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National Institute of
Food and Agriculture

Mission: Invest in and advance
agricultural research, education, and
Investment to catalyze transformative
discoveries, education, and
engagement to address agricultural
challenges



United States National Institute

Agriculture and Agriculture

Sustainable Bioenegy and
Bioproducts Program

Vision: Facilitate the development of
sustainable regional production systems
for biofuels, biopower, industrial
chemicals, and biobased products,
through partnerships and collaboration,
for increased rural economic vitality,
ecosystems services, and national
energy security.
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CenUSA Bioenergy is supported by

USDA Urited States  Natiohal rstitiite Agriculture and Food Research Initiative
'a/ Department of  of Food and Competitive Grant No. 2011-68005-30411
Agriculture Agriculture from the USDA National Institute of Food

and Agriculture



Midwest Sustainable Biofuels Vision”
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Perennial
Biomass
on Highly
Erodible Land
(HEL)
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Distributed  Jobs and entrepreneurial
opportunities strengthen
local economies
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Pyrolyzers

1,
%, o
Y3

Biochar recycles nutrients to the
land, syngas powers the
pyrolyzer, and bio-oil is a
renewable energy raw material

s

Drop-in liquid L
transportation fuels, s
bioasphalt, and fine A "1 |
chemicals -
Centralized Upgrading Facility




Minimum
Viable
Yield

Removal Rate

Economics

- Logistics

+ Contract
establishment
and delivery

« Delivered
feedstock
cost targets

+ Feedstock
quality

+ Harvesting
strategies
- Selective

harvest

- Single pass

—

Limiting
Factors

Soil organic
carbon

+ Soil erosion

Management of
plant nutrients
Soil water and
temperature
dynamics

Soil
compaction

Environmental
degradation

\, Agronomic

* Strategies
« Integrated
cropping
systems

« Landscape
discretization

+ Ecosystem
services
valuation

Development of Agricultural Residues for Bioenergy Feedstock

------------>

Uniform-Format
Feedstock

Reliable, Sustainable,
Consistent, and High
Conversion Value

Implementation
of Tools and
Strategies

Environmental
Impact Analysis

Economic
Analysis

Initial Resource
Assessment

An illustration of competing economic drivers and limiting factors that must be
balanced to achieve sustainable cellulosic feedstock supplies needed to support a
transition from fossil to renewable fuels

(from Wilhelm et al. 2010. Industrial Biotechnology 6: 271-87)
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Crop Management Zones
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Why these land classes?

Source: lowa State University

Source: Purdue University




Why these crops?

« High biomass vyields
* Native species

« Reduce soil erosion
* Improve soil quality

« Increase carbon
sequestration

« Reduce water runoff

« Increase water
infiltration

* Provide wildlife
habitat




Precipitation
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Why fast pyrolysis?

Rapid thermal decomposition of
organic compounds in the absence
of oxygen to predominately produce
liquid product known as bio-oil.

el L TP P‘:::.‘
. 'w

= 4 Co-product biochar is
: : duced at yields of
Fast pyrolysis can be built at pro :
small scales suitable for 12-20 wt% biomass.
distributed processing.

Bio-oil is refined like petroleum into
synthetic gasoline and biodiesel.



Distributed Processing

Distributed Pyrolysis

Plant (200 tpd) Distributed Pyrolysis

Plant (200 tpd)

Bio-oil Tanker
Trucks

*" Centralized Upgrading
Plant (2000 tpd)

Bio-oil Tanker
Bio-oil Tanker Trucks

a‘ Plant (200 tpd) Triicks

Distributed Pyrolysis
Plant (200 tpd) s




Herbaceous Biomass to Value-

Added Products Via Fast Pyrolysis

Bio-oil Co-firing Fuel Bio-asphalt

Hydrocarbon
Fuels

Fermentation

Substrate

Fermentation

Pyrolyzer [ Product Recovery
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Program Areas

cenusa bioenergy




Relationship Between Surface Run-off and P
Losses from Biomass Systems
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Hydrologic Units of the Upper Mississippi River Basin

8 Digit HUC Boundaries

Note: All Hydrologic Units
are identified by their 8
digit HUC code.

==, Conservation Effects
Ky Assessment Project (CEAP)
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Enhancing Mississippi Watershed Ecosystems with Perennial Bioenergy Crops

September 23-24 | Depot-Renaissance, Minneapolis, Minnesota

USDA United States  National Institute ’ g‘ le 5”5 lOSfSll\F"l)g)l( fi i;’er
— Dep_artment of of F.°°d and Watershed Nutrient

Agriculture Agriculture Task Force
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Extension Agriculture and Energy professionals from 18 ﬁ

states attended and learned about growing perennial
grasses for bioenergy cenusa bioenergy
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Sustainable Production and Distribution of Bioenergy for the Central USA

About Us Project Objectives News and Events Resource Library Login

Education

Provide rich interdisciplinary training
and engagement opportunities for
undergraduate and graduate students
in all areas of bioenergy value chain to
meet the workforce challenges of the
emerging economy.

About CenUSA Bioenergy Featured Video

Welcome to CenUSA Bioenergy. We are the home of an ambitious Iowa State University-based, USDA
National Institute of Food and Agriculture (NIFA) sponsored, research project investigating the creation
of a Midwestern sustainable biofuels and bioproducts system. This website is dedicated to sharing our
work with everyone interested in a sustainable bioeconomy.

Iowa State University's Ken Moore is the project director for our of eight institution network: Iowa
State University, Purdue University; University of Wisconsin; University of Minnesota; University of
Nebraska-Lincoln; University of Illinois; University of Vermont; USDA Agricultural Research
Service. Read more

WWW.cenusa.iastate.edu cenusabioenergy



NEWBioq Northeast Woody/Warm-Season Biomass Consortium

TN
Water Quality and Sustainable

Bioenergy: Synergglesﬂf.
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. The NorthEast Woody/warm-season Biomass Consortium (NEWBIio) is a coordinated

¥ agricultural project funded by the United States Department of Agriculture (USDA) -
National Institute of Food and Agriculture (NIFA) - Agriculture and Food Research Initiative
(AFRI) Competitive Grant no. 2012-68005-19703. NEWBio is a regional network of
organizations dedicated to building robust, scalable, and sustainable value chains for

~ biomass energy in the Northeastern U.S . NEWBio aims to overcome existing barriers and

f*‘ dramatically increase the sustainable, cost-effective supply of perennial warm-season

‘ﬁ, grasses, short rotation woody crops, and winter annual energy crops while enhancing water
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The Chesapeake Bay is
the most productive
estuary in the eastern
U.S., but is seriously
contaminated with
nutrients and
sediment.

Washington D.C.
happens to sit on its
shore.

$Billions have been
spent to clean it up,
but agricultural runoff
remains the major
challenge.

Land Cover in the Chesapeake
Bay Watershed

Map used by permission from
Chesapeake Bay Commission

Land Cover
Chesapeake Bay Watershed

Land Cover Classes

[T LowiMedium intensity developed
- High intensity developed

[:] Wetlands

- Forest

|:] Agriculture

- Barren

D Chesapeake Bay Watershed
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Data Sources: Chesapeake Bay Program, National
Land Cover Data 2001
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Biofuels and Water Quality: Blessing or Bane?

Maximum Nitrogen Load Changes for Biofuels
Millions of pounds per year of nitrogen delivered from the Chesapeake Bay watershed to the Bay under five modeling scenarios.
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Assumptions for Alternative Scenarios:

M Corn: 300,000 additional acres of corm with typical levels of management practices

M Soybeans: 300,000 additional acres of soybeans with typical levels of management practices
300K Switchgrass: 300,000 acres of switchgrass, converted primarily from hay and pastureland, with no fertilization
Corn with Cover Crops: Cover crops an all existing and new (additional 300,000) com acres and one quarter of all other row crops, watershed-wide.
1M Switchgrass: 1 million acres of switchgrass, converted primarily fram hay and pastureland, with no fertilization

SOURCE: U.S. EPA CHESAPEAKE BAY PROGRAM OFFICE



Why payments for ecosystem services?

« Conversion facilities may pay less for bioenergy feedstocks than farmers need to earn.
« EXcess nutrients from agriculture are damaging water quality.

« Growing switchgrass instead of corn reduces excess nitrogen and improves water
quality.

* Inthe Chesapeake Bay watershed, payments are already being made for agricultural
practices that reduce excess nitrogen.

Can paying for water quality benefits make bioenergy more
profitable?

ENTERING

Chesapeake Bay
Watershed




Switchgrass price needed to equal profit from corn
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Our results ($101/Mg)
compared with published values for different US regions



Farmgate Price (K$/Mg)
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US DA United States National Institute

/ Department of of Food and

Agriculture Agriculture

Stay tuned at:
www:hewbio.psu.edu

Supported by Agriculture-and Food Research.Initiative
Competitive Grant No..2012-68005-19703
=from-the-USDA-National-institute-of Food and Agriculture.
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