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Ol and natural gas are very much interrelated, They are both discovered in
sedimentary basins and exist in nature in equilibrium under reservolr conditions deep inside
the earth. In many cases they are found associated with each other in the same reservoir
rocks, and hence the nams "petroleum" is used to indicate both ofl and natural gas. Their
ultimate resources in nature are always comparable. Certain volumes of the associated or
non-associated natural gas transform to oil under atmospheric conditions forming field
condensate or Natural Gas Liquids (NGLs). Oil and natural gas can easily be substituted for
each other as energy sources, It is, therefore, not surprising to find a close link between the
price of natural gas and that of crude oil. It must be stated, however, that this parallel
between oil and natural gas has its limits since natural gas, unlike crude oil, is far from
being an international commodity that could benefit from international trade of global
scale. The huge bulk of natural gas is still consumed on a regional basis, and there is still a
substantial volume of it either flared or re-injected inside the earth. Also, its uses are not
as diversified as those of oil, and it is less safe to use.

The supply of natural gas in the world is abundant. However, the utilisation of
indigenous gas resources for internal requirements in most nations, particularly the
developing countries, has not been handled properly and a lot of wastage is taking place.
Most gas discoveries in developing countries remain undeveloped despite the obvious need
for energy supply. A gas discovery has, therefore, been a disappointing or even undesirable
event up to the very recent past, This is because of the difficulty of exporting gas to world
markets. This is not the case, of course, in industrial countries where a large local market
exists, but it is constantly an obstacle in a number of developing countries which lack
natural gas infrastructure,

In the past, gas was viewed as a factor to moderate world increasing demand for
oil. Howaever, more recently, and due to the environmental regulations, natural gas is
considered a cleaner source of energy, as compared to the other fossil fuels, since it has
lower CO2 emissions. Therefore, environmental pressures and carbon dioxide emission
control could stimulate future development of the natural gas industry and thus increase
natural gas share in the primary energy mix and particularly in the total fossil fuel share.
Furthermore, if the carbon content of fossil fuels is considered, then any future reduction in
energy consumption would impact coal more than oil since the former containg more carbon
than the latter.

In order to project the future role of oil and natural gas, it is essential to consider
their past and present performances in the primary energy mix. During the 1980s, the
combined share of oil and natural gas in the total world primary energy consumption was
more than 60%. It was 64.0% in 1980, declined to 59.7% in 1985 before rising to 60.2% in
1990. Although the share of oil indicated a slight drop from 44.9% in 1980 to 39.4% and
38.6% In 1985 and 1990 respectively, the share of natural gas, however, showed clear
impravement from 19.1% in 1980 to 20.3% and 21.6% in the respective years 1985 and 1990,
as depicted in Table 1.

Energy Studies Department, OPEC Secretariat, Vienna, Austria. The author
wishes to express his sincere thanks and appreciation to Mr. 5, A. Al-Fathi,
Head of the Energy Studies Departmert for his valuable comments and to Ms.
A. Barrett for preparing the graphs and typing the paper.
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Iable1l
Evolution of Total World® Primary Energy Consumption, 1980 - 199

{mtoe)
Natural Gas 1286.1 1459.1 7284
Qil 3024.0 28337 31014
Coal 18153 2045.0 2192,1
Hydro-electricity 431.5 508.3 540.6
Nuclear 172.0 3474 461.1
Total 6728.9 71935 80333
Natural Gas, % 19.1 203 216
Qil, % 49 394 38.6
Coal, % 270 284 273
Hydro-electricity, % 6.4 7.1 6.7
Nuclear, % 2.6 4.8 5.7
* Including the former CPEs.

Source:  BP Statistical Review of World Energy, 1991.

Proven Reserves and Resource Bage

The discovery of natural gas resources, until very recently, was achieved, by
coincidence, during the worldwide search for oil. Development of these discovered natural
gas reserves was made only when they occurred close to the consumption centres. More
recently, intensive exploration activities for search of additional natural gas reserves

tended to centre on areas where transportation system and established gas market already
exist.

The Ultimate Resources (sum of cumulative production, identified and
undiscovered reserves) of oil and natural gag are comparable. They were estimated at the

'lnning of 1990 at 296 and 268 billion tons of oil equivalent respectively, as shown in
Table 2.

Table2
1 World Ulti Resources of Oil an
{1.1.1990)

Cumulative  Identifled  Undiscovered ~ Ultimate
Droduction Reserves® ~  Reserves  Resources

Gil @b 629 1053 489 an
(bt) (86) (144) (67) (296)
Natural Gas (tem) 45 128 125 208
(btoe) 41 (115) (113) (268)
* Identified reserves here include proven, probable and possible
categories of reserves
Source: C.D. Masters, D.H. Root, and E.D. Attanasi (US Geological Survey), 13th
World Petroleum Congress, 1991.

Although the identified reserves of oil are higher than those of natural gas, the
reserve-to-production (R/P) ratio is much higher in the case of natural gas due to the low
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level of production of natural gas as compared to oil production. Also the undiscovered
reserves of natural gas estimated at 113 btoe, are almost twice as much as those of oil (67 bt).

The evolution of the addition in world proven oil and natural gas reserves is
illustrated in Figures 1 and 2. Total world proven oil and natural gas reserves currently
stand at 1053 billion barrels of oil and 128 trillion cubic metres of natural gas respectively.
At current production levels, these reserves would last 46 and 57 years respectively.

However, if we consider the undiscovered oil and natural gas resources, the life-
spans of these two important sources of energy could be extended by about 50 per cent for oil and
more than double the current life span for natural gas at current production rates (Table 3).

Table 3
Total Worl Reserves, Producti P Ratio for Qil and Natural Gas
(End of 1990)
Oil Natural Gas
Remained Ultimate
Resources (R1) 1542bb 253 tem
Proven Reserves (R2) 1012bb 131 tem
Production 602 mb/d 2.3* tom/yesr
R1/P Ratio (years) 46 57
R2/P Ratio (years) 70 110

Gross production minus reinjected natural gas.

During the last three decades there was substantial oil and natural gas reserves
addition, estimated at 259, 115 and 347 bb for oil and 26, 38 and 48 tcm for natural gas at theend
of the 1960s, 1970 and 1980s respectively, as demonstrated in Table 4, During this period, OPEC
added considerable amounts of oil and natural gas reserves, estimated at the end of the 1980s at
about 335 bb or 97% share of total world net ol reserves addition and about 18 tem or 38% of
total world natural gas reserves addition.

Taple 4
Qil and Natural Gas Regerves Growth
1960 ~ 1990
1960 1970  1970/19 1980  1980/1970 1990  1990/1980

Oll Reserves (bb)

Total World 291.2 54976 258.5 664.7 115,0 1012.1 3474

Total OPEC 2182 4022 184.0 436.0 338 771.3 335.3

OPEC Share, % 749 732 71.2 65.6 287 76.2 96.5
Natural Gas Reserves (tcm)

Total World 19.2 45.0 258 834 384 130.9 47.5

Total OPEC 74 15.9 8.5 31.6 157 49.5 17.9

OPEC Share, % 385 353 330 379 40.9 37.8 377

Oil and natural gas reserves for OPEC and non-OPEC during the period 1960 -
1990 is shown in Table 5. The steady increase of the natural gas reserves is obvious and this
trend is most likely to continuc in future. Also, the growth in total world oil reserves is
apparent, particularly during the second half of the 1980s. OPEC's share in total world oil
reserves has steadily improved whereas its share of natural gas has stagnated. However,

non-OPEC share of total oil reserves declined with time whereas the natural gas share
enhanced.
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Figur
Proved Ofl Reserves Addition for OPBC and Total World

el

g B
8 8 8

g
8

lllI.j.llll'llllllllllj]lllllll

-]
8

[l Worls Proven Oil Reserves Addition
*+ [ OPBC Proven Cil Resarvas Addition *++ e+ sreeee

pevecnrosvrrtadarerrrse i nat s

Y R T

4nsdescsrran

PEBEse canN s AN B IR NS

sresrnacmnnaca

XN Y RN TN

BN
r',\"f:'-".':'-".'
s

(RYYY

(EENY

fesassnsacrunsrarneNenvevanrarsersncNurnannastannsy

198071970

Figure2
Proved Natural Gas Reserves Addition for OPBC and Total World
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Jable 5
OPEC, Non- i Natural Gas Re 1 -
{btoe)
Region 1960 1965 1970 1975 1980 1985 1990
Total World
- Ofl 39.7 48.2 75.0 85.2 90.7 1031 138.1
- (bb) {291.2) (353.2) (549.7) (624.6) (664.7) (755.7) (1012.1)
- Natural Gas 17.3 228 40.5 545 781 91.7 117.8
- (tem) (19.2) (25.3) (45.0) (60.5) (83.4) (101.9) (130.9)
- Gas/Qil Ratio, % 436 47.3 54.0 64.0 82.8 889 85.3
Total Petroleum 57.0 71.0 1155 139.7 1658 1948 2559
OFPEC
- Oil 298 355 549 61.2 59.5 733 1052
- (bb) (218.2) (260.4) (402.2) (448.9) (436.00 (537.0) (771.3)
= Oil Share, % 75.0 73.7 73.2 71.8 65.6 711 76.2
- Natural Gas 6.6 8.3 143 20.3 28.4 323 4.5
- (tcm) {7.4) 9.2) (15.9) (22.5) {31.6) (35.8) (49.5)
« Natural Gas Share ,.% 384 36.2 353 37.2 37.8 35.2 738
Total Petroleum 36.4 438 69.2 815 879 1056 1497
OPEC Share of Total
Petroleum, % 63.9 617 59.9 58.3 53.0 54.2 58.5
Non-OPEC
- Oil %9 12.7 20,1 24.0 31.2 29.8 329
- (bb) (73.00 (92.8) (147.5) (175.7) (228.7) (218.7) (240.8)
- Qil Share, % 25.0 26.3 268 28.1 34 289 238
- Natural Gas 10,7 14.5 26,2 342 46.7 59.4 733
- {tem) 118 (16.1) (Q9.1) (38.0) (51.8) (66.1) (814
- Natural Gas Share, % 616 63.8 647 = 628 62.2 64.8 62.2
Total Petroleum 20.6 27.2 46.3 58.2 77.9 89.2 106.2
Non-OPEC Share of
Total Petroleum, % 36.1 38.3 40.1 41.7 47.0 45.8 415

Source: OPEC Annual Statistical Bulletin, Cedigaz, BP Statistical Review of World Energy.

Figure 3
Evalution of Proven Reserves oﬁ;il and Natural Gas in the Worid

o  ==Proven Oil Reserves |

j - Proven Gas Resarves :
. -

1200 ad v eisrann R A T LT e [RERERITTRRREIRRTSY PR

\ L T
1960 1965 1970 1975 196C 1985 1990



-6-

The evolution of proven reserves of oil and natural gas for total world during
the period 1960 - 1990 indicated almost a paralle! increase with time affirming the strorg
association in nature between the two hydrocarbons, as {llusirated in Figure 3

jon, Utilisati ade

The evolution of OPEC and non-OPEC oil and natural gas production during the
period 1960 - 1990 is shown in Table 6. Figure 4 illustrates total world oil and natural gas
production during the same period. It is important to notice that there is a strong parallel
in production between the two except for the decline in oil production diring 1980 - 1985.
The ratio of total world natural gas production to oil production has iriproved from about
47% in 1960 to about 69% in 1990. OPEC's share of total world oil production has
deteriorated from 41.6% in 1960 to 38.2% in 1990 and its natural gas share has improved
from 6.3% in 1960 to 13.5% in 1990,

Iable 6
OPEC, Non-OPEC and Total World Oil and Natural Gas Productior.
1960 -19
(mtoe)
Region 1960 1965 1970 1973 1980 1985 1990
Total World
- Oil 10453 15039 2254.4 2626.5 29843 2653.6 2997.7
= (mb/d) (20.9) (302 (45.2 (52.7) (59.8) (53.3) (60.2)
- Natural Gas* 4873 649.1 11217 1344.2 15726 1747.0 2088.6
- {berry) (541.4) (721,10 (1246.2) (1493.4) (1747.2) (1840.9) (2287.1)
- Gas/Qil Ratio, % 46.6 43,2 498 51.2 52.7 658 68.7
Total Petroleum 1532.6 21530 33761 3970.7 45569 4400.6 5056.3
OPEC
- Oll 4343 714.0 1165.9 1352.2 1342.2 769.2 11453
- (mb/d) 8.7) (14.3) (234 (27.2) (26.9) (15.4) (23.0)
- Ofl Share, % 41.6 475 51.7 515 45.0 29.0 38.2
- Natural Gas* 30.8 67.7 126.1 168.6 201.3 200.4 2774
-{bcm) (33.9) (75.2) (140.1) (187.3) (223.7) (222.7) (308.2)
- Natural Gas Share, % 6.3 10.4 11.2 125 128 115 13.5
Total Petroleum 4648 781.7 1292.0 1520.8 1543.5 969.6 1422.7
OPEC Share of Total
Petroleum, % 30.3 36.3 383 383 339 22.0 28.1
Non-OPEC
- Qil 6110 789.9 1088.5 12743 16421 18844 18824
={mb/d) (122)  (15.9) {21.9) (25.5) (32,9 (37.9) (37.2)
- Oil Share ,% 58.4 528 48.3 48.5 55.0 71.0 61.8
- Natural Gag* 456.8 581.4 995.6 1178.6 1371.3 1546.6 1781.2
- (bcm) (507.5) (645.9) (1106.1) (1306.1) (1523.5) (1718.2) (1978.9)
- Natural Gas Share, % 93.7 896 88.8 87.5 87.2 88.5 86.5
Total Petroleum 10678 13713 20841 24499 3013.4 34310 36336
Non-QOPEC Share of
Total Petroleum, % 69.7 63.7 61.7 61.7 66.1 78.0 71.9
* Gross production minus reinjected gas.

Source:  OPEC Statistical Bulletin, Cedigaz, BP Statistical Review of World Energy.

Total world reserves-to-production (R/P) ratios for oil and natural gas are
demonstrated in Figure 5. Both oil and natural gas have exhibited steady improvement in
their R/P ratlos since 1980. Oil reserves in OPEC will last more than 90 years and naturai
gas would last more than 160 years at current production rates. However, non-OPEC proven



Figure 4

Oll and Natural Gas Production during 1960 - 1990
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oil reserves will only last about 18 years and natural gas for about 41 years at current
production levels. Thus, total world proven il and natural gas reserves are expected to
continue for about 46 and 57 years respectively. This clearly indicates the importance of
OPEC region not only at the present time but also in future, as will be further discussed later,

Table 7
EC, Non-OPEC and To 1d Reserves-to-Production*

(years)
Reglon 1960 1965 1970 1975 1980 1985 1290
Total World
- Oil 38.0 32.1 33.3 324 304 38.9 46.1
- Natural Gas 35.5 35.1 36.1 40.5 47.8 525 57.2
- Gas/O1il Ratio, % 93.4 109.4 108.4 125.0 157.2 135.0 1241
OFEC .
- Oil 68.6 49.7 471 453 44.3 95.3 919
- Natural Gas 216.4 122.6 1134 120.4 141.1 161.2 160.4
- Gas/Qil Ratio, % 3155 246.7 240.8 265.8 3185 169.2 174.5
Non-OPEC
- Qil 16.2 16.1 185 18.8 19.0 15.8 17.8
- Natural Gas 234 24.9 26.3 29.1 3.1 38.4 41.2

-Cas/Oll Ratio, % 1444 1547 1422 1548 1795 2430 2315

* For natural gas, production equals gross production minus reinjected gas.

While produced oil is totally utilised for domestic use and/or trade, natural
gas is still being partly wasted. The development of total world crude ofl production and
gross production of natural gas is illustrated in Figure 6 (see also Table A1 in the Annex).

Flgure 6
Development of Total World Crude Ofl and Gross Natural Gas Production

20000~ B Crude O
1 [NuniGs
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Unlike crude oil, natural gas has never been fully utilised and there have
always been losses due to flaring, reinjection and shrinkage. The evolution of these losses
during the period 1960 - 1990 is illustrated in Table 8. Total world gross natural gas
production increased from 613.6 bam in 1960 t0 2514.4 bem In 1990. Reinjected natural gas
increased from 72.2 bem in 1960 to 227.3 bem in 1990. Flared natural gas surged from 75.9 bem
in 1960 to 173.2 bem in 1975 before falling to 104.4 and 107.1 bemn in 1985 and 1990
respectively. Thus, total losses increased from 168.4 bem in 1960 to 450.0 bem in 1990, giving
rates of utilisation of 75.9% in 1960 and 86.7% in 1990, as shown in Table 8.

Tgble 8
Evolution of the Wor]d Natural Gas Production and Losses
(bem)

10 1B 1975 1980 1988 2 199
Gross Production 613.6 13311 15713 18601 21119 25144
Reinjection 722 84.9 779 1129 171.0 2273
Flaring 759 1608 1732 1641 1044 1071
Other Losses 20.3 44.5 52.2 58.5 88.3 1156
Total Losses* 1684 2902 3033 3355 3637 4500
Marketed Production 4452 10409 12680 15246 17482 20644
Rate of Utilisation, % 75.9 81.5 8.0 85.1 87.0 86.7
* Shrinkage resulting from natural gas processing for purification and extraction of

NGL.

Note: Rate of Utilisation = Gross Production - Relnjected and Flared Gas

Gross Production
Source:  Cedigaz, Natural Gas in the World, 1991 survey.

The gross production, marketed production, losses, exports and domestic use of
natural gas in OPEC during the period 1980 - 1990 are revealed in Figures 7 and 8 (see also

Flgure 7
OPEC Losses of Natural Gas, 1980 - 1950
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Pgure 8
OFEC Exporis and Domaestic Lise of Natural Gas, 1980 - 1950

100

1080 198 w2 1983 1984 1988 198 1987 1588 1989 190

Table A2 in the Annex). From this, it can be noted that flaring losses have been
tremendously reduced and OPEC Member Countries have started to wiscly exploit this
important depletable source of energy.

Natural gas flaring losses as a percentage of gross production for the individual
OPEC Member Countries and total world during the period 1973 - 1990 is illustrated in
Table 9. It is obvious from the table that total OPEC flaring losses dropped from 63% in

Table S
Fla s as Pe Production PECM Countyi d Total
World
(in % of gross production)
1973 1980 1990
Algeria 58 22 3
Indonesia 84 2 9
Iran 59 47 3
Iraq 86 85 50
Kuwait 57 16 10
Libya k7 22 3
Nigeria 99 96 76
Qatar 75 19 0
Saudi Arabia 86 72 11
UAE 91 54 4
Venezuela 30 6 13
Others 8 95 73
Total OPEC 63 43 |
Total World 13 9 4
% OPEC/World 76 72 55

Source: Cedligaz, Natural Gas in the World, 1991 survey.
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Rgured
Flaring Lossas of Natursl Gas in OPEC and the World, 1975 - 1990
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1973 t0 43% and 14% in 1980 and 1990 respectively. These flaring losses were, of course,
much higher than those for average world and constituted 76% in 1973, 72% and 55% of
total world flaring losses for the respective years 1980 and 1990, as illustrated in Figure 9.

Marketed production of oil and natural gas is depicted in Figure 10 for OPEC
and non-OPEC regions (see also Table A3 in the Annex).

Total world oil production rose from 1045.3 m tons in 1960 to 2254.4, 2984.3 and
2997.7 m tons in 1970, 1980 and 1990 respectively. Similarly, the marketed production of
natural gas increased from 402.9 mtoe in 1960 to 929.1, 1295.2 and 1864.1 mtoe in the
respective years 1970, 1980 and 1990. OPEC share of total world oil production climbed
from about 42% in 1960 to about 52% in 1970 before declining to 45% and 38% in 1980 and
1990 respectively, Although OPEC share of total world marketed natural gas is much
lower than that for crude ofl, it also increased from about 2% in 1960 to about 3%, 6% and
about 11% in the respective years 1970, 1980 and 1990.

OPEC and non-OPEC exports of oil {including refined products) and natural gas
during the period 1960 - 1990 are illustrated in Figure 11 (see also Table A4 in the Annex).
OPEC share of oil exports increased from about 70% in 1960 to 71% in 1970 before falling to
64% and 51% In 1980 and 1990 respectively. OPEC's exports of natural gas, on the other
hand, grew from about 6% in 1970 to 12% and 22% in the respective years 1980 and 1990.

Figure 11
Exported Oil and Natural Gas
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As oil is traded in either pipeline or crude or product carriers, natural gas can
also be traded either in gaseous form by using pipelines or in liquefied form using LNG
carriers. The evolution of the world international natural gas pipelines and LNG trades
during the period 1970 - 1990 is shown in Figure 12, as a percentage share of international
trade in marketed production of natural gus,
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Tt is obvious from Figure 12 that the LNG trade improved tremendously from 6%
in 1970 to as high as 23.4% in 1990. On the other hand, the share of pipeline trade dropped
from 94% in 1970 to 76.6% in 1990 (see Table A5 in the Annex).

The growth of LPG seaborne imports by the United States, Western Europe and
Japan during the 1980s indicated clear improvement from 13.9 million tonnes in 1980 to 18.1
and 26.0 million tonnes in 1985 and 1990 respectively (Figure 13). Total US imports
increased from 1.1 million tonnes in 1980 to 2.9 million tonnes in 1990. Almost half of the US
imports came from Latin America and the rest came from the Middle East and other regions.
Total West European imports increased from 3.0 million tonnes in 1980 to 8.6 million tonnes
in 1990. A large part of Western Europe's imports came from the North Sea. In 1990, 3.3
million tonnes were imported from the North Sea, 2.9 million tonnes from the Middle East,
1.8 million tonnes from Algeria, and 0.6 million tonnes from other regions. Japan is
considered the biggest LPG importer; its imports grew from 9.8 million tonnes in 1980 to 11.5
and 14.5 million tonnes in 1985 and 1990 respectively (Figure 13 and Table A6 in the Annex).

Most of Japan's LPG seaborne imports came from the Middle Eastern region. The
contribution of this region was 11.3 million tonnes in 1990 with an additional 3.2 million
tonnes coming from the Far Eastern region. Western Europe was the second largest consumer
of LPG followed by the United States.

Evolution of Qil and Natural Gas Prices

Crude oil yearly average spot price for OPEC basket varied from $27.0/b in
1985 to as low as $14.0/b in 1986 before rising to $22.3/b in 1990, as shown in Table 10.
Natural gas prices dropped in the US market from $3.3-4.4/MMBtu in mid-1985 to as low as
$1.6-1.9 in mid-1982 before recovering to $2.3-3.1/MMBtu at the beginning of 1990. Pricesin
the West European market also declined from $3.4-4.4/MMBtu in mid-1985 to their lowest
level of $1.8-2.5/MMBtu in mid-1989 before rising to $2.0-2.9/MMBtu at the beginning of
1990. The Japanese market showed relatively higher prices of $4.7-5.2/MMBtu in mid-
1985 falling to $3.1-3.5/MMBtu in 1988 before recovering to $3.6-5.0/MMBtu at the
beginning of 1990 (Table 10 and Figure 14).

Tabl
Qil and Prices on the nternational M
(cif price §/MMBtu)

Market Mid-1985 Mid-198¢ Mid-1987 Mid-1988 Mid-1989 PBeg.1990
United States* 3.34.4 26 2.3 1.8-2.0 1.6-1.9 2.3-3.1
Woestern Europe 3.4-44 3.2-36 2,8-2.8 1.9-2.5 1.8-2.5 2.0-29
Japan 4.7-5.2 3.2-47 3.2-3.5 3.1-3.5 3.1-386 3.6-5.0
OPEC Crude

Basket Spot 270 14.0 17.7 14,2 173 22.3

Price** ($/b)

Note: ¢cif = cost + insurance + freight.
* Border price.
b Yearly average.

Source: Cedigaz, 1951 survey; OPEC/Energy & Oil Statistics.

Comparison of natural gas prices with those of crude oi) during the period 1975 -
1990 is shown in Figure 15 (see also Table A7 in the Annex).




-14-

Pigwe 12
World International Natural Gas Trade
(% share of international trade In markated production)
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Hgure 14
Natura) Gas Prices on the Major International Markets
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Figure 18
Comparison of Natural Gas and Crude Oll Prices, 1575 - 1990
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Buture Progpects

There are still plenty of undiscovered ofl and natural gas reserves in the world,
and part of these reserves will certainly be added in future to the proven ofl and natural gas
resarves and, consequently, will offset future decline in R/P ratio caused by the projected
increase in future natural gas demand. If the net reserves addition during the last few
decades is projected for the 1990s, then the lifespan of oil and natural gas reserves could be
further prolonged, and other similar projections into the next century will only lmprove the
life periods of oil and natural gas.

The impact of the environmental requirements, and particularly the
implementation of CO3 taxes, is to reduce the demand for fossil fuel and if these taxes are
implemented according to the carbon content of the fossil fuel, then coal will suffer most,
followed by oil, and natural gas will be the least affected.

Future demand for oil and natural gas may, therefore, be considered according to
two scenarios. These are:

- Business-As-Usual Scenario
- Emission Stabilisation Scenario.

Both scenarios are based on the assumption that the oil price of the OPEC
basket will remain constant in real terms at $21/b (1991 $) and will only increase with
inflation.

1. Busi ual Se i

Total world primary energy demand (excluding the former CPEs) according to this
scenario is expected to rise from 114.0 mboe/d in 1290 to 125.3, 1359, 147.3 and 159.7 mboe/d In
1995, 2000, 2005 and 2010 respectively. Oil requirement will increase from 52.0 mb/d in 1990 to
57.7, 60.4 and 63.4 mb/d in 2000, 2005 and 2010 respectively. The demand for natural gas will
also rise from 19.0 mboe/d in 1990 to 24.5, 27.3 and 30.2 mboe/d in 2000, 2005 and 2010
respectively. The requirement for other sources of energy is also expected to rise during the
above-mentioned period. Thus, the share of natural gas in the primary encrgy mix will rise
from 16.6% in 1990 to 18.1%, 18.5% and 18.9% in the respective years of 2000, 2005 and 2010.
The share of oil will decline from 45.7% in 1990 to 42.4%, 41.0% and 39,7% in 2000, 2005 and

Table 1]
Projection * Supply a nd for Pri rev So
i jum as
(Business-As-Usual Scenarig)
{mboe/d}
1990 1995 2000 2005 20
Total Demand 114.0 125.3 135.92 147.3 159.7
Supply
- Qil 52.0 54.8 57.7 60.4 634
- Natural Gas 19.0 21.8 245 27.3 30.2
- Coal 26.1 29.6 328 36.2 40.1
- Hydro/Nuclear 17.0 19.0 209 23.4 26.1
Shares, %
- Qil 45.7 43.8 424 41.0 397
- Natural Gas 16.6 17.4 18.1 185 18.9
- Coal 229 23.6 24.1 24.6 25.1
- Hydro/Nuclear 14.8 15.2 154 15.9 16.3

* Excluding the former CPEs.
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2010 respectively. The share of coal, according to this scenario, will slightly rise from 22.9%
in 1990 to 25.1% in 2010. Hydro/nudeer share will increase from 14.8% in 1990 to 16.3% in
2010, as shown in Table 11 and Figure 16.

Rgure 16
World* Supply of Primary Energy in the Medium and Long Term according to the Business-As-Usual Scenario
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2, The Emission Stabilisation Scenario

The main impact of the environmental requirement {s to reduce fossil fuel
consumption and particularly those with high carbon content such as coal. It is, therefore,
foreseen that the share of natural gas will increasc more than predicted in the Business-As-
Usual scenario. The aim of the Emnission Stabilisation Scenario is to stabilise COp emission
at the 1950 level by 2000 in the OECD region, To achieve this objective, an annually rising
carbon tax of $1.5/boe or a $20/boe flat tax would be required. According to this scenario,
total world primary energy demand will be reduced to 123.0, 130.2, 137.6 and 146.8 mboe/d
in the respective years 1995, 2000, 2005 and 2010 (Table 12 and Figure 17),

According to this scenario, the requirement for natural gas in the medium and
long term will grow from 19.0 mboe/d in 1990 to 25.3, 28.2 and 31.4 mboc/d in 2000, 2005 and
2010 respectively. Moreover, the share of natural gas in the primary energy mix will
increase from 16.6% in 1990 to 19.4%, 20.5% and 21.4% in the respective years of 2000, 2005
and 2010. The share of oil will remain almost the same, whereas the share of coal will
suffer most as compared to the previous scenarlo, and will maintain a level of about 23%
during the above-mentioned period.

It is clear from the above discussicn that oil and natural gas will remain
essential energy sources in the primary energy mix and their combined share in total world
energy requirement will exceed 60% by 200C and 2010.
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Table 12
World* Primary Energy Supply and Demand in the Medjum and
Long Term According to the Emission Stabilisation Scenario
{mboe)
1990 1993 2000 2005 2010
ZIotal Demand 114.0 123.0 130.2 137.6 146.8
Supply
- Oil 520 54.1 58.2 56.4 58.0
- Natural Gas 19.0 22,0 25.3 28.2 31.4
- Coal 26.1 28.3 29.9 31.6 34.2
- Hydro/Nuclear 17.0 18.5 19.9 215 23.2
Shares, %
- Oil 45.7 440 424 410 39.5
- Natural Gas 16.6 179 194 20.5 214
- Coal 229 23.0 23.0 23.0 23.3
- Hydro/Nuclear 14.8 15.0 153 15.6 15,
: Excluding the former CPEs,
Figure 17

World® Supply of Primary Energy in the Medium and Long Term
According to the Emission Stabilisstion Scenario
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Puture Role of OPEC

It is worth pointing out that OPEC, at the end of 1990, held more than 76% of
total world proven oil reserves and nearly 40% of proven natural gas reserves. At current
production rates, their life-span couid last for more than 90 years for oi! and more than 160
years for natural gas, as compared to about 18 and 40 years respectively for the rest of the
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worid. OPEC added considerable volumes of proven oll and natural gas reserves during the
19808, estimated at 335 billion barrels of oil or the equivalent of 97% of total world oil
reserves addition, and 18 trillion cubic metres of natural gas or the equivalent of 38% of
total world natural gas reserves addition. The potential of OPEC Middle Eastern region is
tremendous; it holds more than 647 blilion barrels of proven oil reserves or the equivalent of
84% of total OPEC, and about 37 trillion cubic metres of proven natural gas reserves or the
equivalent of 75% of total OPEC, as demonstrated in Table 13.

Table 13
Comparison of Oif and Natural Gag Production, Reserves and R/P Ratios
for OPE ECM - in 1990

Production () Reserves (R) R.P Ratio

Region Qil  Natural Gas Qil Natural Gas Oil  Natural Gas
{mb/d) {bem) (bb) {tem) ears {years)

OPEC Middle East 15.15 1315 647.9 370 nz7 281
Total OPEC 22,97 308.2 7713 495 92 161
Total Non-OPEC 37.29 1978.9 240.8 814 18 41
Total World 60.26 2287.1 10121 130.9 46 57
OPEC Middle East 25.1 5.8 64.0 283
Share to Total
World, %
Total OPEC Share 38.1 135 76.2 378
to Total World, %
Total Non-OPEC 619 86.5 238 622
Share to Total
World, %
OPEC Middle East 66.0 42.7 84.0 748
Share to Total
OPEC, %

It is obvious from Table 13 that there {s a clear imbalance in the OPEC region
between oil and natural gas production on the one hand, and ofl and natural gas proven
reserves, on the other hand. Whereas OPEC and OPEC Middle East regions hold more than
76% and 64% of total world proven oil reserves and about 38% and 28% of total world
proven natural gas reserves respectively, their oil and natural gas production does not
exceed 38% and 25% respectively for oil and 14% and 6% respectively for natural gas. This
imbalance between proven reserves and production in OPEC region is expected to be
gradually moderated and the demand for OPEC oil and natural gas will increase with time
since the resource base for these important sources of energy is somewhat limited in non-
OPEC regicns and abundant in OPEC. Moreover, the predicted rise in world oil and natural
gas demand during the 1990s and beyond, and the expected plateauing or decline in oil
production of non-OPEC areas at the end of the decade and beyond, are all factors
contributing to the increasing call on OPEC oil and natural gas. This, of course, exerts
pressure on OPEC to invest in oil and natural gas capacity expansion to meet future demand.
In order {0 expand and maintain oil production capacity to around 34 mb/d and 38 mb/d in
the respective years 1995 and 2000 to meet the expected world oil demand, OPEC needs to
invest $50 - 77 billion and an additional $60 - 80 billion in the oil sector alone in the
respective years 1995 and 2000 (excluding the damage caused by the Gulf war to the Iraqi
and Kuwaltl installations). The estimated expansion in OPEC oil production capacity to
the year 2000 is projected in Figure 18.



Figure 18
Projection of OPEC Ol Production and Capacity to the Year 2000
(mb/d)
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Table Al
Davalopmant of Total Warld Crude Oil and Gross Natural Gas Production
{mboe)
1960 1870 1980
World Crude Oil Proeduction 1045.3 2254.4 2084.3
OPEC Production 4343 11659 1342.2
OPEC Share, % 416 51.7 45.0
World Gross Natura! Cas Production
5523 1198.1 16743
OPEC Production 413 156.7 2455
OQOPEC Share, % 75 13.1 14.7
Source: OFEC
Table A2
Production, Marketed Productio Exports and Domestic Use o
Gas, 1980 - 1990
(bcm)
1980 1981 1982 1983 1984 1980 1986 1987 1988
Production 2727 2649 265.1 2712 3008 3048 331.6 3534 382.1
Flared 1182 796 749 615 507 518 51.7 447 473
Reinjected 491 667 800 821 853 822 888 1020 1101
Shrinkage 195 110 9.7 140 190 179 213 239 249
Total Losses 1868 1573 1646 1576 155.0 1519 161.8 170.6 1823
Marketed 86,0 1075 1005 1136 1458 153.0 1698 1828 1998
Exported 228 227 264 346 417 462 453 543 580

Domestic Use 632 848 741 790 1041 1068 1245 1285 1418

1990

2997.7

1145.3
38.2

22632
382.6
16.9

1

1989

404.9
49.7
1115
26.6
187.8
2179
62.4
153.8

Sources:  Direct communication to the OPEC Secretariat; Cedigaz; Arab Qil & Gas; other

sources.

1950

4250
563
1169
29‘4
202.6
2241
67.5
156.6
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Iable A3
Marketed Production of Qil and Natural Gas

(mtoe)
Region 190 1965 1970 1975 1980 1985 L9
Total World
- Oil 10453 15039 22544 26265  2984.3 2653.6 2997.7
-{mb/d) (209)  (30.2) (45.3) (52.7) (59.8) (53.3) (60.2)
- Natural Gas 4029 618.7 929.1 1121.3 1295.2 1581.5 1864.1
- (bem) (447.6) (687.3) (1032.2) (1245.8) (1438.9) (1757.1) (2071.0)
Total 1448.2 21226 31835 3747.8 42795 42351 4861.8
OPEC
- Qil 4343 714.0 11659 13522 1342.2 769.2 11453
- (mb/d) (8.7) (14.3) (234) (27.2) (269) (15.4) (23.0)
- Oil Share, % 41.6 475 51.7 515 45.0 29.0 382
- Natural Gas 8.9 15.1 27.6 50.6 782 137.7 201.7
-(bcm) 9.9y (16.7) (30.7)  (56.2) (86.9) (153.0) (224.1)
- Natural Gas Share, % 2.2 2.4 3.0 45 6.0 8.7 10.8
Total 443.2 729.1 1193.5 1402.8 14204 9069 1347.0
OPEC Share, % 30.6 34.3 375 374 332 214 227
Non-OPEC
- Oil 611.0 78%.9 1088.5 1274.3 1642.1 18844 18524
-{mb/d) (12.2) (15.9) 21.9)  (25.5) (32.9) (37.9) (37.2)
= Oil Share, % 58.4 52.% 483 48.5 55.0 71.0 1.8
- Natural Gas 394.0 603.6 901.5 1070.7 12170 14338 16624
= {bcm) 437.7) (670.6) (10013 (1189.6) (1352.0) (1604.1) (1846.9)
- Natural Gas Share, % 97.8 97.6 97.0 95,5
Total 1005.0 13935 19900 2345.0 28591 3328.2 35148
Non-OPEC Share, % 694 65.7 62.5 62.6 66.8 78.6 723

Source: OPEC Annual Statistical Bulletin, 1990.

Note: Marketed production of natural gas in this table slightly differs from Table 8
due to different source.



Table A4
Bxported Oil* and Natural Gas
(mtoe)
Region 1960 1965 1970 1875 1980
Total World
- Oil 570.6 9214 1857, 1774.9 1935.8
~(mb/d) (114) (18.5) (31.3)  (35.6) (38.8)
- Natural Gas 49 13.7 39.1 108.4 171.9
- (bem) (54) (15.3) (44.1) (1204) (191.0)
Total 5755 935.1 1596.7  1883.3 2107.7
OPEC
- Qil 3986 667.6 1105.3 1275.9 1241.9
-{mb/d) (8.0) {13.4) (22.2) (25.6) (24.9)
- Oil Share, % 69.9 72.5 71.0 71.9 64.2
- Natural Gas - 0.8 22 1.47 205
- (bem) . 0.9 (24) (16.3) (22.8)
- Natural Gas Share, % - 5.8 5.6 136 119
Total 398.6 668.4 11075 12906 12624
OPEC Share, % 69.3 715 69.4 68.5 59.9
Non-OPEC
= Oil 172.0 253.8 452.3 499.0 693.9
-(mb/d) (3.4) (5.1 (9.1  (10.0) (13.9)
- Ofl Share, % 301 27.3 29.0 28.1 358
- Natural Gas 49 12.9 36.9 93.7 1514
= (bem) (5.4) (14.4) {41.7) (104.1) (188.2)
- Natural Gas Share, % 100.0 94.2 94.4 864 88.1
Total 176.9 226.7 489.2 592.7 845.3
Non-OPEC Share, % 30.7 28.5 30.6 315 40.1
* Including refined products.
Table A5
World International Natu as Trade
(% share of international trade in marketed production)
19720 D75 1980 1985
Pipeline Trade 4,1 89 11.1 10.2
LNG Trade 0.3 1.0 21 2.9
Total World Trade 4.4 9.9 13.2 13.1
Share of Pipelines, % 94.0 89.6 84.4 778
Share of LNG, % 6.0 104 15.6 222

»24 .

Source:  Cedigaz, Natural Gas in the World, 1991 survey,

1985

1516.6
(30.5)
2058
(228.7)
17224

662.0
(13.3)
43.7
415
(46.2)
20.2
7035
408

854.6

1330

1949.2
(39.1)
2749
(3054)
22241

989.8
(19.9)
50.8
60.8
(67.5)
22.1
1050.6
47.2

959.4
(19.2)
49.2

214.1
(237.9)
77.9
11735
528
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Table A6
Trade® of LPG Luring the Peripd 1980 - 1990
(million tonnes)

To From 1980 1983 1990
USA Middle East 0.1 0.1 0.3
Latin America 0.9 0.5 13
Others 0.1 0.6 1.3
Total 1.1 1.2 29
Western Europe Middle East 2.0 1.0 29
North Sea 05 2.7 33
Algeria 0.2 1.2 1.8
Others 0.3 05 06
Total 3.0 54 8.6
Japan Middle East 8.2 9.1 11.3
Far East 14 1.9 32
North America 0.2 0.1 -
Others - 04 -
Total 9.8 115 145
Total Imports 139 18.1 26.0

. Quantities shown refer to LPG seaborne imports transported in vessel sizes of 10,000
m3 and above only.

Source: BP Review of World Gas, 1991.
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