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The United States has set a goal of replacing 30% of our petroleum-based
transportation fuels with renewable within the next 20 years and the Mississippi Alluvial
Valley has the opportunity to play a strong role in achieving that goal. Motivations for
this goal include both environmental and national security. Bioenergy is widely believed
to generate fewer greenhouse gas emissions and thus reduce contributions to global
climate change, and there is increasing interest in finding alternatives to petroleum to
increase national security and strengthen local economies. Renewable fuels will be
derived from multiple sources, and dedicated energy crops will play a vital part in the
solution.

The Mississippi Alluvial Valley has the opportunity to play an important role in
developing a strong domestic renewable energy sector. There is productive cropland
and an experienced agricultural sector that can be dedicated to cultivating energy crops
and a strong transportation and logistics infrastructure available. Developing bioenergy
processing and production capacity represents a promising opportunity for the MAV to
take a leadership role in U.S. clean energy efforts.

In a recent report ranking U.S. states on level of oil vulnerability (defined as the extent
to which drivers in the state are affected by increases in oil prices) and on-going actions
to reduce oil dependency, Mississippi ranked #1 on the list of highest oil vulnerability,
with Arkansas ranking #8 and Tennessee #17. When ranking the states on the actions
they are taking to find solutions to oil dependency, Mississippi ranked #49, Arkansas
#43 and Tennessee #21 (NRDC 2008). This lends further evidence to the economic
motivations for building a strong bioenergy sector in the MAV region.

This report outlines the major environmental considerations associated with cultivating
energy crops for use as liquid biofuels for transportation or as solid biomass for
electricity generation in the Mississippi Alluvial Valley.

$ $

Energy crops are often said to be ‘carbon neutral’. This shorthand term ‘carbon’ covers
not only carbon dioxide but other greenhouse gases as well. The reason for the
apparent neutrality is that growing plants absorb a similar amount of carbon dioxide to
that generated during their combustion. This, however, does not account for all the
emissions produced from the cultivation and conversion of that crop into biofuel or
bioenergy end uses.

Greenhouse gases are chemical compounds found in the Earth’s atmosphere that
absorb infrared radiation and trap heat in the atmosphere. There are both naturally
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occurring and manmade greenhouse gases. Naturally occurring water vapor, carbon
dioxide (CO,), methane (CH,4) and nitrous oxide (N.O) are the most common
greenhouse gases.

There is increasing concern among scientists and global citizens that rising
concentrations of greenhouse gases in the Earth’s atmosphere are causing global
climate change resulting in increasing warming of the Earth’s surface, intensifying of
storms, melting of polar ice caps, rising sea levels and additional environmental
stresses. This concern is leading to worldwide efforts to reduce anthropogenic
emissions of greenhouse gases. Since much of these gases are generated through the
combustion of fossil fuels, alternatives to fossil fuels for energy use are increasing. One
of the areas of research and interest is the use of plant matter-based energy sources.

$ $

The basis of assessment of GHG emissions from any product is the identification of the
global warming potential of the relevant gases emitted during the entire life cycle of the
product. Over time, the global warming potentials of the gases has been reviewed,
modified and published by the IPCC in their assessment reports. As illustrated below,
nitrous oxide has a global warming potential nearly 300 times greater than CO,
therefore even small amounts of this gas within the chain can contribute substantially to
the net GHG impact. Methane has a global warming potential 25 times that of CO..

Global Warming Potential
(Source: 4™ IPCC Assessment report) 25 298 1

The greenhouse gas emissions associated with a product are not measured but are
calculated using an engineering approach called life cycle assessment (LCA). LCA
studies are becoming the standard method of estimating environmental impacts of
products and of comparison between products. Life cycle assessment practices are
becoming increasingly refined but much uncertainty still exists. The fundamental
concept of an LCA is that each process involved in creating a product is analyzed for its
impact on the environment and these impacts are aggregated across the life of the
product, often referred to as from “cradle to grave”, for example from seed to
combustion in an engine in the case of a soybean grown for biodiesel.

The largest degree of uncertainty in an LCA study exists when attempting to assign
proportional impact to multiple co-products created from common feedstock and
processing. For example, in a soy biodiesel production facility, how much of the energy
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used in the processing should be attributed to the biodiesel itself and how much should
be assigned to the glycerin? This decision has the potential to be the greatest
manipulation of the LCA study. If one assigns all of the greenhouse gas emissions to
the biodiesel for example, then when calculating the impact of a glycerin soap
production facility, one claims that there are no greenhouse gases associated with the
production of the glycerin. This can have significant impact on LCA studies, and those
for biofuel and bioenergy production are no exception. There is no internationally
agreed approach to co-product treatment. ISO series 14040-14049 is an international
standard series on lifecycle assessment but does not specify a single method to follow.
The generally preferred method is to expand the boundary of the system to include as
many of the co-products as possible.

$%%$ &

The first step in determining the greenhouse gas impacts of bioenergy is to assess the
feedstocks. These considerations are the same regardless of the end use of the
feedstock, that is, whether it will ultimately become a liquid transportation biofuel or
biomass used for combustion to generate electricity. There are numerous components
to consider with regard to crop production, but the five most impactful to consider are

Fertilizer production

N>O emissions from crop production

Carbon sequestration in soils

Land use change

Yield improvements

&

Fertilizers contribute to greenhouse gas emissions in two ways: from the energy and
processing associated with their production and from nitrous oxide emissions generated
from their application in the field. The GHG emissions associated with fertilizer
production and subsequent nitrous oxide (N.O) emissions from the field, which are

directly proportional to the fertilizer applied, are substantial contributors to cultivation
emissions (see Figure 1).
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Figure 1: Comparison of the emissions associated wi th cultivation of ethanol feedstocks
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Source: UC Berkeley (2006), CARB v2 (2009), Macedo et al (2008)

Energy crops such as switchgrass generally have low GHG emissions in the cultivation
stage. These woody and herbaceous crops generally require less fertilizer on an annual
basis than annual crops such as corn, which translates into a large benefit in current
calculations.

Emissions from fertilizer application are largely derived from the type and volume of
fertilizer applied. A more detailed look at the underlying emission factors used in the
cultivation stage illustrate that there are key choices that impact the emission profile.
For example, Figure 2 illustrates that the type of nitrogen fertilizer used can make a
substantial difference to the cultivation emissions. This is because energy required for
the production of fertilizers differs and often results in substantially different emission
factors. Ammonium nitrate manufacture requires nitric acid, which is the source of
substantial GHG emissions from its manufacture. Urea does not require nitric acid
therefore its emission factor is lower.
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Figure 2: Comparative GHG emissions between nitrogen fertiliz ~ ers
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Incentivizing the use of urea to reduce the greenhouse gas emissions based on this
data, however, could have other serious environmental consequences in the form of
increased levels of agricultural ammonia emissions compared to ammonium nitrate use.
This is problematic because ammonia can increase acidification (HGCA, 2008). The
trade-offs associated with fertilizer choice between potentially increased acidification
and increased GHG emissions should be recognized: regulation or incentives for GHG
emissions reductions may inadvertently lead to a different environmental issue.

OF

N>O emissions from crop cultivation are one of the largest sources of GHG emissions
illustrated by studies to date and also one of the most uncertain parameters in the
calculation. According to the 4™ IPCC report, the Global Warming Potential of this GHG
is 298 times greater, weight for weight, than CO, (IPCC, 2006).

Significant direct anthropogenic emissions of nitrous oxide occur from agricultural soils
through:

The use of nitrogen (N) fertilizers and animal manure
Mineralization of soil organic matter and crop residues

Indirect emissions can also occur because N is leached from fertilized soils into ground
water where it is denitrified. Most of the uncertainty is related to the difficulty in
estimating the emissions of N,O that occur from soil and in estimating the indirect
emissions that relate to specific activities.

~
¢
St
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Direct N,O emissions have been shown to increase with the nitrogen application rate
and a standard methodology proposed by the IPCC (2006) allows estimates of direct
and indirect N,O emissions based on nitrogen application without any other detail
required. This method is used to calculate national anthropogenic emissions of N,O
from the use of fertilizers and animal manure and, in the absence of complete coverage
of detailed soil biogeochemical models; this default approach (fertilizer-induced
emission) is often used in methodological tools to calculate GHG emissions from
biomass crops. These represent up to 80% of the GHG emissions from biofuel
production (Smeets et al. 2009) and are one of the most uncertain areas when
calculating GHG emissions for biofuels and other bioenergy crops.

The IPCC default for direct and indirect emissions assumes 1.325% of all N applied is
emitted as N,O. This linear rate of N,O emission associated with fertilizer addition is
subject to considerable uncertainty. The actual N,O flux is related to soil temperature,
water, and texture; anaerobic soil conditions (reduced oxygen supply); microbial and
fungal populations and type; legumes in crop rotation; crop residue type and amount (C:
N ratio); type of N fertilizer applied; fertilizer placement in soil; tillage system; and year
to year variations in climate and irrigation systems. In the EU for example, N,O
emissions within model results, varied by a factor of more than 100 from one EU wheat-
field to another (JRC, 2008b). Winrock is currently conducting a study more closely
investigating the linkages between fertilizer application practices, soil type, water
conditions and N,O emissions. One of the field sites for this study is located within the
MAV region. Results of this study will contribute regionally specific data to further inform
this area of greenhouse gas consideration.

In attempting to reduce GHG emissions within the cultivation stage some ‘best practice’
guidelines such as reducing tillage or undertaking no-till may be specified. While this
has been proven to reduce emissions by lowering machinery use and increasing soil
carbon sequestration, if practiced over the long term, in specific cases there are
instances in which promoting this ‘best’ practice could actually increase GHG
emissions. Environmental factors (climate, soil organic C content, soil texture, drainage
and soil pH) all play a significant role in determining the nitrous oxide emissions from
soil. Nitrous oxide emissions from soil depend on the oxygen and moisture status and
gas diffusion in agricultural soils, which in turn depend on soil texture and drainage.
Fine textured soils have more capillary pores and hold water more tightly than sandy
soils, and for waterlogged soils or those at risk of holding water through no-till practices,
anaerobic conditions may be more easily reached and maintained for longer periods,
increasing GHG emissions (Stehfest & Bouwman 2006). This consideration warrants
further regionally specific study within the MAV.

Managing water within the context of biofuel sustainability is therefore critical for a GHG
management strategy and trade-offs must be recognized. High nitrous oxide emissions
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could lead to a situation in which biofuels do not represent a reduction in GHG
emissions compared to a fossil alternative. Understanding the site-specific context
(climate, soil type, and irrigation practices) is critical for delivering a sustainable
outcome.

"o+ +

Sequestration or release of carbon from soils can significantly affect the lifecycle GHG
profile of bioenergy crops. Soil organic carbon represents an important carbon sink for
bioenergy crops and strongly impacts soil quality. The soil carbon sequestration
potential varies depending on soil type and surface texture, climate conditions and crop
rotation.

Land use change from uncultivated to cultivated agricultural land results in soil carbon
losses that can negate any positive effect of bioenergy as compared to fossil fuels. Crop
residue removal, specifically corn stover removal, can also negatively impact soil carbon
content. A recent study shows that even a 25% removal of corn stover reduces soill
carbon. In contrast, soil carbon sequestration under perennial grasses like miscanthus
and switchgrass represents a substantial opportunity to improve the GHG performance
of biofuels (Anderson-Teixeira et al 2009).

Crop residue contributes to soil organic matter and nutrient increases, water retention,
and microbial and macro invertebrate activity. These effects typically lead to improved
plant growth and increased soil productivity and crop yield, however some studies have
illustrated these residues can contribute to increased N,O emissions and reduced yields
(Six et al 2002). While the addition of residues can assist in building up soil carbon, N,O
emissions from crop residues are not always taken into account in biomass GHG
calculation methodologies but are potentially important'. More research is needed to
investigate the interactive effects of tillage, fertilizer application and crop rotation as they
affect carbon sequestration, methane uptake and N,O fluxes.

GHG emissions associated with changing from one land use type to another,
particularly converting from native forest or grasslands to agricultural land, can be
considerable and often sufficient to negate the GHG benefits of bioenergy crops. There
are two types of land use change: direct and indirect. Direct land use change occurs
when native forest or grasslands are converted to agricultural land to produce a crop.
This situation is relatively straight-forward. Indirect land use change is more
complicated. This debate is currently increasing and drawing considerable attention.

! The C/N ratio of crop residues appears to be aveiable in determining the amount of®I produced but here are no
process-based models that integrate above- anav@edond dynamics with respect to C and N for bissna®ps. Rather than
rely on IPCC, one suggestion is for landscape sstleations of BD emissions from residues based on area-basedtipsaaf
nitrogen in crop residues by crop type (JRC, 2004).
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The overarching principle of the indirect land use change debate is that diverting
existing crops to biomass production induces a land-use change somewhere else in the
world to ‘fill the gap’ in demand for the existing crop. For example, if efforts are made to
shift from current production of soy, cotton or other crops within the MAV, the argument
is that production of these crops will not simply go away but that they will be produced
elsewhere on the planet and that it is likely that forestland or native grassland will be
converted to agricultural land to accommodate the new crop production. The
consequential GHG emissions from this land use change are attributed to the biofuel
and are so large they negate any fossil displacement benefit. In addition to negative
GHG impacts, there can also be severe biodiversity impacts associated with land use
change.

Policy-makers including the US Environmental Protection Agency (EPA) and California
Air Resources Board (CARB) are currently proposing to include land use changes
(including indirect land use changes) in LCA methodologies for biofuels. This approach
is controversial and is currently the topic of much on-going debate.

=

Improving yield for a given fertilizer application rate provides substantial improvements
for the GHG balance of any bioenergy crop. Understanding the impact of different
agronomic 8actor son yield, such as planting date, planting depth, plant population, row
spacing, irrigation, fertilizer application rate and timing as well as interactions they have
is essential to enable producers to optimize their production systems and improve the
GHG balance. Yield increases are a key element of improving GHG balances of
biofuels and other bioenergy crops but increased water requirements for increasing
yield must also be recognized.

Proposals for focusing biofuels on “marginal land” are based on the concept of
eliminating competition with land for food crops or mitigating indirect land use changes
with negative implications. However, the cost of increasing yield (both economic and
environmental) in these areas may be greater than the possible returns.

$%$

Over recent years as energy security and environmental concerns have risen up various
political agendas, there has been a substantial interest in biofuels and their potential
contribution to energy security, mitigation of GHGs in the transport sector and also in
delivering rural economic development benefits. It has been suggested that these
criteria should be used to determine if a biofuel is a viable alternative to a petroleum-
based fuel: The biofuel should provide a net energy gain, have environmental benefits,
be economically competitive, and be able to be produced on a large scale without
reducing food supplies (Hill et al, 2006).
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The U.S. Energy Independence and Security Act of 2007 (EISA) will increase the
original Renewable Fuels Standard (RFS) target® of 4 billion gallons of renewable fuel
production in 2006 to 36 billion gallons by 2022. The EISA categorizes fuels and caps
the so-called ‘conventional’ renewable fuel (corn starch ethanol), so that by 2022, 21
billion gallons of the 36 billion gallons required must come from cellulosic biofuels or
advanced biofuels derived from feedstocks other than cornstarch.

The categorization of fuels within EISA contains specific life-cycle GHG emissions for
biofuels relative to life-cycle emissions from fossil fuels as Figure 3 illustrates. The EISA
states that these lifecycle emissions must include direct and indirect emissions.

Figure 3: Current EISA volume and GHG requirements
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The scale at which the GHG assessment takes place influences the boundaries that are
set for the assessment. System boundaries define the scope of the calculation, that is,
what is to be included and excluded. These guidelines are currently under revision and
the U.S. federal government is attempting to more clearly and comprehensively define
the process by which LCAs for biofuels are conducted.

There are a host of detailed and comprehensive analyses of the fuel chain specific
emissions from biofuels. These are generally rather site specific but while they do not
provide a global picture, they do allow a closer exploration of the steps within the biofuel
production pathway that can be measured and modeled and provide the foundations for

2 Established in thEnergy Policy Act of 20C; currently under additional revisi
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establishing guidelines for reductions and fuel chain pathway GHG emission
guantification.

GHG emissions are often reported in two distinct phases, the well-to-tank (WTT) phase
includes resource extraction, feedstock production, fuel production, refining, blending,
transportation and distribution, and the tank-to-wheels (TTW) phase includes refuelling,
consumption and evaporation. The complete fuel cycle analysis is also referred to as a
well-to-wheels (WTW) analysis (Farrell & Sperling, 2007).

Well-to-wheel analyses are not full lifecycle assessments, even if land use change is
added. The boundaries for full life cycle studies would be wider. For example, many of
the well-to-wheel studies do not include small contributors (<1%) to emissions, which
may include seed manufacture. Emissions associated with building and constructing
machinery for biofuel production are often excluded. The purpose of using a well-to-
wheel study is to determine what activities can be undertaken to improve the emissions
associated with cultivation, processing and transport.

Figure 4: An illustration of the units included in a well -to-wheel GHG analysis for biofuel
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There is substantial discussion regarding the GHG emissions of biofuels and
opportunities to meet climate change goals through promoting their use. Biofuels
produce emissions throughout their production that are intended to be substantially less
than their fossil equivalent and thereby represent a beneficial substitution. A majority of
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studies illustrate that biofuels can indeed deliver positive GHG balances compared to
the fossil fuel reference. The assumptions under which these studies have been
performed largely represent average conditions. Therefore, each feedstock will have a
range of GHG savings or emissions depending on the model assumptions or real-life
practices.

The specifics of the system under study are critical to the analysis. Generalizations
about a biofuel’s ability to deliver greenhouse gas reductions cannot be made based on
the feedstock alone. For example, Figure 5 below shows the range of impacts and
opportunities by feedstock type and one can see that there is considerable variability
within feedstock categories. The widest variability is present within the plant oils
category. Depending upon crop production, processing and co-product choices, the
GHG impact of plant oil-based biofuels can range from a 75% decrease in emissions to
a 225% increase in GHG emissions. This is particularly important to the MAV region
where new oilseed crops for biofuel production are being considered. It will be vitally
important to conduct regionally specific comparative LCA studies among the primary
feedstocks and processing technologies under consideration to get a true sense of
GHG reduction potential in the region.

One promising thing to note is that camelina, one of the potential new oilseed crops
suggested for consideration for the MAV region, is showing much promise as a biofuel
feedstock because of a positive combination of many of the f. A recent news report
guotes David Shonnard, Robbins Chair Professor of Chemical Engineering at Michigan
Tech as saying, “Camelina jet fuel exhibits one of the largest greenhouse gas emission
reductions of any agricultural feedstock-derived biofuel I've ever seen. This is the result
of the unique attributes of the crop — its low fertilizer requirements, high oil yield, and the
availability of its coproducts, such as meal and biomass, for other uses.” (Michigan
Tech, 2009)

Figure 5: Impact on GHG Emissions by Biofuel Feedst  ock

Source: Union of Concerned Scientists, 2007
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The biofuels processing stage has a large influence on GHG emissions. Figure 6
illustrates that considerably worse performance would be demonstrated if coal was used
for process energy and better performance if natural gas or biomass was the energy
source, but in all cases cellulosic ethanol performs considerably better in comparison.

Figure 6: Well-to-wheel GHG emission changes for co  rn ethanol under different processing
scenarios compared to cellulosic ethanol
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Source: Redrawn from Wang et al, 2007

Methodological decisions also impact the variability of overall GHG emissions. Co-
product considerations are important in the estimation of emissions from biofuels. As
the percentage of emissions allocated to the co-product increases, the emissions
associated with the biofuel decrease. For example, a positive GHG balance for average
corn ethanol in the EBAMM model (UC Berkeley, 2006) relies on the co-product credit
to generate a net reduction compared to gasoline. Crops like soy that have high protein
meal products in addition to their oil value benefit from co-product allocation methods
that attribute emissions based on energy content or market value. In these cases the
meal is high in value and energy, and therefore receives a greater proportion of the
emissions allocated to it. The oil for biodiesel has fewer of the emissions allocated to it
and this makes the biodiesel look more attractive from a GHG perspective. Following

12
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are results from several comparative LCA studies to illustrate the differences and
potential GHG impacts resulting from feedstock and processing choices. These are
results from single studies and are not intended to be generalized across all regions and
situations. Crop production information is regional as is fossil fuel reference data.
Conducting site specific and regionally tailored studies for the MAV will be critical to
future decision-making.

Figure 7: GHG Comparison of Corn Ethanol, Cellulosic Ethan ol and Gasoline
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Source: Hill et al, 2009 (Note: This figure is shown here to represent the relative differences in
GHG emissions from the various scenarios. The author is representing the impacts in terms of
societal cost of carbon emissions. This is directly proportional to the amount of GHG emissions,
which are generally reported in tons/Btu or g/MJ in other studies. This nuance is not critical to the
discussion here. What is important is the relative impact of the fuels when compared to one
another.)

Figure 8: GHG Comparison of Corn Ethanol, Soy Biodiesel and Fossil Fuels
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Table 1: Quantity of gasoline and diesel displaced

reduction of GHG emissions from life cycle of ethan
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by production of ethanol and biodiesel and
ol and biodiesel compared with gasoline and

diesel
Bioenergy cropping Gasoline or diesel Net GHG emissions
system displaced (MJ/m 2yr) % (g CO,e-C/IMJ)

Switchgrass 6.96 -114 -23.9
Reed canarygrass 4.88 -84 -17.5
Corn — soybean

Conventional tillage 6.05 -38 -8.1

No till 5.84 -41 -8.6
Corn-soybean-alfalfa

Conventional tillage 4.24 -41 -8.6

No till 4.16 -43 -9.0
Hybrid poplar 7.45 -117 -24.3

Source: Adler et al, 2007

One can see from Table 1 above that lignocellulosic crops represent a promising opportunity to reduce

GHG emissions.

In addition to the studies referenced above, the U.S. Department of Energy’s Alternative
Fuels & Advanced Vehicles Data Center reports that

Biodiesel:

A lifecycle analysis completed by NREL found that carbon dioxide emissions for
B100 were 78.5% less than those from petroleum diesel. It also showed that
biodiesel reduces petroleum use by 95% throughout its lifecycle.
http://www.afdc.energy.gov/afdc/vehicles/emissions biodiesel.html

Ethanol (E85):

Evaluating lifecycle greenhouse gas (GHG) emissions requires tracking all GHG
emissions released to produce and distribute E85 as well as those emitted while
driving. Researchers at Argonne National Laboratory found that corn-based E85
reduces GHG emissions 17% to 23% below that of regular gasoline on a per-mile
basis. They also found that E85 reduces petroleum use by 70%. The
Environmental Protection Agency is currently assessing an additional variable,
indirect land use, and the effect it will have on the overall GHG emissions from
corn-based ethanol. http://www.afdc.energy.gov/afdc/vehicles/emissions e85.html

Ethanol (E10):

In the 2005 report, Updated Energy and Greenhouse Gas Emission Results of
Fuel Ethanol, Argonne National Laboratory analyzed the greenhouse gas (GHG)
emissions reduction from E10 on a per-mile basis and found that corn-based E10

14
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reduces GHG emissions 2% below the emissions of regular gasoline. E10 also
reduces petroleum use by 6.3%.
http://www.afdc.energy.gov/afdc/vehicles/emissions e10.html

Energy crops can also be converted into electricity rather than transportation fuel by
either combusting them directly, alone or in combination with coal, or by first gasifying
the biomass and using the resulting synthesis gas to generate electricity. According to
the Department of Energy’s National Renewable Energy Laboratory, co-firing biomass
in coal-fired power plants “is a near term, low-cost option for efficiently and cleanly
converting biomass to electricity by adding biomass as a partial substitute fuel in high-
efficiency coal boilers.” This approach has been proven in all commonly used utility
boiler types (NREL, 2000).

Beyond simply being technologically feasible, co-firing reduces emissions of carbon
dioxide and reduces emissions of sulfur compounds such as sulfur dioxide that will then
reduce acid rain. Early woody biomass co-firing tests also showed a nitrogen oxide
(NOy) reduction potential as great as 30% (NREL, 2000).

Strategically, the use of lignocellulosic feedstocks for bioenergy, which is commercially
proven, can assist in developing a feedstock supply chain for biofuels, which is not yet
commercially developed. Reducing this initial risk can provide options for the future. The
Chariton Valley Biomass Project in lowa is an on-going attempt to develop commercial
scale switchgrass production and co-fire it with coal. The project is currently stalled due
to non-technical issues, but will hopefully continue in the future. Work to date shows that
the feedstock can be commercially grown, harvested, delivered, stored and fired
feasibly and that greenhouse gas emissions are reduced due to the co-firing.
Percentage emissions reduction data is not available.

15

——
| —



Winrock International | June 2009
* 9 $/

Current technology allows for multiple processing options from biomass. As discussed,
energy crops can be used for liquid transportation fuels as well as to generate
electricity, from which many vehicles could also be powered in the future. A key
consideration with biomass-based systems is determining the most efficient use of the
land necessary to cultivate the crop. A life cycle assessment conducted by Cambell
concludes that cropland can deliver more transportation and GHG offsets from
bioelectricity than ethanol. His study states that “bioelectricity outperforms ethanol
across a range of feedstocks, conversion technologies, and vehicle classes.
Bioelectricity produces an average of 81% more transportation kilometers and 108%
more emissions offsets per unit area cropland than cellulosic ethanol.” (Cambell et al,
2009)

This conclusion is supported by Adler in his comparison
of the life cycle of bioenergy cropping systems. Adler
showed that on a unit-area basis of crop production,
gasification of perennial grasses and hybrid poplar
produced more than double the GHG reductions yielded

by converting these crops to ethanol (Adler et al 2007). 1
1 2
This work is of significant importance to the MAV region %) )4456

where optimizing cropland in order to most efficiently
balance food and energy needs is an important consideration. A regionally-specific
investigation of the life cycle impacts of proposed biofuels and bioenergy scenarios will
be critical to determining the best strategy for designing an optimal energy crop
scenario for the region.

&

In addition to positive greenhouse gas benefits, bioenergy is believed to have
considerable potential for reducing criteria air pollutant emissions. Criteria air pollutants
are those common contaminants that are regulated under the Clean Air Act. These
pollutants consist of particulate matter (PM), ground-level ozone (O3), carbon monoxide
(CO), sulfur oxides (SOy), nitrogen oxides (NOy), and lead. According to the U.S.
Environmental Protection Agency (USEPA), particulate matter and ground-level ozone
are the most widespread human health threats among these pollutants. The U.S. EPA
has established National Ambient Air Quality Standards for these six pollutants.
Geographic areas that do not meet these standards are designated as “non-attainment”
areas. There is one non-attainment area within the MAV region covered by this regional
bioenergy study. The Memphis area, which includes Shelby County, Tennessee, and
Crittenden County, Arkansas, is in non-attainment for ground-level ozone. Pulaski
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County, Arkansas, is expected to soon be designated as non-attainment for ground-
level ozone as well. Ground-level ozone is created by the interaction between NOy and
volatile organic compounds (VOC) in the presence of sunlight and is particularly
problematic in urban areas where these constituents are readily available from tailpipe
emissions, industrial emissions and other sources.

The U.S. Department of Energy’s Alternative Fuels & Advanced Vehicles Data Center
reports on emissions from select biofuels as follows:

Biodiesel:

Analysis completed by the Environmental Protection Agency (EPA) in 2002
concludes that biodiesel decreases emissions of particulate matter (PM), carbon
monoxide (CO), and hydrocarbons (HC) commensurately with its blend level. Later
studies show that biodiesel particulate matter (PM) emissions are not only reduced
but are less toxic. These studies are analyzed in Impact of Biodiesel Fuels on Air
Quality and Human Health, which concluded that the PM from B100 (100%
biodiesel) and B20 (20% biodiesel, 80% diesel) is 20% and 5%, respectively, less
toxic than PM from diesel. EPA's study also found a slight increase in NOy
emissions (2% for B20). However, Effects of Biodiesel Blends on Vehicle
Emissions, published by the National Renewable Energy Laboratory (NREL),
presented data and analysis suggesting that B20 has no net impact on oxides of
nitrogen (NOx) emissions.
http://www.afdc.energy.gov/afdc/vehicles/emissions_biodiesel.html

Ethanol (E85):

Tailpipe emissions come from fuel combustion in a vehicle's engine and are
emitted from its exhaust system. Most often the emissions of primary concern
include hydrocarbons, oxides of nitrogen (NOy), carbon monoxide (CO), air toxics,
and carbon dioxide (CO;). Numerous studies have compared the emissions of
E85 to those of gasoline. These studies do not tell a consistent story due to the
large number of variables involved. However, in 2008, engineers at the National
Renewable Energy Laboratory combined data from all applicable emissions
studies into one robust data set. They analyzed this data set and compared the
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changes in emissions of E85 in a flexible fuel vehicle (FFV) with gasoline in an
FFV or a similar non FFV. On average, all regulated emissions either decreased or
showed no statistically significant difference with E85 compared with gasoline.
Emissions that increased with the use of E85 included formaldehyde,
acetaldehyde, and methane.
http://www.afdc.energy.gov/afdc/vehicles/emissions_e85.html

Ethanol (E10):

Two literature reviews provide summaries of the numerous (and often conflicting)
studies of tailpipe emissions from light-duty vehicles operating on E10. One is
Ethanol in Gasoline: Environmental Impacts and Sustainability (Renewable and
Sustainable Energy Reviews, Vol. 9, Issue 6, December 2005, pp. 535-555), and
the other is Ethanol Fueled Motor Vehicle Emissions: A Literature Review.

Both reviews concluded that, when compared to gasoline, E10 reduces carbon
monoxide (CO), hydrocarbons (HC), particulate matter (PM), and air toxics (except
acetaldehyde, which forms directly from the combustion of ethanol). The first
paper (Ethanol in Gasoline) explains that E10 has mixed results on formaldehyde
emissions and discusses a study that showed formaldehyde emissions to be
dependent on ambient temperature.

Of the 12 studies Ethanol in Gasoline analyzed for oxides of nitrogen (NOy)
findings, six showed that E10 increases NOy emissions; three show mixed results,
and three show similar or lower emissions. However, NOy emissions exhibit a
strong dependence on the fuel/air ratio, implying that engine optimization for E10
could decrease emissions. This agrees with a study that finds NOy emissions
depend on the engine operating condition more than the ethanol content of
gasoline/ethanol blends. It also agrees with a study that found E10 to increase
NOy emissions in vehicles manufactured after 1986 but decrease them in older
vehicles. http://www.afdc.energy.gov/afdc/vehicles/emissions _e10.html

Comparing sources of corn and cellulosic ethanol in one study shows a significant
difference in emissions of particulate matter below 2.5 microns in size:
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Figure 9: Particulate Matter Emissions Comparison of Corn Eth  anol, Cellulosic Ethanol
and Gasoline
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Source: Hill et al, 2009. (Note: This figure is shown here to represent the relative differences in
PM, s emissions from the various scenarios. The author is representing the impacts in terms of
societal cost of PM, 5 emissions. This is directly proportional to the amount of PM, s emissions,
which are generally reported in tons/Btu or g/MJ in other studies. This nuance is not critical to the
discussion here. What is important is the relative impact of the fuels when compared to one
another.)

Co-firing biomass with coal for electricity production will also have a positive effect on
air pollution. CO, and SO, emissions decline in proportion to the amount of coal offset
by biomass. NO, emissions are more difficult to quantify but have been shown to
decline by up to 15% compared when coal is co-fired with biomass. (EESI, 2009)

v

7 8

While the subject of GHG emissions is discussed widely with respect to bioenergy,
considerations regarding water usage have lagged behind. But, this is now changing.
Given the substantial volume of water consumed in the agricultural phase of production,
water quality issues associated with agriculture, water use & release in processing, and
the potential limitations of water availability in many regions of the world, these issues
deserve further attention.

Because of the various limitations on rain-fed land, most authorities believe that the
majority of additional food production must come from irrigated land. The expected
increase in the production and use of biofuels in the coming years will further strain this
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resource. If all national policies and plans for increasing world biofuels production are
successfully implemented, it is estimated that an additional 70 million acres of crop land
will be needed along with 140 million acre feet of additional irrigation water withdrawals®
(De Fraiture et al. 2008). The impact will be most pronounced for local and regional
water resources.

This is an important consideration for the MAV region. As can been seen in Figure 10,
this region relies heavily on irrigation.

Figure 10: U.S. Acres of Irrigated Crop Land

Much of the irrigation water in the MAV is groundwater extraction from subsurface
aquifers. One important agricultural source of groundwater is the Mississippi River
Valley Alluvial Aquifer, shown in Figure 11 below. Aquifers in the region are currently
under strain and are drawing attention from researchers and citizens. The United States
Geological Survey (USGS) plays a vital role in research and education around
groundwater issues in the region. Regarding the Mississippi River Valley Alluvial
Aquifer’s future, USGS researchers state,

3 Using the WATERSIM model
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“Ground water from the Mississippi River Valley alluvial aquifer can be a
sustainable resource if managed properly. However, the rate at which ground
water is being pumping cannot be sustained indefinitely, as indicated by large
water-level declines and areally extensive cones of depression, without some
form of management. Management alternatives might include artificial recharge
to the aquifer, limits on withdrawals from the aquifer, switching to withdrawals
from other aquifers, conjunctive use of ground water and surface water, or a
combination of approaches.”

Figure 11: Mississippi River Valley Alluvial Aquife r

CROWLETS
RIDGE ~,_

Source: (Czarnecki et al, 2002) _

Conclusions that huge amounts of water could be saved in agriculture through
increased irrigation (or water use) efficiency have not considered the recycling effect of
excess water runoff, some of which is available for use downstream. The
interconnectedness of the hydrological system makes it important to consider
agricultural production within the context of basin efficiency. Assessing site-specific
water consumption and ‘improvements’ in isolation could be misleading if not evaluated
in its regional hydrological context. Understanding key concepts of efficiency in water-
resources policy is crucial to successful impact assessments of biofuels on water
resources. Poor theory may lead to ineffective and even counter-productive outcomes.

8 7 -

There has been considerable effort in the global community to reach a consensus
regarding the concept of the “carbon footprint” as a way of quantifying the amount of
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damage done to the atmosphere resulting from human activity. A similar idea has been
taking shape to describe the amount of water consumed during a product’s lifecycle to
guantify the impact on the global water supply — i.e. the “water footprint” or “embedded
water” (Chapagain and Hoekstra 2004, as cited by Finger man et al. 2008).

Consumption is measured in different ways in different contexts. “Embedded water” is
the water that is consumed in the production of a given product. Embedded water in
biofuel can be expressed in terms of gallons of water per unit of energy or volume
produced (e.g. gallons of water per Btu or per gallon of biofuel). However in considering
the critical issue of water availability, it may be more important to know what volume of
water is consumed per acre used to grow the biofuel feedstock. Knowing this ratio will
be most useful within a regional and watershed context, informing decisions on whether
or not a particular area has enough water available to invest in growing biofuel crops
(Fingerman et al. 2008:5).

Water availability and productivity measurements have the same allocation issues as
GHG emissions. The production of feedstock and the processing steps for liquid
biofuels for transportation generate co-products. Some of these co-products are
generated in the biofuel conversion stage, including electricity (from sugarcane
bagasse), Dried Distiller's Grains with Solubles (DDGS), corn gluten meal and corn
syrup from some corn-based ethanol processes, and glycerin produced during biodiesel
production. In the cultivation and initial processing stages, high-protein animal feed such
as soy meal or rape meal is produced.

Water can be attributed solely to the biofuel or together with co-products as a function of
the entire system (e.g. gal/Btu gross bioenergy produced). Of course, accounting for co-
products in terms of gross energy produced per unit of water delivers different results
than if the productivity was based on the biofuel alone. The volume of water used to
produce one Btu in an efficient bioenergy system that also produces and exports
electricity is less than that allocated to the biofuel alone. If the biofuel is produced from a
residue such as corn stover, some way of allocating the water used to grow the corn
must be used to assess the ‘embedded water’ in the corn stover.

7 - &

Clearly, the types of crops grown for biofuels and their location will influence outcomes
for water use and quality. These issues have not yet been explored in sufficient detail to
establish any robust conclusions on the impacts for water of increased demand for
biofuels and changing agricultural patterns but must be undertaken in a regional context
to have any real meaning.

Water requirements for crops change throughout the year and while some crops may
require supplemental irrigation, others may rely on precipitation. Some lignocellulosic
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crops are drought tolerant and relatively water efficient and are grown under multi-year
rotations. These crops offer the possibility of land use diversification and improved
water productivity in agriculture and can help alleviate competition for water and
pressure on other land-use systems. However, some crops like willow, for example,
have higher water requirements than wheat planted in the same area so further
research is needed when evaluating the viability of such options.

Improving water productivity (using less water per unit output) for biofuels has been
proposed as a positive sustainability indicator, as it has been in sustainable food
initiatives. But this will only really deliver a sustainable outcome if the context is
understood. For some crops in areas with no water scarcity, reducing water use will not
have any real impact. The dramatic increase in world food production over the past half
century has been from increased crop yields, which have been accompanied by
increased water productivity through a variety of factors.

The current discussion that surrounds biofuels and potential negative impacts on land
use change (Searchinger et al. 2008; Fargione et al. 2008; RFA 2008) have led to
recommendations for crop yield and biofuel yield increases to enable greater
productivity per unit of land. The linear relationship between yield and transpiration
relates to yield of total above-ground plant biomass and therefore the increases in yield,
if delivered in response to the policy recommendations, will require increased water
resources”®. Any recommendations for significant yield increases should recognize and
mitigate negative impacts on water resources where such risks exist.

7 - &

The amount of water consumed during biofuel production depends on the production
process itself and the degree of water reused and recycled. The proportion of water
used during biofuel processing is much smaller than that of the feedstock cultivation
stage and generally represents around 1-2% of use compared to the 98%-99% during
cultivation. For feedstocks that do not require cultivation (such as residues), this
proportion is reversed and weighted to the processing stage.

Water requirements for advanced processing technologies will vary. Wu et al (2009)
illustrates that with current technology, producing 1 gallon of cellulosic ethanol through a
biochemical conversion process, such as dilute acid pretreatment followed by enzymatic
hydrolysis, consumes 9.8 gallons of water, which can be reduced to 5.9 gallons with
improved yield, but an optimized thermochemical conversion process for ethanol
production requires only 1.9 gallons. This is compared to approximately 3 gallons for a

* However, increased plant densities to deliver increased yield also decrease evaporation losses from the soil. Thus
total evapotranspiration would not increase proportionately with increased plant density and some of the reduced
evaporation losses would be partitioned over to transpiration.
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typical dry mill corn ethanol plant. The same report finds that fast pyrolysis of forest
wood residue consumes 2.3 gallons of water in producing 1 gallon of biofuel, and that
with investments in better technology, there may be an opportunity to reduce this
further. Improved process integration and further technological innovations are
improving water recycling and reuse with the lowest reported water requirement at less
than 1 gallon for each gallon of ethanol produced (Wu et al, 2009).

Biodiesel refining requires less water per unit of energy produced than ethanol. Overall,
consumptive use is about 1 gallon of fresh water per gallon of biodiesel and overall
water use may be up to 3 gallons per gallon of biodiesel produced (WSTB, 2008).
Consumptive water use in petroleum refining also differs according to process
technology and location, varying from less than 3 gal/ gal gasoline for some Canadian
tar sands and Saudi Arabian crude oil to as high as 7 gal/gal for domestic crude in
certain US locations (Wu et al, 2009).

* ' 7 _

From the perspective of most efficient use of water, a recent study conducted on the
water footprint of bioenergy stated that the water footprint of bioenergy in general is
large when compared to other forms of energy. The authors concluded that generating
electricity from biomass is more efficient than producing biofuels because electricity
generation makes use of the entire plant’s yield rather than only the starch or oil
fraction. They state that “For most crops, the WF [water footprint] of bioelectricity is
about a factor of 2 smaller than the WF of bioethanol or biodiesel.” The study also
concluded that, in general, ethanol has a smaller water footprint than that of biodiesel,
but that there is extensive variation in results depending upon the crop used, climate
conditions in the geographic location of production and the agricultural practices used
for crop cultivation (Gerbens-Leenes et al, 2009).

Water use efficiency in the past has appeared to increase because the economic yield,
or “harvest index”, of the biomass has increased but water requirements remained the
same. It appears that advances in this direction have nearly reached an end in the well-
developed genomics projects for corn, sorghum and other well-established commercial
crops,but limited research into ‘new’ bioenergy crops such as switchgrass or
miscanthus is limited and could provide an opportunity to see these improvements with
respect to the harvest index. Opinions within the research community on this subject are
divided.

7 8

Energy crop production and processing can also present water quality problems. For
many crops, applying fertilizers, such as nitrogen and phosphorus, and herbicides,
fungicides, insecticides, and other pesticides can result in detrimental water quality
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impacts including increased nitrate and sediment loading in waterways. These
increases can contaminate drinking water supplies, reduce oxygen content in the water,
produce sulfides and ammonia, and negatively affect the local ecosystem. Changing
cropping patterns to accommodate new biofuel crops and promoting the use of
‘degraded’, ‘marginal’ or unmanaged grasslands to cultivate crops requiring fertilization
could likely lead to much higher application rates of nitrogen which could, in turn,
increase the severity of the nutrient pollution in waterways.

As discussed in the Greenhouse Gas section above, the application of nitrogen fertilizer
has implications for both water quality and GHG emissions. Understanding the relative
trade-offs between the two is critical. In California, Fingerman et al (2008) identified a
trade-off that exists between minimizing greenhouse gas emissions and avoiding other
effects on natural resources. They conclude that biofuel production could either
increase or decrease the sustainability of California’s water resource use depending
upon crop placement.

Reducing air pollution can also have a positive impact on water quality. SO, and NOy
emissions contribute to acid deposition that negatively impacts water quality as well as
soils and agricultural crops. (EESI, 2009).

From a water quality perspective, it is vitally important to pursue policies that prevent an
increase in total loadings of nutrients, pesticides, and sediments into waterways. It may
even be possible to design policies in such a way as to reduce loadings across the
agricultural sector, for example, those that support the production of feedstocks with
lower inputs of nutrients (WSTB, 2008).

+

Much of the discussion around cultivating energy crops is common to any discussion of
intensive agricultural production. Sustainable agricultural practices like conservation
tillage (or “no-till”) and more efficient use of nutrients are important considerations with
increasing energy crop production as they are with food production. These practices
address two important parameters of agricultural production: erosion and nutrient
management. Conservation tillage has the environmental benefit of reduced erosion
from crop lands and thus reduced sediment loading of waterways and water bodies.
This reduction in sediment loading also results in better nutrient management,
specifically reductions in phosphorus loadings from soil-bound phosphorus.

Energy crop production has the potential to generate additional soil-related
environmental benefits with the introduction of perennial crops onto cropland that is
currently in annual production. Perennial trees and grasses offer the opportunity to
significantly reduce fertilizer use and its associated nutrient pollution issues and improve
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soil carbon stocks. These benefits are above and beyond the reductions in fossil fuel
use and represent an opportunity to decrease erosion, better manage nutrients, reduce
greenhouse gas contributions from crop production and build soil carbon (Perlack et al
2005)

Energy crops hold much promise in playing a major role in the United States’ effort to
reduce its dependence on foreign oil imports and reduce its contributions to global
climate change, and the Mississippi Alluvial Valley region has the opportunity to play a
significant role as a leader in that effort. The region’s strong agricultural infrastructure
position it well for success with promising new oil seed crops, like camelina, for liquid
fuel production and lignocellulosic crops, such as switchgrass, with multiple end use
options. Proximity to commercial coal-fired electric generation plants present
opportunities for co-firing biomass for electricity production. The region’s strong logistics
and transportation network also helps to position the MAV well for leadership in this
sector.

Research consistently shows that bioenergy use reduces greenhouse gas emissions,
but site specific parameters have to be carefully considered. There are no blanket
solutions. When considering introducing new energy crops and biofuel processing
capacity into the region, leaders must consider the relative impacts of the multiple
options on greenhouse gas emissions, air pollution, water use and water quality. The
key to this effort will be doing thorough site specific life cycle assessment studies on the
top options under consideration. This will insure that site specific information including
soil characteristics and transportation needs will be accurately represented when
comparing and contrasting different bioenergy production scenarios. With such
analyses in place, leaders can come together to strategically select the scenario that
optimizes available resources and environmental benefits in the region.
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