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Balancing energy, conservation, and soil
health requirements for plant biomass

D.L. Karlen, L.W. Beeler, R.G. Ong, and B.E. Dale

The global importance of plant biomass
for mitigating water and wind erosion,
sustaining soil organic carbon (SOC),
and providing animal feed and bedding is
well recognized, but those needs are no
longer the only factors influencing crop
residue management decisions. As fossil
energy sources diminish, the need for cellu-
losic derived liquid fuels is going to increase.
Supplying bio-based fuels while simultane-
ously meeting food, feed, and fiber demands
of more than nine billion people will
require tremendous grain and biomass yield
increases, as well as innovative crop residue
management strategies for efficient agri-
cultural operations. Our goal is to examine
the challenges farmers, conservationists, and
land managers face as they strive to manage
crop residues without degrading soil health.
Harvesting a portion of our nation’s crop
residues, such as corn (Zea mays L.) stover,
to simultaneously provide liquid fuels and
enhance agricultural operations will occur,
provided it is done in a manner that sustains
critical ecosystem and soil health services
within the landscape. Harvest rates must be
site-specific at subfield scales (Bonner et al.
2014a, 2014b) to ensure a sufficient amount
of plant biomass remains at every harvest
location to protect the soil surface from
wind and water erosion and to sustain SOC
throughout the profile. Protecting these soil
health and ecosystem services before har-
vesting crop residue for any use is essential
because SOC influences numerous chemical
processes, including nutrient cycling, reten-
tion, and release to plants; physical properties,
such as aggregate stability, surface crusting,
water infiltration, and retention (Johnson
et al. 2010; Wilhelm et al. 2007, 2010); and
biological properties and processes, such as
fungal:bacterial ratios (Lehman et al. 2014),
soil enzyme levels (Stott et al. 2010), and
resiliency (Lehman et al. 2015).
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Why Are Cellulosic Biofuels Crucial?
To understand why development of cel-
lulosic bioenergy is crucial, it is important
to recognize that “energy” is defined as the
ability to do work, while “power” refers to
the rate at which work is done and reflects
consumption of all forms of energy and not
just electricity. Furthermore, the rate of work
or power consumed per capita is also directly
proportional to the rate at which wealth,
defined as the
(GDP), increases (figure 1). The positive cor-
relation between energy consumption and
wealth production should not be surprising
because the faster that work is accomplished
(i.e., as power consumption increases), the
more wealth is produced. Since the Industrial
Revolution, humankind has accumulated
wealth by using fossil fuels to provide the
energy required for machines to do work.
Based on 2011 power use (17.7 TW),
global per capita consumption averaged 2.5
kW (US EIA 2015), but at least 4 kW per
capita is required for a more desirable quality
of life (Dale and Ong 2014). Furthermore,
a global average value of 2.5 kW per capita
means that the great majority of the world’s
people subsist on significantly less than 4 kW
per capita. They need much more power
than they currently enjoy, but where will
this power come from? Currently, approx-
imately 85% of the worlds energy comes
from fossil fuel reserves (BP 2014), but those
resources are being rapidly depleted as they
are mined or extracted from the earth.When
those mines and wells are depleted, wealth
or per capita GDP will also disappear unless
viable alternatives such as cellulosic biofuels

Gross Domestic  Product

are developed. We recognize there is tre-
mendous uncertainty regarding long-term
availability of fossil fuels, but current low
oil prices are not likely to be with us very
long. Short-term factors affecting current oil
prices include (1) a very strong US dollar,
(2) lingering worldwide economic weakness

that is undermining the demand for oil, and
(3) a willingness of Saudi Arabia, in particu-
lar, to use its domestic “savings account” to
tide it over a temporary period of oil over-
supply without reducing oil production. We
emphasize the finite reality of fossil fuels
because every individual oil field and all col-
lections of oil fields on the planet exhibit
the same peaking behavior (Aleklett et al.
2010): oil extraction rates rise, reach a peak,
and then decline. Figure 2 highlights this
behavior for the iconic oil state, Texas, and
for the Alaskan North Slope. Oil extraction
in Texas has declined by over 70% from its
peak in the early 1970s, while oil extraction
in Alaska is down about 65% from its peak in
1988. While oil production rates have been
increasing recently in the Dakotas and Texas
(figure 2), this is due to a spike in the produc-
tion of shale oil, which is expected to follow
the same trend, reaching peak production
and then declining over time.

Peak coal and peak natural gas are yet to
arrive, but they will come simply because
these resources are not renewable. We are
using them very rapidly, and nature is not
replacing them. Peaking and the subsequent
decline in extraction rates of nonrenewable
resources is not a matter of politics, econom-
ics, or philosophys; it is a matter of physics and
geology. Thus, even if fossil fuel extraction
and consumption did not have increasingly
severe environmental consequences,
would still need to be actively transitioning
to renewable energy sources. As supplies of
fossil fuels tighten and prices rise, billions of
people on the planet will increasingly find
themselves unable to access enough energy
to ever obtain prosperity. They will be
priced out of energy markets. Based simply
on human energy needs and the reality that
fossil fuel reserves are diminishing, we argue

we
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Figure 1
Global power consumption versus per capita Gross Domestic Product (GDP) (reproduced with
permission from Dale and Ong [2014]).
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Figure 2

Yearly oil extraction rates in Texas, Alaska, the Dakotas, and Montana. Crude oil production data
were compiled from US Energy Information Administration (EIA) (2014a) and the Railroad Com-
mission of Texas (2014). Shale oil production data were compiled for the Eagle Ford and Barnett
(Texas) and Bakken/Three Forks (North Dakota, Montana, and South Dakota) from reports by US
EIA (2014b).
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that aggressively developing sustainable, eco-
nomic technologies to produce liquid fuels
from plant biomass is no longer optional—it
is mandatory.

Can’t We Simply Increase Our Energy
Efficiency?

Energy efficiency is often presented as an
alternative to investing in biofuels. Increasing
energy use efficiency is critically important,
but it will only buy us more time to make
the transition to renewable energy sources.
Efficiency will also enable us to make bet-
ter use of energy derived from more limited
renewable resources. However, making more
efficient use of nonrenewable resources
means that it will only take longer to reach
the “bottom of the barrel”” Therefore, in
their recent assessment regarding which
renewable energy systems should be devel-
oped, Dale and Ong (2014) concluded that
to answer that question, we must first realize
that it is not “energy” we want, but the ser-
vices that energy provides. Critical services
include work, heat, cooling, illumination,
and mobility. The first four of these services
can be provided by renewable electricity
derived from a variety of sources (e.g., solar,
wind, hydro, tidal, geothermal, biomass, etc.).
However, our options for obtaining energy
for transportation are much more limited.
Renewable electricity at best can currently
provide only about half of the mobility ser-
vices—mostly for personal and light duty
transport vehicles (Dale and Ong 2014). Also,
the current US infrastructure simply cannot
support 100% conversion of passenger vehi-
cles to electric power.

Furthermore, electricity cannot support
the vehicles upon which most commerce
depends. This includes all aviation, ocean
shipping, and unless there are significant
changes to the existing electrical systems
and infrastructure, it includes most vehicles
used for land freight (i.e., heavy truck and rail
transport). Commerce is almost completely
dependent on high-energy density liquid
fuels. Similarly, the ability to perform work
from mobile platforms (i.e.,drills, plows, grain
combines, and road construction equipment)
is critical and depends overwhelmingly
on liquid fuels. Currently, liquid fuels are
derived almost entirely from petroleum, and
thus, human wealth and many opportunities
for development are solely dependent upon
fossil fuels. As Dale and Ong (2014) con-
cluded, the critical point is that large scale,

JOURNAL OF SOIL AND WATER CONSERVATION

-6/2:(S)0/ UOITeAISSUOD JoTe\ PUB |10S JO [eudnor

182
PoAESI SIUB1 I Al 100S UOTTeASSUOD JOTEM PUE [10S GTOZ ® ubLiAdoD

610°SONMS’ MMM


http://www.swcs.org

renewable energy systems are no longer just
a“good idea;” they are essential. If we do not
implement these systems now, we can count
on being poorer, perhaps much poorer, in the
future. Over the next few decades, we must
develop renewable energy systems at the
multi-terawatt scale.

Midwestern Biomass: A Logical First Step
The midwestern United States is a highly
productive region, with a temperate, subhu-
mid climate. Average annual rainfall varies
from about 1,000 mm (39.3 in) in the east-
ern and southern states (Ohio, Indiana, and
Missouri) to just under 700 mm (27.5 in) in
the northwest (Minnesota). Annual aver-
age temperatures exhibit a similar gradient
ranging from 10.4°C, 13.7°C, and 12.4°C
(50.7°FE 56.6°E and 54.3°F) in Ohio,
Indiana, and Missouri, respectively, to 6.3°C
(43.3°F) in Michigan and 5.1°C (41°F) in
Minnesota (Karlen et al. 2010).

A 2010 Soil and Water Conservation
Society workshop identified four important
midwestern characteristics with regard to
producing biomass feedstock for advanced
biofuels (Braun et al. 2011). They were (1) the
dominance of corn and soybean (Glycine max
L. Merr.) because of favorable soil resources,
climate, and infrastructure; (2) recognition
that although production of those crops has
been successful, ecosystem services have been
disrupted; (3) a growing demand for cellulosic
feedstock for biofuel and other bio-products;
and (4) increasing opportunities to diversify
cropping systems to not only improve food,
feed, and fuel productivity, but also to protect
and/or restore ecosystem services.

Brick (2011) also identified several
opportunities and challenges for increas-
ing midwestern renewable energy by using
biomass residuals (wastes). He made the fol-
lowing conclusions: (1) about 17% of the
region’s gasoline or 14% of the region’s elec-
tricity could be obtained from ecologically
sustainable biomass residuals; (2) technologies
exist for managing animal manure to produce
bioenergy; and (3) using a landscape-based
framework would help quantify agricultural,
energy,and environmental trade-offs inherent
in bioenergy systems. However, trade-offs are
not an inevitable feature of bioenergy sys-
tems. As described in more detail below, Dale
and coworkers pointed out (2010) that there
are “win-win” opportunities in utilizing crop
residues for biofuels that can simultaneously
improve SOC, produce large volumes of bio-
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fuels, reduce greenhouse gases (GHG), and
maintain or increase animal feed resources.

Without question, the United States
Midwest is well-positioned to produce cellu-
losic-based liquid fuels from many agricultural
residuals, but in the near-future, the primary
resource will undoubtedly be corn stover
(US DOE 2011; Karlen et al. 2014). Simply
stated, the vast area upon which corn is grown
was the major reason the US Environmental
Protection Agency (EPA) concluded corn
stover was “‘the most economical agricultural
feedstock...to meet the 16 billion gallon cel-
lulosic biofuel requirement” associated with
Renewable Fuel Standard Two (Schroeder
2011). From a producer’s perspective, another
reason for harvesting a sustainable portion of
the corn stover is that as grain yields increase,
crop residue management challenges and costs
increase. This was documented by Plastina
(2015) who showed that increasing tillage
intensity to manage corn stover can increase
annual production costs by US$45 to US$65
ha™ (US$20 to US$30 ac™).

Farm Service Agency and Natural
Resources Conservation Service Incentives
Supporting Biomass Production
The United States Midwest is ecologically
well-suited for producing a wide variety of
biomass crops (Braun et al. 2011), but devel-
opment of economically viable and socially
acceptable industries for establishing, cul-
tivating, harvesting, and using biomass for
heat, power, biofuel, or bio-based prod-
ucts has been slow. For more than 30 years,
and despite diminishing fossil fuel reserves,
producing and using biomass was a classic
“chicken or egg” challenge (USDA FSA
2011). With the exception of research and
engineering activities leading to the 2014
launch of corn stover conversion facilities,
there was no investment incentive to develop
commercial-scale biomass facilities because
there was no readily available energy crop
supply. On the other hand, farmers had no
reason to invest in producing energy crops
for which there was no viable market. Finally,
to reduce US reliance on foreign oil, improve
domestic energy security, reduce carbon (C)
pollution, and spur rural economic develop-
ment and job creation, the USDA established
the Biomass Crop Assistance Program
(BCAP) as part of the 2008 Farm Bill.

The BCAP was reauthorized by the 2014
Farm Bill with an annual mandatory fund-
ing level of US$25 million for establishment,

maintenance, and retrieval payments (USDA
FSA 2014). Implementation is dynamic, and
for Fiscal Year 2014, no funds were allocated
for establishment or expansion that was not
previously authorized. When fully funded,
BCAP provides incentives to farmers, ranch-
ers, and forest landowners to work with
bioenergy facilities to establish, cultivate,
and harvest biomass. If a proposed project
area is chosen, producers can be reimbursed
for up to 50% of the cost for establishing a
perennial bioenergy crop. Producers can also
receive up to five years of annual payments
for herbaceous (nonwoody) crops, or up
to 15 years of annual payments for woody
crops. Matching retrieval payments for miti-
gating the cost of harvesting and transporting
agricultural or forest residues that are not
otherwise economically retrievable to end-
use facilities are also available. BCAP eligible
biomass materials currently include agricul-
tural or crop residues (including herbaceous
residues remaining in the field after harvest
of conventional crops); woody agricultural
residues, such as orchard waste that does not
have an existing market; and woody forest
residues removed directly from public forest
land as byproducts of preventative treatments
for reducing the threat of forest fires, disease,
or insect infestation. These materials can only
be removed from land with an approved con-
servation, forest stewardship, or equivalent
plan (USDA FSA 2014). For the most cur-
rent information on BCAP, readers should
access the USDA Forest Service Agency’s
(FSA) BCAP website at http://www.fsa.
usda.gov/bcap or visit their local FSA office.

The  USDA  Natural  Resources
Conservation Service (NRCS) Conservation
Stewardship Program (CSP) and its enhance-
ments, as well as the Environmental Quality
Incentive Program (EQIP) are two other
programs developed to support an overall
federal biomass production program. Brief
summaries of these programs as related to
biomass production are presented in tables
1 and 2.

A unique aspect of the CSP is that finan-
cial assistance can be provided for existing
environmental performance and additional
Most  other
USDA programs provide assistance only for the
application of new practices. However, as noted
for the FSA-BCAP program, these NRCS
programs are also dynamic. For example, at the
national scale, CSP has at least 75 enhance-
ments that are available to producers who have

environmental enhancements.
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various resource concerns. Table 1 includes
three enhancements that are applicable to bio-
mass production. Two of them (SQL09 and
ANM23) have a direct effect, while SQL12
has an indirect effect on biomass production
incentives and benefits. Enhancements that
have a direct effect have a specific influence on
either the production practices or the biomass
crop itself, while any enhancement that has an
indirect relationship would affect biomass pro-
ducers by influencing other natural resource
concerns related to harvesting the biomass crop
(e.g., corn stover harvest effects on wind and/
or water erosion). Attention must be paid to
the enhancement details. For example, SQL09
may or may not be compatible with the needs
of industries seeking to develop reliable and
sustainable biomass supplies because of biomass
harvest restrictions during wildlife nesting
periods. Again, as noted for BCAP, readers are
advised to contact their local NRCS office to
obtain current information regarding either

CSP or EQIP.

Production, Soil Health, and Water Quality
Issues Affecting Biomass Supplies

To support development of econom-
ically, environmentally, and  socially
acceptable biomass conversion industries,
such as POET-DSM’ “Project Liberty”
(figure 3), rigorous soil and water conser-
vation-oriented research needs to focus on
multiple, interconnected goals including
(1) providing producers with information
needed to make appropriate crop residue
harvest decisions; (2) evaluating long-term,
site-specific soil health impacts of crop res-
idue; (3) quantifying how biomass harvest
affects water quality on tile-drained land-
scapes; (4) confirming the effectiveness of
NRCS and FSA biomass support policies; (5)
improving logistics associated with biomass
harvest, storage, and transport; and (6) docu-
menting that meeting society’s food and fuel
needs are compatible. Recent multilocation,
multi-agency, and private sector investments
through the Sun Grant Regional Partnership
(Karlen and Johnson 2014) provide an
example of how these seemingly complex
issues can be addressed in a coordinated
manner. The Corn Stover Team included
the Agricultural Research Service (ARS)
Resilient Economic Agricultural Practices
(REAP) team, university faculty associated
with the Sun Grant Association, and US
Department of Energy (DOE) scientists and
engineers. Collectively, research sites located
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in seven states from South Dakota to South
Carolina provided 239 site-years of data with
corn grain yields ranging from 5.0 to 14.3
Mg ha' (80 to 227 bu ac™') and averaging
9.8, 10.1, and 10.1 Mg ha™ (156, 160, and
160 bu ac™) for the no, moderate, and high
stover harvest rates (0, 3.9, and 7.2 Mg ha™'
[0, 1.7 and 3.2 tn ac™']), respectively (Karlen
et al. 2014). The study also showed that com-
pared to harvesting only corn grain, stover
harvest increased nitrogen (N), phosphorus
(P), and potassium (K) removal by at least
16, 2,and 18 kg Mg (16,2, and 18 1b tn™")
of harvested stover. This increased nutri-
ent removal may or may not aftect fertilizer
requirements depending on the current soil
fertility status and long-term management
history, but it does emphasize the impor-
tance of routine soil testing and monitoring
of plant nutrient status to ensure crop pro-
ductivity is not being impaired by the more
intensive land use associated with both grain
and stover harvest. The team also concluded
that stover harvest decisions must be site-spe-
cific or even subfield specific (Bonner et al.
2014a, 2014b) to minimize residue manage-
ment problems when yields are high and to
encourage producers to adopt less aggressive
or even no-tillage practices.

With regard to soil health, the study
showed that if average grain yields were less
than 11 Mg ha™ (175 bu ac™), 10 years of
continuous stover harvest, even with no-till-
age practices, reduced particulate organic
matter (POM) C accumulation (Karlen and
Johnson 2014). Harvesting stover from areas
with low average corn grain yields also shifted
dry aggregate distributions toward smaller soil
aggregates, which are more vulnerable to the
erosive forces of wind and water.

Monitoring soil physical properties such as
crusting, compaction, and aggregation at stover
harvest sites is as important as measuring yield
response and nutrient removal because one of
the most frequently asked producer questions,
regardless of how the harvested corn stover will
be used (i.e., bioenergy, bioproducts, animal
feed, animal bedding, or mushroom compost),
is “how will it affect my soil health?” This is
important because excessive harvest of photo-
synthetic C and/or oxidation of SOC through
excessive tillage will inevitably deplete soil
organic matter (SOM) and result in soil deg-
radation (figure 4).

Another midwestern concern regarding
stover harvest is the potential for adverse
water quality effects. This reflects not only

an increased potential for impairment due
to greater runoff and soil erosion (Cruse and
Herndl 2009), but also due to the extensive
subsurface drainage network that has been
installed throughout the Midwest (Dinnes
et al. 2002). Installation of artificial drainage
began in the mid-1800s in the eastern portion
of the region and spread to the west during
the late 1800s. As subsurface tile installation
and digging of drainage ditches progressed,
the length, drainage density, and channel
frequency of intermittent streams in head-
water areas of watersheds increased (Zaimes
et al. 2006). Artificial drainage coupled with
increased availability of N fertilizers (Dinnes
et al. 2002) significantly increased produc-
tivity, but the overall impact on landscape
hydrology also included a decreased capacity
to store water and shorter water residence
times that subsequently increased stream
flow during peak rainfall events (Holden
et al. 2004). The increased stream flow also
translated into increased energy in the waters
that further eroded and transported sed-
iments, causing even greater stream bank
erosion and channel incision (Menzel 1983;
Schumm 1999; Zaimes et al. 20006).

Stover harvest does not necessarily mean
that runoff; soil erosion, or nutrient leaching
will have to increase. However, it will add
another level of complexity to the farming
operations and make it even more important
to combine two or more management prac-
tices to reduce nutrient loss to field drainage
(Dinnes et al. 2002). Use of cover crops,
buffer strips, routine soil testing and plant
analysis, and adopting subfield management
with a mixture of perennial- and row-crops
are among the NRCS and FSA recom-
mended practices that could be adopted to
prevent or mitigate water quality concerns
associated with harvesting biomass.

Harvest, storage, and transportation (HST)
logistics are still major challenges associ-
ated with biomass harvest because cellulosic
feedstocks are inherently bulky, unstable,
and difficult to transport. Fales et al. (2007)
stated that HST logistics can account for
40% to 60% of liquid biofuel production
costs. Similarly, Archer and Johnson (2012)
concluded that biomass producers could
profitably supply feedstocks only within a
32 km (20 mi) radius of the plant-gate. They
also concluded that biomass supplies would
increase significantly if prices were increased
from US$59 to US$84 Mg (US$53 to
US$76 tn™). One approach for reducing
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Table 1

Characteristics of the USDA Natural Resources Conservation Service (NRCS) Conservation Stewardship Program (CSP) and three of its enhance-
ments with regard to supporting plant biomass production.

Program

Purpose

How it functions

How it’s evaluated

CSP

To provide financial assistance to
farmers who maintain and improve
their existing conservation systems
and/or implement new conservation
activities that address priority
resource concerns.

Participants earn CSP payments
for conservation performance;
the higher the performance, the
higher the payment.

Environmental performance is measured
using the Conservation Measurement Tool
(CMT). The NRCS staff uses information
provided by producers to evaluate existing
practices and enhancements previously
implemented, as well as new enhancements
that are to be applied during a five-year
contract period. “Points” are assigned to
these activities so that the more points a
producer garners, the greater the payment.

CSP enhancements with direct effects

CSP-Soil Quality

Conversion of cropped land to

Participants convert cropped

This enhancement requires a mixture of

Enhancement grass-based agriculture. land to grass-based agriculture by perennial grasses and forbs suitable to the
Activity-SQLO9 establishing mixtures of perennial site, even though the mixture may not be
grasses, forbs, and legume species | compatible with the needs for fuel
on land where annually seeded production. Harvested fields must have and
cash crops have been grown in follow a plan to enhance wildlife, even
monocultures. Benefits include though this may require delaying biomass
reduced soil erosion, increased harvest or even leaving portions of fields
soil organic matter, potential unharvested during wildlife nesting seasons.
carbon (C) sequestration, and
improved water quality.
CSP-Animal Multispecies native perennials for This activity focuses on establishing | This enhancement requires a multispecies
Enhancement biomass and wildlife habitat. native perennial vegetation for mix of native perennials that is based on
Activity-ANM23 biomass production and wildlife suitability for the site and its benefits for

habitat on existing crop, pasture,
or rangeland area. Its benefits
include establishing multispecies,
native perennial vegetation that
can be managed for both biomass
and wildlife, thus providing both
natural resource and

financial benefits.

biomass and wildlife. Once again, the
mixture may not be compatible with
biorefinery needs for fuel production. The
fields must be managed for wildlife species
of conservation concern as identified by the
State and the State Wildlife Action Plans.
Participation also requires development of
management plans that addresses impacts
on wildlife.

A CSP enha

ncement with indirect effects

CSP-Soil Quality
Enhancement
Activity-SQL12

Intensive cover-cropping within
annual crops.

To grow and manage seasonal
cover crops of grasses, legumes,
or forbs to maintain soil cover and
other conservation benefits during
all noncrop production periods in
an annual crop rotation. The
primary benefit is a reduction in
wind and water erosion.

When managed appropriately, cover crops
can restore and maintain soil productivity
and soil quality by increasing organic
matter; relieving compaction; improving soil
tilth and fertility; fixing nitrogen (N;
legumes), recycling nutrients in the soil
profile; breaking pest cycles; and providing
a habitat for soil biota, such as beneficial
bacteria, mycorrhizal fungi, and earthworms
(Singer et al. 2005). Adopting this enhance-
ment will replace biomass harvested for
energy production and thus provide multiple
soil health benefits.
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Table 2

Characteristics of the USDA Natural Resources Conservation Service (NRCS) Environmental Quality Incentives Program (EQIP) with regard to sup-

porting plant biomass production.

Program Purpose How it functions How it’s evaluated
EQIP To provide financial and technical EQIP financial assistance is The conservation crop rotation practice
assistance to agricultural producers to available to biomass producers for | requires incorporating two years of a high
address natural resource concerns and (1) forage and biomass planting residue perennial crop into an existing
deliver environmental benefits such as and (2) conservation crop rotation rotation that does not include perennials.
improved water and air quality, conserved | components. The former focuses This may have limited applicability for some
ground and surface water, reduced soil on establishing a new stand or biomass producers because of the rotation
erosion and sedimentation, or improved renovating a poor stand to requirement with row crops, but by developing
or created wildlife habitat. introduced grass, native species or | new harvest technologies for separating
grass with legumes and/or forbs to | leaf and stem components of alfalfa (USDA
extend the grazing season and ARS 2013) this could be a very successful
provide soil cover. Land areas and profitable management strategy.
established under this practice
may be harvested for biomass.
for soybean meal, and (2) using preprocessing
Figure 3 of cellulosic biomass to increase its value as a

POET-DSM cellulosic conversion and grain ethanol facility near Emmetsburg, lowa.

HST costs is to pursue development of
depot/elevator preprocessing strategies such
as the “Advanced Uniform” system (Hess et
al. 2011). An example of this is the ammonia
fiber expansion (AFEX, MBI International,
Lansing, Michigan) system. This system was
developed to process corn stover or switch-
grass (Panicum virgatum) into pellets that can
be managed as a commodity. The pellets have
a bulk density about nine times greater than
baled biomass, are stable for years, and can
be easily stored and shipped (Hoover et al.
2014). Techno-economic analysis indicates
that the AFEX system can be profitable in
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depots processing about 200 t (220 tn) of
biomass per day (Campbell et al. 2012). In
agriculturally intensive areas where crop
yields are at levels where residue manage-
ment is becoming a challenge, the analyses
indicate that a profitable AFEX depot would
require participation from less than 20% of
the farms within a 10 km (6.25 mi) radius.
Modeling the AFEX system enabled Dale
et al. (2010) to explore opportunities for
increasing the potential of US croplands to
provide biofuel feedstock by (1) double-crop-
ping to produce additional cellulosic biomass
and leaf protein concentrate as a substitute

ruminant animal feed and biofuel feedstock.
Their results showed that restructuring US
agriculture could result in more efficient
land use and large environmental services.
Without putting new land into production,
the model showed that it was possible to
produce animal feed that has a nutritional
value per hectare that is equivalent to what
is currently produced while either maxi-
mizing production of biofuel or reducing
GHG emissions. By optimizing land use for
multiple goals within agricultural water-
sheds (Eranki et al. 2013), a sixth concern
regarding biomass harvest—potential food
versus fuel competition—can be factually
dispelled (Rosillo-Calle and Johnson 2011).
Although many people believe that biofuel
production will inevitably conflict with
food production, the reality is that most of
the agricultural land in the United States is
used to provide animal feed, not crops for
direct human consumption. We believe the
same land use pattern exists among other
countries/regions with large land bases (i.c.,
Canada, Brazil, Argentina, Australia, and
the European Union). The answer is not
to abandon crop residue harvest, but rather
to utilize principles of soil and water con-
servation to design sustainable agricultural
landscapes that produce food/feed and fuel
from biomass while simultaneously restoring
or maintaining soil health, water quality, and
other ecosystem services.

By developing integrated biomass pro-
duction systems, we are confident that SOM
would increase, substantial net energy would
be produced, net human and animal nutri-
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Figure 4

matter leads to:

Increased compaction
and crusting

Reduced plant growth

Decreased yield

A conceptual model of soil degradation beginning with the loss of soil organic matter due to
excessive biomass harvest and/or tillage, erosion, grazing, or other poor management decision.

Decreased soil organic

Reduced soil productivity

Degraded structure and
aggregation

Increased water and
wind erosion

Impaired soil biology

tional requirements would be met, GHG
emissions would decline, and local communi-
ties would benefit socially and economically.
By developing a distributed depot processing
system (Hess et al. 2011), biofuel economics
would improve through economies of scale
and reduced transactional costs. Biomass
pellets could be used for either animal feed
(higher value) or fuel (lower value) with
diversification protecting against economic
shocks and fluctuating biomass yields due to
increasing climate variability. Water quality as
well as plant and animal biodiversity would
also improve by having more perennial grasses
on the landscape and increasing the use of
cover- and double-cropping practices on
current agronomic lands. Specific impacts on
local water supplies will require site-specific
evaluations that cannot be performed until
specific potential biomass production sites can
be identified.

We therefore suggest that those individuals
who are critical of the three new bioenergy
conversion facilities, the general concept of
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harvesting plant biomass, or the research and
development activities supporting a biomass
industry may have been asking the wrong
questions. Biomass production advocates are
not trying to impose a large, new demand for
biofuels on the existing agricultural system
without considering the real nature of that
system. Our current agricultural system was
designed to produce animal feeds. It does not
produce nearly as much food for direct human
consumption as it does feed for animals. It is
not surprising that confusion and apparent
conflict have arisen between “food versus
fuel” proponents. The fact is that humankind
needs both food/feed and fuel. Therefore,
global landscapes will likely be more pro-
ductive, and both producers and consumers
will have a lot more fun, if we collaborate
to improve land use by redesigning exist-
ing agricultural systems to produce essential
biofuel feedstocks as well as food, feed, and
fiber, while simultaneously protecting and/
or enhancing soil health and generating large
environmental and social benefits.

Research Needs for Sustainable Biomass
Supplies

To sustainably provide food/feed and fuel
from our soil and water resources, we have
identified several research needs including
the following: (1) developing effective and
efficient strategies for adopting no-tillage
practices and for incorporating cover crops
into corn stover harvest systems; (2) devel-
oping innovative harvest, densification, uses,
and site-specific placement guidelines for all
biomass crops; (3) improving yield potential
and Dbiofuel characteristics of herbaceous
and woody biomass cultivars; (4) quantify-
ing habitat impacts of various crop residue
harvest strategies; (5) quantifying runoff,
nutrient, and pesticide losses associated with
biomass harvest; and (6) developing manage-
ment options and practices that will enhance
the value of marginal lands.

The importance of developing improved
landscape strategies  has
increased exponentially since the beginning
of 2015. Concerned about high nitrate-ni-
trogen (NO,-N) concentrations in its
primary drinking water source, the Des
Moines Water Works (DWW) has filed suit
in federal court against supervisors in three
Iowa counties surrounding the POET-DSM
conversion facility (figure 3). The suit does
not implicate the bioenergy conversion facil-
ity or any of its stover collection practices,
but rather focuses on nutrient runoft from
farms and drainage districts within the three
counties. The allegation is that record levels
of NO,-N entering the Raccoon River are
creating an untenable hardship and will cost
DWW up to US$70 million to mitigate. By
aggressively pursuing the research objectives
outlined above, developing multipurpose
watersheds, and using subfield management
strategies and sustainable HST strategies as
discussed previously (Bonner et al. 2014a,b;
Eranki et al. 2013), we are confident that
farm families, biomass conversion facilities
and their supporting industries, as well as the
general public represented by the DWW can
all benefit. By identifying economically and
environmentally sensitive areas and replacing
current row crop production practices with

management

perennial grasses and cover crops, abundant
supplies of biomass from appropriate corn
stover harvest sites, perennial grasses, and
cover crops will be available to help meet
liquid fuel and other bio-product needs.

In summary, energy is essential for human
well-being and, therefore, renewable energy
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is essential for long-term human well-being.
Cellulosic derived biofuels are here to stay,and
the need for sustainable supplies of plant-de-
rived biomass is only going to increase.
Liquid fuels produced from plant material
are not optional—we must have them—but
they must be economically, environmentally,
and socially sustainable. The challenge that
we as soil and water conservationists face is
providing appropriate guidance so that this
new demand can be met without having
negative consequences on traditional ecosys-
tem services provided by plant biomass. In
fact, we have a historic opportunity to design
and implement “win-win” agricultural prac-
tices that simultaneously improve soil health,
reduce erosion, provide many ecosystem ser-
vices, and reduce GHG while also producing
large amounts of biofuels.

Disclaimer

AFEX is a registered trademark of MBI International,
Lansing, Michigan. Mention of trade names or commer-
cial products in this publication is solely for the purpose of
providing specific information and does not imply recom-

mendation or endorsement by the USDA.

Acknowledgements

Bruce Dale and Rebecca Ong gratefully acknowledge
support from the Great Lakes Bioenergy Research Center
(DOE BER Office of Science DE-FC02-07ER 64494), from
Michigan State University AgBioResearch, and the USDA

National Institute of Food and Agriculture.

References

Aleklett, K., M. Hook, K. Jakobsson, M. Lardelli, S.
Snowden, and B. Séderbergh. 2010. The peak of the
Oil Age: Analyzing the world oil production reference
scenario in World Energy Outlook 2008. Energy Policy
38:1398-1414.

Archer, D.W., and J.M.E Johnson. 2012. Evaluating local crop
residue biomass supply: Economic and environmental
impacts. BioEnergy Research 5:699-712.

Bonner, .., DJ. Muth Jr., ].B. Koch, and D.L. Karlen. 2014.
Modeled impacts of cover crops and vegetative barriers
on corn stover availability and soil quality. BioEnergy
Research 7:576-589.

Bonner, 1]., K.G. Cafferty, DJ. Muth, Jr., M.D. Tomer, D.E.
James, S.A. Porter,and D.L. Karlen. 2014b. Opportunities
for energy crop production based on subfield scale
distribution of profitability. Energies 7:6509-6526, doi:
10.33909/en7106509.

BP (British Petroleum). 2014. BP Statistical Review of
‘World Energy. www.bp.com/statisticalreview.

Braun, R., D.L. Karlen, and D. Johnson (eds.). 2011.
Sustainable Alternative Fuel Feedstock Opportunities,

Challenges and Roadmaps for Six US Regions.

SEPT/OCT 2015—VOL. 70, NO. 5

Proceedings of the Sustainable Feedstocks for Advanced
Biofuels Workshop, Sept. 28-30, 2010, Atlanta, GA.
www.swes.org/roadmap.

Brick, S. 2011. Harnessing the power of biomass residuals:
Opportunities and challenges for Midwestern renewable
energy. Chicago, IL: The Chicago Council on Global
Affairs.

Campbell, TJ., E Teymouri, B. Bals, J. Glassbrook, C.D.
Nielson, and J. Videto. 2012. A packed bed ammonia
fiber expansion reactor system for pretreatment of
agricultural residues at regional depots. Biofuels 4:23-34.

Cruse, R.M., and C.G. Herndl. 2009. Balancing corn stover
harvest for biofuels with soil and water conservation.
Journal of Soil and Water Conservation 64(4):286-291,
doi:10.2489/jswc.64.4.286.

Dale, B.E, B. Bals, P. Eranki, and S. Kim. 2010. Biofuels
done right: Land efficient animal feeds Enable large
environmental and energy benefits. Environmental
Science and Technology 44:8385-8389.

Dale, B.E., and R.G. Ong. 2014. Design, implementation,
and evaluation of sustainable bioenergy production
systems.  Biofuel, BioProducts
8:487-503.

Dinnes, D.L., D.L. Karlen, D.B. Jaynes, T.C. Kaspar, J.L.
Hatfield, T.S. Colvin, and C.A. Cambardella. 2002.

Nitrogen management strategies to reduce nitrate

and  Biorefining

leaching in tile-drained Midwestern soils. Agronomy
Journal 94:153-171.

Eranki, PL., D.H. Manowitz, L.D. Bals, R.C. Izaurralde, S.
Kim,and B.E.Dale.2013.The watershed-scale optimized
and rearranged landscape design (WORLD) model and
local biomass processing depots for sustainable biofuel
production: Integrated life cycle assessments. Biofuels,
Bioproducts and Biorefining 7:537-550.

Fales, S.L., W.W. Wilhelm, and J.R. Hess. 2007. Convergence
of agriculture and energy II: Producing cellulosic
biomass for biofuels. Ames, IA: Council for Agricultural
Science and Technology.

Hess, J.R., JJ. Jacobson, D.L. Karlen, DJ. Muth Jr., R.G.
Nelson, L.P. Ovard, E.M. Searcy, and T.H. Ullrich. 2011.
Agriculture and land use issues. In Food versus Fuel: An
informed introduction to biofuels, eds. E Rosillo-Calle
and EX. Johnson, 86-115. London: Zed Books Ltd.

Holden, J., PJ. Chapman, and J.C. Labadz. 2004. Artificial
drainage of peatlands: Hydrological and hydrochemical
process and wetland restoration. Progress in Physical
Geography 28:95-123.

Hoover, A.N., J.S. Tumuluru, E Teymouri, J. Moore, and
G. Gresham. 2014. Effect of pelleting process variables
on physical properties and sugar yields of ammonia
fiber expansion pretreated corn stover. Bioresource
Technology 164C:128-135.

Johnson, J.M.E, S.K. Papiernik, M.M. Mikha, K.A. Spokas,
M.D. Tomer, and S.L. Weyers. 2010. Soil Processes and
Residue Harvest Management. In Carbon Management,
Fuels, and Soil Quality, eds. R. Lal and B.A. Stewart,
1-44. New York: Taylor and Francis, LLC.

Johnson, J.M.E, J.M. Novak, G.E. Varvel, D.E. Stott, S.L.
Osborne, D.L. Karlen, J.A. Lamb, J.M. Baker, and PR.
Adler. 2014. Crop residue mass needed to maintain soil
organic carbon levels: Can it be determined? BioEnergy
Research 7:481-490.

Karlen, D.L., D.L. Dinnes, and J.W. Singer. 2010. Midwest
Soil and Water Conservation: Past, Present and Future.
In Soil and Water Conservation Advances in the US:
Past Efforts — Future Outlook, eds. T.M. Zobeck and
W.E Schillinger, 131-162. Madison: Soil Science Society
of America.

Karlen, D.L., and J.M.E Johnson. 2014. Crop residue
considerations for sustainable bioenergy feedstock
supplies. Executive Summary. Bioenergy Research
7:465-467.

Karlen, D.L., SJ. Birrell, J.M.E Johnson, S.L. Osborne, T.E.
Schumacher, G.E. Varvel, R.B. Ferguson, ].M. Novak,
J.R. Fredrick, J.M. Baker, JJA. Lamb, PR. Adler,
G.W. Roth, and E.D. Nafziger. 2014. Multilocation
corn stover harvest effects on crop yields and nutrient
removal. BioEnergy Research 7:528-539.

Lehman, R.M., T.E Ducey,V.L. Jin,V. Acosta-Martinez, C.M.
Ahlschwede, E.S. Jeske, R.A. Drijber, K.B. Cantrell,
J.R. Frederick, D.M. Fink, S.L. Osborne, ].M. Novak,
J.M.E Johnson, and G.E. Varvel. 2014. Soil microbial
community response to corn stover harvesting under
rain-fed, no-till conditions at multiple US locations.
BioEnergy Research 7:540-550.

Lehman, R.M., V. Acosta-Martinez, J.S. Buyer, C.A.
Cambardella, H.P. Collins, T.E Ducey, J.J. Halvorson,
VL. Jin, J.M.E Johnson, R.J. Kremer, J.G. Lundgren,
D.K. Manter, J.E. Maul, J.L. Smith, and D.E. Stott. 2015.
Soil biology for resilient, healthy soil. Journal of Soil
and Water Conservation 70(1):12A-18A, doi:10.2489/
Jswe.70.1.12A.

Menzel, B.W. 1983. Agricultural management practices
and the integrity of instream biological habitat. In
Agricultural management and water quality, eds. EW.
Schaller and G.W. Bailey, 305-329. Ames, IA: Towa State
University Press.

Plastina, A. 2015. Estimated costs of crop production in
Towa. 2015 Publication No. FM-1712 (revised January
2015). Ames, IA: Jowa State University Extension
and  Outreach.  https://store.extension.iastate.edu/
ItemDetail.aspx?ProductID=1793.

Railroad Commission of Texas. 2014. History of Texas
initial crude oil. Annual production and producing
wells. http://www.rrc.state.tx.us/oil-gas/research-and-
statistics/production-data/historical-production-data/
crude-oil-production-and-well-counts-since-1935/.

Rosillo-Calle, E, and EX. Johnson (ed.). 2011. Food versus
Fuel: An informed introduction to biofuels. London:
Zed Books Ltd.

Schroeder, J. 2011. Finding fuel in agricultural waste.
Domestic Fuel. http://domesticfuel.com/2011/01/27/

finding-fuel-in-agricultural-waste/.

JOURNAL OF SOIL AND WATER CONSERVATION

U INO|
o] J/(goo

-6/2:(G)0/ UOITeAIBSUOD IBTEM PUR |I0S JO [el
11005 UOI1eAIssuoD JBYeM pue |10S ST0Z ® U

182

6I0'SOMS’ MMM
‘panJesal sIyYbL ||V


http://www.swcs.org

Schumm, S.A. 1999. Causes and controls of channel incision.
In Incised Rivers, eds. S.E. Darby and A. Simon, 19-33.
Chichester, UK: John Wiley and Sons.

Singer, J., T. Kaspar, and P. Pedersen. 2005. Small grain cover
crops for corn and soybean. http://extension.agron.iastate.
edu/soybean/documents/PM1999._covercrops.pdf.

Stott, D.E., S.S. Andrews, M.A. Liebig, B.J. Wienhold, and
D.L. Karlen. 2010. Evaluation of B-glucosidase activity
as a soil quality indicator for the Soil Management
Assessment Framework (SMAF). Soil Science Society of
America Journal 74:107-119.

USDA Agricultural Research Service (ARS). 2013. Roadmap
for alfalfa research. http://www.ars.usda.gov/sp2UserFiles/
Place/36553000/pdf's/AlfalfaR oadMap.pdf.

USDA Farm Service Agency (FSA). 2011. Fact Sheet:
Biomass Crop Assistance Program (BCAP). http://
www.fsa.usda.gov/FSA.

USDA FSA. 2014. Conservation Fact Sheet: Fiscal Year
2014 Biomass Crop Assistance Program (BCAP)
Matching Payments. http://www.fsa.usda.gov/FSA.

US Department of Energy (DOE). 2011. US billion-ton
update: biomass supply for a bioenergy and bioproducts
industry. R.D. Perlack and B. J. Stokes (leads), ORNL/
TM-2011/224. Oak Ridge, TN: Oak Ridge National
Laboratory.  http://www].eere.energy.gov/biomass/
pdfs/billion_ton_update.pdf.

US DOE Energy Efficiency and Renewable Energy
(EERE). 2015. All Electric Vehicles (EVs). http://www.
fueleconomy.gov/feg/evtech.shtml.

US Energy Information Administration (EIA). 2013. Annual
Energy Outlook 2014 Early Release Overview. http://
www.eia.gov/forecasts/aco/er/early_production.cfim.

US EIA. 2014a. US Crude oil production. http://www.eia.
gov/dnav/pet/pet_crd_crpdn_adc_mbblpd_m.htm.

US EIA.2014b.Table 2: Principal tight oil plays: oil production
and proved reserves, 2011-2012. http://www.eia.gov/
naturalgas/crudeoilreserves/archive/2012/index.cfim.

US EIA. 2014c. Frequently Asked Questions. How much
electricity is lost in transmission and distribution in
the United States? http://www.eia.gov/tools/faqs/faq.
cfin?id=105&t=3.

US EIA. 2015. International Energy Statistics. http://www.
eia.gov/ cfapps/ipdbproject/IEDIndex3.cfim.

Wilhelm, W.W., J.M.E Johnson, D.L. Karlen, and D.T.
Lightle. 2007. Corn stover to sustain soil organic carbon
further constrains biomass supply. Agronomy Journal
99:1665-1667.

Wilhelm, W.W., J.R. Hess, D.L. Karlen, J.M.E Johnson, DJ.
Muth Jr., .M. Baker, H.T. Gollany, .M. Novak, D.E.
Stott, and G.E.Varvel. 2010. Review: Balancing limiting
factors and economic drivers for sustainable midwestern
US agricultural residue feedstock supplies. Industrial
Biotechnology 6:271-287.

Zaimes, G.N., R.C. Schultz, and T.M. Isenhart. 2006.
Riparian land uses and precipitation influences on
stream bank erosion in Central Towa. Journal of the

American Water Resources Association 42:83-97.

JOURNAL OF SOIL AND WATER CONSERVATION

SEPT/OCT 2015—VOL. 70, NO. 5

U INO|
o] J/(goo

-6/2:(G)0/ UOITeAIBSUOD IBTEM PUR |I0S JO [el
11005 UOI1eAIssuoD JBYeM pue |10S ST0Z ® U

182

6I0'SOMS’ MMM
‘panJesal sIyYbL ||V

287


http://www.swcs.org

