





Figure 10.4
Major crude exports by destination, 2006 and 2030
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The Middle East, with its large resource base, will likely accentuate its role as
the key crude exporting region. Crude exports from this region stand at 16.3 mb/d
in 2015, 18.3 mb/d in 2020 and more than 23 mb/d by 2030. This compares to
16.5 mb/d in 2006. On top of the increasing exports, almost 5 mb/d of incremental
crude will be used in local refineries by 2030. Part of this will then be exported in the
form of petroleum products.

Undoubtedly the most important destination for Middle East crude oil exports will
continue to be the Asia-Pacific (Figure 10.5) accounting for 15.5 mb/d of these exports
in 2030. Exports to Asia-Pacific are fairly evenly split across all available grades, in
proportion to total exports. The exception is the Pacific industrialized region (mainly
Japan) that accepts higher proportions of medium and heavy sour crude due to the
higher complexity of their refineries and, thus, the ability to refine higher volumes
of these crude types. Another important trading partner for the Middle East will be
Europe with imports projected at around 5 mb/d by 2030, mostly in the category
of medium sour, though some proportion will be of light sour crude. With Europe’s
sufficient desulphurization capacity, the sour nature of Middle East crudes should not
be a problem for refiners. Needless to say, the trade outlook could be affected by the
uncertainties outlined in Section One, as well as a number of other factors, such as
transportation infrastructure and economics.
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Figure 10.5
Destination of Middle East crude oil exports and local supply, 2006 and 2030
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The demand, product quality and refinery utilization changes projected to take place
to 2030 will result in a partial shift in product trade patterns and trade volumes be-
tween the regions. If movements between all 18 model regions are considered, the
trade in refined products, intermediates and non-crude based products reaches a level
of more than 24 mb/d by 2030. However, restricting the product movements to a
more aggregated level of seven major regions, the inter-regional trade of liquid prod-
ucts is expected to rise to almost 19 mb/d by 2030, an increase of more than 7 mb/d
compared to 2006 (Figure 10.6).

Besides rising volumes of finished products driven by the location of future refin-
ing capacity additions, another key observation relates to the growing trade of non-
crude based products. There are two main reasons for this trend. Firstly, the growing
production of NGLs and product output from gas plants. And secondly, this is sup-
plemented by projected increases in GTLs production. CTLs and biofuels production
are also expected to expand substantially, but this will materialize mainly in consum-
ing regions and, thus, not impact traded volumes. In addition, no change in biofuels
custom tariffs is assumed, which will limit biofuels trade.

Figure 10.7 depicts projected developments in the regional net imports of liquid
products to 2030. It highlights several emerging trends. The most visible one is that



Figure 10.6
Inter-regional* exports of liquid products, 2006-2030
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* Only trade between major regions is considered.

Figure 10.7
Net imports of liquid products by region, 2015-2030
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the Asia-Pacific will witness rising product imports, reaching a level of more than
6 mb/d by 2030. These products will come mainly from the Middle East, which by
then will be a net exporter of almost 5.6 mb/d of products. The US and Canada will
gradually reduce net product imports from the current level of around 3 mb/d to 2.1
mb/d by 2020, and then to less than 1.5 mb/d by 2030. In the US, this will be com-
pensated by additional volumes of ethanol in the first half of the forecast period and
a combination of ethanol and CTLs supply in the second part. In Europe, gasoline
exports are fairly balanced by diesel imports and, going forward, little is expected to
change. Europe’s net imports of liquid products will remain lower than 1 mb/d for the
entire period. For other regions, total product exports/imports will be maintained at
current levels with only moderate shifts in volumes and destinations/origins.

The major inter-regional movements for refined products are summarized in Figure
10.8. Key observations on projected movements at the product level are:

*  Middle distillates will be the primary product driving the regional trade.
However, traded volumes of other major products will also be significant;

*  Europe will continue generating surpluses of gasoline, but will be short of
diesel and jet kerosene. Over the next ten years, extra volumes of gasoline
will find markets in the US and Africa, and diesel demand will mainly be
covered by imports from Russia. In the later part of the forecast period, gaso-
line exports to the US will gradually fall away so that higher volumes will
be available for export to Africa and the Eastern Mediterranean. In respect
to diesel, Russian exports will be complemented by those from the Middle
East, including GTLs diesel. Total net diesel imports for Europe are pro-
jected at 1.8 mb/d by 2030;

*  Up to 2015, Middle East product exports are projected to stay at levels
comparable to current volumes of around 2.4 mb/d, as additional refin-
ing capacity coming on-stream around 2011/2012 is absorbed by local
demand increases. Exports will start increasing thereafter and products
consisting primarily of diesel and naphtha move mainly to the Asia-Pacific
(2.6 mb/d) and to East and South Africa (0.7 mb/d);

*  Growing demand for middle distillates in the Asia-Pacific will likely require
1.6 mb/d of net imports by 2030. The Asia-Pacific’s continuing petrochemi-
cals demand growth also causes the region as a whole to import around 1.5
mb/d of naphtha by 2030. The main naphtha sources are projected to be the
Middle East (1.2 mb/d), Africa (0.2 mb/d) and Russia (0.1 mb/d);

*  The US and Canada region still has a gasoline deficit of around 1 mb/d in
2015, but this will be eliminated gradually to 2030;

*  Product exports from Russia will be dominated by gasoil exports to both
North and South Europe. Combined with some increase in refining



investments, Russia takes advantage of relatively low sulphur crude oil and
low cost gas for fuel and hydrogen feedstock to produce low and ultra-
low sulphur distillates that are exported to Europe. This addresses Eu-
rope’s projected growing distillate shortage, based on a continued policy
of dieselization and strict quality standards. This is reflected in ultra-low
sulphur diesel exports of 0.5-0.7 mb/d to Europe.

Figure 10.8
Net imports of refined products by region, 2015 and 2030
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Tanker capacity

Growth in the inter-regional trade of crude oil and refined products will necessitate
appreciable increases in global tanker capacity during the forecast period. This is pro-
jected to expand by around 170 million deadweight tonnes (dwt) by 2030, reaching
553 million dwt, from the current global capacity of 376 million dwt at the end of
2007 (Figure 10.9). This is equivalent to a growth of 1.7% p.a., which is higher than
the global average demand growth of 1.2% p.a. for the entire forecast period. The
main reason for the higher growth in tanker capacity is the rising demand in the Asia-
Pacific, which means that crude oil and product trade movements are predominantly
long haul.

All tanker categories will grow, but at varying rates. The fastest growing category
of tankers will be the Very Large Crude Carriers (VLCC), with their capacity expand-
ing by 1.9% p.a. This represents almost half of the overall tanker additions and is

177

Chapter




178

Figure 10.9
Outlook for tanker capacity requirements by category, 2007-2030
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consistent with the expected growing volumes of crude oil exports from the Middle
East. The second fastest growing tanker class is Large Range 1 (LR1), driven mainly
by the rising trade in refined products. The growth of LR1 tankers is also expanding
at an above-average rate of almost 1.8% p.a. Medium Range 1 (MR1) tankers are as-
sumed to grow at the average rate of 1.7% p.a. On the other hand, slower expansion
is projected for Medium Range 2 (MR2) and Large Range 2 (LR2) tankers. In respect
to refined products, the likely shift will be from MR2 to LR1 class vessels, while crude
oil will increasingly be transported in VLCCs.

These trends are already visible in known new tanker orders to 2011. Order books
show that more than 100 million dwt of tanker capacity has been ordered for the years
2008-2011 (Figure 10.10). Of these new orders, 53 million dwt is in the category
of VLCC and around 23 million dwt is for LR1 tankers. New orders for the LR1
category are exceptionally high relative to the existing fleet capacity. The level of new
orders highlights that shipyards are fully booked. This is as a result of two main fac-
tors. Firstly, the relatively high freight rates witnessed over the past years, which led
to very low rates of vessel scrapping, and secondly, an approaching deadline for the
phasing-out of single hulled tankers.

The comparison of existing capacity, new orders and future capacity requirements
indicates that the tanker market will require, by 2015, around 40 million dwt of ad-
ditional capacity above that already ordered. This is expected to be predominantly in



the category of LR2 as the order book for these vessels is currently at a relatively low
level. Some additions will also be required in VLCC and MR2 tanker classes. The LR1
class shows a small surplus. However, this is very much subject to a potentially higher
requirement rate to replace single hull tankers, which would eliminate the surplus
indicated in the projections.

Figure 10.10
Tanker fleet capacities and requirements, 2007-2015
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Chapter 11
Downstream challenges

The medium-term outlook for the downstream sector is marked by a number of
emerging trends, as well as some uncertainties. Based on assessed project additions,
demand growth and increases in biofuels supply, the outlook is for a continuation
in the trend toward tighter distillate and slacker gasoline markets, with a growing
gasoline/diesel imbalance and a related easing in refinery utilizations, especially in the
Atlantic Basin. Biofuels supply growth, with the emphasis on ethanol over biodiesel,
exacerbate rather than help the gasoline/diesel imbalance. Europe’s incremental bi-
odiesel supplies are not expected to alleviate the region’s distillate deficit.

While crude unit additions appear close to sufficient in the reference case, those for
secondary processing are not. Substantial further additions are needed, especially for
hydro-cracking and desulphurization.

There are uncertainties in the outlook. In particular, these relate to the rate of
implementation of identified projects. Delays and cancellations of the expected ad-
ditional distillation capacity in the reference case will put pressure on refinery utiliza-
tion rates. Conversely, the more rapid implementation of projects will further reduce
utilization rates.

It is clear that several factors will act to maintain refining tightness over the
medium-term. These include the need for refiners to continue investing to meet ever
more stringent fuels specifications; rising project capital costs and extended lead-times;
the under-recovery of costs by major refiners in Asia and possibly elsewhere; future
demand uncertainty in some regions as a justification for delays in major projects; and
the difficulties in obtaining permissions for new projects because of environmental
and other regulations.

Refining capacities in the assessment do not include explicit refinery closures. Rath-
er, closures are implied if and where results show low refinery utilization rates. Today,
close to half the world’s refineries and over 15% of the capacity comprise refineries
of less than 100,000 b/d. This sits in stark contrast to the 300,000-600,000 b/d size
range of most new major refinery projects. It points to a continuing vulnerability
to closure among these smaller refineries, particularly when margins weaken, which
could happen from around 2011 onwards. Since this would coincide with substantial
additional capacity coming on-stream, the implication is that there may be a period of
extensive closures, possibly between 2010 and 2015.
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All regions include refineries potentially at risk of closure but this is particularly
the case for industrialized regions with their low demand growth rates and rising
biofuels supplies. Europe exhibits great potential for closures, as does the US with
its emphasis on gasoline production colliding with potentially declining gasoline
margins because of the global shift away from gasoline toward distillates, and in-
creased ethanol supply. Other regions with older refineries such as the FSU and
Africa may also be significantly impacted. Most of the refineries that could close are
simpler units. Nonetheless, the loss of their capacity would go some way to reducing
the possible risks associated with the projected surge in capacity at the same time.

Turning to the longer-term, a central challenge for refiners relates to the substantial
investments needed to meet changes in the product mix combined with progressively
tightening product quality standards. In addition, when considering required down-
stream investments, the estimates presented are based upon refinery process require-
ments and do not include the infrastructure required beyond the refinery gate. For ex-
ample, considerable investment in product transportation infrastructure, such as rail
lines, pipelines and terminals to move products to demand centres will be required.

Beyond seasonal variations, gasoline to diesel price differences have been histori-
cally small, with gasoline grades generally commanding higher prices. Going forward
a shift in the product demand pattern with respect to gasoline versus distillate will
have a critical impact on the price differentials of these products, which is expected
to substantially affect the future financial performance of refineries. The assessment
indicates the future potential for poor gasoline production economics and strong dif-
ferentials for distillates. The primary drivers are on-road, off-road and marine diesel,
but the closely allied jet/kerosene fuels are expected to move in tandem with diesel
prices. The production of jet/kerosene and diesel offers fewer blend stream options
than for gasoline. Beyond the natural yields present in crude, the main available blend
streams are FCC light cycle oil and coker distillate, both secondary yield streams that
need deep hydro-treating to produce blendstocks. Beyond that, it is necessary to turn
to hydro-cracking, a long-term and costly route.

Current major refinery expansion projects in the US focus significantly on hydro-
cracking plus coking — not FCC plus coking — in order to raise distillate yields.
However, these projects will still produce around 30% gasoline, contributing to that
product’s supplies and are thus partially vulnerable to gasoline differentials. It is worth
noting that current industry reporting highlights declining refining margins, but in
reality, it is gasoline margins that are declining. A zero-gasoline, maximum distillate
refinery would be highly profitable in today’s market and it appears likely to stay this
way barring fundamental shifts in the structure of demand growth and/or in refinery
technologies to produce distillates.



Price differentials in the longer term pose questions as to whether gasoil/diesel de-
mand growth can be sustained, whether it will ease as governments and consumers
react, or be alleviated by developments in refinery process and catalysts technologies,
as well as by progressive investments in current technology to increase distillate yields.
In the medium-term, however, it appears likely that the scope for such technology
developments is limited. Offsetting this possible change in the current trend is the po-
tential for some conversion of marine bunkers fuel oil to marine distillates, starting in
2015, and with possible completion in the 2020-2025 period. In addition, CO, emis-
sion abatement objectives will also reinforce current trends that lean towards diesel. It
means the answer to the gasoline/diesel demand growth question very much depends
on technological progress and future policy measures.

On the technology front, continuing catalyst improvements can be expected, but
whether any major breakthroughs will substantially cut costs for hydro-cracking, des-
ulphurization or other processes is open to debate. Such developments have not been
considered in this assessment, nor has the potential for new FCC variants that maxi-
mize distillates, or the commercial use of ultrasound technology. However, process
and catalysts suppliers have a history of reacting to regulatory and other fuel supply
challenges and therefore the potential for effective process technology responses needs
to be monitored. Nevertheless, as it stands, the growing gasoline/distillate imbalance
represents a major challenge.

Compared to the WOO 2007 evaluation, this analysis uses projections of some-
what higher proportions for condensates and light sweet crudes in the global crude
slate. It also includes declines in some heavy conventional supplies — for example, in
Mexico and Canada — and an expected sustained growth in the output of Canadian
oil sands, with much of these volumes fully upgraded to synthetic crude oil. A similar
picture, albeit at lower volumes, is observed for Venezuelan Orinoco output. The
input of light naphtha crude and condensate fractions increase the role for catalytic
reforming and isomerization to supply gasoline volumes and octane, and diminish
that for FCC and alkylation, hence the limited capacity requirements beyond projects
for these processes. FCC vacuum gasoil feedstocks are diverted to hydro-crackers for
distillate production and are partially replaced by growing volumes of atmospheric
residua.

A second effect of the projected crude slate is that it contains less coking quality
vacuum residua. Fully upgraded syncrudes contain no vacuum residua and a high
proportion of vacuum gasoil. As a consequence, the current sustained growth in cok-
ing capacity could lead to future surpluses in selected regions. Given the growing
significance of Canadian tar sands and Venezuelan Orinoco crude and their upgrading
requirements, the question of whether and where surplus coking capacity may arise
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is in part a question of the degree to which these heavy oils are upgraded before being
sold to refiners. Venezuelan streams to date have been partially upgraded and contain
vacuum residua suitable for coking. The Canadian industry preference is to emphasize
fully upgraded syncrude in the future, followed by ‘SynBit’ (blends of fully upgraded
syncrude and tar sands bitumen) and ‘Dilbit’, in part to avoid the logistics complica-
tions of shipping bitumen blended with condensate diluent. As syncrude production
volumes rise, managing the mix and matching upgrading versus downstream refining
will be a growing challenge.

Turning to the issue of carbon markets, it is widely believed that the EU’s has had
limited impact to date because the first phase of the EU emissions trading scheme suf-
fered from an over-allocation of emissions credits that, in turn, subdued the price of
carbon below levels necessary to promote genuine investment in carbon abatement.
These allocations, however, have been progressively tightened in the second phase,
and will presumably raise the cost of carbon in the region. In the US, individual states,
led by California, have been promoting carbon emissions reductions mechanisms for
some time and several bills exist in the US House and Senate, but none has been en-
acted into law.

The potential for spreading carbon schemes clearly represents another major
challenge for the refining industry. Refiners could face reduced demand and higher
operating and capital costs, as well as potentially significant changes in the relative
attractiveness of different refining modes and crude oil feedstocks. If this is the
case, the most energy and hydrogen intensive processes, such as hydro-cracking,
desulphurization or hydrogen production, would be the ones most impacted. In
terms of refinery types, deep conversion refineries processing heavy sour crude oils
could be the most adversely affected, depending on specific conditions outlined by
such schemes. This could further hamper investments in conversion capacity and
other secondary processes much needed to produce lighter and cleaner fuels to meet
future demand.

This outlook has also highlighted the impact of biofuels on the refining sec-
tor, both in the medium- and long-term. Ethanol supply increases exacerbate the
weakness in the Atlantic Basin’s gasoline margins, and this also plays out globally.
In addition, despite biodiesel growth, Europe’s diesel deficit widens sharply. While
biofuels arguably reduce prima facie direct oil dependency,® they may also have
adverse consequences that are becoming ever more evident. The impact of increased
corn planting in raising food prices has been widely publicized and has had a some-
what sobering effect on the way corn ethanol is viewed in the US. In Europe, the
EU is increasingly concerned about whether it is possible to guarantee that biodiesel
imports can be produced sustainably (see Chapter 3). What is also apparent is that



the greater the biofuels dependency, the more gasoline and diesel supplies could be
subject to disruption if there are crop failures. In addition, growing biofuels supplies
may reduce oil production requirements, but the argument about the increased reli-
ance on the agricultural sector for fuel supplies is increasingly being raised by many
parties.

A further potential consequence is that proposed biofuels subsidies and mandates
add to the uncertainty surrounding the need for future refining investments. As we
have seen in Chapter 4, the US ESIA calls for the supply of 36 billion gallons per year
of biofuels by 2022 and the EU target is for 10% of transport fuels from biofuels by
2020. If these are fully met, these materially reduce refining and crude oil require-
ments, but there is considerable uncertainty and debate over whether either target will
be reached. In the meantime, the potential for such goals could move refiners to defer
major investment decisions.

Box11.1
How will policy targets impact refiners?

To assess the impact of proposed US and EU policy measures on the downstream
sector, the central scenario described in Chapter 4 has been used. There is an
estimated combined demand reduction of close to 4 mb/d by 2020 — compared
to the reference case — resulting from these policy measures and translated to
the product level. In the case of the US, it is estimated that 2020 demand for
gasoline and distillates reduces by 1.3 mb/d and 0.4 mb/d respectively. Declines
in gasoline demand are mostly driven by improved efficiency standards and to
a lesser extent by ethanol replacement. In the case of diesel, demand is reduced
almost entirely because of tighter CAFE standards and its spill over effect to
trucks. Demand reduction in Europe will be more widely spread across the
range of petroleum products. Jet kerosene demand will be reduced by less than
0.1 mb/d, gasoline by around 0.3 mb/d and residual fuel by more than
0.6 mb/d. The most affected product will be diesel/gasoil which could decline by
as much as 1.4 mb/d.

However, part of Europe’s reduced demand will be compensated by an increase
of around 0.3 mb/d in other regions where some of Europe’s industrial capacity
— due to emissions limits — relocates. These regions are assumed to be Asia and
the Middle East. In addition to the fall in demand for petroleum products, the
changing structure of supply also needs to be considered due to higher biofuels
production in the US and Europe. Biofuels production under the scenario in
the US will increase by 0.9 mb/d compared to the reference case projection for
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Impacts of recent policy initiatives on product demand
in US and Europe* by 2020

mb/d
0.0 T
-0.5 -
-1.0 1
-15 """ - oo
2.0 T
Residual fuel Diesel/Gasoil
Jet/Kerosene M Gasoline
-2.5
US & Canada Europe

* Demand reduction for crude-based products as a result of US ESIA and EU package of implementation
measures compared to reference case projections.

2020. Europe will see an increase of 0.4 mb/d, reaching the level of 0.9 mb/d in
2020.

These supply and demand changes were applied to generate a scenario to assess
the impacts of these policies on downstream sector capacity requirements, related
investments, trade and differentials for 2020.

Due to the fact that demand reduction in the scenario occurs in the two regions
where there is almost sufficient distillation capacity to cover future demand —
including capacity coming from the reference case assessment of existing projects
— the reduction in required global distillation capacity additions is less then
0.5 mb/d. The impacts on secondary processing requirements, however, are more
significant with a reduction of over 0.7 mb/d in upgrading capacity additions versus
the reference case, more than 1.2 mb/d in gasoline and diesel desulphurization
capacity additions, as well as some reductions in required catalytic reforming,
hydrogen plant and sulphur recovery. Refining investments decline versus the
reference case by around $20 billion globally.

Since refinery utilizations fall in all regions, the impacts on processing throughputs
are greater than those indicated by capacity additions alone. Global refinery
utilizations in the scenario drop by 4% when compared to the reference case.




Europe, and the US and Canada region, are by far the hardest hit falling by 14%
and 7% respectively, as would be expected given the policy impacts associated with
these two regions. The dramatic decline of utilization rates in Europe is exacerbated
by the loss of the US gasoline market, which otherwise would serve to absorb
Europe’s gasoline surplus.

In line with the required substantial easing in processing, from upgrading to
desulphurization to octane, the prices of light clean products decline, particularly
in the US and Europe, but the impacts are global. In the Atlantic Basin gasoline
prices drop by the order of $2.50/b and diesel and jet/kerosene prices decline by
up to $3/b. In the Pacific Basin regions, the impacts are generally less. Crude price
differentials in general would likely narrow by around $2/b.

It is evident that even the partial implementation of targets could have major
impacts on crude production, refining capacity requirements, processing intensity,
investments, margins and differentials. The upstream implications will mostly be
felt in OPEC Member Countries, the refining changes in the US, Canada and
Europe, the market effects in the Atlantic Basin, but the overall impact will be felt
worldwide.

The full implementation of policy targets could have further adverse affects,
especially in Europe. In a situation where there is a substantial demand drop, as is
the case in this scenario, the model results indicate a refining capacity surplus due
to low utilization rates. In reality, however, utilization rates at around 70% for the
entire European refining system would likely lead to reduced margins, and thus, to
a deterioration in refining economics and an increasing possibility that there might
be capacity closures. Under these conditions, the smaller refineries would be mostly
affected. Moreover, further simulations indicate that European refiners would have
great difficulty restoring reference case profitability. Even a closure of 4.5 mb/d of
capacity, leading to utilization rates above 90%, would not restore profitability to
reference case levels. The implication is that European refiners, in striving to restore
profitability, may close substantially more capacity than corresponds purely to the
barrels reduced through these measures.

187

Chapter






