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Figure 7.5
Maximum on-road diesel sulphur limit, September 2011
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Source: Hart Energy, IFQC, September 2011.

limited it to a 30 ppm maximum standard for all refiners, although California has
its own stricter specifications set at a maximum 15 ppm. Since 2005, EU member
states have also required certain volumes of 10 ppm fuels in their markets, alongside
50 ppm fuels. This was further tightened in January 2009, when the EU stipulated that
all gasoline should contain a 10 ppm maximum sulphur content. It should be noted,
however, that many member states reached full penetration of 10 ppm gasoline before
2009. Based on IFQC data, elsewhere, Canada implemented a 30 ppm sulphur limit in
2005; Japan 10 ppm in January 2008, although this level was achieved in 2005; South
Korea 10 ppm in January 2009; and Hong Kong a 10 ppm maximum in July 2010.

Increasing gasoline consumption in a number of developing countries means
that any quality improvement has a considerable impact on refining. However, despite
some improvements in several countries, such as in China and India, in general, these
countries lag somewhat behind.

China’s nationwide gasoline sulphur limit was reduced to 150 ppm in December
2009. Stricter fuel quality requirements of 50 ppm have been imposed in Beijing,
Shanghai, Guangzhou and Shenzen. It is expected to lower its nationwide limits to
50 ppm by December 2013, and possibly to a maximum 10 ppm in the 2016 time-
frame. In Beijing, a 10 ppm sulphur gasoline requirement is planned for 2012.



India has required 150 ppm sulphur gasoline nationwide and 50 ppm sulphur
gasoline for 13 selected cities since September 2010. The Ministry of Petroleum and
Natural Gas has identified 50 additional cities — with large vehicle populations and
high pollution levels — to be included in the implementation of 50 ppm sulphur
gasoline. This will be conducted in phases, with full completion expected by 2015. In
accordance with the Strategic Plan for 2011-2017, 50 ppm sulphur gasoline will first
be implemented in seven cities — Puducherry, Mathura, Vapi, Jamnagar, Ankaleshwar,
Hisar and Bharatpur — from January-to-March 2012.

Significant gasoline quality specification improvements are also ongoing in other
countries around the globe, particularly in Latin America, the Middle East and Russia,
albeit from much softer existing requirements.

Diesel fuel specifications not only vary between countries and regions, but of-
ten between sectors. In the EU, the European Fuel Quality Directive (EFQD) has
required on-road diesel fuel sulphur content to be set at 10 ppm since 2009, with
off-road diesel sulphur reaching the same level in January 2011. Member states may
also permit the continued placement — until the end of December this year — of gasoil
containing up to 1,000 ppm sulphur for rail vehicles and agricultural/forestry tractors,
provided that owners ensure that the proper functioning of emissions control systems
is not compromised. Only two countries (Spain and France) make use of this deroga-
tion, in the rest of the EU the quality of off-road diesel is the same as the quality for
on-road diesel.

Sulphur limits of 10 ppm for on-road diesel fuel are also in place in Japan,
Hong Kong, Australia, New Zealand, South Korea and Taiwan. In the US, a move to
15 ppm sulphur for on-road diesel started in 2006 and was completed in 2010. Oft-
road diesel is planned to follow suit in 2012. California has been at a required 15 ppm
for both on-road and off-road since June 2006. In Canada, a switch to 15 ppm for
on-road diesel happened in June 2006 and off-road diesel was fully aligned at this level
in October 2010.

Improvements have also been significant in a number of developing coun-
tries. China reduced its on-road diesel sulphur in January 2010, when the limit in
automotive diesel was lowered to 350 ppm. In fact, this was China’s first official
differentiation between on-road and off-road diesel requirements. However, due
to the country’s size, the nationwide implementation of the 350 ppm limit is only
expected to be fully achieved in 2011. The diesel sulphur limit for Beijing, Shang-
hai, Guangzhou and Shenzen is set at 50 ppm. Further reductions in on-road diesel
quality in major Chinese cities are planned for 2012, when 10 ppm is expected
to be imposed. On a national level, China is discussing the implementation of a

205




206

50 ppm sulphur diesel limit by 2015, although refiners have indicated it may not
be possible until 2017.

India has also set two different diesel fuel specifications, one for nationwide sup-
ply and the other for 13 selected cities. The sulphur content specification for 13 urban
centres is established at a 50 ppm maximum — implemented in September 2010 — and
the national specification is 350 ppm. It is expected that further improvements in
India will follow those of gasoline.

Elsewhere, in Latin America, Chile has been distributing 50 ppm diesel through-
out the country since 2006, and by September 2011, the maximum sulphur limit
for the Metropolitan Region of Santiago will be lowered to 15 ppm. The maximum
sulphur limit in premium diesel in Argentina was lowered from 50 to 10 ppm in June
2011. Moreover, the tightening of on-road diesel quality specifications are also re-
ported for other countries such as Indonesia, Malaysia, Philippines, Thailand, Russia,
Kuwait, Qatar, South Africa, Brazil, Colombia and Mexico.

In most African countries, sulphur content is in the range of 2,000-t0-3,000 ppm
for on-road diesel, and much higher for off-road diesel. The exceptions are South Africa,
and some countries in the North African sub-region.

Turning to projections for long-term quality requirements, future gasoline qual-
ity initiatives will continue to focus on sulphur, but increases in octane and reductions
in benzene and aromatics are gaining traction around the world. Projected gasoline
qualities for 2011-2030 are shown in Table 7.1.

While the expected reduction of gasoline’s sulphur content will dictate some ca-
pacity additions to hydro-treating units, especially in developing countries, it is diesel
sulphur that presents the sector’s greater challenge. This is due mainly to the fact that it
has a larger need for refinery processing additions and higher investment costs. Table 7.2
summarizes regional on-road diesel fuel quality requirements between 2011 and 2030.
For Europe and North America, on-road (and off-road) ultra-low sulphur programmes
require diesel sulphur to be at, or below 15 ppm, for most of the diesel market.

By 2015, a significant sulphur content reduction in on-road diesel is projected
to be observed in the FSU, the Middle East and the Asia-Pacific, due to refinery mod-
ernization and construction. With the exception of Africa, all regions are projected to
reach average on-road sulphur content of below 100 ppm by 2025.

It is evident that during the forecast period the major shift in fuel specifications
for transportation will occur in developing countries. China and India, joined by



Table 7.1

Expected regional gasoline sulphur content* ppm
Region 2011 2015 2020 2025 2030
US & Canada 30 30 10 10 10
Latin America 640 245 125 70 45
Europe 11 10 10 10 10
Middle East 770 280 45 20 20
FSU 450 110 50 20 15
Africa 810 470 290 160 100
Asia-Pacific 200 120 55 25 20

" Estimated regional weighted average sulphur content is based on volumes of fuel corresponding to
country specific legislated requirements, as well as expected market quality.
Source: Hart Energy, World Refining & Fuels Services (WRFS) and IFQC.

several Latin American countries, are currently leading the introduction of clean
fuels in the developing world. Plans have been announced to progressively adopt
tighter standards for both diesel and gasoline. This includes constraints on benzene
(gasoline), aromatics (both fuels), gravity (diesel), cetane (diesel), although the main
focus is on sulphur content, which necessitates substantial investment in hydro-treat-
ing capacity. An increase in octane numbers is planned for some regions as well, which
will be met by installing reforming, alkylation and isomerization units.

In addition to transportation fuels, other products, such as heating oil, jet kero-
sene and fuel oil, are becoming targets for tighter requirements. Sulphur content in
Europe’s distillate-based heating oil market was reduced from 2,000 to 1,000 ppm on
1 January 2008, and some countries, for example, Germany, provide tax incentives
for 50 ppm heating oil production and use. Parts of North America plan to reduce
the sulphur levels in heating oil to 15 ppm before 2020. Elsewhere, some progress is
expected to be made in reducing the sulphur levels for heating oil, but not to very
low levels, and only after the transition to low sulphur levels in transportation fuels is
completed.

Current regulations on jet fuel allow for sulphur content as high as 3,000 ppm,
although market products run well below this limit, at approximately 1,000 ppm. The
general expectation is that jet fuel standards will be tightened to 350 ppm in indus-
trialized regions by 2020, followed by other regions in 2025. In spite of the current
lack of clear plans for global sulphur reduction in jet fuels, its levels in industrialized
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Table 7.2

Expected regional on-road diesel sulphur content* ppm
Region 2011 2015 2020 2025 2030
US & Canada 15 15 15 10 10
Latin America 1,250 470 190 45 35
Europe 12 10 10 10 10
Middle East 2,500 370 150 70 30
FSU 490 130 45 15 10
Africa 4,200 1,860 1,020 550 210
Asia-Pacific 470 250 190 90 80

* Estimated regional weighted average sulphur content is based on volumes of fuel corresponding to
country specific legislated requirements as well as expected market quality.
Source: Hart Energy, WRFS and IFQC.

regions are assumed to be further reduced to 50 ppm by 2025. The quality develop-
ments for marine fuels are discussed in Box 5.2.

Fuel quality properties are also affected by increasing the volumes of bio-components
blended to gasoline and diesel. In the US, these moves are regulated through Renewable
Fuel Standards by the Environmental Protection Agency (EPA) on the basis of the
EISA of 2007. Moreover, California’s Low Carbon Fuel Standard aims to lessen GHG
emissions by reducing the carbon intensity of transportation fuels by an average of
10% by 2020. In the EU, mandates for an increased proportion of biofuels in trans-
port fuels are embedded in the EFQD."

In Europe, as a consequence of its regulations, the minimum ethanol content of
gasoline and the fatty-acid methyl ester (FAME) content of diesel have been increased
from 5% (vol) to 10% (vol) for ethanol and from 5% (vol) to 7% (vol) for FAME as
of 1 January 2011. However, member states are allowed to use a higher proportion of
these blending components, which could lead to market fragmentation. Similarly, in
the US, in order to help to meet the 36 billion gallons renewable fuel target required
by 2022 under federal legislation, an increase of the ethanol content in conventional
gasoline to a maximum 15% (vol) level (E15) was approved for vehicles manufactured
in 2001 and later by the EPA in October 2010. However, there are multiple logistical,
legal, and commercial hurdles to the immediate adoption of E15, and no such fuel has
yet been introduced to the US market.



Box 7.1
Are boutique fuels emerging in Europe?

To promote the use of energy from renewable sources, the EU has adopted several
directives. In April 2009, the European Commission passed the Renewables Energy
Directive (RED 2009/28/EC) which establishes mandatory national targets consis-
tent with a 20% share of overall energy from these sources and a 10% share of energy
from renewable sources in transportation by 2020. How, and if, these targets are
reached remains to be seen, but it is clear that this coming decade will witness changes
in the make-up of fuels in the transportation sector. To support implementation of
the RED, as of 1 January 2011, the minimum content of ethanol in gasoline and
FAME in diesel was raised to 10% (vol) and 7% (vol), respectively. However, EU
member states are allowed to use a higher proportion of these blending components.

This is leading some to ask the question: will this lead to boutique fuels emerging
in the EU zone? To better understand this question, it is important to initially look
at how biofuels have developed to ascertain the possible futures for boutique fuels.

Although a variety of renewable energies across all transport sectors are expected to
contribute to the attainment of the mandated 10% target, the use of liquid biofuels
in road transport is foreseen to make the highest contribution. The use of other
renewable energies such as biogas, the role of electric cars with electricity generated
from renewable sources, and the contribution of other transportation sectors such
as aviation and marine, are going to be limited over the directive’s timeframe due to
technology and cost hurdles.

In addition, the need to modify and expand the distribution and logistics infra-
structure for dispatching biofuels to market, as well as the need for recharging
terminals for electric vehicles, will be a significant cost challenge.

Bio-ethanol and biodiesel have been developed and used as alternatives to fos-
sil fuel-based gasoline and diesel in the road transport sector. The two types of
biofuel used have been either high biofuel blends, such as E85 and B100, or low
blends such as E10 and B7. EU member states were given the choice of using
any composition of renewable and biofuel blends to meet the directive’s 10%
target.

The benefits of using high biofuel blends are that limited volumes are handled
in full segregation from conventional fuels and used by a limited number of con-
sumers driving vehicles that are specifically designed to use these types of fuels.
The use of lower biofuel blends, on the other hand, requires more volumes to be
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produced and retailed. It should be noted that all retailed fuels should contain at least
10% biofuel content if the directive target is to be met solely by the use of biofuels.

Most of the vehicles made after 2005 are generally capable of using low biofuel
blends. Older vehicles, however, which are still on the road in many member states,
may not tolerate the use of biofuels at any concentration level. This means that
there is a need to continue to supply conventional fuels (protection grades) in retail
stations until all these vehicles are retired or upgraded.

In addition to the mentioned blends, any other biofuel blend can be formulated
and used by EU countries, if automakers adapt and optimize their engine designs
to meet these blends. In this regard, it should be stressed that if biofuel blends are
not regulated by the EU through a standardization process and regulation is left to
individual member states, EU fuel markets could become increasingly diverse and
fragmented with numerous boutique fuels the likely outcome. This, however, is not
an ideal outcome for consumers.

Unlike the standard fuels market where few transport fuels are sold, fragmented
markets where numerous fuel grades with different biofuel content and varying
specification are retailed, can introduce many inefficiencies. In addition to the in-
convenience caused to cross-border drivers, particularly when thinking about trans-
portation and trade, these fuels are costly to produce, segment the market and
increase wholesale prices.

While boutique fuels may develop in some form, to prevent fuel market fragmen-
tation these should at least be minimized. This can be done by regulating and
limiting the number of biofuel grades that can be produced and retailed across
Europe. How this is best achieved is down to the EU and its policy bodies, but
the overall goal should be standard specifications for biofuel grades that can be
enforced in all EU countries.

Capacity requirements

To shed light on the impacts of continuing capacity additions to refined products
supply, the assessment of refinery projects was extended — using available data — into
a projection of medium-term incremental supply potential by major refined prod-
ucts groups. This was then compared with the projected incremental demands on
a regional basis. As emphasized in Chapter 6, based on the announced or estimated



Figure 7.6
Conversion capacity additions from existing projects, 2010-2015
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configuration of existing projects, Reference Case projections show a global total of
4.4 mb/d of new conversion capacity within the period 2010-2015. Most of this ca-
pacity (Figure 7.6) will come in the form of hydro-cracking units (1.7 mb/d), followed
by coking (1.6 mb/d) and FCC units (1.1 mb/d).

To a large extent, the placement of these processes will mirror the location of
distillation capacity since, in most instances, they come from the same expansion proj-
ects. However, some of the conversion capacity additions are components of projects
more geared to altering refinery configuration than to expanding capacity. Projects
in the US Midwest and Gulf Coast centre on either major expansions or revamps
geared to processing heavy crude oils, mainly from Canadian oil sands. These projects
embody the need for substantial coking capacity to deal with heavy crude oils, plus
hydro-cracking to increase distillate yields. The shift away from a traditional US em-
phasis on FCC capacity means that distillate yields from these projects will comprise
almost 50% of all products. However, they will still yield 40% gasoline in a region
where demand for this product is flat and ethanol supplies are rising.

In Latin America, a series of projects for refinery upgrades and new facilities
in Mexico, Colombia, Brazil, Ecuador and Venezuela mainly emphasize increases in
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heavy crude oil processing, and the associated coking capacity additions. The Pemex
Minatitlan project in Mexico is noteworthy as it creates 100,000 b/d of new capacity
to process Mayan heavy crude, but at a time when this crude’s production is falling.
The development highlights that, while most projects in the Americas are geared to
local situations, for example, processing more oil sands, a combination of recent and
new coking additions with an overall short- to medium-term net decline in heavy
crude production, is contributing to sustaining a coking surplus.

In Africa, the main conversion spotlight is on hydro-cracking, with projects un-
derway in Egypt, Libya and potentially Angola. Similarly, European projects, predomi-
nantly in southern and eastern Europe, emphasize hydro-cracking, which is in line with
the region’s distillate deficit, as well as coking in a number of locations. Projects in the
FSU are in general geared toward raising conversion capacity across the region. Again,
the emphasis is on hydro-cracking, but also on appreciable FCC and coking additions.

Conversion additions in the Middle East reflect a general move toward a lighter
domestic and export product slate, as well as the region’s gasoline deficit. Thus, the
emphasis is on FCC capacity, alongside some hydro-cracking and coking. The main
conversion additions are in the large Saudi Aramco projects (Jubail and Yanbu), plus
projects in Iran and potentially the UAE.

The Asia-Pacific comprises the largest concentration of conversion projects.
These reflect the general demand growth for light products, including gasoline, as
well as the need to incrementally process mainly medium sour crude oils — hence, the
relatively even distribution of additions across the three conversion processes. In line
with distillation capacity additions, the majority of the conversion projects are located
in China and India. Smaller scale conversion projects are also taking place in South
Korea, Japan, Pakistan and Vietnam.

Figure 7.7 shows the results of comparing the potential additional regional out-
put by major product group against projected incremental regional demand for the
period 2010-2015. The results are presented as net surplus/deficits, by product group,
by region and worldwide. It shows a continuation of the trend for refining projects to
exceed incremental demand growth, as well as underscoring a persistent gasoline/naphtha,
residual fuel and other products surplus, against a distillate deficit. A key issue is that essen-
tially all refinery expansions tend to increase the capability to produce all four product
groups, even if a project is, for example, labelled ‘maximum distillate’.

Of the three main regions, the data indicates that only the Asia-Pacific will see a
balance on incremental gasoline/naptha output, with the US & Canada and Europe
witnessing a combined surplus of 0.7 mb/d. For the world as a whole, there is also a



Figure 7.7
Expected surplus/deficit of incremental product output from existing refining projects,
2010-2015
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surplus of 1.1 mb/d over the five-year period. In contrast, all three main regions are
projected to see a distillate deficit. The worst situation is expected to be found in the
Asia-Pacific, which has a projected deficit of close to 0.7 mb/d, around 70% of the
global total of 0.9 mb/d.

Thus, the medium-term outlook is for a continued imbalance. The Atlantic
Basin has a gasoline/naphtha surplus and distillate deficit and the Pacific Basin, a sig-
nificant distillate deficit. The implication is that distillate margins, relative to crude,
are likely to remain strong and those for naphtha/gasoline weak. In addition, this
analysis indicates that more medium-term investment is needed to cover incremental
demand. Investments, in respect to conversion capacity, should focus on hydro-cracking
to generate additional middle distillate volumes. To balance the market, required hydro-
cracking additions above existing projects are estimated to be 1.3 mb/d.

Long-term outlook

Table 7.3 and Figures 7.8 through to 7.11 summarize projections for secondary pro-
cessing to 2035. Similar to last year’s Outlook, these projections highlight a sustained
need for incremental hydro-cracking, some 10 mb/d out of 14 mb/d of conversion
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Table 7.3

Global capacity requirements by process, 2010-2035 mb/d
Existing projects Additional requirements Total additions
to 2015* to 2015 2015-t0-2030 to 2035
Crude distillation 6.8 1.0 9.4 17.2
Conversion 4.4 1.7 8.2 14.3
Coking/Visbreaking 1.6 0.1 0.9 2.6
Catalytic cracking 1.1 0.3 1.0 2.3
Hydro-cracking 1.7 1.3 6.3 9.4
Desulphurization 6.2 4.2 13.0 23.3
Vacuum gasoil/Resid 0.2 0.7 1.8 2.8
Distillate 4.5 2.7 8.1 15.3
Gasoline 1.4 0.7 3.1 5.3
Octane units 1.6 1.7 3.4 6.7
Catalytic reforming 1.2 1.6 2.0 4.8
Alkylation 0.2 0.1 0.2 0.4
Isomerization 0.2 0.1 1.1 1.5

* Existing projects exclude additions resulting from capacity creep.

capacity requirements. Hydro-cracking is the primary means to produce incremental
distillate once straight run fractions from crude have been maximized. The need to
keep investing in additional hydro-cracking capacity, with its high process energy and
hydrogen costs, is expected to help support wide distillate margins relative to crude
oil — and to other light products — into the future.

In contrast, recent substantial coking capacity additions, together with limit-
ed medium-term exports of heavy sour crudes, has led to a coking surplus, which
is expected to further expand as new projects come on stream. This is evident in
the absence of required capacity additions beyond projects to 2015. Moreover, be-
tween 2015 and 2035 less than 1 mb/d of further additions are projected. These are
small relative to the more than 6 mb/d of projected hydro-cracking additions for the
same period. The outlook for catalytic cracking is similar. It is adversely impacted by
declining gasoline demand growth and rising ethanol supply in the Atlantic Basin.
Consequently, projected increases beyond current projects are seen as minor until
after 2015. They are then concentrated in non-OECD regions with gasoline demand
growth, particularly in the Asia-Pacific.



Figure 7.8
Global capacity requirements by process type, 2010-2035
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Generally, FCC and coking units suffer in the Outlook as they comprise ‘swing’
units for production of gasoline. Consequently, utilizations in these units are relatively
depressed.

As Table 7.3 and Figure 7.8 illustrate, total conversion additions from projects
to 2015 are 4.4 mb/d, which is almost two-thirds of the total crude unit additions.
However, total conversion additions above ongoing projects, at close to 10 mb/d, are
almost 100% of the distillation capacity additions. This reflects the need to increase
production of light products for every barrel of crude processed. Moreover, the struc-
ture of this capacity emphasizes the continuing need to build more hydro-cracking,
in order to produce incremental distillate which will at times effectively displace FCC
units.

It should also be noted that this year’s Reference Case outlook, unlike last year’s,
includes estimates for the impacts of MARPOL Annex VI on marine fuels. As dis-
cussed in Chapter 5, it is estimated that the effect of this will mean that 0.5 mb/d of
residual type IFO fuel is switched to marine distillate by 2015, 1.7 mb/d by 2020 and
2.1 mb/d by 2035. These developments add significantly to projected conversion — as
well as desulphurization — capacity and related units. They further the continuing
trend to light products and distillates.
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Figure 7.9
Conversion capacity requirements by region, 2010-2035
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Figure 7.10

Desulphurization capacity requirements by region, 2010-2035
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Moreover, continuing expansions are needed for catalytic reforming and
isomerization units. These are driven in part by rising gasoline pool octanes. They
also enable additional naphtha — including from condensates — to be blended into
gasoline.

On a regional basis, conversion capacity requirements will be dominated by the
Asia-Pacific, which sees over 40%, or 5.2 mb/d, of total future additions to 2035
(Figure 7.9). The proportion of required additions beyond existing projects in the
Asia-Pacific is similar both up to, and after 2015. A significant increase should also
take place in Latin America, at 2.1 mb/d, as light product demand and heavy crude
supply in the region are both expected to grow.'" Across essentially all regions, longer
term conversion capacity additions are focused mainly on hydro-cracking.

Substantial desulphurization capacity additions will also be necessary to meet
sulphur content specifications, as non-OECD regions in particular move progres-
sively towards low and ultra-low sulphur standards for domestic fuels — often follow-
ing Euro III/IV/V standards — and build export capacity to meet advanced ultra-low
sulphur standards. Over and above existing projects of 5.8 mb/d, a further 4.2 mb/d
is projected to be needed by 2015 and some 13 mb/d from 2015-2035 (Figure 7.10).
Altogether this means a total of 23 mb/d by 2035, which compares to 17.2 mb/d of
total distillation capacity over the same period.

Figure 7.11
Desulphurization capacity requirements by product and region, 2010-2035
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In short, the continued drive to tighter sulphur standards is expected to see de-
sulphurization comprising the largest volume capacity additions in the period to 2035.
The bulk of these units is projected in Asia (10.5 mb/d), followed by the Middle East
(4.4 mb/d) and Latin America (3.4 mb/d). The lowest desulphurization capacity ad-
ditions are projected for North America and Europe where almost all transport fuels
are already at ultra-low sulphur standards. In other regions, due to limited existing
capacity, even modest sulphur reduction implies considerable capacity additions.

In respect to products supply, of the 23 mb/d of global desulphurization capacity ad-
ditions expected from 2010-2035, nearly 60%, or 13 mb/d, are for distillate desulphuriza-
tion and the bulk of the remainder, 6.5 mb/d, for gasoline sulphur reduction (Figure 7.11).

Crude and product differentials

The model used to generate projections for crude and product pricing and differen-
tials is based on an optimization technique. It balances the entire system in such a
way that refining capacity is sufficient for demand over the forecast period and thus
extreme differentials tend not to exist. Nevertheless, the effects of key trends, such
as increasing distillates in total demand, tightening sulphur standards and lighter or
heavier crude supplies are reflected in the projected differentials.

These, however, must only be considered as indicators of certain trends that re-
flect future market fundamentals, rather than actual projections. In other words, they
represent future ‘equilibrium levels’ based on a longer term assumption that differen-
tials, and thus margins and profitability, need to approximately average the long-run
levels. Otherwise refiners would either make such small returns on capital that they
would be out of business, or returns would be so high that arguably additional capac-
ity would be attracted to the market.

In general, higher capital costs for process investments and higher crude prices
drive in the direction of wider light/heavy and sweet/sour differentials for crudes and
products, and vice versa. Higher crude (and natural gas) prices raise the variable costs
of fuel, steam and power, and thus the costs of the lighter, cleaner products that re-
quire more processing. Again, lower prices tend to reduce processing costs and hence
light/heavy differentials. Higher prices for crude oil relative to natural gas and coal,
hence, fuel grade petroleum coke,' on a Btu basis tend to make it relatively more
attractive to add hydrogen from natural gas and less attractive to reject carbon via
catalytic cracking and coking.” Again, the reverse is true.

In a similar vein, the sustained growth for distillates, requiring ongoing invest-
ments in hydro-crackers, widens the distillate premium relative to crude and other



products. This reflects the associated high opportunity cost of producing incremental
distillate barrels. The opposite trends are observed for products projected to remain
in surplus, such as naphtha/gasoline. The price differentials for such products tend to
narrow, or are even discounted relative to the crude price, reflecting the relative dif-
ficulty the industry has in finding markets for these products and streams.

These various effects can be observed in the crude and product price differen-
tials, and hence, the outlook for refining economics and crack spreads. For lighter
crude oils, at or above 40° API gravity, the projection is for future differentials versus
Brent to weaken. The underlying basis is a reflection of the surplus NGL/naphtha/
gasoline streams. Thus, since the very lightest crudes tend to contain the highest pro-
portions of fractions in the gasoline and lighter boiling ranges, it is these crudes that
suffer a decline in relative value.

For heavy crudes, it is also envisaged that there will be a weakening in the rela-
tive values, but for different reasons. Current pricing indicates a return to differentials
versus Brent in the range of $6-8/b. In general, this indicates a gradual widening of
these differentials, with a decline in relative values versus Brent over time. A key driver
here is the WOO’s Reference Case projection that demand for residual (inland) fuel
oil will decline and that this trend will be reinforced by the need to convert a grow-
ing fraction of the world’s heavy IFO type marine fuels to distillate. In addition, the
on-going trend to low and ultra-low sulphur standards for transport and other fuels,
makes high sulphur crude oils relatively less attractive.

For medium sour crudes, the story lies somewhere in between. Projections indicate
only a slight widening of differentials versus Brent over time, somewhere in the range
of $1/b. The relatively small shift arguably reflects the trend toward tightening sulphur
specifications as sulphur content will increasingly play a role in setting differentials.

WTT crude is a special case. Unlike other crudes, WTT is a marker that is priced
inland, at Cushing, Oklahoma, and Midland, Texas. It is not ocean-based with access
to international markets as are Brent and others. Periodic ‘disconnects’ between WTI
and Brent became structural at the end of 2010 and have led to sustained discounts for
WTT in the range of $15-25/b. This is primarily due to the fact that the US crude oil
logistics system is designed to carry crude oils into the interior, not out. Exacerbated by
growing crude supplies from Canada, the inadequacy of pipelines to carry both West-
ern Canadian crudes and an increasing Lower 48 domestic crude production to the
Gulf Coast has created severe bottlenecks. The large crude price discounts reflect these.

Several pipeline projects have been proposed to relieve the situation and one
or more of these is expected to be in service by late 2012/early 2013. Rail and barge
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movements are also playing a role. Therefore, the assumption in this WOO is that by
2015 sufficient pipeline and supporting capacity is in place, so that by then current
market distortions will have dissipated. As a consequence, the projection for WTI-
Brent differentials is a return to historical levels by 2015. Beyond 2015, a slight de-
cline in the WTT value relative to Brent is expected. This is because WTT is lighter and
has a higher yield of naphtha/gasoline and lighter fractions.

Opverall, crude differentials remain moderate out to 2035 as low demand growth
combined with a continued increase in non-crude supplies helps maintain moderate
capacity utilizations, and hence, a surplus capacity in industrialized regions. This,
however, will depend on the actual level of future refinery closures. A substantial level
of rationalization and closure could have an appreciable impact on crude and product
differentials and margins in both the short- and long-terms.

As already mentioned, bearing in mind that price differentials for time horizons
more than ten years in the future must be regarded only as indicative, Figure 7.12
reflects what the WOO sees as the major global trends in product differentials. There
is a continuing shift toward a gasoline surplus, as a result of increases in ex-refinery
gasoline production capability, declining gasoline demand in the US, Europe and
Japan, and rising supplies of ethanol, condensates and light sweet crudes. In parallel,
distillate tightness, driven by sustained global growth, especially for diesel, is antici-
pated to lead to wider gasoil-gasoline differentials in all key markets.

Figure 7.12 shows gasoil/diesel minus gasoline price differentials for major mar-
kets, annually from 2002 to mid-2011 and projections for 2015-2035. The spike in
the diesel premium over gasoline in 2008 reflected the refining tightness that was the
result of continued economic growth and the refiners’ ability to produce incremen-
tal diesel was limited and ‘tight’. The 2009 collapse in the premium over gasoline —
and crude — reflected the fact that distillate demand was particularly hard hit by the
recession.

Data for 2010 and the first half of 2011 show a return to the pre-recession trend
of strengthening distillate premiums relative to gasoline. Simulations indicate the re-
covery in these premiums will continue to 2015 and then start to plateau around
2020, at somewhere in the range of $10-20/b. This reflects the Reference Case out-
look of continued distillates demand growth, the effects of the MARPOL Annex VI

regulations and a sustained surplus for gasoline/naphtha.

These trends for products price differentials raise a number of questions.
Are they sustainable over a period of 20 years? Will this change the behaviour of
consumers? To what degree will governments and consumers respond over time to



Figure 7.12
Gasoil-gasoline price differentials in major markets, historical and projected
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higher pump prices for diesel versus gasoline, in terms of shifting taxes/subsidies and/
or vehicle ownership? In turn, could it shift demand back toward gasoline? To what
extent will technology respond to eliminate the gap on both refinery yields and on
gasoline/diesel demand? And, what may change in the downstream to moderate these
effects?

It should be reiterated that these price differential outlooks are not predictions,
but a signal of potential developments within the industry that are needed and likely
to occur. It is anticipated that the industry will react to redress or reduce the imbal-
ances foreseen in this and earlier outlooks, but major changes will take time.
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Chapter 8
Downstream investment requirements

Substantial capital investments are required to expand and provide maintenance to
the global refining system. In the period to 2035, investments are estimated at around
$1.2 willion in the Reference Case. This excludes related infrastructure investments
beyond the refinery gate, such as port facilities, storage and pipelines.

It should be noted that for the timeframe to 2030 — the forecast period for last
year's WOO - overall investments are estimated to be around $1 trillion. This is
higher than last year’s estimate of around $860 billion. There are two reasons for this
upward revision. The first is associated with higher average construction costs wit-
nessed during 2010 and at the beginning of 2011 (Figure 8.1). Accordingly, the cost
of building future new capacity is assumed to be moderately higher than last year’s
estimate. The second stems from a reassessment of the replacement value of the exist-
ing refining system, which leads to higher future maintenance costs.

Figure 8.1
Developments of downstream construction costs
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Renewed interest in downstream capacity expansion is contributing to the upward
movement in construction costs. As demonstrated in Figure 8.1, the IHS CERA down-
stream capital costs index (DCCI) increased during 2010 to its pre-economic crisis level
of around 180, compared to the base year 2000. Increased downstream capital costs
during 2010 not only reflect the rising price of raw materials, but also the higher labour
costs and the premium price contractors needed to pay for construction equipment
because of increased competition between various sectors during the post-crisis period.

If depicted on a quarterly basis, both indexes show a temporary decline in construc-
tion costs towards the end of 2008 and in the first half of 2009. By the second quarter
0f 2009, the IHS CERA DCCI index had lost around 10% from its third quarter 2008
peak, before returning to an upward trend. It is important to emphasize that the DCCI
recorded an increase in 2010, albeit a much flatter increase than that which character-
ized the previous period of price escalation, especially during the period 2005-2008.

This leads us to a number of important questions. What are the expectations for
future developments in downstream costs? Is the industry facing another period of
cost acceleration and is 2010 the beginning of this trend? And if there is little chance
for costs to remain flat or even move downwards, will future costs outpace inflation
and increase significantly in real terms, as was the case during the period 2005-2008?

Estimations of future downstream investment requirements are based on the
assumption that future costs will likely remain stable when expressed in real terms.
This view is also shared by IHS CERA,'* which expects the DCCI to increase gradu-
ally from 180 in 2010 to just over 220 by 2017.

There are three major components to investment requirements. The first cat-
egory relates to identified projects that are judged to go ahead. The second category
comprises capacity additions — over and above known projects — that are estimated
to be required to provide adequate future refining capacity. The third category covers
maintenance and capacity replacement. This relates to the ongoing annual investments
needed to maintain and gradually replace the installed stock of process units. Follow-
ing industry norms, the maintenance and replacement level was set at 2% p.a. of the
installed base. Thus, replacement investment is highest in regions that have the largest
installed base of primary and secondary processing units. Moreover, since the installed
refinery capacity base increases each year, so does the related replacement investment.

All these investment requirements are presented in Figures 8.2 and 8.3 for the
periods to 2015 and 2035 respectively, over and above a 2010 base. Total required
investment in refinery processing in the period to 2015 is projected to be $425 billion;
almost $210 billion comprises the cost of known projects, $65 billion covers further



Figure 8.2
Refinery investments in the Reference Case, 2010-2015
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process unit additions — revamps and de-bottlenecking or creep, as well as major new
units — and $150 billion is for ongoing maintenance.

Out of this, the Asia-Pacific is projected to require the highest level of investment
in new units to 2015, with $90 billion for known projects and $10 billion for addi-
tional requirements. The region also sees $50 billion for capacity maintenance. China
alone accounts for more than 60% of the Asia-Pacific total.

Following the Asia-Pacific is the US & Canada, which has a total requirement
of around $70 billion. It should be noted, however, that around 50% is for capac-
ity maintenance, stemming from the region’s large installed base of complex refin-
ing capacity. In Europe, investment is mainly for maintenance and capacity replace-
ment. New unit investments are limited and focused mainly on desulphurization for
diesel and some expansion in conversion and distillation, mainly in South and Eastern
Europe.

The Middle East is projected to require capital investments of around $50
billion, with much higher proportions of investment for new facilities than for re-
placement. A similar level of investment is required in Latin America. In both re-
gions, existing projects will cost around $30 billion while required additions in the
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Figure 8.3
Refinery investments in the Reference Case, 2010-2035
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Middle East are somewhat higher than those in Latin America. In Latin America, these
investments can be expected to expand the distillation base and desulphurization capac-
ity. Somewhat lower investments — around $40 billion — are expected in the FSU. Here
investment is more equally distributed to the expansion of all major process units. The
lowest level of investment is projected for Africa, totalling close to $15 billion.

Turning to the long-term, as shown in Figure 8.3, global refining investments to
2035 are projected to reach $1.2 trillion, with $210 billion for investment in existing
projects, $300 billion for required additions and close to $700 billion for maintenance
and replacement.

Extending the time horizon to 2035 amplifies the significance of the Asia-Pacific
as the region that should attract the highest portion of future downstream investments
driven by the region’s strong demand growth. From the $1.2 trillion required glob-
ally, almost 40%, or $480 billion should be in the Asia-Pacific. For other regions, the
same breakdown for the period to 2015 is broadly maintained, especially when direct
investments related to capacity expansion are considered.

Beyond existing projects, little investment to expand Europe’s capacity base
will be required. This is also true in the OECD part of Asia, which is not shown



separately in Figure 8.3. The reasons for this are mainly related to quality compli-
ance in regards to the growing distillates volumes. Fuel quality improvements are
also driving US & Canada investments. Here, however, an important factor is the
expanding production of heavy crudes that necessitate further investments in con-
version capacity. Increasingly, projected investments in these regions are mainly for
maintaining existing capacity.

In other regions, the ratio of investments for capacity expansion compared to
maintenance is generally much higher. This is apparent in Africa, the Middle East,
Latin America and the Asia-Pacific. To a lesser extent this is also true of the FSU. This
striking difference in the structure of future investments becomes even more visible
when comparing only projected investments for capacity expansion, as presented in
Figure 8.4. This demonstrates how relatively little investment is required in the US
& Canada and European refining systems as the timeline advances beyond 2015 and
towards 2035 (the same is also true for Japan and Australasia). It is the developing
regions, led by China and India in the Asia-Pacific, and followed by Latin America
and the Middle East, that exhibit the need for sustained direct refining investments to
2035 to satisfy growing product demand.

Figure 8.4
Projected refinery direct investments*, 2010-2035
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Chapter 9
Oil movements

In general, the economics of oil movements and refining gives preference for locating
additional required capacity in consuming regions, because of the lower transport
costs for crude oil, as opposed to oil products, unless construction costs for building
the required capacity outweigh the advantages of the lower transport costs. Moreover,
for consuming countries there is also the importance of securing a supply of required
refined products, by emphasizing local refining over products imports, regardless of
economic factors. On the other hand, however, many oil producing countries may
look to increase their domestic refining capacity to benefit from the value-added of
oil refining. Given these contradicting interests, and because oil is, to a large extent,
a fungible commodity traded on global markets, there is a great level of uncertainty
associated with any projections for future oil movements.

Moreover, reported trade volumes of crude oil and products depend on regional
model groupings. A more detailed regional breakdown carries higher imports and ex-
ports than the one with more aggregated regions. Therefore, traded volumes presented
in this Chapter should be considered as an indication of certain trends and future
options for resolving regional supply and demand imbalances, rather than projections
of specific movements.

At a disaggregated level, oil trade’ between the considered 18 model regions
is set to grow over the entire forecast period to 2035. As presented in Figure 9.1, oil
trade will increase by around 4 mb/d in the period to 2015, compared to 2010 levels.
Within this period, both crude oil and product exports are expected to increase by
around 2 mb/d. In terms of growth, however, products are projected to grow almost
three times faster than crude oil as their share of product trade in overall oil move-
ments was less than 30% in 2010.

This trend represents a continuation of recent developments and is the result of
a combination of factors. These include a projected increase in the refining capacity
of crude producing regions, primarily the Middle East and Latin America, a demand
decline in Europe, North America and the Pacific OECD regions, which makes refin-
ing capacity available for exports, and growing non-crude supplies.

Moreover, this medium-term trend is expected to continue in the long-term
outlook. Between 2015 and 2035, total oil movements are projected to increase
by more than 8 mb/d, although average overall growth will slow down to around
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Figure 9.1
Inter-regional crude oil and products exports, 2010-2035
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0.6% p.a. Product exports will grow faster than those for crude oil, although the dif-
ference will be much less than in the medium-term, 0.5% for crude oil versus 0.9%
for products.

Crude oil export growth will primarily be driven by Asia-Pacific demand increas-
es in the region associated with substantial refining capacity increases. By 2035, total
crude exports will be almost 7 mb/d higher than in 2010. Exports of refined products
are projected to witness a comparable volume increase, growing from around 16 mb/d
in 2010 to slightly above 22 mb/d by 2035.

Combined, crude and product inter-regional trade between 2010 and 2035 in-
creases by 13 mb/d, to a level close to 70 mb/d. Breaking this down, oil trade move-
ments by 2020 will be around 63 mb/d, rising to 65 mb/d by 2025 and then above
67 mb/d by 2030.

Crude oil

In order to better distinguish key movements, only the seven major regions will be
considered for the remainder of this Chapter. Since this means that some movements
are eliminated, for example, between regions in the US and Canada, and intra-trade



Box 9.1
It’s in the pipeline

It is clear that a growing proportion of future additional supply is expected to come
from land-locked remote areas, such as Russia’s Siberia, the Caspian region and
the Canadian oil sands, which are often vast distances away from major consum-
ing regions. The upshot is that these regions will require new transport routes to
facilitate supply flows to global markets. So what is in the pipeline in terms of new
transit routes?

Russia’s large land mass, and the fact that its geology means that most of its oil
reserves and the bulk of its production are located deep inland, underscores why the
majority of its oil is moved by pipeline. It is also by far the most economical trans-
portation option, with rail and water playing only supporting roles, mainly carrying
refined products from processing plants to final consumers.

Currently, Russia has four principal routes to reach global markets — all operated
by Russian state-owned pipeline company, Transneft. These are the Baltic Sea via
Baltic Pipeline System (BPS-1); the Druzhba pipeline to a number of Central Euro-
pean countries; the Black Sea pipelines that move crude to four Black Sea terminals;
and the East Siberia-Pacific Ocean (ESPO) pipeline in the direction of Russia’s east
coast and China. Going forward, however, the Russian Energy Ministry envisions a
significant increase in Russia’s overall crude oil export infrastructure capacity, from
an estimated 6 mb/d in 2010 to 7.2 mb/d by 2015. The main focus is on two new
transit routes: the ESPO-2 and BPS-2 projects.

Transneft has already embarked upon the second stage of the ESPO project, ESPO-
2, which involves extending the original pipeline and expanding its capacity. Ac-
cording to Transneft President, the pipeline’s capacity is slated to grow to 1 mb/d
by 2012 and could potentially rise to as much as 1.6 mb/d at a later date.'® Accord-
ing to Transneft, when the route is expanded to the planned maximum capacity,
0.3 mb/d is expected to go to China, 0.4 mb/d will be sent to a new refinery that
Russia’s Rosneft plans to build near Kozmino, and around 0.2-0.3 mb/d will be
sent through the route to existing Far Eastern Russian refineries in Komsomolsk-
on-Amur and Khabarovsk, according to Transneft. This implies that the remaining
0.6-0.7 mb/d will be exported from the Kozmino terminal on the Pacific coast.
However, it is not yet currently clear when the route might be expanded to its
maximum capacity.

Construction of BPS-2 began in June 2009 and the pipeline is set to run from the
Unecha junction of the Druzhba Pipeline near the border of Russia and Belarus, to
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the Ust—Luga terminal on the Gulf of Finland. The pipeline will be constructed in
two stages, the first of which is expected to be completed by September 2012, and
the second by December 2013. It will have an initial capacity of 0.6 mb/d.

In the Caspian region, increasing crude oil production needs to go hand-in-hand
with the development of new transport options to export the additional barrels to
international markets. Nonetheless, given its general land-locked geography and
geopolitics, finding options and securing solutions are proving to be difficult.

Among several proposals for new or expanded pipelines, at present it appears that
only two projects are likely to go ahead in the coming years. The first is an expan-
sion of the Caspian Pipeline Consortium' oil pipeline, which was first commis-
sioned in 2001. It runs 1,580 km from the Tengiz oil field to the Russian Black
Sea port of Novorossiysk. The $5.4-billion project is geared to increase the pipeline
capacity from its current 0.56 mb/d, to around 1.34 mb/d by 2014.

The second project will extend Kazakhstan’s link to China. In October 2009,
CNPC and KazMunayGas (KMG) signed a framework agreement to construct the
second phase of the Kazakhstan-China Oil Pipeline, doubling the pipeline capacity
to 400,000 b/d by 2013. The expansion project is geared to carry oil from the huge
Kashagan oil field.

Other major alternatives are under consideration, such as an expansion of the Baku-
Thbilisi-Ceyhan (BTC) pipeline and the Kazakhstan Caspian Transportation System
(KCTS). However, the timing and scope of these projects is uncertain. The need
for them is expected to only arise towards the end of this decade, when the second
phase of Kashagan’s production is slated to come on stream.

In both Canada and the US, a combination of domestic crude oil production
growth and a series of pipeline projects is leading to a situation that could have ap-
preciable impacts on international crude oil markets and trade.

Declines in conventional production are projected to be more than offset by the
substantial growth in oil sands streams. At the same time, rapid growth is occur-
ring in US domestic crude oil production, and also NGLs, due to the swift spread
of technologies to produce shale oil and shale gas reserves. The most pronounced
growth is from the Bakken region, centred in North Dakota.

Concerned by a period between 2005 and 2007 when inadequate export pipelines
led to significant price discounts, as well as shut-ins in WCSB production, Cana-
dian producers, shippers and government authorities have been keen to develop



export capacity. Here, it is important to note that for a country with such high
exports, the WCSB crude oil export system is unusual in that it is currently over-

whelmingly land-locked.

To relieve system stresses, several possible pipeline projects exist that would provide
relief and enable the WCSB, as well as other crudes, to flow more freely to mar-
kets. The two most significant are the Enbridge Northern Gateway that would run
from Edmonton to the deepwater port of Kitimat, British Columbia and the Trans-
Canada Keystone XL pipeline that would run southeast from Hardisty Alberta,
via Montana, to Steele City Nebraska. Taken together, these two projects would
initially add over 1 mb/d of WCSB export capacity, and potentially over 1.5 mb/d.

Both of these projects are encountering substantial resistance. Whether either goes
ahead in the near term — or at all — is uncertain. However, if they do, it will open
up international markets for this crude, potentially changing the global crude trade
outlook.

It is important to stress that this is not an exhaustive list of the global pipeline
projects, just some of the major ones. Other large pipeline projects are expected to
be constructed in the Middle East and China, with the latter playing a major role
in developing pipelines to meet its growing oil demand. An example of the latter is
the China-Myanmar pipeline, a ‘demand driven’ project to help China diversify its
import sources. It should also be noted that pipelines are not the only major transit
options being developed, with the current expansion of the Panama Canal and the
possible opening of the Northwest Passage making waves in the shipping world.

in Latin America, Africa and Asia, total trade volumes are lower than reported earlier

in this Chapter.

In the main, this regional configuration mirrors the key trends observed for crude
oil movements between the more detailed regions, especially from the long-term per-
spective. In terms of total volumes, medium-term crude oil movements between the
major regions are projected to increase marginally, but the growth will be stronger
after 2020. This will lead to a total increase in crude oil exports of 5 mb/d by 2035,
compared to the 2010 level. As presented in Figure 9.2, projections indicate that this
volume could reach 38 mb/d in 2020, passing 40 mb/d by 2030 and approaching
43 mb/d by 2035.

Steady increases in global crude oil exports are a result of varying regional trends.
The most obvious is the expanding importance of the Middle East as the key crude
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Figure 9.2
Global crude oil exports by origin*, 2010-2035
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exporting region in the decades ahead. Indeed, crude oil exports from this region are
set to grow continuously throughout the forecast period, reaching more than 21 mb/d
by 2035, compared to just below 15 mb/d in 2010. In contrast to this are the rapidly
diminishing crude exports from Europe and the Asia-Pacific. Growing demand in the
Asia-Pacific will absorb the region’s entire indigenous production by 2015. In the case
of Europe, the key reason is declining North Sea production, although the net effect
is similar to that for the Asia-Pacific.

The regions of Latin America and the FSU show declining exports in the period
to 2020, buct this is reversed in the years thereafter. This is due to a combination of
increased refining capacity and growing local demand in the period to 2020, while
additional barrels on the production side outweigh demand growth in the period after
2020, providing more crude oil available for export. In Africa, the pattern is reversed.
Here, due to a lack of new refining capacity and increasing crude oil production, ex-
ports are expected to grow during the current decade. After 2020, however, as new
refining capacity is expected to come on stream and domestic demand grows, the vol-



umes of crude oil available for export will slowly decline. These fluctuations are limited
to the range of 2 mb/d, however, as crude oil exports are moving between 7 mb/d and
9 mb/d across the entire forecast period. Fluctuations within a fairly narrow band of
around 1 mb/d are also projected for the FSU region and Latin America.

Figure 9.3 details the key changes in crude oil flows from the perspective of
major exporters from 2010-2020, and then to 2035. As already highlighted, it under-
scores the Middle East’s future role as the major crude oil exporter. Moreover, it also
highlights the region’s major share in imports to the Asia-Pacific, as well as the increas-
ing share of the Asia-Pacific in exports from Africa and Russia. In absolute numbers,
the biggest change over the forecast period relates to crude oil exports from the Middle
East to the Asia-Pacific; an increase of 7 mb/d from 2010-2035. In relative terms,
however, Russia and Caspian countries will more than triple their crude exports to the
Asia-Pacific, as new pipelines to China and Russia’s Far East are assumed to be opera-
tional, and at the same time exports to Europe are expected to significantly reduce.
Similarly, Africa will almost double its crude exports to the Asia-Pacific, mainly at the
cost of reduced deliveries to the US & Canada. Contrary to these regions, crude oil
exports from Latin America are projected to remain relatively stable in terms of both
volume and structure.

Figure 9.3
Major crude exports by destination, 2010-2035
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Another observation worth noting is the decline of crude oil imports to Europe
and the US & Canada. In the case of the US & Canada, a combination of lower
demand, the expansion of non-crude supplies and higher increases in synthetic crude
production from Canada, offsetting declines in conventional crude, results in a re-
duction of around 4 mb/d in crude imports between 2010 and 2035. In the case of
Europe, crude imports are projected to decline by almost 3 mb/d during the same
period, as demand decreases and product imports more than outweigh declining do-
mestic crude production.

Total crude exports from the Middle East are projected to stand at almost
17 mb/d by 2020 and above 21 mb/d by 2035. This compares to 14.7 mb/d in 2010.
Throughout the entire forecast period, the destination that receives the most crude oil
exports from the Middle East is the Asia-Pacific (Figure 9.4). By 2035, this region ac-
counts for almost 18 mb/d of exports from the Middle East. Another important part-
ner for the Middle East will be Europe, with imports projected to be close to 3 mb/d
by 2035, mostly in the category of medium sour although some will be light sour
crude. With sufficient desulphurization capacity in Europe, the sour nature of Middle
East crudes should not create problems for refiners. If demand in North America
develops as projected, then crude exports from the Middle East to this region could
almost be non-existent by 2035.

Figure 9.4
Destination of Middle East crude oil exports and local supply, 2010-2035
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The Asia-Pacific’s ever-expanding role in global crude oil imports is clearly dem-
onstrated in Figure 9.5. By 2035, demand in the Asia-Pacific will increase by 17 mb/d,
compared to 2010. However, crude production will decline by more than 2 mb/d over
the same period. Therefore, the growing gap between demand and local production
in these regions has to be filled by imports, primarily in the form of crude oil from all
producing regions, but mainly from the Middle East and supplemented by Russian,
Caspian, African and marginally crudes from the Americas (Figure 9.5). Expected
trade between the Asia-Pacific and the Middle East has already been highlighted, and
elsewhere, by 2035, the FSU will see almost 5 mb/d of crude exports to the Asia-
Pacific and Africa 3.5 mb/d, predominantly from West Africa.

Figure 9.5
Asia-Pacific crude oil imports and local supply, 2010-2035
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Products

As stated at the beginning of this Chapter, total exports for refined products, inter-
mediates and non-crude based products is projected to reach a level of more than
22 mb/d by 2035, if trade between all the 18 model regions is considered. However, if
product movements are restricted to the seven major regions then these inter-regional
movements will account for 16 mb/d by 2035, an increase of more than 3 mb/d com-
pared to 2010 (Figure 9.6). This increase represents only half of the product move-
ment change projected for all 18 model regions, since refined products are typically
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Figure 9.6
Global exports of liquid products, 2010-2035
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moved less on long haul routes due to their relatively high transport costs. Neverthe-
less, these movements constitute an integral part of the downstream sector as they
contribute significantly to meeting regional demand for liquid products, as well as
potentially solving regional product imbalances.

Total volumes traded on international markets are affected by a range of issues,
such as the placement of new refining capacity, shifts in regional demand patterns and
increasing spare refining capacity in regions with falling demand, in particular the US
and Europe. Another important factor relates to the growing trade of non-crude based
products, primarily due to the increasing production of NGLs (and product output
from gas plants) supplemented by projected increases in GTLs. The global increase in
this category of liquid products is projected to be almost 2 mb/d from 2010-2035,
which sees it rising to 3.5 mb/d by the end of the forecast period. Production of the
other two products in this category — CTLs and biofuels — is also projected to increase
substantially, but this will materialize mainly in consuming regions. Thus, it will only
marginally affect traded volumes.

Figure 9.7 provides the breakdown of the global inter-regional movements at
the product level. This clearly demonstrates the expected changes in the make-up
of future product movements, with growth in naphtha, middle distillates and the
group of other products and a decline in gasoline and fuel oil. A dominant feature of



Figure 9.7
Global product imports by product type, 2015-2035
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the expected future product trade is an expansion of middle distillates and naphtha,
primarily for petrochemical use. Both products record an increase in the range of
1.5 mb/d between 2015 and 2035. However, while imports of middle distillates are
spread among the Asia-Pacific, Europe, Africa and Latin America, naphtha will be
almost entirely absorbed by the Asia-Pacific. This is driven by a rapid expansion of
the petrochemical industry in China and India, as well as several other countries in
the region.

Driven by the projected overall demand decline for fuel oil, due to falling
inland use and marine bunker developments, trade in this product category drops
off dramatically, especially around 2020, when tighter fuel specifications for ma-
rine bunkers are expected to be in place globally. The overall decline in fuel oil
exports is expected to be around 1 mb/d by the end of the forecast period, com-
pared to 2010.

Another product with a declining export trend is gasoline. Moreover, the re-
gional pattern of gasoline flows is likely to change. There are two factors supporting
this: a continued gasoline and diesel imbalance in the Atlantic Basin and increasing
ethanol supplies, especially in the US. These factors will lead to increased competition
in global gasoline markets, as Europe and the US face up to the problems of a gasoline
surplus. This is due to the high installed capacity for gasoline production and the
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falling demand for crude-based gasoline, partly because of increased ethanol supplies.
However, to what extent Europe and the US succeed in placing their gasoline surplus
in other regions, as well as other products, depends very much on policies adopted in
these other regions.

The regional pattern for product imports is depicted in Figure 9.8. It high-
lights several emerging trends. The most visible is that of the Asia-Pacific’s rising
product imports, to a level of almost 7 mb/d by 2035. These products will mainly
come from Russia and the Middle East (Figure 9.9). The US & Canada will gradu-
ally reduce their product imports from levels of around 4 mb/d in 2015 to 3 mb/d
by 2020, and then close to 2 mb/d by 2035. The region’s net product imports will
also decrease, by around 1 mb/d by 2035. A similar pattern of declining product
imports is also expected in Europe. Here, the decline in net product imports is in
the range of 1 mb/d. On the other hand, growing product imports are projected for
Africa and Latin America. However, while Africa will likely remain a net product
importer over the forecast period, Latin America is assumed to reverse its status
and become a net products exporter by 2015, as new refining capacity becomes
available.

Figure 9.8
Global product imports by region, 2010-2035
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Figure 9.9
Net imports of liquid products by region, 2015-2035
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The other two regions, the FSU and the Middle East, will keep their status as net
products exporters. Their net exports will be relatively stable, moving within a range
of 2.5-to-3 mb/d in the case of the FSU, and between 1 mb/d and 2 mb/d in the case
of the Middle East. It should be stressed, however, that these volumes depend on the
future policies of the countries in these regions, as they have the option to adding
more refining capacity than projected in this outlook, thus, increasing their product
exports.
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Chapter 10
Downstream challenges

This Chapter brings together the key findings from Section Two and reviews the pos-
sible implications for the industry and the challenges ahead over the medium- and
long-terms. It is apparent that some of industry’s challenges are part of long-term
trends, and as such, some of the themes and messages included here are similar in
nature to last year.

A new downstream outlook

Since the middle of the last decade the refining industry has witnessed major highs
and major lows. There was what many have described as the ‘golden age’ of refin-
ing that lasted from 2004 through to mid-2008. This was then followed by the
global economic recession that cut demand severely and impacted the industry
significantly.

From the overall oil market perspective, a major shift is the one between OECD
and non-OECD regions. The latter are now delivering the bulk of the world’s oil
demand growth; conversely, OECD demand seems to have peaked. The long-term
oil demand trend in the US & Canada, Europe and Japan is projected to follow a
downward path. From a regional perspective, this situation has created a contrast be-
tween the Atlantic and Pacific Basins. Dominated by the US and Europe, the former
is the centre of a significant refining capacity surplus, and the inherent challenges this
brings, while the Asia-Pacific is the centre of growth. These shifts will serve to reshape
the global downstream industry in the years ahead. The industry will have to readjust
to this new environment.

Declining crude oil and refining share of the incremental demand barrel

The proportion of crude oil that needs to be refined per barrel of incremental prod-
uct continues to decline, as the total proportion of biofuels, GTLs, CTLs, NGLs
and other non-crudes continues to rise. The impact of non-crudes is significant. In
the Reference Case, supply increases by nearly 23 mb/d between 2010 and 2035,
from 86.8 to 109.7 mb/d. Of the increase, however, over 13 mb/d is projected to
be met by growth in non-crudes and process gains. This equates to almost 60% of
total supply growth. This leaves less than 10 mb/d of growth for crude oil, an aver-
age increase of around 400,000 b/d per year. Essentially, this translates into a similar
growth rate for refining.
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Capacity expansion competition — and closure

The demand decline now being witnessed in industrialized countries coincides
with a period of substantial new capacity additions, approximately 7 mb/d by
2015. For many refiners, this is a significant cause of concern. In conjunction with
recent demand losses caused by the recession, it is creating a situation where refin-
ery throughputs and utilizations are expected to be under pressure for several years.
Today is a post-‘golden age’ world of refinery surplus, concentrated in OECD
regions.

Figure 6.6 (Chapter 6) illustrates the way ‘effective spare capacity’® declined
through the 1980s from the extreme levels early that decade, stayed relatively flat
through the 1990s, dropped again to under 4 mb/d in the middle part of the last de-
cade, and then increased sharply in 2009 due to the recession. Looking to the future,
tellingly the graph shows the industry trending to further increases in spare capacity,
at least until 2015.

Before the recession, smaller, older and less efficient refineries were already under
pressure, unless they had the benefit of special circumstances, such as a local crude
supply, protected local demand and/or specialty products. Following the recession,
this pressure has now multiplied.

Moreover, in the current situation of capacity surplus, all refineries have to face
the prospect of competing with a wave of new capacity, mainly large-scale, highly
complex and increasingly efficient. The Reliance refineries in India have set new stan-
dards in all these dimensions. Expansions in the Middle East and, to some degree
the US, are also raising the bar on what constitutes a ‘world-scale’ refinery. Much of
the new capacity, such as in India and Saudi Arabia is export-oriented, geared to pro-
cessing heavy and difficult crudes and to producing predominantly light products to
advanced standards. At the same time, existing refineries in the US, Europe and Japan
are facing reduced demand for their products.

Given the nature of the current market, it is expected that refineries in the US,
Europe and Japan will be the ones that suffer the greatest number of closures. Al-
though to date, however, there has been relatively little net closure. The emphasis
at present is on selling — or at least attempting to sell — refineries. A major factor in
OECD regions has been the shift by several major oil companies toward the divest-
ment of refineries and disintegration, whereby a once integrated company is split into
separate exploration and production, and downstream entities. It is evident that there
could potentially be a substantial reshaping and re-ordering of refining capacity and
refinery ownership over the next few years.



Nonetheless, it is not a simple matter of future closures in the OECD and new
refineries elsewhere. Some OECD refineries will inevitably close, but others will have
products available to put onto global markets.

Many US refineries, notably in the Gulf Coast, are well depreciated, highly com-
plex and flexible, meaning they can put out products of advanced specifications. US
refiners have been raising distillate yields and the exports of distillates, gasoline and
other products have doubled in the last few years. European refineries are in general
less complex than those in the US, but they need to produce gasoline and other co-
products in order to keep producing profitable distillates. And in Japan, it can be
expected that what remains after refinery closures are the more complex facilities that
can compete on international markets. These OECD region refineries will join the
new large-scale refineries in India, Brazil and the Middle East to compete for markets
in Latin America, Africa and Asia.

Distillate deficit — gasoline surplus

This year’s projections for distillates and gasoline demand follow the same trend out-
lined in last year’s publication. The market is facing an imbalance, at least in the
medium-term, characterized by a gasoline/naphtha surplus and a continuing distillate
deficit. Thus, the mix of a refinery’s products, in particular the proportions of distil-
late versus gasoline/naphtha, will be key factors affecting margins and profit. Similarly,
distillate versus gasoline/naphtha fractions in crude oils are likely to have a marked
impact on a crude’s relative price, with crude oils containing a high distillate yield
favoured. Very light crudes, as well as condensates, with their high yields of gasoline/
naphtha, are expected to be disadvantaged.

Demand and technology responses?

The projected imbalance with respect to NGLs/naphtha/gasoline versus distillates
poses processing and technology challenges for refiners. FCC yields are increasingly
oriented to distillate and propylene, and away from gasoline, but while FCC capacity
is substantial, the impact on distillates supply is potentially limited. Modern pro-
cess technology to convert NGLs/naphtha/gasoline to distillates is needed, but as yet,
commercial processes do not appear to be available. Nonetheless, modifications to
current technologies and the development of new ones could become a feature of
refineries as they adapt.

Moreover, distillate premiums relative to gasoline in the range of $10-20/b,
as indicated by model results in this Outlook, will likely prompt some response
on the demand side too. However, the extent of this change depends primarily
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on policies adopted in consuming countries and, in any case, major changes will
obviously take time.

Refining investments: trends and uncertainties

It is evident from this year's WOO that some current downstream trends and de-
velopments are largely set to continue as expected, whereas others are beset by some
significant uncertainties.

While the continuing trend to distillates appears sound, the NGLs/naphtha/gaso-
line surplus and associated wide differentials versus gasoil/diesel could act to swing some
demand back toward gasoline. The potential for more gasoline demand is also in evidence
in the latest EU initiatives. The scope may be limited, however, as gasoil/diesel demand is
driven more by commerce and economic growth, and marine fuels legislation will shift at
least some portion of heavy IFO fuels to distillates. The upshot is that whereas in the past,
particularly before 2006, it mattered little if a refinery emphasized gasoline or distillates,
today, and in the future, it could make a significant difference to a refinery’s viability.

On the basis that incremental distillate will continue to be required, in part via
incremental hydro-cracking, and that this technology will remain capital, energy and
hydrogen intensive, sustained distillate premiums look likely to remain. The caveat
is future recessions, which have in the past, albeit temporarily, hit distillate demand
hard. The same cannot be said for gasoline and naphtha. Although levels will of course
fluctuate, it is difficult to avoid scenarios where premiums for these products are any-
thing other than weak. However, sustained growth in Asia, even if some slow-downs
occur, portends to sustained and solid refining margins and significant investment
requirements in that region.

In other areas, however, the picture changes with some significant uncertainties
at play. A refining sector that is being squeezed by the rising non-crude supply, could
become even more pressured by further liquids supply growth, notably from NGLs,
given the emergence of shale gas. While non-OECD demand looks robust, transpor-
tation efficiency measures in industrialized regions could lead to steeper declines there.
In addition, biofuels represent a further ‘wildcard’.

Overall, the general outlook is for severe competition, both across, and between
regions, for refined products markets. It is an outlook where the role of refining in
total liquids products supply gradually shrinks in proportionate terms, courtesy of the
possibilities for rising biofuels and non-crude supplies. In turn, this trend, combined
with ongoing project additions, reduces longer term requirements for further addi-
tions. In short, it is an outlook where there are many risks facing refiners.
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It was observed in the “WOO 2010’ that the price needed to support Canadian oil sands
projects would exceed $70/b at internal rates of return above 10%.

It could be argued to some degree that part of these cyclical factors has become struc-
tural as the axis of economic growth shifts towards emerging economies, especially in
Asia, with the concomitant steady and rising pressures upon demand for, and the price
of, building materials.
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notably the US, has emerged in the second half of 2011, after the model runs for this
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ity rates, with the UN also offering estimates for low and high variants, which suggest a
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There is no single definition used by the UN for what is designated as ‘urban’ since
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distinction has related to the higher standard of living in urban areas, but this is becom-
ing blurred in developed countries. Typically, a population density of 1,000 persons per
square mile (although this can be as low as 400, as with Canada, or even 200, as with
Greenland and Norway) and/or population size (with this ranging between a minimum
population of 2,000-5,000, although it can be as low as 200, as in the case of Iceland, or
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A significant portion of this change is due to revisions for short-term expectations for
OECD regions.

Of course, even over the medium-term policies can play a significant role in changing
demand patterns, such as with blending mandates.
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This fall occurred at the same time that Indonesia was added to the definition of non-
OPEC as it left the Organization in 2008. The revision was therefore even more em-
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The World Oil Refining Logistic and Demand (WORLD) model is a trademark of
EnSys Energy & Systems, Inc. OPEC’s version of the model was developed jointly with
EnSys Energy & Systems.

Heavy IFO fuels comprise the majority of marine fuel sold, especially for larger vessels.
IFO fuels have primarily been distinguished based on their viscosity (Centistokes at
50°C). IFO380 has traditionally been the most used with IFO180 following second.
Rising fuel costs and distillate/resid differentials are, however leading to the increasing
use of IFO500 and even IFO700.

Initially, ECAs were established for sulphur/SOx only and so were called SECAs. Since
broadening the emissions covered to include NOx and PM, the acronym has been
changed to ECA.

Starting with the fiscal year 2012, some changes to the tax scheme for India’s oil indus-
try are being considered, potentially removing some of the benefits currently in place.
In fact, since fuel oil margins are negative on international markets, increased exports of
fuel oil means value destruction compared to crude oil exports.

Construction of the pipeline was completed in June 2011.

A combination of finished gasolines and reformulated blendstock for oxygenate blending/
conventional blendstock for oxygenate blending for final blending at terminals with ethanol.
Volumes of acidic ‘high TAN’ (total acid number) crudes are growing. These require ad-
ditional pre-treating and/or processing in crude units with either metallurgy or additives
to counter the acid’s corrosive effects.

Percentage calculated on a weight basis.

Directive 98/70/EC as amended by two subsequent directives — Directive 2003/17/EC
and Directive 2009/30/EC.

Note that all references to upgrading and conversion in this study exclude opera-
tions, capacity and requirements for upgraders associated with extra-heavy crude oil
and oil sands (Venezuela and Canada). The analysis starts from the marketed streams
(syncrudes, dilbit type blends, etc.) of such production and facilities.

In the model, the production of fuel grade coke is allowed to float as a by-product with
prices based on those for coal, with which fuel grade coke competes.

On a weight basis, the coke yield on a coking unit can be in the range of 30%.

IHS CERA, ‘OECD Refining: Lighter Supply Spells Lasting Trouble’, October 2010.
Oil here includes crude oil, part of condensates and NGLs that are blended with
crude oil, refined products, intermediates and non-crude based products.

Transneft’s website: www.transneft.ru.

The consortium’s four largest shareholders are: Transneft (24%), KMG (19%), Chevron
(15%), and LukArco (12.5%).

Calculated as 90% of the difference between crude distillation capacity and required
crude throughputs.



253






Abbreviations






API American Petroleum Institute

AR4 IPCC’s Fourth Assessment Report
ATTP Accelerated Transportation Technology and Policy
AWG-KP Ad Hoc Working Group on Further Commitments for Annex I

Parties under the Kyoto Protocol
AWG-LCA Ad Hoc Working Group on Long-Term Cooperative Action under
the Convention

b/d Barrels per day

boe Barrels of oil equivalent

BPS Baltic Pipeline System

BTC Baku-Tbilisi-Ceyhan (pipeline)

BTLs Biomass-to-liquids

CCS Carbon capture and storage

CFTC Commodity Futures Trading Commission
CLSF Carbon Sequestration Leadership Forum
CNG Compressed natural gas

CNOOC China National Offshore Oil Corporation
CNPC China National Petroleum Corporation
CO, Carbon dioxide

CO,-eq Carbon dioxide equivalent

CcoPp Conference of the Parties

CTLs Coal-to-liquids

DCCI Downstream capital costs index

DCs Developing countries

DOE/EIA (US) Department of Energy/Energy Information Administration
dwt Dead weight tonnes

EC European Commission

ECAs Emission control areas

EFQD European Fuel Quality Directive
EIA Energy Information Administration
EISA (US) Energy Independence and Security Act
EOR Enhanced oil recovery

EPA Environmental Protection Agency
EPRI Electric Power Institute

ESPO Eastern Siberia Pacific Ocean

EU European Union

EU ETS EU Emissions Trading Scheme
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FAME Fatty-acid methyl ester

FCC Fluid catalytic cracking

FSU Former Soviet Union

FYP Five Year Plan

GCCSI Global CCS Institute

GDP Gross domestic product

GHG Greenhouse gas

GSI Global Subsidies Initiative

GTLs Gas-to-liquids

GW Gigawatt

IATA International Air Transport Association
ICAO International Civil Aviation Organization
ICE Intercontinental Exchange

IEA International Energy Agency

IEA GHG International Energy Agency Greenhouse Gas Programme
IEF International Energy Forum

IFO Intermediate fuel oil

IFQC International Fuel Quality Centre

IHS CERA IHS Cambridge Energy Research Associates
IMF International Monetary Fund

IMO International Maritime Organization

I0Cs International oil companies

IPCC Intergovernmental Panel on Climate Change
JODI Joint QOil Data Initiative

JVETS Japan’s Voluntary Emissions Trading Scheme
KCTS Kazakhstan Caspian Transportation System
KMG KazMunayGas

kpg Kilometres per hour

LCES Low Carbon Fuel Standard

LNG Liquefied natural gas

LPG Liquefied petroleum gas

MARPOL International Convention for the Prevention of Pollution from Ships
mb/d Million barrels per day

mboe Million barrels of oil equivalent

mBtu Million British thermal units
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MDGs Millennium Development Goals

MDO Marine diesel

MEPC Marine Environmental Protection Committee
METI Ministry of Economy, Trade & Industry
MGO Marine gasoil

MOMR (OPEC’s) Monthly Oil Market Report

mpg Miles per gallon

MR1 General Purpose Vessels (16,500-24,999 dwt)
MR2 Medium Range Vessels (25,000-49,999 dwt)
MTBE Methyl tetra-butyl ether

MW Megawatt

NDRC National Development and Reform Commission
NEI Nuclear Energy Institute

NGLs Natural gas liquids

NOCs National oil companies

NOx Nitrogen oxide

OECD Organisation for Economic Co-operation and Development
OFID OPEC Fund for International Development
OPEC Organization of the Petroleum Exporting Countries
ORB OPEC Reference Basket (of crudes)

OTC Over-the-counter

OWEM OPEC’s World Energy Model

p-a. Per annum

PM Particulate matters

ppm Parts per million

R&D Research and development

RED (EU) Renewable Energy Directive

R/P Reserves-to-production

Sinopec China Petrochemical Corporation

SOx Sulphur oxide

TAN Total acid number

Tef Trillion cubic feet

toe Tons of oil equivalent

UN United Nations
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UNCTAD
UNFCCC
URR
USGS

WCSB
WHO
WNA
WOO
WORLD
WRES
WTI

United Nations Conference on Trade and Development
United Nations Framework Convention on Climate Change
Ultimately recoverable reserves

United States Geological Survey

Western Canadian Sedimentary Basin

World Health Organization

World Nuclear Association

World Oil Outlook

World Oil Refining Logistics Demand Model
World Refining & Fuels Services

West Texas Intermediate
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OPEC World Energy Model (OWEM):
definitions of regions






OECD

North America

Canada Puerto Rico
Guam United States of America
Mexico United States Virgin Islands

Western Europe

Austria Luxembourg
Belgium Netherlands
Czech Republic Norway
Denmark Poland

Finland Portugal

France Slovak Republic
Germany Spain

Greece Sweden
Hungary Switzerland
Iceland Turkey

Ireland United Kingdom
[taly

OECD Pacific
Australia New Zealand
Japan Republic of Korea

Developing countries

Latin America

Anguilla Grenada
Antigua and Barbuda Guadeloupe
Argentina Guatemala
Aruba Guyana
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Bahamas

Barbados

Belize

Bermuda

Bolivia

Brazil

British Virgin Islands
Cayman Islands
Chile

Colombia

Costa Rica

Cuba

Dominica
Dominican Republic
El Salvador

Falkland Islands (Malvinas)

French Guiana

Middle East & Africa
Bahrain

Benin

Botswana

Burkina Faso

Burundi

Cameroon

Cape Verde

Central African Republic
Chad

Comoros

Congo

Congo, Democratic Republic
Djibouti

Egypt

Haiti

Honduras

Jamaica

Martinique

Montserrat

Netherland Antilles
Nicaragua

Panama

Paraguay

Peru

St. Kitts and Nevis

St. Lucia

St. Vincent and the Grenadines
Suriname

Trinidad and Tobago
Turks and Caicos Islands
Uruguay

Malawi

Mali

Mauritania
Mauritius

Mayotte

Middle East, Other
Morocco
Mozambique
Namibia

Niger

Oman

Réunion

Sao Tome and Principe

Senegal



Equatorial Guinea
Eritrea
Ethiopia
Gabon
Gambia
Ghana
Guinea
Guinea-Bissau
Ivory Coast
Jordan

Kenya
Lebanon
Lesotho
Liberia
Madagascar

Rwanda

South Asia
Afghanistan
Bangladesh
Bhutan
India

Southeast Asia

American Samoa

Brunei Darussalam

Cambodia

Chinese Taipei

Cook Islands

Democratic People’s Republic of Korea
Fiji

French Polynesia

Hong Kong, China

Seychelles

Sierra Leone

Somalia

South Africa

Sudan

Swaziland

Syrian Arab Republic
Togo

Tunisia

Uganda

United Republic of Tanzania

Western Sahara

Yemen
Zambia
Zimbabwe

Maldives
Nepal
Pakistan
Sri Lanka

Myanmar

Nauru

New Caledonia
Niue

Papua New Guinea
Philippines

Samoa

Mongolia
Singapore
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Indonesia

Kiribati

Lao People’s Democratic Republic
Macao

Malaysia
China

OPEC
Algeria
Angola
Ecuador
L.R. Iran
Iraq

Kuwait

Transition economies
Russia

Other transition economies
Albania

Armenia

Azerbaijan

Belarus

Bosnia and Herzegovina
Bulgaria

Croatia

Cyprus

Estonia

Georgia

Kazakhstan

Solomon Islands
Thailand

Tonga

Vanuatu (New Hebrides)

Vietnam

Libya

Nigeria

Qatar

Saudi Arabia

United Arab Emirates

Venezuela

Kyrgyzstan
Latvia
Lithuania
Malta
Moldova
Montenegro
Romania
Serbia
Slovenia
Tajikistan
The Former Yugoslav Republic of Macedonia



Turkmenistan Uzbekistan
Ukraine
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World Oil Refining Logistics and Demand
(WORLD) model:
definitions of regions






US & Canada

United States of America Canada

Latin America

Greater Caribbean

Antigua and Barbuda Guyana

Bahamas Haiti

Barbados Honduras

Belize Jamaica

Bermuda Martinique

British Virgin Islands Mexico

Cayman Islands Montserrat

Colombia Netherlands Antilles
Costa Rica Nicaragua

Dominica Panama

Dominican Republic St. Kitts & Anguilla
Ecuador St. Lucia

El Salvador St. Pierre et Miquelon
Falkland Islands (Malvinas) St. Vincent

French Guiana Suriname

Grenada Trinidad & Tobago
Grenadines Turks and Caicos Islands
Guadeloupe Venezuela

Guatemala

Rest of South America

Argentina Paraguay

Bolivia Peru
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Brazil

Chile

Africa

North Africa/Eastern Mediterranean

Algeria
Egypt
Lebanon
Libya

West Africa

Angola

Benin

Cameroon

Congo, Democratic Republic
Equatorial Guinea

Gabon

Ghana

Guinea

Guinea-Bissau

East/South Africa
Botswana

Burkina Faso

Burundi

Cape Verde

Central African Republic
Chad

Comoros

Uruguay

Mediterranean, Other

Morocco

Syrian Arab Republic

Tunisia

Ivory Coast
Liberia

Mali
Mauritania
Niger
Senegal
Sierra Leone

Togo

Namibia
Réunion

Rwanda

Sao Tome and Principe

Seychelles
Somalia

South Africa



Djibouti
Ethiopia
Gambia
Kenya
Lesotho
Madagascar
Malawi
Mauritius

Mozambique

Europe

North Europe
Austria
Belgium
Denmark
Finland
Germany
Iceland
Ireland

South Europe
France
Greece

Italy

Eastern Europe
Albania
Bosnia and Herzegovina

Bulgaria

St. Helena

Sudan

Swaziland

United Republic of Tanzania
Uganda

Western Sahara

Zambia

Zimbabwe

Luxembourg
Netherlands
Norway

Sweden
Switzerland
United Kingdom

Portugal
Spain
Turkey

Poland
Romania

Serbia
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Croatia Slovakia

Czech Republic Slovenia

Hungary The Former Yugoslav Republic of Macedonia
Montenegro

FSU

Caspian Region

Armenia Kyrgyzstan
Azerbaijan Tajikistan
Georgia Turkmenistan
Kazakhstan Uzbekistan

Russia & Other FSU (excluding Caspian region)

Belarus Moldova

Estonia Russia

Latvia Ukraine

Lithuania

Middle East

Bahrain Oman

L.R. Iran Qatar

Iraq Saudi Arabia

Jordan United Arab Emirates
Kuwait Yemen
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Asia-Pacific
OECD Pacific
Australia Japan

New Zealand Republic of Korea

Pacific High Growth — non OECD Industrializing

Brunei Darussalam Philippines
Hong Kong, China Singapore
Indonesia Chinese Taipei
Malaysia Thailand
China

Rest of Asia

Afghanistan Mongolia
Bangladesh Myanmar
Bhutan Nauru
Cambodia Nepal
Christmas Island New Caledonia
Cook Island Pakistan

Fiji Papua New Guinea
French Polynesia Solomon Islands
Guam Sri Lanka

India Timor
Democratic People’s Republic of Korea Tonga

Lao People’s Democratic Republic Vietnam

Macao Wake Islands
Maldives
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Energy Information Administration, ‘World Shale Gas Resources: An Initial Assess-
ment of 14 Regions Outside the United States’, April 2011, http://www.eia.gov/anal-
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Goldman Sachs
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Haver Analytics
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IEA, Quarterly Energy Prices & Taxes
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rebound?, March 2011

IHS Global Insight, online database
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IHS Herold
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IME, International Financial Statistics

IME World Economic Outlook

Intergovernmental Panel on Climate Change
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data.com
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International Oil Daily

International Road Federation, World Road Statistics
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OECD Trade by Commodities
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OECD, OECD Economic Outlook

OPEC Annual Statistical Bulletin
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OPEC Monthly Oil Market Report
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OPEC World Oil Outlook, 2010
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Plunkett Research, Automotive Industry Introduction, 2009

Potential Gas Committee, Press Release, 27 April 2011, http://potentialgas.org
Purvin & Gertz, Global Petroleum Market Outlook — Petroleum Balances
Renewable Energy Policy Network for the 21* Century

Renewable Fuels Association

Ricardo Strategic Consulting, ‘Potential of Technologies Advances in the Road Trans-
port Sector’, June 2011

Society of Petroleum Engineers

Tanker Broker’s Panel, London

Turner, Mason & Company

UN, Department of Economic and Social Affairs, online database
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