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ANNEX 1
AMENDMENTS TO ANNEX 1 OF MARPOL 73/78
The existing regulation 13G is replaced by the following:
“Regulation 13G
Prevention of accidental oil pollution - Measures for existing oil tankers
(1) Unless expressly provided otherwise this regulation shall:

(a) apply to oil tankers of 5,000 tons deadweight and above, which are contracted, the
keels of which are laid, or which are delivered before the dates specified in
regulation 13F(1) of this Annex; and

(b) not apply to oil tankers complying with regulation 13F of this Annex, which are
contracted, the keels of which are laid, or are delivered before the dates specified
in regulation 13F(1) of this Annex; and

(c) not apply to oil tankers covered by subparagraph (a) above which comply with
regulation 13F(3)(a) and (b) or 13F(4) or 13F(5) of this Annex, except that the
requirement for minimum distances between the cargo tank boundaries and the
ship side and bottom plating need not be met in all respects. In that event, the side
protection distances shall not be less than those specified in the International Bulk
Chemical Code for type 2 cargo tank location and the bottom protection distances
at centreline shall comply with regulation 13E(4)(b) of this Annex.

(2) For the purpose of this regulation:

(a) “Heavy diesel oil” means diesel oil other than those distillates of which more than
50 per cent by volume distils at a temperature not exceeding 340°C when tested by
the method acceptable to the Organization'

(b) “Fuel o0il” means heavy distillates or residues from crude oil or blends of such
materials intended for use as a fuel for the production of heat or power of a quality
equivalent to the specification acceptable to the Organization®.

3) For the purpose of this regulation, oil tankers are divided into the following categories:

(a) “Category 1 oil tanker” means an oil tanker of 20,000 tons deadweight and above
carrying crude oil, fuel oil, heavy diesel oil or lubricating oil as cargo, and of
30,000 tons deadweight and above carrying oil other than the above, which does
not comply with the requirements for new oil tankers as defined in regulation
1(26) of this Annex;

(b) “Category 2 oil tanker” means an oil tanker of 20,000 tons deadweight and above
carrying crude oil, fuel oil, heavy diesel oil or lubricating oil as cargo, and of
30,000 tons deadweight and above carrying oil other than the above, which

1 Refer to the American Society for Testing and Material’s Standard Test Method (Designation D86).
2 Refer to the American Society for Testing and Material’s Specification for Number Four Fuel Oil (Designation D396) or
heavier.

I\MEPC\50\3.DOC
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complies with the requirements for new oil tankers as defined in regulation 1(26)
of this Annex; and
(c) “Category 3 oil tanker” means an oil tanker of 5,000 tons deadweight and above

but less than that specified in subparagraph (a) or (b) of this paragraph.

4) An oil tanker to which this regulation applies shall comply with the requirements of
regulation 13F of this Annex not later than 5 April 2005 or the anniversary of the date of delivery
of the ship on the date or in the year specified in the following table:

Category of oil Date or year
tanker
Category 1 5 April 2005 for ships delivered on 5 April 1982 or earlier
2005 for ships delivered after 5 April 1982
Category 2 and 5 April 2005 for ships delivered on 5 April 1977 or earlier
Category 3 2005 for ships delivered after 5 April 1977 but before 1 January 1978

2006 for ships delivered in 1978 and 1979
2007 for ships delivered in 1980 and 1981
2008 for ships delivered in 1982

2009 for ships delivered in 1983

2010 for ships delivered in 1984 or later

(5) Notwithstanding the provisions of paragraph (4) of this regulation, in the case of a
Category 2 or 3 oil tanker fitted with only double bottoms or double sides not used for the
carriage of oil and extending to the entire cargo tank length or double hull spaces which are not
used for the carriage of oil and extend to the entire cargo tank length, but does not fulfill
conditions for being exempted from the provisions of paragraph (1)(c) of this regulation, the
Administration may allow continued operation of such a ship beyond the date specified in
paragraph (4) of this regulation, provided that:

(a) the ship was in service on 1 July 2001;

(b) the Administration is satisfied by verification of the official records that the ship
complied with the conditions specified above;

(c) the conditions of the ship specified above remain unchanged; and

(d) such continued operation does not go beyond the date on which the ship reaches
25 years after the date of its delivery.

(6) A Category 2 or 3 oil tanker of 15 years and over after the date of its delivery shall
comply with the Condition Assessment Scheme adopted by the Marine Environment Protection
Committee by resolution MEPC.94 (46), as may be amended, provided that such amendments
shall be adopted, brought into force and take effect in accordance with the provisions of
article 16 of the present Convention relating to amendment procedures applicable to an appendix
to an Annex.

(7) The Administration may allow continued operation of a Category 2 or 3 oil tanker beyond
the date specified in paragraph (4) of this regulation, if satisfactory results of the Condition
Assessment Scheme warrant that, in the opinion of the Administration, the ship is fit to continue
such operation, provided that the operation shall not go beyond the anniversary of the date of
delivery of the ship in 2015 or the date on which the ship reaches 25 years after the date of its
delivery, whichever is the earlier date.

I\MEPC\50\3.DOC
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(8) (a) The Administration of a Party to the present Convention which allows the
application of paragraph (5) of this regulation, or allows, suspends, withdraws or
declines the application of paragraph (7) of this regulation, to a ship entitled to fly
its flag shall forthwith communicate to the Organization for circulation to the
Parties to the present Convention particulars thereof, for their information and
appropriate action, if any.

(b) A Party to the present Convention shall be entitled to deny entry into the ports or
offshore terminals under its jurisdiction of oil tankers operating in accordance

with the provisions of :

(1) paragraph (5) of this regulation beyond the anniversary of the date of
delivery of the ship in 2015; or

(11) paragraph (7) of this regulation.

In such cases, that Party shall communicate to the Organization for circulation to
the Parties to the present Convention particulars thereof for their information.”

I\MEPC\50\3.DOC
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ANNEX 2
AMENDMENTS TO ANNEX I OF MARPOL 73/78
The following new regulation is added after regulation 13G:
“Regulation 13H
Prevention of oil pollution from oil tankers carrying heavy grade oil as cargo
(1) This regulation shall:

(a) apply to oil tankers of 600 tons deadweight and above carrying heavy grade oil as
cargo regardless of the date of delivery; and

(b) not apply to oil tankers covered by subparagraph (a) above which comply with
regulation 13F(3)(a) and (b) or 13F(4) or 13F(5) of this Annex, except that the
requirement for minimum distances between the cargo tank boundaries and the
ship side and bottom plating need not be met in all respects. In that event, the side
protection distances shall not be less than those specified in the International Bulk
Chemical Code for type 2 cargo tank location and the bottom protection distances
at centreline shall comply with regulation 13E(4)(b) of this Annex.

(2) For the purpose of this regulation “heavy grade oil” means any of the following:
(a) crude oils having a density at 15°C higher than 900 kg/m?;

(b) fuel oils having either a density at 15° C higher than 900 kg/m’ or a kinematic
viscosity at 50° C higher than 180 mm?/s;

(©) bitumen, tar and their emulsions.

3) An oil tanker to which this regulation applies shall comply with the provisions of
paragraphs (4) to (8) of this regulation in addition to complying with the applicable provisions of
regulation 13G.

(4) Subject to the provisions of paragraphs (5), (6) and (7) of this regulation, an oil tanker to
which this regulation applies shall:

(a) if 5,000 tons deadweight and above, comply with the requirements of regulation
13F of this Annex not later than 5 April 2005; or

(b) if 600 tons deadweight and above but less than 5,000 tons deadweight, be fitted
with both double bottom tanks or spaces complying with the provisions of
regulation 13F(7)(a) of this Annex, and wing tanks or spaces arranged in
accordance with regulation 13F(3)(a) and complying with the requirement for
distance w as referred to in regulation 13F(7)(b), not later than the anniversary of
the date of delivery of the ship in the year 2008.

(5) In the case of an oil tanker of 5,000 tons deadweight and above, carrying heavy grade oil
as cargo fitted with only double bottoms or double sides not used for the carriage of oil and
extending to the entire cargo tank length or double hull spaces which are not used for the carriage

I\MEPC\50\3.DOC
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of oil and extend to the entire cargo tank length, but does not fulfil conditions for being exempted
from the provisions of paragraph (1)(b) of this regulation, the Administration may allow
continued operation of such a ship beyond the date specified in paragraph (4) of this regulation,
provided that:

(a) the ship was in service on 4 December 2003;

(b) the Administration is satisfied by verification of the official records that the ship
complied with the conditions specified above;

(c) the conditions of the ship specified above remain unchanged; and

(d) such continued operation does not go beyond the date on which the ship reaches
25 years after the date of its delivery.

(6) (a) The Administration may allow continued operation of an oil tanker of 5,000 tons
deadweight and above, carrying crude oil having a density at 15°C higher than
900 kg/m’ but lower than 945 kg/m’, beyond the date specified in paragraph (4)(a)
of this regulation, if satisfactory results of the Condition Assessment Scheme
referred to in regulation 13G(6) warrant that, in the opinion of the Administration,
the ship is fit to continue such operation, having regard to the size, age,
operational area and structural conditions of the ship and provided that the
operation shall not go beyond the date on which the ship reaches 25 years after the
date of its delivery.

(b) The Administration may allow continued operation of an oil tanker of 600 tons
deadweight and above but less than 5,000 tons deadweight, carrying heavy grade
oil as cargo, beyond the date specified in paragraph (4)(b) of this regulation, if, in
the opinion of the Administration, the ship is fit to continue such operation,
having regard to the size, age, operational area and structural conditions of the
ship, provided that the operation shall not go beyond the date on which the ship
reaches 25 years after the date of its delivery.

(7) The Administration of a Party to the present Convention may exempt an oil tanker of 600
tons deadweight and above carrying heavy grade oil as cargo from the provisions of this
regulation if the oil tanker:

(a) either is engaged in voyages exclusively within an area under its jurisdiction, or
operates as a floating storage unit of heavy grade oil located within an area under
its jurisdiction; or

(b) either is engaged in voyages exclusively within an area under the jurisdiction of
another Party, or operates as a floating storage unit of heavy grade oil located
within an area under the jurisdiction of another Party, provided that the Party
within whose jurisdiction the oil tanker will be operating agrees to the operation
of the oil tanker within an area under its jurisdiction.

(8) (a) The Administration of a Party to the present Convention which allows, suspends,
withdraws or declines the application of paragraphs (5), (6) or (7) of this
regulation to a ship entitled to fly its flag shall forthwith communicate to the
Organization for circulation to the Parties to the present Convention particulars
thereof, for their information and appropriate action, if any.
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(b) Subject to the provisions of international law, a Party to the present Convention
shall be entitled to deny entry of oil tankers operating in accordance with the
provisions of paragraph (5) or (6) of this regulation into the ports or offshore
terminals under its jurisdiction, or deny ship-to-ship transfer of heavy grade oil in
areas under its jurisdiction, except when this is necessary for the purpose of
securing the safety of a ship or saving life at sea. In such cases, that Party shall
communicate to the Organization for circulation to the Parties to the present
Convention particulars thereof for their information.
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Introduction

Our task is to ascertain the amount of shipping required for the transportation of
the world's traded olil in the years 2010 and 2015. To achieve this task we need,
first of all, to separate the world into countries and regions in such a way as to
make the whole exercise manageable, while at the same time retaining the ability
to examine important bilateral trade flows. The next step involves projecting oil
demand by country/region, followed by the forecasting of oil supplies. Deciding
on the amount of local oil that is consumed locally allows us to obtain the oil that
each country/region will export and import. The penultimate step entails
obtaining a trade matrix of bilateral oil flows between the countries/regions based
on their exports and imports. This trade matrix finally yields the amount of
shipping that is needed to transport oil from the exporters to the importers.

In view of the current and future importance of certain countries as consumers or
producers of oil, we have separated out the following nations from their
respective regions — namely, the United States, China, the Former Soviet Union
(FSU) and Japan. Europe is treated as a region (without the FSU), as is Latin
America, the Middle East, North Africa, West Africa, the rest of Africa, Australasia
(comprising Australia and N. Zealand) and other Asia (excluding China).

Forecasts of the demand for oil in each country/region are obtained from
projections of per capita oil consumption and population growth (given by the
United Nations). Predictions of aggregate oil demand in the former non-
Communist-World (NCW) — i.e., excluding China, the FSU and Eastern Europe
— are also made independently via the CGES' econometric model of demand.
When we add to this the former Communist world's predicted oil consumption
and subtract projected non-OPEC supplies (aggregated) and OPEC natural gas
liquids, we have the call on OPEC crude oil. The call on OPEC oil as a whole is
then broken down by member-country based on capacity shares. Each OPEC
country's projected output is finally added back in to the appropriate regional
total, completing each region's supply picture.

Global oil demand, supply and oil prices

The future path of global oil demand depends on the world economy and oil price
movements in real terms, while the price of oil is affected by how oil demand and
supply evolve over time. The CGES has created a world oil model (WOM) that
channels aggregate oil supply and demand into a global stock (i.e. inventory)
disequilibrium mechanism, which generates oil price forecasts. These price
forecasts then feed back into oil demand, moderating demand accordingly in
order to achieve the desired inventory target (in terms of days of forward cover).
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Growth in global oil demand is expected to slow right down in the years 2006 and
2007, under pressure from the high oil prices of the last few years and a
slackening in world economic growth. Continuing rises in non-OPEC oil supplies
and OPEC's NGLs during this period lead to declines in the call on OPEC crude
and drops in OPEC's capacity utilisation. On the assumption that the OPEC
member-countries keep on increasing their productive capacity, OPEC's capacity
utilisation continues to fall, putting downward pressure on the price of oil. Given
these circumstances, the model predicts that global demand for oil will rise to
86.8 mbpd in 2010 and 91.8 mbpd in 2015.

Table 1: Global oil demand, supply and oil price predictions

Global oil | Non-OPEC | OPEC's | Need for [ OPEC's OPEC's
demand | oil supply [ NGLs | OPEC oil | capacity | basket price
based on based on CGES crude oil | utilisation in current
IEA data IEA data estimates only in prices

mbpd mbpd mbpd mbpd % $/bbl
2003 79.1 48.9 3.2 27.1 85 28.2
2004 81.7 50.0 3.5 28.5 88 35.0
2005 83.3 50.9 3.7 29.0 86 31.9
2006 83.6 514 3.8 28.4 81 31.3
2007 83.7 51.7 3.9 28.0 77 30.1
2008 84.5 52.1 4.0 28.5 77 29.8
2009 85.9 52.4 4.2 29.5 77 29.9
2010 86.8 52.7 4.3 29.8 76 29.0
2011 87.4 52.7 4.5 30.3 74 27.9
2012 88.4 52.7 4.6 31.2 74 27.1
2013 89.7 52.6 4.8 32.4 75 26.5
2014 90.9 52.6 5.0 33.5 75 25.7
2015 91.8 52.5 5.1 34.3 74 24.5

While the 2010 global oil demand figure is almost the same as the prediction for
that year from the demand-per-capita analysis (see below), this is not true for the
year 2015 (91.8 mbpd versus 93.4 mbpd). We have decided to use the higher
figure for 2015 on the presumption that economic growth may turn out to be
slightly higher and oil prices somewhat lower than the model assumes.

Oil demand forecasts

An alternative way of predicting oil demand is on a disaggregated basis, building
from the bottom up. This can act as a check on the forecasts of oil demand
derived by way of the top-down approach that has been described above. Oil
demand for any given country or region is derived as the product of the area’s
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population and its consumption per head of crude oil. The countries for which
individual demand forecasts are provided are Canada, China, Japan and the US,
while the rest of the world is split into regional blocs. These are Europe, the
FSU, Latin America, the Middle East, North Africa, West Africa, Rest of Africa,
other Asia and Australasia. Demand for oil in the other Asia region is a
summation of individual country forecasts for India, Indonesia, Malaysia,
Singapore, South Korea, Taiwan and Thailand, and an aggregate demand total
for the rest of the region.

Consistent data series for each of these areas’ demand factors were created.
Crude oil consumption and population data were taken from published sources
and supported by the CGES’ figures, which were used to derive per capita
consumption data. Additional series were compiled for each of the individual
countries specified to enable the construction of simple econometric models
relating oil consumption per head to per capita GDP and the real price of crude
and crude products.

Trend lines were also placed through the per-capita consumption series and
extended forward in time. Qualitative analysis of these trend lines and the factors
underlying them was then undertaken in order to generate and refine the per-
capita demand predictions. Econometric models of per-capita consumption were
used to support this trend-based work. Population forecasts were obtained from
the United Nations and the final demand predictions, the product of the CGES
and UN forecasts, were tested against the CGES’ long-term world consumption
model, a model which underlies much of the Centre’s long-run work.

The historic data used in these forecasts, in most cases dating back to 1965,
were drawn from three main sources. Crude oil consumption data came from the
BP Statistical Review of World Energy (June 2004) and from the CGES’ own
figures, while population statistics were obtained from the UN World Population
Prospects Population Database (2002 Revision). The oil consumption data from
BP were restructured to fit the regional and country breakdown used in this study,
the units of consumption being millions of barrels per day. CGES data for North
and West Africa, regions for which data are notoriously hard to come by, were
used to supplement the BP consumption figures for Africa.

The United Nations was the source of country-by-country population data from
1965, given in five-yearly intervals. Yearly population forecasts were obtained by
calculating the yearly population growth rates assumed by the UN. The data
were sorted and where necessary aggregated to give population figures for the
countries and regions specified in the study. The United Nations provides
country-by-country population predictions at five-yearly intervals from 2005
onwards that are based on a set of assumptions regarding rates of fertility,
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mortality and international migration within each country. Our population
predictions were based on the most likely set of assumptions, the medium
variant. Fertility rates are projected to decline in high and medium fertility
countries and stabilise in low fertility countries. Mortality is expected to decline at
a medium rate in most developing countries, with the effect of AIDS/HIV factored
into the calculations for high-risk countries. International migration is projected
based on past migration trends and an assessment of governmental policy
implications.

Table 2 provides an overview of the UN population predictions used in the study.
World population growth is expected to slow over the next 15 years, with growth
rates declining across the globe, albeit at varying rates. Long-term population
increases are forecast to be relatively high in the Middle East and Africa, while
‘other Asia’, the largest population group in the study, also maintains a strong
rate of growth. China’s vast population means that even though its long-term
population growth rate is relatively low, the expected increase in population over
the next decade and beyond is large. At the other end of the scale, population
growth in Europe is negligible, while population declines are forecast for the FSU
and, in the longer term, Japan.

Table 2: UN population predictions

Population (000) Average Annual Rate of Change

Area 2003 2005 2010 2015 2003-2010 2003-2015
Canada 31485 31972 33069 34133 0.70% 0.67%
USA 294075 300184 315070 329820 0.99% 0.96%
Latin America 542737 558281 594436 628260 1.30% 1.22%
Europe 513865 515172 516472 516388 0.07% 0.04%
FSU 287336 285840 282640 280079 -0.24% -0.21%
Middle East 184868 193176 215020 238751 2.16% 2.13%
North Africa 183554 190494 207805 224468 1.77% 1.68%
West Africa 244132 256921 289387 323260 2.43% 2.34%
Rest of Africa 422125 440549 487033 536812 2.04% 2.00%
China 1280675 1299507 1341304 1378020 0.66% 0.61%
South Korea 47639 48182 49081 49672 0.43% 0.35%
Japan 127561 127914 127998 127224 0.05% -0.02%
Other Asia 2112982 2181412 2345962 2504442 1.49% 1.42%
Australasia 23583 24024 25004 25919 0.84% 0.79%

World Total 6296618 6453628 6830281 7197248

Changes in per capita consumption per annum are slow moving, with trends
becoming apparent over the medium and long terms. For this study trend lines
were extended to 2020, providing base case forecasts that were analysed and
refined on an area-by-area basis, taking into account historic and predicted
patterns of growth and development for each region. This qualitative analysis
was supported by quantitative techniques, including the use of regression
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modelling. Simple models were created which related each country’s per capita
consumption of oil to its per capita income and the price of crude.

The results of this work are summarised below. Rates of oil consumption per
head in Canada and the USA will decline slightly over the short term as high
prices start to take effect; medium and long-term rates of growth will be low. The
growth rate of China’s oil consumption per capita will also be checked by the high
cost of oil, although it will still be high relative to the rest of the world. Oil
consumption per head for the 'other Asia’ region is forecast to grow steadily, with
slow growth predicted for Latin America, Africa, Japan and Australasia. Oil
consumption per head in the Middle East is expected to decline as the region’s
population increases dramatically.

Table 3: Oil Demand Per Capita (barrels)

Demand Per Capita Per Annum - Crude and NGL (barrels) Average Annual Rate of Change

Area 2003 2005 2010 2015 2003-2010 2003-2015
Canada 24.91 24.92 24.80 24.98 -0.06% 0.02%
USA 24.91 24.95 24.79 25.00 -0.07% 0.03%
Latin America 4.36 4.55 4.58 4.68 0.69% 0.59%
Europe 11.53 11.78 11.98 12.17 0.55% 0.46%
FSU 4.48 4.50 4.69 5.05 0.65% 1.00%
Middle East 8.84 8.83 8.75 8.77 -0.16% -0.07%
North Africa 2.71 2.58 2.62 2.68 -0.46% -0.08%
West Africa 1.01 1.02 1.02 1.04 0.12% 0.25%
Rest of Africa 0.46 0.47 0.50 0.53 0.95% 1.05%
China 1.60 1.82 2.30 2.76 5.17% 4.55%
South Korea 17.64 17.87 17.91 17.85 0.22% 0.10%
Japan 15.60 15.95 16.96 17.26 1.19% 0.84%
Other Asia 1.36 1.38 1.44 1.49 0.80% 0.76%
Australasia 15.39 15.62 15.84 16.12 0.41% 0.38%

World Total 4.51 4.57 4.64 4.74 0.43% 0.42%

Each country/region’s total demand for oil was calculated as the product of its
projected per capita consumption of oil and its population. The headline-
grabbing story is China’s spectacular growth in oil demand — an increase of no
less than 6.6 mbpd between 2003 and 2020. This is the result of steady
population growth from a high starting point and a strong projected increase in oill
consumption per head. The massive population of the region 'other Asia' results
in relatively high oil demand growth despite rates of growth of both population
and per capita consumption of oil that are moderate. Low rates of population
growth, combined with almost no growth in oil consumption per head, explain the
relatively slow oil demand growth rates shown by the USA and Canada. Japan’s
slow long-term oil demand growth is primarily due to a declining population,
because per capita rates of oil consumption are expected to rise. African
demand for oil shows steady growth, albeit from a low starting point. Since
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African per capita oil consumption remains relatively steady, this increase is due
predominately to the continent’s rising population.

Table 4: Total Demand (mbpd)

Demand Total - Crude and NGL (mbpd) Average Annual Rate of Change

Area 2003 2005 2010 2015 2003-2010 2003-2015
Canada 2.15 2.18 2.25 2.34 0.64% 0.70%
USA 20.07 20.52 21.40 22.59 0.91% 0.99%
Latin America 6.49 6.96 7.46 8.06 1.99% 1.81%
Europe 16.23 16.63 16.95 17.22 0.62% 0.50%
FSU 3.53 3.52 3.63 3.88 0.41% 0.79%
Middle East 4.48 4.67 5.15 5.74 2.00% 2.06%
North Africa 1.36 1.35 1.49 1.65 1.31% 1.60%
West Africa 0.68 0.71 0.81 0.92 2.55% 2.59%
Rest of Africa 0.54 0.57 0.66 0.77 3.00% 3.06%
China 5.61 6.49 8.44 10.43 5.83% 5.16%
South Korea 2.30 2.36 2.41 2.43 0.64% 0.45%
NETEN] 5.45 5.59 5.95 6.02 1.24% 0.82%
Other Asia 7.87 8.24 9.24 10.22 2.29% 2.18%
Australasia 0.99 1.03 1.08 1.14 1.24% 1.17%

World Total 77.74 80.81 86.91 93.40 1.59% 1.53%

Non-OPEC oil supplies

The prediction of future non-OPEC oil production in each country is based on two
key factors — each country's oil reserves and their rate of extraction. Oil
reserves are boosted by so-called gross additions to reserves (encompassing
both pure discoveries and revisions to the reserves of existing oilfields) and are
depleted by production itself. Gross additions to reserves have a random
component and the CGES uses Monte Carlo simulation methods to vary each
country's gross additions randomly around their historical mean. Oil production in
each country is then projected in such a manner so as to keep the reserves-to-
production ratio within reasonable bounds.



BT EL.

Table 5: Non-OPEC oil production

2015 °~ 2003-05 ° 2005-10 ~ 2010-15

tbpa tbpa tbpd|

Argentina -53 -120 -30
Brazil 248 300 -100
Colombia -14 -60 -60
Mexico 111 50 -480
Ecuador 93 -70 0
Trinidad -3 -20 10
Other -5 -30 -20
Yemen -4 20 -20
Oman -73 10 -10
Syria -54 0 25
Other -5 -8] -10
Angola 185 430 500
Cameroon 22 20 20
Congo 7 30 120
Egypl -50 -150 -150
Other 186 300 -330
Australia 66 -20 -70
Brunei -4 -60 -10
India -33| -220 -160
Malaysia -15 -90 -110
N.Z. & other -23 -78]| -42
Vietnam -22 -80 -20
China 14 -410 -200
FSU 1373 2628) 1869
USA -54 -220 -480
Canada 54 110 50
U. Kingdom 0 -345 -100
Papua N.Guinea -3 -2 -10
Gabon 20 120 20
Norway -60 -700 -480
Other Europe 24 130 -150
GRAND TOTAL 1929] 1465 -428

Non-OPEC oil supplies are expected to peak around the year 2010 and to
decline steadily thereafter. The obvious exception is the FSU, where oll
production is expected to soar, from 10.5 mbpd in 2003 to 16.4 mbpd in 2015.
This huge increase in oil output has profound ramifications for the FSU's oil
exports and their principal destinations, as we shall see. The other countries with
a growing oil export potential are Brazil and Mexico (till 2010), Angola (till 2015),
other Africa (till 2010), Gabon, Canada and other Europe (till 2010).

A trade matrix for oil

We have based our analysis of traded oil on the inter-area movements table
found in the BP Statistical Review of World Energy (June 2004, page 18). The
figures in Table 6 are in millions of barrels of oil per day and refer to the year
2003. The elements in each row contain the oil exports of the country at the
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head of the row to the corresponding country in each column (Aij, where 'i' refers
to the exporting country and 'j' to the importing country). The key innovation the
CGES has introduced is to make use of the diagonal elements of the trade matrix
instead of leaving them as zeroes. This innovation allows us to use the trade
matrix in order to obtain each of our countries/regions' oil production and
aggregate oil demand.

Each country's oil exports to itself, which ordinarily would be zero, can be
adapted to represent local use of the oil produced in the country in question.
This means that if we sum along each row of the trade matrix we obtain a number
that represents the country's oil production. Each row now includes all the oil
exports of the country in question plus local use of domestically produced oil: by
definition these two components add up to all the oil produced by that country.
Adding down each column, on the other hand, yields the aggregate oil demand of
the country in question. This is so because each element going down the column
represents the country's oil imports from an exporting nation and the diagonal
element stands for the country's own use of its oil production. When we add the
sum of oil imports to local use of domestic oil output, we obtain aggregate oil
demand (assuming no change in inventories, which is sensible for a long-term
model).

Table 6: Oil trade flows in 2003 (mbpd)

Qil trade flows in 2003
Exports Other

from ---->to USA L.Am. Europe FSU M. East N.Afr. W. Afr. RoAfr China Japan Asia AusNZ
Canada 2.069 0.004 0.008 0 0 0 0 0 0 0 0 0
USA 0.203 0 0 0 0 0.006 0.008 0.071 0.082 0.017
Latin America 0.094 0.383 0 0 0 0 0.016 0.047 0.008 0.181
Europe 0.506 0.000 0 0.157 0.020 0 0 0 0 0
FSU 0 0.253 0.052 4.941 0.015 0 0.005 0.243 0.045 0.231 0
Middle East 0.127 2536 0.280 3.105 0.050 0.315 1.045 4.204 6.749 0.143
North Africa 0.143 0.407 0.097 1.832 0 0.037 0.008 0.004 0.134 0
West Africa 0.036 1424 0.191 0.732 0 0 0.315 0.096 0.723 0.002
Rest of Africa 0 0 0 0.026 0 0 0.046 0.018 0
China 0 0.027 0.015 0.002 0 0 0 0 0.087
Japan 0 0.008 0.002 0 0 0 0
Other Asia 0.004 0.160 0.002 0.083 0 0 0 0 0.006 0.701 0.592
Australasia 0 0.034 0.002 0.006 0 0 0 0 0.045 0.076
Other 0 0 0 1.728
Total Imports 11.991 4 0 0.443

By using the trade matrix's diagonal as described above we are able to link each
country's oil trade with its oil demand and output. This innovation is not important
as far as the past is concerned, as exemplified by Table 6, but it is crucial for the
prediction of oil trade in the future. Why is this so? Assigning a number to
represent local use of future oil production enables us to obtain each
country/region's exports and imports of oil from projections of its oil demand and
output. We are thus able to move from a series of oil demand and supply
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predictions to predictions of oil imports and exports. All that subsequently
remains for us to do is to fill the matrix of bilateral flows so that each
country/region's exports of oil to each of the other countries/regions adds up to its
total oil exports, and the same for its imports.

This latter exercise is of course easier said than done. Balancing 14-by-14 trade
matrices by hand is not an exercise one would normally wish to undertake.
However, in the time available to us we were not able to use a transportation
model to find the least-cost way of exporting oil from A to B, which means that we
had to resort to manual balancing of the trade matrices. Incidentally, this may not
be a bad thing, since certain bilateral flows have to be constrained to match the
capacity of the pipelines that are expected to be built to service these routes. We
are thinking in particular of the proposed Russian pipeline to Nakhodka (planned
capacity of 1 mbpd), with a spur to Daching in China (capacity 0.6 mbpd).

Oil trade matrices for 2010 and 2015

Most of the world's oil demand growth between now and the years 2010 and
2015 is expected to occur in three main countries/regions — the United States,
China and other Asia (including countries like India, Pakistan, Bangladesh,
Thailand, Malaysia, Singapore, the Philippines, Indonesia, etc...). Incremental oil
demand in the US, China and other Asia will account for 59% of the growth in
world demand between 2003 and 2010 and 61% of the growth between 2003 and
2015 (see Table 7).

Table 7: Incremental demand for oil

2003 to 2010 2003 to 2015
mbpd mbpd
United States +1.3 +2.5
China +2.8 +4.8
Other Asia +1.3 +2.3
The above +5.4 9.6
World +9.2 15.7

Since most of the growth in oil supplies is expected from the FSU, West Africa
and — as the world's residual supplier — the Middle East, we would expect the
oil exports of these regions to the US, China and other Asia to increase
considerably. This is in fact the case (see Tables 6, 10 and 11), apart from the
Middle East's oil exports to the US, which decline by 1.1 mbpd between 2003 and
2015, to be replaced by burgeoning exports from the FSU. Indeed, the 3.7-mbpd
surge in FSU oil exports to the US between 2003 and 2015, along with the huge
5.1-mbpd increase in the Middle East's oil exports to China over the same period,
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constitute the key findings of our work. The significant implications of these large
increments for very large crude carriers (VLCCs) will be outlined shortly. The
final set of flows we would like to highlight concern the exports of the Middle
East, North Africa, West Africa and the FSU to Europe. As is the case for the
US, growing supplies of oil from the FSU and West Africa imply lower oil exports
from the Middle East to Europe. Since the additional exports to Europe from the
FSU are likely to be in smaller vessels, this too has implications for the VLCC
market.

Table 8: Incremental exports of oll

2003 to 2010 2003 to 2015
mbpd mbpd
FSU to US 2.8 3.7
FSU to Japan 0.9 0.9
FSU to China 0.4 0.4
West Africa to US 0.8 15
West Africa to China 0.2 0.1
West Africa to Other Asia 0.4 0.2
Middle East to US -0.6 -1.1
Middle East to China 2.6 5.1
Middle East to Other Asia 1.3 2.6
Middle East to Europe -0.7 -1.1
North Africa to Europe 0.1 0.7
West Africa to Europe 04 0.5
FSU to Europe 1.3 2.1

Shipping needs on the trade routes

The final stage of our work involves calculating the amount of shipping that will be
needed to transport oil from A to B on the basis of the flows yielded by our trade
matrices. We have assumed that three main types of oil tankers will be used on
the various routes — VLCCs of 300,000 dwt and vessels of 150,000 dwt and
110,000 dwt. The vessel sizes have been chosen for convenience and must be
considered as representative of the type of tanker that tends to be used on these
routes. In calculating the shipping requirements we need to work out the carrying
capacity of a particular vessel on a specific route. To do this we first need to
determine the so-called return voyage performance (RVP) of a representative
tanker on each route. The RVP is given by the following formula, where the
factor 1.01 refers to excess steaming. An RVP represents the number of days

10
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needed by a tanker to transport oil from A to B and return in ballast to its point of
departure.

RVP = (Nautical Miles x 2 x 1.01 / Knots Per Hour x 24) + Port Days

As an example let us consider the route from the Middle East Gulf to Japan. The
distance in nautical miles from Mina al Ahmadi in Kuwait to Yokohama is 6,717
nautical miles. At an average service speed of 13.5 knots per hour (assumed the
same for all three sizes) and allowing four port days (two each for loading and
discharging), a round-trip voyage from the M.E. Gulf to Japan takes 46 days.
Having obtained the RVP, we are now in a position to calculate the amount of oil
a tanker can carry on a certain route in one year. The formula for the cargo
carrying capacity (CCC) of the vessel is giving as follows, where the factor 0.95 is
the so-called cargo factor and 345 is the number of operational days in a year
(i.e., excluding days in dry-dock, for re-fitting and re-crewing, etc).

CCC = (TonnageDWT x 0.95) * (345 / RVP)

Based on the same example as before, we estimate via the CCC formula that a
300,000DWT VLCC can carry 2.14 million tonnes of oil per annum between
Kuwait and Japan. By contrast, a 150,000DWT vessel with the same
performance characteristics (speed and turnarounds) is obviously able to carry
only half the tonnage in a year on the same route. We are now finally ready to
calculate by vessel size how many vessels are required to transport the amount
of oil exported from country/region A to B in a year. We know from our projected
trade matrix that, for example, 304 million tonnes of oil is likely to move in 2015
from the M.E. Gulf to China. We also know that this oil will be transported to
China in VLCCs, which implies according to our formulae that 128 VLCCs will be
required on this particular route in 2015. Such a large number of VLCCs
contrasts sharply with the 22 vessels needed to move oil from the Gulf to China
in 2003.

Concluding remarks

The global shipping requirements for the years 2003, 2010 and 2015 by vessel
size are contained in Tables 12, 13 and 14. Note that each table contains a sub-
table with the shipping needed to transport the FSU's exports to the US, Europe,
Japan and the rest of Asia (excluding China). In the year 2003, 440 very large
crude carriers, 283 150-kt tankers and 308 110-kt tankers were needed to
transport oil around the world. By 2010, the VLCC number increases to 549
vessels (a 25% increase on 2003) and by 2015 it rises further to 622 ships (a
41% rise on 2003). Since global seaborne oil trade is expected to rise by 32%
between 2003 and 2015, we can infer that the long-haul transportation of oil in
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VLCCs rises faster than traded oil as a whole. This can be clearly seen in Table
9, which shows the incremental global tanker needs by vessel size.

Table 9 Incremental global oil tanker requirements

2003 to 2010 2003 to 2015
vessels vessels
VLCCs 109 182
150,000-DWT tankers 36 107
110,000-DWT tankers 67 84

Almost 50% of the additional vessels needed between now and 2015 are VLCCs.
This is the case because the world's incremental oil demand is to be met by
incremental supplies on long-haul routes, such as the Middle East Gulf to China
and other Asia, the FSU to the United States (from Murmansk) and West Africa
to the US. On the other hand it should be noted that the substantial increase in
Russian oil exports to Japan (over 0.9 mbpd between 2003 and 2015) is not likely
to lead to a large demand for shipping, because of the short distance between
Nakhodka and Yokohama. Should the Eastern Siberian pipeline to Nakhodka
not be built, then more Russian oil will go west to the US and Europe and more
Middle Eastern oil will come to Japan (1 mbpd) and China (0.6 mbpd). In these
circumstances there will be a concomitant need for even more VLCCs to
transport the Russian oil westwards and the additional Middle Eastern oil to the
East.

* This study was devised and written by Dr. Leo P. Drollas, Deputy Director and
Chief Economist of the Centre for Global Energy Studies. Mark Wymer and H.F.
Hashim provided research assistance, preparing the research material and
performing most of the calculations.
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Table 10: Oil trade flows in 2010 (mbpd)

Oil trade flows in 2010
Exports Other

from ---->to Canada USA L.Am. Europe FSU M. East N.Afr. W. Afr. RoAfr China Japan Asia AusNZ
Canada 0.004 0.009 0 0 0 0 0 0 0 0 0
USA 0.194 0 0 0 0.006 0.008 0.068 0.078 0.016
Latin America 0.431 0 0.018 0.053 0.009 0.204
Europe 0.408 0.025 0 0 0 0
FSU 0 3.072 0.099 6.281 0 0.009 0.683 0.979 0.250
Middle East 0.460 1.939 0.753 2.393 0 0.266 0.310 3.678 4.143 8.042
North Africa 0.148 0.421 0.100 1.894 0 0 0.038 0.008 0.004 0.139 0 0.012
West Africa 0.052 2195 0.301 1.131 0 0 0.123 0.490 0.148 1.125 0.003
Rest of Africa 0 0 0 0.047 0 0 0 0 0.084 0.033 0
China 0 0.019 0.011 0.001 0 0 0 0 0.190
Japan 0 0.007 0 0.002 0 0 0 0 0.027
Other Asia 0.003 0.116 0.001 0.060 0 0 0 0 0.004
Australasia 0 0.037 0.002 0.007 0 0 0 0 0
Other 0 0 0 0 0.085 0.100 0 0 0

Total Imports 12.450 0.128 0.152

-0.008 . . . [XeZYg 54.028

Table 11: Oil trade flows in 2015 (mbpd)

Qil trade flows in 2015
Exports Other

from ---->to Canada USA L.Am. Europe FSU M. East N. Afr. W. Afr. RoAfr China Japan Asia AusNZ
Canada 0.005 0.000 0 0 0 0 0 0 0 0 0 0
USA 0.183 0 0 0 0 0.005 0.007 0.062 0.077 0.015 0.000
Latin America 0.452 0 0 0 0 0.019 0.056 0.009 0.214 0 0.000
Europe 0.396 0 0.000 0 0 0
FSU 0 3915 0.113 7.047 0 0 0.000 0.653 0.979
Middle East 0.481 1.414 1.115 1.989 0 0.334 0.403 6.104 4.343
North Africa 0.195 0.577 0.132 2.498 0 0 0.037 0.067 0.011 0.000
West Africa 0.062 2.936 0.327 1.253 0 0 0.137 0.371 0.164
Rest of Africa 0 0 0 0.000 0 0 0 0 0.147
China 0 0.013 0.007 0.000 0 0 0 0
Japan 0 0.007 0 0.000 0 0 0 0
Other Asia 0.002 0.090 0.001 0.000 0 0 0 0
Australasia 0 0.000 0.002 0.000 0 0 0 0
Other 0 0

Total Imports 13.424 0.025 . . . . [OXOk¥:y 60.548
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Vessels per Route 2003
from --->to Coanada USA L.Am. Europe FSU M East M.East M. East N. Afr. W. Afr. RoAfr China Jopan Other Asia AusNZ Other
Suez) (Cope)
Canada 0 0 neg. neg. 0 0 0 0 0 0 0 0 0 0 0 0
USA 0 0 18 8 0 0 0 0 0 0 0 neg. 3 8 1 1
Latin America 2 82 0 17 0 0 0 0 0 0 1 4 1 17 0 neg.
Europe 10 28 2 0 neg. 0 0 0 &) 1 0 0 0 0 0 0
FSU 0 0 1 0 0 0 0 0 neg. 0 neg. 0 0 0 0 0
Middle East 0 0 0 0 0 0 0 0 6 1 6 22 98 108 4 1
Middle East (Suez) 3 62 0 57 0 0 0 0 0 0 0 0 0 0 0 0
Middle East (cape 3 61 10 71 0 0 0 0 0 0 0 0 0 0 0 0
North Africa 2 5 2 38 0 0 0 0 0 2 1 neg. neg. 6 0
West Africa 1 60 ) 23 0 0 0 0 0 0 2 0 0 0 0 0
Rest of Africa 0 0 0 2 0 0 0 0 0 0 0 5 1 neg. 0 0
China 0 1 1 neg. 0 0 0 0 0 0 neg. 0 1 7 1 1
Japan 0 neg. 0 neg. 0 0 0 0 0 0 0 neg. 0 1 neg. 0
Other Asia Pac neg. 6 neg. 7 0 0 0 0 0 0 neg. 19 19 0 14 neg.
Australasia 0 1 neg. neg. 0 0 0 0 0 0 0 neg. 1 18 0 0
Other 0 0 0 0 neg. neg. neg. neg. 0 0 0 0 0 neg. neg. 0
Totals
VLCC 5 73 13 71 0 0 0 0 6 1 6 25 100 108 4 1 440
150000 14 151 8 80 0 0 0 0 0 0 1 0 0 6 0 0 283
110000 2 82 18 72 0 0 0 0 3 3 3 23 24 51 16 2 308
FSU
Other
From/To USA Europe Japan Asia
Med 0 23 0 0
Murmansk 4 0 0 0
Primorsk 0 8 0 0
Black Sea 0 13 0 10
Vladivostock 0 0 0 0
Sakhalin 0 0 1 0
Totals
VLCC 4 23 0 0 27
150000 0 13 0 10 23
110000 0 8 1 0 9
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Vessels per Route 2010
from ---->to Conada USA L. Am. Europe FSU M.East M.East M. East N. Afr. W. Afr. RoAfr China Jopon Other AusNZ Other
Quez) (Copo) Asig
Canada 0 0 neg. neg. 0 0 0 0 0 0 0 0 0 0 0 0
USA 0 0 17 8 0 0 0 0 0 0 0 neg. 3 7 1 1
Latin America 2 92 0 19 0 0 0 0 0 0 1 5 1 19 0 neg.
Europe 8 14 neg. 0 neg. 0 0 0 1 1 0 0 0 0 0 0
FSU 0 0 2 0 0 0 0 0 neg. 0 neg. 0 0 16 0 0
Middle East 0 0 0 0 0 0 0 0 0 7 6 77 96 129 4 0
Middle East (Suez 10 47 0 44 0 0 0 0 0 0 0 0 0 0 0 0
Middle East (Cape 11 46 28 54 0 0 0 0 0 0 0 0 0 0 0 0
North Africa 2 6 2 40 0 0 0 0 0 2 2 neg. neg. 7 0
West Africa 2 92 8 36 0 0 0 0 0 0 3 0 0 0 0 0
Rest of Africa 0 0 0 neg. 0 0 0 0 0 0 0 6 2 1 0 0
China 0 neg. neg. neg. 0 0 0 0 0 0 neg. 0 1 5 neg. neg.
Japan 0 neg. 0 neg. 0 0 0 0 0 0 0 neg. 0 neg. neg. 0
Other Asia Pac neg. 4 neg. ® 0 0 0 0 0 0 neg. 14 14 0 10 neg.
Australasia 0 neg. neg. neg. 0 0 0 0 0 0 0 1 1 19 0 0
Other 0 0 0 0 neg. neg. neg. neg. 0 0 0 0 0 neg. 1 0
Totals
VLCC 13 56 32 54 0 0 0 0 0 7 6 84 99 130 5 0 549
150000 20 153 8 80 0 0 0 0 0 0 2 0 0 23 0 319
110000 2 92 17 72 0 0 0 0 1 3 4 19 19 50 11 1 375
FSU
Other
From/To USA Europe Japan Asia
Med 14 23 0 0
Murmansk 26 0 0 0
Primorsk 20 41 0 0
Black Sea 17 16 0 0
Vladivostock 0 0 13 0
Sakhalin 0 0 0 10
Totals
VLCC 40 23 0 0 63
150000 17 16 0 0 33
110000 20 LY 13 10 84
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Vessels per Route 2015

from ---->to Canada USA L.Am. Europe FSU M.East M.East M. East N. Afr. W. Afr. RoAfr China Jopan  Other AusNZ Other
Suez) (Cape) Asig
Canada 0 0 neg. neg. 0 0 0 0 0 0 0 0 0 0 0 0
USA 0 0 16 7 0 0 0 0 0 0 0 neg. 3 7 1 neg.
Latin America & 96 0 20 0 0 0 0 0 0 1 5 1 20 0 neg.
Europe 8 13 neg. 0 neg. 0 0 0 1 neg. 0 0 0 0 0 0
FSU 0 0 2 0 0 0 0 0 neg. 0 neg. 0 0 0 0 0
Middle East 0 0 0 0 0 0 0 0 neg. 9 7 128 101 149 ® neg.
Middle East (Suez, 10 34 0 36 0 0 0 0 0 0 0 0 0 0 0 0
Middle East (Cape 11 34 42 45 0 0 0 0 0 0 0 0 0 0 0 0
North Africa 2 8 2 52 0 0 0 0 0 1 3 1 neg. 9 0
West Africa 2 123 8 40 0 0 0 0 0 0 4 0 0 0 0 0
Rest of Africa 0 0 0 neg. 0 0 0 0 0 0 0 4 1 1 0 0
China 0 1 neg. neg. 0 0 0 0 0 0 neg. 0 1 3 neg. neg.
Japan 0 neg. 0 neg. 0 0 0 0 0 0 0 neg. 0 1 neg. 0
Other Asia Pac neg. 3 neg. neg. 0 0 0 0 0 0 neg. 11 neg. 0 31 neg.
Australasia 0 neg. neg. neg. 0 0 0 0 0 0 0 1 1 22 0 0
Other 0 0 0 0 neg. neg. neg. neg. 0 0 0 0 0 neg. 7 0
Totals
VLCC 13 45 46 45 0 0 0 0 0 9 7 133 103 150 12 0 622
150000 20 171 8 76 0 0 0 0 0 0 3 1 0 9 0 0 390
110000 3 96 16 79 0 0 0 0 1 1 5 16 5 53 32 0 392
FSU
Other
From/To USA Europe Japan Asia
Med 19 10 0 0
Murmansk 30 0 0 0
Primorsk 30 29 0 0
Black Sea 25 77 0 0
Vladivostock 0 0 13 0
Sakhalin 0 0 0 13
Totals
VLCC 49 10 0 0 59
150000 25 77 0 0 102
110000 30 29 13 13 85
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