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This report was prepared by lowa State University and CenUSA Bioenergy research
colleagues from Purdue University, United States Department of Agriculture-Agricultural
Research Service, University of Illinois, University of Minnesota, University of Nebraska,
Lincoln, University of Vermont, and the University of Wisconsin in the course of performing
academic research supported by Agriculture and Food Research Initiative Competitive Grant
No. 2011-68005-30411 from the United States Department of Agriculture National Institute
of Food and Agriculture (“USDA-NIFA”).

nusa.iastate.edu

LEGAL NOTICE

The opinions expressed in this report do not necessarily reflect those of lowa State
University, the USDA-NIFA, Purdue University, United States Department of Agriculture-
Agricultural Research Service, University of Minnesota, University of Nebraska, Lincoln,
University of Vermont, or the University of Wisconsin and reference to any specific product,
service, process, or method does not constitute an implied or expressed recommendation or
endorsement of it.

Further, Iowa State University, USDA-NIFA, Purdue University, United States Department
of Agriculture-Agricultural Research Service, University of Illinois, University of
Minnesota, University of Nebraska, Lincoln, University of Vermont, and the University of
Wisconsin make no warranties or representations, expressed or implied, as to the fitness for
particular purpose or merchantability of any product, apparatus, or service, or the usefulness,
completeness, or accuracy of any processes, methods, or other information contained,
described, disclosed, or referred to in this report. USDA-NIFA, lowa State University,
Purdue University, United States Department of Agriculture-Agricultural Research Service,
University of Illinois, University of Minnesota, University of Nebraska, Lincoln, University
of Vermont, and the University of Wisconsin and the authors make no representation that the
use of any product, apparatus, process, method, or other information will not infringe
privately owned rights and will assume no liability for any loss, injury, or damage resulting
from, or occurring in connection with, the use of information contained, described, disclosed,
or referred to in this report.
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Agro-ecosystem Approach to Sustainable Biofuels Production via the
Pyrolysis-Biochar Platform (AFRI-CAP 2010-05073)

Quarterly Report: February 1, 2015 — April 31, 2015
Project Administration
= Project Organization and Governance

Ken Moore (Professor, lowa State University) continues as the CenUSA Bioenergy Project
Director with Anne Kinzel as the Chief Operating Officer. Jill Cornelis (ISU Bioeconomy
Institute) provides assistance with project financial matters.

= Commercialization Objective

The work on the Commercialization Objective continues to progress as anticipated and is on
track. Additional details are available in the Commercialization Objective update and in the
Renmatix progress report “Biomass characterization: CenUSA Project #2010-05073”
(Exhibit 1).

= CenUSA Bioenergy Advisory Board

We continue to work closely with our Advisory Board. We anticipate an excellent Advisory
Board turnout at our Year 4 annual meeting. We will once again produce a written statement
from our Advisory Board documenting their thoughts after having heard each project
objective’s presentation at the annual meeting. This report will be completed in September
2015.

Advisory Board member Bryan Mellage authored an opinion piece It's time to rethink the
‘gas’ in our tank which was published in the March 2015 Nebraska Farmer Magazine
(Exhibit 2). The article summarizes CenUSA’s research efforts and has been an excellent
opportunity to share the CenUSA story with a wider public.

= Executive Team Meetings and CenUSA Research Seminars

The Co-Project directors representing each of the ten project objectives continue to meet
monthly with Ken Moore and Anne Kinzel via online meetings held in CenUSA’s dedicated
Adobe Connect meeting room. The virtual meeting room allows for documents to be viewed
by all participants, enhancing communications and dialogue between participants. Tom
Binder (Advisory Board chair) also attends these meetings to ensure an Advisory Board
presence at these important project gatherings.

1 Quarterly Progress Report: February 2015 - April 2015
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Graduate Seminars. We hosted a graduate seminar immediately following the March
2015 Executive Team meeting. Co-project director Raj Raman facilitated the seminar,
What are the most realistic approaches to reducing N and P exports from the Corn Belt?
which featured Co-project directors Cathy Kling (System Performance Metrics, Data
Collection, Modeling, Analysis and Tools Objective) and Dermot Hayes (Markets and
Distribution Objective).

The next seminar will be in June 2015 and will be specifically geared to include students
participating in the 2015 summer undergraduate Internship experience. Students will
participate in the on-line seminar from their assigned research sites.

Year 4 Annual Meeting — University of Wisconsin-Madison. The year 4 annual
meeting agenda has been finalized (Exhibit 3). At the suggestion of participants in the
Year 3 we have scheduled the meeting for two days (July 28 — July 29). CenUSA
CoProject Director Mike Casler (Feedstock Development) will be the meeting host.

The agenda provides significant opportunities for interaction between CenUSA Advisory
Board members, CenUSA personnel and our graduate and undergraduate students.
Student participation has been favorably received at previous annual meetings and we
will continue build on those past interactions.

Highlights from the agenda include:

v Kickoff - Keynote Address. Bill Goldner, National Program Leader USDA-NIFA
Division of Bioenergy will be our kickoff keynote speaker (Future of Biofuels: Role
of USDA-NIFA in Making it Happen).

v Leadership Team Dinner. Pre-meeting dinner for CenUSA Advisory Board
members and CenUSA leadership (July 27). Ken Moore and Anne Kinzel will host a
dinner for Advisory Board members and CenUSA Co-Project directors. The Advisory
Board has provided significant input throughout the project and especially during
annual meetings. This dinner will allow issues to be explored in a less structured
setting than during the meeting’s formal presentations.

v" Undergraduate and Graduate Student Tour. Mike Casler has arranged for project
students, including the 2015-summer intern cohort to tour the Great Lakes Bioenergy
Center research plots and the Wisconsin Energy Institute on the morning of July 28th.
The tour will include a classroom presentation at the Wisconsin Energy Institute.

v Tour for CenUSA Personnel. CenUSA personnel will have the option of touring the
US Dairy Forage Research Center Field Station on the morning of July 28th.

v" Ken Vogel Presentation. Ken Vogel, a former CenUSA Co-Project Director will

Quarterly Progress Report: February 2015 - April 2015
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discuss advances in switchgrass genetics from the perspective of his distinguished
career at the ARS.

Communications

Our Communications Team continues to focus on the strategy we devised in early 2014 to
make the project more visible among the biofuels/bio-products research community,
commercial firms and the interested public. The key elements of the plan include:

e A project website (Www.cenusa.iastate.edu). We launched a completely redesigned
website in February 2015. The change has led to significantly greater traffic at the
website and appears to have driven increased traffic at our Vimeo and YouTube sites as
well.

e We produced a short recruitment video for the 2015 CenUSA Summer Bioenergy
Research Internship Experience for Undergraduates which was received with significant
views on our website and video sites.

e A bimonthly newsletter, BLADES (http://cenusa.iastate.edu/blades-newsletters). In the
third quarter we published two newsletters (February and April 2015). BLADES
circulation has increased to 749 subscribers (up from 650 in August 2014). Our goal is to
grow our mailing list to 1000 subscribers by September 2015.

v 2015 BLADES Articles

» CenUSA Looks for Next Batch of Summer Interns (February 2015)
http://blades-newsletter.blogspot.com/2015/02/cenusa-looks-for-next-batch-of-
summer.html

» 2015 - A Turning Point in the Bioeconomy (February 2015) http://blades-
newsletter.blogspot.com/2015/02/2015-turning-point-in-bioeconomy_4.html

» A Producer's Viewpoint-John Weis (February 2015) http://blades-
newsletter.blogspot.com/2015/02/a-producers-viewpointjohn-weiss.html

» How Green is Your Drive? (February 2015) http://blades-
newsletter.blogspot.com/2015/02/how-green-is-your-drive.html

» How CenUSA Uses Social Media to Spread Science - and How You Can Too!
(February 2015)http://blades-newsletter.blogspot.com/2015/02/how-cenusa-uses-
social-media-to-spread.html

» CenUSA Website 101 (February 2015) http://blades-
newsletter.blogspot.com/2015/02/website-101.html

3 Quarterly Progress Report: February 2015 - April 2015
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» Toward progress on nutrient management (April 2015) http://blades-
newsletter.blogspot.com/2015/04/toward-progress-on-nutrient-reduction.html

» Chevrolet and Ducks Unlimited pair up for grasslands (April 2015)
http://blades-newsletter.blogspot.com/2015/04/chevrolet-and-ducks-unlimited-

pair-up_2.html

» Switchgrass: Better bedding for broilers? (April 2015) http://blades-
newsletter.blogspot.com/2015/04/switchgrass-better-bedding-for-broilers.html

» The California carbon offset market: directing the changing landscape (April
2015) http://blades-newsletter.blogspot.com/2015/04/the-california-carbon-offset-
market.html

» CenUSA releases first-ever decision support tool for switchgrass (April 2015)
http://blades-newsletter.blogspot.com/2015/04/managing-carbon-like-coffee-

cups.html

» Managing carbon like coffee cups (April 2015)

e Facebook (https://www.facebook.com/CenusaBioenergy)

o Video sites Vimeo (https://vimeo.com/cenusabioenergy) and YouTube
(https://www.youtube.com/user/CenusaBioenergy).

e Twitter and Facebook

We continue to experience steady growth on both social media sites. We recently
recorded our 553" Twitter follower having gained 92 followers (19.9%) in the second
quarter. Both “reach” and “engagement” are increasing in our Twitter and Facebook
pages (https://www.facebook.com/CenusaBioenergy).

Additional information on Communications Team activity is provided in the Extension
and Outreach section (pp. 44-48).

= Financial Matters

The Administrative Team continues to monitor all project budgets and subcontracts to ensure
adherence to all sponsor budgeting rules and requirements. We are working on the budgets
for Year 5.

Germplasm to Harvest
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Objective 1. Feedstock Development

Feedstock Development focuses on developing perennial grass cultivars and hybrids that can be
used on marginal cropland in the Central United States for the production of biomass for energy.
In 2014, the focus is on the establishment of new breeding and evaluation trials.

1. Accomplishments Summary

Switchgrass, big bluestem and a low diversity mixture of grasses were successfully
pelletized and their bulk density increased fourfold. Pelletizing makes it more economical
to transport and store biomass. We determined that pelletizing did not adversely affect
biochemical conversion of the biomasses to sugars following either hot water or alkaline
pretreatments.

Our research provides important information on the arthropods associated with bioenergy
grasses and valuable information on the host suitability of switchgrass and other
bioenergy grasses to four aphids within a system that has been largely overlooked,
indicating that there are genetic differences among switchgrass populations for resistance.
The ultimate goal of this project is to develop effective and sustainable management
strategies for the key arthropod pests affecting switchgrass.

2. Planned Activities

5

Breeding and Genetics — ARS-Lincoln, Nebraska and Madison, Wisconsin (Mike
Casler, ARS Madison and Rob Mitchell, ARS Lincoln)

v" Grinding and scanning 2014 biomass samples.

v Oversee data organization and sample processing from 24 field trials planted at
remote locations.

v Thresh and clean seed of all new switchgrass and big bluestem populations.

Feedstock Quality Analysis (Bruce Dien, ARS Peoria and Akwasi Boateng, ARS
Wyndmoor)

v Mike Casler and Rob Mitchell provided 88 new biomass samples to the National
Center for Agricultural Utilization Research (NCAUR). These samples will be
analyzed for soluble sugars, starch, and moisture contents.

v' The pelletized and unpelletized switchgrass sample set will be analyzed for enzymatic
sugar release following liquid hot-water pretreatment.

Quarterly Progress Report: February 2015 - April 2015
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We will titer new commercial cellulases and hemicellulase preparations on hot-water
pretreated switchgrass for preparation to screen the next group of biomass samples.

We will analyze new grass samples on the py-GC/MS and perform ICP analysis for
mineral content.

We will perform pilot scale pyrolysis on pelletized switchgrass.

We will continue to analyze data for publications.

Plant Pathology and Entomology - University Nebraska-Lincoln (Tiffany Heng-
Moss and Gary Yuen)

v

We will collaborate with Rob Mitchell and Mike Casler to develop insect sampling
plans for Year 4.

We will begin sampling nurseries for insects and other arthropods in late May 2015.

We will continue choice studies in the greenhouse to determine if greenbugs show a
feeding or ovipositional preference among switchgrass, big bluestem and indiangrass.

We will begin electronic feeding monitoring studies to characterize yellow sugarcane
aphid feeding on big bluestem and indiangrass.

We will complete statistical analysis of switchgrass rust severity data collected from
five CenUSA varietal trial locations.

We will derive ITS DNA sequences from Nebraska and Wisconsin strains of
Uromyces graminicola. This information, which is critical for the genetic
identification of this rust species, currently is absent from all genetic databases.

3. Actual Accomplishments

6

Breeding and Genetics — Lincoln, Nebraska and Madison, Wisconsin

v

v

We are three quarters finished grinding 2014 biomass samples.
We have compiled about 90% of the 2014-biomass data from the field trials.

All switchgrass and big bluestem seed has been threshed, cleaned, weighed, and
germinated for 2015 trials.

All field trials have been fertilized and staked for 2015 harvests and spring ground
cover ratings completed.

Quarterly Progress Report: February 2015 - April 2015
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Feedback Quality Analysis

v

New biomass samples (88) were analyzed for soluble sugars, starch and moisture
contents. We are now examining the data set for outliers that will require repeat
analysis.

The pelletized and unpelletized switchgrass sample sets were analyzed for enzymatic
sugar release following liquid hot-water pretreatment. Results were presented as a
technical poster at a national meeting.

Titered new commercial cellulases and hemicellulase preparations on hot-water
pretreated switchgrass for preparation to screen next group of biomass samples.

Mineral content is currently being determined for 88 new biomass samples by ICP.

Py-GC/MS experiments are currently being conducted on all 88 new biomass
samples.

NIR calibrations for mineral content and ash content in switchgrass have been
optimized. Mineral content has been determined for all STICH1 and STICH2
experiments. These data are currently being analyzed.

Pathology and Entomology - University Nebraska-Lincoln

v

Arthropod data have been summarized for the 2014 season. We collected similar
arthropod families from Nebraska and Wisconsin and found that stage age and stand
diversity had limited impact on the types and numbers of arthropods collected.

Statistical analysis of switchgrass rust severity data collected in 2014 from five
CENUSA varietal trial locations was completed.

Puccinia emaculata was identified as the only rust fungus species infecting
switchgrass leaf samples collected from the Columbia, MO CENUSA varietal trial.

ITS DNA sequences were determined from Nebraska and Wisconsin strains of
Uromyces graminicola. This information, which is critical for the genetic
identification of this rust species, currently is absent from all genetic databases.

4. Explanation of Variances

None to report.

5. Plans for Next Quarter

7

Breeding and Genetics (Mike Casler and Rob Mitchell)

Quarterly Progress Report: February 2015 - April 2015
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v

v

Finish grinding and scanning 2014 biomass samples.

Finish collection of 2014 biomass data from 13 locations.

e Feedstock Quality Analysis (Bruce Dien and Akwasi Boateng)

v

v
v
v

Begin to process new biomass samples (88) for chemical composition.
Process biomass samples for enzymatic sugar release.
Finalize analysis of mineral content and pyrolysis products for the 88 grass samples.

Complete manuscript for STICH1 experiment on the impact of harvest data on
biomass yield and quality traits.

e Pathology and Entomology (Tiffany Heng-Moss and Gary Yuen)

v

v

A total of 160 pitfall and sticky board traps will be collected every two weeks from
May to September 2015 in Nebraska and Wisconsin.

Process samples to identify potential pests and beneficial arthropods and characterize
their seasonal abundance.

Complete choice studies in the greenhouse to determine if greenbugs show a feeding
or ovipositional preference among switchgrass, big bluestem and indiangrass.

Complete electronic feeding monitoring studies to characterize yellow sugarcane
aphid feeding on big bluestem and indiangrass.

Grasses growing in conjunction with or in the vicinity of switchgrass plots infected
with Panicum mosaic virus and its satellite virus will be surveyed for the presence of
the viruses and examined for virus symptoms in order to identify grass species that
can serve as alternate hosts or asymptomatic reservoirs for the viruses.

The fourth year of virus severity ratings, attributed to infection by Panicum mosaic
virus (PMV) and Satellite Panicum mosaic virus (PMV+SPMV), will be collected
from select switchgrass experiments and varieties will be evaluated for the severity of
virus symptoms. The data will contribute information as to changes in virus severity
and the relationship of virus severity to yield over multiple seasons.

6. Publications / Presentations/Proposals Submitted

v

Dien, B.S., Mitchell, R.B., Boateng, A.A., Bowman, M.J., Cotta, M.J., Serapiglia, M.
& V. Singh. Effect of pelletizing herbaceous grasses on chemical composition and

8 Quarterly Progress Report: February 2015 - April 2015
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conversion properties. Poster Presentation: Symposium on Biotechnology for Fuels
and Chemicals. April 27, 2015. San Diego, CA.

nusa.iastate.edu

e Stewart C.L., Pyle, J.D., Vogel, K.P., Yuen, G.Y. & K.G. Scholthof. Multi-year pathogen
survey of biofuel switchgrass breeding plots reveals high prevalence of infections by

Panicum mosaic virus and its satellite virus. Phytopathology (accepted for publication
Apr. 7,2015)

Objective 2. Sustainable Feedstock Production Systems

The Sustainable Feedstock Production Systems objective focuses on conducting comparative
analyses of the productivity potential and the environmental impacts of the most promising
perennial grass bioenergy crops and management systems using a network of 14 fields
strategically located across the Central United States. The overarching goal is to produce a
quantitative assessment of the net energy balance of candidate systems and to optimize perennial
feedstock production and ecosystem services on marginally productive cropland while
maintaining food production on prime land.

=  ARS-Madison Wisconsin

We have completed a 5-year study to quantify the impacts of harvest management on
biomass yield, biomass quality, and nutrient removal rates of switchgrass. The study includes
four harvest managements, ranging in harvest date from peak biomass in August to post-
winter in April or May of the following year. The study includes three locations, ranging
from USDA Hardiness Zones 3 to 5 (Marshfield and Arlington, Wisconsin and Urbana,
[linois). Six cultivars were included, with a range of origins. All biomass samples have been
processed for minerals, neutral sugars, lignin and phenolics, ethanol yield, and pyrolysis
product yields. Data analysis and manuscript preparation is currently underway.

= Jowa State University

* Plant tissues samples from the switchgrass and high-input low-diversity plots were
ground and shipped to Rob Mitchell for analysis.

* Biomass for Armstrong System Plots. Data from the 2014-growing season suggest no
consistent effects of biochar on general plant species composition, peak biomass, or end-
of-season biomass. In contrast, seeding mixture seems to affect several plant community
characteristics. The low input/high diversity plots have lower relative cover and biomass
for sown species compared to switchgrass and high input/low diversity plots. Based on
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these data, plant species choice is more important than biochar application in terms of
maximizing desirable plant biomass.

Peak biomass - August 2014
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Table 1. Effects of crop and biochar amendments on extractable NO; and NH, and
potentially mineralization nitrogen (PMN) determine before and after a 28 day aerobic
incubation using surface soil from the Armstrong system plots

Corn HD LD SG
Depth 0-5cm Mg kg™
Before
incubation NH/-N  BC 424 (0.52)*  3.03 (0.4) 3.16 (0.4)  2.91 (0.37)
NBC 3.57 (0.81) 2.97(0.25) 2.87(0.21)  3.52(0.25)
NO;3;-N BC 3.78 (0.54) 1.30(0.33) 3.08 (0.69) 2.11 (0.25)
NBC 3.46 (0.4) 1.38(0.47)  2.51(0.97) 2.12(0.40)
After
incubation NH,*-N BC 0.98 (0.04) 1.00(0.10) 0.89(0.012) 0.94 (0.035)
NBC 0.89 (0.08) 1.03(0.10) 0.089 (0.04) 1.05 (0.08)
NO;3;-N BC 9.46 (0.62) 10.84 (0.57) 11.55 (0. 23) 9.61 (0.88)
NBC 10.44 (0.69) 10.29 (0.82)  9.61 (0.67) 11.72(0.55)
PMN BC 2.92(0.98) 7.52(1.29) 6.44(0.77) 5.52(0.81)
NBC 434 (1.01) 6.97(0.92) 5.12(1.36)  7.14(1.01)

* = Standard error; n=4

Table 2. Effects of residue harvesting (0, 50, 90%), biochar amendments (0, C1, and C2), and wheal
traffic on extractable NO; and NH, determine before a 28 day aerobic incubation using surface soil
from the Field 70/71 REAP plots

Before No traffic Traffic
incubation (Depth 0-5 cm) (Depth 0-5 cm)
Residue
Harvest
intensity — 0 (%) 50 (%) 90 (%) 0 (%) 50 (%) 90 (%)
Char Treat NOg- NH4+ NO3_ NH4+ NOg- NH4+ NO3_ NH4+ NO3_ NH4+ NO3_ NH4+
l mg kg mg kg mg kg mg kg mg kg mg kg
0 3.7 2.12 220 170 227 208 | 293 218 198 187 172 1.80
(0.29)* (0.38) (0.33) (0.38) (0.58) (0.72) | (0.85) (0.39) (0.61) (0.42) (0.16) (0.97)
c1 4.12 1.99 236 1.46 1.83  1.91 297 218 180 169 153 2.04
(2.90) (1.16) (0.81) (0.24) (0.31) (1.10) | (1.75) (0.69) (0.34) (0.76) (0.17) (0.73)
c2 2.71 1.80 164 187 212 149 | 295 186 242 1.71 1.90 1.51
(0.66) (0.43) (0.63) (0.72) (0.40) (0.43) | (0.73) (0.15) (0.07) (0.45) (0.04) (0.46)

(*= Standard deviation, n= 4)

1
1
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Table 3. Effects of residue harvesting (0, 50, 90%), biochar amendments (0, C1, and C2), and wheel
traffic on extractable NO; and NH, determine after a 28 day aerobic incubation using surface soil
from the Field 70/71 REAP plots

After No traffic Traffic
incubation (Depth 0-5 cm) (Depth 0-5 cm)
Residue )
H
arvest
intensity 0 (%) 50 (%) 90 (%) 0 (%) 50 (%) 90 (%)
Char Treat NOg- NH4+ NO3_ NH4+ NH4+ NO3_ NO3_ NH4+ NO3_ NH4+
l mg kg’ mg kg’ mg kg’ mg kg’ mg kg’ mg kg’
0 6.64 1.65 789  1.30 555 8.76 850 119 534 135
(5.37)* (0.76) (2.38) (0.39) (8.90) (3.03) (1.20) (0.15) (2.60) (0.41)
c1 10.23 1.14  6.65 2.86 123  8.33 773 124 709 1.23
(1.89) (0.20) (4.60) (3.34) (0.20) (2.50) (1.36) (0.14) (1.86) (0.15)
c2 9.49 1.21 503 3.19 1.00 8.87 788 127 727 112

(2.41)  (0.15)

(4.24) (3.82)

(0.15)  (1.15)

(1.03)  (0.20)

(1.24) (0.14)

(*= Standard deviation, n= 4)

Table 4. Boyd Farm (biochar rate trial on eroded soils, continuous no-till corn)

PMN

(Depth 0-5 cm)

PMN

(Depth 0-5 cm)

PMN

(Depth 0-5 cm)

0
10
20
30
40
50

0.75 (0.48
0.67 (0.67
0.28 (0.23
0.21 (0.21
0.87 (0.19
(

)
)
)
)
)
1.65 (1.03)

mg kg'1
0.73 (0.73
0.71 (0.71
0.13 (0.10
0.71 (0.71
1.23 (0.53
(

)
)
)
)
)
0.88 (0.28)

0.77 (0.47
1.20 (0.74
0.62 (0.24
1.38 (0.75
1.03 (0.52
(

)
)
)
)
)
1.04 (0.53)

(*= Standard error, n= 3)

e Preliminary analysis of the potentially mineralizable nitrogen study suggests a possible
biochar rate effect in the results from the Boyd farm but little evidence of a biochar effect
for the results from the Armstrong and Field 70/71 trials. Statistical analysis of the data is

pending.

e Update of Activities on the Long Term Rotation Plots (Sorenson Farm). Recently
completed analyses of soil chemical properties include C:N ratio, pH, and EC are shown
below (Fig. 2). Ongoing analyses of chemical properties include cation exchange
capacity (CEC) and anion exchange capacity (AEC). We anticipate completion of soil
characterization and statistical analysis within the next quarter. Management systems for
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1
1
1

13

this study include: Rotation 1 = CCCCCC, rotation 2 =CSCSCS, rotation 3 =
CST/SCST/S, rotation 4 = CCCSgSgSg, Rotation 5 = SgSgSgSgSgSg; where C=corn,
S=soybeans, T=triticale, and Sg=switchgrass.

18 7 Carbon to Nitrogen Ratio
16 ¥ no biochar
I ,I, ]: W biochar aged 1yr
14 - " biochar aged 2yrs
~ 12 -
g
£10 -
()
%
- 8 n
=
O
6 -
4 -
2 -
O - T T T T 1
rotl rot2 rot3 rotd rot5
Rotation

Fig. 2 Biochar treatments increase soil C:N ratio across all rotations.
No difference due to the age of the biochar is seen. Statistical analysis is pending.

GHG Emissions. We conducted a 140-day laboratory incubation to assess effects of
interactions among biochar, temperature and moisture on GHG emissions from soil. A
mixed wood gasification biochar pyrolyzed at 600°C (ICM, Inc.) was applied at a 0.5
wt% rate (equivalent to 10 Mg/ha incorporated to 15 cm) to soil obtained from a
continuous corn plot at the Armstrong field site. Soil samples were pre-incubated with or
without biochar for 60 days prior to the addition of NPK fertilizer (72, 22, and 27 mg/kg
of N, P and K, respectively as NH4NO; and KH,POy4) and corn stover (0.5 wt%). Samples
were maintained at three temperatures (10°C, 20°C, and 30°C) and three moistures (27%,
31%, and 35%) throughout the incubation. Following fertilizer addition, CO, and N,O
emissions were quantified on days 0, 1, 2, 3, 7, 10, 16, 38, 52, 62 and 80 via GC.
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Fig. 3 CO, emissions over time, in mg of CO, per gram of soil per day.
(blue = 10°C, green = 20°C, red = 30°C; diamonds = 27%, squares = 31%, and
triangles = 35% moisture; dashes = controls, solid lines = biochar)

6.8 pH ¥ no biochar
B biochar aged 1yr
" biochar aged 2yrs

6.6

6.4

6.2

pH

5.8

5.6

5.4

rotl rot2 rot3 rot4 rot5
Rotation

Fig. 4 Soil pH increased with biochar addition for rotations 1-4. (no biochar
has been applied to the continuous switchgrass plots, rot 5). A substantial decrease
in soil pH is visible for rotations 4 and 5 relative to rotations 1, 2, and 3. Statistical analysis is pending.

"
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Fig.5
N>O emissions during the first 10 days following fertilization, in yg of
N,O per gram of soil per day (emissions were below the detection limit after day 10).
(blue = 10°C, green = 20°C, red = 30°C; diamonds = 27%, squares = 31%, and
triangles = 35% moisture; dashes = controls, solid lines = biochar)

e (CO; emissions were highest immediately following fertilizer addition, and after 10 days
N0 emission rates dropped below the limit of detection. For both gases, the main
temperature, moisture and day effects and interactions thereof were significant (p <
0.0001), but the effect of biochar and interactions thereof were only significant for CO,
(p <0.05) and not N,O. N,O emissions increased greatly with increasing temperature and
moisture, whereas CO, emissions were more sensitive to temperature than moisture.
Biochar impacts on CO, emissions were inconsistent over time and occurred only under
select temperature-moisture combinations. For example, biochar suppressed emissions at
the highest temperature and lowest moisture on days 0 and 80, but increased emissions on
day 7. No significant impact of biochar was observed on cumulative CO; emissions. The
lack of a biochar effect on N,O is consistent with results obtained in a previous field
experiment at the Armstrong field site, wherein no significant differences in total N,O or
CO, emission rates were observed between control and biochar-amended soils when
biochar and fertilizer were applied at similar rates. Results are also consistent with a
meta-analysis conducted by Cayuela et al (2013), in which studies using biochar
application rates of <1% or NH4NOs fertilizer were found to suppress N,O emissions less
consistently compared with studies using higher biochar application rates or other
fertilizers.

=  Purdue University
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Systems Analysis Plots at the Water Quality Field Station. Biomass has been
processed and is currently being analyzed for carbohydrates, fiber, mineral, C, and N.
Plots have been fertilized for the 2015-growing season. Sensors were installed (using
non-CenUSA resources) that will permit careful monitoring of soil water, and to
automate the water flow data collection process. Data are being compiled for analysis.

Factor Analysis Plots at Three Purdue Ag Centers. Biomass analyses are underway
for samples collected in late 2014. In addition to the analyses mentioned above, tissue
concentrations of N, P, and K (for fertility experiments) are being analyzed. Plots at these
sites also have been fertilized and as appropriate (e.g. annuals), seed is on-site for
planting at these locations as soon as weather permits. Data are being processed and
prepared for statistical analysis.

Ryan Dierking, the post-doc on this project secured full-time employment in mid-April.
We have begun the process of re-hiring this position.

We started a conversation with National Agricultural Library regarding data repositories
for CenUSA data. Volenec and Brouder traveled to NAL in April 2015 to participate in a
one-day workshop on data. It is likely that CenUSA data will be used as a pilot to test the
NAL repository.

We continue to have a regular Skype discussion with the lowa State team (Cathy Kling
and Phil Gassman) about developing common bioenergy production scenarios that we
plan to evaluate in multiple Midwest watersheds.

The SWAT model improvements made by the Purdue team have been validated using
data from watershed located in lowa and the Upper Mississippi river watershed by the
Kling and Gassman group. These include biomass production of switchgrass, miscanthus,
and removal of corn stover. The group is now utilizing the improved model to evaluate
impacts of various bioenergy crop production scenarios on hydrology, water quality,
environmental sustainability and ecosystem services. We plan to present a series of four
papers in the International SWAT conference to be held in Sardinia, Italy in June where
we will discuss model improvements, validation of the improved model using data from
Indiana and Iowa watersheds, and scenario analysis at various spatial (12-digit HUC to
the entire Upper Mississippi River basin) and temporal scales (daily, monthly, annual and
decadal).

We have quantified impacts of perennial bioenergy crop production on marginal lands on
hydrology and water quality. A manuscript in under revision based on the results
obtained from this project.
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e We have developed a fuzzy logic based method to delineate marginal lands that may be
suitable for bioenergy crop production. We have evaluated this new method using data
from Indiana watersheds. The improved method constrains our estimates of total
marginal lands that may be available for perennial bioenergy crop production. We are
using this method to calculate marginal land area in the Mississippi river basin and will
use the improved SWAT model to evaluate biomass production potential and associated
hydrologic, water quality, and environmental impacts.

University of Illinois Urbana-Champaign
e Factor Analysis Plots

Biomass yield data has been analyzed and reported to the project management team. All
feedstock samples have been ground and shipped to USDA-ARS Lincoln for feedstock
composition analysis. Field plots were burned to remove all surface residues on March
27,2015 and are ready for fertilization.

v" Comparison and Abiotic Stress Trials. The 4-year field evaluation of dedicated
energy crops on wet marginal land and salt-affected marginal land has been
completed. A graduate student is currently working on data analysis and he will use
the data as part of his dissertation.

University of Minnesota

We have finished grinding our tissue samples from 2014 and are in the process of shipping
them to the University of Nebraska, Lincoln for analyses. In mid-April, we sprayed for
weeds at the Becker location and are monitoring the Lamberton location for weed growth.

USDA-ARS, Lincoln

e Factor Analysis Plots
v" Plots were trimmed, treated for weeds, and fertilizer treatments applied as scheduled.
v' Yield data for 2012-2014 is being summarized.

v Feedstock samples collected in 2012, 2013, and 2014 have been processed and are
being scanned and predicted.

e System Analysis Plots

v Samples collected in 2012, 2013, and 2014 are processed & are being scanned &
predicted.
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v Corn plots were planted and triticale cover crop has been sampled and sprayed.

v" GHG samples from 2013 and 2014 are being summarized and 2015 sampling has
begun.

v" VOM and elongated leaf height data are being summarized.
v Weed control and fertilizer treatments have been applied.

v' Evaluated the field-scale herbaceous perennial feedstock research and demonstration
site in cooperation with Vermeer Manufacturing near Pella, lowa. Fertilizer
application, stand count data collection, and seeding bare areas have been scheduled.
The small-plot herbaceous perennial feedstock research and demonstration site on a
floodplain in cooperation with Vermeer Manufacturing near Pella, lowa will continue
to be managed.

v" Continued managing the annual and perennial feedstocks to supply combined heat
and power (CHP) to an advanced ethanol fermentation plant. Winter wheat and oats
are growing.

v" The residue from the warm-season (WS) grass grazing trial was sampled then burned
in preparation for grazing beginning in June 2015.

v’ A draft decision support tool that compares the returns from row crop production to
the returns for perennial grasses for bioenergy is being developed with Dr. Keri
Jacobs and is progressing. Plans for the tool have been finalized and will be reported
at the 2015 annual meeting.

e Plans for Next Quarter

v' Establish factor analysis plots in two wetland sites in eastern North Dakota and one in
eastern Nebraska to evaluate the potential of selected perennial grass feedstocks for
multiple uses and revegetation of flooded sites.

Continue scanning and predicting 2012, 2013, 2014, and 2015 biomass samples.
Collect field data during the 2015-growing season.

Graze warm-season grass pastures.

D N N N

Analyze and summarize field data.
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v' Present a paper titled, “Recent Advancements in Switchgrass and Other Perennial
Grasses for Bioenergy” at the Advanced Bioeconomy Feedstocks Conference in June
2015.

cenusa.iastate.edu

= Publications, Presentations and Proposals Submitted

v Dierking, R.M, Allen, D.J., Volenec, J.J. & S.M. Brouder. (2015). Yield, biomass
composition, and N use efficiency of four Miscanthus % giganteus genotypes as
influenced by various rates of N management. (Draft).

v Laird D.A. (2014). Biochar: Pathways to Commercialization. Northeast Bioenergy
Webinars: Biochar at Small and Large Scales. Webinar:
https://www.youtube.com/watch?v=zWpuG1VObwY

v" U. S. Department of Energy, Office of Science, Office of Biological and
Environmental Research-Systems Biology Research to Advance Sustainable
Bioenergy Crop Development. Bioenergy from genes to landscapes: developing
strategies to maximize feedstock productivity while minimizing environmental
impacts. Dukes, J.S. (PD), Co-PlIs: Brouder, S.M., Carpita, N., Chaubey, 1., Filley, T.,
McCann, M., Meilan, R., Turco, R., Volenec, J.J. (Purdue); Dou, F., Mullet, J. (Texas
A&M); DeAngelis, K. (Univ. Massachusetts-Amherst); Dweikat, I. (Univ. Nebraska-
Lincoln).

Objective 3. Feedstock Logistics

The Feedstock Logistics objective focuses on developing systems and strategies to enable
sustainable and economic harvest, transportation and storage of feedstocks that meet agribusiness
needs. The team also investigates novel harvest and transport systems and evaluates harvest and
supply chain costs as well as technologies for efficient deconstruction and drying of feedstocks.

Iowa State University
1. Planned Activities
Planned activities in this quarter included:

Evaluation and refinement of the dry matter loss models for field conditions, and how they
can be used to improve management of field harvest operations under different projected
weather conditions.

2. Actual Accomplishments
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e Analysis to estimate the impact of rainfall level and crop density on compositional and
dry matter loses from switchgrass and corn stover have been completed. The leaching
loss ranged from 0.2 to 2.8% for switchgrass, and losses ranged from 0.5 to 3.3% for corn
stover, depending on the material density and rainfall. The total dry matter loss 48 hours
after a rainfall event could be as high as 6.1 to 7.5% for switchgrass and corn stover,
respectively. This level of total dry matter loss could significantly affect biomass harvest
costs if there is a rainfall event between mowing and collection.

e Previous studies have shown that the dielectric properties of agricultural materials can be
used to predict moisture content and bulk density of the materials under test (MUT).
Using multiple superimposed high frequency signals allows for measurement of dielectric
properties in a very short period. A sensing system that is capable of generating and
acquiring multiple high frequency signals within 18.2 us has been developed. The
objective is to measure, the dielectric properties of switchgrass, corn stover and kernel to
determine the moisture content and bulk density of these materials. The sensor is being
evaluated for real time measurement for biomass materials.

. Explanation of Variance

Only minor variances in planned activities have been experienced.

. Plans for Next Quarter

Research activities planned during next quarter include:

e Planning and preparation for field-testing of dry matter loss during fall harvest and
continued evaluation of the dry matter loss models.

e Testing and evaluation of real-time biomass moisture sensor for switchgrass and corn
stover.

. Publications, Presentations, and Proposals Submitted

e Moore, K. J., Birrell, S.J., Brown, R.C., Casler, M.D., Euken, J.E., Hanna, M.H., Hayes,
D J., Hill, J.D., Jacobs, K. L., Kling, C.L., Laird, D., Mitchell, R.B., Murphy, P.T.,
Raman, D. R., Schwab, C. V., Shinners, K. J., Vogel, K.P. & J.J. Volenec. (2015).
Midwest vision for sustainable fuel production. Biofuels, (ahead-of-print), 1-16

« Emerson, R., Hoover, A., Ray, A., Lacey, J., Cortez, M., Payne, C., Karlen, D.L., Birrell,
S.J., Laird, D., Kallenbach, R., Egenolf, J., Sousek, M. & T. Voigt. (2014). Drought
effects on composition and yield for corn stover, mixed grasses, and Miscanthus as
bioenergy feedstocks. Biofuels Volume 5(3): 275-279.
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De Souza, A., Birrell, S.J., Steward, B.L & S. Ksketri. (2015). High frequency dielectric
sensing system development for corn and switchgrass features measurement. ASABE
Paper No. 2160026, Am. Soc. of Agric. Engineers, St. Joseph, M1

Karkee, A. & S.J. Birrell. (2015). Profit and cost variation with the size variation of
biorefinery. ASABE Poster No. 2188745, Am. Soc. of Agric. Engineers, St. Joseph, M1

Karkee, A. & S.J. Birrell. (2015). Least Cost Machinery Analysis for Two Different
Biomass Collection Methods. ASABE Paper No. 2189917, Am. Soc. of Agric. Engineers,
St. Joseph, MI.

Khanchi, A. & S.J. Birrell. 2015. Influence of rainfall level and crop density on dry
matter loss from corn stover and switchgrass. ASABE Poster No. 2190787, Am. Soc. of
Agric. Engineers, St. Joseph, MI.

Khanchi, A. & S.J. Birrell. (2015). Influence of weather and swath density on drying
characteristics of corn stover. ASABE Paper No. 2190753, Am. Soc. of Agric. Engineers,
St. Joseph, MI.

Sharma, B., Birrell, S.J. & F.E. Miguez. 2015. An integrated GIS and mathematical
model for optimal siting of bioethanol plants in the U.S. ASABE Paper No. 218705, Am.
Soc. of Agric. Engineers, St. Joseph, MI.

University of Wisconsin

1.

Planned Activities

Planned activities in this quarter included:

Lab experiments of the compaction and re-shaping system for round bales.
Preparation of feed enhancement samples for analysis.

Continued work on techno-economic modeling of various bale transport and processing
scenarios.

Spring harvest of grasses using single-pass, non-stop baling.

Preparation of equipment to conduct evaluation of several alternative storage and bale
processing approaches.

Actual Accomplishments

We have developed a process that reshapes and compacts round bales into a parallelepiped or
cuboid shape to enhance transport characteristics of these bales. Bale compaction
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experiments to quantify compression forces, bale density, and bale expansion rate were
conducted using both switchgrass and reed canarygrass. Using appropriate instrumentation to
collect force and displacement during bi-axial compression, we have identified a four-stage
re-shaping and compaction process. Analytical models of the pressure-density relationship
are being developed and these models will be compared with those from previously
published work on large-square bales.

Experiments to improve mature grass ruminant digestion by mechanical and chemical means
were started in the fall using switchgrass and corn stover (for comparison purposes). The
following treatments were considered: (a) control; (b) treated with calcium hydroxide @ 5%
by weight; and (c) treated with ammonium hydroxide @ 4 % by weight. All treatments were
also split into two physical treatments (chopped or shredded) and DM content (45% or 82%).
Treatments were removed from storage and samples prepared for analysis. The samples were
then sent to co-project director Rob Mitchell (USDA Lincoln) for analysis and we are
awaiting results. The results were be analyzed by a CenUSA undergraduate intern student
this summer and the experiment continued during his summer work.

We have investigated numerous ways to reduce harvest, handling, storage and transport
costs, including pre-cutting at baling, mega-sized round bales, film wrapping bales for
storage, and re-shaping and re-compacting round bales. We have begun to analyze the
economic impact — either positive or negative — of these approaches. Current efforts are
focused on transport options for various bale configurations. Modifications to modules of the
IBSAL model are being made to complete this analysis.

A single-pass, non-stop baler normally used to harvest grain-crop residues behind the
combine harvester was modified to harvest perennial grasses while powered by a tractor.
Using the baler in additional crops would help to dilute the machines fixed-costs over more
area and tonnage. The modified single-pass, non-stop baler was used to harvest switchgrass
and reed canarygrass that had overwintered. Continuous baling was achieved, but fuel
consumption and bale density were not as favorable as compared to conventional baling
approaches. However, the single-pass bales were extensively size-reduced at baling, so
energy saving could ultimately occur if the downstream primary bale-grinding operation
could be eliminated by harvesting in this manner.

A bale storage study was initiated in the fall of 2014 to compare several methods of bale
storage of perennial grasses to that of corn stover. Half the bales will be removed from
storage in mid-May and the remainder in mid-summer. We have acquired equipment to
process bales as they are removed from storage so that processing energy requirements and
particle-size can be compared across different crops and storage methods.

3. Explanation of Variance
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None.

Plans for Next Quarter

Our efforts in the next quarter will include:

e Remove bales from storage and collect processing data.

e Continue work on the system to compact and re-shape round bales.

* Analyze treatments to enhance the feed value of very mature switchgrass and continue
experimental work.

* Investigate alternative mower designs that would reduce losses associated with
harvesting down grasses.

* Continue to assess the economic viability of the various bale harvest and configuration
options previously investigated.

Publications, Presentations, and Proposals Submitted

None

Objective 4. System Performance Metrics, Data Collection, Modeling, Analysis and Tools

This objective provides detailed analyses of feedstock production options and an accompanying
set of spatial models to enhance the ability of policymakers, farmers, and the bioenergy industry
to make informed decisions about which bioenergy feedstocks to grow, where to produce them,
what environmental impacts they will have, and how biomass production systems are likely to
respond to and contribute to climate change or other environmental shifts.

We focus on four overarching tasks:

Task 1. Adapt existing biophysical models to best represent data generated from field trials
and other data sources.

Task 2. Adapt existing economic land-use models to best represent cropping system
production costs and returns.

Task 3. Integrate physical and economic models to create spatially explicit simulation models
representing a wide variety of biomass production options.

Task 4. Evaluate the life cycle environmental consequences of various bioenergy landscapes.
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Iowa State University

1. Planned Activities

The first two broad tasks under this objective are to adapt existing biophysical models to best
represent field trials and other data and to adapt existing economic land-use models to best
represent cropping system production costs and returns.

Actual Accomplishments

We have completed our first large scale scenarios using the detailed SWAT model for the
Upper Mississippi River Basin and the Ohio Tennessee River Basin with USGS 12-digit
subwatersheds.

A paper was published in the journal of the European Agricultural Economics Association
this summer. In addition, the paper formed the basis for the plenary session of the world
congress of the European Agricultural Economics Association held in Ljubljana, Slovenia in
August. That paper describes the results of baseline and a conservation practice placement to
evaluate the water quality effects at the landscape level. A second set of scenarios using the
extended 12-digit scenario models have been initiated using switchgrass and corn/soybean
rotations as possible land-use options. We are working with a survey of Corn Belt farmers to
use as a basis for developing a set of scenarios to represent how farmers indicate that they
plan to respond to climate change over the next few decades. Given the potential importance
of adaptation in the response to climate change, we plan to integrate these farmer indicated
responses with bioenergy scenarios. We are also carrying out a series of genetic algorithm
optimization runs on a calibrated watershed model to examine the tradeoffs between food,
fuel, and water quality using switchgrass and/or miscanthus as biofuel feedstocks. These runs
are in process.

Explanation of Variance
No variance has been experienced.
Plans for Next Quarter

We will continue to adapt existing biophysical models to best represent field trials and other
data and to adapt existing economic land-use models to best represent cropping system
production costs and returns. Continue developing scenarios of specific interest to the goals
of CenUSA including the optimal placement of switchgrass to achieve a range of
environmental improvements while producing energy. We will continue to work with
colleagues from Purdue and plan model comparisons between watersheds at multiple
locations. We have two selected small watersheds selected (one in Iowa and one in Indiana).
Appropriate SWAT versions and code have now been agreed upon as have a set of scenarios.
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We anticipate a complete set of comparison runs to be finished by the fourth quarter or
perhaps early in the next year of the project.

5. Publications, Presentations, and Proposals Submitted

< Kling, C., Calhoun, G. & D. Keiser. FEW: Coupling economic models with agronomic,
hydrologic, and bioenergy models for sustainable food, energy, and water systems: A
Workshop to Anticipate Knowledge Gaps and Data Needs. Workshop proposal submitted
to the National Science Foundation, April 2015.

University of Minnesota

1.

Planned Activities
Planned activities for this quarter include continued work on:

e Task 1. Adapt existing biophysical models to best represent data generated from field
trials and other data sources.

e Task 2. Adapt existing economic land-use models to best represent cropping system
production costs and returns.

e Task 3. Integrate physical and economic models to create spatially explicit simulation
models representing a wide variety of biomass production options.

e Task 4. Evaluate the life cycle environmental consequences of various bioenergy
landscapes.

e Task 5. Employ the modeling systems to study the design of policies to cost effectively
supply ecosystem services from biomass feedstock production.

Actual Accomplishments

e This quarter saw the successful thesis defense of Christine Forland, a CenUSA-supported
graduate master’s student, who explored the yield gaps between trial- and farm-scale
production.

e We continued to update GREET for switchgrass production to explore air quality impacts
of biomass and bioenergy production. Spatial and temporal descriptions of switchgrass
production at different volumes are being considered.

e We submitted our manuscript Ecosystem service provisioning and profitability in prairie
grassland biomass production, which explores farmer profitability with payment for
ecosystem services.
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3. Explanation of Variance
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No variance has been experienced.
4. Plans for Next Quarter

Next quarter includes continued work on Tasks 1, 2, 3, 4, and 5.
5. Publications, Presentations, and Proposals Submitted

Noe, R., Nachman, E., Heavenrich, H., Keeler, B., Hernandez, D. & J. Hill. (In review)
Ecosystem service provisioning and profitability in prairie grassland biomass production.

Post-Harvest

Objective 5. Feedstock Conversion and Refining: Thermo-chemical Conversion of Biomass
to Biofuels

The Feedstock Conversion and Refining Objective will perform a detailed economic analysis of
the performance of a refinery based on pyrolytic processing of biomass into liquid fuels and will
provide biochar to other CenUSA researchers. The team concentrates on two primary goals:

= Estimating energy efficiency, GHG emissions, capital costs, and operating costs of the
proposed biomass-to-biofuels conversion system using technoeconomic analysis;

»  Preparing and characterizing biochar for agronomics evaluations.
Sub-objective 1. Perform Technoeconomic Analysis
1. Planned Activities.

Planned activities for the quarter included the development of AspenPlus™ models that
incorporate upgrading and stabilization processes recently developed at lowa State
University to allow for more detailed analysis of pyrolysis pathways to fuels and non-fuel
products.

Validation of the proposed mechanism for anisole and phenol conversion was also planned,
as well as analysis of the influence of product intermediates in these conversions.

2. Actual Accomplishments
e Development of AspenPlus™ Process Models. AspenPlus™ Process models were

developed for the following pyrolysis-based biorefinery scenarios:
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v" Biofuels: Products include biochar, gasoline and diesel
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v Biochemicals: Products include biochar, calcium, acetate, asphalt binder/modifier and
dextrose

v Alternate hydrocarbon products: Products include biochar, aromatics (primarily
benzene, toluene, xylene), and olefins

These process models and combinations of the three scenarios will be the basis for future
analyses.

e Analysis of Anisole and Phenol Conversion in Catalytic Pyrolysis. The proposed
mechanisms for anisole and phenol conversion over zeolites during catalytic pyrolysis
were validated by observing product distributions of the intermediates in the reactions.

The major conversion step indicated in the anisole mechanism was phenol conversion to
benzene, using methylene generated from the methoxy functional group of anisole. This
step was validated by co-pyrolyzing phenol with a compound that generates methylene
(1,2,3-trimethoxy benzene). As expected per the proposed mechanism, methylene
donation improves the conversion to benzene, indicating the influence of methylene in
phenol conversion. The major conversion step indicated in the phenol mechanism was
ring opening of 1,4-benzoquinone to produce benzene and naphthalene. When 1,4-
benzoquinone was pyrolyzed over zeolites in an identical reaction setup, it gave similar
benzene and naphthalene selectivity to phenol. These results provide strong evidence for
the proposed mechanisms, validating major steps involved in these reactions.

3. Explanation of Variance
None to report.
4. Plans for Next Quarter

Update process models for biochemical and alternative hydrocarbon product scenarios with
most recent data on aromatic and olefin yield, as well as acetate and dextrose recovery.

5. Publications, Presentations, and Proposals Submitted
None.
Sub-objective 2. Prepare and Characterize Biochar

1. Planned Activities
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The manuscript Anion Exchange Capacity of Biochar will be re-submitted for publication.
Changes in the physical and chemical properties of biochars on aging in soil environments
will be quantified.

Nv.cenusa.iastate.edu

2. Actual Accomplishments

The on-going biochar aging study is comparing fresh, laboratory and field aged biochars.
Field aged biochars were separated from soil samples collected from various biochar field
plots around the Midwest. To mimic field aging, lab aged biochars were equilibrated for 30
days with 1M HCI with weekly additions of H,O,. After the acid treatments, the samples
were washed with 1M CaCl,, then DI water, and finally equilibrated for 30 days with a
compost aqueous extract so the biochars would adsorb DOC.

Proximate analysis indicted that most of the fresh biochars contained more fixed carbon and
less volatile matter than the aged biochars (Fig. 6).

FTIR spectra showed little difference between fresh and either field or lab aged hardwood
biochars (HS = hardwood biochar produced by slow pyrolysis, HF = hardwood biochar
produced by fast pyrolysis, Cowboy = commercial hardwood biochar produced by slow
pyrolysis) (Fig. 7). By contrast, FTIR spectra of biochars produced from herbaceous biomass
(CS = corn stover slow pyrolysis, CF corn stover fast pyrolysis, SS = switchgrass slow
pyrolysis, SF soybean stover fast pyrolysis) all showed evidence of increased adsorption in
the carbonyl (1700 cm™) and ether (1180 cm™) regions after aging.

11
11
11
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Fig. 7 FTIR spectra of fresh, laboratory, and field aged biochars

Chemical analysis, in general, showed a decrease in pH and EC and an increase in surface
area and anionic exchange capacity of aged relative to fresh biochars (Table 5). CEC of the
hardwood biochars increased with aging while CEC of the herbaceous biochars (corn stover,
switchgrass, soybean stover biochars) decreased with aging. Changes in chemical
spectroscopic properties of the macadamia nut biochar were not consistent with the other
biochars.

3. Explanation of Variance
No variance.
4. Plans for Next Quarter

Work on the biochar aging study will continue. We will obtain data for several additional
field-aged biochars to provide a better comparison between the laboratory aged and field-
aged biochars. A manuscript documenting inorganic and organic alkalis in biochars will be
prepared for publication.

5. Publications, Presentations, and Proposals Submitted
None submitted.
/1
/11
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Table 5. Comparison of physical and chemical characteristics of fresh and aged biochars

pH (H:0; Specific

after 144 CEC (coml;  AEC (coml, surface area H/C atomic
Biochar ID hrs) EC (uScm™) kg ™) kg ™) (m°g" ratio E./Esratio  E4/Eg ratio
Fresh HF 5.9 (0006) 348 (1.2) 10.9 (0.7) 9(0.14) 1771 (1.1) 0.59 (0.004) 2.3(0.07 1.8(0.05)
LA HF 3.1(0.08) 216 (9.1) 14.1 (0.8) 3.7 (0.19) 638 (8.1) 0.57 (0.03) 4.3(0.07)  9.02(0.5)
Fresh HS 2(0.02) 212.1 (0.8) 3.2(0.3) 25(0.12)  193.6 (0.7) 0.42 (0.002) 2.02(0.12)  1.4(0.07)
LA HS 6 (0.02) 494.6 (8.7) 4.9 (0.3) 0(0.19) 359.6 (2) 0.44(0.0008) 7.0(0.3) 2.6(0.25)
Fresh SF 3(0.05) 2916 (10.2) 6.9 (0.9) 0.35 (0.05) 91.6 (3.2) 0.67 (0.002) 1.26 (0.04) 10.5(0.2)
LA SF 3.7 (0.03) 396.3 (2.9) 1.3 (0.5) 3.33(0.7)  540.3(5.1)  0.59 (0.0008) 4.7 (0.1) 25 (6.7)
Fresh SS 9.9 (0.013) 1723 (12.7) 13.1(0.8) 1.02(0.4)  312.9 (4.8) 0.49 (0.004) 24(03) 1.5(0.23)
LA SS 3.2(0.02) 1397.5(6.1) 6.8 (0.5) 30.4 (1.3) 419.1 (3.5) 0.51 (0.009) 9.02(1.06) 1.0 (0.05)
Fresh CF 4(.006) 1781 (10.8) 40.8 (1.5) 2.1 (0.5) 193.4 (6.2) 0.59 (0.004) 2.3(0.04) 4.62(0.15)
LA CF 3.3(0.01)  313.2(11.2) 13 (1.5) 2.73(0.5)  412.8(9.8) 0.53 (0.001) 594 (0.04) 29.8 (6.8)
Fresh CF 9(0.02) 2960.3 (19.3) 19.8 (0.6) 25(0.05)  281.7 (6.4) 5 (0.004) 43(0.12) 2.2(0.16)
LA CFs 7(0.03) 1016.1 (6.6) 1.1 (0.1) 12.8(0.6) 4487 (11.2)  0.47 (0.002) 11.8(2.2)  1.0(0.02)
Fresh Cowboy 6 (0.02) 180.2 (2.8) 3.2(0.3) 4.4 (0.9) 306.7 (8.9) 0.39 (0.002) 3.2 (o 09) 2.2(0.8)
FA Cowboy 8 (0.01) 84.7 (1.4) 14.1 (0.2) 13.8(1.8) 319.3(10.7)  0.44 (0.003) 4(1.2) 5.8(0.08)
Fresh Macnut 6 (0.01) 156.1 (2.1) 14.6 (0.9) 11.5 (0.4) 233.7 (5.5) 0.47 (0.008)  1.22 (0.02) 2.3(0.6)
FA Macnut 1(0.01) 43.9 (1.7) 6.2 (0.6) 11.5 (2.8) 131 (10.3) 0.37 (0.002) 1(0.04) 12.8(0.5)

Objective 6. Markets and Distribution

The Markets and Distribution objective recognizes that a comprehensive strategy that addresses
the impacts to and requirements of markets and distribution systems will be critical to the
successful implementation and commercialization of a regional biofuels system derived from
perennial grasses grown on land unsuitable or marginal for the production of row crops. To
create this comprehensive strategy the team focuses on two unifying approaches:

®  The study and evaluation of farm level adoption decisions, exploring the effectiveness of
policy, market and contract mechanisms that facilitate broad scale voluntary adoption by
farmers; and

= Estimate threshold returns that make feasible biomass production for biofuels.
1. Planned Activities
Our team’s anticipated activities were:

e Activity A. Prepare an outreach piece that compares the producer survey results over two
years; this will summarize findings and identify implications for our project.
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Activity B. Continue to interact with industry on an Iowa State University Bioeconomy
project to model the use of feedstocks as a fuel source for fast pyrolysis. The business
model involves a distributed system of fast pyrolysis that provides as byproducts char and
bio-oil. Char will be sold as a soil amendment, and bio-oil will be sold for use in furnaces

for heat. The group includes soil scientists, chemical engineers and mechanical engineers
(Hayes).

Activity C. Continue modeling and analysis efforts of the regional supply curve for
grasses and stover using a real options framework (Hayes). Present one of these studies at
conference on this subject in 2015. Publish two peer-reviewed papers in this area.

Activity D. Continue a project to study the transportation economics of CRP when filter
strips and grassy plantings are harvested for biomass. The expected outcome is a report
describing the use of CRP for perennial grasses. The feature of this report will be an
exploration of the trade-off between offering higher biomass prices to procure more
product closer to the plant and lower biomass prices with increased transportation costs
under various participation (harvest/yield) rates. The comparison is made to the case of
corn stover and a dual crop model is considered to estimate biomass production from
grasses and stover.

2. Actual Accomplishments

Planned Activity A. Reconsidered — insufficient survey data beyond what was collected
in the first round. That data was already reported to the CenUSA team and published.

Planned Activity B. Ongoing.
Planned Activity C. Paper published in Bioenergy.

Planned Activity D. One phase of this work is completed, and another graduate student
is taking over. The project was presented at the 8" Annual Berkeley Bioeconomy
Conference in Berkeley, CA, April 2, 2015.

3. Explanation of Variance

We reconsidered the effort to prepare an outreach piece that compares the producer survey

results over two years as there was insufficient survey data beyond what was collected in the
first round. See “Plans for Next Quarter” for a new activity that has been added to this
objective’s portfolio.

4. Plans for Next Quarter
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During fourth quarter (Mau — July 2015), our team will continue work as outlined in the
planned activities. An additional project is being added: Keri Jacobs and Rob Mitchell
(Objective 2, Feedstock Production) are working on a producer decision tool based on the
project’s parameters for perennial grass production. The expected output here is a decision
aid to be presented at the annual meeting and training provided to extension personnel. The
components of the tool have been chosen and work will begin during summer to build it and
train extension educators.

5. Publications, Presentations, and Proposals Submitted

Hayes, D., Shaull, B. & K. Jacobs. Sourcing Feedstock for Cellulosic Biofuels when
Producer Participation is Low. Proposal submitted to the 2015 Berkeley Bioeconomy
Conference. Dermot Hayes will present the paper on April 2, 2015.

Objective 7. Health and Safety

The production of bioenergy feedstocks will have inherent differences from current agricultural
processes. These differences could increase the potential for workforce injury or death if not
properly understood and if effective protective counter measures are not in place.

The Health and Safety team addresses two key elements in the biofuel feedstock supply chain:
» The risks associated with producing feedstocks; and
®  The risks of air/dust exposure.
1. Task 1. Managing Risks in Producing Biofeedstocks
e Planned Activities

We will continue to add additional data and details necessary for the new risk assessment
model. Complete calculations of risk between production systems will be accomplished
and areas for model improvement will be identified. A technical paper will be submitted
for peer review to the International Society of Agricultural Safety and Health professional
improvement committee.

e Actual Accomplishments

Several injury and exposure datasets were added to the spreadsheets containing the model
calculations. Refinements to the filters and adjustment techniques were made so the
necessary values from injury and exposure data sets are aligned with the new
probabilistic risk assessment model inputs. Refinement of processes, data, filters, and
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adjustments for the new probabilistic risk assessment model for biofeedstock production
were continued.

The deterministic values calculation from the new probabilistic risk assessment model
with actual Midwestern related injury and exposure data was completed. This step
demonstrated that the calculation algorithms were functioning as expected. The initial
stochastic simulations runs were completed to calculate the change in likelihood of injury
between traditional corn production and biofuel production. While these calculations
yielded two numerical risk values that could be compared, these values are not the final
result. These values validate the use of stochastic simulations for creating results in the
probabilistic risk assessment model, an intermediary step in the process to compare the
risk values.

A technical paper proposal was submitted and accepted to the International Society of
Agricultural Safety and Health conference June 21-24, 2015. The technical paper 15-01
was peer reviewed and being prepared for 2015 conference proceedings.

Explanation of Variance
None to report.
Plans for Next Quarter

Data refinement and adjustments for the new probabilistic risk assessment model will
continue to be added. The initial set of complete calculations of risk between production
systems will be reviewed, evaluation of inputs into model will be examined, and areas for
model improvement will be identified. A technical paper will be presented at the
International Society of Agricultural Safety and Health conference on June 21-24, 2015
in Normal, IL. A manuscript about the model development will be submitted to the
Journal of Agricultural Safety and Health.

Publications, Presentations, and Proposal Submitted

None this quarter.

2. Task 2 — Assessing Primary Dust Exposure

"

"

Planned Activities
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We will receive approval for modifications to the human subjects study. The air sampling
equipment will prepared for use by subjects in study. Identification of human subjects to
participate in the study will begin after approval.

e Actual Accomplishments

The modifications to the human subjects study to include the transportation location of
potential subjects is still on going. IRB approval has not yet been obtained.

e Explanation of Variance

The adjustment to existing human subject approval will be resubmitted to the Institutional
Review Board making the necessary adjustments to the participation, detail, and
collection of data. The current human subject approval has been extended and is still
enforced, but it does not provide the details necessary to collect the data needed until it
has been modified.

e Plans for Next Quarter
Receive approval for modifications to the human subjects study.
e Publications, Presentations, and Proposal Submitted

Ryan, S. J., Schwab, C. V. & G. A. Mosher. (2015). Agricultural Risk: Development of a
probabilistic risk assessment model for measurement of the difference in risk of corn and
biofuel switchgrass farming systems. International Society for Agriculture Safety and
Health. International Meeting Normal, Illinois. ISASH Paper No. 15-01. ISASH Urbana,
IL.

Schaufler, D. H., Yoder, A M., Murphy, D. J., Schwab, C. V. & A. F. Dehart. (2014).
Safety and Health Hazards in On-Farm Biomass Production & Processing. Journal of
Agricultural Safety and Health. 20(4): 283-299.

Yoder, A. M., Schwab, C. V., Gunderson, P. & D. J. Murphy. (2014). Safety and Health
in Biomass Production, Transportation and Storage. Journal of Agromedicine. 19:83-86.

11
11
11
11
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Education and Outreach

Objective 8. Education

The Education Objective seeks to meet the future workforce demands of the emerging
Bioeconomy through two distinct subtasks, as follow:

To develop a shared bioenergy curriculum core for the Central Region.

To provide interdisciplinary training and engagement opportunities for undergraduate and
graduate students.

Subtask 1 is curriculum development. Subtask 2A is training undergraduates via an 8-
week summer internship program modeled on the highly successful NSF REU (research
experience for undergraduates) program. Subtask 2B is training graduate students via a 2-
week summer intensive program modeled on a highly successful industry sponsored
intensive program in biorenewables the team led in 2009. Subtask 2C is training graduate
students via a monthly research webinar. The next portion of this report is broken into
subtasks.

Subtask 1: Curriculum Development

1.

Planned Activities

We are continuing the final edits of existing modules in feedstock development, logistics and
economics areas:

e Module 12. Biochemical Conversion of Bioenergy Feedstocks
Revise draft content and begin process to convert content to on-line module.
e Module 13. Thermochemical Conversion of Bioenergy Feedstocks
Continue development of draft module materials.
* Module 14. Preprocessing Operations for Bioenergy Feedstocks
Prepare draft of module outline.
e Evaluation Tasks

Prepare presentation of evaluation case studies for module program for /nnovate 365
Distance Education Conference.

Actual Accomplishments
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Content was revised and conversion of content on-line module has started.
e Module 13. Thermochemical Conversion of Bioenergy Feedstocks
Continued development of draft module content.
e Module 14: Preprocessing Operations for Bioenergy Feedstocks

Drafting of module was started. Some content in the draft of Module 12 was moved in
this module.

* Module 15: Introduction to Bioenergy Conversion Platforms

As a result of the creation of modules 12 and 13 a new module will be created that
provide an overview of bioenergy conversion platforms and their relations to feedstock
composition.

e Evaluation Tasks

A presentation for the Innovate 365 Distance Education Conference was prepared which
summarizes the module development and evaluation activities.

e Creation of new online home for modules

Currently modules that are completed are made publically available through the CenUSA
page in the Plants and Soils e-Library at UNL. As a result of Deana Namuth-Covert’s
transition to The Ohio State University there is some uncertainty about future access to
the module content. Options to move the existing modules to a more permanent home
have been discussed and it has been decided that the modules should be housed with the
CenUSA website structure.

3. Explanation of Variance
None.
4. Plans for Next Quarter
e Module 12. Biochemical Conversion of Bioenergy Feedstocks.
Convert draft content to on-line module.
e Module 13. Thermochemical Conversion of Bioenergy Feedstocks.

Finish draft of module content.
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Module 14: Preprocessing Operations for Bioenergy Feedstocks
Finish draft of module content.

Module 15: Introduction to bioenergy conversion platforms
Prepare outline of module content.

Creation of new online home for modules

Formalize a plan to create a repository for the modules within the CenUSA website.

5. Publications, Presentations, and Proposals Submitted

None to report this period.

Subtask 2A: Training Undergraduates via Internship Program

1.

Planned Activities

Continue to promote the undergraduate internship program and encourage application
submissions through the March 23, 2015 application deadline.

Centrally vet and rank applications based on the letters of interest, academic
achievement, previous research experience, and letters of recommendation.

Pool of likely candidates will be given to faculty hosts for review during the week of
March 30, with selections and rankings of students requested from faculty by April 3.

Highly ranked students, as indicated by faculty hosts, will receive telephone interviews
the week of April 6 and April 13.

First offers to students will begin April 6, second offers to students April 13 with the
cohort (20 students) finalized on April 27"

Arrange travel for accepted students.

Secure housing for students who will be placed with faculty mentors at partner
institutions.

Actual Accomplishments

38

Robust promotion of the program yielded a pool of highly qualified applications on the
March 23 deadline.

Central vetting and ranking of the applications completed on March 27, 2015.
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The pool of likely candidates was packaged and given to faculty hosts for review on
March 27, and selection decisions provided back on or before April 3.

Student phone interviews with Raj Raman took place the weeks of April 6 and April 13.

First offers were extended the week of April 6, second offers extended the week of April
13, and a cohort of 19 students finalized on April 21.

The 2015 CenUSA Bioenergy Internship cohort consists of 19 students — lowa State
University placements (4 male, 3 female), University of Nebraska-Lincoln placements (4
male, 2 female), Purdue University placements (1 male, 1 female), University of
Wisconsin, Madison (1 male, 1 female), USDA NCAUR Laboratory (1 female), ADM
industry placement (1 male).

All non-selected candidates notified on April 24 as was publicized on the CenUSA
website.

3. Explanation of Variance

None.

4. Plans for Next Quarter

1

39

Finalize all logistics; student travel, lodging at [owa State and all five partner institutions
(University of Wisconsin — Madison, University of Nebraska — Lincoln, Purdue
University, USDA NCAUR Lab, and ADM), and administration of stipends.

Provide mentor training using a 15-minute video (created by Raj Raman). We will share
link with the internship mentors (faculty/grad student/post doc) in mid-May, followed by
a combined face-to-face (for ISU-based mentors) and virtual (via Zoom for partners)
meeting to clarify any questions and concerns.

Launch the program on May 27 with the arrival of the students. Run the orientation at
Iowa State from May 28 — May 31, send students to appropriate lab placements for a June
2" start date, schedule weekly meetings (June 2 — July 22) with student interns to discuss
progress, face-to-face for ISU students and virtual (via Zoom) for partner-placement
students.

Iowa State University’s Research Institute for Studies in Education (RISE) administered
a pre-program survey to assess students on May 28. This provided a baseline for program
evaluation.
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e The ISU-based interns will participate in a team-building canoe trip on the Des Moines
River on Saturday, May 30.

e All partner-placed students return to lowa State on July 26 in preparation for travel to the
CenUSA Annual Meeting at the University of Wisconsin, Madison on July 27-29.

e All undergraduate interns participate in the CenUSA annual meeting as they actively
engage in the Q&A sessions following research presentations by objective program
directors and faculty leaders. All interns present their research during the research poster
session and dinner reception on Tuesday, July 28.

e Interns return to lowa State University on July 29 for the close of the program. All
students participate in the closing celebration brunch with faculty and graduate student
mentors and ISU REU-wide poster session on Friday, July 31.

5. Publications, Presentations, and Proposals Submitted

None to report this period.
Subtask 2B — Training Graduate Students via Intensive Program
1. Planned Activities

e Continue to work with Mike Casler (Objective 1. Feedstock Development) and lowa
State University’s Conference Planning and Management staff to plan for the one-day
condensed graduate intensive program add-on to the annual meeting.

v" Plans include a tour of some Great Lakes Bioenergy Research Center (GLBRC)
facilities and research plots on July 28, 2015. Consider a stop at GLBRC biomass
research at the Arlington Ag Research Station and another stop at the Wisconsin
Energy Institute on campus. The graduate students will see a range of biomass
research that is quite different from that in CenUSA, covering a range of topics from
production/sustainability all the way to conversion processes.

2. Actual Accomplishments

Worked with Dr. Mike Casler as detailed above in the planned activities.
3. Explanation of Variance

None.
4. Plans for Next Quarter

e Conduct the July 28 condensed graduate intensive program add-on to the annual meeting.
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v Program includes a tour of some GLBRC facilities and research plots, a stop at

GLBRC biomass research at the Arlington Ag Research Station, and another stop at
the Wisconsin Energy Institute on campus. The graduate students will see a range of
biomass research that is quite different from that in CenUSA, covering a range of
topics from production/sustainability all the way to conversion processes.

5. Publications, Presentations, and Proposals Submitted

None.

Subtask 2C — Training Graduate Students via Monthly Research Webinar

1. Planned Activities

Continue delivery of the restructured/reformatted research webinar content.

Organize four 1-h sessions spread over the spring academic year (March and April of
2015). Each session will have several CenUSA Objective Leaders or Collaborating
Faculty presenting on an issue listed below. The issues are meant to be mildly
controversial so that multiple views can be presented. After the presentation of
viewpoints, which should last no longer than ten minutes each, we will move to Q&A,
with questions from anyone and particularly encouraged from graduate students.

Scheduled Topics

v

March 27 — What are the most realistic approaches to reducing N and P export from
the Corn Belt?

» Presenters: Cathy Kling, Keri Jacobs, Raj Raman
April 24 — Topics under consideration:

» What kind of switchgrass yields are likely to be possible on marginal lands, and
what would the cost of this material be?

o Proposed presenters: TBA
» How do yield increases and machinery changes impact cost and safety?

o Proposed presenters: TBA

2. Actual Accomplishments

41

Continue delivery of the restructured/reformatted research webinar content.
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v" Organizing four 1-h sessions spread over the spring academic year (March and April
of 2015). Each session will have several CenUSA Objective Leaders or Collaborating
Faculty presenting on an issue listed below. The issues are meant to be mildly
controversial so that multiple views can be presented. After the presentation of
viewpoints, which should last no longer than ten minutes each, we will move to
Q&A, with questions from anyone and particularly encouraged from graduate
students.

Scheduled Topics

v March 27 — What are the most realistic approaches to reducing N and P export from
the Corn Belt?

» Presenters: Cathy Kling, Keri Jacobs, Raj Raman

3. Explanation of Variance

Keri Jacobs had a last minute schedule conflict on March 27, 2015 therefore Dermot
Hayes agreed to serve on the panel in her absence.

The originally planned April 24 research webinar was rescheduled for June 26 directly
following the co-PI meeting to allow for attendance by the 19 undergraduate students
participating in the CenUSA Bioenergy undergraduate research internship program.

4. Plans for Next Quarter

Continue delivery of the restructured/reformatted research webinar content.

Organizing four 1-h sessions spread over the spring academic year (Each session will
have several CenUSA Objective Leaders or Collaborating Faculty presenting on an issue
listed below. The issues are meant to be mildly controversial so that multiple views can
be presented. After the presentation of viewpoints, which should last no longer than ten
minutes each, we will move to Q&A, with questions from anyone and particularly
encouraged from graduate students.

Scheduled Topics

v What kind of switchgrass yields are likely to be possible on marginal lands, and what
would the cost of this material be?

» Proposed presenters: TBA

v" How do yield increases and machinery changes impact cost and safety?
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» Proposed presenters: TBA

5. Publications, Presentations, and Proposals Submitted

None to report.

Objective 9. Extension and Outreach

The Outreach and Extension Objective serves as CenUSA’s link to the larger community of
agricultural and horticultural producers and the public-at-large. The team delivers science-based
knowledge and informal education programs linked to CenUSA Objectives 1-7.

The following teams conduct the Outreach and Extension Objective’s work:

Extension Staff Training/eXtension Team

This team concentrates on creating and delivering professional development activities for
Extension educators and agricultural and horticultural industry leaders, with special emphasis
on materials development (videos, publications, web posts, etc.).

Producer Research Plots/Perennial Grass Team

This team covers the areas of:

e Production, harvest, storage, transportation.

e Social and community impacts.

e Producer and general public awareness of perennial crops and biochar agriculture.
e Certified Crop Advisor training.

Economics and Decision Tools Team

The Economics and Decision Tools Team focuses on the development of crop enterprise
decision support tools to analyze the economic possibilities associated with converting
acreage from existing conventional crops to energy biomass feedstock crops.

Health and Safety Team

This team integrates its work with the Producer Research Plots/Perennial Grass and the
Public Awareness/Horticulture/eXtension 4-H and Youth teams (See Objective 7. Health and
Safety).
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= Public Awareness/Horticulture/eXtension/4-H and Youth Team
This team focuses on two separate areas:

* Youth Development. The emphasis is on developing a series of experiential programs
for youth that introduce the topics of biofuels production, carbon and nutrient cycling,
and biochar as a soil amendment.

* Broader Public Education/Master Gardener. These programs acquaint the non-farm
community with biofuels and biochar through a series of outreach activities using the
Extension Master Gardener volunteer model as the means of introducing the topics to the
public.

=  Evaluation/Administration Team

This team coordinates CenUSA’s extensive extension and outreach activities. The team is
also charged with developing evaluation mechanisms for assessing learning and behavior
change resulting from extension and outreach activities, compiling evaluation results and
preparing reports, and coordination of team meetings.

1. Extension Staff Training/eXtension Team
e Planned Activities
v Produce one CenUSA e-newsletter (BLADES) during the 1st quarter of 2015.
Begin new CenUSA Fact Sheet.
Begin development of one CenUSA Case Study.

Perform upkeep of CenUSA Index.

D N N N

Continue social media promotion of CenUSA.
e Actual Accomplishments
v" Produced and published peer reviewed publication on eXtension website:

» Recent Publications About Biochar. (April 27, 2015). A list of biochar
publications organized by topic. http://www.extension.org/pages/72947/recent-
publications-about-biochar#.VUky2vMo6MS.

» Brown, R. Fast Pyrolysis Efficiently Turns Biomass into Renewable Fuels.
(March 23, 2015). http://www.extension.org/pages/72722/fast-pyrolysis-
efficiently-turns-biomass-into-renewable-fuels#. VUkzW{Mo6MS.
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v" BLADES Newsletter. The CenUSA communications team released two newsletters
this quarter (February and April). BLADES features stories related to CenUSA
research activity, and other events in the perennial grass energy world, including the
commercial sector. The stories were published and emailed to our list via the
Constant Contact platform.

» February Issue. The February 2015 issue was sent to 745 individuals, 6 of whom
opted out. 266 individuals (36.7%) of recipients opened the newsletter and 61
(22.9%) clicked on a story (http://blades-
newsletter.blogspot.com/p/february 4.html).

Stories included:

o CenUSA Looks for Next Batch of Summer Interns. Story described the 2015
internship program

o A Producer’s Viewpoint with John Weis. Story on biochar test plots on farm of
CenUSA Advisory Board Member John Weis.

o 2015 A Turning Point in the Bioeconomy. Story about how experts in
bioeconomy see 2015 as a turning point for second-generation biofuels.

o How Green is Your Drive? Story about a new CenUSA paper published in the
Proceedings of the National Academy of Science compared the environmental
health impacts from a range of fuel types and technologies.

o How CenUSA Uses Social Media to Spread Science — and How You Can Too.
Story discussed the use of social media in advancing research in the CenUSA
project and tips for reaching a science audience.

o CenUSA 101. Training video on how to best view CenUSA’s new website.

» April Issue. The April 2015 issue was sent to 761 individuals, 2 of whom opted
out. Of the 761 individuals who received the newsletter, 269 (35.8%) of recipients
opened the newsletter, and 62 (23%) clicked on a story (http://blades-
newsletter.blogspot.com/p/april-2015.html).

Stories included:

o Toward Progress on Nutrient Reduction — An update on state-based efforts to
reduce nutrient pollution from agriculture.

1
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o Chevrolet and Ducks Unlimited Pair Up for Grasslands — Chevrolet’s recent
investment of $40 million to purchase 8 million tons of carbon credits from
livestock farmers in North Dakota will protect 11,000 acres of grasslands.

nusa.iastate.edu

o Switchgrass: Better Bedding for Broilers? The University of Delaware
Extension service is working with the Nature Conservancy and Rotochopper,
a manufacturer specializing in grinders for mulch, compost and animal
bedding to grind switchgrass for poultry bedding.

o CenUSA releases first-ever decision support tool for switchgrass — New
economic tool developed by CenUSA collaborator and Iowa State University
economist Chad Hart allows farmers to compare costs when producing
switchgrass.

o The California carbon offset market: directing a changing landscape — The
California carbon market is changing rapidly. Biomass crops like switchgrass,
that can sequester carbon, may be good future carbon offset candidates.

o Managing carbon like coffee cups — Reprinted op-ed by Dr. Robert Brown,
published originally in The Hill, a daily publication covering Congressional
policy issues.

v" CenUSA eXtension Web Site. Google Analytics for CenUSA articles/Fact Sheets on
the CenUSA eXtension site for this quarter reveal the following:

» Compared to last quarter, usage is significantly increasing — page views are up by
64%, users are up 62% and average time on page is up 41%.

» CenUSA eXtension site received 4,017 page views by 2,757 users, 76% of them
new sessions, averaging 1.3 pages per visit. The bounce rate is 83% and average
time on page is 4:31 minutes.

» Traffic sources are 82% search engines (i.e. Google), 14% direct traffic and 4%
referring sites. Efforts continue to optimize publications for search engines.

» Top 10 states accessing CenUSA articles were Illinois, California, Michigan,
Minnesota, Nebraska, New York, Texas, Colorado, North Carolina, and New
Jersey; with use from throughout the U.S. and world.

» The top nine states accessing CenUSA articles were Michigan, Texas, Wisconsin,
Illinois, New York, lowa, North Carolina, Pennsylvania, and Nebraska.

1
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v" CenUSA Web Site. The CenUSA web site had 1,970 visitors this quarter versus 790
the prior quarter. These visitors logged a total of 8,229 pageviews during 3,030
sessions (3,099 and 1,142 last quarter, respectively).' We attribute the growth to the
redesigned website.

v Twitter. Twitter traffic consists of followers who subscribe to our account and
“follow” our tweets (announcements). Followers can “favorite” a tweet or retweet it
to share with their own followers. They can also “mention” us by tagging CenUSA
bioenergy’s twitter account in their own tweets. During this quarter our tweets were
retweeted a total of 85 times. Followers tagged CenUSA tweets as favorite 85 times
and mentioned us 59 times. CenUSA bioenergy also has 565 followers currently, up
from 499 followers last quarter.

v Vimeo. During this quarter, the 41 CenUSA videos archived on Vimeo have had 430
plays or views of the videos on our Vimeo site or on a web site that embedded a
CenUSA video. The 41 videos also had 3,499 loads; 3,063 of those loads came from
our videos embedded on other sites. When a video is loaded, people see the video but
they do not click “play.” The means the video was saved to their hard drive (users
usually do this because they have limited internet connectivity which does not allow
for live streaming of video). Once the video is downloaded, it is available on their
computer to watch at their convenience.

v" YouTube. CenUSA videos are also posted on YouTube, and those videos have been
viewed 1,185 times between February 1 and April 30, 2015. Seven hundred eighty-
eight views were from the United States. YouTube also provides data related to how
users access the videos. Videos were viewed on their associated watch page, the
YouTube Channel page, or on web pages where the videos were embedded. Ninety-
two percent of the videos were viewed on their associated YouTube watch page (each
video has a unique “watch page”). Embedded videos on another site accounted for
5.8% of the views and 1.8% of video views came from the YouTube Channel page.
Users find our videos through various avenues, which are referred to as “traffic
sources.” Our top 4 traffic sources for the quarter include: YouTube search, YouTube
suggested videos, direct URL links, and referrals from other web sites. Thirty-four
percent of our views came from users accessing videos through YouTube Search.
YouTube suggested videos accounted for 25% of our views. Views from mobile apps
or from direct traffic (links in an e-mail or copying/pasting the direct URL) account
for 13% of video views. Finally, referrals from outside YouTube (Google search or
access through external web sites) account for 12% of video views.

! Pageviews are the total number of pages that visitors looked at during their time on the site.
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Assisted in interviewing and hiring two new CenUSA Communications Interns
(undergraduate journalism students from Iowa State University).

Interviewed University of Minnesota CenUSA Extension team member Bill Lazarus
and Dave Hall, Minnesota Pollution Control Agency about their nutrient decision
support tool.

e Explanation of Variance

The March issue of BLADES was delayed until April because the communications team
needed more time to complete stories.

e Plans for Next Quarter

v

v

Continue maintenance of eXtension index: Resources from CenUSA.

Develop two eXtension Expert-Bio pages for CenUSA Collaborators. These pages
will rotate with others bios on the eXtension Farm Energy Home Page.

Publish one fact sheet and one research summary.

Use eXtension Farm Energy Social Media sties to broadcast information from
CenUSA.

Train new CenUSA communications interns.
Attend CenUSA annual meeting; capture video while at meeting if schedules allow.

Develop and release BLADES newsletters.

e Publications, Presentations, Proposals Submitted

v

v

v

Recent Publications About Biochar. (April 27, 2015). A list of biochar publications
organized by topic. http://www.extension.org/pages/72947/recent-publications-about-
biochar#.VUky2vMo6MS.

Brown, R. Fast Pyrolysis Efficiently Turns Biomass into Renewable Fuels. (March
23, 2015). http://www.extension.org/pages/72722/fast-pyrolysis-efficiently-turns-
biomass-into-renewable-fuels#. VUkzW{Mo6M8.

February issue of BLADES newsletter.

April issue of BLADES newsletter.

Producer Research Plots/Perennial Grass/Producer and Industry Education Team
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e Planned Activities

v Indiana (Purdue University)

>

vV Vv V Y V V

Grind and send Indiana demonstration plot samples to CenUSA Co-Project
director Rob Mitchell (USDA-ARS, Nebraska) for analysis.

Format 2014 plot data.

Remove 2014 old growth from Trafalgar and Peru plots.
Hire student worker for summer 2015 for on-farm plots.
Edit exhibit signage.

Re-budget for CenUSA Year 5 re-application.

Conduct programs for:

o Washash County Winter Ag School

o Midwest Bioenergy Outreach Team Meeting

o National Association of Power Engineers Meeting

o National Energy Extension Summit Presentation

o Batesville Indiana Renewable Energy Expo Presentation

o Indiana FFA and Indiana Corn Marketing Council Ethanol Training Teacher
Program Development

o Gibson County Ag School

v Towa

» Burn off grass from on-farm demonstration plots.

» Apply N treatments to on-farm demonstration plots in April 2015.

» Begin preparations for fall 2015 field day.

v Minnesota

» Harvest plots and gather samples.

49 Quarterly Progress Report: February 2015 - April 2015



%enusa bioenergy

>

l.cenusa.iastate.edu

Finish grinding samples from 2014 demo plot and send to University of Nebraska,
Lincoln for analysis.

Share information about CenUSA and growing switchgrass on marginal lands in
lecture for upper-level undergraduate class at University of Minnesota (“Soil
Nutrients in the Environment™).

Plan for June 17, 2015 field day at CenUSA Lamberton demonstration plot and
for a producer field day later in the summer.

v" Nebraska

>

>

Continue to develop plans for summer outreach activities.
Fertilize CenUSA biomass demonstration plots.

Dig Liberty and Shawnee switchgrass plants from demonstration plots and replant
in University of Nebraska, Lincoln greenhouse for later planting at “Raising
Nebraska” State Fair exhibit.

Evaluate need for weed control at CenUSA field demonstration sites.
Work on CenUSA budget for Year 5 of the project.

Authorize annual land rental payments to the two CenUSA cooperating grass
growers.

Work with David and Associates to develop educational/teaching materials for
Raising Nebraska Exhibit at the Nebraska State Fair and at Husker Harvest Days.

e Actual Accomplishments

v Indiana (Purdue University)

>

vV VvV ¥V VYV V¥V

Demonstration plot samples were ground and sent to Rob Mitchell at USDA-
ARS, Lincoln for analysis

Brittany McAdams formatted 2014 data.

Removed 2014 plot growth from Trafalgar and Peru plots.
Hired student worker for summer 2015.

Edited CenUSA signage several times.

Completed rebudgeting for CenUSA Year 5 reapplication.
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» Presented programs to:
o Washash County Winter Ag School.
o Midwest Bioenergy Outreach Team Meeting.
o National Association of Power Engineers Meeting.
o National Energy Extension Summit Presentation.
o Batesville Indiana Renewable Energy Expo Presentation.

o Indiana FFA and Indiana Corn Marketing Council Ethanol Training Teacher
Program Development.

v Towa

» Both plots were burned off in preparation for 2015 production (Washington
County plot burned on March 31, 2015; Johnson County plot on April 14).

» N fertilizer has been purchased and will be applied in the last week of April 2015
or the first week of May as weather permits.

v Minnesota

» 32 students (22 male and 10 female) attended a lecture about CenUSA and
growing switchgrass on marginal lands.

» Began planning for summer and fall 2015 field days.
v Nebraska

» Received final approval for planting of Liberty and Shawnee switchgrass at the
Raising Nebraska Building located at the Nebraska State Fair Grounds in Grand
Island, Nebraska. This is a new facility designed to enhance agricultural literacy.
In addition, a similar planting will occur at the site of the three-day “Husker
Harvest Days” event for growers called Grand Island, Nebraska.

» Fertilized both CenUSA on-farm demonstration plots according to CenUSA
protocols.

» Dug and transplanted approximately 100 biomass switchgrass plants from the
field into 5 gallon buckets and will grow them in the greenhouse until they are
transplanted into the field for the Nebraska State Fair and Husker Harvest Days.
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Determined application of herbicide for weed control in established CenUSA on-
farm plots was not necessary at this time.

Made financial payment to both Nebraska CenUSA on-farm demonstration
cooperators.

Met with David and Associates to plan exhibits.

Explanation of Variance

v" Indiana: Gibson Ag School event was cancelled due to a snowstorm.

v" No variance noted in Iowa, Minnesota or Nebraska.

Plans for Next Quarter

v

Indiana

We will concentrate on the following activities:

>

YV V VY V¥V

Indiana FFA and Indiana Corn Marketing Council Ethanol Training Program.
Demonstration plot development and data collection.

Walking tour signage installations.

Plan field day opportunities at the demonstration sites.

Contribute to Bioenergy Youth Workshop that includes the bioenergy grasses as
part of the curriculum.

Co-lead development of CenUSA Extension team that develops a CenUSA
“legacy video.”

Towa

>

>

Maintain plots.

Plan for fall field day at the Washington County plot.

Minnesota

Continue planning for summer and fall field days.

Nebraska
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> Continue to work with David and Associates on educational exhibits and
materials for Raising Nebraska Exhibit and Husker Harvest Days.

» Transplant greenhouse grasses to Raising Nebraska and Husker Harvest Days
sites — maintain plantings at each site.

» Capture biomass samples from each previously established biomass locations
(Dawson/Beaver Crossing) for quality analysis.

Publications, Presentations, Proposals Submitted

v

Indiana

» National Energy Extension Summit presentation (Chad Martin).
» Wabash County Winter Ag School (Chad Martin).

» Batesville Renewable Energy Expo (Chad Martin).

» National Association of Power Engineers Meeting (Chad Martin).

2. Economics and Decision Tools

Planned Activities

v

Schedule and hold meeting of CenUSA Extension Economics Team with co-project
directors Keri Jacobs and Rob Mitchell to discuss features to be added to the draft
decision tool this summer.

Plan training event for CenUSA Extension team to share the Estimated Cost of
Establishment and Production of “Liberty”” Switchgrass decision tool and train them
how to use it in workshops.

Actual Accomplishments

v

Developed and published background piece for the CenUSA decision tool for
perennial grasses (http://www.extension.iastate.edu/agdm/crops/html/al-29.html).

Held team meeting to discuss features to be added to the tool this summer.
Scheduled training for CenUSA Extension team at CenUSA Annual meeting.

Scheduled webinar to train people about use of the tool (September 25, 2015)

Explanation of Variance
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e Plans for Next Quarter

v" Add additional features to CenUSA Decision Tool.

v" Train CenUSA team members to use the tool.

v' Prepare for September 25, 2015 webinar.

e Publications, Presentations, Proposals Submitted

Martin. C. Estimated Cost of Establishment and Production of “Liberty” Switchgrass.
(April 2015). (http://www.extension.iastate.edu/agdm/crops/html/al-29.html)

3. Health and Safety

See Health and Safety Objective report, above.

4. Public Awareness/Horticulture/eXtension/4-H and Youth Team

*  Youth Development

v" Planned Activities

> Indiana

@)

O

Attend 2015 HASTI (Hoosier Association of Science Teachers Inc.)
conference presentation on CenUSA STEM education materials.

Attend 2015 NSTA (National Science Teachers Association Teachers)
conference presentation on CenUSA STEM education materials.

Attend 2015 NEES (National Energy Extension Symposium) poster
presentation

Complete pilot test of high school curriculum and edit lessons for full-scale
implementation in the fall of 2015.

Finalize CenUSA Bioenergy walking tour interpretive signage.

Begin planning 2015 CenUSA Indiana renewable energy Indiana 4-H science
workshop.

> lowa

@)

Continue development of C6 app, i-Book and related curriculum.
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o Conduct training session on C6 at lowa 4-H Volunteer Forum.

o Share C6 activities at Science Center of lowa Earth Day celebration.
v Actual Accomplishments

» Indiana

o Presented at 2015 HASTI conference.

o Presented at 2015 HSTA national conference.

o Presented poster at 2015 NEES conference.

o Completed pilot test of high school curriculum.

o CenUSA Bioenergy walking tour interpretive signage was finalized and
approved for production and installation.

o Renewable energy 4-H science workshop schedule finalized.
> lowa

o C6 BioFarm educational material development progressed and the
programming of the C6 BioFarm game has reached a stage where the game is
playable and can be piloted with youth audiences for the 2nd and 3rd quarter
of 2015. The game is available using the i0OS and Android operating systems
and allows youth to operate an agricultural operation and make decisions that
focus on the triple bottom line (economic, environmental and sociological
sustainability), while producing raw materials for the bioeconomy. lowa State
University faculty have met with the CenUSA C6 team and are interested in
using the game for undergraduates and graduate courses. Industrial partners
have also expressed interest in supporting the C6 BioFarm project. Meetings
for collaboration are planned for the second quarter.

o Eight adult 4-H volunteers (3 male; 5 female) attended the C6 session at the
Iowa 4-H Volunteer Forum in Ames, lowa. The volunteers spanned from
across the state of lowa and were interested in learning about the development
of C6 BioFarm and how it could be applicable to them (February 7, 2015).

o Jay Staker (CenUSA C6 team leader) presented a session on C6 at the
National Extension Educators Conference in Seattle, WA. 30 Extension
Educators participated in the session (April 8, 2015).
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o The CenUSA C6 team traveled to the Science Center of lowa in Des Moines
for the Earth Day celebration for [owa families. Seventy-four young people
played the basic C6 game, where they learned about carbon and careers in the
bioeconomy. After they completed the game and played the survey, they took
home a “trading card” for them to remember what they learned (April 26,
2015).

v Explanation of Variance

In Indiana student workers were hired away to other positions, however, an open
position has been filled for summer so curriculum editing will be completed for full-
scale curriculum implementation in the fall

v Plans for Next Quarter
» Indiana
o Complete the installation of CenUSA Bioenergy walking tour signage.
o Conduct the 2015 CenUSA renewable energy 4-H science workshop.
o Conduct CenUSA sessions at Indiana 4-H Roundup.

o Complete editing of high school curriculum and identify participants for fall
implementation.

> lowa

Planned activities for the forth quarter of 2015 focus on using the C6 BioFarm
educational materials for outreach events. These products will be used in the
following locations to teach adults and young people about the principles related
to the bioeconomy and the CenUSA educational goals of impacting knowledge
relating to biorenewables and SETM Careers. These activities will serve a dual
purpose as both educational outreach for CenUSA and also as pilot programming
for evaluating the tools and improving the products. For the second quarter of
2015, two interns and a graduate student will work on curriculum and the games
while doing outreach events.

o Polk County Extension training — June 10, 2015.
o Summer Academy Leadership Institute (SALI), session I — June 11-12, 2015.
o Reiman Gardens Discovery Days — June 13, 2015.

o Summer Academy Leadership Institute (SALI), session II — June 23-24, 2015.
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o lowa State 4-H Youth Conference — June 30-July 2, 2015.
o lowa 4-H Center STEM Camp — July 6, 2015.
o Central Iowa Fair —July 9, 2015.
o Science Center of lowa — July 10, 2015.
o lowa 4-H Center STEM Camp — July 13-16, 2015.
o Summer Academy for Middle School Teachers — July 13-16, 2015.
o Teaching in the Fast Lane — July 13-16, 2015.
o Science Center of lowa — July 17, 2015.
o CenUSA Annual Meeting — July 28-29, 2015.
o Reiman Gardens Discovery Days — August 1, 2015.
o lowa State Fair 4-H Building — August 13-17, 2015.
v" Publications, Presentations, Proposals Submitted

» Indiana
o Presentation at 2015 HASTI conference.
o Presentation at 2015 HASTA conference.
o Poster for 2015 NEES conference.

> lowa

Staker, J., C6 BioFarm: A Sustainability Game for Learning the Role of a
Biobased Economy. National Extension Energy Summit. Seattle, WA. April 2015.

e Broader Public Education/Master Gardener Program
v Planned Activities
> lowa
o Order and plant seeds for CenUSA biochar demonstration gardens.
o Hold information public meetings on Master Gardeners and the biochar

project.
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o Complete the 2014 report on the CenUSA Biochar Demonstration Garden
results.

o Acquire the final results of soil moisture tests done on soil samples collected
from the St. Paul Campus’ silty loam site and the Andover’s sandy site.

o Recruit approximately 12 new volunteers for the CenUSA demonstration
gardens.

o Contract with grower to start demonstration garden seeds.

o Update Extension Master Gardeners applications, position descriptions, forms
and garden procedures for volunteers.

o Update garden designs.
o Schedule demonstration garden leader team meeting in March 2015.

o Promote the CenUSA Biochar Research Project via a display at the Anoka
County Extension Master Gardeners Home Landscaping and Garden Fair
event on April 11, 2015.

v Actual Accomplishments
> lowa

o Seeds were received and partial planting of seeds for the biochar plots has
been completed.

o Informational programs were presented about the CenUSA project, the role of
CenUSA Extension Master Gardeners, and the outcomes of biochar utilization
in demonstration gardens. Meetings were held in Rockwell City (Master
Gardener Seminar) on March 14, 2015; Des Moines Botanical Gardens on
March 21, Stanhope IA library on March 20; Story County Master Gardeners
in Ames on March 16; at the Webster City High School for an FFA class on
April 20; and at the Rowan Community Center in Rowan on April 14. Total
participants in these sessions were 120 (45 male, 75 female; 5
Hispanic/Latino; 113 white, 2 African American)

> Minnesota

o Completed the 2014 report on the CenUSA Biochar Demonstration Garden
results (Exhibit 4).
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Recruited eleven new volunteers for the 2015 CenUSA project sites.
Contracted with grower to start demonstration garden seeds.

Updated CenUSA Master Gardener applications and position descriptions and
began to update the forms and garden procedures for volunteers.

Began update on CenUSA garden designs.

Exhibited CenUSA Biochar garden display at the Anoka County Extension
Master Gardeners Home Landscaping and Garden Fair on April 11, 2015
where we reached over 200 gardeners.

v Explanation of Variance

> lowa

Zinnia seeds will be planted later due to crop timing.

> Minnesota

We have not yet received an explanation of the results of the soil compaction and
moisture tests.

v Plans for Next Quarter

> lowa

@)

@)

@)

Distribute transplants to CenUSA demonstration garden sites.
Complete demonstration garden plantings.

Mentor CenUSA Master Gardeners regarding plot maintenance and data
collection.

Hold informational meeting for Fort Dodge area gardeners.

> Minnesota

@)

Continue with the update of the remainder of forms and procedures for
CenUSA Extension Master Gardener volunteers.

Purchase supplies for gardens.

Finalize update for garden design.
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o Arrange for pick-up and delivery of plants to the CenUSA demonstration
garden sites.

o Plant Twin Cities Metro demonstration gardens last week of May or first week
of June (weather dependent).

o Plant the demonstration garden at Fond du Lac site early-mid June (weather
dependent).

o Meleah Maynard will be contacted to write new blogpost for Master Gardener
eXtension website.

o Provide CenUSA biochar demonstration garden tour for the Minnesota
Extension Master Gardener State Conference June 26-27, 2015.

o Provide display of CenUSA biochar project for poster session for the
Minnesota Extension Master Gardener State Conference June 26-27, 2015.

Publications, Presentations, Proposals Submitted

Extension Master Gardener Biochar Demonstration Gardens 2014 Annual Report
(Exhibit 4).

5. Evaluation and Administration

e Planned Activities

v

v
v
v

Collect information from CenUSA Extension teams and prepare reports.
Write Extension/Outreach section of CenUSA Year 5 reapplication.
Collect information to submit with Year 5 reapplication.

Continue support for development of CenUSA C6 Youth app, videos, and iBook
materials.

Schedule meetings and meet with each CenUSA Extension work team and each state
team to plan and budget for Y5 activities.

Prepare budgets and budget justifications.

Negotiate new contract with The Ohio State University (due to transfer of two
CenUSA Extension team members).

Complete analyses of Extension program survey results. Write reports based on
results.
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v" Prepare for and present sessions related to CenUSA at the National Extension Energy
Summit, University of Washington.

Actual Accomplishments

v Scheduled and held meetings with each CenUSA Extension work team and each
Extension state team to determine Year 5 plan of work and budgets Wrote Extension
section of Year 5 reapplication.

v" Collected information from CenUSA Extension team members and wrote quarterly
report.

v Collected information to accompany Year 5 application (names of people trained,
etc.).

Supported for development of CenUSA C6 Youth app, videos, and iBook.
Wrote job descriptions and recruited candidates for CenUSA Extension internships.
Negotiated work plan and budget with The Ohio State University.

Represented Extension Task at CenUSA co-PI meetings.

D N N N NN

Completed analyses of Extension program survey results. Write reports based on
results.

<

Prepared survey instruments for use to evaluate CenUSA Extension programs.

v" Prepared for and presented sessions related to CenUSA at the National Extension
Energy Summit, University of Washington

Explanation of Variance

None

Plans for Next Quarter

v" Coordinate/participate in CenUSA Extension work team meetings.

v" Collect information from CenUSA Extension teams and prepare reports.

v" Develop survey instruments, conduct analysis of surveys completed by participants,
and produce reports summarizing impact of CenUSA Extension efforts.

v Support C6 team to continue development of educational materials targeting K-12
youth.
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v" Mentor CenUSA interns.
v Attend CenUSA Annual meeting.
e Publications, Presentations, Proposals Submitted

v Euken, J. & Brown, S. CenUSA Extension Program and Evaluation Tools. National
Extension Energy Summit. April 2015. Seattle, WA.

v Euken, J. What Works: Extension Energy Programs. National Extension Energy
Summit. April 2015. Seattle, WA.

v" Brown, S., Biofuels Harvest Survey Results. 2014 Purdue University (Exhibit 5)

v" Brown, S., CenUSA Extension Webinar evaluation instrument (Exhibit 6)

Objective 10. Commercialization
Objective 10A. Archer-Daniels-Midland & Objective 10B. Renmatix
1. Planned Activities

Plans for this quarter included tests to convert furfural derived from hemicellulose streams
into value-added furan compounds such as 2-methylfuran or tetrahydrofuran and pyrolysis
tests with additional lignin streams, utilizing the proprietary pretreatment method.

Additional plans for this quarter included analysis of nine biomass samples by Renmatix to
determine chemical and physical characteristics prior to testing these samples in their
supercritical hydrolysis process to produce sugars. Renmatix also was scheduled to send
previously produced lignin co-product from supercritical hydrolysis of hardwood.

Finally, ADM was scheduled to send additional streams from their Acetosolv process, which
fractionates biomass into pulp, lignin, xylose, and phenolic streams, to ISU for further
thermochemical conversion testing to recover high value products.

2. Actual Accomplishments

A control run was completed on the continuous flow fluidized bed pyrolysis unit using
untreated lignin co-product provided by Renmatix. Similar to other lignin-rich streams, when
pyrolyzed without pretreatment, agglomeration occurs in the fluidized bed after less than one
hour of operation.

1
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Table 6. Total liquid yield produced from pyrolysis of Renmatix
lignin co-product at 500°C

Stage Fraction 1 Stage Fraction 2 Total Liquid Yield
(Lignin feed wt%) (Lignin feed wt%) (Lignin feed wt%)
15.5 18.2 33.7

Table 7. Summary of product yield from pyrolysis of Renmatix lignin co-product at

500°C
Water Liquid organics Non-condensable gas Solid residue by
(Lignin feed wt%) (Lignin feed wt%) (Lignin feed wt%) difference
(Lignin feed wt%)
14.9 18.8 7.6 58.7

As Tables 6 and 7 show, total pyrolysis and liquid organic yields were 33.7% and 18.8%
respectively, on a weight basis of the lignin feed. Analysis of the liquid product showed that
phenolic monomers, carboxylic acids, and levoglucosan were the primary organic products.

Nine biomass samples were provided to Renmatix for chemical and physical
characterization. The biomass includes switchgrass varieties, mixed grasses, big bluestem,
corn stover, and indiangrass. Initial analysis included quantification of carbohydrates,
acetyls, uronic acids, lignin, extractives, ash and metals. Porosimetry of the samples was also
determined. Conclusions of the characterization and comparisons to hardwood, which is
Renmatix’s typical feedstock, are as follows:

e Xylan content was found to be between 19 and 22%. This range is similar to that found in
hardwoods.

* Glucan content was found to be between 31 and 34%. This range is about 10 to 20% less
than that for hardwoods.

e Acetyl groups have a concentration range between 2.3 and 2.5% in the analyzed biomass
samples. Acetyls in hardwoods are typically 3-5%.

e Ash content is between 4 and 7%, or about one order of magnitude higher than that in
hardwood.

e In general all elemental metal levels were higher in the analyzed biomass sample that
those in hardwoods, with the greatest differences being found in silicon and potassium.
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Pyrolysis of ADM’s biomass fractions has shown that several flavor compounds are present
in pyrolyzed samples of the lignin waste stream and that these are actually present in the
unpyrolyzed waste stream. Based on the composition of these compounds present, ADM has
estimated potential value of a ton of lignocellulosic biomass (Table 8).

Table 8. Potential value of lignocellulosic biomass

Fraction Pounds per ton of Price per pound ($) Value per ton of
biomass biomass ($)

Pulp 1000 0.25 250
Organic Insoluble lignin 114 0.25 28.5
Organic Soluble lignin 160 0.25 40
Xylose 100 0.30 30
Phenolics 6.4 100 640

Total 988.5

3. Explanation of Variance

None noted.

4. Plans for Next Quarter

e Continuous flow pyrolysis tests with Renmatix lignin streams with previously developed
pretreatment

* Recently developed proprietary lignin depolymerization and stabilization process will be
tested on ADM and Renmatix lignin streams

e Conversion of perennial grasses using ADM and Renmatix biorefining processes will
commence

Objective 10C. USDA-ARS, Lincoln, Nebraska

Alternative Uses for Native Perennial Warm-season Grasses

e Livestock performance on native perennial warm-season grasses.

Burned and fertilized pastures and have prepared water and fencing for Year 4 grazing.
Cattle will go on pastures near June 10, 2015.
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