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LITERATURE, ASSUMED CONVENTIONAL URR ESTIMATES

URR estimate, tem

Assumed
Region' Laherrere* Rempel value Comments on assumed value
Morth America 42.0 63.0 425
South America 23.0 23.0 23.0 Average of Laherrere and Rempel’s estimate
Europe 23.0 25.0 24.0 Average of Laherrere and Rempel's estimate
Asia 33.0 43.0 38.0 Average of Laherrere and Rempel’s estimate
Africa 23.0 28.0 28.0 Rempel's estimate used, based on the
creaming curve data from Laherrere
Middle East 85.0 109.0 970 Average of Laherrere and Rempel’s estimate
FsSU 570 175.0 93.0 Calculated from government figures, scaled
downward with literature estimations®
Total 283.0 467.0 346.0

'North Amernica includes only US and Canada; South America includes Mexico; Europe includes Greenland;
FsU
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V/ORLD UNCONVENTIONAL URR: LITERATURE ESTIMATES, ASSUMED VALUES

———————— URR, ttm ———
Type  Laherrere’ Sandrea® Rempel’ Assumedvalue  Comments

Tight | an Using Rempel's estimate as it's the only known estimate

Shale 28 7 28 Previous estimate North America has 7 tcm; hence used
Laherrere’s estimate

CBM 851 15.6 144 62 + Resources estimated from literature’

* Assumed 25% recovery factor
* North American estimate from Mohr and Evans®

Total 57 181

Jgodl & giasSy Loy g dleddl IS el 2 8y 5 gums (¢ pomamd| @il il 52 3lias 365

ALLEY ggendll HLI aylge yibe el ypoudd [0-1 Jousd) oy - Ll Gblia jasg Lgae dlawull
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\N/ORLD CBM RESOURCE: LITERATURE, ASSUMPTION
Resource estimates, tem
Assumed Assumed
Region Aluko' Boyer* Scott’ value URR,tem  Comments
North America 1787 1588 27124 NA 10 Estimate from Mohr and Evans®
FSU 20-116 17113 113-456 "3 28 i-lfighl',r uncertain; 25% recovery
actor
Asia 36-71 £39-49 18-95 85 21 25% recovery factor
Rest 10 13 610 13 3 25% recavery factor
Total 85-283 84-263 170-680 NA 62
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5. Piceance Basin Gas Area .
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1 . Ahmed Shata,..eta, Over View of Tight Gas Field Development in the Middle East and North
Africa Regien, SPE 12181, Feb. 2010.

2 .NPC, Working Document of the NPC Global Oil & Gas Study, Unconventional Gas Topic paper
No. 29, July 18,2007, USA.
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* Estmnated based on AF-Tagha Type Curwe BAodil

Wells and Reserves/ Reserves/
Date spacing wwell,” bef sq mile, bef
Irvitial 2 wealls @ 320 acres/ well 1 4
1954 2 wells @ 1680 acres/ will 2.2 4
1995 4 wells @ B0 acresianall 1.9 =
1556-97 8wealls @ 40 acresiawvell 1.8 14
1997 - 2000 16 wealls @ 20 acresfwell 1.7 27
Futura 322 wealls (& 10 acresfweall 1.7 55
Total B4 wells 1.75 112
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Potential

Field Well Success Reserves/ Reserves/ field
development  spacing, No of rate, well section size
options acres locations* Bef
Historical

practices 180 144 a1 08 3 100
Advanced

strategy 10 2,304 99 1z % 3,400

* Assuming 36 sq miles productive field area and actual results achieved at Rulison, 10-acre spaced Sec. 20 pilot.
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1 . Ahmed Shata,..eta, Over View of Tight Gas Field Development in the Middle East and North
Africa Regien, SPE 12181, Feb. 2010.
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1 .NPC, Working Document of the NPC Global Oil & Gas Study, Unconventional Gas Topic paper
#29, July 18,2007.

2 Joseph H. Frantz, eta, Operators re-discover shale gas value, Schlumberger, E&P, October, 2005.

3 . Data presented by Schumberger Oil fields Service at CERA week conference in Feb. 2009.
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1 . B. Gault and G. Stotts, Improve Shale Gas production forecasts, E&P, Fekete Association Inc,
March, 2007.

2 . B.Gault and G.Stotts, Improve Shale Gas production forecasts, E&P, Fekete Association Inc,
March, 2007.

3 .IEA, World Energy Outlook 2009.
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GROWTH IN BARNETT SHALE PRODUCTION AND PRODUCING WELLS

End of year
Annual Cumulative producing wells

Time period Bef
1990 3 12 66
1995 20 70 242
1999 40 198 517
2000 78 276 698
2001 131 407 1171
2002 202 609 1,1
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Following initial work by Mitchell and Devon, the Barnett Shale play now produces half
of the shale gas in the country.
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\WORLD CBM RESOURCE: LITERATURE, ASSUMPTION

Resource estimates, tcm
Assumed Assumed

Region Aluko' Boyer® Scott? value  URR,tem  Comments

North America 17-87 15-88 27-124 NA 10 Estimate from Mohr and Evans®

FSU 20-116 7113 113-456 13 28 Highly uncertain; 25% recovery
factor

Asia £36-11 39-49 18-95 85 2 25% recovery factor

Rest 10 13 6-10 13 3 25% recovery factor

Total 85-283 84-263 170-680 NA 62
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Time taken for permafrost to reach depth

Time (yr) Permafrost Depth (m)

1 4.44 (0.002759 mi.)

350 79.9 (0.049648 mi.)
3500 219.3
35000 461.4
100000 567.8
225000 626.5
775000 687.7
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Recent trends in permafrost temperatures measured at different locations
(modified from Romanovsky et al., 2002)

Permafrost tempera-

Country Region iy Reference
Trans-Alaska pipeline +0.6 to +1.5°C Osterkamp and Ro-
route (20 m), 1983-2003 manovsky, 1999; Ro-
manovsky and Osterkamp,
USA 2001; Osterkamp 2003
Barrow Permafrost Obser- | +1°C Brewer 1958; Romanovsky
vatory (15 m), 1950-2003 et al.,, 2002
East Siberia (1.6-3.2 m), +0.03°C/year Romanovsky et al., 2001
1960-1992
North of West Siberia (10 | +0.3 to +0.7°C Pavlov, 1994
m), 1980-1990
Russia European North of Russia, | +1.6 to +2.8°C Pavlov, 1994
continuous permafrost
zone (6 m), 1973-1992
European North of Russia, | up to +1.2°C Oberman and Mazhitova,
discontinuous permafrost 2001
zone (6 m), 1970-1995
Alert (15 m), 1995-2000 +0.15°C/year Geological Survey of
Canada data: Smith et al.,
2003
Northern Mackenzie basin | +0.1°C/year Geological Survey of
(28 m), 1990-2000 Canada data: Couture et al.
Canada (2003)
Central Mackenzie basin | +0.03°C/year Geological Survey of
(15 m), 1985-2000 Canada data: Couture et al.
(2003)
Northern Quebec (10 m), | -0.1°C/year Allard et al., 1995
late 1980s - mid 1990s
Juvvasshge, southern +0.5 to +1.0°C Isaksen et al., 2001
Europe/Norway | Norway
Janssonhaugen, Svalbard | +1°to +2°C Isaksen et al., 2000
. . Qinghai-Tibet Plateau +0.1 to +0.3°C Huijin et al., 2000
Asia/China (1 97gOs—90s) )
. Northern Tien Shan (1973- | +0.2° to +0.6°C Marchenko, 1999 and 2002
Asia/Kazakstan
2003)
Khentei and Khangai +0.3°to +0.6°C Sharkhuu, 2003
Asia/Mongolia Mountains, Lake Hovsgol

(1973-2003)
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1 . Timothy S. Collett & Vello A. Kuuskraa, Hydrates contain vast store of world gas resources-
Emerging U.S. Gas Resources-4,0il & Gas Journal, Vol. 96, issue 19, May 11, 1998.

2 . Richard Szczepanski & Nigel Brown, eta, Reserch provides clues to hydrate formation and
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MWulti-stage hydraulic fracturing (HF ) enables a well to efficiently contact and produce
natural gas from a stack of reservoir sands, typical of fluvial tight gas formations.
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Growth in Oil Demand
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China oil demand growth decelerating, but still on the rise
Demand for US oil products stabilizing; record exports of distillates

2012 global demand growth still expected to exceed that of 2011
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Oil: OPEC spare capacity at minimal levels = -

We believe OPEC spare capacity is at minimal levels, necessitating demand rationing oil prices of
$120-$130/bbl in 2012 and 2013.

Source: Goldman Sachs Research estimates.

Goldman Sachs Global Investment Research 5
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North American total liquids preduction could almost The US and Canada could see natural gas rise by 22-
double from over 15-m b/d at end-2011 to almost 27. Bcefid by 2020, with 14.Befid from the Lower 48
m bid in 2020 states, 4-Bcfid from Alaska and 4-Bcfld from Canada
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North America Energy Independence by 2020
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Abstract

Future Demand for Coal and its
Implications for OAPEC Members

Mouzaffar H. Albarazi *

Coal is the world’s second major source after oil to meet energy demand.
Proven coal reserves at current production levels are estimated to last 119
years. Almost 90% of coal reserves are concentrated in eight countries:
U.S.A, Russia, China, Australia, India, Ukraine, Kazakhstan, and South
Africa.

China is the world’s largest coal producer accounting for 45.6% of world
production in 2009. Coal production in China increased by 6% annually
during the period 1995-2009. It rose from 13.8 million boed in 1995
to 31.3 million boed in 2009. World coal production increased by 3%
annually to reach 68.5 million boed in 2009 compared with 45 million
boed in 1995. About 73.7% of the increase of world coal production
between 1995-2009 came from China.

Other than China, there are six countries with substantial production
of coal: U.S.A., India, Australia, Russia, Indonesia, and South Africa.
Coal production in these six countries accounts for 41.5% of world coal
production in 20009.

Current world energy consumption is characterized by:

First, the emergence of China as the largest energy consumer. Its
consumption surpassed that of the United States for the first time in 2009.

Second, world coal consumption increased at a faster rate than aggregate
energy. World coal consumption increased by 2.7% annually between
1995-2009, while world energy consumption increased by 1.9% during

* Senior Economist, OAPEC, Kuwait.




English Summaries & Abstracts

the same period. Consequently, the share of coal in world energy
consumption rose from 26.5% in 1995 to 29.4% in 2009.

Third, coal is the main source of energy for the Chinese economy.

The patterns of geographical distribution of world coal consumption are
approximately similar to patterns of production. It is worth noting that the
increase in coal consumption in China accounts for 83.4% of the increase
in world consumption.

World consumption of coal is expected to increase by 1.76% annually
as it will reach 104.4 million boed in 2035. Coal’s share in world energy
consumption will increase from 25.9% in 2005 to 27.9% in 2035.

Carbon dioxide emissions resulting from energy consumption will
increase by 1.4% annually during 2005-2035. Carbon dioxide, emission
will reach 42.4 billion tones in 2035. Three countries, China U.S.A., and
India, will be the source of 51.7% of world carbon dioxide emissions.

Coal’s share in carbon dioxide emissions resulting from energy
consumption will increase from 40.8% in 2005 to 45.8% in 2035.
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ABSTRACT

Oil Balance in China and its Impact
on Arab Qil Exporting Countries

Abdul Fattah Dandi *

Since 1993 , China became one of the main oil importers, as its imports increased
steadily to reach 5.1 million b / d in 2011. In 2009, China overtook Japan to become
the second largest importer of oil after the United States, and the increase in demand
for oil over the next few years will exceed 1.1 million barrels per day. To place this
in context, such an increase in Chinese demand represents around 40 percent of the
projected increase in global demand over the next few years.

This expected trend will lead to an increase in Chinese dependence on oil imports
to meet their growing local needs. The increasing demand for oil in China was as a
result of a significant increase in demand for petroleum products due to the increasing
importance of the transport sector in Chinese economy. Its noteworthy that Chinese
oil production is expected to decrease substantially. Thus, the emergence of China as
a major importer in the world oil market representing a phenomenon worth pursuing,
especially by Arab countries which possessed a huge amount of oil reserves.

The paper aims mainly to shed some light on the present and future Oil Balance in
China, and to show the privileged position enjoyed by the Arab countries in global oil
market in the short and long term. The paper also will explore the ability of Arab major
oil producers in meeting the expected Chinese growing needs of oil in light of the
challenges that they may face in the future.

The paper divided into three main parts, the first part was dedicated to review the
current and future status of the oil sector in China. The second part addresses the
relative importance of Arab countries in the world oil market based on the main oil
indicators namely the proven reserves and the share of oil produced and exported
globally. The third part was devoted to show the impact of development in the balance
of oil in China on Arab Petroleum Exporting Countries.

* Director of the Economics Dept. OAPEC, Kuwait
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ABSTRACT

Unconventional Gas Resources
and its Technical and Economic Potential

Sabah al Johar *

The unconventional gas reservoir is a term used usually to indicate a low
permeability reservoir which generally produces natural dry gas. Most
of the gas produced previously came from sandstone, more quantities
were produced from other low permeability rocks such as carbonates,
some layers of shale and coal participated in the production too. Wells
were drilled and completed vertically in such reservoirs. Stimulation
operations were always needed to achieve commercial flow rates.
Improved production technologies, unconventional methods, special
completion and fracturing methods along with horizontal drilling were
among the techniques used to utilize these resources. Moreover, they
required hiring specialized staff and earmarking financial investments
and using new equipments.

The most common types of unconventional gas resources are:

* Tight Gas Sand

* Shale Gas

* Coal bed Methane

* Gas Hydrate

Although these sources have not attracted sufficient attention in the past,
but they are expected to be focused on due to the improvement in the
reservoir engineering and production domains.

This study aims to discuss the abovementioned issues in some details.

* Former Specialist in Gas Issues - Technical Affairs Dept , OAPEC, Kuwait.
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