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Fig. 11. Red oak mild catalytic pyrolysis product comparison with varying ZSM5 to Red Oak
loading ratios

3. Explanation of Variance.
No variance has been experienced and accomplishments are on schedule.

4. Plans for Next Quarter.

» Carry out experimental analysis to obtain the optimum method to be used in MCP
systems.

* Develop a plan and carry out catalyst screening experiments.
5. Publications, Presentations, and Proposals Submitted

None to report this period.
Sub-objective 2. Prepare and characterize biochar
1. Planned Activities.

* Revise the Boehm titration manuscript to address the reviewer comments and return the
manuscript to JEQ for a final decision on publication.
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Conduct data analysis and interpretation for a biochar characterization manuscript.

Conduct additional X-ray diffraction and FTIR analyses to complete the date set needed
for the characterization manuscript.

Prepare a first draft of the biochar characterization manuscript.

2. Actual Accomplishments.

Revisions and responses to reviewer comments for the Bohem titration paper were
returned to the associate editor of the Journal of Environmental Quality and the
manuscript has been formally accepted for publication. Proofs of the paper were received,
reviewed and returned to the editor. The manuscript should appear on-line shortly.

A first draft of the biochar characterization paper was prepared. The focus of the
manuscript is on quantifying anion exchange capacity of biochars and identifying the
surface functional groups that are responsible for causing AEC of biochars. The
following paragraph is a synopsis of the data and an analysis, which leads us to conclude
that the biochars contain oxonium cations are primarily responsible for AEC.

As shown in Figure 12, X-ray diffraction patterns of the alfalfa meal and corn stover
biochars show evidence of inorganic phases even after treatment 1 M HCI for 24 hr. and
0.1 M HCI1 + 0.3 M HF for 36 hr. The results suggest that some inorganic phases are
occluded within the organic C matrix of these biochar. X-ray diffraction analysis of the
cellulose biochar, however, showed no sign of inorganic phases, which is consistent with
the chemical analysis, which showed only trace levels of inorganic elements in the
cellulose biochar. Because the cellulose biochar contains negligible levels of inorganic
material it is appropriate to assume that all of the O in the biochar sample is associated
with the organic C phase. The results in Table 10 show significant levels of O in the
cellulose and amino acid biochars, which is assumed to be structural.
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XRD Patterns of 700 °C HTT Biochars Post HCl / HF Treatment
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Fig. 12. X-Ray diffraction analysis of HCI/HF treated biochars
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Table 10. Chemical analysis and physical properties of biochars prepared from alfalfa meal,
cellulose, corn stover, and reagent grade lysine and methionine at two different temperatures 500
and 700°C.
° BET- Particl
HTT | Yield Element Content (%) pH | Ash ar |<? e
Feedstock ©c) | (%) (%) N, Density
o
C N H S (o] o (m2/g) (g/cmS)
Alfalfa 500 | 29.8 | 66.03 | 3.40 2.43 | 0.18 > 10.0 | 28.84 30 1.61
Alfalfa 700 | 29.0 | 68.80 | 3.23 1.45 | 0.25 > 10.0 | 30.89 176 1.90
Cellulose 500 | 27.9 | 84.80 | 0.00 2.98 | 0.08 | 10.82 8.3 0.87 321 1.34
Cellulose 700 | 26.0 | 90.30 | 0.01 1.72 | 0.12 6.12 8.6 0.92 229 1.68
Corn 500 | 31.5 | 75.45 [ 1.48 | 267 |0.08| * [10.1|20.03| 150 1.56
Stover
Corn 700 | 29.8 | 7754 | 123 |1.48|013| * |102|21.93| 259 1.74
Stover
Lysine 500 * 80.17 | 12.63 3.13 | 0.06 4.01 * * * *
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Lysine 700 * 82.32 | 12.17 1.37 | 0.18 | 3.95 * * * *
Methionine | 500 * 72.63 | 1210 | 3.01 | 0.62 | 11.63 * * * *
Methionine | 700 * 61.08 | 8.56 1.44 | 4.72 | 24.20 * * * *

FTIR analysis of the prepared biochars (Figure 13) showed small adsorption bands for hydroxyl
and carbonyl functional group. These peaks are too small to account for the levels of O found in
the cellulose, lysine, and methionine biochars (Table 10). Thus we conclude that a significant
amount of the O must be present in the form of O-heterocycles. The FTIR analysis shows a
strong adsorption band at 1590 cm™', which we have identified as C-O stretching band for O-
heterocycles.

FTIR Spectra of 500 °C HTT Dialyzed Biochars
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Fig. 13. FTIR Spectra of 500°C Dialyzed Biochars

Anion exchange capacity of the studied biochars (Table 11) varied from 0.602 to 27.76 cmol kg-
1. The AEC generally increased with decreasing pH and increased with pyrolysis temperature.
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Table 11. Average anion exchange capacities of the studied biochars. Numbers in parentheses are
standard deviations.

Feedstock HTT pH 4 pH 6 pH 8

(°C) (cmol kg™ (cmol kg™ (cmol kg™

Alfalfa 500 10.88 (2.461) 3.095 (0.279) 0.938 (0.338)
Alfalfa 700 25.85 (4.083) 9.64 (1.075) 2.15(0.871)
Cellulose 500 7.84 (1.938) 2.63 (0.211) 0.602 (0.372)
Cellulose 700 24.23 (5.944) 18.07 (8.656) 4.11 (0.182)
Corn Stover 500 17.51 (5.808) 3.77 (0.658) 1.05 (0.206)
Corn Stover 700 27.76 (9.098) 13.82 (4.225) 7.19 (1.39)

Based on the above evidence we conclude that AEC in biochars is primarily due to oxonium
functional groups which are formed during pyrolysis and that the surface density of oxonium
functional groups increases with the peak pyrolysis temperature.

This research adds to basic understanding of biochar surface chemistry and how feedstock type
and pyrolysis temperature influence biochar surface chemistry. The research also suggests that it
may be possible to optimize pyrolysis conditions to generate high AEC biochars, which would
add value to biochar due to the increased ability to retain anionic nutrients such as nitrate and
phosphate.

3. Explanation of Variance.
No variance has been experienced and accomplishments are on schedule.
4. Plans for Next Quarter.

We will begin work on preparing a manuscript documenting the stability of biochar AEC, a
harsh oxidizing environment. Additional chemical and spectroscopic analysis will be
conducted as needed to complete this paper.

5. Publications, Presentations, and Proposals Submitted.

None submitted.

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
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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:

42

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.
Planned Activities
Our team anticipated a total of four activities for the first quarter of the project’s third year.

» Jacobs will work with the CenUSA Extension Objective to develop plans to administer
the Adoption of Switchgrass Production Survey. As with the pilot survey given during
quarter 1 of year two and analyzed during the 2™ and 3" quarters, the survey results will
be reported to the group. Recommendations for extension programs related to the
CenUSA effort will be developed over several quarters.

» Continue to interact with industry on an Iowa State University Bioeconomy Institute
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 biochar
and bio-oil. Biochar 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).

* Continue modeling and analysis efforts of the regional supply curve for grasses and
stover using a real options framework (Hayes). Present one of these at conference on this
subject in 2014. Publish two peer-reviewed papers in this area.

* Construct the budgeting analysis of threshold returns necessary to make biomass
production feasible under various yield regimes and land use alternatives (Perrin).

Actual Accomplishments

* Adoption of Switchgrass Production Survey. CenUSA project information will be
presented at this year’s Integrated Crop Management Conference at lowa State
University. Keri Jacobs and Chad Hart will present an update on the project and
associated economics and administer a similar survey.

* Modeling the use of feedstocks as a fuel source for fast pyrolysis. This activity is on-
going.
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* Modeling and analysis efforts of the regional supply curve for grasses and stover using a
real options framework. This activity is on-going.

* Constructing the budgeting analysis of threshold returns necessary to make biomass
production feasible under various yield regimes and land use alternatives. This activity is
on-going.

3. Explanation of Variance
No variance has been experienced and accomplishments are on schedule.

4. Plans for Next Quarter
* Administer the switchgrass survey and develop a report for CenUSA colleagues.
» All other planned activities will continue.

5. Publications, Presentations, and Proposals Submitted

* Perennial Grasses for Bioenergy in the Central United States: Updates on
Economics and Research Progress (Keri Jacobs, assistant professor and Extension
economist, Economics, lowa State University).

Through policies and programmatic commitments, the United States is exploring the use
of alternative transportation fuels as means to meet the growing global demand for
energy and the nation’s RFS targets. The CenUSA Bioenergy project is a five-year,
multi-state, and multi-disciplinary coordinated research and education effort to develop a
sustainable system for the production of biofuel feedstocks derived from perennial
grasses on land marginal for row crop production. Now in its third year, the project,
funded by the USDA under the NIFA-AFRI Sustainable Biofuels Initiative (project
#2010-05074), focuses on the production of perennial grasses integrated within the row
crop landscape in the region consisting of Illinois, Indiana, lowa, Kansas, Michigan,
Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin.”
CenUSA is comprised of researchers, scientists, and educators working in nine objective
areas to move the project forward: 1) feedstock development, 2) sustainable production
systems, 3) feedstock logistics, 4) system performance, 5) feedstock conversion, 6)
markets and distribution, 7) health and safety, 8) education, and 9) extension and
outreach.

* The project is led by Iowa State University and partners with researchers and scientists at Purdue University,
University of Illinois — Champaign, University of Minnesota — Twin Cities, University of Vermont — Burlington,
University of Wisconsin — Madison, and the USDA ARS — Ames, lowa; Lincoln, Nebraska; Wyndmoor,
Pennsylvania; Madison, Wisconsin.
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A feasible and sustainable regional system of biofuels derived from perennial grasses
requires a comprehensive strategy that addresses impacts to and requirements of markets
and distribution systems. The markets and distribution platform (Objective 6) is
responsible for, among other things, evaluating farm-level adoption decisions and
exploring policy, market, and contract mechanisms that facilitate broad scale adoption by

farmers. Recognizing that adoption by farmers will be voluntary, the production of
biomass for biofuels must be shown to have economic value to the farmers who will be
considering it in their farm business management decisions. Further, switchgrass
production must be competitive with traditional row-crop production on the same quality
land.

Placement of switchgrass for the purpose of biofuels is envisioned to be on lands
unsuitable or marginal for row crop production; lands near streams and waterways are of
particular interest. The U.S Department of Energy estimates that nearly 20 million
hectares of land in the United States is available to support perennial grasses for
bioenergy crops (2011). One placement scenario the CenUSA project is considering is
plantings of biomass crops on current or past Conservation Reserve Program (CRP)
lands. Switchgrass may provide a return advantage to the farmer over the CRP and
alleviates contractual obligations that accompany CRP enrollment. However, unlike the
steady CRP payment, switchgrass production is susceptible to weather, production, and
marketing risks. Further, current high commodity prices make production on marginal
lands, even past CRP lands, profitable.

Farm scale production costs of switchgrass, including those for establishment,
management, harvest, and storage, have been estimated at $65.86 per metric ton of
biomass dry matter (2003 prices, includes land cost of $147.45/ha ($60/acre)) over a 5-
year rotation with biomass-type cultivars expected to yield approximately 5.0 metric tons
per hectare (Perrin et al. 2012). Cost projections are lower for a 10-year rotation of
switchgrass with a slight drop in yields in later years of the rotation.

The economic return to switchgrass production for landowners includes not only the
coverage of costs by expected returns from marketing, but also an accounting of the
additional on-farm benefits the system may provide, such as erosion control benefits and
the value of biochar as a soil amendment. Social benefits from the reduction of nutrient
run-off and greenhouse gas emissions could be substantial. CenUSA collaborators
estimate that switchgrass production results in an increase of long-term carbon
sequestration, particularly at the deeper soil depths (0 to 150 cm), and are working to
quantify these and other impacts of the perennial grass system and their economic value.

During Iowa State University’s 2012 Integrated Crop Management Conference,
producers and farm managers were provided information regarding switchgrass
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production decisions and the expected costs and returns of a perennial grass system based
on the current state of a perennial grass system based on the project’s feedstock
development progress and the expected economics associated with production in this
region. The participants were then surveyed to gain feedback on their perceptions of a
perennial grass production system and its ability to compete with traditional cropping
systems. This year’s session will update participants with recent advancements in
CenUSA’s project, discuss their impact on the financial feasibility of perennial grasses in
light of current economic and legislative conditions, and discuss the key variables that
will drive the success of this effort based on last year’s survey results.

References

Perrin, R., K. Vogel, M. Schmer & Mitchell, R. (2008). Farm-Scale Production Cost of
Switchgrass for Biomass. Bioenergy Research, 1(1): 91-97. Available at:
http://www.springerlink.com/content/f85977006m871205/.

U.S. Department of Energy. (2011). U.S. billion-ton updated: biomass supply for a
bioenergy and bioproducts industry. In: Perlack RD, Stokes BJ (Leads), ORNL/TM-
2011/224. Oak Ridge National Laboratory, Oak Ridge, TN.

Objective 7. Health & 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 Feedstocks
a. Planned Activities

A hierarchy of various subheadings is being developed for major various tasks associated
with producing biofeedstocks. The major headings main tasks are:

e Establishment

* Maintaining
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* Harvest
* On-site processing and storage

* Transportation

The different risk assessment methods are being evaluated for those established tasks.

b. Actual Accomplishments

Progress continued on refining the listing of tasks/responsibilities for biofeedstock
production. The listing is currently contains seven “Main Tasks”, 15 “Task Groupings”,
112 “Tasks,” and 371 “Actions.” Actions are the lowest level where potential risks are
discernible and where the different risk assessment methods will be applied. Diversity of
equipment used is fairly common, as expected in most operations. The type, horsepower,
etc. are critical elements needed for assessing risk for most Actions.

Three risk assessments tools for handling are being evaluated for the various tasks. These
tools are Frequency/Severity Analysis, Deviation Analysis, and Fault Tree Analysis.
Each Action is being assessed using these three tools. A partial list of expected risks with
enumerated tasks has been completed.

The team reinforced the cooperative arrangement with the investigator at Penn State
University by collaborating for two presentations at the 2013 North American
Agricultural Safety Summit.

Explanation of Variance

None to report.

d. Plans for Next Quarter

e.

Assessment of the three risk assessment tools will continue. The tools will be used to
evaluate various actions within Main Tasks/Task Grouping/Tasks/Actions. It is expected
that the standard risk assessment tool to use for tasks in biofeedstock production may
ultimately be a hybrid of the three tools under investigation.

Publications, Presentations, and Proposals Submitted

A presentation was made at the Biomass and Biofuels session of the 2013 North American
Agricultural Safety Summit hosted by Agricultural Safety & Health Council of America in
Minneapolis Minnesota on September 25-27, 2013.

Task 2 — Assessing Primary Dust Exposure

Quarterly Progress Report: October 2013
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The locations for dust exposures are compiled. Those currently identified are being
evaluated to find the highest/hazardous exposure rates. This process focuses where pilot
analysis of actual dust exposure will take place.

Appropriate monitoring equipment is being investigated for the pilot study. Approvals for
human subjects and procedures have begun.

b. Actual Accomplishments

Primary locations for dust exposure measurement will be in seedbed preparation and
harvesting operations. Literature review indicates very little published research on
respirable dust in agricultural operations, however it clearly indicates these operations are
the most likely to have respirable dust exposures. The identification of the monitoring
equipment needed to take dust samples was identified as a 10-mm nylon cyclone and 5
um PVC filter to an air sampling pump running at 1.7 L/min. These will collect total dust
sample and respirable dust. Exact details of the subject and plot location are still being
considered, prior to 2014 fieldwork.

c. Explanation of Variance

No variance has been experienced and accomplishments are on schedule.
d. Plans for Next Quarter

Data for priority or first few sample sites will be identified during field operations.
e. Publications, Presentations, and Proposals Submitted

A poster on identification of potential sources for dust exposures of farmers engaged in
biomass production was presented at the CenUSA annual meeting West Lafayette,
Indiana (August 2013).

OUTREACH AND EXTENSION
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.
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= 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
e Module 3. Perennial Grass Harvest Management
v Complete internal review of windrowing and baling lessons.
v" Submit mower-conditioning lesson for publication.
v Make content for first three lessons available on E-Library page.
* Module 4. Storage Management (lead authors Pat Murphy and Iman Beheshti Tabar)

Continue module development activities with CenUSA Extension and Outreach
collaborator Amy Kohmetscher.

*  Module 5. Integrating Bioenergy Production into Current Systems
Complete internal review and make any necessary corrections and revisions.
* Module 6. Balancing Energy Demand with Food, Feed and Fiber Needs

Complete module development activities with Amy Kohmetscher and submit module for
internal review.

* Evaluation tasks
v" Build quiz functions in Moodle for existing on-line module lessons.

v' Capture responses for program and lesson evaluation for lessons being evaluated fall
semester.

v Complete evaluation data set for module #3 to Gwen from fall 2012 offering of ASM
222 at Purdue.
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v" Use and evaluate establishment module in Guretzky class at UNL (develop quiz
questions).

2. Actual Accomplishments

*  Module 3. Perennial Grass Harvest Management. (Lead authors Pat Murphy,
CenUSA CoPd and Iman Beheshti Tabar) status of components:

v Kevin Shinners (UW) completed the internal review of the windrowing lesson;
revisions are being made.

*  Module 4. Storage Management. (Lead author Pat Murphy) status of components:
v Continued module development activities.

* Module 5. Integrating Bioenergy Production into Current Systems. (Lead author
Nicole Olynk Widmar) status of components:

v CenUSA collaborator Chad Hart (ISU) completed the internal review and a process to
make necessary revisions to Camtasia lectures has been determined.

* Module 6. Balancing Energy Demand with Food, Feed and Fiber Needs (lead author
Nicole Olynk Widmar) status of components:

v" Module development activities completed.

*  Module 7. Developing a New Supply Chain for Biofuels: Contracting for Dedicated
Bioenergy Crops (lead author Corinne Alexander) status of components:

v" Module development activities completed.

v" Internal review completed by CenUSA Co-Pd Keri Jacobs (ISU) and revisions to the
module will be completed in early 2014.

* Module 8. Biofuels Policy: How Does Policy Affect the Market for Biofuels? (lead
author Corinne Alexander) status of components:

v" Draft of module content completed in PowerPoint.
v Recording of Camtasia lectures will begin in early 2014.
* Module 9. Enterprise Budgeting

v A rough draft of module was completed using content cut from the initial content
drafts of the other marketing/economics modules.
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Module 10. Title to be Determined — Initial Feedstock Development Module (lead

author Chaein Na and John Guretzky)

v Develop outline of module content for feedstock breeding and selection module(s).
Evaluation tasks

v" Evaluation data sets from content delivered to UNL and Purdue students have been
putted together for analysis by CenUSA collaborator Gwen Nugent.

3. Explanation of Variance

None to report.

4. Plans for Next Quarter

Module 5. Integrating Bioenergy Production into Current Systems

v" Rerecord portions of the Camtasia lectures that need to be revised.
Module 6. Balancing Energy Demand with Food, Feed and Fiber Needs
v" Submit for internal review.

Module 9. Enterprise Budget

v" Identify a lead author to evaluate current content and begin module development
activities with Amy Kohmetscher.

Module 10. Title to be Determined — Initial Feedstock Development Module (lead
author Chaein Na and John Guretzky)

v Complete outline of module content and begin module development activities with
Amy Kohmetscher.

Evaluation Tasks
v Complete analysis of evaluation data sets from UNL and Purdue (Gwen Nugent).

v Complete evaluation of content delivered to students at UNL and UIUC.

5. Publications, Presentations, and Proposals Submitted

None to report this period.

Subtask 2A: Training Undergraduates via Internship Program
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1. Planned Activities

*  On August 1, 2013 the four students placed at partner institutions (University of
Minnesota, University of Nebraska, Lincoln, and the Idaho National Labs) will return to
Iowa State University from the CenUSA annual meeting at Purdue for the conclusion of
the program.

* On August 2, 2013 all CenUSA student interns will participate in the ISU university-wide
undergraduate research poster session and reception. This poster session, the culminating
event of the CenUSA Bioenergy Internship Program, will include all undergraduate
research interns who have participated in summer research internships at lowa State
University. This event will showcase over 100 students.

+ All students will complete a post-program survey conducted by lowa State University’s
Research Institute for Studies in Education (RISE). The purpose of this assessment is to
(1) assess the program’s activities; (2) evaluate immediate program successes and
challenges; (3) promote continued interest in the program by alumni after they complete
their research experience; and (4) track the career paths of our graduates.

* On August 3, 2013 all student interns depart [owa State University.

+ Finalize and process all payments related to the internship program.

* Create a calendar and content outline for the summer 2014 program.
2. Actual Accomplishments

+ The nine undergraduate student interns at partner institutions (University of Minnesota,
University of Nebraska, Lincoln, and the Idaho National Labs) all returned to lowa State
on Sunday, July 28, 2013.

« On Monday, July 29, 2013 all nine student interns travel via CIT Charter Bus to Purdue
University for participation in the CenUSA Annual Meeting. Students present their
posters at the annual meeting on Wednesday, July 31 2013.

» All nine students travel from Purdue to lowa State University on August 1 in preparation
of the program close on August 2, 2013.

* On August 2, 2013 all student interns and some faculty mentors and graduate student
mentors attend a celebration brunch at the lowa State University’s Memorial Union.

* On August 2, 2013 all nine interns participated in the ISU university-wide undergraduate
research poster session and reception.
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+ Interns completed post-program survey and participated in focus groups conducted by
Iowa State University’s Research Institute for Studies in Education (RISE).

» All nine interns depart lowa State University for home on Saturday, August 3 2013.
» All internship-relevant payments processed.
+ Created tentative calendar and program content outline for the 2014 program.
+ Begin soliciting faculty hosts for the summer 2014 program.
3. Explanation of Variance
None to report.
4. Plans for Next Quarter
 Finish solicitation of projects from faculty.
» Determine distribution of students to sites (number of slots for each participating lab).

* Review program assessment provided by lowa State University’s Research Institute for
Studies in Education (RISE).

+ Promote the undergraduate internship program and encourage application submissions,
working with lists of underrepresented minority students generated by ISU graduate
college, and through job-posting boards at regional institutions, and by communication
with Agronomy and Engineering department chairs at partner institutions.

» Migrate program website to primary CenUSA host, rather than independent site (Iowa
State University’s Agricultural and Biosystems Engineering Department’s website) used
for the program years of 2012 and 2013.

5. Publications, Presentations, and Proposals Submitted
None to report this period.
Subtask 2B — Training Graduate Students via Intensive Program
1. Planned Activities
None. This is a PY4 activity, and forward planning will begin in summer 2014.
2. Actual Accomplishments

N/A
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Explanation of Variance

N/A

Plans for Next Quarter

N/A

Publications, Presentations, and Proposals Submitted

None to report this period

Subtask 2C —Subtask 2C — Training Graduate Students via Monthly Research Webinar

1.

53

Planned Activities
+ Organize the three research webinars.

v System Performance Metrics, Data Collection, Modeling, Analysis, and Tools
Objective — September 27.

v Feedstock Conversion/Refining Objective — October 25.
v Markets and Distribution Objective — November 22.
Actual Accomplishments

+ System Performance Metrics, Data Collection, Modeling, Analysis, and Tools Objective
research webinar on September 27, 2013 — Sustainable Production and Distribution of
Biomass for the Central US by Jason Hill.

» Feedstock Conversion/Refining Objective research webinar on October 25, 2013 —
Analysis for Pyrolysis Based Biofuels by Robert Brown and Chamila Thilakaratne.

Explanation of Variance

» Postponed the Objective 6 webinar until January 2014 due to schedule conflicts of
objective leaders and graduate student presenters.

Plans for Next Quarter
» Organize and deliver research webinars:
v' January 31, 2014 — Markets and Distribution Objective.

v' February 28, 2014 — Health and Safety Objective.
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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:

v Production, harvest, storage, transportation;

v Social and community impacts;

v Producer and general public awareness of perennial crops and Biochar agriculture;
v" Certified Crop Advisor training.

Economics and Decision Tools Team

The Economics and Decision Tools Team will focus 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).

Public Awareness/Horticulture/eXtension/4-H and Youth Team
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This team focuses on two separate areas:

v 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.

v Broader Public Education/Master Gardener. These programs acquaint the non-farm
community with biofuels and biochar through a series of outreach activities using the
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
a. Planned Activities
v Complete Switchgrass Stand Establishment: Key Factors for Success Fact Sheet.

v' Prepare final paper Reducing Hypoxia in the Gulf: An alternative Approach (working
title) for submission as essay in professional journal.

v' Prepare script, identify interviews and begin filming for video Reducing Hypoxia in
the Gulf: An Alternative Approach.

v" Begin planning for National Extension, Energy and Environment Conference,
September 23-25, 2014 in Ames, [A.

v Begin development of CenUSA image collection on eXtension Farm Energy media
site.

v Continue work on developing CenUSA publications for eXtension.
b. Actual Accomplishments

v CenUSA collaborator and University of Illinois —Champaign professor D.K. Lee
presented the webinar Diversifying Cellulosic Feedstocks with Native Perennial
Grasses as part of CenUSA Extension team member John Hay’s Bioenergy Friday
series (September 27, 2013). Dr. Lee discussed his perennial grass breeding efforts
including his improvement in Prairie Cordgrass.
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v The CenUSA perennial grass entomology video has been reviewed and is in the final
editing stages. Final filming in response to the reviewer’s suggestions is scheduled for
November 2013.

v" A script for the plant pathology video narration has been developed.

v" Footage for the environmental impact video was gathered at the Enhancing

Mississippi Watershed Ecosystems with Perennial Bioenergy Crops workshop
(September 2013).

v Two fact sheets have been updated, formatted and are in final review
o Switchgrass for Biofuel Production (Mitchell, Vogel, and Schmer).
o Switchgrass Stand Establishment Key Factors for Success.

V' The paper, Reducing Hypoxia in the Gulf: An Alternative Approach is now in final
review.

v" Prepared e-FLYER Perennial Grass Establishment for Biomass Production and
assisted with Dr. Kevin Shinners/Dr. Rob Mitchell Field Day in Evansville,
Wisconsin on September 19, 2013.

v Completed interviews and filming for video Reducing Hypoxia in the Gulf: An
Alternative Approach.

v Attended and conducted video interviews at joint CenUSA and Hypoxia Task Force
meeting: Enhancing Mississippi Watershed Ecosystems with Perennial Bioenergy
Crops, September 23-24 in Minneapolis, MN.

v Uploaded over 50 CenUSA images showing switchgrass, other feedstocks, and field
tour participants into eXtension Farm Energy Media site:
http://farmenergymedia.extension.org/images.

v Met with representatives from all Bioenergy CAPS on October 11-22, 2013 to
develop a system for collaborating across CAPS and plan indexing on eXtension.org
for all Bioenergy CAP resource publications together.

v" Maintained Published Index: Resources from CenUSA at
http://www.extension.org/pages/68136 to include recently published CenUSA
resources, those hosted on eXtension.org, CenUSA Site, and others.

v Continued work on articles listed below which will be published on eXtension.org:
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o Plant Breeders Create New and Better Switchgrass Varieties for Biofuels (Casler,
Harlow). The article has been reviewed and final edits are being made.

o Research Finds Strong Genetic Diversity in Switchgrass Gene Pools — Research
Summary (Casler, Harlow). The article has been reviewed and final edits are
being made.

o Harvest and Storage of Two Perennial Grasses as Biomass Feedstocks (Casler,
Shinners, Harlow). The article is currently being drafted.

o Control Weeds in Switchgrass (Panicum Virgatum L.) Grown for Biomass.
o How to Successfully Harvest Switchgrass Grown for Biofuel.

Continued to monitor impact of CenUSA Vimeo Channel: During this quarter, the 29
CenUSA videos archived on Vimeo have had 193 plays, and 4,825 loads (2,511 of
the loads came from CenUSA videos being embedded on other sites), and
downloaded 9 times (user download because they have limited Internet connectivity
which does not allow for live streaming of a video; once the video is downloaded, it
is available on their computer to watch).

CenUSA videos are also posted on YouTube and have been viewed 3,948 times as of
October 31, 2013. This is the total number of views since videos were posted, not
necessarily just for this quarter.

Explanation of Variance

v

v

The entomology video was delayed because the content expert had a busy travel
schedule. Final filming will be wrapped up in November, 2013.

The webinar related to economics has been postponed because the desired speaker
would not have findings to present until February 2014.

Updating and review of papers took longer than we anticipated, as we needed USDA-
ARS approval for updated fact sheets.

The field day originally planned for June 2013 was cancelled due to difficult spring
and poor-looking stand. The stand improved over the summer and Dr. Shinners
decided to re-schedule the field day for September 19, 2013.

Plans for Next Quarter.

v

v

Finish the entomology video.

Produce a first cut of the plant pathology video.
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Organize webinars for February and March of 2014.

Prepare the Fact Sheet: Reducing Hypoxia in the Gulf: An Alternative Approach. This
will be a short version of the longer paper Reducing Hypoxia in the Gulf: An
Alternative Approach produced specifically for extension and outreach audiences.

Edit and publish the video: Reducing Hypoxia in the Gulf: An Alternative Approach.

Continue assistance with planning for the National Extension, Energy and
Environment Conference to be held September 23-25, 2014.

Prepare plan for expanded outreach and communication using social media channels.
o Launch a CenUSA monthly e-newsletter.
Publish articles noted above that are nearing completion.

Continue maintenance of index: Resources from CenUSA: Sustainable production
and Distribution of Bioenergy for the Central USA.

Setup eXtension Ask an Expert system to answer questions on CenUSA topics.

Begin development of Economics of Bioenergy Fact Sheet.

e. Publications, Presentations, Proposals Submitted

See above.

2. Producer Research Plots/Perennial Grass Team

a. Planned Activities

v

v

v

Minnesota: Collect yield and plant composition data.
Nebraska: collect yield and leaf height in August, September and October 2013.

Iowa: host field day at demonstration site at SE ISU Research and Demonstration
Farm.

Indiana: host field day at Purdue Throckmorton Ag Center.

b. Actual Accomplishments

v

Towa.

o Conducted a field day at the CenUSA demonstration plot at the ISU SE Research
and Demonstration Farm on September 12, 2013 (39 participants).
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v" Nebraska.

o On August 5, 2013 we collected biomass, visual observation and leaf height data
at the Humboldt, Nebraska site.

o On September 5, 2013 we collected biomass, visual observation and leaf height
data at the Humboldt, Nebraska site.

o On October 31, 2013 we collected biomass, visual observation and leaf height
data at the Humboldt, Nebraska site. We also made arrangements to a hire custom
hay cutter to remove biomass from entire plot prior to winter setting in.

Photo 2. field day at Purdue’s Throckmorton Ag Center on Oct. 15, 2013

v" Indiana.
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o We conducted a field day at Purdue’s Throckmorton Ag Center on Oct. 15, 2013.
55 people attended (35 male, 20 female, 2 African-American, 3 Asian).’

Table 12. Throckmorton Ag Center Field Day Evaluation (n=55)

Yes No

Had you heard about specific environmental implications of bioenergy grass 76 24
production before today?

Not at | Little | Some | Alot
all
How did the discussion about bioenergy grasses (switchgrass, 10 19 52 19
miscanthus, sorghum) influence your choice of species for bioenergy
production?
How easy was it to recognize how genetic improve? 14 29 57

v Minnesota

o The plots have finally been established at two locations (Elko, MN and
Lamberton, MN) after several weather disasters over the past two springs.

o We worked with a high school student at the Elko site to use some of the border
areas of the demonstration for a high school science project. The objective is to
evaluate use of biochar as a soil amendment for biofuel crops. Treatments were
established this summer and soil and tissue samples are being collected this fall.

c¢. Explanation of Variance

Minnesota: Rather than use a farmer site for the Lamberton demonstration plot, we used
the Southwest Research and Outreach Center because of better outreach opportunities at
the center due to planned field days next year.

d. Plans for Next Quarter
v" Indiana: We will harvest and analyze samples from the three Indiana demonstrations.
v Towa: We will harvest samples from plots in Johnson and Washington County.

v" Minnesota: We will analyze data collected for the plots and begin planning for
CenUSA annual meeting next summer in Minnesota.

3 Photos from the event are available at
www.facebook.com/media/set/?set=a.437256803046707.1073741827.119556214816769&type=1&I1=8c9e314al6
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v" Nebraska: We will confirm biomass was removed from the entire plot area by custom
hay cutter.

e. Publications, Presentations, Proposals Submitted
None.
3. Economics and Decision Tools
a. Indiana
v Planned Activities
Host Bioenergy Grass Field Day on Oct. 15, 2013.
v Actual Accomplishments

o Hosted Purdue Bioenergy Grass Field Day on Oct. 15, 2013. Fifty-five people
attended (35 male, 20 female). See Table 12 for evaluation results.

v Explanation of Variance
None.
v Plans for Next Quarter

Conduct professional development session for Purdue Extension Educators
(November 6, 2013).

v" Publications, Presentations, Proposals Submitted
b. Iowa
v Plans for Next Quarter
Host CenUSA sessions at the 2013 Iowa Integrated Crop Management Conference.
¢. Minnesota
v Planned Activities

Hold a webinar on September 30, 2013 on the CenUSA nitrogen spreadsheet for 130
Soil and Water Conservation Society and Minnesota Pollution Control Agency staff.

v Actual Accomplishments
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Webinar on September 30, 2013 on the CenUSA nitrogen spreadsheet for 130

Soil and Water Conservation Society and Minnesota Pollution Control Agency
staff.

Continued making improvements to the spreadsheet; learned the basics of ArcGIS
and made five maps of the key results by HUCS watershed and uploaded them to
Lazarus website: http://faculty.apec.umn.edu/wlazarus/interests-water.html.

v Explanation of Variance

We did not experience any variance from our expected plans.

v Plans for Next Quarter

Presentations planned on the nitrogen spreadsheet to the Minnesota Association of
Soil and Water Conservation Districts on December 2, 2013.

v Publications, Presentations, Proposals Submitted

Spreadsheet model (See above).

4. Health and Safety

See Health and Safety Objective report, above.

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

a. Indiana

v Planned Activities — Youth Development

@)

@)

Create a career component for the static CenUSA exhibit.

Utilize the CenUSA exhibit at 4-H/FFA state level events in September, October
and December 2013.

Complete the editing process for project Fact Sheets.
Edit the first drafts of the 4-H curriculum and school-based lessons.
Continue building online lessons.

Collaborate with Keith Johnson and Chad Martin on FFA students co-managing
switchgrass demonstration plots at the Indiana FFA Center.

62 Quarterly Progress Report: October 2013



%enusa bioenergy

@)

@)

l.cenusa.iastate.edu

Determine the possibility of expansion of youth co-management of additional
demonstration plots at other FFA locations around the state.

Acquire licensing and purchase software to host online modules.

v Actual Accomplishments — Youth Development

@)

@)

@)

Career component initiated and piloted at Indiana State Fair for Purdue CenUSA
display.

CenUSA display staged at Indiana State Fair 2013 for 10 days. An estimated
10,000 youth viewed the exhibit.

Online module software licensing obtained and continuation of online module
building is in process.

Lessons (curriculum) for youth are in editing and revision phase.

Collaboration with FFA, Chad Martin and Keith Johnson is in initial phase.

v Explanation of Variance

@)

Items not completed are in progress and were expected to carry over to the next
quarter(s):

Provide training for school garden programming for elementary and high school;
plan and implement school garden program

v Plans for Next Quarter

@)

@)

@)

@)

Plan 4-H Science Workshops.

Complete career component for display; utilize display with at 4-H/FFA event in
December.

Host meetings with Ag teachers and Extension Educators to review curriculum
and programming.

Continue communications with FFA on demonstration plots.
Continue development of online modules.

Continue edits and revisions of curricula for 4-H, High school and gardens.

v Publications, Presentations, Proposals Submitted
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b. Iowa

v
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See above.

Planned Activities — Youth Development

@)

@)

@)

Develop an iPad learning app to introduce youth to the element Carbon, the
difference between “old” (fossil) carbon and “new” (renewable carbon).

Pilot the app at the Iowa State Fair.

Analyze feedback and evaluate what the participants learned from the C6 app.

Actual Accomplishments — Youth Development

@)

Developed the i-Pad C6 learning app and debuted the program at the 2013 Iowa
State Fair; 223 youth completed the app activity.

We hosted a learning exhibit at [owa STEM educators event on September 25,
2013.

We hosted a hands-on exhibit at the ISU Order of the Knoll (event for donors to
ISU).

Explanation of Variance

No variance has been experienced and accomplishments are on schedule.

Plans for Next Quarter

@)

Recruit students to continue development of the C6 learning app that focuses on
potential role of perennial grasses to provide bioenergy feedstocks and
environmental services for Midwest agriculture.

Continue to take the C6 learning exhibit and game to STEM Festivals across lowa
and with 4-H clubs and University K12 outreach.

Publications, Presentations, Proposals Submitted

See above.

3.B Broader Public Education/Master Gardener Program

a. Jowa

v

Planned Activities

64 Quarterly Progress Report: October 2013



ﬁcenusa bioenergy

nusa.iastate.edu

Continue collecting and recording crop harvest data from biochar test plots.

Host a Farm Home Demonstration Garden Field Day at the Horticulture Research
Station in Ames on August 6, 2013.

Host a Home Demonstration Garden Field Day on August 8, 2013 in Muscatine,
Iowa.

Develop on-line PowerPoint for Master Gardners to use as a volunteer
recruitment tool for the CenUSA biochar project.

v Actual Accomplishments

@)

Final harvests and crop data collections were completed from the three lowa
biochar test plot sites for the 2013 season.

We featured biochar test plots at the Farm Home Demo Garden Field Day near
Ames, lowa on August 6, 2013.

We featured biochar test plots at the Home Demonstration Garden Field Day held
on August 8, 2013 in Muscatine, lowa. A newspaper article appeared in
Muscatine Journal about the biochar test plots.

We developed on-line information for Master Gardener volunteer recruitment for
the biochar project.

A total of 350 people participated in the lowa Garden Tours this quarter (228
women and 122 males). Data from evaluations include showed:

= Before the field days, 77% of respondents had low or no understanding of
biochar as a byproduct, how it differed from charcoal, or the benefits and
economic value of biochar as a soil amendment. Additionally, 76% of
participants had low to no likeliness of finding out more about biochar, using
it, or telling others about biochar.

= After attending the field days, more than 80% of respondents reported a
moderate to high understanding of biochar as a byproduct of
thermochemically processing biomass to biofuels, how biochar differs from
charcoal and its benefits as a soil amendment; 72% of respondents had a
moderate to high understanding of the economic value of biochar; and 68%
had a moderate to high likeliness of searching for more information about
biochar, using it, or telling others about biochar.

v Explanation of Variance
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None.
v Plans for Next Quarter

o We will meet with the CenUSA group to help with plans for the 2014 test plot
gardens.

o We will complete entry of garden plot crop data into the on-line reporting system.

o We will continue work on developing on-line Master Gardener volunteer
recruitment materials.

b. Minnesota
v" Planned Activities

o Set up biochar display for Master Gardener exhibit at the 2013 Minnesota State
Fair.

o Set up biochar exhibit for Master Gardener exhibit at the Northern Threshing
Show.

o Maintain Biochar Demonstration Gardens on a regular basis; collect data on select
plants and post online according to guidelines developed for Extension Master
Gardener volunteers.

o Develop signage for use at all lowa and Minnesota sites.
v Actual Accomplishments

o We developed a conference style pull-up banner and matching handbills featuring
the research being done at the Extension Master Gardener demonstration gardens.

o Thirty-four Master Gardener volunteers maintained and collected data at the three
biochar demonstration gardens in the Twin City metro area: Minnesota Landscape
Arboretum, the UMN St. Paul Campus and the Bunker Hills site in Andover.

o We wrote and published a blog about the CenUSA Annual Meeting in West
Lafayette, IN which can be found at:
http://blogs.extension.org/mastergardener/2013/08/27/cenusa-annual-meeting-
helps-extension-master-gardeners-connect-native-grass-biochar-and-biofuel-
research/. (See Exhibit 9. CenUSA Annual Meeting Helps Extension Master
Gardeners Connect Native Grass, Biochar and Biofuel Research). The biochar
content overall had 245 hits/210 unique views. The blog about the annual meeting
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generated 89 views and previous blogs from the Fond du Lac post received 67
views.

Biochar exhibits were updated to reflect the new demonstration site at the Fond
du Lac Native American Tribal Community; flyers were printed and new
evaluation postcards were developed for each event. The biochar exhibit was
displayed at the Minnesota State Fair at the Extension Master Gardener
information booth and at the Nowthen Threshing Show at the Anoka County
Extension Master Gardener Information Booth. At the MN State Fair, 4400
people visited the Extension Master Gardener booth and 55 people completed
surveys. The Nowthen Threshing Show had over 500 visitors.

Extension Master Gardener volunteers collected data on various crops that include
plant heights, widths and color, plus yields to include count and weight. Data
collection continued on various crops through the first frost.

Plant tissue samples were collected for Kurt Spokas, Soil Scientist, USDA-ARS,
who has been testing toxicity of select plants on behalf of the Extension Master
Gardener biochar project.

Demonstration gardens have been cleaned up for winter.

v Explanation of Variance

@)

Minnesota Extension Master Gardener volunteers ran into difficulty establishing
the demonstration garden at the Fond du Lac Tribal Community Center. There
will be very little data coming from that garden for the 2013 report.

v Plans for Next Quarter

@)

@)

We will conduct soil tests on the three metro area demonstration garden sites.

We will develop the 2013 Biochar Demonstration Garden Report based on the
data that was submitted by Extension Master Gardeners.

We will complete the final design for more interpretive signage that will be used
at the 2014 demonstration garden sites.

v Broader Public Education/Master Gardener Program - Publications,
Presentations, Proposals Submitted

@)

CenUSA Annual Meeting Helps Extension Master Gardeners Connect Native
Grass, Biochar and Biofuel Research (See Exhibit 7. CenUSA Annual Meeting
Helps Extension Master Gardeners Connect Native Grass, Biochar and Biofuel

67 Quarterly Progress Report: October 2013

nusa.iastate.edu



%enusa bioenergy

Nv.cenusa.iastate.edu

Research). http://blogs.extension.org/mastergardener/2013/08/27/cenusa-annual-
meeting-helps-extension-master-gardeners-connect-native-grass-biochar-and-
biofuel-research/

o Analytics report from blog posts.

o Fact Sheet lowa Increases Public’s Knowledge About Biomass.

6. Evaluation and Administration

a. Planned Activities

v

v

v

Host joint conference with Hypoxia Task Force in September 2013.

Attend 2013 Extension Galaxy Conference to exhibit and host session about
CenUSA.

Attend Food, Fuel & Fiber conference in Illinois to begin planning and market the
CenUSA Extension Energy and Environment conference in 2014.

Recruit people to serve on the planning committee for 2014 Extension Energy and
Environment conference.

Develop evaluation instruments for use by CenUSA Extension faculty and staff.

b. Actual Accomplishments

v

We hosted the Enhancing Mississippi Watershed Ecosystems with Perennial
Bioenergy Crops workshop in September. Evaluation of the conference showed:

o Before, 42% had None-Low knowledge of growing perennial grasses to lower
nutrient runoff. After, 96% had Mod-High knowledge.

o Before, 49% had None-Low knowledge regarding opportunities to develop
market for perennial grasses grown for biofuel production. After, 77% had Mod-
High knowledge.

o Before, 52% had None-Low knowledge of the economic drivers for growing
perennial grasses for biofuel production. After, 89% had Mod-High knowledge.

o Before, 50% had None-Low knowledge of the value of including incentives to
grow perennial grasses in state nutrient reduction plans. After, 80% had Mod-
High knowledge.
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v We exhibited and presented at the Extension Galaxy Conference in Pittsburg,
Pennsylvania. We shared information with more than 1000 Extension Educators at
the CenUSA exhibit.

v" We participated in the Illinois Food, Fuel & Fiber conference to market the 2014
CenUSA Extension Energy and Environment conference.

v" We developed a feedback business-reply postcard to distribute at events where
conducting a traditional survey is not feasible. The piece was used at:

o Used at the Minnesota horticulture field days.
o Used at the Minnesota State Fair.
v" We developed a survey for the Minnesota Master Gardeners biochar training webinar.

v" We wrote a report on Iowa State horticulture biochar survey results (lowa Increases
Knowledge about Biomass (See Exhibit 10).

v" We provided evaluation assistance to the CenUSA Sustainable Bioenergy
Workgroup.

v' We participated in the Enhancing Mississippi Watershed Ecosystems with Perennial
Bioenergy Crops workshop held in conjunction with state and federal agencies
involved in nutrient reduction from agricultural production; we summarized the
evaluation results from the conference (see above).

v" We developed a feedback postcard for Purdue University Bioenergy Grass Field
Tour.

v" We contributed to journal article for Biofuels Future Science on CenUSA outreach
efforts.

v" We presented CenUSA Extension & Outreach summary at a national conference with
the American Association of Industrial Crops and NIFA.

c. Explanation of Variance
None
d. Plans for Next Quarter

v" We will continue planning for the 2014 Extension Energy and Environment
conference.
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v" We will develop evaluation instruments for IA CenUSA sessions at the 2013
Integrated Crop Management conference.

e. Publications, Presentations, Proposals Submitted

See above.
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