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By various accounts, today the US has up to 112 sources for carbon dioxide (CO2), generally speaking of the merchant market,
however some of these sources are argued to be dormant, or dedicated to enhanced oil recovery (EOR) schemes.

In any event, the lion's share of the CO2 sources, whether by-product or anthropogenic, are dedicated to merchant service alone.

Over the years, various sources were dedicated, at least unofficially, to non-food and beverage service, speaking of industrial ‘frac’
grade product, for example. Further, as demands for quality are ratcheted up by the beverage companies and their trade groups,
generally only the US ‘CO2 majors’ have been considered viable, and have been selected in recent years to serve the two or three
major soft drink bottlers.

Another interesting turn of events over the last few years has been a movement toward using by-product sources to serve captive
EOR projects, rather than traditionally pipeline-fed anthropogenic-based sources as the sole source type for EOR.

Since EOR has become particularly strong in terms of an area of interest, and a concept for both carbon sequestration and the
improved yield from otherwise exhausted oil fields, more by-product sources are being evaluated, when possible, as strategically
located captive CO2 markets.

In the end, EOR is generally region specific and limited by expensive pipelines for delivery of product, which can cost upwards of



$2m per mile to construct.
A shift in source type strategy

The US has generally concluded its role in the grain-based ethanol boom, at least for the time being. It is more likely than not, we
will find many more cellulosic ethanol projects built over time, particularly as key Midwestern cellulosic plants come to fruition over
the next year or two, thus proving cellulosic technology feasibility.

After establishing a track record, the industry will breathe a sigh of relief. In any event, cellulosic ethanol is truly renewable, and it is a
CO2 source type of the future.
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By-product sources supply EOR

A well established and well-known EOR project is taking place in Saskatchewan (Canada), where Cenovus Energy and Apache
Corporation are operating large floods supplied from pipeline-fed by-product originating from Dakota Gasification'’s synthetic fuel
project near Beulah, North Dakota.

Further to this existing EOR venture serving the Midale and Weyburn fields of Saskatchewan, a new project is underway from flue
gas by-product. To supplement and sequester additional CO2 into the Weyburn field, flue gas recovered by-product will originate
from one of Sask Power’s facilities and pipelined to the Weyburn field as well, which will sequester about one million tonnes of CO2,
beyond the large EOR project.

kk  “Numerous projects in the US Gulf Coast area are good candidate suppliers to
EOR projects or pipelines to projects, such as regions of Texas and Louisiana...”

As for captive ventures in the US sourced from by-product operations in the ammmonia and ethanol industries, at least three EOR
ventures are supplied by ammonia sources in Kansas and Oklahoma. Then, in Southwestern Kansas, an EOR project is underway,
flooding six wells in a WAG (water alternating gas) format, sourced fromm Bonanza BioEnergy's ethanol plant near Garden City, with
about 500 tons per day of CO2. Other projects in Kansas have sought sourcing from ethanol plants, however the strategic location
of the ethanol by-product stream in relation to the oil well injection site is very challenging, and pipelines often cost up to $2m per
mile to build.

This has been the limiting factor in using CO2 by-product from traditional sources such as ammonia and ethanol; however, a
number of these projects have actually worked for years, and can work well in adequately supplied states such as Kansas and
Oklahoma - which are also energy producing states. If this form of ‘marriage’ works, it is typically in states with supply and demand
sites within a reasonable delivery distance via pipeline.

Numerous projects in the US Gulf Coast area are good candidate suppliers to EOR projects or pipelines to projects, such as regions
of Texas and Louisiana. More specifically, as discussed under ‘Natural Gas Boom' below, projects borne from abundant and
affordable natural gas are seeking EOR projects in addition to merchant markets for a growing number of gas processing and
petrochemical operations, under current planning and future development.

Natural gas boom
It is apparent to many, particularly in energy producing regions of the country, that today natural gas is king.

Relatively affordable and abundant natural gas has spurred increased interest and plans for LNG expansion and exports, as well as
the conversion of coal-fired power technologies to natural gas-fired plants. Further, increased manufacture of a wide range of



materials and products, which require natural gas (or primarily methane) as a basic feedstock material, are on the rise.

A significant renewed interest in natural gas processing, plus the manufacture of petrochemicals is leading to significant new CO2
source types in the US and Canada. Further, on the subject of natural gas-based developments of CO2 sources, numerous
petrochemical companies are evaluating surfactant and ethylene product expansions and new developments, petrochemicals
operations which will be sources of raw CO2, ideal for merchant and EOR product.

Future propositions for CO2 sourcing

Chemical manufacturing facilities will have new plants, which are largely taking advantage of cheap natural gas, as a major
component for the manufacture of ammonia and oxides; which in turn are CO2 sources. The end result will be opportunities for
both merchant gas companies and EOR ventures. When thinking of ethanol, as commercialisation of the cellulosic facilities
becomes reality in the US, the flood gates will open for cellulosic ventures.

In summary, industrial gas and oil companies will benefit from more viable sources available from the products of natural gas
(natural gas processing plants, anhydrous ammonia and surfactants/oxides production), as well as by-product from the ever-
growing potential which will reach commercialisation in the cellulosic ethanol industry as well.

As the industries which serve raw CO2 evolve, it is essential for the gas companies; as well as the oil producers to be aware of these
opportunities, to improve their fortunes. Cheap and available natural gas and cellulosic technologies are major drivers for future
CO2 source developments in the US.
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