Carbon dioxide: Cryogenic storage requirements
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The carbon dioxide (CO2) industry predominantly contains the product as a liquid under pressure, making it feasible to package,
transport, and market for consumption. Some decades ago, the product was often delivered into high pressure stationary customer
storage vessels for merchant use — and the hazardous fallout sometimes resulted in explosions of these vessels.

Since this precarious history with high pressure vessels, polyurethane insulated storage vessels were developed, with refrigeration
units. The early metallurgy is no longer used in today’s construction of storage tanks for the industry. The more recent storage

vessels are found to be constructed of SA-516-70, or more preferably, SA-612 metallurgy. These vessels are built to meet strict
safety and quality codes, where in the US this includes ASME standards.

The urethane insulated vessel, which typically holds the liquid product at about 250 psi, O°F, requires a refrigeration unit which runs
in cycles to maintain the desired pressure range. These refrigeration units have evolved over time as well, initially using refrigerants
such as R-12, and R-22 — which are generally no longer being used due to tightening environmental regulations.

Beyond the evolution of CO2 storage vessels from high pressure to a safer urethane insulated system with refrigeration, for many
suppliers and customers, are vacuum jacketed storage vessels. To some, this is the preferred form of stationary storage, where there
is no running refrigeration unit and thus, no power consumed.

There are portable CO2 storage units which have been used much more in the past, when CO2 fracs were more popular. During this
time, dating back in great popularity before about a decade ago, numerous portables were delivered to an oil or gas well site, where
these portable storage tanks were filled via trailers or more remotely from railcars. Such portable storage was intended to hold the
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product temporarily, as often hundreds of tonnes were delivered to the well site for frac work, over a day to weeks. These portable
storage vessels were pulled empty of product, and generally held from 50 and 70 tonnes.

‘CO2 storage can occur in a wide range of capacities, from small cylinders to
microbulk...”

Portables can have a limited demand today, where CO2 product is required for a temporary period of time, such as in grain
fumigation requirements and other limited applications. Today, hydraulic fracturing has replaced CO2 fracs for the most part.
Another form of portable storage, or storage for transit, are ISO containers. All such storage would require the proper metallurgy
today, as well as proper certification. Then, | think of the trailers and railcars which haul product to be storage for transit. the critically
important over-the-road trailers, often averaging 5,600 gallons, are built within a rather narrow range of working pressures, often
275 to 350 psi; which in turn are intended to transport product over a number of hours — into days in some markets — to the final
destination, which is usually a stationary storage vessel. As for railcars, these are of course capable of holding much more tonnage,
such as about 100 tonnes per car in some cases.

CO2 storage can occur in a wide range of capacities, from small cylinders to microbulk and typically used in restaurants, to a range
of stationary vessels — often six tonnes to over 100 tonnes in capacity.

Today’s most popular storage and transport vessels and modes of service

As mentioned above, the industry has progressed from stationary high pressure storage vessels to urethane vessels with
refrigeration, onto vacuum jacketed vessels.

During this transition, the urethane vessel manufacturers have strived to become more energy efficient, as well as via the evolution
of more environmentally friendly refrigerants. Then, of course the vacuum jacketed tank is popular, where this configuration of
storage vessel dates back to the 1980s, in the US at least.

With the urethane vessel, these are found in either horizontal or vertical configuration, where more likely as a function of so many
older vessels in service, the horizontal urethane vessel is likely dominant. Vacuum jacketed vessels are also found in either horizontal
or vertical configurations. What has been very popular over the years, for medium to larger consuming requirements, is that vessels
ranging from around 30 to 50 tonnes in capacity have often dominated the market due to their ability to hold a full truck load of
product. Often today, vessels from 6-120 tonnes in capacity are used for merchant service.

The goal behind the storage vessels is to maintain a safe storage and working environment, while maintaining efficiency. One
might think the vacuum jacketed tanks are more efficient than those which have power-driven refrigeration systems; which is
largely true. Urethane storage is predominant in the market today, and over time this may drop as vacuum technology replaces
urethane vessels. Beyond serving largely customer-based storage vessels with liquid product or hauling such product via truck or
rail, which in either case is moving storage, there are storage vessels used in the production plant or in depots. The larger vessels
which are found in production plant or depot settings, are often sized to around 400 to 500 tonnes in capacity. These vessels
generally operate at a working pressure of 250 to 300 psi, and are covered by urethane insulation, often insulated in place after
installation; however they typically do not have refrigeration systems.

In some hot climates, such as those found in parts of Latin America, the working pressure of these vessels would often exceed this
range. Since the storage for the production plant is intended to be temporary, due to the constant transfer of liquid product to the
transportation vessels, this lower pressure range generally is sufficient.

When we think about the large population of storage vessels among over 100 plants found in the US, and many additional plants
elsewhere, there have been few occasions surrounding large accounts of product loss or significant accidents with such plant
storage.

‘.urethane vessels are vast in number and will continue to operate for a very
long time —and will continue to be rebuilt as well”

The urethane vessel is generally constructed of the coded pressure vessel, of the proper metallurgy, with a refrigeration unit outside
the vessel and evaporator coils inside the top of the vessel — for either horizontal or vertical configurations. The vessels have a
number of pressure relief valves, including the so-called ‘bleeder’ valves, which initially relieve pressure should the pressure rise out
of range. Further, these vessels have pressure and product volume gauges, which can be attached remotely, and of course the
urethane insulation with a cabinet or aluminium overwrap. Digital telemetry systems are often part of the more recent installations
with storage vessels.

In the end, the vacuum jacketed vessels are an excellent product, and technically they do offer advantages over the urethane units;
however, the urethane vessels are vast in number, as found with customer’s accounts, and will continue to operate for a very long
time — and will continue to be rebuilt in urethane format as well, and sold as new vessels.



Many storage tanks use pressure building, or direct to process vaporizers, when a gaseous product is sought, and transfer pumps
for large plant storage and depot vessels. Auxiliary devices such as cylinder filling pumps, and other hardware are also very common
and also are built to meet safety standards, with respect to dangers associated with gases under pressure.

Challenges and opportunities ahead

As to what is sought in the time ahead, this will include greater efficiency, lifespan and reliability, as well as a lower carbon footprint
in some world markets.

Over time, refrigeration systems have become more efficient, with digital controls and environmentally friendly refrigerants. Such
drives toward greater efficiency, greater lifespan and construction of vessels to endure, will be a goal with the manufacturers and
rebuilders of these vessels. Some feel the vessels with fewer piping joints will promote fewer leaks; and the use of more stainless
steel adds to the life of vessel components; some of which vastly favors vacuum jacketed vessels.

However, the price of any vessel has to remain in line with what the customers and the industry will accept; thus a reasonable

lifespan with innovations surrounding efficiency, controls and performance ease. For the industrial gas companies, larger, efficient,
and environmentally friendly storage innovations are important.
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