a con se quence, coal accounted 
for 76 per cent of Chi na’s elec tric ity fuel in 1995 (Fig ure
76). That share is expected to fall slightly by 2020, even
while over all coal con sump tion increases three fold.
Renew ables (largely hydro power), which accounted for
19 per cent of Chi na’s elec tric ity con sump tion in 1995,
are expected to have a 14- percent share of the power
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Invest ment Type
North

Amer ica
Latin

Amer ica
West ern
Europe China

OECD
Pacific

Rim
East
Asia

South
Asia

Cen tral
and

East ern
Europe FSU

Mid dle
East Africa

World
Total

Gen era tion

  Solid Fuel . . . . 94 22 102 222 51 100 71 19 24 2 27 734

  Natu ral Gas . . . 32 23 89 1 14 41 13 10 33 27 16 298

  Oil . . . . . . . . 1 8 1 0 0 1 1 7 2 2 6 29

  Nuclear . . . . . 6 3 8 18 39 21 6 3 26 0 0 129

  Renew able. . . . 17 52 15 67 5 6 48 5 13 3 5 235

    Sub to tal . . . . 149 108 215 308 108 169 139 44 98 34 54 1,426

Other Invest ments

  Trans mis sion . . 14 42 20 31 10 28 23 3 14 4 12 200

  Dis tri bu tion. . . . 54 36 78 84 39 61 60 11 30 10 19 480

  Gen eral . . . . . 14 17 20 43 10 17 21 6 14 5 7 173

    Sub to tal . . . . 82 94 118 156 59 105 103 19 58 18 38 854

Total . . . . . . . 231 202 333 467 167 275 242 63 156 52 91 2,279

Annual Aver age . . 15 13 25 31 11 18 16 4 10 3 6 152

Note: North Amer ica includes Can ada and the United States; West ern Europe includes Euro pean Union coun tries, Fin land, Swit -
zer land, Ice land, Nor way, and Tur key. OECD Pacific Rim includes Aus tra lia, Japan, and New Zea land. Cen tral and East ern Europe
includes Alba nia, Bul garia, Czech Repub lic, Hun gary, Poland, Roma nia, Slo va kia, former Yugo sla via. East Asia includes Brunei,
Hong Kong, Indo ne sia, Kam pu chea, Laos, Malay sia, North Korea, Papua New Guinea, Phil ip pines, Sin ga pore, Repub lic of Korea,
Tai wan, Thai land, Viet nam, Pacific Islands, Afghani stan, Mon go lia. South Asia includes Paki stan, India, Bang la desh, Nepal, Sri
Lanka. Latin Amer ica includes Mex ico and all South and Cen tral Ameri can nations, as well as the nations of the Car ib bean. Mid dle
East includes Israel, Jor dan, Iran, Iraq, Kuwait, Leba non, Oman, Qatar, Saudi Ara bia, Syria, United Arab Emir ates, and Yemen.
    Source: Esti mates by Resource Dynam ics, based on Inter na tional Energy Agency, World Energy Out look 1995 (Paris, France,
1995), Capac ity Con straints Sce nario, base case. 



mar ket in 2020. Nuclear’s share is expected to rise from 1 
per cent in 1995 to 3 per cent in 2020. As elec tric ity fuels,
oil (at about 6 per cent) and natu ral gas (less than 1 per -
cent) pro vide the remain ing inputs to Chi na’s elec tric
power indus try. The rela tive impor tance of both fuels is
expected to change lit tle over the fore cast pe ri od.

Fig ure 76.  Energy Con sump tion for Elec tric ity
Gen era tion in China, 1995 and 2020

Sources: 1995: Derived from Energy Infor ma tion Admin -
istra tion (EIA), Office of Energy Mar kets and End Use, Inter na -
tional Energy Annual 1996, DOE/EIA-0219(96) (Wash ing ton,
DC, Feb ru ary 1998). 2020: EIA, World Energy Pro jec tion Sys -
tem (1998).

China recently broke ground on what is to be the larg est
hydroe lec tric proj ect in the world, the Three Gorges
Dam proj ect. Upon com ple tion in 2010, the proj ect is
expected to have a total capac ity of 18.2 giga watts and
pro duce 85 bil lion kilo wat thours of elec tric power per
year [5, p. 76]. Largely due to the Three Gorges proj ect,
hydroe lec tric power pro duc tion is expected to more
than dou ble between 1995 and 2010 but remain rela -
tively flat for the remain der of the fore cast pe ri od. (For a
more detailed dis cus sion of Chi na’s Three Gorges Dam
proj ect, see pages 105-107.)

Rural elec tri fi ca tion is a major goal of Chi nese energy
pol icy. Brown outs and black outs are com mon, and elec -
tric power pro duc tion has not kept pace with the rap idly 
expand ing Chi nese econ omy. It is esti mated that one-
 tenth of Chi na’s popu la tion—or roughly 100 mil lion
peo ple—are cur rently with out elec tric ity. Per cap ita
con sump tion in China is only 6 per cent that of the
United States [4].

Chi na’s grow ing elec tric power invest ment needs on top 
of other invest ment needs has led to the encour age ment
of for eign invest ment in its elec tric ity mar ket. Between
1979 and 1996, 10 per cent of the invest ment in Chi na’s
elec tric power indus try was for eign [6]. Up until 1992,
for eign invest ment in Chi na’s elec tric ity sec tor was
limited to “over seas export/import bank financ ings,

sup plier cred its, and other con ces sion ary financ ing tech -
niques.” Since 1992, the Chi nese gov ern ment has
allowed for eign direct invest ment on a lim ited basis [7].
Rela tively large invest ments in elec tric power by for eign 
enti ties require cen tral gov ern ment approval. In elec tric -
ity most for eign invest ment has involved joint ven tures
of local and for eign enti ties, although build- operate-
 transfer (BOT) schemes have become a grow ing means
of finance. Between 1996 and 2000, China intends to
increase its elec tric ity capac ity by roughly half, at a cost
of $100 bil lion. China is expect ing for eign inves tors to
fund roughly a quar ter of this invest ment [7]. China has
taken meas ures to increase direct access to world capi tal
mar kets for its large elec tric ity enter prises in recent
years. In 1994, China listed two major hold ing com pa -
nies with elec tric ity gen era tion assets on the New York
Stock Exchange [8]. In addi tion, invest ment capi tal has
also been raised through the issu ance of non- investment
grade debt in United States fixed income mar kets [9].

In late 1996, China approved a new BOT frame work for
the Lai ban B power proj ect, a 700- megawatt coal- fired
plant [10]. The con tract was awarded through a com peti -
tive bid ding process that allowed the win ning bid der to
assume 100 per cent own er ship. The pur chas ers were
Elec tric ite de France and GEC Alsthom for $650 bil lion
[11]. Unlike pre vious proj ects, where rates of return
were nego ti ated, the cost per kilo wat thour was nego ti -
ated, which pro vides the opera tors of Lai ban B with a
strong incen tive to boost prof its by reduc ing costs.

India

India’s posi tion as the world’s sec ond most popu lous
nation, and one whose eco nomic growth rate has
increased in recent years, is expected to increase its con -
sump tion of elec tric ity con sid era bly over the fore cast
pe ri od. India is the other Asian giant. India’s popu la -
tion, at nearly 1 bil lion peo ple, is sec ond only to Chi na’s.
In Asia, India’s future elec tric power needs are also sec -
ond only to Chi na’s. Like China, India has in recent
years stepped up its pace of eco nomic growth. Cur -
rently, the Indian econ omy is expected to expand at
about 5.5 per cent per year through 2020. Elec tric ity
demand is expected to increase at a slightly higher rate
of about 7 per cent per year through 2005, bef ore slow ing
to 4.4 per cent between 2005 and 2020. At pres ent, elec -
tric ity short ages are a seri ous prob lem in India. Out ages
aver age 20 per cent of demand dur ing peak use hours
and 10 per cent dur ing off- peak use [12].

Coal cur rently accounts for 78 per cent of fuel use at
India’s elec tric power sta tions (Fig ure 77). As in China,
India’s high coal use is a reflec tion of its ample coal
reserves. Renew able energy (almost entirely hydro -
power) is the next larg est source of elec tric ity sup ply in
India. In 1995, renew ables accounted for 14 per cent of
India’s elec tric ity gen era tion. Natu ral gas (at about 5
per cent), oil (at 2 per cent), and nuclear power (at just
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under 2 per cent) pro vided the remain ing fuels to India’s
elec tric ity indus try. In the fore cast, a grow ing role is pro -
jected for natu ral gas, nuclear, and renew ables at the
expense of coal and oil.

Fig ure 77.  Energy Con sump tion for Elec tric ity
Gen era tion in India, 1995 and 2020

Sources: 1995: Derived from Energy Infor ma tion Admin -
istra tion (EIA), Office of Energy Mar kets and End Use, Inter na -
tional Energy Annual 1996, DOE/EIA-0219(96) (Wash ing ton,
DC, Feb ru ary 1998). 2020: EIA, World Energy Pro jec tion Sys -
tem (1998).

To sus tain the expected growth rate in elec tric ity
consump tion, large invest ments in elec tric ity infra -
structure will have to be made. The Indian gov ern ment
is cur rently count ing strongly on pri vate sources for the
nec es sary invest ment funds. Of the 40 giga watts of
gener at ing capac ity to be built between 1997 and 2002,
nearly half is expected to be funded from pri vate sources 
[13]. The cen tral gov ern ment’s expec ta tion is that for -
eign capi tal will account for much of that invest ment.

In 1991, the national gov ern ment enacted leg is la tion to
encour age greater pri vate sec tor involve ment in
independ ent power pro duc tion. India has fur ther
encour aged for eign invest ment by elimi nat ing in -
dustrial licens ing, pri vat iz ing state- owned com pa nies,
and reduc ing tar iffs and trade restric tions on the
importa tion of elec tric ity equip ment. In 1994, the cen tral
gov ern ment announced that it would offer coun ter
guar an tees to eight power pur chas ing agree ments
approved and spon sored by state elec tric ity boards [14].
Later, the gov ern ment allowed for eign inves tors to
obtain 100- percent own er ship in elec tric power proj ects.
Ini tially, for eign invest ment was restricted to power
gen era tion proj ects, but in 1997 the elec tric ity laws were
amended to allow for eign invest ment in trans mis sion
lines [15].

Although in gen eral the cen tral gov ern ment in India has
taken a lead ing role in pro mot ing national elec tric ity
reform, state gov ern ments have also played a role in

shap ing elec tric ity pol icy, and not always a sup por tive
one. In India, the state elec tric ity boards share respon si -
bil ity along with the national gov ern ment for the pro vi -
sion of elec tric ity. State gov ern ments run their
respec tive elec tric ity indus tries through the state
electric ity boards. Each state has a board, which is a
verti cally inte grated elec tric ity opera tion pro vid ing
genera tion, trans mis sion, and dis tri bu tion serv ices.
Currently, many of the boards are bank rupt, largely
because, in response to politi cal pres sures, they have set
elec tric ity tar iffs that have been insuf fi cient to cover
costs [14].

Legally, both the national and state gov ern ments are
respon si ble for the pro duc tion, trans port, and dis tri bu -
tion of elec tric ity, although each gov ern ment’s exact
respon si bil ity is unclear [16]. Deci sions affect ing elec -
tric ity reform have often taken on a par ti san politi cal
nature, as evi denced by a recent dis pute between Enron
and the state gov ern ment in Maharash tra that has
served to under mine India’s cred it wor thi ness with the
inter na tional finan cial com mu nity. In 1995, a newly
elected nation al ist Maharash tra state gov ern ment
decided to can cel a $2.8 bil lion power plant devel oped
by the Enron Cor po ra tion after Enron and its part ners
(Bechtel Enter prises and the Gen eral Elec tric Com pany)
had already spent $300 mil lion. Enron later suc cess fully
rene go ti ated a deal with the state gov ern ment in early
1996, which called for a reduc tion in elec tric ity rates and
even tu ally allowed the proj ect to pro ceed. The plant is
ini tially to use oil as a fuel, but Enron’s inten tion is to
con vert the facil ity so that it runs on imported LNG in
future years.

Some Indian state gov ern ments have attempted to be
more hos pi ta ble to for eign invest ment. Bef ore the
adoption of reform meas ures in Orissa, elec tric ity
shortages were com mon, tar iffs were unsus taina bly low, 
and the state faced an insur mount able level of capi tal
expen di tures for much- needed indus try upgrades and
expan sion. In April 1996, the Orissa state gov ern ment
appointed a new inde pend ent regu la tory com mis sion
and did away with the former state elec tric ity board [17]. 
Orissa was the first state to cre ate an inde pend ent
regula tory com mis sion [18]. The regu la tory com mis sion 
was man dated with the task of set ting tar iffs, issu ing
licenses, con duct ing com peti tive pro cure ment bids, and
moni tor ing finan cial per form ance stan dards. Orissa also 
restruc tured its elec tric ity indus try along func tional
lines, cre at ing dif fer ent units respon si ble for gen era tion,
trans mis sion, and dis tri bu tion. Pri va ti za tion of the
state- owned elec tric ity com pany, Grid Cor po ra tion is
planned for 1998 [17]. Largely as a result of these reform
efforts, for eign com pa nies have tar geted Orissa for
electric ity invest ments. For instance, the U.S.-based
inde pend ent power pro ducer AES plans to build two
250- megawatt coal plants in the state.
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Paki stan

India’s neigh bor to the north west, Paki stan, has been
one of the most aggres sive of nations in adopt ing and
imple ment ing elec tric ity reform. Although sig nifi cantly
smaller than India (Paki stan’s econ omy is approxi -
mately one- eighth the size of India’s), Paki stan has thus
far attracted for eign invest ment sums into its elec tric ity
sec tor that eas ily exceed those com mit ted to its neigh -
bor. Accord ing to the World Bank, for eign direct invest -
ment com mit ments to Paki stan’s elec tric ity sec tor of
roughly $9 bil lion may even exceed com mit ments to
elec tric ity invest ments in China as well [19].

Two agen cies are respon si ble for elec tric ity sup ply in
Paki stan. For Kara chi, Paki stan’s larg est city, power is
the respon si bil ity of the Kara chi Elec tric Sup ply
Corpora tion (KESC), and the Water Power Devel -
opment Author ity (WAPDA) has the respon si bil ity for
the rest of the coun try. These agen cies are ver ti cally
organ ized elec tric utili ties pro vid ing both elec tric ity
gen era tion and dis tri bu tion serv ices. At the urg ing of
the World Bank, WAPDA is being reor gan ized and
sepa rated along func tional lines. In the future Paki stan
intends to pri vat ize both KESC and WAPDA.

To meet its grow ing power needs, Paki stan has actively
encour aged pri vate invest ment to build power gen -
eration plants. The Paki stani gov ern ment is also
encourag ing BOT agree ments, both for new power
projects and for some of the ther mal power sta tions
man aged by the coun try’s major util ity. The first major
proj ect involv ing for eign invest ment is the 1,292-
 megawatt Hub Power Com pany plant, which was
completed in 1997. A con sor tium of domes tic and
foreign com pa nies have pro vided fund ing for Hub
Power. Promi nent among them are National Power of
the United King dom (25- percent share), Xenel of Saudi
Ara bia (15- percent share), and Entergy of the United
States (10- percent share).

By 1996, Paki stan had reached finan cial clo sure on at
least 10 inde pend ent power proj ects. For eign inves tors
involved in these proj ects include the U.S. com pa nies
AES, Coastal Power, and El Paso Energy; Tomen,
Mitsubi shi, and Toy ota Tsucsho of Japan; Sie mens of
Ger many; and South ern Elec tric Power of the United
King dom.

South east Asia

In mid- 1997, sev eral South east Asian nations ex -
perienced finan cial dif fi cul ties char ac ter ized by steep
cur rency depre cia tions and sharp drops in domes tic
asset val ues. The cri sis was in part pre cipi tated by the
accu mu la tion of exces sive lev els of for eign debt, trade
imbal ances, and specu la tive finan cial invest ments.
Whether it is purely a finan cial cri sis, or whether it will
have an impact on the real econo mies of these nations, is

at the moment uncer tain. Cur rently, the cri sis has
diminished, but the near- term growth pros pects for
Malay sia, Thai land, Hong Kong, Indo ne sia, South
Korea, and the Phil ip pines have been affected. None -
theless, fairly rapid recov ery and a resump tion of rela -
tively high rates of eco nomic expan sion are expected.

Elec tric ity demand in South east Asia is expected to be
nearly three times higher in 2020 than it was in 1995.
Over the past dec ade, elec tric ity growth has aver aged in
the range of 10 per cent per year, a rate of growth that is
expected to con tinue. Much incre mental demand was
pow ered by oil, and the area’s reli ance on oil for gen era -
tion is among the high est in the world. How ever,
primary energy use is now being diver si fied. Tai wan
and South Korea have nuclear capac ity in place or under 
con struc tion, and South Korea also con sumes sig nifi cant 
quan ti ties of coal and grow ing quan ti ties of imported
LNG.

For the region as a whole, future capac ity expan sion
is likely to favor natu ral gas. Malay sia, Thai land,
Indonesia, and the Phil ip pines all have pipeline- based
power gen era tion under con struc tion or planned. In the
long term, Indo ne sia hopes to phase out oil- fired gen era -
tion to free up indige nous oil pro duc tion for export.
Malay sia and Thai land, along with Myan mar, are de -
velop ing a gas pipe line net work to exploit indige nous
resources. The Phil ip pines has lit tle in the way of
domestic fos sil fuel resources, but natu ral gas dis -
coveries off shore are expected to sup port large- scale
inde pend ent power pro duc tion within the dec ade. Both
Tai wan and South Korea have sig nifi cant plans for
natural- gas- fired power gen era tion; how ever, nei ther
will have access to pipe line sup plies, and thus they plan
to rely on imported LNG.

To vary ing degrees, power short ages and high invest -
ment needs have induced changes in elec tric util ity
policy in sev eral coun tries of South east Asia over the
past dec ade. In the Phil ip pines, power short ages led to
the pas sage of leg is la tion in the early 1990s that called
for the even tual pri va ti za tion of the nation’s elec tric
utility enter prises. In 1993, the entry of inde pend ent
power pro duc ers was leg is la tively approved. Fast track
approval of elec tric power con tracts was also intro -
duced. An Omni bus Elec tric Power Act, which is
currently pend ing approval, is expected to lead to the
pri va ti za tion of the National Power Com pany and to a
sepa ra tion of its func tional opera tions into sepa rate
entities.

These pol icy meas ures were effec tive in solv ing the
Philip pines elec tric ity cri ses. A recently evolved in -
depend ent power pro duc ing indus try today pro vides 35 
per cent of the coun try’s total gen er at ing capac ity [20].
Cur rently, the Phil ip pines has 33 inde pend ent power
pro duc ers. For eign invest ment has also played a criti cal
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role. Since 1990, an esti mated $1 bil lion in for eign dol lars 
has flowed into Phil ip pine elec tric ity invest ments [21].
Under its 1996-2005 plan, the Phil ip pines expects invest -
ments of $19 bil lion in its elec tric ity sec tor, 80 per cent of
which is expected to be pri vate and 47 per cent from
over seas sources [20, 21].

Rap idly grow ing elec tric ity con sump tion has induced
elec tric ity reform and encour aged the devel op ment of
inde pend ent power proj ects in both Malay sia and Thai -
land. The Malay sian gov ern ment aims to increase the
coun try’s elec tric ity gen er at ing capac ity from 9,300
mega watts in 1995 to 33,000 mega watts by 2020.
Currently, there are six inde pend ent power pro duc ers in 
vari ous stages of devel op ment in Pen in su lar Malay sia.

In 1992, Thai land imple mented sev eral elec tric ity
industry reforms aimed at reduc ing the power of
the national elec tric ity monopo lies through com -
merciali za tion and pri va ti za tion. The even tual pri va ti -
za tion of EGAT, Thai land’s state- owned elec tric ity
com pany, is planned [5, p. 341]. The Thai gov ern ment
has encour aged the devel op ment of an inde pend ent
power pro duc tion indus try, and cur rently sev eral
independ ent power proj ects are under way. Thai land
plans to allow inde pend ent power pro duc ers to pro vide
over 4,000 mega watts of power by the year 2002,
through BOT or build- own- operate (BOO) schemes. The 
Thai gov ern ment intends to allow 100- percent for eign
own er ship in these proj ects [5, p. 342]. Cur rently, the
U.S.-based com pa nies Black and Veatch, Tex aco,
Unocal, and West ing house have acquired inter ests in
Thai inde pend ent power [22].

To this point, gov ern ment enter prises have domi nated
elec tric ity sup ply devel op ment in South Korea and
Taiwan, which have long been among Asia’s most
rapidly grow ing econo mies. Elec tric ity con sump tion
has also grown rap idly in both coun tries and is expected
to con tinue to do so in the future. Between 1986 and
1995, elec tric ity con sump tion in South Korea and
Taiwan more than tri pled [4, p. 87].

South Korea’s elec tric ity indus try is domi nated by the
state- owned elec tric ity com pany, the Korean Elec tric
Power Cor po ra tion (KEPCO). Although the gov ern -
ment of South Korea has indi cated that it intends
eventu ally to pri vat ize KEPCO, no prog ress has been
made to date.

South Korea is plan ning to sig nifi cantly increase its use
of natu ral gas, largely LNG, as an elec tri cal fuel in future
years. South Korea is the sec ond larg est importer of
LNG after Japan [2, p. 28]. South Korea is also expected
to rely increas ingly on nuclear power as a source of
electric ity. In 1994, nuclear power pro vided about a
third of its elec tric ity [4, p. 93]. Coal accounted for 23

per cent of South Korea’s elec tric ity fuel mar ket in 1995
and it is expected to main tain its share [5, p. 294].

As in South Korea, elec tric ity in Tai wan is domi nated by
a sin gle com pany, the state- owned Tai wan Power
Company, (Tai power) [5, p. 315]. Tai power is a ver -
tically inte grated monop oly that pro vides gen era tion,
trans mis sion, and dis tri bu tion serv ices. The elec tric ity
fuel mar ket is almost evenly sup plied by coal (23
percent), nuclear (20 per cent), and oil (21 per cent).
Hydro power (17 per cent), other renew ables (11
percent), and natu ral gas (8 per cent) account for the
remain der of the mar ket. In the future, Tai wan will
increase its reli ance on natu ral gas, coal, and oil and
signifi cantly reduce its reli ance on nuclear power.

Cen tral and South Amer ica

In Cen tral and South Amer ica, elec tric ity con sump tion
has grown sub stan tially in recent years and is expected
to main tain a fast rate of growth in the future. Between
1986 and 1995, elec tric ity con sump tion in this region
grew at a 4-percent annu al ized rate [4, p. 88], and
electric ity demand in the region is pro jected to grow at a
4.0-percent annual rate. To fund the nec es sary growth in
elec tric ity infra struc ture just through the year 2010,
Central and South Ameri can nations will need to spend
an esti mated $108 bil lion [23].

Per haps nowhere more than in Cen tral and South
America has there been a grow ing con ver gence between 
petro leum com pa nies and elec tric power com pa nies.
Impor tant prog ress in cre at ing regional energy grids is
under way for both natu ral gas and elec tric ity. To this
point, power gen era tion in the region has relied heav ily
on hydro power, which will con tinue in the future;
however, much of the future expan sion of power
genera tion will involve exploit ing the region’s abun dant 
natu ral gas resources (Fig ure 78). Natu ral gas pipe line
proj ects cost ing nearly $7 bil lion are being imple mented
to con nect natu ral gas pro duc ing areas in Argen tina,
Bolivia, Colom bia, and Peru with con sum ers in Bra zil
and Chile. Other proj ects under con sid era tion will
connect Argen tina with Para guay and Uru guay [24, 25].
Much of the expected natu ral gas trade will fuel elec tric
power plants in Bra zil and Chile, both of which suf fer
from sub stan tial air pol lu tion prob lems and pend ing
short ages of elec tric power sup ply. Among the par tici -
pants in the natu ral gas pipe line proj ects are sev eral
U.S.-based com pa nies, includ ing CMS Energy, El Paso
Energy, and Enron [26].

Bra zil is far and away Cen tral and South Ameri ca’s
largest econ omy. It is the world’s fifth most popu lous
coun try and accounts for almost half of Cen tral and
South Ameri ca’s eco nomic out put. Bra zil is pro jected to
account for 77 per cent of the growth in the region’s
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Fig ure 78.  Energy Con sump tion for Elec tric ity
Gen era tion in Cen tral and South
Amer ica, 1995 and 2020

Sources: 1995: Derived from Energy Infor ma tion Admin -
istra tion (EIA), Office of Energy Mar kets and End Use, Inter na -
tional Energy Annual 1996, DOE/EIA-0219(96) (Wash ing ton,
DC, Feb ru ary 1998). 2020: EIA, World Energy Pro jec tion Sys -
tem (1998).

elec tric ity con sump tion between 1995 and 2020.
Currently, hydroe lec tric ity accounts for more than 90
per cent of Bra zil’s installed elec tric ity capac ity [27].
Over the 1995-2020 fore cast pe ri od, Bra zil’s elec tric ity
con sump tion is expected to increase at a rate of 5.3
percent per year. Much of that expan sion will be based
on fos sil fuels, in par ticu lar, natu ral gas.

Improved eco nomic per form ance in Cen tral and South
Amer ica is a prod uct of a vari ety of forces. Per haps none
is more impor tant than reformed gov ern ment poli cies
that have pro moted greater reli ance on mar ket forces to
direct resource allo ca tion and improve eco nomic
efficiency. Led by Chile, and later Argen tina, there is a
strong trend toward pri va ti za tion across vari ous
industries and intro duc tion of eco nomic incen tives to
encour age greater domes tic and inter na tional invest -
ment. The elec tric util ity sec tor has been an impor tant
focus of reform efforts. In both Chile and Argen tina the
util ity sec tor has been largely pri vat ized.

In Bra zil, the pri va ti za tion process is under way but far
from fin ished. Because of its size, in Bra zil even par tial
prog ress involves many bil lions of dol lars of new invest -
ment, much of which is com ing from abroad. In the state
of Sao Paulo, for instance, the former elec tric util ity was
trans formed into 6 gen era tion com pa nies, 1 trans -
mission com pany, and 14 dis tri bu tion com pa nies.
Compan hia Pau lista de Foca e Luz, a Sao Paulo dis tri bu -
tion com pany, was sold to a con sor tium of Bra zil ian
com pa nies for $3.02 bil lion. In the state of Rio Grande de
Sol, the elec tric ity dis tri bu tion com pany, Cetro Oeste de
Dis tribui cao de Ener gia Elet rica, was sold to U.S.-based
AES Corp for $1.37 bil lion, and Norte- Nordeste de

Distribui cao de Ener gia Elet rica was sold to U.S.-based
Com mu nity Energy Alter na tives and two Bra zil ian
part ners for $1.5 bil lion [28]. This was the sec ond larg est
pri va ti za tion in Bra zil (the larg est involved the sale of a
min ing com pany, Com pan hia Vale do Rio Doce SA).
Pub li c Serv ice Enter prise Group and its part ners agreed
to pur chase a 91- percent stake in one of the dis tri bu tion
com pa nies for $1.49 bil lion [29]. Chile’s Chilec tra has
also invested in a Bra zil ian dis tri bu tion com pany.
Currently, the sale of the assets of the fed er ally owned
elec tric ity com pany, Elec tro bras, is sched uled for 1998.
Elec tro bras con trols roughly half of all the gen era tion
capac ity in Bra zil.

In most other South Ameri can coun tries some form of
regu la tory reform and pri va ti za tion is under way or
about to begin; how ever, com mit ments to pri va ti za tion
and relaxa tion of restraints on pri vate invest ment are
not uni ver sal. Vene zuela, for exam ple, has post poned
pri va ti za tion plans for elec tric ity, and only par tial pri va -
ti za tion has been approved in Bolivia, Peru, and
Uruguay. Through out the region, although the pace of
reform may vary, the direc tion of change is con sis tently
toward lib er ali za tion of con di tions that would favor
enhanced invest ment incen tives.

North Amer ica

In North Amer ica energy trends in the United States and 
Can ada closely resem ble those in West ern Europe and
Aus tra lia, in that energy demand growth of slightly
more than 1 per cent per year is pro jected—about half the 
rate of growth in GDP. In con trast, Mexi co’s eco nomic
growth and energy demand are expected to be much
more robust, in the range of 3 to 5 per cent per year.

In both the United States and Can ada, elec tric ity
consump tion is expected to rise by about one- third over
the fore cast pe ri od and at a rate that exceeds growth in
over all energy use. Although both coun tries have Annex 
I com mit ments under the Kyoto Pro to col, cur rent trends
in pri mary energy use indi cate grow ing reli ance on
fossil- based pri mary energy for power gen era tion.

The United States is far and away the world’s big gest
con sumer of elec tric ity, con sum ing one- third of the
world’s total elec tric ity sup ply. Elec tric ity con sump tion
in the United States is expected to grow at a mod est
1.2-percent annual rate from 1995 through 2020. Elec tric -
ity con sump tion growth is expected to trail over all eco -
nomic growth, as is typi cal for an advanced indus trial
econ omy.

Over the fore cast pe ri od, nuclear pow er’s role as a
producer of elec tric ity in the United States will dimin ish
con sid era bly. Nuclear power, which accounted for 20
per cent of all U.S. elec tric ity pro duced in 1995, is
expected to account for only 9 per cent in the year 2020
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(Fig ure 79). The last nuclear power plant to be com mis -
sioned in the United States was com pleted in 1996 [30],
and there are cur rently no plans to build any oth ers.
Natu ral gas will largely make up for the short fall in
nuclear pro duc tion. Natu ral gas, which accounted for
just under 10 per cent of elec tric ity pro duc tion in the
United States in 1995, is expected to claim a 22- percent
share of the elec tric ity mar ket in 2020. Greater domes tic
pro duc tion of natu ral gas and increased imports from
Can ada will accom mo date the increase in natu ral gas
use as an elec tric ity gen era tion fuel. Coal’s role as an
elec tric ity fuel is expected to change very lit tle, account -
ing for 49 per cent of the elec tric ity fuel mar ket in 1995
and 50 per cent in 2020.

Fig ure 79.  Energy Con sump tion for Elec tric ity
Gen era tion in the United States,
1995 and 2020

Source: Energy Infor ma tion Admin istra tion, Annual Energy
Out look 1998, DOE/EIA-0383(98) (Wash ing ton, DC, Decem -
ber 1997), Table A2.

Future Cana dian elec tric ity sup ply will also depend
signifi cantly less on nuclear power and more on natu ral
gas. Can ada has an abun dance of hydroe lec tric re -
sources and in 1995 obtained almost 60 per cent of its
elec tric ity from hydro power, a level that is expected to
increase slightly over the fore cast pe ri od.

In Mex ico, elec tric ity demand growth is expected to
exceed 4 per cent per year as liv ing stan dards rise and
elec tri fi ca tion is extended. The course of devel op ment in 
the Mexi can econ omy is expected to resem ble that seen
in other emerg ing econo mies in Latin Amer ica and in
Asia. Although energy use per cap ita has risen sub -
stantially in Mex ico in recent years, elec tric ity con -
sumption is still a small frac tion of that enjoyed by its
north ern neigh bors. Mex ico is expected to show a
relatively rapid rate of elec tric ity con sump tion growth
over the fore cast pe ri od.

As in the rest of North Amer ica, pri mary fuel use is
expected increas ingly to favor natu ral gas. Coal and

nuclear power account for rela tively lit tle gen era tion in
Mex ico, which cur rently relies on oil- fired plants for
roughly half of its elec tric ity needs (Fig ure 80). Both cost
and envi ron mental con cerns are encour ag ing increased
use of natu ral gas. The share of elec tric ity fired by
natural gas is expected to rise from 11 per cent in 1995 to
27 per cent in 2020. The rate of increase will be con -
strained more by infra struc ture than by basic resource
avail abil ity.

Fig ure 80.  Energy Con sump tion for Elec tric ity
Gen era tion in Mex ico, 1995 and 2020

Sources: 1995: Derived from Energy Infor ma tion Admin -
istra tion (EIA), Office of Energy Mar kets and End Use, Inter -
national Energy Annual 1996, DOE/EIA-0219(96)
(Wash ing ton, DC, Feb ru ary 1998). 2020: EIA, World Energy
Pro jec tion Sys tem (1998).

Elec tric util ity regu la tory reform is under way through -
out North Amer ica. In the United States and Can ada the
driv ing force of reform is the expec ta tion that increased
com pe ti tion will lower costs of elec tric ity sup ply. In the
United States, reforms are being car ried out at both the
national and State lev els. In 1996, the national regu la tor,
the Fed eral Energy Regu la tory Com mis sion, issued
Order 888 and Order 889. Order 888 addresses the issue
of open access and pro vides an addi tional guide line for
the recov ery of stranded costs [31]. Order 889 requires
utili ties to es tab lish elec tronic sys tems on the avail -
ability of trans mis sion capac ity. Sev eral States are also
imple ment ing reforms. Fur thest along are Cali for nia
and sev eral north east ern States. State- led reform efforts
have often involved the crea tion of elec tric ity pools,
dives ti ture of trans mis sion assets, the intro duc tion of
inde pend ent sys tem opera tors, the adop tion of dif fer ent
forms of pric ing, and the unbun dling of rates. Over -
shadow ing efforts at elec tric ity reform has been the
prob lem of how to allo cate the stranded costs largely
asso ci ated with pre vious invest ments in nuclear power,
which despite Order 888 are still yet unre solved.

As the use of natu ral gas for elec tric ity gen era tion has
increased in recent years, there has been a grow ing
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integra tion of the U.S. natu ral gas and elec tric ity indus -
tries. Just in the past few years, sev eral large merg ers
and acqui si tions have taken place between natu ral gas
trans mis sion and dis tri bu tion com pa nies and elec tric ity
com pa nies. These trans ac tions have been driven both by 
a chang ing eco nomic envi ron ment and by regu la tory
changes.

Can ada is also cur rently in the midst of sev eral attempts
to reform the com mon wealth’s elec tric ity sec tor. Most
reform efforts are tak ing place at the pro vin cial level.
Recent reforms are moti vated by a desire to reduce
Cana dian elec tric ity costs. The reforms should also serve 
to inte grate the U.S. and Cana dian elec tric ity mar kets
more closely. As with State gov ern ments in the United
States, pro vin cial gov ern ments in Can ada are largely
respon si ble for elec tric ity pol icy. In recent years the
provin cial gov ern ment of Alberta has been a leader in
elec tric ity reform. Alber ta’s Elec tric Util ity Act of 1995
cre ated a com peti tive mar ket in gen era tion, insti tuted
location- based rates, and cre ated a power pool for spot
trad ing in elec tric ity [32]. In 1996, the U.S. Fed eral
Energy Regu la tory Com mis sion (FERC) approved a
request by Alber ta’s main util ity, TransAlta Util ity
Corpo ra tion, to sell power in the United States [33].

Ontario and Que bec are respec tively Cana da’s first and
sec ond larg est prov inces and home to Cana da’s two
larg est utili ties, Ontario Hydro and Hydro Que bec.
Ontario Hydro is owned by the pro vin cial gov ern ment
of Ontario. In Novem ber 1997, the Ontario pro vin cial
gov ern ment announced its inten tion to break up—but
not pri vat ize—Ontario Hydro along lines of busi ness
[34]. Under the pro posed plan, the util ity would be
broken into two sepa rate com pa nies [35]. Elec tric ity
gen era tion would become the respon si bil ity of the
newly cre ated Elec tric ity Gen era tion Cor po ra tion, and
trans mis sion and dis tri bu tion would become the
respon si bil ity of the newly cre ated Ontario Elec tric
Services Cor po ra tion.

Although the new gen era tion com pany will con tinue to
be owned by the pro vin cial gov ern ment, it is to be
operated as a com mer cial enter prise, com pet ing with
out side pro duc ers, earn ing a profit, and pay ing taxes.
The trans mis sion and dis tri bu tion com pany is expected
to con tinue to be a regu lated monop oly. Both the trans -
mis sion and dis tri bu tion segments are to pro vide open
access to out side pro ducers. An inde pend ent sys tem
opera tor is to be estab lished as a “sepa rate pub licly
controlled Crown Cor po ra tion to over see opera tions of
the new sys tem and to ensure that cus tom ers receive
access to elec tric ity at rea son able prices and in the most
effi cient way possible” [35]. As in the United States,
stranded costs largely asso ci ated with past invest ments
in nuclear power have severely ham pered Ontario’s
attempts at elec tric ity reform.

Hydro Que bec has tar geted the U.S. mar ket for future
sales growth. Hydro Que bec cur rently owns Ver mont
Gas and has signed a deal with Enron to mar ket elec -
tricity in the North east while sell ing Enron’s gas in
Quebec. In April 1997, Hydro Que bec peti tioned the
FERC to sell elec tric ity in the United States. In return, it
would allow U.S. com peti tors to wheel elec tric ity into
Que bec. In Novem ber 1997, Hydro Que bec received
FERC approval to sell power in the United States at
market- based rates.

In Mex ico, regu la tory reform is designed to enhance the
avail abil ity of invest ment capi tal to fund indus try
expan sion. Until recently, for eign invest ment in
energy- related activi ties was pro hib ited, and it is still
pro hib ited in most upstream petro leum activi ties. How -
ever, regula tions are being lib er al ized, espe cially for
power gen era tion and natu ral gas trans mis sion and dis -
tri bu tion. As a con se quence, a vari ety of cogenera tion
and inde pend ent power gen era tion proj ects have been
proposed by U.S. spon sors, and some are already under
con struc tion.

West ern Europe

Elec tric ity con sump tion among West ern Euro pean
nations in IEO98 ref er ence case is expected to grow by
only 2.4 per cent annu ally from 1995 through 2020. The
mod er ate growth in elec tric ity use reflects the region’s
advanced state of eco nomic devel op ment.

Of all regions, West ern Europe relies most heav ily on
nuclear power as a source of elec tric ity sup ply. Nuclear
power accounts for a third of West ern Euro pe’s elec -
tricity sup ply’ largely because France is the sec ond
largest pro ducer of nuclear elec tric ity after the United
States. Coal ranks sec ond as a source of elec tric ity
genera tion in West ern Europe, fol lowed by renew ables
(pri mar ily hydro power), natu ral gas, and oil.

In future years, West ern Europe is expected to reduce its
reli ance on nuclear power and, to a lesser extent, on coal- 
and oil- fired gen era tion (Fig ure 81). Natu ral gas use is
expected to grow. In 2020, the nuclear share of the elec -
tric ity mar ket is expected to be about one- fifth of the
total. Although use of coal as a gen era tion fuel is
expected to increase over the fore cast pe ri od, its share of
the over all elec tric ity fuels mar ket is also expected to
decline, to 21 per cent from 27 per cent in 1995. In recent
years, coal pro duc tion in the United King dom and
Germany has fallen off dra mati cally. In the United
Kingdom, the reduc tion is largely due to the coal indus -
try’s pri va ti za tion, the removal of coal sub si dies, and the 
pri va ti za tion of the elec tric ity indus try. In Ger many,
coal sub si dies have been removed much more slowly,
but Ger man reuni fi ca tion and the retire ment of a large
number of former East Ger many’s obso les cent coal- fired 
elec tric ity plants, have resulted in a sharp drop in coal
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Fig ure 81.  Energy Con sump tion for Elec tric ity
Gen era tion in West ern Europe,
1995 and 2020

Sources: 1995: Derived from Energy Infor ma tion Admin -
istra tion (EIA), Office of Energy Mar kets and End Use, Inter -
national Energy Annual 1996, DOE/EIA-0219(96)
(Wash ing ton, DC, Feb ru ary 1998). 2020: EIA, World Energy
Pro jec tion Sys tem (1998).

demand. The grow ing avail abil ity of natu ral gas
imports from the former Soviet Union, Nor way, and
North Africa, in con cert with envi ron mental con sid era -
tions, has encour aged greater use of gas as a fuel for elec -
tric ity gen era tion. Recent advances in gas- fired
elec tric ity gen era tion tech nol ogy that reduce over all
capi tal require ments have also encour aged the switch to
gas.

Euro pe’s elec tric ity indus try is likely to become more
inte grated in the future. In 1997, the Euro pean Par lia -
ment adopted a direc tive with the intent to pro vide
inde pend ent pro duc ers with greater access to other
coun tries’ power net works [36]. Led by the United
Kingdom, sev eral West ern Euro pean coun tries have
under taken impor tant elec tric ity reforms. To vary ing
degrees these reforms have reduced gov ern ment over -
sight and increased the role of mar ket forces in bal -
ancing elec tric ity sup ply and demand. Cur rently,
Swe den and Nor way oper ate a joint elec tric ity pool, and
Fin land is sched uled to join the pool in early 1998.

The United King dom first began to pri vat ize its elec -
tricity indus try in 1990 and com pleted the final phase of
pri va ti za tion in 1996. Pri va ti za tion of elec tric ity in the
United King dom occurred in the con text of a whole sale
pri va ti za tion of sev eral other state- owned indus tries.
Through 1995, the treas ury has raised more than $95
billion in reve nue from pri va ti za tion [37]. The United
King dom’s elec tric ity frame work has become a model
for elec tric ity reforms else where, most nota bly, in
Argen tina and Aus tra lia. Moti vat ing the UK’s effort at
elec tric ity reform was the belief that the indus try could

be made more com peti tive through deregu la tion and
pri va ti za tion.

Other Euro pean nations have also imple mented major
elec tric ity reform in recent years, but not all have pri -
vatized. Most nations have gen er ally main tained state
own er ship while intro duc ing market- oriented reforms.
Major elec tric ity reform efforts have been under taken by 
Scan di na vian nations. Swe den, for exam ple, has moved
toward com peti tive gen era tion and dis tri bu tion mar kets 
in local, regional, and national net works. In recent years, 
there have been sev eral for eign invest ments in Swe den’s 
elec tric ity sec tor. In 1996, Nor way’s Statkraft pur chased
a share of Swe den’s Sydkraft for $179 mil lion [38]. In
addi tion to the Sydkraft pur chase, a 25- percent share of
Gran inge was pur chased by Elec tric ite de France and a
12- percent share by Ger many’s Pre ussen Eleck tra [39].
Ima tran Voima Oy (IVO), the state- owned Fin nish
power com pany, pur chased a 50- percent share of
Gullspangs Fraft, another Swed ish util ity [40].

In gen eral, lib er ali za tion of regu la tory rules through out
Europe is erod ing national bounda ries for indus trial
opera tion and for invest ment devel op ment strate gies.
Thus, through out the area, the util ity sec tor has become
the poten tial focus of rivalry for a wide range of enter -
prises located in Europe and beyond. In Italy, for
example, ENEL, the state- owned elec tric ity com pany, is
simul ta ne ously being pri vat ized while enter ing into
invest ment alli ances with two U.S. com pa nies, Enron
and Entergy. In Por tu gal, sev eral for eign com pa nies
have invested in the coun try’s elec tric ity indus try,
include EdF (of France), Endesa (of Spain), National
Power (UK), and Pow er Gen (UK).

Elec tric ite de France (EdF), Euro pe’s larg est elec tric ity
com pany, is state owned. In recent years, it has sought to 
evolve from a national util ity to an inter na tional energy
com pany. As a con se quence, it is involved in power
proj ects in Argen tina, Hun gary, the Ivory Coast, Italy,
Poland, Por tu gal, Spain, and Swe den. Simi larly, Endesa, 
Spain’s larg est util ity, has recently acquired elec tric ity
assets in Argen tina, Chile, Costa Rica, El Sal va dor,
Germany, Gua te mala, Morocco, Nica ra gua, Pan ama,
Peru, and Vene zuela [41].

U.S. com pa nies are simi larly evolv ing into inter na tional
enter prises. The Energy Pol icy Act of 1992 (EPACT)
liber al ized the rules gov ern ing U.S. util ity invest ment in
elec tric ity assets abroad, lead ing to a surge in invest -
ment over seas by U.S. elec tric utili ties (Fig ure 82). Since
1992, U.S. com pa nies have acquired 7 of the 12 elec tric ity 
dis tri bu tion com pa nies in the United King dom. In
the Aus tra lian state of Vic to ria, U.S. com pa nies
have acquired inter ests in all of the five elec tric ity dis -
tribu tion com pa nies, three of the state’s five recently pri -
vat ized elec tric ity gen era tion com pa nies, and the state’s
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Fig ure 82.  U.S. Direct Invest ment in Over seas
Utili ties, 1988-1996

Note: These utili ties include, in addi tion to elec tric ity, natu ral
gas dis tri bu tion and sani tary serv ices. How ever, the sharp
upward climb in invest ments from 1994 through 1996 is almost
entirely due to over seas elec tric util ity invest ments by U.S.
com pa nies.
    Source: U.S. Depart ment of Com merce, Bureau of Eco nomic 
Analy sis, Sur vey of Cur rent Busi ness (Wash ing ton, DC,
various issues).

transmis sion net work. U.S. elec tric ity com pa nies have
also made siz able elec tric ity invest ments in sev eral
devel op ing coun tries, includ ing Argen tina, Bolivia,
Brazil, Colum bia, India, and Paki stan.

Japan and Aus tra la sia

Japan is Asia’s larg est econ omy and its big gest
consumer of elec tric ity. Japan is the fourth larg est
electric ity con sumer in the world. Over the 1995 to 2020
fore cast pe ri od, Japan is expected to show a rela tively
mod er ate elec tric ity con sump tion growth rate of 1.8
percent per year, con sum ing more of all elec tric ity fuels
except for oil through 2020. Growth in natu ral gas
consump tion and coal and will out pace growth in the
use of nuclear power and renew ables (Fig ure 83).
Japan’s use of oil as an elec tric ity fuel is expected to
decline as its older oil- fired gen era tion plants, many of
which were built bef ore the 1973 oil price shock, are
retired [5, p. 163]. Japan is one of the few nations
currently expand ing its use of nuclear power, which
now accounts for roughly one- third of its elec tric ity
supply.

Aus tra lia and New Zea land

In recent years, Aus tra lia and New Zea land have
achieved rela tively high rates of eco nomic growth
among the indus tri al ized econo mies. Elec tric ity de -
mand in Aus tra la sia is expected to aver age nearly
3.2-percent annual growth between 1995 and 2020.
Australia has one of the world’s most effi cient coal
indus tries, and coal accounts for 92 per cent of the fuel
input to its Aus tra lia’s elec tric ity indus try. In con trast,

Fig ure 83.  Energy Con sump tion for Elec tric ity
Gen era tion in Japan, 1995 and 2020

Sources: 1995: Derived from Energy Infor ma tion Admin -
istra tion (EIA), Office of Energy Mar kets and End Use, Inter -
national Energy Annual 1996, DOE/EIA-0219(96)
(Wash ing ton, DC, Feb ru ary 1998). 2020: EIA, World Energy
Pro jec tion Sys tem (1998).

New Zea land relies more heav ily on hydroe lec tric ity.
Coal and hydro power are expected to con tinue to be the
domi nant sources of elec tric ity for the two coun tries
over the fore cast pe ri od (Fig ure 84).

The winds of regu la tory change are blow ing in Asia as
well. The elec tric ity indus try in Japan is highly con cen -
trated and domi nated by 10 ver ti cally inte grated
regional elec tric utili ties [5, p. 155]. Japan, like the United 
States, has long had an elec tric ity indus try that was pri -
vately owned. Util ity com pa nies sup ply 75 per cent of

Fig ure 84.  Energy Con sump tion for Elec tric ity
Gen era tion in Aus tra la sia,
1995 and 2020

Sources: 1995: Derived from Energy Infor ma tion Admin -
istra tion (EIA), Office of Energy Mar kets and End Use, Inter -
national Energy Annual 1996, DOE/EIA-0219(96)
(Wash ing ton, DC, Feb ru ary 1998). 2020: EIA, World Energy
Pro jec tion Sys tem (1998).
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Japan’s elec tric power, the remain der being sup plied by
the national organi za tions respon si ble for the sup ply of
nuclear power and large- scale hydro and ther mal
power. The 10 ver ti cally inte grated regional elec tric ity
com pa nies jointly own and oper ate Japan’s national
elec tric ity trans mis sion sys tem [5, p. 155].

Cur rently, Japan has some of the high est elec tric ity
prices in the world. As a result, Japan is attempt ing to
reform its elec tric ity indus try to increase com pe ti tion.
The goal of the effort is to cut elec tric ity prices so that by
the year 2001 they are com pa ra ble with those in other
indus tri al ized nations [42]. Japan has recently allowed
inde pend ent power pro duc ers access to the grid and has 
encour aged regional utili ties to pur chase power directly
from them [43]. Japan is also cur rently under tak ing a
study of its regu la tory struc ture and the regu la tory
struc tures of other indus trial nations to see what regu la -
tory reform meas ures would best increase com pe ti tion
[44].

Since the early 1990s, Aus tra lia has under gone a series of 
national and state- sponsored elec tric ity reform ini tia -
tives. The national gov ern ment’s reform process began
in 1991, with a com mit ment to a com pletely com peti tive
power mar ket by 1999. Regu la tory reform was also
intro duced, allow ing for com pe ti tion in gen era tion and
rate- cap regu la tion (rather than rate- of- return regu la -
tion) in trans mis sion and dis tri bu tion. Elec tric ity mar -
ket ing is cur rently being treated as a sepa rate seg men tal
unit and is gradu ally being deregu lated.

Like the United States, Aus tra lia has a fed eral sys tem of
gov ern ment. Also as in the United States, elec tric ity
reforms in Aus tra lia embody both national and state
efforts. Thus far, the state of Vic to ria (Aus tra lia’s sec ond
most popu lous state) has been the most aggres sive in
pri vat iz ing its state- owned energy indus tries. In 1995,
Vic to ria began to pri vat ize its elec tric power indus try, in
part in a man ner mod eled after the UK elec tric indus try
pri va ti za tion pro gram. Prior to pri va ti za tion, the
Victoria state gov ern ment merged 29 elec tric ity dis tri -
bu tion com pa nies into 5 com pa nies, while split ting the
state gen er at ing com pany into five enter prises, each
with a power sta tion. Since 1995, it has raised a total of
$17 bil lion through the pri va ti za tion of elec tric ity assets
[45].

There have also been some pri va ti za tion efforts out side
Vic to ria. North ern States Power (of the United States)
pur chased a 37- percent equity stake for its serv ices in
reha bili tat ing and oper at ing the 1,680- megawatt
Gladstone Plant in Queensland [46, pp. 47-48]. SCE
Corpo ra tion (also of the United States), through its
Mission Energy Cor po ra tion sub sidi ary, plans to build a
$111 mil lion power plant in West ern Aus tra lia. Japan’s
Sithe Ener gies is con struct ing Aus tra lia’s larg est

cogenera tion plant, a 175- megawatt gas- fired plant near
Syd ney.

New Zea land started to pri vat ize its elec tric power
indus try in 1987 in the midst of an ambi tious attempt to
intro duce free- market eco nomic reforms. An elec tric ity
trans mis sion cor po ra tion was cre ated in 1993, and
monopo lies in local dis tri bu tion and retail ing were
elimi nated. In 1995, the New Zea land gov ern ment
issued a new elec tric ity pol icy designed to cre ate a com -
peti tive power mar ket. Over the past few years, a
number of New Zea land’s elec tric utili ties have been
pur chased by U.S. utili ties. IES Indus tries took a minor -
ity inter est in Pow erco Lim ited and Cen tral Power Lim -
ited [46, pp. 47-48]. Fur ther, Utilicorp pur chased 20
per cent of the com mon stock in Power New Zea land,
New Zea land’s sec ond larg est elec tric dis tri bu tion com -
pany.

Other Areas

The For mer Soviet Union and East ern Europe

The Rus sian econ omy, which accounts for more than
half of the eco nomic out put for the EE/FSU region,
appears to have bot tomed out in 1996 and to have shown 
slight posi tive growth in 1997. Rus sia is expected to
move to a 3- to 5-percent eco nomic growth path through
the year 2001 [47]. Elec tric ity con sump tion in the
EE/FSU region is expected to fol low a simi lar recov ery
path. For the 1995 through 2020 fore cast pe ri od, elec -
tricity con sump tion is expected to grow at an annual rate 
of 2.2 per cent for East ern Europe and 1.2 per cent for the
FSU.

Energy resource avail abil ity dif fers mark edly in East ern
Europe and the FSU. As a result, while East ern Europe
relies on its ample sup plies of coal for nearly two- thirds
of its elec tric ity fuel sup ply, the FSU relies for almost
half of its elec tric ity fuel sup ply on natu ral gas, which it
has in abun dance. In 2020, in con trast, coal is expected to
account for only about 40 per cent of East ern Euro pe’s
gen era tion fuel, with the dif fer ence made up by natu ral
gas and renew ables (Fig ure 85). Both the avail abil ity of
increased natu ral gas to East ern Europe from the FSU,
and the desire to reduce severe air pol lu tion prob lems in
the area have been driv ing this trend. The FSU’s con -
sump tion of natu ral gas as a gen er at ing fuel also is
projected to grow, largely in response to envi ron mental
con cerns, while both coal and nuclear power gen era tion
are expected to decline in abso lute and rela tive terms.

The elec tric power indus tries of East ern Europe and the
FSU are very dif fer ent from those in other parts of the
world. In much of the devel op ing world, elec tric ity
capac ity is cur rently strain ing to keep pace with rapid
increase in demand. In the devel oped world, elec tric ity
is a mature indus try and future expan sion is expected to
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Fig ure 85.  Energy Con sump tion for Elec tric ity
Gen era tion in East ern Europe,
1995 and 2020

Sources: 1995: Derived from Energy Infor ma tion Admin -
istra tion (EIA), Office of Energy Mar kets and End Use, Inter -
national Energy Annual 1996, DOE/EIA-0219(96)
(Wash ing ton, DC, Feb ru ary 1998). 2020: EIA, World Energy
Pro jec tion Sys tem (1998).

be incre mental. In con trast, in East ern Europe and the
FSU, elec tric ity has been an over de vel oped indus -
try—with no capac ity short age—but an indus try suf fer -
ing from out dated tech nol ogy. Elec tric ity in East ern
Europe was also a major source of pol lu tion. As a result,
future elec tric ity invest ments in EE/FSU coun tries will
to a large extent be directed at upgrad ing their elec tric ity 
indus tries to indus trial world stan dards.

Sev eral of the coun tries of East ern Europe have
attempted to reform their elec tric ity indus tries, moti -
vated in part by the desire to ensure avail abil ity of the
for eign funds needed for upgrades and expan sion.
Among East ern Euro pean nations, Hun gary has
adopted the most ambi tious pri va ti za tion pro gram. In
1991, the state- owned elec tric ity com pany was
converted into a cor po ra tion (MVR). MVR became a
hold ing com pany for six regional power dis tri bu tion
com pa nies [46, p. 47]. Sub se quently, Hun gary has sold
the six power dis tri bu tion com pa nies and all gen era tion
assets, except for nuclear power and the trans mis sion
grid [48]. Simi larly, Poland has dis ag gre gated its power
sec tor and now allows com pe ti tion among inde pend ent
gen era tion com pa nies. Inde pendent trans mis sion and
dis tri bu tion com pa nies have been cre ated that oper ate
sepa rately from gen er at ing com pa nies. Pri va ti za tion of
elec tric ity gen era tion and dis tri bu tion is also being
consid ered, although the Pol ish gov ern ment plans to
main tain 51- percent own er ship of the trans mis sion grid
[46, p. 47]. Thus far, Elec tric ite de France has invested in
a 450- megawatt coal- fired plant in Kra kow, Poland, and
Enron has nego ti ated a 20- year power- purchase agree -
ment for a 116- megawatt gas- fired plant that it will build 
[46, p. 47; 49]. The Czech Repub lic is also pri vat iz ing its

national gen era tion and trans mis sion com pany, and
plans have been made to pri vat ize regional dis tri bu tion
com pa nies. In the Czech Repub lic, the U.S. com pa nies
NRG Energy and El Paso Energy, along with Japan’s
Nis sho Iwai, and Swe den/Swit zer land’s Asea Brown
Boveri, are con tracted to add 316 mega watts to an exist -
ing power plant [49].

Mid dle East

Elec tric ity con sump tion in the Mid dle East is expected
to grow at a 2.6-percent annual rate from 1995 through
2020. Almost two- thirds of Mid dle East eco nomic out -
put is accounted for by Iran and Saudi Ara bia, along
with half of the region’s elec tric ity con sump tion. Iran is
the most popu lous coun try in the Mid dle East, and
Saudi Ara bia has one of the high est per cap ita incomes.
Other large users of elec tric ity in the Mid dle East include 
Israel, Iraq, and Kuwait. Richly endowed with oil and
natu ral gas resources, the Mid dle East natu rally relies
heav ily on those resources as elec tric ity gen era tion fuels. 
In 1995, oil and natu ral gas pro vided roughly equal parts 
(about 45 per cent) of the Mid dle East’s elec tric fuels mar -
ket, the remain der being sup plied by coal and renew -
ables. Natu ral gas use for elec tric ity gen era tion is
expected to increase over the fore cast pe ri od, while oil’s
share is expected to decline to roughly 40 per cent
(Figure 86).

Fig ure 86.  Energy Con sump tion for Elec tric ity
Gen era tion in the Mid dle East,
1995 and 2020

Sources: 1995: Derived from Energy Infor ma tion Admin -
istra tion (EIA), Office of Energy Mar kets and End Use, Inter -
national Energy Annual 1996, DOE/EIA-0219(96)
(Wash ing ton, DC, Feb ru ary 1998). 2020: EIA, World Energy
Pro jec tion Sys tem (1998).

With grow ing elec tric power needs, Iran is cur rently
restruc tur ing its national elec tric ity indus try [50]. Iran is
con sid er ing allow ing greater pri vate par tici pa tion in
elec tric ity sup ply and remov ing restric tions on for eign
own er ship. Dur ing the 1990s, elec tric ity short ages were
com mon place in Ira nian cit ies [50]. Most of Iran’s future
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capac ity is expected to be pow ered by natu ral gas and
hydro power.

In order to finance future power proj ects, the Saudi
Arabian gov ern ment has cre ated a fund built on an elec -
tric ity sur charge to con sum ers [50]. The Saudi gov ern -
ment is also for the first time rely ing on inter na tional
capi tal mar kets to fund elec tric ity proj ects. Another first
for the Saudi gov ern ment was its open ing of a planned
1,750- megawatt oil- fired proj ect to bids from for eign
com pa nies. The plan calls for the proj ect to be a build-
 own- operate (BOO) scheme. Sev eral for eign com pa nies
have recently placed bids on the proj ect, includ ing
Enron of the United States. The bids are cur rently being
evalu ated.

Africa

Over the 1995-2020 fore cast pe ri od, Afri ca’s elec tric ity
con sump tion is expected to grow at a 3.6-percent annual
rate. The Afri can econ omy is domi nated by a few rela -
tively large econo mies, South Africa being the larg est,
fol lowed by Alge ria, Egypt, Nige ria, Libya, and
Morocco. South Africa cur rently accounts for more than
two- thirds of all elec tric ity con sump tion on the con ti -
nent [51].

In 1995, coal was used for 50 per cent of the elec tric ity
gen era tion in Africa (Fig ure 87), largely as a result of
South Afri ca’s exten sive coal reserves. Africa is expected 
to con tinue to rely heav ily on coal as a gen era tion fuel
over the fore cast pe ri od but slightly less so in the year
2020 than now. Both oil and natu ral gas are also
important gen era tion fuels, par ticu larly among those
nations with large petro leum reserves. Both fuels will
pro vide a grow ing share of the con ti nent’s elec tric ity

Fig ure 87.  Energy Con sump tion for Elec tric ity
Gen era tion in Africa, 1995 and 2020

Sources: 1995: Derived from Energy Infor ma tion Admin -
istra tion (EIA), Office of Energy Mar kets and End Use, Inter na -
tional Energy Annual 1996, DOE/EIA-0219(96) (Wash ing ton,
DC, Feb ru ary 1998). 2020: EIA, World Energy Pro jec tion Sys -
tem (1998).

fuels mar kets over the fore cast pe ri od. South Africa is
the only coun try pro duc ing elec tric ity from nuclear
power, but it plans to retire its exist ing facili ties.
Currently, Angola, Cam er oon, Ethio pia, Ghana, Kenya,
Congo (Kin shasa, for merly Zaire), and Zam bia depend
on hydroe lec tric ity for more than three- quarters of their
elec tric ity sup ply [4, pp. 91-95]. Egypt is the larg est
producer of hydroe lec tric ity in Africa, but its gen era tion
mix is more diver si fied.

No coun try in Africa has been more aggres sive in pri vat -
iz ing its elec tric power indus try than Morocco. Moroc -
co’s reform of its elec tric ity sec tor main tains the cur rent
state- owned elec tric ity dis tri bu tion monop oly (Office
National de l’E lec tric ite) but opens up its elec tric ity sec -
tor to inde pend ent power proj ects. In 1997, the
U.S.-based com pany CMS Energy and the Swed -
ish/Swiss com pany Asea Brown Boveri were con tracted 
to build a $1.5 bil lion BOT plant and to oper ate two exist -
ing coal- fired plants [51]. The BOT arrange ment calls for
the com pa nies to sell elec tric ity to the Office National de
l’E lec tric ite for 30 years. Each com pany will hold a 50-
 percent share in the proj ect. Two other pri vate power
proj ects in Morocco are cur rently pend ing [48].
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Appendix A

World Energy Consumption,
Carbon Emissions, Oil Production,

and Nuclear Power Capacity Tables



Table A1.  World Total Energy Consumption by Region, Reference Case, 1990-2020
(Quadrillion Btu)
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized Countries
  North America . . . . . . . . . . . . . . 99.7 108.0 112.2 119.8 128.1 136.5 142.1 147.1 1.2 
    United Statesa . . . . . . . . . . . . . . 83.9 90.4 94.0 99.8 105.8 112.2 115.7 118.6 1.1 
    Canada . . . . . . . . . . . . . . . . . . . 10.9 12.2 12.6 13.3 14.3 15.4 16.4 17.5 1.5 
    Mexico . . . . . . . . . . . . . . . . . . . . 4.9 5.5 5.6 6.6 8.0 9.0 10.0 11.0 2.8 
  Western Europe . . . . . . . . . . . . . 61.9 64.8 66.7 69.7 74.5 79.0 83.4 88.1 1.2 
  Industrialized Asia . . . . . . . . . . . 23.0 26.3 26.9 28.4 30.1 32.1 34.1 36.3 1.3 
    Japan . . . . . . . . . . . . . . . . . . . . 18.1 20.8 21.4 22.3 23.5 25.1 26.7 28.5 1.3 
    Australasia . . . . . . . . . . . . . . . . . 4.9 5.6 5.5 6.1 6.6 7.0 7.4 7.8 1.4 
      Total Industrialized . . . . . . . . 184.7 199.1 205.8 217.9 232.8 247.6 259.6 271.5 1.2 

EE/FSU
  Former Soviet Union . . . . . . . . . . 58.5 40.8 39.8 42.6 47.5 52.4 56.5 60.8 1.6 
  Eastern Europe . . . . . . . . . . . . . . 15.2 12.4 12.6 13.7 15.1 16.5 18.0 19.5 1.8 
      Total EE/FSU . . . . . . . . . . . . . 73.6 53.2 52.4 56.3 62.6 69.0 74.5 80.4 1.7 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 51.4 71.8 74.5 90.8 113.8 137.4 165.4 199.4 4.2 
    China . . . . . . . . . . . . . . . . . . . . . 27.0 36.4 37.1 46.0 58.0 71.3 88.4 109.7 4.5 
    India . . . . . . . . . . . . . . . . . . . . . 7.7 11.1 11.5 14.7 18.1 21.7 25.6 30.2 4.1 
    Other Asia . . . . . . . . . . . . . . . . . 16.7 24.4 25.9 30.1 37.8 44.4 51.4 59.6 3.6 
  Middle East . . . . . . . . . . . . . . . . 11.1 13.9 14.6 15.5 17.6 19.9 22.6 25.5 2.5 
  Africa . . . . . . . . . . . . . . . . . . . . . 9.2 10.7 11.1 12.2 13.9 15.7 17.7 19.8 2.5 
  Central and South America . . . . 13.7 16.8 17.7 20.3 25.0 30.0 35.8 42.7 3.8 
    Brazil . . . . . . . . . . . . . . . . . . . . . 5.4 6.4 6.8 7.8 9.8 11.7 14.1 16.8 3.9 
    Other Central/South America . . . 8.3 10.4 10.9 12.5 15.2 18.2 21.7 25.9 3.7 
      Total Developing . . . . . . . . . . 85.5 113.3 117.9 138.9 170.4 203.0 241.5 287.5 3.8 

Total World . . . . . . . . . . . . . . . . . 343.8 365.6 376.1 413.0 465.7 519.6 575.6 639.4 2.3 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Energy totals include net imports of coal coke and electricity generated
from biomass in the United States. Totals may not equal sum of components due to independent rounding. The electricity portion
of the national fuel consumption values consists of generation for domestic use plus an adjustment for electricity trade based on
a fuel's share of total generation in the exporting country.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A1; and World Energy Projection System (1998).



Table A2.  World Total Energy Consumption by Region and Fuel, Reference Case, 1990-2020
(Quadrillion Btu)
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized Countries
  North America
    Oil . . . . . . . . . . . . . . . . . . . . . . . 40.4 41.8 43.2 46.4 50.0 54.0 56.7 59.0 1.4 
    Natural Gas . . . . . . . . . . . . . . . . 22.7 26.2 26.8 29.4 32.5 35.5 38.1 40.6 1.8 
    Coal . . . . . . . . . . . . . . . . . . . . . . 20.4 21.1 22.0 24.0 25.2 26.1 27.1 27.9 1.1 
    Nuclear . . . . . . . . . . . . . . . . . . . 7.0 8.3 8.2 8.3 7.8 7.3 6.0 4.8 -2.1 
    Other . . . . . . . . . . . . . . . . . . . . . 9.2 10.6 10.7 11.7 12.6 13.5 14.1 14.8 1.3 
      Total . . . . . . . . . . . . . . . . . . . . 99.7 108.0 110.9 119.8 128.1 136.5 142.1 147.1 1.2 
  Western Europe
    Oil . . . . . . . . . . . . . . . . . . . . . . . 26.7 29.2 29.5 29.4 30.2 30.8 31.3 31.8 0.3 
    Natural Gas . . . . . . . . . . . . . . . . 10.1 12.5 13.9 16.0 19.7 23.3 27.5 31.9 3.8 
    Coal . . . . . . . . . . . . . . . . . . . . . . 13.1 9.7 9.7 9.7 9.5 9.6 9.6 9.6 -0.1 
    Nuclear . . . . . . . . . . . . . . . . . . . 7.4 8.2 8.6 8.8 8.6 8.0 7.0 6.2 -1.2 
    Other . . . . . . . . . . . . . . . . . . . . . 4.6 5.1 4.9 5.8 6.6 7.4 8.0 8.7 2.1 
      Total . . . . . . . . . . . . . . . . . . . . 61.9 64.8 66.7 69.7 74.5 79.0 83.4 88.1 1.2 
  Industrialized Asia
    Oil . . . . . . . . . . . . . . . . . . . . . . . 12.5 14.1 14.3 15.6 16.5 17.5 18.7 19.9 1.4 
    Natural Gas . . . . . . . . . . . . . . . . 2.9 3.3 3.6 3.6 4.1 4.5 4.6 5.0 1.6 
    Coal . . . . . . . . . . . . . . . . . . . . . . 4.2 4.6 4.7 4.8 4.9 5.2 5.3 5.4 0.7 
    Nuclear . . . . . . . . . . . . . . . . . . . 2.0 2.8 2.9 3.0 3.1 3.3 3.7 3.8 1.2 
    Other . . . . . . . . . . . . . . . . . . . . . 1.4 1.4 1.4 1.4 1.5 1.7 1.8 2.1 1.7 
      Total . . . . . . . . . . . . . . . . . . . . 23.0 26.3 26.9 28.4 30.1 32.1 34.1 36.3 1.3 

EE/FSU
    Oil . . . . . . . . . . . . . . . . . . . . . . . 21.0 12.4 12.0 12.3 14.0 16.5 18.8 21.3 2.2 
    Natural Gas . . . . . . . . . . . . . . . . 26.0 21.4 21.7 24.6 28.4 32.2 35.4 39.1 2.4 
    Coal . . . . . . . . . . . . . . . . . . . . . . 20.8 13.8 13.0 13.6 13.6 13.2 12.6 12.0 -0.6 
    Nuclear . . . . . . . . . . . . . . . . . . . 2.9 2.5 2.8 2.7 3.0 3.1 3.1 2.9 0.5 
    Other . . . . . . . . . . . . . . . . . . . . . 2.8 3.0 2.9 3.1 3.6 4.0 4.6 5.1 2.1 

      Total . . . . . . . . . . . . . . . . . . . . 73.6 53.2 52.4 56.3 62.6 69.0 74.5 80.4 1.7 

   See notes at end of table.



Table A2.  World Total Energy Consumption by Region and Fuel, Reference Case, 1990-2020 (Continued)
(Quadrillion Btu)
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Developing Countries
  Developing Asia
    Oil . . . . . . . . . . . . . . . . . . . . . . . 16.0 23.6 24.8 27.8 34.9 41.6 49.8 59.8 3.8 
    Natural Gas . . . . . . . . . . . . . . . . 3.0 5.1 5.7 10.3 15.3 20.0 24.5 30.0 7.4 
    Coal . . . . . . . . . . . . . . . . . . . . . . 28.1 38.0 38.7 45.4 53.9 64.4 78.4 95.6 3.8 
    Nuclear . . . . . . . . . . . . . . . . . . . 0.9 1.2 1.3 1.5 2.1 2.7 3.0 3.2 4.0 
    Other . . . . . . . . . . . . . . . . . . . . . 3.2 4.0 4.0 5.7 7.6 8.6 9.7 10.9 4.1 
      Total . . . . . . . . . . . . . . . . . . . . 51.4 71.8 74.5 90.8 113.8 137.4 165.4 199.4 4.2 
  Middle East
    Oil . . . . . . . . . . . . . . . . . . . . . . . 7.1 8.5 8.8 9.3 10.6 11.8 13.2 14.8 2.2 
    Natural Gas . . . . . . . . . . . . . . . . 3.8 5.0 5.4 5.7 6.3 7.1 8.2 9.4 2.6 
    Coal . . . . . . . . . . . . . . . . . . . . . . 0.1 0.2 0.2 0.3 0.3 0.3 0.4 0.4 2.6 
    Nuclear . . . . . . . . . . . . . . . . . . . 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 �

    Other . . . . . . . . . . . . . . . . . . . . . 0.1 0.2 0.2 0.3 0.4 0.5 0.7 0.8 6.7 
      Total . . . . . . . . . . . . . . . . . . . . 11.1 13.9 14.6 15.5 17.6 19.9 22.6 25.5 2.5 
  Africa
    Oil . . . . . . . . . . . . . . . . . . . . . . . 4.2 4.8 5.0 6.4 7.6 8.5 9.5 10.6 3.2 
    Natural Gas . . . . . . . . . . . . . . . . 1.4 1.9 2.0 1.8 2.1 2.6 3.2 3.8 2.8 
    Coal . . . . . . . . . . . . . . . . . . . . . . 3.0 3.3 3.4 3.3 3.4 3.7 3.9 4.2 0.9 
    Nuclear . . . . . . . . . . . . . . . . . . . 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 
    Other . . . . . . . . . . . . . . . . . . . . . 0.6 0.6 0.6 0.6 0.7 0.8 1.0 1.1 2.6 
      Total . . . . . . . . . . . . . . . . . . . . 9.2 10.7 11.1 12.2 13.9 15.7 17.7 19.8 2.5 
  Central and South America
    Oil . . . . . . . . . . . . . . . . . . . . . . . 6.9 8.0 8.1 10.6 12.6 14.9 17.3 20.0 3.8 
    Natural Gas . . . . . . . . . . . . . . . . 2.1 2.9 3.1 3.4 5.6 8.0 10.9 14.4 6.7 
    Coal . . . . . . . . . . . . . . . . . . . . . . 0.7 0.8 1.0 0.9 1.1 1.1 1.3 1.4 2.4 
    Nuclear . . . . . . . . . . . . . . . . . . . 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 2.4 
    Other . . . . . . . . . . . . . . . . . . . . . 3.9 5.1 5.4 5.3 5.5 5.8 6.2 6.6 1.1 
      Total . . . . . . . . . . . . . . . . . . . . 13.7 16.8 17.7 20.3 25.0 30.0 35.8 42.7 3.8 

Total World
    Oil . . . . . . . . . . . . . . . . . . . . . . . 134.9 142.5 145.7 157.8 176.3 195.5 215.3 237.3 2.1 
    Natural Gas . . . . . . . . . . . . . . . . 72.0 78.1 82.2 94.8 113.8 133.3 152.5 174.2 3.3 
    Coal . . . . . . . . . . . . . . . . . . . . . . 90.6 91.6 92.8 102.0 112.0 123.6 138.6 156.4 2.2 
    Nuclear . . . . . . . . . . . . . . . . . . . 20.4 23.3 24.1 24.7 25.0 24.9 23.3 21.3 -0.4 
    Other . . . . . . . . . . . . . . . . . . . . . 25.9 30.1 30.0 33.8 38.6 42.4 46.0 50.2 2.1 

      Total . . . . . . . . . . . . . . . . . . . . 343.8 365.6 374.7 413.0 465.7 519.6 575.6 639.4 2.3 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Energy totals include net imports of coal coke and electricity generated
from biomass in the United States. Totals may not equal sum of components due to independent rounding. The electricity portion
of the national fuel consumption values consists of generation for domestic use plus an adjustment for electricity trade based on
a fuel's share of total generation in the exporting country.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A1; and World Energy Projection System (1998).



Table A3.  World Total Oil Consumption by Region, Reference Case, 1990-2020
(Million Barrels per Day)
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 20.4 21.3 22.0 23.7 25.6 27.6 29.0 30.1 1.4 
    United Statesa . . . . . . . . . . . . . . 17.0 17.7 18.3 19.6 21.3 22.7 23.7 24.4 1.3 
    Canada . . . . . . . . . . . . . . . . . . . 1.7 1.8 1.8 1.9 2.0 2.2 2.3 2.5 1.4 
    Mexico . . . . . . . . . . . . . . . . . . . . 1.7 1.9 1.9 2.2 2.4 2.7 3.0 3.3 2.3 
  Western Europe . . . . . . . . . . . . . 12.9 14.1 14.3 14.3 14.6 14.9 15.2 15.4 0.3 
  Industrialized Asia . . . . . . . . . . . 6.2 7.0 7.1 7.7 8.1 8.6 9.2 9.8 1.4 
    Japan . . . . . . . . . . . . . . . . . . . . 5.1 5.7 5.9 6.3 6.7 7.0 7.5 8.0 1.4 
    Australasia . . . . . . . . . . . . . . . . . 1.0 1.2 1.2 1.4 1.4 1.6 1.7 1.8 1.4 
      Total Industrialized . . . . . . . . 39.5 42.4 43.4 45.6 48.4 51.1 53.3 55.3 1.1 

EE/FSU
  Former Soviet Union . . . . . . . . . . 8.4 4.6 4.4 4.4 5.1 5.9 6.7 7.5 1.9 
  Eastern Europe . . . . . . . . . . . . . . 1.6 1.3 1.3 1.5 1.6 1.9 2.2 2.6 2.9 
      Total EE/FSU . . . . . . . . . . . . . 10.0 5.9 5.7 5.9 6.7 7.8 9.0 10.1 2.2 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 7.6 11.3 11.9 13.3 16.7 19.9 23.8 28.6 3.8 
    China . . . . . . . . . . . . . . . . . . . . . 2.3 3.3 3.5 4.4 5.6 7.0 8.8 11.2 5.0 
    India . . . . . . . . . . . . . . . . . . . . . 1.2 1.6 1.7 1.8 2.2 2.7 3.2 3.8 3.6 
    Other Asia . . . . . . . . . . . . . . . . . 4.2 6.4 6.6 7.1 8.9 10.2 11.8 13.6 3.1 
  Middle East . . . . . . . . . . . . . . . . 3.4 4.1 4.2 4.4 5.0 5.6 6.3 7.1 2.2 
  Africa . . . . . . . . . . . . . . . . . . . . . 2.1 2.3 2.4 3.1 3.7 4.1 4.6 5.1 3.2 
  Central and South America . . . . 3.4 3.9 4.0 5.2 6.2 7.3 8.5 9.8 3.8 
    Brazil . . . . . . . . . . . . . . . . . . . . . 1.3 1.5 1.5 2.0 2.4 2.8 3.2 3.7 3.8 
    Other Central/South America . . . 2.1 2.4 2.5 3.2 3.8 4.5 5.2 6.1 3.8 
      Total Developing . . . . . . . . . . 16.5 21.6 22.5 26.0 31.6 36.9 43.2 50.6 3.5 

Total World . . . . . . . . . . . . . . . . . 66.0 69.9 71.5 77.5 86.6 95.9 105.5 116.1 2.0 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Totals may not equal sum of components due to independent rounding.
The electricity portion of the national fuel consumption values consists of generation for domestic use plus an adjustment for
electricity trade based on a fuel's share of total generation in the exporting country.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A21; and World Energy Projection System (1998).



Table A4.  World Total Natural Gas Consumption by Region, Reference Case, 1990-2020
(Trillion Cubic Feet)
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 22.0 25.4 26.0 28.5 31.5 34.4 36.9 39.4 1.8 
    United Statesa . . . . . . . . . . . . . . 18.7 21.6 21.9 24.1 26.2 28.8 30.6 32.2 1.6 
    Canada . . . . . . . . . . . . . . . . . . . 2.4 2.9 3.1 3.1 3.2 3.4 3.9 4.4 1.7 
    Mexico . . . . . . . . . . . . . . . . . . . . 0.9 1.0 1.0 1.4 2.1 2.2 2.5 2.8 4.2 
  Western Europe . . . . . . . . . . . . . 10.3 12.7 14.1 16.2 19.9 23.5 27.7 32.1 3.8 
  Industrialized Asia . . . . . . . . . . . 2.6 3.1 3.3 3.3 3.7 4.1 4.3 4.6 1.6 
    Japan . . . . . . . . . . . . . . . . . . . . 1.9 2.2 2.4 2.2 2.5 2.8 2.9 3.2 1.5 
    Australasia . . . . . . . . . . . . . . . . . 0.8 0.9 0.9 1.1 1.2 1.3 1.3 1.4 1.8 
      Total Industrialized . . . . . . . . 35.0 41.2 43.3 48.0 55.1 62.1 68.9 76.1 2.5 

EE/FSU
  Former Soviet Union . . . . . . . . . . 25.0 20.6 20.7 23.0 26.2 29.6 32.2 35.4 2.2 
  Eastern Europe . . . . . . . . . . . . . . 3.1 2.7 2.9 3.8 4.8 5.6 6.5 7.3 4.0 
      Total EE/FSU . . . . . . . . . . . . . 28.1 23.4 23.7 26.8 31.0 35.2 38.7 42.7 2.4 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 3.0 4.7 5.3 9.5 14.1 18.5 22.6 27.7 7.3 
    China . . . . . . . . . . . . . . . . . . . . . 0.5 0.6 0.7 1.4 2.4 3.0 3.3 3.7 7.5 
    India . . . . . . . . . . . . . . . . . . . . . 0.4 0.6 0.7 1.5 2.3 3.3 4.5 5.9 9.4 
    Other Asia . . . . . . . . . . . . . . . . . 2.1 3.5 4.0 6.7 9.4 12.1 14.8 18.1 6.8 
  Middle East . . . . . . . . . . . . . . . . 3.6 4.7 5.2 5.4 6.0 6.8 7.8 8.9 2.6 
  Africa . . . . . . . . . . . . . . . . . . . . . 1.4 1.7 1.8 1.7 1.9 2.4 2.9 3.4 2.8 
  Central and South America . . . . 2.0 2.6 2.9 3.1 5.0 7.2 9.8 13.0 6.7 
    Brazil . . . . . . . . . . . . . . . . . . . . . 0.1 0.2 0.2 0.4 1.2 2.0 3.0 4.3 14.1 
    Other Central/South America . . . 1.9 2.4 2.7 2.7 3.8 5.2 6.8 8.8 5.3 
      Total Developing . . . . . . . . . . 9.9 13.7 15.2 19.7 27.1 34.9 43.1 53.0 5.6 

Total World . . . . . . . . . . . . . . . . . 73.0 78.3 82.2 94.5 113.2 132.1 150.7 171.8 3.2 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Totals may not equal sum of components due to independent rounding.
The electricity portion of the national fuel consumption values consists of generation for domestic use plus an adjustment for
electricity trade based on a fuel's share of total generation in the exporting country. To convert cubic feet to cubic meters, divide
each number in the table by 35.315.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A13; and World Energy Projection System (1998).



Table A5.  World Total Coal Consumption by Region, Reference Case, 1990-2020
(Million Short Tons)
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 957 1,013 1,056 1,148 1,209 1,263 1,319 1,365 1.2 
    United Statesa . . . . . . . . . . . . . . 896 941 983 1,058 1,112 1,162 1,215 1,257 1.2 
    Canada . . . . . . . . . . . . . . . . . . . 55 59 60 76 81 82 84 86 1.5 
    Mexico . . . . . . . . . . . . . . . . . . . . 7 13 14 14 17 19 20 22 2.1 
  Western Europe . . . . . . . . . . . . . 958 674 671 679 670 676 681 686 0.1 
  Industrialized Asia . . . . . . . . . . . 233 257 266 267 273 286 292 301 0.6 
    Japan . . . . . . . . . . . . . . . . . . . . 125 140 144 148 151 163 166 172 0.8 
    Australasia . . . . . . . . . . . . . . . . . 108 117 121 120 122 123 126 129 0.4 
      Total Industrialized . . . . . . . . 2,148 1,944 1,994 2,095 2,152 2,226 2,293 2,352 0.8 

EE/FSU
  Former Soviet Union . . . . . . . . . . 848 508 472 499 496 490 477 462 -0.4 
  Eastern Europe . . . . . . . . . . . . . . 523 426 413 420 422 396 370 343 -0.9 
      Total EE/FSU . . . . . . . . . . . . . 1,372 934 885 919 918 887 848 805 -0.6 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 1,555 2,030 2,065 2,430 2,893 3,464 4,235 5,178 3.8 
    China . . . . . . . . . . . . . . . . . . . . . 1,124 1,489 1,500 1,796 2,176 2,666 3,374 4,242 4.3 
    India . . . . . . . . . . . . . . . . . . . . . 242 312 321 387 444 499 537 581 2.5 
    Other Asia . . . . . . . . . . . . . . . . . 190 230 244 247 273 298 324 355 1.8 
  Middle East . . . . . . . . . . . . . . . . 6 8 9 10 12 13 15 16 2.6 
  Africa . . . . . . . . . . . . . . . . . . . . . 152 172 174 171 178 191 203 217 0.9 
  Central and South America . . . . 30 32 40 37 44 47 53 59 2.4 
    Brazil . . . . . . . . . . . . . . . . . . . . . 17 19 27 21 25 26 29 33 2.2 
    Other Central/South America . . . 13 13 13 16 19 21 24 25 2.8 
      Total Developing . . . . . . . . . . 1,743 2,243 2,289 2,648 3,126 3,715 4,506 5,470 3.6 

Total World . . . . . . . . . . . . . . . . . 5,263 5,120 5,167 5,662 6,197 6,827 7,646 8,627 2.1 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Range values for Western Europe and the four regional totals are not
equal to the sum of the component countries or country groups but consist of the base value adjusted by the quantity: the square
root of the sum of the squared deviations of the respective component countries or country groups from their base value. Other
totals may not equal sum of components due to independent rounding. The electricity portion of the national fuel consumption values
consists of generation for domestic use plus an adjustment for electricity trade based on a fuel's share of total generation in the
exporting country.To convert short tons to metric tons, divide each number in the table by 1.102.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A16; and World Energy Projection System (1998).



Table A6.  World Net Nuclear Energy Consumption by Region, Reference Case, 1990-2020
(Billion Kilowatthours)
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 649 774 770 773 730 683 559 451 -2.1 
    United Statesa . . . . . . . . . . . . . . 577 673 675 689 643 596 480 383 -2.2 
    Canada . . . . . . . . . . . . . . . . . . . 69 93 88 75 79 79 72 60 -1.7 
    Mexico . . . . . . . . . . . . . . . . . . . . 3 8 7 8 8 8 8 8 0.0 
  Western Europe . . . . . . . . . . . . . 703 785 824 841 821 763 674 588 -1.2 
  Industrialized Asia . . . . . . . . . . . 192 277 283 298 303 324 363 370 1.2 
    Japan . . . . . . . . . . . . . . . . . . . . 192 277 283 298 303 324 363 370 1.2 
    Australasia . . . . . . . . . . . . . . . . . 0 0 0 0 0 0 0 0 �

      Total Industrialized . . . . . . . . 1,544 1,837 1,877 1,911 1,854 1,770 1,596 1,408 -1.1 

EE/FSU
  Former Soviet Union . . . . . . . . . . 201 172 194 185 202 211 214 206 0.7 
  Eastern Europe . . . . . . . . . . . . . . 54 57 60 62 69 68 64 55 -0.1 
      Total EE/FSU . . . . . . . . . . . . . 256 229 254 248 271 279 278 261 0.5 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 88 117 128 152 205 269 299 313 4.0 
    China . . . . . . . . . . . . . . . . . . . . . 0 12 14 13 38 69 86 111 9.2 
    India . . . . . . . . . . . . . . . . . . . . . 6 6 7 11 16 30 41 52 8.7 
    Other Asia . . . . . . . . . . . . . . . . . 82 98 107 128 150 170 172 150 1.7 
  Middle East . . . . . . . . . . . . . . . . 0 0 0 0 10 10 10 10 ��

  Africa . . . . . . . . . . . . . . . . . . . . . 8 11 12 11 11 11 11 11 0.0 
  Central and South America . . . . 9 9 9 10 17 17 17 17 2.4 
    Brazil . . . . . . . . . . . . . . . . . . . . . 2 2 2 3 8 9 9 9 5.3 
    Other Central/South America . . . 7 7 7 7 9 8 8 8 0.7 
      Total Developing . . . . . . . . . . 105 138 149 173 243 308 338 352 3.8 

Total World . . . . . . . . . . . . . . . . . 1,905 2,203 2,280 2,332 2,368 2,357 2,212 2,021 -0.3 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Totals may not equal sum of components due to independent rounding.
The electricity portion of the national fuel consumption values consists of generation for domestic use plus an adjustment for
electricity trade based on a fuel's share of total generation in the exporting country.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A8; and World Energy Projection System (1998).



Table A7.  World Consumption of Hydroelectricity and Other Renewable Energy by Region, Reference Case,
1990-2020
(Quadrillion Btu)
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 9.2 10.6 10.7 11.7 12.6 13.5 14.1 14.8 1.3 
    United Statesa . . . . . . . . . . . . . . 5.8 6.8 6.6 7.2 7.5 7.8 8.0 8.2 0.7 
    Canada . . . . . . . . . . . . . . . . . . . 3.1 3.4 3.6 4.0 4.5 5.0 5.2 5.5 1.9 
    Mexico . . . . . . . . . . . . . . . . . . . . 0.3 0.4 0.4 0.4 0.6 0.7 0.9 1.1 4.0 
  Western Europe . . . . . . . . . . . . . 4.6 5.1 4.9 5.8 6.6 7.4 8.0 8.7 2.1 
  Industrialized Asia . . . . . . . . . . . 1.4 1.4 1.4 1.4 1.5 1.7 1.8 2.1 1.7 
    Japan . . . . . . . . . . . . . . . . . . . . 1.0 0.9 0.9 0.8 0.9 1.0 1.0 1.1 0.8 
    Australasia . . . . . . . . . . . . . . . . . 0.4 0.5 0.5 0.6 0.6 0.7 0.9 1.0 3.0 
      Total Industrialized . . . . . . . . 15.3 17.2 16.9 18.8 20.7 22.5 24.0 25.6 1.6 

EE/FSU
  Former Soviet Union . . . . . . . . . . 2.4 2.5 2.2 2.6 2.9 3.1 3.2 3.4 1.3 
  Eastern Europe . . . . . . . . . . . . . . 0.4 0.6 0.6 0.5 0.7 1.0 1.4 1.7 4.5 
      Total EE/FSU . . . . . . . . . . . . . 2.8 3.0 2.9 3.1 3.6 4.0 4.6 5.1 2.1 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 3.2 4.0 4.0 5.7 7.6 8.6 9.7 10.9 4.1 
    China . . . . . . . . . . . . . . . . . . . . . 1.3 1.9 1.9 2.9 4.2 4.7 4.8 5.0 3.9 
    India . . . . . . . . . . . . . . . . . . . . . 0.7 0.7 0.7 1.4 1.6 1.9 2.4 3.1 5.8 
    Other Asia . . . . . . . . . . . . . . . . . 1.2 1.4 1.4 1.5 1.8 2.0 2.4 2.9 3.0 
  Middle East . . . . . . . . . . . . . . . . 0.1 0.2 0.2 0.3 0.4 0.5 0.7 0.8 6.7 
  Africa . . . . . . . . . . . . . . . . . . . . . 0.6 0.6 0.6 0.6 0.7 0.8 1.0 1.1 2.6 
  Central and South America . . . . 3.9 5.1 5.4 5.3 5.5 5.8 6.2 6.6 1.1 
    Brazil . . . . . . . . . . . . . . . . . . . . . 2.2 2.7 2.8 2.8 2.9 3.0 3.2 3.3 0.8 
    Other Central/South America . . . 1.7 2.4 2.6 2.5 2.6 2.8 3.0 3.3 1.3 
      Total Developing . . . . . . . . . . 7.8 9.9 10.2 11.9 14.2 15.8 17.5 19.5 2.8 

Total World . . . . . . . . . . . . . . . . . 25.9 30.1 30.0 33.8 38.6 42.4 46.0 50.2 2.1 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Totals may not equal sum of components due to independent rounding.
The electricity portion of the national fuel consumption values consists of generation for domestic use plus an adjustment for
electricity trade based on a fuel's share of total generation in the exporting country.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A1; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 3,255 3,759 3,859 3,984 4,347 4,713 5,050 5,354 1.4 
    United Statesa . . . . . . . . . . . . . . 2,713 3,163 3,243 3,318 3,601 3,877 4,115 4,308 1.2 
    Canada . . . . . . . . . . . . . . . . . . . 435 462 473 499 528 574 625 680 1.6 
    Mexico . . . . . . . . . . . . . . . . . . . . 107 134 144 167 217 261 310 367 4.1 
  Western Europe . . . . . . . . . . . . . 2,115 2,286 2,330 2,720 3,064 3,419 3,781 4,182 2.4 
  Industrialized Asia . . . . . . . . . . . 930 1,068 1,090 1,263 1,393 1,531 1,666 1,812 2.1 
    Japan . . . . . . . . . . . . . . . . . . . . 750 864 882 976 1,063 1,162 1,258 1,363 1.8 
    Australasia . . . . . . . . . . . . . . . . . 180 204 207 287 330 369 407 450 3.2 
      Total Industrialized . . . . . . . . 6,299 7,113 7,279 7,968 8,804 9,663 10,497 11,349 1.9 

EE/FSU
  Former Soviet Union . . . . . . . . . . 1,488 1,168 1,133 1,108 1,236 1,366 1,472 1,586 1.2 
  Eastern Europe . . . . . . . . . . . . . . 420 384 401 401 449 515 584 662 2.2 
      Total EE/FSU . . . . . . . . . . . . . 1,908 1,552 1,535 1,509 1,685 1,881 2,056 2,248 1.5 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 1,268 1,912 2,002 2,489 3,283 4,160 5,255 6,665 5.1 
    China . . . . . . . . . . . . . . . . . . . . . 551 881 925 1,076 1,476 1,975 2,657 3,574 5.8 
    India . . . . . . . . . . . . . . . . . . . . . 257 367 378 541 706 888 1,092 1,344 5.3 
    Other Asia . . . . . . . . . . . . . . . . . 460 663 699 872 1,101 1,297 1,505 1,747 4.0 
  Middle East . . . . . . . . . . . . . . . . 221 295 301 309 362 419 483 554 2.6 
  Africa . . . . . . . . . . . . . . . . . . . . . 285 320 332 378 459 552 657 782 3.6 
  Central and South America . . . . 449 575 604 711 902 1,088 1,290 1,548 4.0 
    Brazil . . . . . . . . . . . . . . . . . . . . . 229 288 303 371 497 637 813 1,039 5.3 
    Other Central/South America . . . 220 286 301 340 406 451 477 509 2.3 
      Total Developing . . . . . . . . . . 2,224 3,102 3,239 3,886 5,007 6,220 7,684 9,548 4.6 

Total World . . . . . . . . . . . . . . . . . 10,431 11,767 12,053 13,363 15,495 17,764 20,237 23,145 2.7 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Electricity consumption equals generation plus imports minus exports
minus distribution losses.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998), Table 6.2. Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December
1997), Table A8; and World Energy Projection System (1998).



Table A9.  World Total Carbon Emissions by Region, Reference Case, 1990-2020
(Million Metric Tons)
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 1,550 1,629 1,687 1,829 1,967 2,105 2,217 2,313 1.4 
    United Statesa . . . . . . . . . . . . . . 1,346 1,411 1,463 1,577 1,689 1,803 1,888 1,956 1.3 
    Canada . . . . . . . . . . . . . . . . . . . 126 135 140 152 161 170 183 198 1.5 
    Mexico . . . . . . . . . . . . . . . . . . . . 78 82 84 99 117 132 145 159 2.7 
  Western Europe . . . . . . . . . . . . . 971 925 947 978 1,037 1,101 1,169 1,239 1.2 
  Industrialized Asia . . . . . . . . . . . 364 379 389 409 434 461 485 514 1.2 
    Japan . . . . . . . . . . . . . . . . . . . . 274 281 291 303 320 342 361 385 1.3 
    Australasia . . . . . . . . . . . . . . . . . 90 99 99 107 113 119 124 129 1.1 
      Total Industrialized . . . . . . . . 2,885 2,933 3,023 3,216 3,437 3,667 3,870 4,066 1.3 

EE/FSU
  Former Soviet Union . . . . . . . . . . 991 636 613 653 720 792 850 913 1.5 
  Eastern Europe . . . . . . . . . . . . . . 299 230 228 249 266 280 293 310 1.2 
      Total EE/FSU . . . . . . . . . . . . . 1,290 866 842 903 986 1,072 1,144 1,223 1.4 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 1,065 1,427 1,474 1,758 2,161 2,603 3,158 3,835 4.0 
    China . . . . . . . . . . . . . . . . . . . . . 620 792 805 978 1,202 1,481 1,866 2,340 4.4 
    India . . . . . . . . . . . . . . . . . . . . . 153 222 230 281 340 399 456 523 3.5 
    Other Asia . . . . . . . . . . . . . . . . . 293 413 439 499 620 723 836 971 3.5 
  Middle East . . . . . . . . . . . . . . . . 194 229 241 253 285 322 363 409 2.3 
  Africa . . . . . . . . . . . . . . . . . . . . . 178 192 198 219 247 276 306 341 2.3 
  Central and South America . . . . 174 194 206 250 318 391 475 574 4.4 
    Brazil . . . . . . . . . . . . . . . . . . . . . 57 64 71 85 111 139 170 208 4.9 
    Other Central/South America . . . 117 130 135 165 206 252 305 366 4.2 
      Total Developing . . . . . . . . . . 1,611 2,043 2,118 2,480 3,011 3,591 4,302 5,158 3.8 

Total World . . . . . . . . . . . . . . . . . 5,786 5,841 5,983 6,598 7,434 8,330 9,315 10,447 2.4 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. The U.S. numbers include carbon emissions attributable to renewable
energy sources.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A19; and World Energy Projection System (1998).



Table A10.  World Carbon Emissions from Oil Use by Region, Reference Case, 1990-2020
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 714 723 747 795 858 928 977 1,017 1.4 
    United Statesa . . . . . . . . . . . . . . 591 600 621 656 708 762 796 822 1.3 
    Canada . . . . . . . . . . . . . . . . . . . 61 62 64 67 72 77 82 88 1.4 
    Mexico . . . . . . . . . . . . . . . . . . . . 62 61 62 72 78 90 99 107 2.3 
  Western Europe . . . . . . . . . . . . . 494 499 504 503 515 525 534 543 0.3 
  Industrialized Asia . . . . . . . . . . . 219 218 221 240 255 270 288 308 1.4 
    Japan . . . . . . . . . . . . . . . . . . . . 179 174 179 192 203 214 229 245 1.4 
    Australasia . . . . . . . . . . . . . . . . . 40 44 43 48 52 56 59 63 1.4 
      Total Industrialized . . . . . . . . 1,427 1,440 1,473 1,538 1,627 1,724 1,799 1,868 1.0 

EE/FSU
  Former Soviet Union . . . . . . . . . . 355 174 165 164 190 223 252 281 1.9 
  Eastern Europe . . . . . . . . . . . . . . 71 47 48 54 58 69 81 96 2.9 
      Total EE/FSU . . . . . . . . . . . . . 427 220 212 218 248 292 333 377 2.2 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 326 475 416 467 586 699 836 1,005 3.0 
    China . . . . . . . . . . . . . . . . . . . . . 98 140 113 141 177 224 282 357 3.8 
    India . . . . . . . . . . . . . . . . . . . . . 49 65 59 63 79 94 113 136 3.0 
    Other Asia . . . . . . . . . . . . . . . . . 178 270 244 263 330 380 441 512 2.6 
  Middle East . . . . . . . . . . . . . . . . 144 172 159 167 190 213 238 267 1.8 
  Africa . . . . . . . . . . . . . . . . . . . . . 84 97 87 112 132 148 165 185 2.6 
  Central and South America . . . . 140 158 138 180 214 252 292 339 3.1 
    Brazil . . . . . . . . . . . . . . . . . . . . . 54 60 51 66 79 93 107 124 3.0 
    Other Central/South America . . . 86 98 87 114 135 160 185 214 3.2 
      Total Developing . . . . . . . . . . 693 902 800 926 1,122 1,311 1,532 1,796 2.8 

Total World . . . . . . . . . . . . . . . . . 2,547 2,562 2,485 2,681 2,998 3,327 3,664 4,040 1.8 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A19; and World Energy Projection System (1998).



Table A11.  World Carbon Emissions from Natural Gas Use by Region, Reference Case, 1990-2020
(Million Metric Tons)
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 320 370 378 419 463 507 543 579 1.8 
    United Statesa . . . . . . . . . . . . . . 273 314 318 354 386 424 450 474 1.7 
    Canada . . . . . . . . . . . . . . . . . . . 34 41 44 44 45 48 55 63 1.7 
    Mexico . . . . . . . . . . . . . . . . . . . . 13 15 15 21 32 34 38 42 4.2 
  Western Europe . . . . . . . . . . . . . 141 176 196 226 277 329 388 449 3.8 
  Industrialized Asia . . . . . . . . . . . 41 48 51 51 58 64 66 71 1.6 
    Japan . . . . . . . . . . . . . . . . . . . . 29 35 37 34 39 44 46 51 1.5 
    Australasia . . . . . . . . . . . . . . . . . 12 13 13 16 19 19 20 21 1.8 
      Total Industrialized . . . . . . . . 502 593 625 696 798 899 997 1,100 2.5 

EE/FSU
  Former Soviet Union . . . . . . . . . . 323 262 264 292 333 375 409 449 2.2 
  Eastern Europe . . . . . . . . . . . . . . 41 36 39 50 62 74 84 96 4.0 
      Total EE/FSU . . . . . . . . . . . . . 365 298 303 342 395 449 494 545 2.4 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 40 69 79 141 210 274 336 411 7.4 
    China . . . . . . . . . . . . . . . . . . . . . 7 9 10 21 36 46 50 55 7.5 
    India . . . . . . . . . . . . . . . . . . . . . 6 10 11 24 37 54 73 96 9.4 
    Other Asia . . . . . . . . . . . . . . . . . 27 50 57 96 136 175 213 260 6.8 
  Middle East . . . . . . . . . . . . . . . . 54 70 76 80 88 100 115 132 2.6 
  Africa . . . . . . . . . . . . . . . . . . . . . 20 26 27 25 29 36 44 52 2.8 
  Central and South America . . . . 29 39 43 47 77 110 150 199 6.7 
    Brazil . . . . . . . . . . . . . . . . . . . . . 1 2 3 6 18 30 45 64 14.1 
    Other Central/South America . . . 28 37 40 41 59 80 105 136 5.3 
      Total Developing . . . . . . . . . . 143 204 225 294 404 521 645 794 5.6 

Total World . . . . . . . . . . . . . . . . . 1,009 1,095 1,152 1,331 1,597 1,869 2,136 2,438 3.3 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A19; and World Energy Projection System (1998).



Table A12.  World Carbon Emissions from Coal Use by Region, Reference Case, 1990-2020
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Energy Information Administration/ International Energy Outlook 1998 145

Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 516 536 562 615 646 669 695 714 1.2 
    United Statesa . . . . . . . . . . . . . . 481 498 524 567 594 616 640 658 1.1 
    Canada . . . . . . . . . . . . . . . . . . . 31 32 32 42 44 45 46 47 1.5 
    Mexico . . . . . . . . . . . . . . . . . . . . 3 6 6 6 7 8 9 9 2.1 
  Western Europe . . . . . . . . . . . . . 335 250 246 249 245 247 247 247 0.0 
  Industrialized Asia . . . . . . . . . . . 105 113 117 118 121 128 130 134 0.7 
    Japan . . . . . . . . . . . . . . . . . . . . 66 72 74 76 78 84 86 89 0.8 
    Australasia . . . . . . . . . . . . . . . . . 39 41 43 42 43 44 45 46 0.4 
      Total Industrialized . . . . . . . . 956 900 925 930 981 1,020 1,046 1,076 0.7 

EE/FSU
  Former Soviet Union . . . . . . . . . . 333 201 185 197 196 194 188 182 -0.4 
  Eastern Europe . . . . . . . . . . . . . . 189 148 142 146 146 137 128 119 -0.9 
      Total EE/FSU . . . . . . . . . . . . . 522 348 327 343 342 331 317 301 -0.6 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 714 962 980 1,150 1,365 1,630 1,985 2,419 3.8 
    China . . . . . . . . . . . . . . . . . . . . . 514 677 682 816 989 1,212 1,534 1,928 4.3 
    India . . . . . . . . . . . . . . . . . . . . . 101 156 160 194 223 251 269 291 2.5 
    Other Asia . . . . . . . . . . . . . . . . . 99 129 137 139 153 168 182 199 1.8 
  Middle East . . . . . . . . . . . . . . . . 4 5 5 6 7 8 10 10 2.6 
  Africa . . . . . . . . . . . . . . . . . . . . . 74 82 84 82 86 92 98 104 0.9 
  Central and South America . . . . 17 20 25 23 27 29 32 36 2.4 
    Brazil . . . . . . . . . . . . . . . . . . . . . 9 12 17 13 15 16 18 20 2.2 
    Other Central/South America . . . 7 8 8 10 12 13 15 16 2.8 
      Total Developing . . . . . . . . . . 809 1,069 1,094 1,261 1,485 1,759 2,124 2,569 3.6 

Total World . . . . . . . . . . . . . . . . . 2,287 2,317 2,345 2,533 2,808 3,110 3,487 3,947 2.2 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A19; and World Energy Projection System (1998).



Table A13.  World Total Energy Consumption in Oil-Equivalent Units by Region, Reference Case, 1990-2020
(Million Tons Oil Equivalent)
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 2,513 2,723 2,828 3,018 3,229 3,440 3,580 3,706 1.2 
    United Statesa . . . . . . . . . . . . . . 2,115 2,278 2,369 2,515 2,667 2,827 2,916 2,988 1.1 
    Canada . . . . . . . . . . . . . . . . . . . 274 307 317 336 361 387 413 440 1.5 
    Mexico . . . . . . . . . . . . . . . . . . . . 124 138 142 167 202 226 251 278 2.8 
  Western Europe . . . . . . . . . . . . . 1,561 1,632 1,681 1,757 1,878 1,991 2,103 2,221 1.2 
  Industrialized Asia . . . . . . . . . . . 579 663 678 715 759 809 860 915 1.3 
    Japan . . . . . . . . . . . . . . . . . . . . 456 523 539 561 593 633 674 717 1.3 
    Australasia . . . . . . . . . . . . . . . . . 123 140 139 154 165 176 186 198 1.4 
      Total Industrialized . . . . . . . . 4,654 5,018 5,187 5,490 5,866 6,241 6,543 6,842 1.2 

EE/FSU
  Former Soviet Union . . . . . . . . . . 1,473 1,027 1,003 1,073 1,196 1,322 1,424 1,533 1.6 
  Eastern Europe . . . . . . . . . . . . . . 382 312 316 345 381 416 453 492 1.8 
      Total EE/FSU . . . . . . . . . . . . . 1,855 1,340 1,319 1,418 1,577 1,738 1,876 2,026 1.7 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 1,294 1,811 1,879 2,288 2,868 3,461 4,169 5,026 4.2 
    China . . . . . . . . . . . . . . . . . . . . . 680 917 935 1,160 1,460 1,797 2,229 2,764 4.5 
    India . . . . . . . . . . . . . . . . . . . . . 195 279 291 370 456 547 645 760 4.1 
    Other Asia . . . . . . . . . . . . . . . . . 420 614 653 758 951 1,118 1,296 1,502 3.6 
  Middle East . . . . . . . . . . . . . . . . 281 350 369 391 444 502 569 644 2.5 
  Africa . . . . . . . . . . . . . . . . . . . . . 233 270 279 309 351 397 445 499 2.5 
  Central and South America . . . . 346 423 446 511 630 756 902 1,076 3.8 
    Brazil . . . . . . . . . . . . . . . . . . . . . 136 161 173 196 246 296 354 424 3.9 
    Other Central/South America . . . 210 262 274 315 384 460 547 652 3.7 
      Total Developing . . . . . . . . . . 2,154 2,854 2,972 3,499 4,293 5,116 6,085 7,245 3.8 

Total World . . . . . . . . . . . . . . . . . 8,663 9,212 9,478 10,408 11,736 13,095 14,504 16,112 2.3 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union.
   Sources: History:  Derived from Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96)
(Washington, DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December
1997), Table A19; and World Energy Projection System (1998).



Table A14.  World Total Energy Consumption by Region, High Economic Growth Case, 1990-2020
(Quadrillion Btu)

Energy Information Administration/ International Energy Outlook 1998 147

Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized Countries
  North America . . . . . . . . . . . . . . 99.7 108.0 112.2 121.2 132.4 143.4 152.5 161.6 1.6 
    United Statesa . . . . . . . . . . . . . . 83.9 90.4 94.0 100.6 108.7 116.9 123.2 129.1 1.4 
    Canada . . . . . . . . . . . . . . . . . . . 10.9 12.2 12.6 13.7 15.1 16.6 18.1 19.7 1.9 
    Mexico . . . . . . . . . . . . . . . . . . . . 4.9 5.5 5.6 6.9 8.6 9.9 11.2 12.8 3.4 
  Western Europe . . . . . . . . . . . . . 61.9 64.8 66.7 71.9 78.9 85.6 92.4 99.8 1.7 
  Industrialized Asia . . . . . . . . . . . 23.0 26.3 26.9 29.5 32.1 35.1 38.2 41.7 1.9 
    Japan . . . . . . . . . . . . . . . . . . . . 18.1 20.8 21.4 23.2 25.2 27.6 30.1 32.9 1.9 
    Australasia . . . . . . . . . . . . . . . . . 4.9 5.6 5.5 6.3 6.9 7.5 8.1 8.8 1.8 
      Total Industrialized . . . . . . . . 184.7 199.1 205.8 222.7 243.3 264.1 283.1 303.0 1.7 

EE/FSU
  Former Soviet Union . . . . . . . . . . 58.5 40.8 39.8 45.7 54.3 64.0 73.6 84.5 3.0 
  Eastern Europe . . . . . . . . . . . . . . 15.2 12.4 12.6 14.8 17.4 20.2 23.2 26.6 3.1 
      Total EE/FSU . . . . . . . . . . . . . 73.6 53.2 52.4 60.5 71.7 84.2 96.7 111.2 3.0 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 51.4 71.8 74.5 96.1 126.7 159.5 200.0 251.0 5.1 
    China . . . . . . . . . . . . . . . . . . . . . 27.0 36.4 37.1 48.0 63.1 80.8 104.2 134.5 5.4 
    India . . . . . . . . . . . . . . . . . . . . . 7.7 11.1 11.5 15.8 20.6 26.0 32.0 39.4 5.2 
    Other Asia . . . . . . . . . . . . . . . . . 16.7 24.4 25.9 32.3 43.0 52.7 63.8 77.1 4.7 
  Middle East . . . . . . . . . . . . . . . . 11.1 13.9 14.6 16.3 19.5 23.1 27.4 32.4 3.5 
  Africa . . . . . . . . . . . . . . . . . . . . . 9.2 10.7 11.1 12.9 15.4 18.1 21.2 24.8 3.4 
  Central and South America . . . . 13.7 16.8 17.7 21.7 28.5 36.4 46.2 58.7 5.1 
    Brazil . . . . . . . . . . . . . . . . . . . . . 5.4 6.4 6.8 8.3 11.1 14.3 18.2 23.1 5.3 
    Other Central/South America . . . 8.3 10.4 10.9 13.4 17.4 22.2 28.1 35.6 5.0 
      Total Developing . . . . . . . . . . 85.5 113.3 117.9 147.0 190.1 237.2 294.9 366.9 4.8 

Total World . . . . . . . . . . . . . . . . . 343.8 365.6 376.1 430.2 505.1 585.5 674.7 781.1 3.1 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Energy totals include net imports of coal coke and electricity generated
from biomass in the United States. Totals may not equal sum of components due to independent rounding. The electricity portion
of the national fuel consumption values consists of generation for domestic use plus an adjustment for electricity trade based on
a fuel's share of total generation in the exporting country.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A1; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized Countries
  North America
    Oil . . . . . . . . . . . . . . . . . . . . . . . 40.4 41.8 43.2 47.0 51.7 57.1 61.3 65.3 1.8 
    Natural Gas . . . . . . . . . . . . . . . . 22.7 26.2 26.8 29.9 33.8 37.4 40.6 44.0 2.1 
    Coal . . . . . . . . . . . . . . . . . . . . . . 20.4 21.1 22.0 24.2 26.0 27.3 29.3 30.9 1.5 
    Nuclear . . . . . . . . . . . . . . . . . . . 7.0 8.3 8.2 8.3 7.9 7.4 6.1 4.9 -2.1 
    Other . . . . . . . . . . . . . . . . . . . . . 9.2 10.6 10.7 11.8 12.9 14.2 15.2 16.4 1.8 
      Total . . . . . . . . . . . . . . . . . . . . 99.7 108.0 110.9 121.2 132.4 143.4 152.5 161.6 1.6 
  Western Europe
    Oil . . . . . . . . . . . . . . . . . . . . . . . 26.7 29.2 29.5 30.4 31.9 33.3 34.7 36.0 0.8 
    Natural Gas . . . . . . . . . . . . . . . . 10.1 12.5 13.9 16.5 20.8 25.3 30.5 36.1 4.3 
    Coal . . . . . . . . . . . . . . . . . . . . . . 13.1 9.7 9.7 10.0 10.1 10.4 10.6 10.8 0.4 
    Nuclear . . . . . . . . . . . . . . . . . . . 7.4 8.2 8.6 9.1 9.1 8.7 7.8 7.0 -0.7 
    Other . . . . . . . . . . . . . . . . . . . . . 4.6 5.1 4.9 5.9 7.0 8.0 8.9 9.8 2.6 
      Total . . . . . . . . . . . . . . . . . . . . 61.9 64.8 66.7 71.9 78.9 85.6 92.4 99.8 1.7 
  Industrialized Asia
    Oil . . . . . . . . . . . . . . . . . . . . . . . 12.5 14.1 14.3 16.2 17.6 19.1 20.9 22.9 1.9 
    Natural Gas . . . . . . . . . . . . . . . . 2.9 3.3 3.6 3.7 4.3 4.9 5.2 5.7 2.2 
    Coal . . . . . . . . . . . . . . . . . . . . . . 4.2 4.6 4.7 5.0 5.2 5.6 5.9 6.2 1.2 
    Nuclear . . . . . . . . . . . . . . . . . . . 2.0 2.8 2.9 3.2 3.3 3.6 4.2 4.4 1.8 
    Other . . . . . . . . . . . . . . . . . . . . . 1.4 1.4 1.4 1.5 1.6 1.8 2.1 2.4 2.2 
      Total . . . . . . . . . . . . . . . . . . . . 23.0 26.3 26.9 29.5 32.1 35.1 38.2 41.7 1.9 

EE/FSU
    Oil . . . . . . . . . . . . . . . . . . . . . . . 21.0 12.4 12.0 13.2 16.0 20.1 24.4 29.4 3.5 
    Natural Gas . . . . . . . . . . . . . . . . 26.0 21.4 21.7 26.4 32.5 39.3 46.1 54.2 3.8 
    Coal . . . . . . . . . . . . . . . . . . . . . . 20.8 13.8 13.0 14.7 15.6 16.1 16.3 16.5 0.7 
    Nuclear . . . . . . . . . . . . . . . . . . . 2.9 2.5 2.8 2.9 3.4 3.7 4.0 4.0 1.8 
    Other . . . . . . . . . . . . . . . . . . . . . 2.8 3.0 2.9 3.3 4.1 4.9 5.9 7.1 3.5 

      Total . . . . . . . . . . . . . . . . . . . . 73.6 53.2 52.4 60.5 71.7 84.2 96.7 111.2 3.0 

   See notes at end of table.
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Developing Countries
  Developing Asia
    Oil . . . . . . . . . . . . . . . . . . . . . . . 16.0 23.6 24.8 29.4 38.9 48.3 60.2 75.3 4.8 
    Natural Gas . . . . . . . . . . . . . . . . 3.0 5.1 5.7 10.9 17.0 23.2 29.6 37.7 8.4 
    Coal . . . . . . . . . . . . . . . . . . . . . . 28.1 38.0 38.7 48.0 60.0 74.8 94.8 120.3 4.7 
    Nuclear . . . . . . . . . . . . . . . . . . . 0.9 1.2 1.3 1.6 2.3 3.2 3.7 4.0 5.0 
    Other . . . . . . . . . . . . . . . . . . . . . 3.2 4.0 4.0 6.1 8.4 10.0 11.7 13.7 5.0 
      Total . . . . . . . . . . . . . . . . . . . . 51.4 71.8 74.5 96.1 126.7 159.5 200.0 251.0 5.1 
  Middle East
    Oil . . . . . . . . . . . . . . . . . . . . . . . 7.1 8.5 8.8 9.8 11.7 13.7 16.1 18.8 3.2 
    Natural Gas . . . . . . . . . . . . . . . . 3.8 5.0 5.4 6.0 6.9 8.3 9.9 11.9 3.5 
    Coal . . . . . . . . . . . . . . . . . . . . . . 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.5 3.6 
    Nuclear . . . . . . . . . . . . . . . . . . . 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 �

    Other . . . . . . . . . . . . . . . . . . . . . 0.1 0.2 0.2 0.3 0.4 0.6 0.8 1.1 7.8 
      Total . . . . . . . . . . . . . . . . . . . . 11.1 13.9 14.6 16.3 19.5 23.1 27.4 32.4 3.5 
  Africa
    Oil . . . . . . . . . . . . . . . . . . . . . . . 4.2 4.8 5.0 6.8 8.4 9.8 11.4 13.3 4.1 
    Natural Gas . . . . . . . . . . . . . . . . 1.4 1.9 2.0 1.9 2.4 3.1 3.8 4.7 3.8 
    Coal . . . . . . . . . . . . . . . . . . . . . . 3.0 3.3 3.4 3.5 3.8 4.2 4.7 5.2 1.8 
    Nuclear . . . . . . . . . . . . . . . . . . . 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.9 
    Other . . . . . . . . . . . . . . . . . . . . . 0.6 0.6 0.6 0.6 0.7 0.9 1.2 1.4 3.5 
      Total . . . . . . . . . . . . . . . . . . . . 9.2 10.7 11.1 12.9 15.4 18.1 21.2 24.8 3.4 
  Central and South America
    Oil . . . . . . . . . . . . . . . . . . . . . . . 6.9 8.0 8.1 11.3 14.4 18.1 22.3 27.5 5.1 
    Natural Gas . . . . . . . . . . . . . . . . 2.1 2.9 3.1 3.6 6.3 9.7 14.0 19.8 8.1 
    Coal . . . . . . . . . . . . . . . . . . . . . . 0.7 0.8 1.0 1.0 1.2 1.4 1.7 2.0 3.8 
    Nuclear . . . . . . . . . . . . . . . . . . . 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 3.7 
    Other . . . . . . . . . . . . . . . . . . . . . 3.9 5.1 5.4 5.6 6.3 7.0 8.0 9.1 2.4 
      Total . . . . . . . . . . . . . . . . . . . . 13.7 16.8 17.7 21.7 28.5 36.4 46.2 58.7 5.1 

Total World
    Oil . . . . . . . . . . . . . . . . . . . . . . . 134.9 142.5 145.7 164.1 190.6 219.6 251.3 288.5 2.9 
    Natural Gas . . . . . . . . . . . . . . . . 72.0 78.1 82.2 99.0 124.1 151.2 179.8 214.2 4.1 
    Coal . . . . . . . . . . . . . . . . . . . . . . 90.6 91.6 92.8 106.6 122.3 140.1 163.7 192.5 3.0 
    Nuclear . . . . . . . . . . . . . . . . . . . 20.4 23.3 24.1 25.4 26.5 27.1 26.2 24.8 0.2 
    Other . . . . . . . . . . . . . . . . . . . . . 25.9 30.1 30.0 35.1 41.6 47.5 53.7 61.1 2.9 

      Total . . . . . . . . . . . . . . . . . . . . 343.8 365.6 374.7 430.2 505.1 585.5 674.7 781.1 3.1 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Energy totals include net imports of coal coke and electricity generated
from biomass in the United States. Totals may not equal sum of components due to independent rounding. The electricity portion
of the national fuel consumption values consists of generation for domestic use plus an adjustment for electricity trade based on
a fuel's share of total generation in the exporting country.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A1; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 20.4 21.3 22.0 24.0 26.4 29.2 31.3 33.4 1.8 
    United Statesa . . . . . . . . . . . . . . 17.0 17.7 18.3 19.8 21.8 23.8 25.4 26.8 1.7 
    Canada . . . . . . . . . . . . . . . . . . . 1.7 1.8 1.8 1.9 2.1 2.3 2.6 2.8 1.9 
    Mexico . . . . . . . . . . . . . . . . . . . . 1.7 1.9 1.9 2.3 2.5 3.0 3.4 3.8 2.9 
  Western Europe . . . . . . . . . . . . . 12.9 14.1 14.3 14.7 15.5 16.2 16.8 17.4 0.8 
  Industrialized Asia . . . . . . . . . . . 6.2 7.0 7.1 8.0 8.7 9.4 10.3 11.3 1.9 
    Japan . . . . . . . . . . . . . . . . . . . . 5.1 5.7 5.9 6.6 7.1 7.7 8.5 9.3 2.0 
    Australasia . . . . . . . . . . . . . . . . . 1.0 1.2 1.2 1.4 1.5 1.7 1.8 2.0 1.8 
      Total Industrialized . . . . . . . . 39.5 42.4 43.4 46.7 50.6 54.7 58.4 62.1 1.5 

EE/FSU
  Former Soviet Union . . . . . . . . . . 8.4 4.6 4.4 4.7 5.8 7.3 8.7 10.4 3.3 
  Eastern Europe . . . . . . . . . . . . . . 1.6 1.3 1.3 1.6 1.8 2.3 2.9 3.6 4.2 
      Total EE/FSU . . . . . . . . . . . . . 10.0 5.9 5.7 6.3 7.6 9.6 11.6 14.0 3.5 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 7.6 11.3 11.9 14.1 18.7 23.3 29.0 36.3 4.8 
    China . . . . . . . . . . . . . . . . . . . . . 2.3 3.3 3.5 4.6 6.1 7.9 10.4 13.7 5.8 
    India . . . . . . . . . . . . . . . . . . . . . 1.2 1.6 1.7 1.9 2.6 3.2 4.0 5.0 4.8 
    Other Asia . . . . . . . . . . . . . . . . . 4.2 6.4 6.6 7.6 10.1 12.1 14.6 17.6 4.2 
  Middle East . . . . . . . . . . . . . . . . 3.4 4.1 4.2 4.6 5.6 6.5 7.6 9.0 3.2 
  Africa . . . . . . . . . . . . . . . . . . . . . 2.1 2.3 2.4 3.3 4.0 4.7 5.5 6.4 4.1 
  Central and South America . . . . 3.4 3.9 4.0 5.6 7.1 8.9 11.0 13.5 5.1 
    Brazil . . . . . . . . . . . . . . . . . . . . . 1.3 1.5 1.5 2.1 2.7 3.4 4.2 5.2 5.1 
    Other Central/South America . . . 2.1 2.4 2.5 3.4 4.4 5.5 6.8 8.4 5.1 
      Total Developing . . . . . . . . . . 16.5 21.6 22.5 27.6 35.4 43.4 53.1 65.2 4.5 

Total World . . . . . . . . . . . . . . . . . 66.0 69.9 71.5 80.6 93.6 107.7 123.2 141.3 2.9 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Totals may not equal sum of components due to independent rounding.
The electricity portion of the national fuel consumption values consists of generation for domestic use plus an adjustment for
electricity trade based on a fuel's share of total generation in the exporting country.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A21; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 22.0 25.4 26.0 29.0 32.7 36.3 39.4 42.7 2.1 
    United Statesa . . . . . . . . . . . . . . 18.7 21.6 21.9 24.4 27.1 30.2 32.4 34.5 1.9 
    Canada . . . . . . . . . . . . . . . . . . . 2.4 2.9 3.1 3.1 3.3 3.7 4.2 5.0 2.2 
    Mexico . . . . . . . . . . . . . . . . . . . . 0.9 1.0 1.0 1.4 2.3 2.4 2.8 3.2 4.8 
  Western Europe . . . . . . . . . . . . . 10.3 12.7 14.1 16.7 21.0 25.5 30.6 36.3 4.3 
  Industrialized Asia . . . . . . . . . . . 2.6 3.1 3.3 3.4 4.0 4.5 4.8 5.3 2.2 
    Japan . . . . . . . . . . . . . . . . . . . . 1.9 2.2 2.4 2.3 2.7 3.1 3.3 3.7 2.1 
    Australasia . . . . . . . . . . . . . . . . . 0.8 0.9 0.9 1.1 1.3 1.4 1.4 1.5 2.3 
      Total Industrialized . . . . . . . . 35.0 41.2 43.3 49.1 57.7 66.3 74.8 84.2 2.9 

EE/FSU
  Former Soviet Union . . . . . . . . . . 25.0 20.6 20.7 24.7 30.0 36.1 41.9 49.1 3.5 
  Eastern Europe . . . . . . . . . . . . . . 3.1 2.7 2.9 4.1 5.5 6.9 8.3 10.0 5.3 
      Total EE/FSU . . . . . . . . . . . . . 28.1 23.4 23.7 28.8 35.5 42.9 50.3 59.1 3.8 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 3.0 4.7 5.3 10.2 16.0 21.8 27.9 35.7 8.4 
    China . . . . . . . . . . . . . . . . . . . . . 0.5 0.6 0.7 1.5 2.6 3.4 3.9 4.5 8.4 
    India . . . . . . . . . . . . . . . . . . . . . 0.4 0.6 0.7 1.6 2.6 4.0 5.6 7.7 10.6 
    Other Asia . . . . . . . . . . . . . . . . . 2.1 3.5 4.0 7.2 10.8 14.4 18.4 23.4 7.9 
  Middle East . . . . . . . . . . . . . . . . 3.6 4.7 5.2 5.7 6.6 7.9 9.5 11.3 3.5 
  Africa . . . . . . . . . . . . . . . . . . . . . 1.4 1.7 1.8 1.8 2.1 2.8 3.4 4.2 3.8 
  Central and South America . . . . 2.0 2.6 2.9 3.3 5.7 8.7 12.7 17.9 8.1 
    Brazil . . . . . . . . . . . . . . . . . . . . . 0.1 0.2 0.2 0.4 1.4 2.5 3.9 5.9 15.5 
    Other Central/South America . . . 1.9 2.4 2.7 2.9 4.4 6.3 8.8 12.0 6.6 
      Total Developing . . . . . . . . . . 9.9 13.7 15.2 21.0 30.5 41.2 53.5 69.1 6.7 

Total World . . . . . . . . . . . . . . . . . 73.0 78.3 82.2 98.9 123.7 150.4 178.6 212.5 4.1 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Totals may not equal sum of components due to independent rounding.
The electricity portion of the national fuel consumption values consists of generation for domestic use plus an adjustment for
electricity trade based on a fuel's share of total generation in the exporting country. To convert cubic feet to cubic meters, divide
each number in the table by 35.315.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A13; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 957 1,013 1,056 1,163 1,263 1,332 1,420 1,504 1.6 
    United Statesa . . . . . . . . . . . . . . 896 941 983 1,070 1,160 1,223 1,305 1,382 1.5 
    Canada . . . . . . . . . . . . . . . . . . . 55 59 60 79 85 89 93 97 2.0 
    Mexico . . . . . . . . . . . . . . . . . . . . 7 13 14 14 18 21 23 26 2.7 
  Western Europe . . . . . . . . . . . . . 958 674 671 701 709 732 754 775 0.6 
  Industrialized Asia . . . . . . . . . . . 233 257 266 277 290 312 325 344 1.2 
    Japan . . . . . . . . . . . . . . . . . . . . 125 140 144 154 161 179 187 199 1.4 
    Australasia . . . . . . . . . . . . . . . . . 108 117 121 123 129 133 139 145 0.9 
      Total Industrialized . . . . . . . . 2,148 1,944 1,994 2,141 2,263 2,376 2,500 2,623 1.2 

EE/FSU
  Former Soviet Union . . . . . . . . . . 848 508 472 536 568 598 621 641 0.9 
  Eastern Europe . . . . . . . . . . . . . . 523 426 413 454 486 483 478 468 0.4 
      Total EE/FSU . . . . . . . . . . . . . 1,372 934 885 989 1,054 1,082 1,099 1,110 0.7 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 1,555 2,030 2,065 2,555 3,185 3,973 5,050 6,420 4.7 
    China . . . . . . . . . . . . . . . . . . . . . 1,124 1,489 1,500 1,874 2,368 3,021 3,977 5,200 5.1 
    India . . . . . . . . . . . . . . . . . . . . . 242 312 321 415 506 598 672 759 3.6 
    Other Asia . . . . . . . . . . . . . . . . . 190 230 244 265 310 354 402 460 2.8 
  Middle East . . . . . . . . . . . . . . . . 6 8 9 11 13 15 18 20 3.6 
  Africa . . . . . . . . . . . . . . . . . . . . . 152 172 174 180 197 220 244 271 1.8 
  Central and South America . . . . 30 32 40 40 50 57 68 80 3.8 
    Brazil . . . . . . . . . . . . . . . . . . . . . 17 19 27 23 28 31 37 45 3.5 
    Other Central/South America . . . 13 13 13 17 22 26 31 35 4.2 
      Total Developing . . . . . . . . . . 1,743 2,243 2,289 2,785 3,445 4,266 5,380 6,791 4.5 

Total World . . . . . . . . . . . . . . . . . 5,263 5,120 5,167 5,916 6,761 7,724 8,979 10,524 2.9 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Range values for Western Europe and the four regional totals are not
equal to the sum of the component countries or country groups but consist of the base value adjusted by the quantity: the square
root of the sum of the squared deviations of the respective component countries or country groups from their base value. Other
totals may not equal sum of components due to independent rounding. The electricity portion of the national fuel consumption values
consists of generation for domestic use plus an adjustment for electricity trade based on a fuel's share of total generation in the
exporting country.To convert short tons to metric tons, divide each number in the table by 1.102.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A16; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 649 774 770 775 735 690 568 460 -2.1 
    United Statesa . . . . . . . . . . . . . . 577 673 675 689 643 596 480 383 -2.2 
    Canada . . . . . . . . . . . . . . . . . . . 69 93 88 77 83 85 79 68 -1.3 
    Mexico . . . . . . . . . . . . . . . . . . . . 3 8 7 8 9 9 9 9 0.6 
  Western Europe . . . . . . . . . . . . . 703 785 824 867 869 828 750 671 -0.6 
  Industrialized Asia . . . . . . . . . . . 192 277 283 311 324 356 409 427 1.8 
    Japan . . . . . . . . . . . . . . . . . . . . 192 277 283 311 324 356 409 427 1.8 
    Australasia . . . . . . . . . . . . . . . . . 0 0 0 0 0 0 0 0 0.0 
      Total Industrialized . . . . . . . . 1,544 1,837 1,877 1,953 1,928 1,874 1,727 1,558 -0.7 

EE/FSU
  Former Soviet Union . . . . . . . . . . 201 172 194 199 231 258 278 286 2.1 
  Eastern Europe . . . . . . . . . . . . . . 54 57 60 67 79 82 83 75 1.1 
      Total EE/FSU . . . . . . . . . . . . . 256 229 254 266 310 340 361 362 1.8 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 88 117 128 162 230 312 359 388 4.9 
    China . . . . . . . . . . . . . . . . . . . . . 0 12 14 13 40 74 94 125 9.7 
    India . . . . . . . . . . . . . . . . . . . . . 6 6 7 12 18 36 51 68 9.9 
    Other Asia . . . . . . . . . . . . . . . . . 82 98 107 138 171 202 214 195 2.8 
  Middle East . . . . . . . . . . . . . . . . 0 0 0 0 11 12 13 13 0.0 
  Africa . . . . . . . . . . . . . . . . . . . . . 8 11 12 12 12 13 14 14 0.9 
  Central and South America . . . . 9 9 9 11 20 21 22 24 3.7 
    Brazil . . . . . . . . . . . . . . . . . . . . . 2 2 2 3 9 11 11 12 6.7 
    Other Central/South America . . . 7 7 7 8 11 10 11 12 2.0 
      Total Developing . . . . . . . . . . 105 138 149 185 273 358 408 439 4.7 

Total World . . . . . . . . . . . . . . . . . 1,905 2,203 2,280 2,404 2,511 2,572 2,495 2,359 0.3 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Totals may not equal sum of components due to independent rounding.
The electricity portion of the national fuel consumption values consists of generation for domestic use plus an adjustment for
electricity trade based on a fuel's share of total generation in the exporting country.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A8; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 9.2 10.6 10.7 11.8 12.9 14.2 15.2 16.4 1.8 
    United Statesa . . . . . . . . . . . . . . 5.8 6.8 6.6 7.2 7.5 8.0 8.4 8.9 1.1 
    Canada . . . . . . . . . . . . . . . . . . . 3.1 3.4 3.6 4.1 4.7 5.4 5.8 6.3 2.4 
    Mexico . . . . . . . . . . . . . . . . . . . . 0.3 0.4 0.4 0.4 0.7 0.8 1.0 1.2 4.6 
  Western Europe . . . . . . . . . . . . . 4.6 5.1 4.9 5.9 7.0 8.0 8.9 9.8 2.6 
  Industrialized Asia . . . . . . . . . . . 1.4 1.4 1.4 1.5 1.6 1.8 2.1 2.4 2.2 
    Japan . . . . . . . . . . . . . . . . . . . . 1.0 0.9 0.9 0.9 1.0 1.1 1.1 1.3 1.3 
    Australasia . . . . . . . . . . . . . . . . . 0.4 0.5 0.5 0.6 0.7 0.8 0.9 1.1 3.4 
      Total Industrialized . . . . . . . . 15.3 17.2 16.9 19.2 21.6 24.0 26.1 28.7 2.1 

EE/FSU
  Former Soviet Union . . . . . . . . . . 2.4 2.5 2.2 2.8 3.4 3.7 4.2 4.8 2.7 
  Eastern Europe . . . . . . . . . . . . . . 0.4 0.6 0.6 0.5 0.8 1.2 1.7 2.4 5.8 
      Total EE/FSU . . . . . . . . . . . . . 2.8 3.0 2.9 3.3 4.1 4.9 5.9 7.1 3.5 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 3.2 4.0 4.0 6.1 8.4 10.0 11.7 13.8 5.1 
    China . . . . . . . . . . . . . . . . . . . . . 1.3 1.9 1.9 3.0 4.6 5.3 5.7 6.1 4.7 
    India . . . . . . . . . . . . . . . . . . . . . 0.7 0.7 0.7 1.5 1.9 2.3 3.0 4.0 7.0 
    Other Asia . . . . . . . . . . . . . . . . . 1.2 1.4 1.4 1.6 2.0 2.4 3.0 3.7 4.1 
  Middle East . . . . . . . . . . . . . . . . 0.1 0.2 0.2 0.3 0.4 0.6 0.8 1.1 7.8 
  Africa . . . . . . . . . . . . . . . . . . . . . 0.6 0.6 0.6 0.6 0.7 0.9 1.2 1.4 3.5 
  Central and South America . . . . 3.9 5.1 5.4 5.6 6.3 7.0 8.0 9.1 2.4 
    Brazil . . . . . . . . . . . . . . . . . . . . . 2.2 2.7 2.8 3.0 3.3 3.6 4.1 4.6 2.1 
    Other Central/South America . . . 1.7 2.4 2.6 2.7 3.0 3.4 3.9 4.5 2.6 
      Total Developing . . . . . . . . . . 7.8 9.9 10.2 12.6 15.9 18.6 21.7 25.4 3.9 

Total World . . . . . . . . . . . . . . . . . 25.9 30.1 30.0 35.1 41.6 47.5 53.7 61.2 2.9 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Totals may not equal sum of components due to independent rounding.
The electricity portion of the national fuel consumption values consists of generation for domestic use plus an adjustment for
electricity trade based on a fuel's share of total generation in the exporting country.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A1; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 3,255 3,759 3,859 4,039 4,508 4,985 5,444 5,857 1.8 
    United Statesa . . . . . . . . . . . . . . 2,713 3,163 3,243 3,352 3,718 4,077 4,405 4,708 1.6 
    Canada . . . . . . . . . . . . . . . . . . . 435 462 473 514 558 620 689 752 2.0 
    Mexico . . . . . . . . . . . . . . . . . . . . 107 134 144 174 233 288 349 397 4.4 
  Western Europe . . . . . . . . . . . . . 2,115 2,286 2,330 2,806 3,244 3,706 4,190 4,527 2.8 
  Industrialized Asia . . . . . . . . . . . 930 1,068 1,090 1,315 1,484 1,673 1,865 2,031 2.6 
    Japan . . . . . . . . . . . . . . . . . . . . 750 864 882 1,019 1,136 1,275 1,417 1,547 2.4 
    Australasia . . . . . . . . . . . . . . . . . 180 204 207 296 348 397 447 484 3.5 
      Total Industrialized . . . . . . . . 6,299 7,113 7,279 8,160 9,237 10,363 11,499 12,415 2.3 

EE/FSU
  Former Soviet Union . . . . . . . . . . 1,488 1,168 1,133 1,190 1,414 1,668 1,916 2,202 2.6 
  Eastern Europe . . . . . . . . . . . . . . 420 384 401 415 516 628 753 866 3.3 
      Total EE/FSU . . . . . . . . . . . . . 1,908 1,552 1,535 1,605 1,931 2,296 2,670 3,068 2.8 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 1,268 1,912 2,002 2,638 3,664 4,843 6,365 7,982 5.9 
    China . . . . . . . . . . . . . . . . . . . . . 551 881 925 1,122 1,607 2,238 3,131 4,040 6.3 
    India . . . . . . . . . . . . . . . . . . . . . 257 367 378 581 804 1,063 1,366 1,683 6.3 
    Other Asia . . . . . . . . . . . . . . . . . 460 663 699 935 1,253 1,542 1,868 2,259 5.0 
  Middle East . . . . . . . . . . . . . . . . 221 295 301 325 401 487 586 693 3.5 
  Africa . . . . . . . . . . . . . . . . . . . . . 285 320 332 397 506 636 788 920 4.3 
  Central and South America . . . . 449 575 604 760 1,029 1,322 1,667 2,116 5.4 
    Brazil . . . . . . . . . . . . . . . . . . . . . 229 288 303 331 403 461 529 631 3.2 
    Other Central/South America . . . 220 286 301 429 625 860 1,138 1,485 6.8 
      Total Developing . . . . . . . . . . 2,224 3,102 3,239 4,121 5,601 7,287 9,406 11,711 5.5 

Total World . . . . . . . . . . . . . . . . . 10,431 11,767 12,053 13,885 16,768 19,946 23,575 27,194 3.4 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Electricity consumption equals generation plus imports minus exports
minus distribution losses.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998), Table 6.2. Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December
1997), Table A8; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 1,550 1,629 1,687 1,850 2,034 2,212 2,380 2,541 1.8 
    United Statesa . . . . . . . . . . . . . . 1,346 1,411 1,463 1,591 1,739 1,883 2,014 2,134 1.7 
    Canada . . . . . . . . . . . . . . . . . . . 126 135 140 156 170 183 202 223 2.0 
    Mexico . . . . . . . . . . . . . . . . . . . . 78 82 84 103 126 145 163 184 3.3 
  Western Europe . . . . . . . . . . . . . 971 925 947 1,008 1,097 1,192 1,294 1,402 1.7 
  Industrialized Asia . . . . . . . . . . . 364 379 389 426 462 504 542 589 1.8 
    Japan . . . . . . . . . . . . . . . . . . . . 274 281 291 316 342 376 406 444 1.9 
    Australasia . . . . . . . . . . . . . . . . . 90 99 99 110 120 128 136 144 1.5 
      Total Industrialized . . . . . . . . 2,885 2,933 3,023 3,284 3,593 3,908 4,216 4,532 1.8 

EE/FSU
  Former Soviet Union . . . . . . . . . . 991 636 613 701 824 967 1,107 1,268 2.8 
  Eastern Europe . . . . . . . . . . . . . . 299 230 228 269 306 341 379 423 2.5 
      Total EE/FSU . . . . . . . . . . . . . 1,290 866 842 971 1,130 1,308 1,485 1,691 2.7 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 1,065 1,427 1,474 1,860 2,406 3,023 3,818 4,827 5.0 
    China . . . . . . . . . . . . . . . . . . . . . 620 792 805 1,021 1,309 1,678 2,199 2,869 5.3 
    India . . . . . . . . . . . . . . . . . . . . . 153 222 230 302 387 477 570 684 4.6 
    Other Asia . . . . . . . . . . . . . . . . . 293 413 439 537 710 867 1,048 1,274 4.6 
  Middle East . . . . . . . . . . . . . . . . 194 229 241 267 316 373 441 519 3.3 
  Africa . . . . . . . . . . . . . . . . . . . . . 178 192 198 230 272 318 368 426 3.2 
  Central and South America . . . . 174 194 206 267 362 475 613 789 5.8 
    Brazil . . . . . . . . . . . . . . . . . . . . . 57 64 71 90 127 168 220 286 6.2 
    Other Central/South America . . . 117 130 135 176 235 307 394 503 5.6 
      Total Developing . . . . . . . . . . 1,611 2,043 2,118 2,624 3,356 4,189 5,239 6,560 4.8 

Total World . . . . . . . . . . . . . . . . . 5,786 5,841 5,983 6,879 8,079 9,404 10,941 12,783 3.2 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. The U.S. numbers include carbon emissions attributable to renewable
energy sources.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A19; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 714 723 747 804 886 978 1,050 1,120 1.8 
    United Statesa . . . . . . . . . . . . . . 591 600 621 660 727 796 848 897 1.6 
    Canada . . . . . . . . . . . . . . . . . . . 61 62 64 69 76 83 91 99 1.9 
    Mexico . . . . . . . . . . . . . . . . . . . . 62 61 62 75 84 99 111 124 2.9 
  Western Europe . . . . . . . . . . . . . 494 499 504 518 545 569 592 614 0.8 
  Industrialized Asia . . . . . . . . . . . 219 218 221 250 272 295 323 353 1.9 
    Japan . . . . . . . . . . . . . . . . . . . . 179 174 179 201 217 235 258 283 2.0 
    Australasia . . . . . . . . . . . . . . . . . 40 44 43 50 54 61 65 70 1.8 
      Total Industrialized . . . . . . . . 1,427 1,440 1,473 1,572 1,703 1,843 1,965 2,088 1.5 

EE/FSU
  Former Soviet Union . . . . . . . . . . 355 174 165 176 218 273 329 390 3.3 
  Eastern Europe . . . . . . . . . . . . . . 71 47 48 58 66 84 104 130 4.2 
      Total EE/FSU . . . . . . . . . . . . . 427 220 212 234 284 356 433 521 3.5 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 326 475 416 494 653 811 1,011 1,264 4.0 
    China . . . . . . . . . . . . . . . . . . . . . 98 140 113 147 193 253 332 437 4.7 
    India . . . . . . . . . . . . . . . . . . . . . 49 65 59 68 90 113 141 178 4.1 
    Other Asia . . . . . . . . . . . . . . . . . 178 270 244 280 369 445 537 650 3.6 
  Middle East . . . . . . . . . . . . . . . . 144 172 159 176 210 247 289 339 2.8 
  Africa . . . . . . . . . . . . . . . . . . . . . 84 97 87 118 145 170 198 231 3.5 
  Central and South America . . . . 140 158 138 192 244 306 378 466 4.4 
    Brazil . . . . . . . . . . . . . . . . . . . . . 54 60 51 71 90 112 139 171 4.3 
    Other Central/South America . . . 86 98 87 122 154 194 239 295 4.5 
      Total Developing . . . . . . . . . . 693 902 800 980 1,253 1,535 1,876 2,300 3.8 

Total World . . . . . . . . . . . . . . . . . 2,547 2,562 2,485 2,786 3,240 3,734 4,274 4,909 2.6 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A19; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 320 370 378 426 481 534 579 627 2.1 
    United Statesa . . . . . . . . . . . . . . 273 314 318 359 399 444 476 508 1.9 
    Canada . . . . . . . . . . . . . . . . . . . 34 41 44 45 48 52 61 71 2.2 
    Mexico . . . . . . . . . . . . . . . . . . . . 13 15 15 22 34 37 42 49 4.8 
  Western Europe . . . . . . . . . . . . . 141 176 196 233 293 356 429 508 4.3 
  Industrialized Asia . . . . . . . . . . . 41 48 51 53 61 69 74 82 2.2 
    Japan . . . . . . . . . . . . . . . . . . . . 29 35 37 36 42 49 52 59 2.1 
    Australasia . . . . . . . . . . . . . . . . . 12 13 13 17 20 21 22 23 2.3 
      Total Industrialized . . . . . . . . 502 593 625 712 836 959 1,082 1,217 2.9 

EE/FSU
  Former Soviet Union . . . . . . . . . . 323 262 264 314 381 458 533 624 3.5 
  Eastern Europe . . . . . . . . . . . . . . 41 36 39 54 71 90 109 131 5.3 
      Total EE/FSU . . . . . . . . . . . . . 365 298 303 367 453 548 642 755 3.8 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 40 69 79 149 233 318 406 517 8.4 
    China . . . . . . . . . . . . . . . . . . . . . 7 9 10 22 39 52 59 68 8.4 
    India . . . . . . . . . . . . . . . . . . . . . 6 10 11 26 43 64 92 125 10.6 
    Other Asia . . . . . . . . . . . . . . . . . 27 50 57 102 152 202 256 324 7.7 
  Middle East . . . . . . . . . . . . . . . . 54 70 76 84 98 117 140 167 3.5 
  Africa . . . . . . . . . . . . . . . . . . . . . 20 26 27 27 32 42 52 64 3.8 
  Central and South America . . . . 29 39 43 50 88 134 194 274 8.1 
    Brazil . . . . . . . . . . . . . . . . . . . . . 1 2 3 6 20 37 58 87 15.5 
    Other Central/South America . . . 28 37 40 44 67 97 136 187 6.7 
      Total Developing . . . . . . . . . . 143 204 225 310 451 611 793 1,023 6.7 

Total World . . . . . . . . . . . . . . . . . 1,009 1,095 1,152 1,390 1,740 2,118 2,516 2,995 4.1 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A19; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 516 536 562 620 666 698 748 790 1.6 
    United Statesa . . . . . . . . . . . . . . 481 498 524 571 612 641 688 727 1.5 
    Canada . . . . . . . . . . . . . . . . . . . 31 32 32 43 46 48 51 53 2.0 
    Mexico . . . . . . . . . . . . . . . . . . . . 3 6 6 6 8 9 10 11 2.7 
  Western Europe . . . . . . . . . . . . . 335 250 246 257 259 267 273 280 0.4 
  Industrialized Asia . . . . . . . . . . . 105 113 117 123 129 139 145 154 1.2 
    Japan . . . . . . . . . . . . . . . . . . . . 66 72 74 79 83 92 96 103 1.4 
    Australasia . . . . . . . . . . . . . . . . . 39 41 43 43 46 47 49 51 0.9 
      Total Industrialized . . . . . . . . 956 900 925 1,000 1,054 1,104 1,167 1,224 1.2 

EE/FSU
  Former Soviet Union . . . . . . . . . . 333 201 185 212 224 236 245 253 0.9 
  Eastern Europe . . . . . . . . . . . . . . 189 148 142 157 168 168 166 162 0.4 
      Total EE/FSU . . . . . . . . . . . . . 522 348 327 369 393 404 411 416 0.7 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 714 962 980 1,216 1,520 1,893 2,400 3,045 4.7 
    China . . . . . . . . . . . . . . . . . . . . . 514 677 682 852 1,077 1,373 1,808 2,364 5.1 
    India . . . . . . . . . . . . . . . . . . . . . 101 156 160 208 254 300 337 381 3.6 
    Other Asia . . . . . . . . . . . . . . . . . 99 129 137 156 189 220 255 300 3.4 
  Middle East . . . . . . . . . . . . . . . . 4 5 5 7 8 10 12 13 3.6 
  Africa . . . . . . . . . . . . . . . . . . . . . 74 82 84 86 94 106 117 130 1.8 
  Central and South America . . . . 17 20 25 24 30 35 42 49 3.8 
    Brazil . . . . . . . . . . . . . . . . . . . . . 9 12 17 14 17 19 23 28 3.5 
    Other Central/South America . . . 7 8 8 11 13 16 19 21 4.2 
      Total Developing . . . . . . . . . . 809 1,069 1,094 1,334 1,653 2,043 2,570 3,237 4.5 

Total World . . . . . . . . . . . . . . . . . 2,287 2,317 2,345 2,702 3,100 3,551 4,148 4,876 3.0 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A19; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 2,513 2,723 2,828 3,055 3,336 3,614 3,843 4,071 1.6 
    United Statesa . . . . . . . . . . . . . . 2,115 2,278 2,369 2,536 2,738 2,947 3,104 3,253 1.4 
    Canada . . . . . . . . . . . . . . . . . . . 274 307 317 346 381 418 456 497 1.9 
    Mexico . . . . . . . . . . . . . . . . . . . . 124 138 142 174 216 249 283 321 3.4 
  Western Europe . . . . . . . . . . . . . 1,561 1,632 1,681 1,812 1,987 2,157 2,329 2,514 1.7 
  Industrialized Asia . . . . . . . . . . . 579 663 678 745 809 885 964 1,050 1.9 
    Japan . . . . . . . . . . . . . . . . . . . . 456 523 539 586 634 696 759 829 1.9 
    Australasia . . . . . . . . . . . . . . . . . 123 140 139 159 175 189 205 221 1.8 
      Total Industrialized . . . . . . . . 4,654 5,018 5,187 5,612 6,132 6,656 7,135 7,636 1.7 

EE/FSU
  Former Soviet Union . . . . . . . . . . 1,473 1,027 1,003 1,151 1,369 1,613 1,854 2,130 3.0 
  Eastern Europe . . . . . . . . . . . . . . 382 312 316 373 438 508 584 672 3.1 
      Total EE/FSU . . . . . . . . . . . . . 1,855 1,340 1,319 1,524 1,807 2,121 2,438 2,801 3.0 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 1,294 1,811 1,879 2,421 3,192 4,019 5,040 6,326 5.1 
    China . . . . . . . . . . . . . . . . . . . . . 680 917 935 1,210 1,590 2,036 2,627 3,388 5.4 
    India . . . . . . . . . . . . . . . . . . . . . 195 279 291 398 520 654 806 994 5.2 
    Other Asia . . . . . . . . . . . . . . . . . 420 614 653 813 1,082 1,329 1,607 1,944 4.7 
  Middle East . . . . . . . . . . . . . . . . 281 350 369 412 491 583 691 818 3.5 
  Africa . . . . . . . . . . . . . . . . . . . . . 233 270 279 325 388 457 534 624 3.4 
  Central and South America . . . . 346 423 446 547 718 918 1,165 1,479 5.1 
    Brazil . . . . . . . . . . . . . . . . . . . . . 136 161 173 210 281 359 458 583 5.3 
    Other Central/South America . . . 210 262 274 337 438 559 707 896 5.0 
      Total Developing . . . . . . . . . . 2,154 2,854 2,972 3,704 4,790 5,977 7,431 9,246 4.8 

Total World . . . . . . . . . . . . . . . . . 8,663 9,212 9,478 10,840 12,728 14,755 17,003 19,683 3.1 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union.
   Sources: History:  Derived from Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96)
(Washington, DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December
1997), Table A19; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized Countries
  North America . . . . . . . . . . . . . . 99.7 108.0 112.2 118.3 123.6 129.3 131.3 132.7 0.8 
    United Statesa . . . . . . . . . . . . . . 83.9 90.4 94.0 98.9 102.6 106.9 107.7 107.7 0.7 
    Canada . . . . . . . . . . . . . . . . . . . 10.9 12.2 12.6 12.9 13.6 14.2 14.8 15.5 1.0 
    Mexico . . . . . . . . . . . . . . . . . . . . 4.9 5.5 5.6 6.4 7.4 8.2 8.8 9.5 2.2 
  Western Europe . . . . . . . . . . . . . 61.9 64.8 66.7 67.6 70.4 72.9 75.3 77.8 0.7 
  Industrialized Asia . . . . . . . . . . . 23.0 26.3 26.9 27.3 28.2 29.4 30.5 31.6 0.7 
    Japan . . . . . . . . . . . . . . . . . . . . 18.1 20.8 21.4 21.3 22.0 22.9 23.7 24.6 0.7 
    Australasia . . . . . . . . . . . . . . . . . 4.9 5.6 5.5 5.9 6.2 6.5 6.7 7.0 0.9 
      Total Industrialized . . . . . . . . 184.7 199.1 205.8 213.1 222.2 231.5 237.1 242.1 0.8 

EE/FSU
  Former Soviet Union . . . . . . . . . . 58.5 40.8 39.8 41.1 44.3 47.4 49.4 51.5 0.9 
  Eastern Europe . . . . . . . . . . . . . . 15.2 12.4 12.6 13.2 14.1 14.9 15.8 16.7 1.2 
      Total EE/FSU . . . . . . . . . . . . . 73.6 53.2 52.4 54.2 58.4 62.4 65.2 68.2 1.0 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 51.4 71.8 74.5 83.9 97.8 110.7 125.1 141.5 2.7 
    China . . . . . . . . . . . . . . . . . . . . . 27.0 36.4 37.1 42.2 48.8 55.4 63.4 72.6 2.8 
    India . . . . . . . . . . . . . . . . . . . . . 7.7 11.1 11.5 13.7 15.9 18.1 20.4 23.0 3.0 
    Other Asia . . . . . . . . . . . . . . . . . 16.7 24.4 25.9 28.0 33.1 37.2 41.3 45.9 2.6 
  Middle East . . . . . . . . . . . . . . . . 11.1 13.9 14.6 14.7 15.9 17.1 18.6 20.1 1.5 
  Africa . . . . . . . . . . . . . . . . . . . . . 9.2 10.7 11.1 11.6 12.6 13.6 14.7 15.8 1.6 
  Central and South America . . . . 13.7 16.8 17.7 19.0 21.9 24.6 27.6 30.9 2.5 
    Brazil . . . . . . . . . . . . . . . . . . . . . 5.4 6.4 6.8 7.3 8.6 9.7 10.9 12.2 2.6 
    Other Central/South America . . . 8.3 10.4 10.9 11.7 13.3 15.0 16.8 18.7 2.4 
      Total Developing . . . . . . . . . . 85.5 113.3 117.9 129.3 148.2 166.1 186.0 208.4 2.5 

Total World . . . . . . . . . . . . . . . . . 343.8 365.6 376.1 396.6 428.8 460.0 488.4 518.8 1.4 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Energy totals include net imports of coal coke and electricity generated
from biomass in the United States. Totals may not equal sum of components due to independent rounding. The electricity portion
of the national fuel consumption values consists of generation for domestic use plus an adjustment for electricity trade based on
a fuel's share of total generation in the exporting country.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A1; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized Countries
  North America
    Oil . . . . . . . . . . . . . . . . . . . . . . . 40.4 41.8 43.2 45.8 48.2 50.8 52.0 52.5 0.9 
    Natural Gas . . . . . . . . . . . . . . . . 22.7 26.2 26.8 28.9 31.1 33.7 35.5 36.8 1.4 
    Coal . . . . . . . . . . . . . . . . . . . . . . 20.4 21.1 22.0 23.8 24.4 24.7 24.8 25.1 0.7 
    Nuclear . . . . . . . . . . . . . . . . . . . 7.0 8.3 8.2 8.3 7.8 7.3 5.9 4.8 -2.2 
    Other . . . . . . . . . . . . . . . . . . . . . 9.2 10.6 10.7 11.5 12.1 12.8 13.1 13.6 1.0 
      Total . . . . . . . . . . . . . . . . . . . . 99.7 108.0 110.9 118.3 123.6 129.3 131.3 132.7 0.8 
  Western Europe
    Oil . . . . . . . . . . . . . . . . . . . . . . . 26.7 29.2 29.5 28.5 28.5 28.4 28.2 28.1 -0.2 
    Natural Gas . . . . . . . . . . . . . . . . 10.1 12.5 13.9 15.5 18.6 21.5 24.8 28.2 3.3 
    Coal . . . . . . . . . . . . . . . . . . . . . . 13.1 9.7 9.7 9.4 9.0 8.8 8.6 8.5 -0.6 
    Nuclear . . . . . . . . . . . . . . . . . . . 7.4 8.2 8.6 8.5 8.1 7.4 6.4 5.4 -1.6 
    Other . . . . . . . . . . . . . . . . . . . . . 4.6 5.1 4.9 5.6 6.2 6.8 7.2 7.7 1.6 
      Total . . . . . . . . . . . . . . . . . . . . 61.9 64.8 66.7 67.6 70.4 72.9 75.3 77.8 0.7 
  Industrialized Asia
    Oil . . . . . . . . . . . . . . . . . . . . . . . 12.5 14.1 14.3 14.9 15.5 16.0 16.6 17.3 0.8 
    Natural Gas . . . . . . . . . . . . . . . . 2.9 3.3 3.6 3.4 3.8 4.1 4.1 4.4 1.1 
    Coal . . . . . . . . . . . . . . . . . . . . . . 4.2 4.6 4.7 4.6 4.6 4.7 4.7 4.8 0.1 
    Nuclear . . . . . . . . . . . . . . . . . . . 2.0 2.8 2.9 2.9 2.9 3.0 3.3 3.3 0.6 
    Other . . . . . . . . . . . . . . . . . . . . . 1.4 1.4 1.4 1.4 1.5 1.5 1.7 1.9 1.1 
      Total . . . . . . . . . . . . . . . . . . . . 23.0 26.3 26.9 27.3 28.2 29.4 30.5 31.6 0.7 

EE/FSU
    Oil . . . . . . . . . . . . . . . . . . . . . . . 21.0 12.4 12.0 11.9 13.1 14.9 16.5 18.0 1.5 
    Natural Gas . . . . . . . . . . . . . . . . 26.0 21.4 21.7 23.7 26.5 29.1 31.0 33.2 1.8 
    Coal . . . . . . . . . . . . . . . . . . . . . . 20.8 13.8 13.0 13.1 12.7 11.9 11.0 10.2 -1.2 
    Nuclear . . . . . . . . . . . . . . . . . . . 2.9 2.5 2.8 2.6 2.8 2.8 2.7 2.4 -0.1 
    Other . . . . . . . . . . . . . . . . . . . . . 2.8 3.0 2.9 3.0 3.4 3.7 4.0 4.4 1.5 

      Total . . . . . . . . . . . . . . . . . . . . 73.6 53.2 52.4 54.2 58.4 62.4 65.2 68.2 1.0 

   See notes at end of table.
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Developing Countries
  Developing Asia
    Oil . . . . . . . . . . . . . . . . . . . . . . . 16.0 23.6 24.8 25.7 30.0 33.5 37.7 42.5 2.4 
    Natural Gas . . . . . . . . . . . . . . . . 3.0 5.1 5.7 9.5 13.1 16.1 18.5 21.3 5.9 
    Coal . . . . . . . . . . . . . . . . . . . . . . 28.1 38.0 38.7 42.0 46.3 51.9 59.3 67.8 2.3 
    Nuclear . . . . . . . . . . . . . . . . . . . 0.9 1.2 1.3 1.4 1.8 2.2 2.3 2.2 2.6 
    Other . . . . . . . . . . . . . . . . . . . . . 3.2 4.0 4.0 5.3 6.5 7.0 7.3 7.7 2.7 
      Total . . . . . . . . . . . . . . . . . . . . 51.4 71.8 74.5 83.9 97.8 110.7 125.1 141.5 2.7 
  Middle East
    Oil . . . . . . . . . . . . . . . . . . . . . . . 7.1 8.5 8.8 8.8 9.5 10.2 10.9 11.7 1.3 
    Natural Gas . . . . . . . . . . . . . . . . 3.8 5.0 5.4 5.4 5.7 6.1 6.7 7.4 1.6 
    Coal . . . . . . . . . . . . . . . . . . . . . . 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.3 1.6 
    Nuclear . . . . . . . . . . . . . . . . . . . 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 �

    Other . . . . . . . . . . . . . . . . . . . . . 0.1 0.2 0.2 0.3 0.4 0.4 0.6 0.7 5.7 
      Total . . . . . . . . . . . . . . . . . . . . 11.1 13.9 14.6 14.7 15.9 17.1 18.6 20.1 1.5 
  Africa
    Oil . . . . . . . . . . . . . . . . . . . . . . . 4.2 4.8 5.0 6.1 6.9 7.3 7.9 8.5 2.3 
    Natural Gas . . . . . . . . . . . . . . . . 1.4 1.9 2.0 1.8 1.9 2.3 2.6 3.0 1.9 
    Coal . . . . . . . . . . . . . . . . . . . . . . 3.0 3.3 3.4 3.1 3.1 3.2 3.3 3.3 0.0 
    Nuclear . . . . . . . . . . . . . . . . . . . 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 -0.9 
    Other . . . . . . . . . . . . . . . . . . . . . 0.6 0.6 0.6 0.5 0.6 0.7 0.8 0.9 1.7 
      Total . . . . . . . . . . . . . . . . . . . . 9.2 10.7 11.1 11.6 12.6 13.6 14.7 15.8 1.6 
  Central and South America
    Oil . . . . . . . . . . . . . . . . . . . . . . . 6.9 8.0 8.1 9.9 11.1 12.2 13.3 14.5 2.4 
    Natural Gas . . . . . . . . . . . . . . . . 2.1 2.9 3.1 3.2 4.9 6.5 8.4 10.5 5.3 
    Coal . . . . . . . . . . . . . . . . . . . . . . 0.7 0.8 1.0 0.8 0.9 0.9 1.0 1.0 1.1 
    Nuclear . . . . . . . . . . . . . . . . . . . 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.1 1.1 
    Other . . . . . . . . . . . . . . . . . . . . . 3.9 5.1 5.4 4.9 4.9 4.8 4.8 4.8 -0.2 
      Total . . . . . . . . . . . . . . . . . . . . 13.7 16.8 17.7 19.0 21.9 24.6 27.6 30.9 2.5 

Total World
    Oil . . . . . . . . . . . . . . . . . . . . . . . 134.9 142.5 145.7 151.7 162.6 173.3 183.1 193.1 1.2 
    Natural Gas . . . . . . . . . . . . . . . . 72.0 78.1 82.2 91.4 105.6 119.6 131.8 144.7 2.5 
    Coal . . . . . . . . . . . . . . . . . . . . . . 90.6 91.6 92.8 97.1 101.3 106.4 113.0 121.0 1.1 
    Nuclear . . . . . . . . . . . . . . . . . . . 20.4 23.3 24.1 24.0 23.7 23.0 20.9 18.5 -0.9 
    Other . . . . . . . . . . . . . . . . . . . . . 25.9 30.1 30.0 32.4 35.5 37.7 39.5 41.6 1.3 

      Total . . . . . . . . . . . . . . . . . . . . 343.8 365.6 374.7 396.6 428.8 460.0 488.4 518.8 1.4 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Energy totals include net imports of coal coke and electricity generated
from biomass in the United States. Totals may not equal sum of components due to independent rounding. The electricity portion
of the national fuel consumption values consists of generation for domestic use plus an adjustment for electricity trade based on
a fuel's share of total generation in the exporting country.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A1; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 20.4 21.3 22.0 23.4 24.6 25.9 26.6 26.8 0.9 
    United Statesa . . . . . . . . . . . . . . 17.0 17.7 18.3 19.5 20.5 21.5 21.8 21.8 0.8 
    Canada . . . . . . . . . . . . . . . . . . . 1.7 1.8 1.8 1.8 1.9 2.0 2.1 2.2 0.9 
    Mexico . . . . . . . . . . . . . . . . . . . . 1.7 1.9 1.9 2.1 2.2 2.5 2.7 2.8 1.7 
  Western Europe . . . . . . . . . . . . . 12.9 14.1 14.3 13.8 13.8 13.8 13.7 13.6 -0.2 
  Industrialized Asia . . . . . . . . . . . 6.2 7.0 7.1 7.3 7.6 7.9 8.2 8.5 0.8 
    Japan . . . . . . . . . . . . . . . . . . . . 5.1 5.7 5.9 6.0 6.2 6.4 6.7 7.0 0.8 
    Australasia . . . . . . . . . . . . . . . . . 1.0 1.2 1.2 1.3 1.4 1.5 1.5 1.6 0.9 
      Total Industrialized . . . . . . . . 39.5 42.4 43.4 44.6 46.0 47.6 48.4 48.9 0.6 

EE/FSU
  Former Soviet Union . . . . . . . . . . 8.4 4.6 4.4 4.2 4.7 5.4 5.9 6.3 1.3 
  Eastern Europe . . . . . . . . . . . . . . 1.6 1.3 1.3 1.4 1.5 1.7 2.0 2.3 2.3 
      Total EE/FSU . . . . . . . . . . . . . 10.0 5.9 5.7 5.6 6.2 7.1 7.8 8.6 1.5 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 7.6 11.3 11.9 12.3 14.4 16.2 18.4 20.8 2.5 
    China . . . . . . . . . . . . . . . . . . . . . 2.3 3.3 3.5 4.0 4.7 5.4 6.3 7.4 3.2 
    India . . . . . . . . . . . . . . . . . . . . . 1.2 1.6 1.7 1.7 2.0 2.2 2.6 2.9 2.5 
    Other Asia . . . . . . . . . . . . . . . . . 4.2 6.4 6.6 6.6 7.8 8.6 9.5 10.5 2.0 
  Middle East . . . . . . . . . . . . . . . . 3.4 4.1 4.2 4.2 4.5 4.8 5.2 5.5 1.3 
  Africa . . . . . . . . . . . . . . . . . . . . . 2.1 2.3 2.4 2.9 3.3 3.5 3.8 4.1 2.3 
  Central and South America . . . . 3.4 3.9 4.0 4.9 5.4 6.0 6.5 7.1 2.4 
    Brazil . . . . . . . . . . . . . . . . . . . . . 1.3 1.5 1.5 1.9 2.1 2.3 2.5 2.7 2.4 
    Other Central/South America . . . 2.1 2.4 2.5 3.0 3.4 3.7 4.0 4.4 2.4 
      Total Developing . . . . . . . . . . 16.5 21.6 22.5 24.3 27.7 30.6 33.9 37.6 2.2 

Total World . . . . . . . . . . . . . . . . . 66.0 69.9 71.5 74.6 80.0 85.3 90.2 95.1 1.2 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Totals may not equal sum of components due to independent rounding.
The electricity portion of the national fuel consumption values consists of generation for domestic use plus an adjustment for
electricity trade based on a fuel's share of total generation in the exporting country.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A21; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 22.0 25.4 26.0 28.0 30.2 32.7 34.4 35.7 1.4 
    United Statesa . . . . . . . . . . . . . . 18.7 21.6 21.9 23.7 25.2 27.6 28.7 29.4 1.2 
    Canada . . . . . . . . . . . . . . . . . . . 2.4 2.9 3.1 3.0 3.0 3.1 3.5 3.9 1.2 
    Mexico . . . . . . . . . . . . . . . . . . . . 0.9 1.0 1.0 1.3 2.0 2.0 2.2 2.4 3.6 
  Western Europe . . . . . . . . . . . . . 10.3 12.7 14.1 15.7 18.8 21.7 25.0 28.4 3.3 
  Industrialized Asia . . . . . . . . . . . 2.6 3.1 3.3 3.2 3.5 3.8 3.8 4.0 1.1 
    Japan . . . . . . . . . . . . . . . . . . . . 1.9 2.2 2.4 2.1 2.3 2.6 2.6 2.8 1.0 
    Australasia . . . . . . . . . . . . . . . . . 0.8 0.9 0.9 1.1 1.2 1.2 1.2 1.2 1.4 
      Total Industrialized . . . . . . . . 35.0 41.2 43.3 46.9 52.5 58.2 63.3 68.1 2.0 

EE/FSU
  Former Soviet Union . . . . . . . . . . 25.0 20.6 20.7 22.2 24.5 26.7 28.2 30.0 1.5 
  Eastern Europe . . . . . . . . . . . . . . 3.1 2.7 2.9 3.7 4.4 5.1 5.7 6.3 3.4 
      Total EE/FSU . . . . . . . . . . . . . 28.1 23.4 23.7 25.9 28.9 31.8 33.9 36.2 1.8 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 3.0 4.7 5.3 8.9 12.3 15.3 17.9 20.9 6.1 
    China . . . . . . . . . . . . . . . . . . . . . 0.5 0.6 0.7 1.3 2.0 2.4 2.4 2.4 5.8 
    India . . . . . . . . . . . . . . . . . . . . . 0.4 0.6 0.7 1.4 2.0 2.8 3.6 4.5 8.2 
    Other Asia . . . . . . . . . . . . . . . . . 2.1 3.5 4.0 6.2 8.3 10.2 11.9 13.9 5.7 
  Middle East . . . . . . . . . . . . . . . . 3.6 4.7 5.2 5.2 5.4 5.9 6.4 7.0 1.6 
  Africa . . . . . . . . . . . . . . . . . . . . . 1.4 1.7 1.8 1.6 1.8 2.1 2.4 2.7 1.9 
  Central and South America . . . . 2.0 2.6 2.9 2.9 4.4 5.9 7.6 9.4 5.3 
    Brazil . . . . . . . . . . . . . . . . . . . . . 0.1 0.2 0.2 0.4 1.1 1.7 2.3 3.1 12.6 
    Other Central/South America . . . 1.9 2.4 2.7 2.5 3.3 4.2 5.2 6.3 3.9 
      Total Developing . . . . . . . . . . 9.9 13.7 15.2 18.5 23.9 29.1 34.3 40.1 4.4 

Total World . . . . . . . . . . . . . . . . . 73.0 78.3 82.2 91.2 105.3 119.2 131.4 144.4 2.5 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Totals may not equal sum of components due to independent rounding.
The electricity portion of the national fuel consumption values consists of generation for domestic use plus an adjustment for
electricity trade based on a fuel's share of total generation in the exporting country. To convert cubic feet to cubic meters, divide
each number in the table by 35.315.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A13; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 957 1,013 1,056 1,138 1,168 1,194 1,207 1,233 0.8 
    United Statesa . . . . . . . . . . . . . . 896 941 983 1,051 1,076 1,101 1,113 1,138 0.8 
    Canada . . . . . . . . . . . . . . . . . . . 55 59 60 74 76 76 76 76 1.0 
    Mexico . . . . . . . . . . . . . . . . . . . . 7 13 14 13 16 17 18 19 1.5 
  Western Europe . . . . . . . . . . . . . 958 674 671 658 633 624 615 606 -0.4 
  Industrialized Asia . . . . . . . . . . . 233 257 266 257 257 263 262 264 0.1 
    Japan . . . . . . . . . . . . . . . . . . . . 125 140 144 141 141 149 147 149 0.2 
    Australasia . . . . . . . . . . . . . . . . . 108 117 121 116 116 114 115 115 0.0 
      Total Industrialized . . . . . . . . 2,148 1,944 1,994 2,054 2,058 2,081 2,085 2,104 0.3 

EE/FSU
  Former Soviet Union . . . . . . . . . . 848 508 472 482 463 443 418 391 -1.0 
  Eastern Europe . . . . . . . . . . . . . . 523 426 413 404 394 358 326 294 -1.5 
      Total EE/FSU . . . . . . . . . . . . . 1,372 934 885 885 857 802 743 685 -1.2 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 1,555 2,030 2,065 2,238 2,461 2,737 3,108 3,525 2.2 
    China . . . . . . . . . . . . . . . . . . . . . 1,124 1,489 1,500 1,647 1,832 2,070 2,419 2,808 2.6 
    India . . . . . . . . . . . . . . . . . . . . . 242 312 321 361 389 416 428 443 1.4 
    Other Asia . . . . . . . . . . . . . . . . . 190 230 244 230 239 250 260 274 0.7 
  Middle East . . . . . . . . . . . . . . . . 6 8 9 10 10 11 12 13 1.6 
  Africa . . . . . . . . . . . . . . . . . . . . . 152 172 174 162 161 166 169 173 0.0 
  Central and South America . . . . 30 32 40 35 38 39 41 42 1.1 
    Brazil . . . . . . . . . . . . . . . . . . . . . 17 19 27 20 21 21 22 24 0.8 
    Other Central/South America . . . 13 13 13 15 17 17 18 18 1.5 
      Total Developing . . . . . . . . . . 1,743 2,243 2,289 2,444 2,671 2,952 3,330 3,754 2.1 

Total World . . . . . . . . . . . . . . . . . 5,263 5,120 5,167 5,384 5,585 5,835 6,158 6,542 1.0 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Range values for Western Europe and the four regional totals are not
equal to the sum of the component countries or country groups but consist of the base value adjusted by the quantity: the square
root of the sum of the squared deviations of the respective component countries or country groups from their base value. Other
totals may not equal sum of components due to independent rounding. The electricity portion of the national fuel consumption values
consists of generation for domestic use plus an adjustment for electricity trade based on a fuel's share of total generation in the
exporting country.To convert short tons to metric tons, divide each number in the table by 1.102.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A16; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 649 774 770 770 725 676 552 443 -2.2 
    United Statesa . . . . . . . . . . . . . . 577 673 675 689 643 596 480 383 -2.2 
    Canada . . . . . . . . . . . . . . . . . . . 69 93 88 73 75 73 65 53 -2.2 
    Mexico . . . . . . . . . . . . . . . . . . . . 3 8 7 8 7 7 7 7 -0.6 
  Western Europe . . . . . . . . . . . . . 703 785 824 815 775 703 606 514 -1.7 
  Industrialized Asia . . . . . . . . . . . 192 277 283 285 284 295 322 320 0.6 
    Japan . . . . . . . . . . . . . . . . . . . . 192 277 283 285 284 295 322 320 0.6 
    Australasia . . . . . . . . . . . . . . . . . 0 0 0 0 0 0 0 0 0.0 
      Total Industrialized . . . . . . . . 1,544 1,837 1,877 1,871 1,784 1,674 1,479 1,277 -1.4 

EE/FSU
  Former Soviet Union . . . . . . . . . . 201 172 194 179 188 191 187 175 0.1 
  Eastern Europe . . . . . . . . . . . . . . 54 57 60 60 64 61 56 47 -0.7 
      Total EE/FSU . . . . . . . . . . . . . 256 229 254 239 252 252 243 222 -0.1 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 88 117 128 141 177 218 229 223 2.6 
    China . . . . . . . . . . . . . . . . . . . . . 0 12 14 11 31 51 57 68 7.0 
    India . . . . . . . . . . . . . . . . . . . . . 6 6 7 10 14 25 33 40 7.6 
    Other Asia . . . . . . . . . . . . . . . . . 82 98 107 119 132 142 138 116 0.7 
  Middle East . . . . . . . . . . . . . . . . 0 0 0 0 9 9 8 8 0.0 
  Africa . . . . . . . . . . . . . . . . . . . . . 8 11 12 11 10 10 9 9 -0.9 
  Central and South America . . . . 9 9 9 9 15 14 13 12 1.1 
    Brazil . . . . . . . . . . . . . . . . . . . . . 2 2 2 3 7 7 7 6 4.0 
    Other Central/South America . . . 7 7 7 7 8 7 7 6 -0.6 
      Total Developing . . . . . . . . . . 105 138 149 161 211 251 260 253 2.5 

Total World . . . . . . . . . . . . . . . . . 1,905 2,203 2,280 2,270 2,248 2,178 1,982 1,752 -0.9 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Totals may not equal sum of components due to independent rounding.
The electricity portion of the national fuel consumption values consists of generation for domestic use plus an adjustment for
electricity trade based on a fuel's share of total generation in the exporting country.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A8; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 9.2 10.6 10.7 11.5 12.1 12.8 13.1 13.6 1.0 
    United Statesa . . . . . . . . . . . . . . 5.8 6.8 6.6 7.2 7.3 7.6 7.6 7.7 0.5 
    Canada . . . . . . . . . . . . . . . . . . . 3.1 3.4 3.6 3.9 4.2 4.6 4.7 4.9 1.4 
    Mexico . . . . . . . . . . . . . . . . . . . . 0.3 0.4 0.4 0.4 0.6 0.7 0.8 0.9 3.4 
  Western Europe . . . . . . . . . . . . . 4.6 5.1 4.9 5.6 6.2 6.8 7.2 7.6 1.6 
  Industrialized Asia . . . . . . . . . . . 1.4 1.4 1.4 1.4 1.5 1.5 1.7 1.9 1.1 
    Japan . . . . . . . . . . . . . . . . . . . . 1.0 0.9 0.9 0.8 0.9 0.9 0.9 0.9 0.2 
    Australasia . . . . . . . . . . . . . . . . . 0.4 0.5 0.5 0.6 0.6 0.7 0.8 0.9 2.5 
      Total Industrialized . . . . . . . . 15.3 17.2 16.9 18.4 19.8 21.1 22.0 23.1 1.2 

EE/FSU
  Former Soviet Union . . . . . . . . . . 2.4 2.5 2.2 2.5 2.7 2.8 2.8 2.9 0.6 
  Eastern Europe . . . . . . . . . . . . . . 0.4 0.6 0.6 0.4 0.6 0.9 1.2 1.5 3.8 
      Total EE/FSU . . . . . . . . . . . . . 2.8 3.0 2.9 3.0 3.4 3.7 4.0 4.4 1.5 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 3.2 4.0 4.0 5.3 6.5 6.9 7.3 7.8 2.7 
    China . . . . . . . . . . . . . . . . . . . . . 1.3 1.9 1.9 2.6 3.5 3.6 3.5 3.3 2.2 
    India . . . . . . . . . . . . . . . . . . . . . 0.7 0.7 0.7 1.3 1.4 1.6 1.9 2.3 4.7 
    Other Asia . . . . . . . . . . . . . . . . . 1.2 1.4 1.4 1.4 1.5 1.7 1.9 2.2 2.0 
  Middle East . . . . . . . . . . . . . . . . 0.1 0.2 0.2 0.3 0.4 0.4 0.6 0.7 5.7 
  Africa . . . . . . . . . . . . . . . . . . . . . 0.6 0.6 0.6 0.5 0.6 0.7 0.8 0.9 1.7 
  Central and South America . . . . 3.9 5.1 5.4 4.9 4.9 4.8 4.8 4.8 -0.2 
    Brazil . . . . . . . . . . . . . . . . . . . . . 2.2 2.7 2.8 2.6 2.5 2.5 2.4 2.4 -0.4 
    Other Central/South America . . . 1.7 2.4 2.6 2.3 2.3 2.3 2.3 2.4 0.0 
      Total Developing . . . . . . . . . . 7.8 9.9 10.2 11.0 12.3 12.9 13.5 14.2 1.5 

Total World . . . . . . . . . . . . . . . . . 25.9 30.1 30.0 32.4 35.5 37.7 39.5 41.7 1.3 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Totals may not equal sum of components due to independent rounding.
The electricity portion of the national fuel consumption values consists of generation for domestic use plus an adjustment for
electricity trade based on a fuel's share of total generation in the exporting country.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A1; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 3,255 3,759 3,859 3,935 4,182 4,442 4,647 4,763 1.0 
    United Statesa . . . . . . . . . . . . . . 2,713 3,163 3,243 3,289 3,479 3,673 3,807 3,876 0.8 
    Canada . . . . . . . . . . . . . . . . . . . 435 462 473 484 500 532 566 591 1.0 
    Mexico . . . . . . . . . . . . . . . . . . . . 107 134 144 161 202 237 274 296 3.2 
  Western Europe . . . . . . . . . . . . . 2,115 2,286 2,330 2,637 2,893 3,153 3,410 3,525 1.7 
  Industrialized Asia . . . . . . . . . . . 930 1,068 1,090 1,213 1,307 1,400 1,487 1,543 1.5 
    Japan . . . . . . . . . . . . . . . . . . . . 750 864 882 934 994 1,057 1,116 1,157 1.2 
    Australasia . . . . . . . . . . . . . . . . . 180 204 207 279 313 343 371 386 2.6 
      Total Industrialized . . . . . . . . 6,299 7,113 7,279 7,784 8,382 8,995 9,544 9,830 1.3 

EE/FSU
  Former Soviet Union . . . . . . . . . . 1,488 1,168 1,133 1,069 1,154 1,235 1,288 1,343 0.6 
  Eastern Europe . . . . . . . . . . . . . . 420 384 401 370 418 466 514 543 1.4 
      Total EE/FSU . . . . . . . . . . . . . 1,908 1,552 1,535 1,439 1,572 1,701 1,802 1,886 0.8 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 1,268 1,912 2,002 2,302 2,827 3,363 3,986 4,509 3.5 
    China . . . . . . . . . . . . . . . . . . . . . 551 881 925 986 1,243 1,533 1,905 2,182 3.7 
    India . . . . . . . . . . . . . . . . . . . . . 257 367 378 504 618 741 871 983 4.0 
    Other Asia . . . . . . . . . . . . . . . . . 460 663 699 812 966 1,089 1,210 1,344 2.9 
  Middle East . . . . . . . . . . . . . . . . 221 295 301 293 327 361 397 429 1.5 
  Africa . . . . . . . . . . . . . . . . . . . . . 285 320 332 359 416 478 547 589 2.5 
  Central and South America . . . . 449 575 604 664 790 894 995 1,115 2.7 
    Brazil . . . . . . . . . . . . . . . . . . . . . 229 288 303 289 310 312 316 333 0.6 
    Other Central/South America . . . 220 286 301 375 480 582 679 782 4.1 
      Total Developing . . . . . . . . . . 2,224 3,102 3,239 3,619 4,360 5,095 5,925 6,642 3.1 

Total World . . . . . . . . . . . . . . . . . 10,431 11,767 12,053 12,842 14,314 15,792 17,271 18,358 1.8 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. Electricity consumption equals generation plus imports minus exports
minus distribution losses.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998), Table 6.2. Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December
1997), Table A8; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 1,550 1,629 1,687 1,807 1,897 1,990 2,044 2,082 1.0 
    United Statesa . . . . . . . . . . . . . . 1,346 1,411 1,463 1,564 1,636 1,713 1,749 1,770 0.9 
    Canada . . . . . . . . . . . . . . . . . . . 126 135 140 148 152 157 166 175 1.0 
    Mexico . . . . . . . . . . . . . . . . . . . . 78 82 84 96 109 120 128 137 2.1 
  Western Europe . . . . . . . . . . . . . 971 925 947 948 979 1,016 1,055 1,095 0.7 
  Industrialized Asia . . . . . . . . . . . 364 379 389 393 407 422 433 448 0.7 
    Japan . . . . . . . . . . . . . . . . . . . . 274 281 291 290 299 312 320 332 0.7 
    Australasia . . . . . . . . . . . . . . . . . 90 99 99 104 107 111 113 115 0.6 
      Total Industrialized . . . . . . . . 2,885 2,933 3,023 3,148 3,283 3,428 3,532 3,625 0.9 

EE/FSU
  Former Soviet Union . . . . . . . . . . 991 636 613 630 672 716 744 773 0.8 
  Eastern Europe . . . . . . . . . . . . . . 299 230 228 240 248 253 258 265 0.6 
      Total EE/FSU . . . . . . . . . . . . . 1,290 866 842 870 920 969 1,002 1,038 0.7 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 1,065 1,427 1,474 1,624 1,857 2,097 2,389 2,721 2.6 
    China . . . . . . . . . . . . . . . . . . . . . 620 792 805 897 1,013 1,150 1,338 1,549 2.7 
    India . . . . . . . . . . . . . . . . . . . . . 153 222 230 262 297 333 364 399 2.4 
    Other Asia . . . . . . . . . . . . . . . . . 293 413 439 466 547 615 687 773 2.5 
  Middle East . . . . . . . . . . . . . . . . 194 229 241 241 257 277 298 321 1.4 
  Africa . . . . . . . . . . . . . . . . . . . . . 178 192 198 208 224 239 255 272 1.4 
  Central and South America . . . . 174 194 206 233 278 321 366 416 3.1 
    Brazil . . . . . . . . . . . . . . . . . . . . . 57 64 71 79 98 114 131 151 3.5 
    Other Central/South America . . . 117 130 135 154 180 207 235 265 2.9 
      Total Developing . . . . . . . . . . 1,611 2,043 2,118 2,306 2,616 2,934 3,308 3,731 2.4 

Total World . . . . . . . . . . . . . . . . . 5,786 5,841 5,983 6,324 6,819 7,331 7,842 8,394 1.5 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union. The U.S. numbers include carbon emissions attributable to renewable
energy sources.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A19; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 714 723 747 787 829 876 900 912 0.9 
    United Statesa . . . . . . . . . . . . . . 591 600 621 652 689 723 738 741 0.9 
    Canada . . . . . . . . . . . . . . . . . . . 61 62 64 65 68 71 75 78 0.9 
    Mexico . . . . . . . . . . . . . . . . . . . . 62 61 62 70 72 82 87 92 1.7 
  Western Europe . . . . . . . . . . . . . 494 499 504 487 486 485 482 479 -0.2 
  Industrialized Asia . . . . . . . . . . . 219 218 221 231 239 247 257 268 0.8 
    Japan . . . . . . . . . . . . . . . . . . . . 179 174 179 184 190 194 203 212 0.8 
    Australasia . . . . . . . . . . . . . . . . . 40 44 43 47 49 52 54 56 0.9 
      Total Industrialized . . . . . . . . 1,427 1,440 1,473 1,505 1,554 1,608 1,640 1,658 0.6 

EE/FSU
  Former Soviet Union . . . . . . . . . . 355 174 165 158 178 202 221 238 1.3 
  Eastern Europe . . . . . . . . . . . . . . 71 47 48 52 54 62 71 82 2.3 
      Total EE/FSU . . . . . . . . . . . . . 427 220 212 210 232 264 292 320 1.5 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 326 475 416 432 504 563 633 713 1.6 
    China . . . . . . . . . . . . . . . . . . . . . 98 140 113 129 149 174 202 236 2.1 
    India . . . . . . . . . . . . . . . . . . . . . 49 65 59 59 69 79 90 104 1.9 
    Other Asia . . . . . . . . . . . . . . . . . 178 270 244 244 285 310 340 373 1.3 
  Middle East . . . . . . . . . . . . . . . . 144 172 159 158 171 183 196 210 0.8 
  Africa . . . . . . . . . . . . . . . . . . . . . 84 97 87 106 119 128 137 148 1.7 
  Central and South America . . . . 140 158 138 168 187 207 226 245 1.8 
    Brazil . . . . . . . . . . . . . . . . . . . . . 54 60 51 62 69 76 83 90 1.6 
    Other Central/South America . . . 86 98 87 106 119 131 143 155 1.9 
      Total Developing . . . . . . . . . . 693 902 800 864 982 1,081 1,191 1,316 1.5 

Total World . . . . . . . . . . . . . . . . . 2,547 2,562 2,485 2,579 2,768 2,953 3,123 3,294 1.0 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A19; and World Energy Projection System (1998).



Table A37.  World Carbon Emissions from Natural Gas Use by Region, Low Economic Growth Case,
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 320 370 378 412 444 481 506 525 1.4 
    United Statesa . . . . . . . . . . . . . . 273 314 318 349 371 406 423 433 1.3 
    Canada . . . . . . . . . . . . . . . . . . . 34 41 44 42 43 45 50 56 1.2 
    Mexico . . . . . . . . . . . . . . . . . . . . 13 15 15 20 30 31 33 37 3.6 
  Western Europe . . . . . . . . . . . . . 141 176 196 219 262 303 350 397 3.3 
  Industrialized Asia . . . . . . . . . . . 41 48 51 49 54 58 59 62 1.1 
    Japan . . . . . . . . . . . . . . . . . . . . 29 35 37 33 37 40 41 44 1.0 
    Australasia . . . . . . . . . . . . . . . . . 12 13 13 16 18 18 18 18 1.4 
      Total Industrialized . . . . . . . . 502 593 625 679 760 843 916 985 2.0 

EE/FSU
  Former Soviet Union . . . . . . . . . . 323 262 264 282 311 339 358 381 1.5 
  Eastern Europe . . . . . . . . . . . . . . 41 36 39 48 58 67 74 82 3.4 
      Total EE/FSU . . . . . . . . . . . . . 365 298 303 330 369 406 432 462 1.8 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 40 69 79 130 180 221 254 292 5.9 
    China . . . . . . . . . . . . . . . . . . . . . 7 9 10 19 30 35 36 37 5.8 
    India . . . . . . . . . . . . . . . . . . . . . 6 10 11 22 33 45 58 73 8.2 
    Other Asia . . . . . . . . . . . . . . . . . 27 50 57 89 117 141 160 182 5.3 
  Middle East . . . . . . . . . . . . . . . . 54 70 76 76 79 86 95 103 1.6 
  Africa . . . . . . . . . . . . . . . . . . . . . 20 26 27 24 27 31 36 41 1.9 
  Central and South America . . . . 29 39 43 44 67 90 116 144 5.3 
    Brazil . . . . . . . . . . . . . . . . . . . . . 1 2 3 5 16 25 35 46 12.6 
    Other Central/South America . . . 28 37 40 39 52 66 81 98 4.0 
      Total Developing . . . . . . . . . . 143 204 225 274 354 429 501 581 4.3 

Total World . . . . . . . . . . . . . . . . . 1,009 1,095 1,152 1,284 1,483 1,678 1,849 2,028 2.5 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A19; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 516 536 562 609 737 772 788 791 1.6 
    United Statesa . . . . . . . . . . . . . . 481 498 524 563 689 723 738 741 1.6 
    Canada . . . . . . . . . . . . . . . . . . . 31 32 32 40 42 42 42 42 1.0 
    Mexico . . . . . . . . . . . . . . . . . . . . 3 6 6 6 7 7 8 8 1.5 
  Western Europe . . . . . . . . . . . . . 335 250 246 241 231 228 223 219 -0.5 
  Industrialized Asia . . . . . . . . . . . 105 113 117 114 114 117 117 118 0.1 
    Japan . . . . . . . . . . . . . . . . . . . . 66 72 74 73 73 77 76 77 0.2 
    Australasia . . . . . . . . . . . . . . . . . 39 41 43 41 41 40 41 41 0.0 
      Total Industrialized . . . . . . . . 956 900 925 964 1,082 1,117 1,127 1,127 0.9 

EE/FSU
  Former Soviet Union . . . . . . . . . . 333 201 185 190 183 175 165 154 -1.0 
  Eastern Europe . . . . . . . . . . . . . . 189 148 142 140 136 124 113 102 -1.5 
      Total EE/FSU . . . . . . . . . . . . . 522 348 327 330 319 299 278 256 -1.2 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 714 962 980 1,062 1,173 1,313 1,502 1,717 2.3 
    China . . . . . . . . . . . . . . . . . . . . . 514 677 682 749 833 941 1,100 1,277 2.6 
    India . . . . . . . . . . . . . . . . . . . . . 101 156 160 181 195 209 215 222 1.4 
    Other Asia . . . . . . . . . . . . . . . . . 99 129 137 133 145 164 187 218 2.1 
  Middle East . . . . . . . . . . . . . . . . 4 5 5 6 7 7 8 8 1.6 
  Africa . . . . . . . . . . . . . . . . . . . . . 74 82 84 78 77 80 81 83 0.0 
  Central and South America . . . . 17 20 25 21 23 24 25 26 1.1 
    Brazil . . . . . . . . . . . . . . . . . . . . . 9 12 17 12 13 13 14 15 0.8 
    Other Central/South America . . . 7 8 8 9 10 11 11 11 1.5 
      Total Developing . . . . . . . . . . 809 1,069 1,094 1,168 1,280 1,424 1,616 1,834 2.2 

Total World . . . . . . . . . . . . . . . . . 2,287 2,317 2,345 2,462 2,682 2,840 3,021 3,217 1.3 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union.
   Sources: History:  Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96) (Washington,
DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December 1997), Table
A19; and World Energy Projection System (1998).
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Region/Country

History Projections Average Annual
Percent Change,

1995-20201990 1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America . . . . . . . . . . . . . . 2,513 2,723 2,828 2,980 3,114 3,257 3,310 3,345 0.8 
    United Statesa . . . . . . . . . . . . . . 2,115 2,278 2,369 2,493 2,585 2,693 2,714 2,715 0.7 
    Canada . . . . . . . . . . . . . . . . . . . 274 307 317 326 342 359 374 390 1.0 
    Mexico . . . . . . . . . . . . . . . . . . . . 124 138 142 161 188 206 222 240 2.2 
  Western Europe . . . . . . . . . . . . . 1,561 1,632 1,681 1,703 1,773 1,837 1,898 1,960 0.7 
  Industrialized Asia . . . . . . . . . . . 579 663 678 687 712 740 767 796 0.7 
    Japan . . . . . . . . . . . . . . . . . . . . 456 523 539 537 555 577 598 620 0.7 
    Australasia . . . . . . . . . . . . . . . . . 123 140 139 150 157 163 170 176 0.9 
      Total Industrialized . . . . . . . . 4,654 5,018 5,187 5,370 5,599 5,834 5,975 6,102 0.8 

EE/FSU
  Former Soviet Union . . . . . . . . . . 1,473 1,027 1,003 1,035 1,117 1,195 1,246 1,299 0.9 
  Eastern Europe . . . . . . . . . . . . . . 382 312 316 332 355 377 398 421 1.2 
      Total EE/FSU . . . . . . . . . . . . . 1,855 1,340 1,319 1,367 1,472 1,572 1,644 1,720 1.0 

Developing Countries
  Developing Asia . . . . . . . . . . . . . 1,294 1,811 1,879 2,114 2,464 2,789 3,154 3,567 2.7 
    China . . . . . . . . . . . . . . . . . . . . . 680 917 935 1,063 1,230 1,395 1,598 1,830 2.8 
    India . . . . . . . . . . . . . . . . . . . . . 195 279 291 345 399 456 514 580 3.0 
    Other Asia . . . . . . . . . . . . . . . . . 420 614 653 706 835 938 1,042 1,157 2.6 
  Middle East . . . . . . . . . . . . . . . . 281 350 369 372 400 432 468 506 1.5 
  Africa . . . . . . . . . . . . . . . . . . . . . 233 270 279 293 318 344 370 399 1.6 
  Central and South America . . . . 346 423 446 478 552 621 696 780 2.5 
    Brazil . . . . . . . . . . . . . . . . . . . . . 136 161 173 183 216 243 274 308 2.6 
    Other Central/South America . . . 210 262 274 295 336 378 422 472 2.4 
      Total Developing . . . . . . . . . . 2,154 2,854 2,972 3,257 3,734 4,185 4,687 5,251 2.5 

Total World . . . . . . . . . . . . . . . . . 8,663 9,212 9,478 9,994 10,805 11,591 12,307 13,073 1.4 

   aIncludes the 50 States and the District of Columbia. U.S. Territories are included in Australasia.
   Notes: EE/FSU = Eastern Europe/Former Soviet Union.
   Sources: History:  Derived from Energy Information Administration (EIA), International Energy Annual 1996, DOE/EIA-0219(96)
(Washington, DC, February 1998). Projections:  EIA, Annual Energy Outlook 1998, DOE/EIA-0383(98) (Washington, DC, December
1997), Table A19; and World Energy Projection System (1998).
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Region/Country

History (Estimates) Projections

1990 1996 2000 2005 2010 2015 2020
OPEC
  Persian Gulf
    Iran . . . . . . . . . . . . . . . . . . . 3.2 3.9 4.0 4.3 4.5 5.7 6.8 
    Iraq . . . . . . . . . . . . . . . . . . . 2.2 0.6 0.6 2.1 3.2 5.9 7.8 
    Kuwait . . . . . . . . . . . . . . . . . 1.7 2.6 2.8 3.1 3.3 4.3 5.2 
    Qatar . . . . . . . . . . . . . . . . . . 0.5 0.6 0.5 0.6 0.6 0.6 0.7 
    Saudi Arabia . . . . . . . . . . . . 8.6 10.6 10.9 11.2 13.5 17.2 23.8 
    United Arab Emirates . . . . . . 2.5 2.6 2.8 3.1 3.5 4.7 5.5 
      Total Persian Gulf . . . . . . 18.7 20.9 21.6 24.4 28.6 38.4 49.8 
  Other OPEC
    Algeria . . . . . . . . . . . . . . . . . 1.3 1.4 1.6 1.9 2.2 2.1 2.0 
    Indonesia . . . . . . . . . . . . . . . 1.5 1.7 1.5 1.5 1.5 1.4 1.3 
    Libya . . . . . . . . . . . . . . . . . . 1.5 1.5 1.5 1.6 1.7 1.6 1.5 
    Nigeria . . . . . . . . . . . . . . . . . 1.8 2.2 2.4 2.7 3.1 3.0 2.8 
    Venezuela . . . . . . . . . . . . . . 2.4 3.2 3.7 4.2 5.2 5.7 5.9 
      Total Other OPEC . . . . . . 8.5 10.0 10.7 11.9 13.7 13.8 13.5 
Total OPEC . . . . . . . . . . . . . . . 27.2 30.9 32.3 36.3 42.3 52.2 63.3 

Non-OPEC
  Industrialized
    United States . . . . . . . . . . . . 9.7 9.4 9.1 9.0 8.9 8.7 8.5 
    Canada . . . . . . . . . . . . . . . . 2.0 2.5 2.8 3.2 3.3 3.3 3.4 
    Mexico . . . . . . . . . . . . . . . . . 3.0 3.3 3.8 4.0 4.1 4.0 3.9 
    Australia . . . . . . . . . . . . . . . 0.7 0.8 0.8 0.8 0.8 0.8 0.7 
    North Sea . . . . . . . . . . . . . . 4.2 6.3 7.6 7.8 7.1 6.4 5.9 
    Other . . . . . . . . . . . . . . . . . . 0.5 0.7 0.6 0.6 0.6 0.5 0.5 
      Total Industrialized . . . . . 20.1 23.0 24.7 25.4 24.8 23.7 22.9 
  Eurasia
    China . . . . . . . . . . . . . . . . . . 2.8 3.1 3.4 3.5 3.6 3.6 3.5 
    Former Soviet Union . . . . . . 11.4 7.1 7.5 9.5 12.1 12.6 13.2 
    Eastern Europe . . . . . . . . . . 0.3 0.3 0.3 0.4 0.4 0.4 0.4 
      Total Eurasia . . . . . . . . . . 14.5 10.5 11.2 13.4 16.1 16.6 17.1 
  Other Non-OPEC
    Central and South America . 2.4 3.3 4.1 4.5 4.7 4.9 4.9 
    Middle East . . . . . . . . . . . . . 1.4 2.0 2.0 2.3 2.2 2.1 1.9 
    Africa . . . . . . . . . . . . . . . . . . 2.2 2.6 2.8 3.5 4.0 4.6 5.3 
    Asia . . . . . . . . . . . . . . . . . . . 1.7 2.1 2.4 2.9 3.2 3.3 3.3 
      Total Other Non-OPEC . . 7.7 10.0 11.3 13.2 14.1 14.9 15.4 
Total Non-OPEC . . . . . . . . . . . 42.3 43.5 47.2 52.0 55.0 55.2 55.4 

Total World . . . . . . . . . . . . . . 69.5 74.4 79.5 88.3 97.3 107.4 118.7 

   Note: OPEC = Organization of Petroleum Exporting Countries.
   Sources: History:  Energy Information Administration (EIA), Energy Markets and Contingency Information Division. Projections:
EIA, Office of Integrated Analysis and Forecasting, World Energy Projection System and "DESTINY" International Energy Forecast
Software (Dallas, TX: Petroconsultants, Fourth Quarter 1997).
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Region/Country

History (Estimates) Projections

1990 1996 2000 2005 2010 2015 2020
OPEC
  Persian Gulf
    Iran . . . . . . . . . . . . . . . . . . . 3.2 3.9 3.9 3.9 4.1 5.1 6.3 
    Iraq . . . . . . . . . . . . . . . . . . . 2.2 0.6 0.6 2.0 2.5 4.3 6.9 
    Kuwait . . . . . . . . . . . . . . . . . 1.7 2.6 2.6 2.6 2.7 3.6 4.4 
    Qatar . . . . . . . . . . . . . . . . . . 0.5 0.6 0.6 0.6 0.6 0.6 0.6 
    Saudi Arabia . . . . . . . . . . . . 8.6 10.6 10.6 10.6 10.6 13.5 18.2 
    United Arab Emirates . . . . . . 2.5 2.6 2.6 2.6 2.7 3.8 5.0 
      Total Persian Gulf . . . . . . 18.6 20.9 20.9 22.3 23.2 30.9 41.4 
  Other OPEC
    Algeria . . . . . . . . . . . . . . . . . 1.3 1.4 1.6 1.8 2.1 2.0 2.0 
    Indonesia . . . . . . . . . . . . . . . 1.5 1.7 1.5 1.5 1.5 1.4 1.3 
    Libya . . . . . . . . . . . . . . . . . . 1.5 1.5 1.5 1.6 1.7 1.6 1.5 
    Nigeria . . . . . . . . . . . . . . . . . 1.8 2.2 2.4 2.7 3.1 3.0 2.8 
    Venezuela . . . . . . . . . . . . . . 2.4 3.2 3.6 4.1 4.9 5.5 5.8 
      Total Other OPEC . . . . . . 8.6 10.0 10.6 11.7 13.3 13.5 13.4 
Total OPEC . . . . . . . . . . . . . . . 27.2 30.9 31.5 34.0 36.5 44.4 54.8 

Non-OPEC
  Industrialized
    United States . . . . . . . . . . . . 9.7 9.4 9.4 9.5 9.8 10.0 9.7 
    Canada . . . . . . . . . . . . . . . . 2.0 2.5 2.9 3.2 3.3 3.4 3.4 
    Mexico . . . . . . . . . . . . . . . . . 3.0 3.3 3.8 4.1 4.1 4.1 4.0 
    Australia . . . . . . . . . . . . . . . 0.7 0.8 0.8 0.8 0.8 0.8 0.8 
    North Sea . . . . . . . . . . . . . . 4.2 6.3 7.7 7.9 7.1 6.5 6.0 
    Other . . . . . . . . . . . . . . . . . . 0.5 0.7 0.6 0.6 0.6 0.5 0.5 
      Total Industrialized . . . . . 20.1 23.0 25.2 26.2 25.8 25.3 24.4 
  Eurasia
    China . . . . . . . . . . . . . . . . . . 2.8 3.1 3.4 3.5 3.7 3.7 3.6 
    Former Soviet Union . . . . . . 11.4 7.1 7.6 9.7 12.3 12.9 13.5 
    Eastern Europe . . . . . . . . . . 0.3 0.3 0.3 0.4 0.4 0.4 0.4 
      Total Eurasia . . . . . . . . . . 14.5 10.5 11.3 13.5 16.4 17.1 17.5 
  Other Non-OPEC
    Central and South America . 2.4 3.3 4.1 4.5 4.9 5.0 5.1 
    Middle East . . . . . . . . . . . . . 1.4 2.0 2.1 2.3 2.2 2.2 2.1 
    Africa . . . . . . . . . . . . . . . . . . 2.2 2.6 2.8 3.5 4.1 4.7 5.3 
    Asia . . . . . . . . . . . . . . . . . . . 1.7 2.1 2.4 3.0 3.3 3.4 3.4 
      Total Other Non-OPEC . . 7.6 9.9 11.4 13.3 14.5 15.2 15.8 
Total Non-OPEC . . . . . . . . . . . 42.3 43.4 47.9 53.0 56.7 57.6 57.7 

Total World . . . . . . . . . . . . . . 69.5 74.3 79.4 87.0 93.2 102.0 112.5 

   Note: OPEC = Organization of Petroleum Exporting Countries.
   Sources: History:  Energy Information Administration (EIA), Energy Markets and Contingency Information Division. Projections:
EIA, Office of Integrated Analysis and Forecasting, World Energy Projection System and "DESTINY" International Energy Forecast
Software (Dallas, TX: Petroconsultants, Fourth Quarter 1997).
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Region/Country

History (Estimates) Projections

1990 1996 2000 2005 2010 2015 2020
OPEC
  Persian Gulf
    Iran . . . . . . . . . . . . . . . . . . . 3.2 3.9 4.2 4.6 5.2 6.0 7.0 
    Iraq . . . . . . . . . . . . . . . . . . . 2.2 0.6 0.6 2.5 4.2 6.5 8.1 
    Kuwait . . . . . . . . . . . . . . . . . 1.7 2.6 3.0 3.3 3.7 4.8 5.5 
    Qatar . . . . . . . . . . . . . . . . . . 0.5 0.6 0.6 0.6 0.7 0.7 0.7 
    Saudi Arabia . . . . . . . . . . . . 8.6 10.6 11.8 14.1 17.2 24.1 33.7 
    United Arab Emirates . . . . . . 2.5 2.6 3.0 3.4 4.2 5.1 6.0 
      Total Persian Gulf . . . . . . 18.7 20.9 23.2 28.5 35.2 47.2 61.0 
  Other OPEC
    Algeria . . . . . . . . . . . . . . . . . 1.3 1.4 1.8 2.0 2.3 2.2 2.1 
    Indonesia . . . . . . . . . . . . . . . 1.5 1.7 1.6 1.6 1.6 1.5 1.5 
    Libya . . . . . . . . . . . . . . . . . . 1.5 1.5 1.6 1.7 1.7 1.7 1.6 
    Nigeria . . . . . . . . . . . . . . . . . 1.8 2.2 2.6 2.9 3.3 3.2 3.1 
    Venezuela . . . . . . . . . . . . . . 2.4 3.2 3.9 5.6 6.8 7.1 7.0 
      Total Other OPEC . . . . . . 8.5 10.0 11.5 13.8 15.7 15.7 15.3 
Total OPEC . . . . . . . . . . . . . . . 27.2 30.9 34.7 42.3 50.9 62.9 76.3 

Non-OPEC
  Industrialized
    United States . . . . . . . . . . . . 9.7 9.4 8.7 8.1 7.8 7.5 7.3 
    Canada . . . . . . . . . . . . . . . . 2.0 2.5 2.8 3.1 3.2 3.3 3.3 
    Mexico . . . . . . . . . . . . . . . . . 3.0 3.3 3.7 3.9 3.9 3.9 3.8 
    Australia . . . . . . . . . . . . . . . 0.7 0.8 0.8 0.8 0.7 0.7 0.7 
    North Sea . . . . . . . . . . . . . . 4.2 6.3 7.6 7.8 7.0 6.3 5.8 
    Other . . . . . . . . . . . . . . . . . . 0.5 0.7 0.6 0.5 0.5 0.5 0.4 
      Total Industrialized . . . . . 20.1 23.0 24.2 24.2 23.1 22.2 21.3 
  Eurasia
    China . . . . . . . . . . . . . . . . . . 2.8 3.1 3.3 3.4 3.5 3.5 3.3 
    Former Soviet Union . . . . . . 11.4 7.1 7.4 9.3 11.7 12.2 12.6 
    Eastern Europe . . . . . . . . . . 0.3 0.3 0.3 0.3 0.4 0.4 0.4 
      Total Eurasia . . . . . . . . . . 14.5 10.5 11.0 13.0 15.6 16.1 16.3 
  Other Non-OPEC
    Central and South America . 2.4 3.3 4.0 4.4 4.6 4.7 4.7 
    Middle East . . . . . . . . . . . . . 1.4 2.0 2.0 2.2 2.2 2.0 1.9 
    Africa . . . . . . . . . . . . . . . . . . 2.2 2.6 2.8 3.4 3.9 4.5 5.0 
    Asia . . . . . . . . . . . . . . . . . . . 1.7 2.1 2.4 2.9 3.1 3.1 3.2 
      Total Other Non-OPEC . . 7.7 10.0 11.2 12.9 13.8 14.3 14.8 
Total Non-OPEC . . . . . . . . . . . 42.3 43.5 46.4 50.1 52.5 52.6 52.4 

Total World . . . . . . . . . . . . . . 69.5 74.4 81.1 92.4 103.4 115.5 128.7 

   Note: OPEC = Organization of Petroleum Exporting Countries.
   Sources: History:  Energy Information Administration (EIA), Energy Markets and Contingency Information Division. Projections:
EIA, Office of Integrated Analysis and Forecasting, World Energy Projection System and "DESTINY" International Energy Forecast
Software (Dallas, TX: Petroconsultants, Fourth Quarter 1997).
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Region/Country

History (Estimates) Projections

1990 1996 2000 2005 2010 2015 2020
OPEC
  Persian Gulf
    Iran . . . . . . . . . . . . . . . . . . . 3.2 3.9 3.9 3.9 4.3 5.2 6.3 
    Iraq . . . . . . . . . . . . . . . . . . . 2.2 0.6 0.6 1.9 2.5 4.9 6.8 
    Kuwait . . . . . . . . . . . . . . . . . 1.7 2.6 2.6 2.6 2.7 3.5 4.4 
    Qatar . . . . . . . . . . . . . . . . . . 0.5 0.6 0.6 0.6 0.6 0.6 0.6 
    Saudi Arabia . . . . . . . . . . . . 8.6 10.6 10.6 10.6 12.0 15.7 21.6 
    United Arab Emirates . . . . . . 2.5 2.6 2.6 2.6 3.1 3.7 4.9 
      Total Persian Gulf . . . . . . 18.7 20.9 20.9 22.2 25.2 33.6 44.6 
  Other OPEC
    Algeria . . . . . . . . . . . . . . . . . 1.3 1.4 1.6 1.8 2.0 2.0 2.0 
    Indonesia . . . . . . . . . . . . . . . 1.5 1.7 1.5 1.5 1.5 1.4 1.3 
    Libya . . . . . . . . . . . . . . . . . . 1.5 1.5 1.5 1.5 1.6 1.6 1.5 
    Nigeria . . . . . . . . . . . . . . . . . 1.8 2.2 2.4 2.6 3.0 2.9 2.8 
    Venezuela . . . . . . . . . . . . . . 2.4 3.2 3.6 3.9 4.9 5.4 5.7 
      Total Other OPEC . . . . . . 8.5 10.0 10.6 11.3 13.0 13.3 13.3 
Total OPEC . . . . . . . . . . . . . . . 27.2 30.9 31.5 33.5 38.2 46.9 57.9 

Non-OPEC
  Industrialized
    United States . . . . . . . . . . . . 9.7 9.4 9.1 9.0 8.9 8.7 8.5 
    Canada . . . . . . . . . . . . . . . . 2.0 2.5 2.9 3.3 3.5 3.6 3.7 
    Mexico . . . . . . . . . . . . . . . . . 3.0 3.3 3.9 4.3 4.4 4.5 4.5 
    Australia . . . . . . . . . . . . . . . 0.7 0.8 0.8 0.8 0.8 0.8 0.8 
    North Sea . . . . . . . . . . . . . . 4.2 6.3 7.9 8.3 7.5 7.0 6.5 
    Other . . . . . . . . . . . . . . . . . . 0.5 0.7 0.6 0.6 0.6 0.6 0.5 
      Total Industrialized . . . . . 20.1 23.0 25.2 26.3 25.7 25.2 24.5 
  Eurasia
    China . . . . . . . . . . . . . . . . . . 2.8 3.1 3.4 3.6 3.8 3.9 3.8 
    Former Soviet Union . . . . . . 11.4 7.1 7.7 10.0 13.0 13.9 14.5 
    Eastern Europe . . . . . . . . . . 0.3 0.3 0.3 0.4 0.5 0.5 0.5 
      Total Eurasia . . . . . . . . . . 14.5 10.5 11.4 14.0 17.3 18.3 18.8 
  Other Non-OPEC
    Central and South America . 2.4 3.3 4.3 4.8 5.2 5.4 5.6 
    Middle East . . . . . . . . . . . . . 1.4 2.0 2.2 2.4 2.3 2.2 2.1 
    Africa . . . . . . . . . . . . . . . . . . 2.2 2.6 2.9 3.9 4.9 5.5 5.8 
    Asia . . . . . . . . . . . . . . . . . . . 1.7 2.1 2.6 3.1 3.5 3.6 3.7 
      Total Other Non-OPEC . . 7.7 10.0 12.0 14.2 15.9 16.7 17.2 
Total Non-OPEC . . . . . . . . . . . 42.3 43.5 48.6 54.5 58.9 60.2 60.5 

Total World . . . . . . . . . . . . . . 69.5 74.4 80.1 88.0 97.1 107.1 118.4 

   Note: OPEC = Organization of Petroleum Exporting Countries.
   Sources: History:  Energy Information Administration (EIA), Energy Markets and Contingency Information Division. Projections:
EIA, Office of Integrated Analysis and Forecasting, World Energy Projection System and "DESTINY" International Energy Forecast
Software (Dallas, TX: Petroconsultants, Fourth Quarter 1997).



Table A44.  World Oil Production by Region and Country, Reference Case, 1990-2020
(Million Barrels per Day)

Energy Information Administration/ International Energy Outlook 1998 179

Region/Country

History (Estimates) Projections

1990 1996 2000 2005 2010 2015 2020
OPEC
  Persian Gulf . . . . . . . . . . . . . . 16.2 18.5 19.4 22.6 27.2 36.4 47.3 
  Other OPEC . . . . . . . . . . . . . 8.3 9.8 10.5 11.6 13.4 13.5 13.2 
    Total OPEC . . . . . . . . . . . . . 24.5 28.3 29.9 34.2 40.6 49.9 60.5 

Non-OPEC
  Industrialized
    United States . . . . . . . . . . . . 9.7 9.4 9.1 9.0 8.9 8.7 8.5 
    Canada . . . . . . . . . . . . . . . . 2.0 2.5 2.8 3.2 3.3 3.3 3.4 
    Mexico . . . . . . . . . . . . . . . . . 3.0 3.3 3.8 4.0 4.1 4.0 3.9 
    Western Europe . . . . . . . . . . 4.6 7.0 8.2 8.3 7.5 6.8 6.3 
    Other . . . . . . . . . . . . . . . . . . 0.8 0.8 0.9 1.0 0.9 0.9 0.8 
      Total Industrialized . . . . . 20.1 23.0 24.8 25.5 24.7 23.7 22.9 
  Eurasia
    China . . . . . . . . . . . . . . . . . . 2.8 3.1 3.4 3.5 3.6 3.6 3.5 
    Former Soviet Union . . . . . . 11.4 7.1 7.5 9.5 12.1 12.6 13.2 
    Eastern Europe . . . . . . . . . . 0.3 0.3 0.3 0.4 0.4 0.4 0.4 
      Total Eurasia . . . . . . . . . . 14.5 10.5 11.2 13.4 16.1 16.6 17.1 
  Other Non-OPEC
    Central and South America . 2.4 3.3 4.1 4.5 4.7 4.9 4.9 
    Pacific Rim . . . . . . . . . . . . . 1.7 2.1 2.4 2.9 3.2 3.3 3.3 
    Other . . . . . . . . . . . . . . . . . . 3.5 4.6 4.8 5.7 6.2 6.7 7.2 
      Total Other Non-OPEC . . 7.6 10.0 11.3 13.1 14.1 14.9 15.4 

Total World . . . . . . . . . . . . . . 66.7 71.8 77.2 86.2 95.5 105.1 115.9 

Persian Gulf Production
as a Percentage of 
World Consumption . . . . . . . . 24.6% 25.7% 25.2% 26.2% 28.5% 34.7% 40.9%

   Notes: OPEC = Organization of Petroleum Exporting Countries. Production includes crude oil (including lease condensates),
natural gas liquids, other hydrogen and hydrocarbons for refinery feedstocks, refinery gains, alcohol, and liquids produced from
coal and other sources. Totals may not equal sum of components due to independent rounding.
   Sources: History:  Energy Information Administration (EIA), Energy Markets and Contingency Information Division. Projections:
EIA, Office of Integrated Analysis and Forecasting, World Energy Projection System and "DESTINY" International Energy Forecast
Software (Dallas, TX: Petroconsultants, Fourth Quarter 1997).
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Region/Country

History (Estimates) Projections

1990 1996 2000 2005 2010 2015 2020
OPEC
  Persian Gulf . . . . . . . . . . . . . . 16.2 18.5 17.8 19.5 22.2 29.4 39.4 
  Other OPEC . . . . . . . . . . . . . 8.3 9.8 10.4 11.4 13.1 13.2 13.1 
    Total OPEC . . . . . . . . . . . . . 24.5 28.3 28.2 30.9 35.3 42.6 52.5 

Non-OPEC
  Industrialized
    United States . . . . . . . . . . . . 9.7 9.4 9.4 9.5 9.8 10.0 9.7 
    Canada . . . . . . . . . . . . . . . . 2.0 2.5 2.9 3.2 3.3 3.4 3.4 
    Mexico . . . . . . . . . . . . . . . . . 3.0 3.3 3.8 4.1 4.1 4.1 4.0 
    Western Europe . . . . . . . . . . 4.6 7.0 8.2 8.4 7.6 6.9 6.4 
    Other . . . . . . . . . . . . . . . . . . 0.8 0.8 0.9 1.0 1.0 0.9 0.9 
      Total Industrialized . . . . . 20.1 23.0 25.2 26.2 25.8 25.3 24.4 
  Eurasia
    China . . . . . . . . . . . . . . . . . . 2.8 3.1 3.4 3.5 3.7 3.7 3.6 
    Former Soviet Union . . . . . . 11.4 7.1 7.6 9.7 12.3 12.9 13.5 
    Eastern Europe . . . . . . . . . . 0.3 0.3 0.3 0.4 0.4 0.4 0.4 
      Total Eurasia . . . . . . . . . . 14.5 10.5 11.3 13.6 16.4 17.0 17.5 
  Other Non-OPEC
    Central and South America . 2.4 3.3 4.1 4.5 4.9 5.0 5.1 
    Pacific Rim . . . . . . . . . . . . . 1.7 2.1 2.4 3.0 3.3 3.4 3.4 
    Other . . . . . . . . . . . . . . . . . . 3.5 4.6 4.9 5.8 6.3 6.9 7.4 
      Total Other Non-OPEC . . 7.6 10.0 11.4 13.3 14.5 15.3 15.9 

Total World . . . . . . . . . . . . . . 66.7 71.8 76.1 84.0 92.0 100.2 110.3 

Persian Gulf Production
as a Percentage of 
World Consumption . . . . . . . . 24.6% 25.7% 23.2% 23.1% 24.1% 29.2% 35.6%

   Notes: OPEC = Organization of Petroleum Exporting Countries. Production includes crude oil (including lease condensates),
natural gas liquids, other hydrogen and hydrocarbons for refinery feedstocks, refinery gains, alcohol, and liquids produced from
coal and other sources. Totals may not equal sum of components due to independent rounding.
   Sources: History:  Energy Information Administration (EIA), Energy Markets and Contingency Information Division. Projections:
EIA, Office of Integrated Analysis and Forecasting, World Energy Projection System and "DESTINY" International Energy Forecast
Software (Dallas, TX: Petroconsultants, Fourth Quarter 1997).
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Region/Country

History (Estimates) Projections

1990 1996 2000 2005 2010 2015 2020
OPEC
  Persian Gulf . . . . . . . . . . . . . . 16.2 18.5 20.9 26.3 33.4 44.9 58.0 
  Other OPEC . . . . . . . . . . . . . 8.3 9.8 11.2 13.6 15.4 15.4 15.0 
    Total OPEC . . . . . . . . . . . . . 24.5 28.3 32.1 39.9 48.8 60.3 73.0 

Non-OPEC
  Industrialized
    United States . . . . . . . . . . . . 9.7 9.4 8.7 8.1 7.8 7.5 7.3 
    Canada . . . . . . . . . . . . . . . . 2.0 2.5 2.8 3.1 3.2 3.3 3.3 
    Mexico . . . . . . . . . . . . . . . . . 3.0 3.3 3.7 3.9 3.9 3.9 3.8 
    Western Europe . . . . . . . . . . 4.6 7.0 8.1 8.2 7.4 6.7 6.2 
    Other . . . . . . . . . . . . . . . . . . 0.8 0.8 0.9 0.9 0.9 0.8 0.8 
      Total Industrialized . . . . . 20.1 23.0 24.2 24.2 23.2 22.2 21.4 
  Eurasia
    China . . . . . . . . . . . . . . . . . . 2.8 3.1 3.3 3.4 3.5 3.5 3.3 
    Former Soviet Union . . . . . . 11.4 7.1 7.4 9.3 11.7 12.2 12.6 
    Eastern Europe . . . . . . . . . . 0.3 0.3 0.3 0.3 0.4 0.4 0.4 
      Total Eurasia . . . . . . . . . . 14.5 10.5 11.0 13.0 15.6 16.1 16.3 
  Other Non-OPEC
    Central and South America . 2.4 3.3 4.0 4.4 4.6 4.7 4.7 
    Pacific Rim . . . . . . . . . . . . . 1.7 2.1 2.4 2.9 3.1 3.1 3.2 
    Other . . . . . . . . . . . . . . . . . . 3.5 4.6 4.8 5.6 6.0 6.4 6.9 
      Total Other Non-OPEC . . 7.6 10.0 11.2 12.9 13.7 14.2 14.8 

Total World . . . . . . . . . . . . . . 66.7 71.8 78.5 90.0 101.3 112.8 125.5 

Persian Gulf Production
as a Percentage of 
World Consumption . . . . . . . . 24.6% 25.7% 26.4% 29.1% 32.9% 39.7% 46.1%

   Notes: OPEC = Organization of Petroleum Exporting Countries. Production includes crude oil (including lease condensates),
natural gas liquids, other hydrogen and hydrocarbons for refinery feedstocks, refinery gains, alcohol, and liquids produced from
coal and other sources. Totals may not equal sum of components due to independent rounding.
   Sources: History:  Energy Information Administration (EIA), Energy Markets and Contingency Information Division. Projections:
EIA, Office of Integrated Analysis and Forecasting, World Energy Projection System and "DESTINY" International Energy Forecast
Software (Dallas, TX: Petroconsultants, Fourth Quarter 1997).
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Region/Country

History (Estimates) Projections

1990 1996 2000 2005 2010 2015 2020
OPEC
  Persian Gulf . . . . . . . . . . . . . . 16.2 18.5 18.2 20.6 23.9 32.0 42.3 
  Other OPEC . . . . . . . . . . . . . 8.3 9.8 10.4 11.1 12.8 13.0 13.0 
    Total OPEC . . . . . . . . . . . . . 24.5 28.3 28.6 31.7 36.7 45.0 55.3 

Non-OPEC
  Industrialized
    United States . . . . . . . . . . . . 9.7 9.4 9.1 9.0 8.9 8.7 8.5 
    Canada . . . . . . . . . . . . . . . . 2.0 2.5 2.9 3.3 3.5 3.6 3.7 
    Mexico . . . . . . . . . . . . . . . . . 3.0 3.3 3.9 4.3 4.4 4.5 4.5 
    Western Europe . . . . . . . . . . 4.6 7.0 8.4 8.7 7.9 7.3 6.8 
    Other . . . . . . . . . . . . . . . . . . 0.8 0.8 1.0 1.0 1.1 1.1 1.0 
      Total Industrialized . . . . . 20.1 23.0 25.3 26.3 25.8 25.2 24.5 
  Eurasia
    China . . . . . . . . . . . . . . . . . . 2.8 3.1 3.4 3.6 3.8 3.9 3.8 
    Former Soviet Union . . . . . . 11.4 7.1 7.7 10.0 13.0 13.9 14.5 
    Eastern Europe . . . . . . . . . . 0.3 0.3 0.3 0.4 0.5 0.5 0.5 
      Total Eurasia . . . . . . . . . . 14.5 10.5 11.4 14.0 17.3 18.3 18.8 
  Other Non-OPEC
    Central and South America . 2.4 3.3 4.3 4.8 5.2 5.4 5.6 
    Pacific Rim . . . . . . . . . . . . . 1.7 2.1 2.6 3.1 3.5 3.6 3.7 
    Other . . . . . . . . . . . . . . . . . . 3.5 4.6 5.1 6.3 7.2 7.7 7.9 
      Total Other Non-OPEC . . 7.6 10.0 12.0 14.2 15.9 16.7 17.2 

Total World . . . . . . . . . . . . . . 66.7 71.8 77.3 86.2 95.7 105.2 115.8 

Persian Gulf Production
as a Percentage of 
World Consumption . . . . . . . . 24.6% 25.7% 23.5% 23.8% 25.0% 30.3% 36.5%

   Notes: OPEC = Organization of Petroleum Exporting Countries. Production includes crude oil (including lease condensates),
natural gas liquids, other hydrogen and hydrocarbons for refinery feedstocks, refinery gains, alcohol, and liquids produced from
coal and other sources. Totals may not equal sum of components due to independent rounding.
   Sources: History:  Energy Information Administration (EIA), Energy Markets and Contingency Information Division. Projections:
EIA, Office of Integrated Analysis and Forecasting, World Energy Projection System and "DESTINY" International Energy Forecast
Software (Dallas, TX: Petroconsultants, Fourth Quarter 1997).
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Region/Country

History Projections

1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America
    United States . . . . . . . . . . . . 99,148 100,817 95,605 86,800 80,357 63,881 49,217 
    Canada . . . . . . . . . . . . . . . . 14,907 14,902 11,146 11,994 11,994 10,298 8,631 
    Mexico . . . . . . . . . . . . . . . . . 1,308 1,308 1,308 1,308 1,308 1,308 1,308 
  Industrialized Asia
    Japan . . . . . . . . . . . . . . . . . 39,893 42,369 43,525 44,321 47,526 53,623 54,107 
  Western Europe
    Belgium . . . . . . . . . . . . . . . . 5,631 5,712 5,712 5,712 3,966 3,966 1,015 
    Finland . . . . . . . . . . . . . . . . 2,310 2,355 2,610 2,610 2,610 0 0 
    France . . . . . . . . . . . . . . . . . 58,493 59,948 64,303 62,870 62,870 62,870 62,950 
    Germany . . . . . . . . . . . . . . . 22,017 22,282 21,063 20,083 16,120 11,800 5,250 
    Netherlands . . . . . . . . . . . . . 504 504 449 449 0 0 0 
    Spain . . . . . . . . . . . . . . . . . . 7,124 7,207 7,207 7,054 6,614 6,614 3,842 
    Sweden . . . . . . . . . . . . . . . . 10,002 10,040 10,040 9,440 8,840 6,085 4,148 
    Switzerland . . . . . . . . . . . . . 3,050 3,077 3,077 2,712 2,000 1,030 1,030 
    Turkey . . . . . . . . . . . . . . . . . 0 0 0 0 0 1,300 1,300 
    United Kingdom . . . . . . . . . . 12,908 12,928 11,772 10,518 9,568 7,158 7,158 
      Total Industrialized . . . . . 277,295 283,449 277,817 265,871 253,773 229,933 199,956 

EE/FSU
  Eastern Europe
    Bulgaria . . . . . . . . . . . . . . . . 3,538 3,538 3,538 2,722 2,722 1,906 1,906 
    Czech Republic . . . . . . . . . . 1,648 1,648 2,560 3,472 3,472 3,472 3,472 
    Hungary . . . . . . . . . . . . . . . . 1,729 1,729 1,729 1,729 1,729 1,729 866 
    Romania . . . . . . . . . . . . . . . 0 650 650 1,300 1,300 1,300 1,300 
    Slovakia . . . . . . . . . . . . . . . . 1,632 1,632 2,020 1,592 1,592 1,592 1,592 
    Slovenia . . . . . . . . . . . . . . . 632 632 632 632 632 632 0 
  Former Soviet Union
    Armenia . . . . . . . . . . . . . . . . 376 376 376 752 752 752 752 
    Kazakhstan . . . . . . . . . . . . . 70 70 70 570 500 500 500 
    Lithuania . . . . . . . . . . . . . . . 2,370 2,370 2,370 2,370 2,370 2,370 1,185 
    Russia . . . . . . . . . . . . . . . . . 19,843 19,843 19,843 20,785 19,832 18,350 21,980 
    Ukraine . . . . . . . . . . . . . . . . 13,629 13,765 13,065 13,090 14,990 15,577 11,400 

      Total EE/FSU . . . . . . . . . . 45,467 46,253 46,853 49,014 49,891 48,180 44,953 

   See notes at end of table.
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Region/Country

History Projections

1995 1996 2000 2005 2010 2015 2020
Developing Countries
  Developing Asia
    China . . . . . . . . . . . . . . . . . . 2,167 2,167 2,167 6,737 11,542 14,700 18,760 
    India . . . . . . . . . . . . . . . . . . 1,695 1,695 2,503 3,103 5,913 7,640 9,890 
    Korea, North . . . . . . . . . . . . 0 0 0 950 1,900 1,900 1,900 
    Korea, South . . . . . . . . . . . . 9,120 9,120 12,990 12,990 14,890 16,234 15,000 
    Pakistan . . . . . . . . . . . . . . . 125 125 425 425 600 600 600 
    Taiwan . . . . . . . . . . . . . . . . . 4,884 4,884 4,884 7,384 7,384 6,176 4,280 
  Central and South America
    Argentina . . . . . . . . . . . . . . . 935 935 935 1,627 1,292 1,292 1,292 
    Brazil . . . . . . . . . . . . . . . . . . 626 626 626 1,871 1,871 1,871 1,871 
    Cuba . . . . . . . . . . . . . . . . . . 0 0 0 0 0 0 0 
  Middle East
    Iran . . . . . . . . . . . . . . . . . . . 0 0 0 2,146 2,146 2,146 2,146 
  Africa
    South Africa . . . . . . . . . . . . . 1,842 1,842 1,842 1,842 1,842 1,842 1,842 
      Total Developing . . . . . . . 21,394 21,394 26,372 39,075 49,380 54,401 57,581 

Total World . . . . . . . . . . . . . . 344,156 351,096 351,042 353,960 353,044 332,514 302,490 

   Note: EE/FSU = Eastern Europe/Former Soviet Union.
   Sources: History:  International Atomic Energy Agency, Nuclear Power Reactors in the World (Vienna, Austria, April 1997).
Projections:  Energy Information Administration, Office of Coal, Nuclear, Electric and Alternate Fuels, based on detailed
assessments of country-specific nuclear power plants. For some countries, the World Integrated Nuclear Evaluation System
(WINES) model (December 1997 run) was used to supplement the 2020 capacity projection.
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Region/Country

History Projections

1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America
    United States . . . . . . . . . . . . 99,148 100,817 92,653 63,881 49,217 22,154 2,320 
    Canada . . . . . . . . . . . . . . . . 14,907 14,902 10,298 10,298 10,298 7,136 2,643 
    Mexico . . . . . . . . . . . . . . . . . 1,308 1,308 1,308 1,308 1,308 1,308 654 
  Industrialized Asia
    Japan . . . . . . . . . . . . . . . . . 39,893 42,369 43,525 43,525 43,525 43,205 42,864 
  Western Europe
    Belgium . . . . . . . . . . . . . . . . 5,631 5,712 5,712 5,712 3,966 2,000 0 
    Finland . . . . . . . . . . . . . . . . 2,310 2,355 2,355 2,355 1,155 0 0 
    France . . . . . . . . . . . . . . . . . 58,493 59,948 64,070 62,870 62,870 62,870 56,190 
    Germany . . . . . . . . . . . . . . . 22,017 22,282 20,723 18,916 13,075 7,896 1,269 
    Netherlands . . . . . . . . . . . . . 504 504 449 0 0 0 0 
    Spain . . . . . . . . . . . . . . . . . . 7,124 7,207 7,054 6,614 6,614 4,797 1,906 
    Sweden . . . . . . . . . . . . . . . . 10,002 10,040 9,440 8,395 4,202 0 0 
    Switzerland . . . . . . . . . . . . . 3,050 3,077 3,077 2,000 2,000 1,030 0 
    Turkey . . . . . . . . . . . . . . . . . 0 0 0 0 0 0 0 
    United Kingdom . . . . . . . . . . 12,908 12,928 11,352 10,518 7,158 7,158 5,908 
      Total Industrialized . . . . . 277,295 283,449 272,016 236,392 205,388 159,554 113,754 

EE/FSU
  Eastern Europe
    Bulgaria . . . . . . . . . . . . . . . . 3,538 3,538 3,538 2,722 1,906 953 0 
    Czech Republic . . . . . . . . . . 1,648 1,648 1,648 3,472 3,472 3,472 3,472 
    Hungary . . . . . . . . . . . . . . . . 1,729 1,729 1,729 1,729 1,729 1,299 0 
    Romania . . . . . . . . . . . . . . . 0 650 650 650 1,300 1,300 1,300 
    Slovakia . . . . . . . . . . . . . . . . 1,632 1,632 1,632 1,592 1,592 1,592 1,592 
    Slovenia . . . . . . . . . . . . . . . 632 632 632 632 632 0 0 
  Former Soviet Union
    Armenia . . . . . . . . . . . . . . . . 376 376 376 376 0 0 0 
    Kazakhstan . . . . . . . . . . . . . 70 70 70 0 500 500 500 
    Lithuania . . . . . . . . . . . . . . . 2,370 2,370 2,370 2,370 1,185 1,185 0 
    Russia . . . . . . . . . . . . . . . . . 19,843 19,843 19,843 20,132 17,397 10,050 6,275 
    Ukraine . . . . . . . . . . . . . . . . 13,629 13,765 12,140 13,090 13,677 11,400 7,600 

      Total EE/FSU . . . . . . . . . . 45,467 46,253 44,628 46,765 43,390 31,751 20,739 

   See notes at end of table.
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Region/Country

History Projections

1995 1996 2000 2005 2010 2015 2020
Developing Countries
  Developing Asia
    China . . . . . . . . . . . . . . . . . . 2,167 2,167 2,167 6,737 11,542 11,542 11,542 
    India . . . . . . . . . . . . . . . . . . 1,695 1,695 1,799 3,103 4,726 4,416 4,416 
    Korea, North . . . . . . . . . . . . 0 0 0 0 950 950 950 
    Korea, South . . . . . . . . . . . . 9,120 9,120 10,730 12,340 12,340 13,684 11,939 
    Pakistan . . . . . . . . . . . . . . . 125 125 125 300 300 600 600 
    Taiwan . . . . . . . . . . . . . . . . . 4,884 4,884 4,884 4,884 6,176 4,280 2,500 
  Central and South America
    Argentina . . . . . . . . . . . . . . . 935 935 935 935 1,292 1,292 1,292 
    Brazil . . . . . . . . . . . . . . . . . . 626 626 626 626 1,871 1,871 1,871 
    Cuba . . . . . . . . . . . . . . . . . . 0 0 0 0 0 0 0 
  Middle East
    Iran . . . . . . . . . . . . . . . . . . . 0 0 0 1,073 2,146 2,146 2,146 
  Africa
    South Africa . . . . . . . . . . . . . 1,842 1,842 1,842 1,842 1,842 0 0 
      Total Developing . . . . . . . 21,394 21,394 23,108 31,840 43,185 40,781 37,256 

Total World . . . . . . . . . . . . . . 344,156 351,096 339,752 314,997 291,963 232,086 171,749 

   Note: EE/FSU = Eastern Europe/Former Soviet Union.
   Sources: History:  International Atomic Energy Agency, Nuclear Power Reactors in the World (Vienna, Austria, April 1997).
Projections:  Energy Information Administration, Office of Coal, Nuclear, Electric and Alternate Fuels, based on detailed
assessments of country-specific nuclear power plants.
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Region/Country

History Projections

1995 1996 2000 2005 2010 2015 2020
Industrialized
  North America
    United States . . . . . . . . . . . . 99,148 100,817 97,635 95,555 93,525 86,800 80,357 
    Canada . . . . . . . . . . . . . . . . 14,907 14,902 13,024 14,902 14,902 12,842 10,298 
    Mexico . . . . . . . . . . . . . . . . . 1,308 1,308 1,308 1,308 1,308 1,308 1,308 
  Industrialized Asia
    Japan . . . . . . . . . . . . . . . . . 39,893 42,369 43,525 50,176 54,768 61,870 69,260 
  Western Europe
    Belgium . . . . . . . . . . . . . . . . 5,631 5,712 5,712 5,712 5,712 5,320 3,966 
    Finland . . . . . . . . . . . . . . . . 2,310 2,355 2,610 2,610 2,610 2,610 0 
    France . . . . . . . . . . . . . . . . . 58,493 59,948 64,303 62,870 64,320 70,400 76,500 
    Germany . . . . . . . . . . . . . . . 22,017 22,282 21,063 20,723 20,083 14,835 10,540 
    Netherlands . . . . . . . . . . . . . 504 504 449 449 449 0 0 
    Spain . . . . . . . . . . . . . . . . . . 7,124 7,207 7,207 7,207 7,054 6,614 6,614 
    Sweden . . . . . . . . . . . . . . . . 10,002 10,040 10,040 10,040 10,040 10,040 6,685 
    Switzerland . . . . . . . . . . . . . 3,050 3,077 3,077 3,077 2,712 2,355 2,000 
    Turkey . . . . . . . . . . . . . . . . . 0 0 0 0 1,300 1,300 1,300 
    United Kingdom . . . . . . . . . . 12,908 12,928 12,682 11,035 9,568 7,768 7,158 
      Total Industrialized . . . . . 277,295 283,449 282,635 285,664 288,351 284,062 275,986 

EE/FSU
  Eastern Europe
    Bulgaria . . . . . . . . . . . . . . . . 3,538 3,538 3,538 2,722 2,722 2,859 3,812 
    Czech Republic . . . . . . . . . . 1,648 1,648 3,472 3,472 3,472 3,472 3,472 
    Hungary . . . . . . . . . . . . . . . . 1,729 1,729 1,729 1,729 1,729 1,729 1,729 
    Romania . . . . . . . . . . . . . . . 0 650 650 1,300 1,950 1,950 1,950 
    Slovakia . . . . . . . . . . . . . . . . 1,632 1,632 2,020 2,408 1,592 1,592 1,592 
    Slovenia . . . . . . . . . . . . . . . 632 632 632 632 632 632 632 
  Former Soviet Union
    Armenia . . . . . . . . . . . . . . . . 376 376 752 752 752 752 752 
    Kazakhstan . . . . . . . . . . . . . 70 70 70 570 570 500 500 
    Lithuania . . . . . . . . . . . . . . . 2,370 2,370 2,370 2,370 2,370 2,370 2,370 
    Russia . . . . . . . . . . . . . . . . . 19,843 19,843 19,843 22,668 20,785 23,590 26,360 
    Ukraine . . . . . . . . . . . . . . . . 13,629 13,765 13,065 14,040 15,940 15,940 15,577 

      Total EE/FSU . . . . . . . . . . 45,467 46,253 48,141 52,663 52,514 55,386 58,746 

   See notes at end of table.



Table A50.  World Nuclear Generating Capacity by Region and Country, High Nuclear Case, 1995-2020
(Continued)
(Megawatts)
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Region/Country

History Projections

1995 1996 2000 2005 2010 2015 2020
Developing Countries
  Developing Asia
    China . . . . . . . . . . . . . . . . . . 2,167 2,167 2,167 6,737 11,542 17,160 25,070 
    India . . . . . . . . . . . . . . . . . . 1,695 1,695 2,503 3,103 5,913 9,180 14,000 
    Korea, North . . . . . . . . . . . . 0 0 0 1,900 1,900 1,900 1,900 
    Korea, South . . . . . . . . . . . . 9,120 9,120 12,990 14,890 16,790 21,957 27,987 
    Pakistan . . . . . . . . . . . . . . . 125 125 425 425 600 600 600 
    Taiwan . . . . . . . . . . . . . . . . . 4,884 4,884 4,884 7,384 7,384 7,384 6,176 
  Central and South America
    Argentina . . . . . . . . . . . . . . . 935 935 935 1,627 1,292 1,292 1,292 
    Brazil . . . . . . . . . . . . . . . . . . 626 626 626 1,871 1,871 3,100 3,100 
    Cuba . . . . . . . . . . . . . . . . . . 0 0 0 0 408 816 816 
  Middle East
    Iran . . . . . . . . . . . . . . . . . . . 0 0 0 2,146 2,146 2,146 2,146 
  Africa
    South Africa . . . . . . . . . . . . . 1,842 1,842 1,842 1,842 1,842 1,842 1,842 
      Total Developing . . . . . . . 21,394 21,394 26,372 41,925 51,688 67,377 84,929 

Total World . . . . . . . . . . . . . . 344,156 351,096 357,148 380,252 392,553 406,825 419,661 

   Note: EE/FSU = Eastern Europe/Former Soviet Union.
   Sources: History:  International Atomic Energy Agency, Nuclear Power Reactors in the World (Vienna, Austria, April 1997).
Projections:  Energy Information Administration, Office of Coal, Nuclear, Electric and Alternate Fuels, based on detailed
assessments of country-specific nuclear power plants. For some countries, the World Integrated Nuclear Evaluation System
(WINES) model (December 1997 run) was used to supplement the 2020 capacity projection.



Appendix B

World Energy Projection System

The projections of world energy consumption published
annually by the Energy Information Administration
(EIA) in the International Energy Outlook (IEO) are
derived from the World Energy Projection System
(WEPS). WEPS is an integrated set of personal-
computer-based spreadsheets containing data compila-
tions, assumption specifications, descriptive analysis
procedures, and projection models. The WEPS account-
ing framework incorporates projections from inde-
pendently documented models and assumptions about
the future energy intensity of economic activity (ratios of
total energy consumption divided by gross domestic
product [GDP]) and about the rate of incremental
energy requirements met by natural gas, coal, and
renewable energy sources (hydroelectricity, geothermal,
solar, wind, biomass, and other renewable sources).

WEPS provides projections of total world primary
energy consumption, as well as projections of energy
consumption by primary energy type (oil, natural gas,
coal, nuclear, and hydroelectric and other renewable
resources), and projections of net electricity consump-
tion. By fuel projections of energy consumed for elec-
tricity generation and energy consumed at the
transportation sector are also provided. Carbon emis-
sions resulting from fossil fuel use are derived from the
energy consumption projections. All projections are
computed in 5-year intervals through the year 2020. For
both historical series and projection series, WEPS pro-
vides analytical computations of energy intensity and
energy elasticity (the percentage change in energy
consumption per percentage change in GDP).

WEPS projections are provided for regions and selected
countries. Projections are made for 7 individual coun-
tries, 4 of which—United States, Canada, Mexico, and
Japan—are part of the designation “industrialized coun-
tries.” Individual country projections are also made for
China, India, and Brazil, all of which are considered
“developing countries.” Beyond these individual coun-
tries, the rest of the world is divided into regions. Indus-
trialized regions include North America (Canada,
Mexico, and the United States), Western Europe, and
Pacific (Japan and Australasia—Australia, New Zea-
land, and the U.S. Territories). Developing regions
include developing Asia (China, India, and Other Asia),
Middle East, Africa, and Central and South America

(Brazil and Other Central and South America). The
transitional economies consisting of the countries in
Eastern Europe (EE) and the former Soviet Union (FSU)
are considered as a separate country grouping, neither
industrialized nor developing.

The process of creating the projections begins with the
calculation of a reference case total energy consumption
projection for each country or region for each 5-year
interval in the forecast period. The total energy con-
sumption projection for each forecast year is the product
of an assumed GDP growth rate, an assumed energy
elasticity, and the total energy consumption for the prior
forecast year. For the first year of the forecast, the prior
year consumption is based on historical data. Subse-
quent calculations are based on the energy consumption
projections for the preceding years.

Projections of world oil supply are provided to WEPS
from EIA’s International Energy Module, which is a
submodule of the National Energy Modeling System
(NEMS). Projections of world nuclear energy consump-
tion are derived from nuclear power electricity genera-
tion projections from EIA’s International Nuclear Model
(INM), PC Version (PC-INM). All U.S. projections are
taken from EIA’s Annual Energy Outlook (AEO).

A full description of the WEPS is provided in a model
documentation report: Energy Information Administra-
tion, World Energy Projection System Model Documen-
tation, DOE/EIA-M050(97) (Washington, DC, Septem-
ber 1997). The report presents a description of each of the
spreadsheets associated with the WEPS, along with
descriptions of the methodologies and assumptions
used to produce the projections. It is available through
EIA’s home page (http://www.eia.doe.gov).

The WEPS model will be made available for down-
loading through the Internet on EIA’s home page by
May 1998. The package will allow users to replicate the
projections that appear in IEO98. It is coded in Excel,
version 5.0, and can be executed on any IBM-compatible
personal computer in a Windows environment. The
package requires about 5 megabytes of hard disk space
and about 640 kilobytes of random access memory
(RAM).
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Appendix C

A Status Report on Developing Transportation
for Caspian Basin Oil and Gas Production

Prior to the breakup of the Soviet Union, the petroleum
transportation networks in Azerbaijan, Kazakhstan, and
Turkmenistan were designed to provide petroleum to
the internal Soviet economy and, in particular, to meet
the Soviet military’s need for petroleum [1]. Investment
in the Caspian Basin petroleum transportation system
was, however, severely deficient. In order for the
producers in the Caspian Sea area to become major
petroleum exporters, existing petroleum transport lines,
which generally head northward into Russia, will need
upgrading. More importantly, new lines will need to be
built to transport Caspian Sea oil to export markets, in
some combination of westward to the Mediterranean,
eastward to China, and southward to the Indian Ocean.

A major impediment to the construction of petroleum
transportation lines is the fact that Azerbaijan,
Kazakhstan, and Turkmenistan are landlocked coun-
tries in a region that lacks political stability. Virtually all
the current pipeline routes are beset with problems. In
order to reach export markets, Azeri, Kazakhstani, and
Turkmeni petroleum will have to transverse one if not
several neighboring countries. Outlets to Mediterranean
export markets for Azerbaijan and Kazakhstan may
depend on the cooperation of Armenia, Georgia, Russia,
and Turkey. Access to oil ports and markets to the south
might mean transport through Iran, Afghanistan,
Pakistan, and India and, to the east, through Uzbekistan
and China.

In recent years, the Caspian region countries have
pursued several ad hoc measures for exporting crude oil,
including oil swaps with Iran, rail shipments of oil
across Russia, and shipments through the Volga/Don
canal. These measures have allowed the Caspian nations
some greater degree of access to export markets
and—together with some reconstruction of existing
pipelines—should allow for an increase in exports over
the next several years. In order for the Caspian nations to
reach their full oil production and export potential,
however, some very large pipeline projects will have to
be completed. This appendix details recent pipeline
upgrades and new pipeline projects currently under
consideration in the Caspian Basin.

Pipelines from Azerbaijan

• Baku to Navorossisk. The first major export pipe-
line project to be completed was an upgrade of
anexisting pipeline running north from Baku,

Azerbaijan, to the Russian port of Navorossisk
(see map). The pipeline project, with a capacity of
100,000 barrels per day, was completed in
November 1997 at a cost of $50 million. It was
sponsored by the Azerbaijani International Oil
Consortium (AIOC) (see below).

• Baku to Supsa. An alternative to the Baku/
Novorossisk route is another pipeline, also with a
capacity of 100,000 barrels per day, that is being
rebuilt by the AIOC. The line runs between Baku
and Supsa, Georgia, on the Black Sea, bypassing
Russia altogether. It is expected to be completed in
late 1998. From Supsa, oil could be transported via
tanker across the Black Sea to Samsun, Turkey,
then via a new pipeline to Ankara, and from
Ankara via an existing pipeline to the Mediter-
ranean port of Ceyhan. Oil could also be trans-
ported across the Black Sea to Bulgaria and
Romania and from there to Greek ports. Another
possibility would be the construction of a new
pipeline from Supsa directly to Midyat, Turkey,
from which oil could travel through an existing
pipeline to Ceyhan.

• Baku to Midyat. A third route, which currently
has not moved beyond the proposal stage, would
involve the construction of a 1 million barrel per
day pipeline running along the Black Sea from
Baku to Midyat, connecting with the existing pipe-
line to Ceyhan. This route is the most expensive of
the transportation options, but it would bypass
Russia and forestall any need for shipping oil
across the Caspian Sea.

Pipelines from Kazakhstan

• Tengiz to Novorossisk. On May 16, 1997,
Kazakhstan reached an agreement with Oman,
Russia, and several foreign petroleum com-
panies to build a pipeline between Tengiz and
Novorossisk on the Black Sea. The first leg of this
$2.2 billion pipeline (1,340,000 barrels per day
capacity) would run from Tengiz and Azerbaijan’s
major petroleum city Baku. From Baku, Kazakhi
crude oil could travel on the newly up-
graded pipeline running to the Russian port of
Novorossisk, and then by ship through the Black
Sea.
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Figure C1.  Caspian Sea Region Oil Production and Export Potential, 1990-2020

Source: Energy Information Administration, Office of Integrated Analysis and Forecasting (1998).

• Tengiz to Baku. Another possible pipeline route
being considered would also transport Kazakhi oil
to Baku, then through the currently proposed
Baku/Supsa pipeline. From Supsa, Georgia,
Kazakhi oil would then flow to world markets via
tanker or through other proposed and existing
pipelines running through Turkey.

• Tengiz to China. In September 1997, China and
Kazakhstan successfully negotiated an agreement
to ship Kazakhi oil to China via Turkmenistan.
The cost of this pipeline is expected to be $3.5
billion, and China has committed an additional
$6 billion to develop Kazakhi oil and gas reserves.

Pipelines from Turkmenistan

• Turkmenistan to Pakistan. In contrast to Azerbai-
jan and Kazakhstan, Turkmenistan’s petroleum
wealth stems largely from natural gas rather than
oil. Turkmenistan has the third largest natural gas
reserves in the world and accounts for 2 percent of
the world’s total natural gas reserves. In 1995,
Turkmenistan negotiated a treaty with its neigh-
bor to the south, Pakistan, to build a Unocal-
sponsored natural gas pipeline that could trans-
port as much as 1.6 billion cubic feet of natural gas
per day to Pakistan through Afghanistan.
Turkmenistan has also negotiated to build a crude
oil pipeline through Afghanistan to Pakistan’s

Indian Ocean port of Gwadar. The cost for the two
projects is estimated at $4.5 billion.

• Turkmenistan to Turkey. Another natural gas
pipeline option for Turkmenistan would be to
Turkey through Iran. Iran has agreed to finance
half the construction costs of a 1,600-mile, $6
billion pipeline.

• Turkmenistan to China. Turkmenistan has also
announced an intention to build a 4,200-mile, $10
billion natural gas pipeline to China via
Uzbekistan and Kazakhstan. The pipeline may
eventually run all the way to Japan. This project is
supported by Exxon, Mitsubishi, and the China
National Petroleum Corporation (CNPC).

Pipeline Investors

• AIOC. The Azerbaijani International Oil Consor-
tium consists of 12 companies: the U.S. companies
Amoco (17 percent), Unocal (10 percent), Exxon
(8 percent), and Pennzoil (5 percent); British Petro-
leum (17 percent) and Ramco Energy (2 percent)
of the United Kingdom; Lukoil of Russia (10
percent); Statoil of Norway (9 percent); the
Turkish Petroleum Company, TPAO (7 percent);
Itochu of Japan (4 percent); Delta-Nimar of Saudi
Arabia (2 percent); and the State Oil Company of
the Azerbaijan Republic (SOCAR). The United
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States successfully resisted an attempt by Iran to
join the AIOC in 1995 [2].

• CPC. The Caspian Pipeline Consortium (CPC)
includes the governments of Kazakhstan and
Oman and 11 companies: Chevron of the United
States (15 percent); Lukarco of Russia and the
United States (12.5 percent); Rosneft-Shell of
Russia, the Netherlands, and the United Kingdom
(7.5 percent); Mobil of the United States
(7.5 percent); British Gas (2 percent); Agip of Italy
(2 percent); Oryx of the United States (1.75
percent); and Kazak Munaigaz (1.75 percent).
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electricity consumption, 155
energy consumption, 12, 21, 147–149, 160
hydroelectricity and renewable energy consumption,
154

natural gas consumption, 151
nuclear energy consumption, 88, 153
oil consumption, 150

High non-OPEC supply case, 178, 182
High nuclear case, 88, 187–188
High oil price case, 176, 180

Hungary, 107, 127
Hydro Quebec, 100, 123
Hydroelectricity
in Central and South America, 49, 108, 121
in developing Asia, 5, 102–107, 117
in Eastern Europe and Former Soviet Union, 104, 107
in industrialized Asia, 102
in Middle East and Africa, 107–108, 128
in North America, 98–100
overview of, 97–98
in Western Europe, 100–102

Hydroelectricity consumption. See also Renewable
energy consumption

high economic growth case, 154
Kyoto Protocol and, 5
low economic growth case, 168
projections for, 20
reference case, 140

Hydrofluorocarbons, 16, 17

I
IES Industries (New Zealand), 126
India
coal consumption in, 69, 73–74, 114
coal reserves in, 73
coal trade and, 82
diesel fuel regulations in, 45–46
electricity industry in, 114, 117–118
hydroelectric projects in, 103
natural gas industry in, 63–64
natural gas supplies to, 61
nuclear power industry in, 90
oil demand in, 28, 29
unleaded gasoline use in, 42
wind energy in, 103–104

Indonesia
coal reserves in, 73
coal trade and, 82
economic crisis in, 2, 11
electricity industry in, 119
energy use and economic growth in, 9
oil production potential in, 32
renewable energy in, 98, 103, 104
unleaded gasoline use in, 42

Industrialized countries. See also specific countries
carbon emissions from, 18
coal consumption in, 5, 70
description of, iv
economic growth in, 9, 10
electricity consumption in, 5
greenhouse gas stabilization and, 15
Kyoto Protocol and, 2, 8
leaded gasoline use in, 41
natural gas demand in, 49, 50
nuclear power industry in, 91–93
oil consumption in, 4, 26–29
renewable energy growth in, 20
vehicle ownership in, 30
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International Atomic Energy Agency (IAEA), 92
International Energy Agency (IEA)
economic growth projections and, 22
energy forecasts of, 21
on heat content of lignite, 73
oil price projections of, 38, 39

International Energy Module, 189
International Energy Outlook 1997 (IEO97), 32, 37
International Energy Outlook 1998 (IEO98)
description of, iii
forecast comparisons with, 21–23
oil production 1997 vs., 32

International Energy Outlook (IEO), 23–24
International Monetary Fund (IMF), 11
International Nuclear Model, PC Version (PC-INM), iii,

189
Iran
coal consumption in, 80
electricity industry in, 127–128
hydroelectricity in, 107
natural gas industry in, 60, 61
nuclear power industry and, 90, 91
South Par project in, 50

Iranian National Petroleum Company, 61
Iraq
electricity consumption in, 127
U.N. sanctions on, 3, 4, 26

Ireland, 101
Israel
coal consumption in, 80
electricity consumption in, 127
natural gas supplies to, 61

Israel Electric Corporation, 80
Italian Vento Power Corporation (IVPC), 101
Italy
electricity industry in, 124
natural gas industry in, 56–57, 61
renewable energy in, 101

IVO Engineering, 104
Ivory Coast, 33

J
Japan
carbon emissions from, 72
coal consumption in, 70, 74
coal trade and, 82
diesel fuel regulations in, 45
economic crisis in Southeast Asia and, 10
economic growth in, 22
electricity industry in, 20, 125–126
liquefied natural gas consumption in, 114
natural gas consumption in, 64
nuclear power industry in, 64, 91
renewable energy in, 102
vehicle ownership in, 29, 30

Jordan, 107

K
Karachi Electric Supply Corporation (KESC), 119
Kazakhstan
coal production in, 75
natural gas industry in, 58, 59
nuclear power industry in, 94
oil reserves in, 34
pipeline development in, 191–192

Kenya, 107
Korea Gas Corp-Ras Laffan contract, 61
Korean Electric Power Corporation (KEPCO), 120
Korean Peninsula Energy Development Organization

(KEDO), 92
Kotzebue Electric Association, 100
Kuwait, 127
Kuwait Foreign Petroleum Exploration Company, 64
Kyoto Climate Change Protocol, 5, 69, 71
coal consumption and, 5, 69, 78
energy growth and, 1–2, 8
greenhouse gas reduction commitments at, 15–18,
71–72

nuclear power and, 5
oil demand and, 27
renewable energy and, 5

L
Laos, 103
Latvia, 104
Lead emissions, 40, 41
Lignite, 73, 75. See also Coal; Coal consumption
Liquefied natural gas (LNG)
Africa and, 60, 62
developing Asia and, 64, 114, 120
Italy and, 56, 57
Middle East and, 60–61, 114
Oman and, 62–64

Lithuania
nuclear power industry in, 94
renewable energy in, 107

Low economic growth case
assumptions for, 10
carbon emissions, 170–173
coal consumption, 166
electricity consumption, 169
energy consumption, 12, 21, 161–163, 174
hydroelectricity and other renewable energy
consumption, 168

natural gas consumption, 165
nuclear energy consumption, 88, 167
oil consumption, 164

Low nuclear case, 88, 185–186
Low oil price case, 177, 180

200 Energy Information Administration/ International Energy Outlook 1998



M
Maghreb pipeline, 61–62
Malaysia
coal consumption in, 74
economic crisis in, 2, 11
electricity industry in, 119, 120
energy use and economic growth in, 9
natural gas industry in, 63
oil demand in, 28
oil production in, 33
renewable energy in, 98, 102

Malaysia-Thailand Joint Authority (MTJA), 63
Markowski Plan, 77
Methane emissions, 16, 17
Methyl tertiary butyl ether (MTBE), 43, 44, 46, 47
Metrogas (Chile), 50
Mexico
coal industry in, 77
coal trade and, 82
crude oil imports from, 35
diesel fuel regulations in, 45, 46
economic trends in, 9–10
electricity industry in, 121–123
natural gas industry in, 52–53
nuclear power industry in, 91–92
oil demand in, 27
oil production in, 32, 33

Middle East. See also specific countries
coal consumption in, 80
description of, iv
economic growth in, 22
electricity industry in, 127–128
energy projections for, 13, 21
hydroelectric projects in, 107
liquefied natural gas and, 114
natural gas industry in, 60–61
oil distillation refining capacity in, 36

Mission Energy Corporation, 126
Mongolia, 33
Morocco, 80, 128
Mozambique, 107
Municipal solid waste (MSW), 98
MVR (Hungary), 127

N
Nam Thuen 2 Electricity Consortium, 98
National Energy Modeling System (NEMS), iii, 189
National Steel Corporation (NISCO) (Iran), 80
Natuna gas pipeline, 62, 63
Natural gas consumption
in Africa, 60, 61
in Asia, 62–64
carbon emissions from, 18, 72, 144, 158
in Central and South America, 59
in Eastern Europe and Former Soviet Union, 57–58
for electricity generation, 20, 49, 52, 60, 114, 127
growth in, 4, 20, 49–50

high economic growth case, 151
in Middle East, 60
in North America, 52
reference case, 137
in Western Europe, 53

Natural Gas Directive (European Union), 53, 54
Natural gas industry
in Africa, 61–62
in Asia, 62–64
in Central and South America, 59–60
in Eastern Europe and Former Soviet Union, 57–59
in Middle East, 60–61
in North America, 52–53
overview of, 51
in Western Europe, 53–57

Natural gas pipelines
construction of, 20, 49–50
developments in, 50
in North America, 52–53
in South America, 120
in Western Europe, 53–57

Natural Resources Canada (NRCan), 38, 39
NatWest Securities, Ltd. (NatWest)
oil price projections of, 38
oil production projections of, 39, 40

Netherlands, 91
New Zealand
electricity industry in, 125, 126
renewable energy in, 102

Niagra Mohawk Power Corporation, 99
Nigeria
hydroelectricity in, 107
natural gas industry in, 57, 62
offshore oil production potential in, 32
petroleum exports from, 35

Nigerian Gas Company, 62
Nissho Iwai (Japan), 127
Nitrous oxide emissions
description of, 17
from gasoline, 40
Kyoto Protocol and, 16

Nonconventional oil, 38
Non-Fossil Fuel Obligation (NFFO) (United Kingdom),

101
NorFra pipelines, 50, 56
Norgas-Latin America, 60
North Korea, 90, 92, 93
North Sea, 32, 36, 37
North West Shelf LNG project (Woodside Petroleum),

64
Northern States Power, 126
Norway
diesel fuel regulations in, 45
electricity industry in, 114, 124
natural gas industry in, 56
oil production in, 32
supply of natural gas to Czech Republic from, 50

Nova Corporation (Canada), 63
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NRG Energy, 127
Nuclear Nonproliferation Treaty, 92
Nuclear power capacity
high nuclear case, 187–188
low nuclear case, 185–186
reference case, 183, 184
by region, 88, 89

Nuclear power consumption
for electricity generation, 5, 20, 87, 88, 91, 114
high economic growth case, 153
low economic growth case, 167
projections for, iii, 5, 7, 20, 114
reference case, 139

Nuclear power industry
in developing Asia, 90, 92, 93
in developing countries, 90–91
in Eastern Europe and Former Soviet Union, 94
economic issues related to, 88
factors shaping outlook for, 88, 90
in industrialized Asia, 64, 87, 91
in North America, 77, 91–93, 121–122
in Western Europe, 91

Nuclear power plants
Chernobyl, 94
expansion projections for, 5
retirement of, 20, 92–93

O
Oil. See also Crude oil; Petroleum

estimates of undiscovered, 33, 37–38
extraction and processing of, 38
political, economic, and environmental issues
effecting, 3–4

Oil consumption
emissions from, 18, 40, 41, 72, 143, 157
high economic growth case, 150
in industrialized countries, 26–27
low economic growth case, 164
oil prices and, 20, 25
projections for, 4, 20
reference case, 4, 136
during 1990s, 25
Southeast Asian crisis and, 4

Oil prices
comparison of forecasts for, 38–40
Iraqi exports and, 4
oil demand growth and, 20
projections for, 2–3, 37–38
trends in, 25–26
year-end 1996, 2

Oil production
comparison of forecasts for, 38–40
cost per barrel and, 31
high non-OPEC supply case, 33–35, 178, 182
high oil price case, 176, 180
low oil price case, 177, 180
non-OPEC projections for, 2–3
offshore, 26

reference case, 31–32, 175, 179
technological advances in, 20, 25, 26, 33, 37

Oil supply
expansion of OPEC production capacity and, 30–31
non-OPEC, 32–33
political and economic issues and, 4

Oman
liquefied natural gas and, 62–64
oil production in, 32

Omani LNG project, 62–64
ÖMV (Austria), 56
Onshore Gas Development, 61
Ontario Electric Services Corporation, 123
Ontario Hydro (OH), 92, 93, 123
Organization for Economic Cooperation and

Development (OECD), v
Organization of Petroleum Exporting Countries

(OPEC)
description of, v
expansion of production capacity of, 30–31
oil markets and, 3
oil projections for, 3, 37
output quotas of, 26

P
Pacific Rim Developing Countries, v
Pakistan
electricity industry in, 119
natural gas industry in, 61, 63
nuclear power industry in, 90

Perfluorocarbons, 16, 17
Persian Gulf
description of, v
oil production in, 31, 32
petroleum exports from, 35, 36

Personal income, 13–14
Peru, 121
Petroleos Mexicano (PEMEX), 53
Petroleum. See also specific listings under oil
Caspian Basin transportation networks for, 191–193
worldwide trade in, 35–37

Petroleum Authority of Thailand (PTT), 63
Petroleum Economics, Ltd. (PEL)
economic growth projections and, 22
energy forecasts of, 21
oil price projections of, 38, 39
oil production projections of, 39, 40

Petroleum Industry Research Associates (PIRA)
economic growth projections and, 22
energy forecasts and, 21
oil price projections of, 38, 40
oil production projections of, 39, 40

Petronas (Malaysia), 61, 63
Philippines
coal consumption in, 74
electricity industry in, 119–120
oil production in, 32
renewable energy in, 103
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Poland, 75, 77, 127
Portugal
closing of coal mines in, 75
electricity industry in, 124
gasoline regulations in, 44

Powerco Limited (New Zealand), 126
PowerGen (Great Britain), 64
Promigas, 60

Q
Qatar, 60–61

R
Reference case
Asia and, 7, 12
carbon emissions, 2, 142–145
coal consumption, 138
description of, 1
electricity consumption, 141
energy consumption, 20, 133–135, 146
hydroelectricity and other renewable energy
consumption, 140

natural gas consumption, 137
nuclear energy consumption, 139
nuclear generation capacity, 183, 184
oil consumption, 4, 136
oil production, 31–32, 175, 179
petroleum trade in, 35–37
preparation of, iii
primary energy consumption, 20

Reformulated fuels
diesel, 45–46
gasoline, 44–45
requirements for, 43–44, 46–47

Renewable energy. See also Hydroelectricity
in Central and South America, 108
in developing Asia, 102–107
in Eastern Europe and Former Soviet Union, 104, 107
in industrialized Asia, 102
in Middle East and Africa, 107–108
in North America, 98–100
overview of, 97–98
in Western Europe, 100–102

Renewable energy consumption. See also
Hydroelectricity consumption; specific types of
renewable energy

high economic growth case, 154
low economic growth case, 168
for power generation, 114
projections for, 5, 20
reference case, 140
by region, 98

Rio Treaty. See United Nations Framework Convention
on Climate Change (1992)

Romania
coal industry in, 75
hydroelectric projects in, 104

nuclear power industry in, 94
Royal Dutch Shell, 59, 64, 98
Russia
coal production in, 75
coal reserves in, 73
electricity industry in, 126
leaded gasoline in, 40
natural gas industry in, 57–59
nuclear power industry in, 94

S
Saudi Arabia
electricity industry in, 127, 128
natural gas industry in, 60, 61
oil production by, 3, 26

SCE Corporation, 126
Serbia, 77
Shale, 38
Shell Petroleum Development Corporation of Nigeria

(SPDC), 62
Siberia, 58, 59
Slovakia, 107
Slovenia, 61
Snam (Italy), 56, 57
Sonatrach (Algeria), 56, 57
South Africa
coal industry in, 73, 79–80
coal trade and, 83
electricity industry in, 128
nuclear power industry in, 90, 91
oil production in, 33
use of hydroelectricity in, 107

South Africa Power Pool (SAPP), 107–108
South America. See Central and South America
South Korea
coal consumption in, 74
diesel fuel regulations in, 45
economic crisis in, 2, 11
energy use and economic growth in, 9
liquefied natural gas and, 114, 120
natural gas pipelines and, 64
nuclear power industry in, 90, 92
oil demand in, 28
vehicle ownership in, 29, 30

South Par project (Iran), 50, 61
Southeast Asia. See Asia; Developing Asia; Economic

crisis in Southeast Asia; specific countries
Spain
coal production in, 75–77
nuclear power industry in, 91
renewable energy in, 100

Standard of living, 13–15
Steam coal, 70
Sudan, 33
Sulfur emissions, 78–79
Sulfur hexafluoride, 17
Sweden
electricity industry in, 56, 114, 124
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nuclear power industry in, 91
reformulated fuels in, 44, 45

Synthetic fuels, 79
Syria, 32, 107

T
Tacke Windtechnik GmbH, 98
Taiwan
coal consumption in, 74
electricity industry in, 120
nuclear power industry in, 90
oil demand in, 28

Taiwan Power Company, 120
Tar sands, 38
Tecpetrol, 60
TEPCO (Japan), 61
Texas Wind Power Company, 99
Thailand
coal consumption in, 74
economic crisis in, 2, 11, 62–63
electricity industry in, 119, 120
energy use and economic growth in, 9
oil demand in, 28
renewable energy in, 98, 103
unleaded gasoline use in, 41

Three Gorges Dam Project (China), 5, 103, 105–107, 117
Total (France), 61
Trans-Austria-Gasline (TAG), 56
TransEuropa Naturgas Pipeline, 56
Transgas (Czech Republic), 56
Transmed pipeline, 61
Transportation sector
in China, 28
oil demand and, 28–30
policies to lessen environmental damage from, 40–47

Tunisia, 33, 61
Turkey
coal consumption in, 75
natural gas industry in, 57, 61
nuclear power industry and, 91

Turkmenistan
natural gas reserves in, 58, 59
oil reserves in, 34
pipeline development in, 192

U
Ukraine
coal production in, 75
natural gas reserves in, 58
nuclear power industry in, 94

United Arab Emirate (UAE), 61
United Kingdom
coal production in, 75, 76, 82, 114, 123
electricity industry in, 113, 124
natural gas industry in, 53, 54
oil production in, 32
renewable energy in, 100, 101

United Nations Framework Convention on Climate
Change (1994), 15, 71

United Nations Global Environmental Facilities (GEF),
103

United States
carbon emissions from, 19, 72
coal consumption in, 70, 77
coal reserves in, 73
coal trade and, 83
diesel fuel regulations in, 45
electricity industry in, 121–123
Kyoto Protocol and, 16
natural gas consumption in, 52
natural gas pipeline capacity in, 50
nuclear power industry in, 88, 91–93
oil demand in, 27
oil production in, 33
renewable energy in, 98–100

Unocal (U.S.), 63, 103
Uruguay, 121
U.S. Export-Import Bank, 105
U.S. Federal Energy Regulatory Commission (FERC),

123
U.S. Geological Survey (USGS), 33, 37–38
U.S. Iran-Libya Sanctions Act (1996), 50, 57
U.S. Utility Wind Turbine Verification Program, 99
Utility Data Institute (UDI), 93
Uzbekistan, 58, 59

V
Venezuela
coal reserves in, 73
coal trade and, 83
crude oil imports from, 35
electricity industry in, 121
oil production potential in, 32

Vietnam, 32
Volatile organic compounds (VOCs), 40

W
Water Power Development Authority (WAPDA)

(Pakistan), 119
Wedel Line, 56
West African Gas Pipeline Project, 62
Western Europe. See also specific countries
carbon emissions from, 72
coal consumption in, 70, 74–75
coal production in, 74–77, 82, 123
coal trade in, 80
electricity industry in, 113–114, 123–125
natural gas industry in, 53–57
nuclear power industry in, 91
renewable energy in, 20, 100–102

Wind energy. See also Renewable energy
in Asia, 102–104
in United States, 98–100
in Western Europe, 20, 100–102
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Woodside Petroleum, 64
World Bank, 103, 105, 107, 108
World Energy Outlook (International Energy Agency), 21
World Energy Projection System Model Documentation

(DOE), 189
World Energy Projection System (WEPS), 189
World Integrated Nuclear Evaluation System (WINES),

iii
World Petroleum Congress, 37

Y
Yamal-Europe pipeline, 58–59
Yemen, 32
YPF, 60

Z
Zimbabwe, 107, 108
Zond Corporation, 98
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