Regional markets extra: Brazil taking a lead in CO2 from fermentation
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Since the global recession, many world markets with significant ethanol resources, such as the Americas, have consolidated and
numerous dormant plants have been sold - in some cases for pennies on the dollar. Some of these plants have then been
converted, enlarged, or started up.

Since new and future corn-based ethanol plants are probably few and far between in the US, many of the future and longer term
developments of new ethanol projects will be non-corn-based or ‘cellulosic’.

Brazil has experienced changes as well, with respect to its sugarcane-based sources for carbon dioxide (CO2), and current and
future plans for some project changes to cellulosic sources as well.

Brazil is producing approximately half of US capacity for ethanol annually. Further, the lion's share of ethanol is produced from
sugarcane. The US is primarily corn-based ethanol and US imports of sugarcane-based ethanol from Brazil fell by 40% in 2012. Since
about 2011, the US both exported and imported ethanol to and from Brazil. Since 2010, decreased sugarcane harvests in Brazil led to
significant reductions in overall ethanol production. A reversal in traditional trade patterns occurred, as US volumes began entering
Brazil to meet domestic demand.

At the same time, large corn harvests coupled with high ethanol production and limited growth in the US ethanol market led the
US to become a net exporter of ethanol and the world's leading supplier.



In recent times, | met with a Brazilian ethanol industry executive who has been trying to promote more recovery of CO2 from
fermentation and, again, primarily sugarcane-based production. Progress is slow-going, and sourcing of merchant or captive CO2
from such plants is small compared to other major source types in Brazil, largely due to the nature of growth/harvest cycles for
sugarcane. It is said that a gap during any calendar year results in unavailable raw CO2 gas from sugarcane-based sources for up to
four months; this is the primary reason behind such small volumes of raw gas sourced from sugarcane ethanol, unlike the US
sourcing over 40% of raw gas capacity from ethanol.

Based on my records, in the past up to seven ethanol sources provided CO2 to primarily independent CO2 firms; and these sources
are small by regional standards, generally 20-150 metric tons in capacity, most of which near 20-30 tons per day (tpd). On the other

hand, feedstock sources such as ammonia in Brazil have capacities of 500 tpd and more, which are commonly found supplying the
big players in the business.

kk “As ethanol project developments move forward, such as viable cellulosic
technologies, sourcing from such COZ2 plants would eliminate this gap in raw
gas availability during the off-season”

The CO2 majors hold most of the non-sugarcane-based CO2 sources in Brazil; while the independents largely draw upon sugarcane
ethanol plants. Beyond sugarcane-based ethanol CO2 by-product, Brazil has CO2 supply from traditional sources found in the US,
including major ammonia plants and reformer operations, then some ethylene oxide, and some fermentation from rum plants.

What | have been told over the years is that sugarcane is not stored — after harvesting, the feedstock is available from two growing
seasons and during the period that sugarcane is not available, the ethanol plants have downtime. This is extremely problematic for
CO2 firms which only or primarily rely on sourcing ongoing consumers that need continuous and reliable sourcing. Companies with
limited options during these months must pick and choose customers which can be served, and create CO2 source colleagues for
product supply during dormant times.

As ethanol project developments move forward, such as viable cellulosic technologies, sourcing from such CO2 plants would
eliminate this gap in raw gas availability during the off-season. For example, in Brazil, GranBio plans to bring online a 22 million
gallon/year ethanol plant using cellulosic materials. The plant will sell 50% or more of available ethanol capacity to the US. Gas
companies would benefit from such plants in Brazil, as new sources of raw CO2 supply for the merchant and captive markets.

Brazil has a range of CO2 applications found in the developed world markets, but with many opportunities for further development
—and cellulosic ethanol will offer a viable route to raw gas sourcing.
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