


Figure 8.8

Southern Plains—Phosphorus fertilizer applied
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Figure 8.11
Nitrogen lost in solution
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Figure 8.12
Southern Plains—Nitrogen lost in solution
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Figure 8.13

Nitrogen in sediment
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Figure 8.14
Northern Plains—Nitrogen in sediment
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Figure 8.15
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Figure 8.17
Pesticides in sediment
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Figure 8.18
Pesticides in surface runoff
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Figure 8.19

Northern Plains—Pesticides applied
Change from reference (million tons)

04
-2 -
-4
-6
-8
-10 - -9.19
10 -17.89%
'12 T T T T
High corn High input Positive "Combination”
productivity costs carbon price scenario

7 2 0 INCREASING FEEDSTOCK PRODUCTION FOR BIOFUELS




Figure 8.20
Southeast—Pesticides leached to groundwater
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Figure 8.21

Southern Plains—Pesticides in sediment
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Figure 8.22

Northern Plains—Pesticides in surface runoff
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Fertilizer Applications Reduced
by Shifts in Cropland Acreage

Fertilizer applications were generally lower across the U.S. in each of the
alternative scenarios than in the reference case. The combination scenario
used approximately 14 percent less nitrogen and 1 percent less phosphorus
than the reference case. The positive carbon price scenario had approxi-
mately 6 percent less nitrogen (530,000 tons) but 4 percent more phosphorus
(200,000 tons). The price of carbon is reflected in higher fertilizer prices,
which leads to changes in farmers’ nutrient application rates.

When examining fertilizer applications generally, the regional differences were
greatest in the Southern Plains, and each scenario showed lower values than the
reference case. The high productivity scenario led to only slight changes, but the
high input cost, carbon price, and combination scenarios reduced nitrogen use
more significantly. Nitrogen use in the Southern Plains was reduced by roughly
230,000, 180,000 and 425,000 tons respectively (22, 18, and 41 percent lower
than the reference), while phosphorus use was reduced by 60,000, 10,000, and
80,000 tons (15, 2, and 20 percent lower than the reference).

Many of the changes in fertilizer applications can be attributed to changes in
cropland acreage across the U.S. Changes in tillage practices have much less
effect on fertilizer applications than do shifts in acreage. The Southern Plains
had fewer acres in production in each of the scenarios, so total fertilizer
applications nationally were lower.

Nitrogen Leaching Lower With Change in
Tillage Practices and Soil Type

The amount of nitrogen leaving fields in solution, in groundwater, and in
sediment was lower in every scenario nationwide than in the reference case.
Of the three scenarios isolating an effect, the largest reductions relative to the
reference were in the high input cost scenario. The high productivity scenario
showed the smallest changes. The combination scenario resulted in 7 to 15
percent less nitrogen loss than in the reference case.

Changes to the amount of nitrogen fertilizer applied are an indicator of the
amount of nitrogen leached to groundwater and lost in solution. For example, in
the high corn productivity scenario, 2.8 percent less nitrogen was applied across
the U.S. and 3.4 percent less was leached. The proportionality does not hold for
nitrogen lost to sediment (approximately 0.3 percent less), indicating some shift
in the application rates across the regions from one soil type to another.

Most of the differences among scenarios are due to a shift from no-till, which
is generally associated with a decline in chemical leaching (see table 7.2 for
changes in tillage). The Lake States, however, exhibited more leaching for
corn grown with no-till due to predominant soil type.

Pesticide Applications and Leaching Reduced
by Shift in Regional Production

Pesticides in REAP follow the same pattern as many other environmental
indicators—all the scenarios have less leaching than the reference case,
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and the largest differences are with the combination scenario. Pesticides
applied were approximately 11 percent less, while pesticides leaving the field
through leaching, in sediment, and in surface runoff were 6-9 percent less.
This discrepancy indicates a shift in the regional applications of pesticides,
rather than evenly reduced applications across the U.S.

The differences across scenarios were primarily due to a reduction in corn
acreage. Corn requires more pesticides than the crops that replace it in the
scenarios. With less corn acreage, pesticide applications (and consequent
leaching) were lower.

Cellulosic-Based Feedstocks

As reported in chapter 6, various levels of cellulosic-based feedstock
mixtures from cropland, forestland, and imports were used to meet
increased biofuel needs in the reference case and other production scenarios.
Feedstocks included corn stover, wheat straw, perennial crops (grasses

and trees), and wood—under high corn productivity and high energy crop
productivity scenarios.

Sustainability considerations for cellulosic feedstock production are basi-
cally the same as in starch-based feedstock production and therefore involve
the same general criteria. However, in cellulosic-based feedstock production
systems, much more of the plant material is removed than in starch-based
systems. The missing plant biomass would otherwise help maintain soil
organic matter or protect against erosion. Cellulosic-based resources must
be properly managed to avoid negative environmental impacts. On the other
hand, many of the cellulosic feedstocks are residues from crop harvest, forest
harvest and thinning, and mill/urban wastes. Using these kinds of feedstocks
requires no additional cropland, fertilizer, pesticides, or water. Perennial
crops can have a beneficial environmental effect when properly managed,
especially when planted on poor or marginal cropland.

Perennial Crops

Today’s agricultural landscape is often characterized by large fields of annual
crops with only narrow patches of perennial trees and grasses along streams
and roads. These annual crops require tillage and cultivation every year, and
the fields lie barren for most of the year. Perennial crops such as grasses require
little tillage—just to establish the crop in the beginning and then every few
years to refresh it. Woody crops can require some initial establishment tillage
and some cultivation during the first few years. Perennial crops bring many
positive environmental attributes to the production of feedstocks for biofuels.

Woody crops and grasses, especially in combination, can provide more
habitat diversity for plant and animal species. These crops can reduce
runoff of nitrogen and pesticides and can provide shelterbelts, riparian
strips, and windbreaks.

The 2022 biofuel goals could be met with 16-19 million acres of perennial
crops providing the feedstock needed. Total land changes of 20-23 million
acres would be involved as other land uses change to provide forage and
hay (see chapter 6). For example, in one scenario, nearly 11 million acres
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of pasture shift to energy crops, and 12 million acres of pasture shift to hay
production to make up for the lost forage.

Residue Removal

Corn stover and straw are the residue materials left in fields after the crops
are harvested for grain. These residues have been considered by some to

be trash, with no value. However, these materials help prevent water and
wind erosion of soil, replace soil organic carbon lost to the atmosphere due
to cultivation, enhance soil structure, return inorganic nutrients to the soil,
sustain microbial life in the soil, and increase water filtration through the soil.
Residues also help maintain the soil’s organic carbon levels to support crop
productivity. The amount of residue needed to maintain soil organic carbon
and crop productivity is generally greater than the residue needed simply

to avoid soil erosion. Crop residue beyond that needed to sustain the land’s
productivity could be removed and used for biofuel feedstock.

The amounts of sustainably harvestable residues for a specific location will
vary depending upon climate, soil texture, and the production practices used.
Corn produced with conventional tillage requires that more residues be left
in the field than corn produced in no-tillage systems. Similarly, corn grown
in rotation with soybeans requires more remaining residue than continuous
corn because soybeans produce less residue than corn. Crops grown in higher
rainfall areas or under irrigation produce more biomass than crops grown in
areas with less precipitation or without irrigation.

Knowing how much of the residue that can be removed sustainably is still
being refined through additional research and technology development
(Graham et al, 2007; Wilhelm et al., 2007).

Land-Use Change

The demand for cellulosic feedstocks may require large losses in pasture-
land—in some cases, more than 23 million acres. This degree of land-use
change may amplify impacts to local and regional ecosystems. Typically,
when pastureland undergoes agricultural intensification, fertilizer and pesti-
cide applications increase, as does erosion due to increased cultivation.
Also, the water requirements for pasture can be less than for many cellulosic
energy crops; and planting new crops or installing irrigation systems on
pastureland can alter local water cycling and land drainage patterns.

With most of the projected loss in pasture area occurring in the Corn Belt
and Appalachian regions, irrigation will probably not increase with shifts
out of pasture. However, if the energy crops that replace pasture in these
regions are woody, such as hybrid poplar or other short-rotation crops,
impacts to water, soil, and nutrient cycling could be larger than with peren-
nial grasses due to differences in agronomic practices.

The cellulosic reference case requires some major land-use changes in cropland
as well. Corn acreage increases to provide additional corn stover residues as the
market develops. This additional cropland will come primarily from cultivated
farmland currently used for other crops, so this shift is expected to involve
minimal environmental changes. In the high corn productivity scenario, less
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acreage is required and less corn stover becomes available, requiring slightly
more perennial cropland than in the cellulosic reference case.

Forest and Wood Feedstocks

In all 2022 scenarios involving wood, wood is stipulated to provide about

20 percent of cellulosic feedstocks. This proportion was based on the Billion
Ton Report (Perlack et al., 2005) and is the equivalent of about 45 million
dry tons annually, or about 4 billion gallons of biofuels. Some assumptions
and estimates were made concerning which wood feedstocks would make up
the needed component (chapter 6). Neither REAP nor POLYSYS are able to
model either the economics or sustainability criteria for the forestry sector.
Thus, these analyses were completed exogenously to these models using
other models and tools (Fight et al., 2006; Biesecker and Right, 2006).

Generally, forestry sustainability is achieved through either the application of
best management practices (BMPs) that are either voluntary or statutory (regu-
lated by States) or through formal forest certification programs. In all cases,
these practices are science-based and have the goals of protecting ecological
function and minimizing negative environmental impacts. Many versions of
forest sustainability criteria exist because of the various approaches to applying
BMPs or certification. Most include core ecological and environmental aspects,
with additional considerations for economic and social implications. Forestry
sustainability criteria usually have these basic elements:

 Conservation of biological diversity,

* Maintenance of productive capacity,

* Maintenance of forest ecosystem health and vitality,

¢ Conservation and maintenance of soil and water resources,
* Maintenance of forest contribution to global carbon cycles,

* Maintenance and enhancement of long-term multiple socioeconomic
benefits, and

* Legal, institutional, and economic framework for forest conservation and
sustainable management.

For this analysis, some inferences can be made about the woody biomass
component of the scenarios.

* General harvest activities—Iogging, when properly applied under
BMPs, regulations, or certification, does not have significant negative
ecological and environmental impacts. In the U.S., much effort has gone
into educating timber-harvesting operators and designing equipment to
minimize ecological impacts. Cautionary actions are taken to minimize
soil disturbance, to prevent soil or machine fluids from entering streams
and other water bodies, and to meet prescribed biodiversity/habitat
requirements, like leaving downed/standing dead trees, protecting sensi-
tive areas, and using retention trees.

> Removing residues—1.ogging slash, the unmerchantable trees and
tree components, can be removed so as not to accelerate erosion or
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degrade the site. Studies have shown how to minimize such impacts
through use of buffer zones, leaving adequate biomass residue, and
nutrient management programs.

> Thinnings—Thinnings leave some stand structure to provide contin-
uous cover, erosion control, and habitat. Under correct prescrip-
tions and harvesting operations, thinning enhances forest health and
vitality by removing excess biomass.

» Mill and urban wastes—Generally, it is more sustainable to use waste
material than to dispose of it. This is even more important with urban
wastes, especially if the only disposal option is landfills. Most mill
wastes are being utilized for energy and other products.

Currently, about 278 million dry tons of timber are harvested in the U.S.
annually. According to Smith and others (2003), timber growth has exceeded
removals since the first national statistics were reported in 1952. For example,
in 2001, growth exceeded removals in all regions of the country: by 49 percent
in the North, 12 percent in the South, 74 percent in the Rocky Mountain region,
and 47 percent in the Pacific Coast region. An additional 45 million dry tons

of removals, mostly waste, from forests will have little impact nationally. That
level of removals represents about 6.5 million acres spread over nearly three-
quarters of a billion acres of forestland. Through the use of BMPs and certifica-
tion programs already in place, specific forest land, watersheds, and landscapes
should not experience significant environmental effects. More research is still
needed to understand and verify ecological function and management under
more intensive biomass removal regimes.

The current state of forest health is jeopardized by fire, pests, and invasive
species. A buildup of excessive woody biomass has led to these hazards
and raised forest susceptibility to epidemic outbreaks of insects and disease.
Utilizing biomass for biofuels will provide market-driven opportunities for
prescriptive and restorative forest management treatments.

Needs for Future Research
On Sustainability

This chapter started with a definition of sustainability based on meeting the
needs of the current generation while not compromising the ability of future
generations to meet their own needs. Applied to biomass production for
biofuels, this concept was framed in the context of economic, environmental,
and social sustainability. Feedstock production sustainability includes natural
resource management and stewardship, and sustained provision of envi-
ronmental services. As the data, analyses, and modeling limitations of this
chapter have shown, current analytical efforts to use quantifiable indicators
are very elementary and need a great deal of work, especially when assessing
large volumes of biomass production.

The existing REAP and POLYSYS models provide limited information
about environmental conditions. Greater insight into sustainability will
require a substantial investment in new research. This chapter described
a number of areas where additional research would help improve our
understanding, including additional monitoring, appropriate experiments,
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more comprehensive data, more integrated production and environmental
modeling, improved analysis tools, greater range of scalability, and enhanced
economic and lifecycle analysis.

Experimentation and Additional Data

Environmental monitoring data, particularly in growth areas for biomass
production, are needed to support basic conclusions about environmental condi-
tions. For example, REAP/EPIC results estimate farm chemical runoff (nitrogen,
phosphorus, pesticides), but do not estimate concentrations in water bodies.
Extensive systems of water quality monitoring (i.e., NAWQS program at USGS),
forest inventory and health monitoring, and agriculture monitoring are in place,
but may need enhancements to ensure continuity. Additional monitoring will be
important relative to expected land-use and management changes. In addition to
physiochemical monitoring data, indicator flora and fauna (aquatic, terrestrial,
avian) species might be monitored to provide information on environmental
conditions affected by areas of increasing biomass production for biofuels.

Experiments are needed to understand and quantify underlying ecological,
physical, and chemical processes in order to provide sustainable management
systems. More targeted research is critical to developing comprehensive data
sets, reliable models, and robust predictions, estimates, and tools.

Experimental data are needed to supplement monitoring data to calibrate
behavioral, lifecycle, and biophysical models associated with biofuels produc-
tion systems, and integrated models of environmental effects. For example,

the SPARROW model is a framework for estimating nutrient loadings in

water systems. If the SPARROW model were integrated with the REAP or
POLYSYS models (per modeling research recommendations, below), special-
ized data may be necessary to ensure that the model is generating accurate
results. Particularly needed are applied experimental data to understand and
quantify the (agricultural, environmental, and socioeconomic) sustainability
characteristics of biofuel feedstocks and their variants (eg., till vesus no-till).
These data should include impacts pertinent to the farmer and farmland, such
as soil carbon loss in relation to rates of corn stover removal, as well as impacts
on the offsite environment such as nitrate and phosphate runoff. The potential
sustainability benefits of nontraditional biofuel feedstocks like native prairie
grasses may warrant exploration as to economic and environmental parameters.

Climate modeling data could provide a more accurate estimate of future envi-
ronmental effects of biomass production. The EPIC model generates estimates
of environmental phenomena based on historical (daily) patterns of weather.
Applying estimates of production decisions to detailed soil, topographical, and
weather data generates the EPIC results within REAP. Farm chemical runoff
and erosion occur disproportionately during extreme weather events. Climate
research already suggests climate instability is increasing, and it is unlikely that
the next 30 years’ weather patterns will mirror the past 30 years. Using current
climate research to generate new series of weather data, and rerunning the
models, might provide new insights into sustainability.
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Modeling Research

This chapter has discussed numerous instances where behavioral and biophys-
ical models could be refined or updated to improve the robustness of the
results. Static models of environmental conditions could be made dynamic;
agricultural production models could include more information on the timing
of production practices, as timing of biophysical processes is critical to envi-
ronmental conditions (especially for fallow/conservation land that may come
into production). Research could also help inform which options and opportu-
nities for refining existing models merit the most attention, given the potential
for these modeling refinements to reflect changing environmental conditions.

Integrating existing environmental process models into existing behav-
ioral models could generate a wealth of information on the sustainability of
biomass production systems. Much as EPIC was incorporated into REAP and
SPARROW might offer more refined estimates of water quality, many other
environmental process models could be integrated into a modeling platform
to provide insight into environmental conditions and services affected by
biomass production.’

Another example of research on model integration is incorporating models

that include choices in biomass conversion technologies into biomass produc-
tion choice models. Different conversion platforms (e.g., flexible biochemical
fermentation, pyrolytic, thermochemical, and combined biochemical/ther-
mochemical conversion processes) are optimized for different types of biomass.
Thus, if demand for biomass is a derived demand, the estimates of biomass
production models could be improved by endogenizing the conversion platform
as alternative platforms become technically and economically feasible.

Creating new models of ecosystem services has received only limited
research attention, particularly for perennial grasses and woody biomass
cropping systems. For example, some preliminary research has been
conducted to suggest how switchgrass production might influence water
quality (vis a vis nutrient translocation) or wildlife habitat, but there is
limited research to demonstrate how large-scale production would perform in
generating these environmental services.

Another research area receiving a great deal of interest is the modeling of interna-
tional markets for biomass production. International trade models for commodities
exist, but there are few examples of robust international models to estimate the effect
of biofuel markets on biomass production and resulting environmental conditions.

Improving Estimation or Modeling Results

In the course of producing this report, five REAP and POLYSYS scenarios
were evaluated. Although these scenarios generated preliminary estimates for a
limited set of environmental indicators, there are a large number of exogenous
policy, behavioral, and biophysical parameters in the model. Many other values
of underlying parameters could be explored to investigate the impact on envi-
ronmental indicators. An improvement with additional data and model capa-
bility would have been a systematic set of sensitivity analyses on the indicators.
It would have been useful to determine which parameters were most influential
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in determining environmental outcomes, and across what range of those param-
eters the greatest mitigation or exacerbation occurred.

More robust uncertainty analysis would facilitate inferences available from the
models. An area of critical research is to identify the major uncertainties associ-
ated with each of the components of the sustainability assessments. Such an anal-
ysis would indicate specific research that could help mitigate the uncertainties.

Scale

The influence of spatial scale may be profound for biomass production deci-
sions, and the sustainability outcomes associated with those decisions are
similarly influenced by scale. Production decisions can be highly heteroge-
neous with respect to local spatial scale. Preliminary research on cellulosic
biofuel markets raises questions about market integration due to the high cost
of transporting biomass to conversion facilities. This has implications for
sustainability, particularly if other spatial factors (proximity to major trans-
portation corridors) influence the intensity of biomass production.

Regional scale effects are of great interest, particularly because watersheds and
water basins are affected by aggregate decisions at the regional level. Moreover,
landscape and habitat continuity (or fragmentation) at the regional level often
determines the sustainable provision of environmental services. For example,
additional research is needed to assess, understand, and model cumulative water
quality impacts from feedstock production over broad spatial scales, especially in
accumulative water systems and as a gauge for sustainability.

National and international scale effects require a different set of research
tools, and there are a number of areas where additional research would improve
our understanding of sustainable biomass production. Greenhouse gas produc-
tion and carbon sequestration can be profoundly influenced by which biomass
sources are used, where they are grown, and how they are produced. Large
water bodies of national importance (e.g., Great Lakes, Gulf of Mexico) will
also be influenced by large-scale biomass production. As the scale of biofuels
production increases locally and regionally, it will become more important to
mitigate cumulative effects on these larger bodies of water, and doing so will
require dedicated research on data, models, and uncertainty.

Fundamental Research

The sustainability of biofuels production is a relatively new topic, and much
basic research is needed to better understand the underlying mechanisms
and processes. As just one example, soil fertility and other characteristics
are a critical component of sustainability. Local soil and climate effects

are important and highly variable, especially as sources of nitrous oxide
emissions (Kim and Dale, 2008). A better understanding of the underlying
processes will help predict and guide, for example, the sustainability of
agricultural management practices. A recent USDA/DOE workshop on
research and other needs for biofuels sustainability documents some of the
important topics (http://www.csrees.usda.gov/about/white_papers/pdfs/usda_
doe_discussion_paper.pdf).
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Conclusions

Information about the sustainability of much larger levels of domestic
production of biofuels will help guide Federal and local policies on energy,
the environment, and agriculture. It will also help set priorities for research
programs and improve the operation of the biofuel sector. However, the
concept of sustainability is still relatively new and incomplete. Many of
the impacts of expanded biofuel production are uncertain because the tech-
nologies will be changing rapidly, and the possible scale of production is
significantly larger than the current scale. The sustainability of agricultural
production for biofuels is a complex and nascent field, and this chapter
discusses many of the issues in only an introductory way.

In addition to this chapter’s overview of sustainability criteria and indicators
for biofuels, the chapter also discusses inferences that can be drawn from the
REAP and POLYSYS modeling activities presented elsewhere in this report.
These two models were not designed to provide information on variables
that measure sustainability directly, so the implications for sustainability
were limited. For example, the models provide estimates of nitrogen in water
runoff but provide no information about the impacts of nitrogen on stream
quality and the estimated rates of denitrification in the stream.

Feedstock production for the high corn productivity and high input cost
scenarios have more favorable environmental impacts than the 2016 refer-
ence case. Higher corn productivity leads to a smaller footprint, less intensive
cultivation, and reduced quantities of fertilizer, pesticide, water, and other
inputs—even though each acre might require higher inputs. The high input cost
scenario lessens environmental impacts as well, but the cause is more indirect.
Farmer practices are affected by higher fertilizer and diesel costs, so they apply
less fertilizer and employ conservation tillage at higher rates. The carbon price
scenario changed the environmental impact little, simply because the price of
carbon was too low to cause substantial changes in farmer practices. At $25 per
ton of carbon, the economic benefit of reducing the carbon footprint of feed-
stock production was less than the economic cost for much of the U.S.

There is still much to be learned about how sustainability applies to biofuel
crops. More is known about the processes that take place on the farm or in the
forest than about impacts distant from the source. A full lifecycle analysis would
predict not only what measurable impacts occur offsite, but also how other
systems, such as unmanaged ecosystems, react to the changes. Even lifecycle
analyses may not be comprehensive enough. For example, a concern about
biofuels is the potential for undesirable land-use changes due to pressure on land
availability. This consequence is only indirectly associated with biofuels.

Currently, the ecological processes that occur at the farm field or forest
stand level are better understood than their aggregate effects across the
landscape. The potential for intentional carbon storage in soil is uncertain,
as are the societal impacts of bioenergy production. But more research
effort is underway. The Federal Government, through the Biomass R&D
Board and other venues, is developing research agendas, identifying criteria
and indicators, and investing resources to better understand sustainability so
that the biofuels sector can grow responsibly.
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CHAPTER 9

Prioritizing Research and Its Dividends

Increasing the production of biofuels to meet multiple policy objectives
requires technological advances at every stage of the production chain. The
analysis in this report assumes the policy-driven biofuel targets of 15 billion
gallons of corn-based ethanol and 1 billion gallons of biodiesel in 2016 and
an additional 20 billion gallons of advanced biofuels by 2022. Achieving
these production levels has both market and environmental impacts. For
example, a production surge in conventional biofuels results in a net expan-
sion in land planted to conventional crops, with corn acres increasing at the
expense of other major crops. Consequently, crop prices increase, which
benefits crop producers and increases expenses for consumers. Greenhouse
gas emissions increase and other sustainability indicators (e.g., increased
fertilizer application) suffer.

The undesirable outcomes of achieving targeted biofuel levels could be mitigated
through technological advances in the provision of feedstocks. This report exam-
ines the market and environmental impacts of meeting reference biofuel targets
with increased corn productivity (chapters 4 and 7), and with both increased corn
and cellulosic productivity (chapter 5). Increased productivity—greater yield per
unit of inputs applied—can improve several indicators.

Table 9.1 summarizes research outcomes from this report. Biofuel produc-
tion is fixed at the “reference” level, so all environment impacts stemming
from research and development (R&D) are due solely to market responses
and shifts in use among resources. For some indicators, the expected general
direction of the R&D impact—an increase denoted by T or decrease denoted
by I—is suggested by basic economic principles. Due to complex interac-
tions, other impacts can be assessed only through specific assumptions about
parameter values or through empirical analysis. The “$” arrow denotes

that the direction of the expected change in the indicator depends upon the
assumptions used in the model, and thus suggests that more research is
needed to determine the general direction of the change.

Each numbered row in table 9.1 refers to an outcome of an R&D focus (e.g.,
increased productivity of energy crops), holding all other research outcomes
constant. The first column identifies the research focus and the second
column provides a brief explanation of the general economic impact(s). The
3 and 4™ columns denote the general change in price per unit and in total
quantity (output) of the targeted feedstock (e.g., energy crops, forest residues,
or feedstocks generally in the case of conversion efficiency). Columns 5 and
6 address the change in national acreage of the commodity targeted for R&D
and in total acreage of all feedstock commodities. The last four columns

are changes in four key environmental indicators: greenhouse gas (GHG)
emissions, nitrogen use, pesticide use, and soil erosion. Uncertainty in the
direction of change is more frequent for these indicators because many inter-
actions come into play.

The outcomes in table 9.1 would change if biofuel production levels were
determined by the market (and not fixed by policy targets) . For example,
if the level of biofuel production was market determined, increasing corn
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productivity (holding everything else constant) would likely increase the
amount of land planted to corn destined for biofuels, the opposite outcome
from that indicated in the table. This could occur if biofuel producers
increase output in response to productivity-induced reductions in corn prices.

Increasing Efficiency in the Provision
of First-Generation Feedstocks

Given current technologies, corn is the dominant ethanol feedstock in the
U.S., and will remain so for some time. Research to increase corn produc-
tivity (table 9.1, row 1) benefits all consumers (lower price) and producers
of corn. Higher corn productivity (that is, yield for a given amount of
inputs) reduces pressure on land use, enabling lower GHG emissions and
improvements in other sustainability indicators. On the other hand, simply
increasing corn yields by increasing the application of inputs could have
the opposite effect.

The analysis in this report assumes that yield increases are attained through
R&D-driven increases in productivity. In the high corn productivity
scenario, production of corn ethanol increases 3 billion gallons/year rela-
tive to the baseline, but without commensurate increases in GHG emis-
sions. For example, CO, emissions are just 0.25 MMT higher than in the
baseline, and 7.7 MMT lower than in the reference case, where the ethanol
increase is achieved under baseline productivity growth. Thus, research
aimed at achieving increases in corn productivity—and crop productivity
generally—that are not tied to the additional use of fossil fuel inputs may
simultaneously enhance food/energy security and lower GHG emissions. Of
course, opportunity costs are associated with resources devoted to any area
of research. For example, additional research funding for first-generation
biofuels could compete with funding for second-generation biofuels (with
potentially lower GHG emissions).

Toward A Portfolio of Feedstocks

Rows 2-4 in table 9.1 cover new technologies to support advanced biofuels:
energy crops, crop residues, and nonagricultural feedstocks. In general, one
might expect that a broader portfolio of feedstocks would relieve pressure on
land use and result in improvements in GHG and sustainability indicators.
However, many complex interactions are at play, and empirical studies are
needed to sort out the impacts. For instance, the effects of more productive
energy crops (row 2) on total land use depend on the required agronomic
conditions for the crops. Energy crops under development (switchgrass,
short-rotation woody crops) will compete more with pasture than cropland.
While not analyzed explicitly in this report, a larger portfolio of feedstocks
will mitigate the effects of weather or crop diseases/pests through diversifica-
tion of sources and extending feedstocks geographically.

More research is needed on the GHG and sustainability impacts of increasing
the share of residues recovered as inputs into biofuel production. For
example, how much residue can be recovered before soil erosion increases?
Row 3 presumes that research leads to an increased share of residues that are
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Table 9.1

Research outcomes and effects on commodities that serve as feedstocks for biofuels,

with each row isolating one change
(outcomes are relative to the “reference scenarios” for first-generation and advanced biofuel production targets)’

Market for GHG- Other sustainability
targeted Land use emis- indicators
feedstock sions? (national level)
Research & Explanation of general economic impact Price | Quan- | Tar- All Nitro- | Pesti- Soil
development tity geted | feed- gen cide Ero-
investment focus feed- | stock use use sion
stock
1) Increase Higher yield per acre due to more efficient use
productivity of a of inputs (e.g., fertilizer) decreases total acres
conventional crop | needed to meet biofuel demand. More supply . 1 . " . " . .
(e.g., corn)345 (but from less acres) results in lower overall
market price. Less acres in all feedstocks
are needed to achieve biofuel production
targets. Decreased environmental impacts as
less land, fertilizer, and pesticide inputs are
needed to achieve biofuel targets.
2) Increase As in row (1), higher yield per acre
productivity of decreases total acres needed to meet bio-
an energy crop fuel demand. Energy crops under devel- . 1 . " ¢ ¢ ¢ ¢
(e.g., switchgrass, | opment compete more with pasture than
woody crops, cropland, making impacts on the environ-
conventional- mental variables sensitive to modeling
sourced wood)® assumptions.
3) Increase share | Ability to use the residue coproduct in the pro-
of residues sus- duction of a marketable starch crop results in . 1 1 " 16 " " .
tainably recovered | more planted acres in the targeted crop than
in the reference scenario.
4) Develop New sources, e.g., byproducts such as
nonagricultural forestry residues and municipal solid waste 27 1 N.AS . N . N 9
sources of feed- (MSW). Their value increases due to the o
stocks new use being found for them.
5) Increase co- Refiner will pay higher price for feedstock
product values at | given that the total return from biofuels and
refinery the coproduct is higher, leading to greater 2 1 ? ¢ ¢ ¢ ¢ ¢
production of the feedstock. Acreage in other
feedstocks may decrease by a proportion-
ally smaller amount than the increase in the
targeted feedstock.
6) Increase The effect of decreasing the costs of handling
logistics (e.g., feedstocks from the farm gate to the biofuel
transportation and | processor is similar to increasing supply of the 410 1 ? " ¢ ¢ ¢ ¢
storage) efficiency | targeted feedstock.
7) Increase con- Less feedstock required to meet biofuel . . . . . . . .
version efficiency | mandate.

Note: The “l” arrows means a decrease in the expected level of the indicator and “1” means an increase; “C” denotes that direction of the
expected change in the indicator depends upon the assumptions used in the model, and that research is needed to determine even the general

direction of change.

The “reference scenario” represents the biofuel targets of 16 billion gallons of conventional biofuels in 2016 and, for 2022, the same conven-
tional targets plus 20 billion gallons of advanced biofuels (see chapter 4).

2Change in GHG emissions that occur before the farmgate as well as emissions related to domestic land-use change.
SIncreased productivity means greater yield per unit of inputs applied.

4The arrows in this row summarize the empirical results for the higher corn productivity scenario in chapters 5 and 7.
5The analysis in the row assumes a constant level of input use.
6Assuming that the residues are sustainably recovered.

"Many nonagricultural resources, such as logging residues, have low acquisition costs (i.e., stumpage prices). These prices are likely to increase
as uses and markets develop. The price increase could be in the form of a decrease in the fees charged for removing MSW from a site.
8This row assumes that the feedstocks in question are byproducts incidental to the production of a primary marketed good, and that no
additional primary product is being developed.
9Sustainability criteria are likely to improve if these non-ag sources displace biomass grown on cropland. Increased use of some non-ag
resources could worsen sustainability criteria (e.g., increased sedimentation from the removal of logging residues).
10Delivered cost of the feedstock for the biofuel processor decreases, even if the price at the farm gate increases.
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sustainably recovered, hence producing benefits in all the sustainability indi-
cators in the table.

The movement of indicators related to the development of nonagricultural
feedstocks (row 4) like solid waste or forest resideues can be predicted from
general economic principles. (The feedstocks are assumed to be byproducts
of a primary marketed good, with no additional production taking place.)
Sustainability indicators are likely to improve if these nonagricultural sources
displace biomass grown on cropland. However, increased use of some nonag-
ricultural resources could worsen sustainability criteria (e.g., increased sedi-
mentation from the removal of logging residues).

Biofuels processing can yield marketable coproducts like dried distillers’
grains. Research that leads to an increase in coproduct values (row 5) will
enable the refiner to pay more for feedstocks if the total return from biofuels
and coproducts is raised by productivity gains in the latter. This can lead to
greater production of the feedstock, though the net impact on the environ-
ment depends on how land is allocated among other feedstocks.

Feedstocks for biofuels are often bulky, and many nascent feedstocks lack
an established distribution chain. Therefore, research to ease production
logistics—reducing the cost of feedstock transportation and storage (row
6)—can have the same effect as increasing supply of the targeted feedstock.
Lower delivered cost of any feedstock to the biofuel processor will tend to
increase acreage devoted to it, and thus decrease land in other feedstocks.
Environmental impacts will depend on which feedstock benefits from the
logistics research.

This analysis stops at the farmgate or forest roadside in order to focus on
feedstocks. However, investments further down the production chain cycle
back to feedstock markets. For example, more efficient conversion of feed-
stocks to biofuel (row 7) reduces the feedstock requirements to produce a
given quantity of biofuels. In such a case, all the indicators in table 9.1 are
likely to decrease. Similar to the case with higher feedstock productivity, the
findings are sensitive to the assumption of constant biofuel quantities.

Implications For Research Investments

The research implications address only the needs identified through the
report’s economic analysis and do not account for the scientific uncertain-
ties or costs of the research. This report is intended to help the Federal
Government prioritize research setting in conjunction with scientific
experts. Decisions about research funding are occurring in an era of scarce
resources and potential policy tradeoffs. For example, expanding research
on corn yields could limit research to develop feedstocks for second-
generation biofuels.

Additional research would help improve our understanding of biofuel
markets in a number of areas: fundamental research, appropriate experi-
ments, targeted monitoring, more comprehensive data, production and envi-
ronmental modeling that is better integrated, improved analysis tools, and
enhanced economic and lifecycle analysis. Experiments are needed to under-
stand and quantify underlying ecological, physical, and chemical processes
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in order to provide sustainable management systems. Targeted monitoring
and analysis can help to more efficiently identify trends in environmental,
economic, and social variables. More targeted research is critical to devel-
oping comprehensive datasets, reliable models, and robust predictions, esti-
mates, and tools.

The Federal Government, universities, and the private sector have already
invested billions of dollars in research to improve feedstock productivity and
improve the conversion of feedstocks. Reflecting the diverse geography of
potential feedstocks, research projects span the United States and encompass
a large variety of feedstock sources. The Department of Energy supports
multiple projects to investigate alternative conversion technologies with a
wide variety of feedstocks, at various scales to spur financial interest. The
Department of Agriculture supports an array of activities related to biofuel
feedstocks, including the development of new bioenergy crop varieties and
hybrids in conjunction with systems to increase energy yields per acre, maxi-
mize net energy efficiency, and minimize greenhouse gas emissions. The
National Science Foundation has an extensive plant genomics program, with
implications for feedstock improvement. Chapter 2 provides additional infor-
mation on current research priorities.

Environmental Effects

Biofuels offer the opportunity to replace fossil fuels, which increase GHG
emissions, with fuels that reduce GHG emissions or are at least neutral in
GHG emissions. In reality, the GHG footprints of biofuels and their associ-
ated production processes are complex. Models might be enhanced to better
address GHG emissions by:

* More accurately determining nitrogen emissions from cropland soils;

* Exploring the extent to which GHG emissions can be reduced if biorefin-
eries and/or power plants are powered by biomass;

* Developing probability distributions of GHG emissions.

The environmental impacts of biofuel production are wide ranging and
likely to change as the scale of the industry increases. Information about
the sustainability of much higher domestic production of biofuels can help
guide Federal and local policies concerning energy, the environment, and
agriculture. Further research in assessing environmental impacts of biofuels
production might:

* Quantify appropriate levels of sustainable residue removal at a regional
and county level.

* Assess energy crop productivity in commercial-scale plantings and at
many more locations in order to validate modeled yield assumptions.

* Model changes in nutrient and chemical runoff beyond the farm and their
impacts on the ecosystem.
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Forestry

Contributions from forestland are assumed to provide sufficient feedstock
to produce 4 billion gallons per year of second-generation and other renew-
able fuels. However, much research is still needed in modeling both the
economics and sustainability criteria of the forestry sector. Capturing the
potential of forest biomass resources will not happen without addressing
some major challenges such as reliability and sustainability of feedstock
supply, land-use change and competition, and logistics of growing, recov-
ering, and transporting feedstocks.

Critical areas of research include developing production systems for forest
feedstocks and residues (variously from thinning treatments, production
forests, and short-rotation woody cropping systems) so that bioenergy can
be integrated into everyday management. This work includes silviculture,
genetics, genomics, soil, and forest operations research. Further research in
assessing sustainability encompasses designed experiments, analysis, and
modeling, and includes:

* Developing and testing forestry best-management practices integrating
expanded biomass removal;

* Developing new varieties of woody crops that are fast-growing, disease-
and pest-resistant, and water- and nutrient-use efficient;

* Improving harvest and transportation systems for forest biomass;

* Refining cost and equipment information for field processing to improve
efficiency and mitigate impacts;

* Quantifying sustainability criteria for forest bioenergy feedstocks.
Economic Modeling and Data

The modeling framework in this report analyzes both economic and environ-
mental impacts of meeting the reference scenario for conventional biofuels
(chapter 5). For example, it shows how the markets for field crops other than
corn respond to meeting increased demand for conventional biofuels, and
measures changes in some key environmental indicators. The modeling also
provides a first cut at assessing the potential cellulosic feedstock contribution
from croplands and forestlands (chapter 6). However, while the empirical
models used have accounted for a wide range of interactions between key
variables, they are still limited in scope. For example, research is needed to:

* Model relationships across sectors, in particular the agricultural and energy
sectors. To more fully account for how biofuel policies affect social
welfare, impacts of policy changes need to be assessed in both sectors.

* Model links between countries to capture trade-related impacts of
meeting biofuel demand. The current models assume no international
responses to domestic policy changes. Other models have this ability but
lack the ability to anlyze regional and environmental issues. A protocol to
integrate models is needed.
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* Integrate models to allow for competition between land uses. The current
assessment of feedstock potential from cropland, forestland, and exports
was done independently for each of these categories.

* Incorporate uncertainty about factors that influence planting decisions
and the markets for agricultural commodities. For example, weather and
pest conditions are assumed to be average for the growing season, but in
fact their variability affects planting decisions.

* Incorporate into the models a full set of second-generation and other
renewable fuels that can be evaluated under differing biofuel feedstock
scenarios.

» Evaluate the impacts of meeting biofuel production targets over time.
The current models are static, and cannot address how changes in one
period may affect the next.

As demonstrated in this report, a variety of economic tools are available to
analyze problems that vary in scale and scope depending on the main analyt-
ical focus. However, significant gaps exist in our knowledge base, especially
when it comes to the analysis of advanced feedstocks, of the economic and
environmental interactions between conventional and advanced feedstocks,
and of the relationship between agricultural and energy markets. The end
goal is not necessarily to achieve one “super-model,” but ultimately, a set of
tools that provide a full economic and environmental analysis of alternative
paths to meeting future biofuel demand.
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