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Carbon dioxide-based enhanced oil recovery (EOR) projects in North America found their
early beginnings in the 1970s and 1980s, via natural sourcing from the Colorado-located
McElmo Dome and Sheep Mountain sources, coupled with the New Mexico Bravo Dome,
and high capacity pipelines serving projects in the Permian Basin and surrounding region.

Over time these projects began to proliferate. In Mississippi, the Jackson Dome supplied
natural reserves to regional projects surrounding the Mid-Southern US region. Exxon's
large natural gas processing facility near La Barge, Wyoming recovered carbon dioxide
(CO2) for regional floods, much of which into the Powder River Basin. Gas processing plants
located in West Texas, such as the Century and Val Verde plants, also serve the Permian
Basin’s demands, while ammonia plants in Kansas and Oklahoma further serve regional
CO2 floods.

And | personally worked on Burlington Resources’ Lost Cabin, Wyoming gas processing
plant's CO2 by-product, which also eventually went into the network for recovery of oil in
the Powder River Basin.

Almost 140 active CO2-based EOR projects are found in the US today, of which over 50% are
found in Texas and Oklahoma, and primarily Texas. Mississippi is also high on the list of the
number of projects, followed by the Rocky Mountain regions, primarily Wyoming. Some
estimates place existing pipelines to represent well over 3,000 miles in length, and many
wells yield an additional 5-20% of oil production.

This application has grown such that today, it is said some 3.5 billion cubic feet per day
represent the US EOR industry; with up to 68 million metric tons per year of CO2 helping to
produce almost 300,000 barrels of oil per day. Some US estimates for EOR demand
represent nearly 6.4 billion cubic feet per day of CO2 supply by 2020. Of this future supply,
the lion's share will generally have to come from sources other than what limited natural
reserves are available; hence products of (natural gas borne) ammonia, ethylene oxide, gas
processing, and then coal, gas, and biomass-fired flue gas sources. Some additional natural
reserves will be developed in places such as New Mexico's St. John's Dome.

The challenge - Affordable CO2

Some estimates indicate while EOR production has steadily increased over the last few
years, the growth in the EOR sector has been hampered by affordable and available
supplies of the commodity to the project sites.

The primary sites and regions for the lowest cost enriched sources of CO2 are largely found
in New Mexico, Colorado, and Mississippi. In the long-term, the need for increased and

PAGE 1



== gasworld

strategically available sources will require affordable CO2 from by-product sources which
drive inherent dynamics of affordability themselves — including large-scale industrial
chemical and energy by-product operations, like those of North America’s newfound
natural gas abundance. Subsidies provided by government support and carbon-reduction
schemes affiliated with such programmes will also be factors here.

All of these forces and mechanisms can represent the delivery of significant new CO2 to
EOR demands, in a much more affordable manner. Given the relatively expensive nature of
flue gas recovery from power projects, economic and environmental incentives will be
necessary to bridge this cost-related gap, making it advantageous to sequester CO2 via
EOR rather than emitting it into the atmosphere. All of this can be necessary, due to the
high cost of building and operating pipelines; often costing from $1m to $1.5m per mile of
construction.

There is heightened interest in EOR projects in North America more than ever before.
Civen a combination of the correct geology, well pressures, and allied chemical factors, CO2
is often the agent most highly sought. However, as always, the laid-in cost to the projects —
as in the merchant sector — are highly driven by the distance from the source to the
injection site. In many ways, this is perhaps the greatest challenge and limiting factor for
CO2-based EOR.

Texas — The EOR leader

Southeastern Texas, based upon my consulting work in the industry, is a good example of
regions seeking greater CO2 capacity for a number of EOR jobs.

One major player in this market is Denbury Resources, which is delivering product
hundreds of miles from its Jackson (Mississippi) dome reserves to Southeastern Texas, via
pipeline. Its current EOR pipeline capacity in southeast Texas is around 400 MMSCFD
(million standard cubic feet per day), which can be expanded to about 800 MMSCFD with
more compression. Some target EOR jobs resulting from Denbury's pipeline into this
region of Texas include the greater Houston area with up to 235 million barrels, as well as
the Conroe area adding up to 130 million barrels, and Oyster Bayou up to 30 million barrels.
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More potential in Texas lies beyond the southeast region near Houston, to include the
highly significant Permian Basin which dates back to the dawn of EOR, found in the
western region of the state which has —to a large degree — previously been supplied with
CO2 from the New Mexico Bravo Dome. This is a long-lived region producing additional oil
via CO2-based EOR, utilising CO2 pipelines owned and operated by companies such as
Kinder Morgan. Additional anthropogenic sources beyond the New Mexico Bravo dome,
such as Colorado's Sheep Mountain reserves and the McElmo Dome, supplement EOR
projects along the way into the greater Permian basin. Such projects have been underway
for decades now, along with new growth. In some ways, this may be the tip of the iceberg
in terms of future CO2-based EOR projects.

It is said that two regional power plants will recover and utilise CO2 for the Gulf Coast
markets, including Texas, these being one plant by Mississippi Power and another by NRG.
These CO2 supplies should be operational by 2016, while numerous other chemical and
reformer ventures (and the Texas Clean Power Project) are said to be supplying additional
CO2 for this regional EOR growth — an estimated additional 400-500 million SCF/day of
supply.

A green opportunity

Even though the US has not committed to any significant greenhouse gas reduction
schemes, as of the time of writing, EOR may be the best way to sequester CO2.

Oklahoma, for example, has numerous EOR projects, one sourced via pipeline from the
Bravo Dome and others supplied by ammonia by-product, the latter source also
representing CCS (carbon capture and storage).

Close to the US markets, a prime example of a significant CCS from power-based flue gas
includes the Sask Power project now under development, located in Southern
Saskatchewan, Canada. The Sask Power project will take flue gas from the third of its six
units, a 140 MW power facility, and ultimately sequester one million tonnes of CO2 flue gas
per year. This CO2 will be transported by a new 40 mile Cenovus Energy pipeling, to
supplement a greater and now expanded project in the Weyburn field of Saskatchewan.
This is in addition to CO2 flue gas recovered from the Dakota Gasification facility near
Beulah, North Dakota, which can deliver 800 metric tonnes per day (tpd) of CO2 via
pipeline into the Saskatchewan fields.

“In the end, CO2-based EOR has a great future in many
world markets, and this includes as a by-product from many
more source types, particularly those which are consistent
with today’s and tomorrow’s oil and gas boon”
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Numerous additional CO2 from syngas and power projects are slated for many regions of
the US and Canada, which will take by-product CO2 sources that would otherwise be some
of North America’s worst environmental offenders (particularly coal-fired power plants),
and use the product for EOR service over the years and decades ahead. Strategic sourcing
and pipelines do of course play into the ultimate cost, but recycling and sequestering CO2
underground is a great benefit to EOR.

In the end, CO2-based EOR has a great future in many world markets, and this includes as
a by-product from many more source types, particularly those which are consistent with
today’s and tomorrow'’s oil and gas boon. Ethylene oxide and natural gas processing
facilities, as well as plans for new ammonia plants, all linked to the domestic surge in
natural gas production as a result of the 'shale gale’ will also be key to supplying more EOR
projects — and ultimately result in sending less CO2 into the atmosphere. As more efficient
and cheaper recovery solvents and processes are developed to serve the coal-fired power
sector, the greatest environmental offender will be put to rest, often in service of EOR.

As for EOR ventures, and large suppliers of CO2 for such projects, the time ahead is
particularly exciting and profitable; and this industry will realise more growth and success
ahead with the demands outlined above. Of course, the strategic nature of CO2 sourcing,
and the challenges for unconventional recovery methods, are indeed the challenges faced
by these projects. But the benefits of greenhouse gas reduction and oil recovery from
otherwise depleted wells makes it a ‘win-win’ situation.

For the raw gas suppliers, this is great news, particularly if and when CO2 emissions
mandates occur. Likewise for the end-users, who are often gaining up to 20% additional
production of one of the world's most sought after commodities — oil.
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