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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”).

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)

Project and Objective Executive Summaries - August 1, 2015 — July 31, 2016

Executive Summary — Feedstock Development Objective

The Feedstock Development Objective continues to focus on developing perennial grass
cultivars and hybrids that can be used on marginal cropland in the Central United States to
produce biomass for energy. Year 4 focus is on selection and breeding of switchgrass.

Co-Project Directors

= Mike Casler, USDA-ARS, Madison, Wisconsin, michael.casler@ars.usda.gov,
608.890.0065.

=  Rob Mitchell, USDA-ARS, Lincoln, Nebraska, Rob.Mitchell@ars.usda.gov, 402.472.1546.

Significant Accomplishments — Year 5

= Developed initial NIRS calibrations for biomass quality traits that include multiple species of
warm-season energy grasses.

= Developed two new late-flowering switchgrass populations and two new late-flowering big
bluestem populations with biomass yield estimates about 25-30% higher than for ‘Liberty’
switchgrass.

=  Completed chemical compositional analysis of mixed grass species.

= Evaluated hydrolysate sugars that were prepared by industrial partner Renmatix from
switchgrass for conversion to single cell oil.

* Measured extractable sugar yields from ‘Liberty’ and ‘Summer’ switchgrass planted in
Arlington, Wisconsin on a per hectare basis using an integrated bioprocess.

= Completed evaluation of forage and new biofuel switchgrass populations for rust resistance
across the North Central region. Found ‘Kanlow’ and Kanlow-derived populations to exhibit
high rust resistance across North Central environments and the resistance was expressed
against both species of rust pathogen Puccinia emaculata and Uromyces graminicola.

= Determine that the two rust fungi exhibit different temporal dynamics in causing rust disease
in switchgrass. The onset of infection differs between the two species, this difference likely
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to be due to differences in environmental requirements for switchgrass infection. In addition,
Uromyces graminicola exhibits a shorter duration between from uredinial (infecting spore)
formation and telial (resting spore) formation than Puccinia emaculata. This suggests that P.
emaculata produces infectious spores over a longer period and could explain observations
that rust disease caused by P. emaculata tends to be more severe than that of Uromyces

nusa.iastate.edu

graminicola.
Planned Activities, Outcomes, and Impacts - Year 6

= Establish seed multiplication fields of four new late-flowering candidate cultivars (two
switchgrasses and two big bluestems) in central Illinois. Seed to be harvested in 2018 will be
made available to NIFA CAP projects with interest in perennial energy grasses for the central
USA.

= Complete all data analyses of 2012 and 2014 multi-location cultivar biomass trials. Prepare
one manuscript summarizing results.

= Complete the remaining data analysis and prepare two manuscripts summarizing our efforts
to optimize genomic prediction for biomass yield of switchgrass.

= Complete data analysis and manuscript preparation for optimizing selection methodology to
increase biomass yield of switchgrass.

= Conduct compositional analysis on ‘Liberty’ switchgrass samples harvested at various
heights.

= Analyze Liberty and Summer switchgrass samples grown in Arlington, Wisconsin for
conversion to ethanol.

= Complete writing of paper describing differential resistance to rust disease among
switchgrass populations and submit paper for publication in a refereed journal.

Executive Summary — Sustainable Feedstock Production Systems

This CenUSA Bioenergy 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 goal is to produce a quantitative assessment of the net
energy balance of candidate systems and optimize perennial feedstock production and ecosystem
services on marginally productive cropland while maintaining food production on prime land.

Co-Project Directors
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Robert Mitchell, USDA-ARS, Rob.Mitchell@ars.usda.gov, 402.472.1546.

David Laird, lowa State University, dalaird@iastate.edu, 515.294.1581.

Jeffrey Volenec, Purdue University, jvolenec@purdue.edu, 765.494.8071.

Significant Accomplishments — Year 5

Studies in this Objective aim to optimize biomass production by placing the best biomass
production system (species, cultivar within a species) in its adapted environment and providing
adequate, but not excessive inputs (nutrients, water,...) to minimize production costs while

protecting the environment. The following brief vignettes illustrate the importance, and
challenges, associated with these studies:

On most sites studied in the upper Midwest, the switchgrass cultivar ‘Liberty’ developed in
Task 1 explicitly for biomass production out-yielded the best “forage-type” switchgrass
cultivars available.

At locations with severe winters (Minnesota) some plots of ‘Liberty’ switchgrass were
injured and biomass production was reduced.

Miscanthus x giganteus also has high biomass yield at most locations in the Midwest, often
double the yield of the best switchgrasses available. However, this species is clonally
propagated making establishment costs high, and since all plants are genetically identical,
predisposing this perennial to widespread disease and insect attack.

Soils with nutrient levels (N, P, K) that would restrict growth and yield of maize, alfalfa, and
most other agronomic crops support high yields of switchgrass and Miscanthus x giganteus
for multiple years (>5) without supplemental P and K fertilization and only modest (50
kg/ha/yr) N inputs.

Annual biomass systems (sorghum, maize, small grains, etc.) are production systems familiar
to farmers, and this familiarity may accelerate biomass production integration into the
Midwest landscape.

Sorghum can out-yield perennials like switchgrass and Miscanthus x giganteus, and other
annuals like maize in certain extremely marginal sites (drought, landfills, etc.) and requires
fewer inputs (N, water, P, K, etc.) than maize.

As compared to established perennial systems, annual biomass production systems (maize,
sorghum, etc.) are vulnerable to weather events that interfere with farming operations
(planting, N fertilization, herbicide applications, etc.) and have a different level of risk
associated with production.
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= Species differences in biomass composition (cellulose, hemicellulose, lignin, etc.) are large
and are impacted by management, especially harvesting where disproportionate leaf:stem

nusa.iastate.edu

losses occur.

= Greenhouse gas emissions, especially N,O, are generally lower for biomass production
systems were modest rates of N fertilizer are applied as is the case with switchgrass and
Miscanthus.

= Environmental modeling reveals that loss of N to surface waters is also reduced markedly
when perennial grasses are grown in place of maize/soybean rotations.

= Other models have used plot data from Objective 2 and previously published results from the
literature to predict biomass yields in the Midwest and US at scale. These studies have
improved these models (APSIM, SWAT, others) but also identified critical biophysical
research that is needed for further model improvement.

These are only a fraction of the findings that have emerged from Task 2 research. They do
illustrate, however, progress to-date to understand genotype x environment X management
interactions that control agronomic performance of biomass cropping systems. These results will
permit strategic deployment of the right biomass systems in the appropriate location, and provide
producers with management tools to mitigate and manage risks associate with growing these
lesser known cropping systems.

Planned Activities, Outcomes, and Impacts - Year 6

We will complete one more year of harvesting and write three manuscripts on the switchgrass
harvest date x nitrogen rate study.

Executive Summary — 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.

Co-Project Directors

= Kevin Shinners, University of Wisconsin, kjshinne@wisc.edu, 608.263.0756.

= Stuart Birrell, [owa State University, sbirrell@iastate.edu, 515.294.2874.

Significant Accomplishments — Year 5
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Iowa State University

We have developed an empirical model to predict the influence of weather and swath density
on in-field drying characteristics of biomass feedstock. Laboratory and field drying
experiments were conducted and completed to estimate the impact of rainfall level and crop
density on compositional and dry matter loses from switchgrass and corn stover for both day
and night drying.

In the past quarter, experiments were conducted in the environmental chamber to calculate
the equilibrium moisture content for switchgrass between the temperature range of 10 to
19°C and varying relative humidity of 50 to 90%. A model has been developed to predict the
equilibrium moisture content of switchgrass in the above-mentioned temperature and
humidity range, which was lacking in the literature, and is necessary for development of
drying rate models.

During day time conditions in both maturity stages, solar radiations and vapor pressure
deficit (VPD) were positively correlated with drying rate whereas, wind speed and swath
density were negatively correlated. During night conditions in both maturity stages, VPD was
positively correlated and swath density was negatively correlated with drying rate. Effect of
wind speed was however positive in seed developed stage and negative in seed shattering and
seed shattered stage of maturity. Moisture content predicted by models were in good
agreement with the moisture change observed in the experimental field drying studies.
However, the models developed in the present study do not predict the moisture gain during
rainfall events. Further experiments are required to estimate the gain in moisture and drying
after a rainfall event.

The influence of rainfall amount and density on chemical composition change was also
reevaluated and analyzed. The results after statistical analysis, shows a significant influence
of swath density and rainfall amount on K and Mg content of switchgrass. Corn stover lost
more K and Mg content in comparison to switchgrass as corn stover was more extensively
conditioned during harvest. Fiber content containing cellulose and hemicellulose were least
affected during the rainfall treatment. 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.

The moisture content of biomass materials such as corn stover and switchgrass, have a
significant effect on dry matter losses during storage and biomass supply chain costs.
Numerous instruments have been developed to measure grain moisture based on the high
correlation between moisture content and electrical conductivity of a grains. However, these
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dielectric instruments have not yet been successfully utilized for sensing of the moisture
content of biomass feedstocks such as corn stover and switchgrass.

Research has been conducted on predicting moisture content and bulk density of the biomass
feedstocks based on the dielectric measurements. Dielectric variables were able to be used to
predict moisture content and bulk density predictions for switchgrass and corn stover. For
switchgrass, moisture content was predicted with R2 = 0.94 and RMSE = 0.052, while for
density was predicted with R2 = 0.85 and RMSE = 0.0323. For corn stover, moisture content
was predicted with R2 = 0.90 and RMSE = 0.0315, whereas, for bulk density, the prediction
had a R2 =0.87 and RMSE = 0.0068. The results showed that dielectric measurements have
good potential for predicting moisture content and bulk density although further investigation
is required for a wider range of frequencies, moisture content, and bulk density levels. The
development and design of the electronics for real-time biomass moisture sensor is
continuing. At present research is being conducted on the control and operation of High
Speed A/D convertors and D/A converters and the integration of these with FPGA filtering
algorithms to determine signal attenuation and phase shift.

*  Journal Articles

v Khanchi, A. & S.J. Birrell, 2017. Estimating dry matter and composition change due
to rainfall during field drying of switchgrass and corn stover. Journal of Biosystems
Engineering 153:42-51.

v Sharma, B., E. Brandes, A. Khanchi, S. Birrell, E. Heaton, & F. E. Miguez. 2015.
Evaluation of Microalgae Biofuel Production Potential and Cultivation Sites Using
Geographic Information Systems: A Review. BioEnergy Research 8(4):1714—-1734.

University of Wisconsin

* The large-square baler is the dominant package used to harvest and store biomass
feedstocks. New “high-density” large square balers (HD-LSB) are now available and
these were investigated for their ability to achieve densities that would insure weight-
limited transport and at what energy cost. Bales of switchgrass, native grasses, reed
canarygrass, sorghum, wheat straw and corn stover were created with a commercial HD-
LSB producing maximum dry basis densities of 14.0, 14.2, 13.4, 14.1, 10.8, and 12.2
Ib./ft’, respectively. Density in excess of 14 Ib./ft’ would provide weight limited transport
in most cases. Total specific energy requirements to operate and provide mobility for the
baler increased as a quadratic function of density, which will increase baling costs due
greater fuel use and increased capital costs from larger, more expensive tractors and
equipment.

» Plastic twine is used to secure and limit re-expansion of large-square biomass bales. As
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bale density increases, costlier twine with greater tensile strength is required to withstand
the expansion forces, which adds to harvest costs. The cost of twine can exceed $3 per
dry ton, which is almost 25% of the total cost of baling. Twine failure and broken bales
anywhere in the logistics system adds considerably to the delivered costs due to the
additional (inefficient) handling required to deal with broken bales. A system was

developed to measure twine tension as high-density bales exit the bale chamber when
twine stress is greatest. The system was used when harvesting reed canarygrass,
switchgrass, native grasses, sorghum, and corn stover across a wide variety of bale
densities. Models of twine tension as a function of bale density have been developed.

* An experimental baler which uses a unique, innovative auger compression system was
acquired from an independent inventor. The auger baler is less complicated and lighter-
weight than conventional plungerhead balers, so high-density bales could potentially be
produced at less cost. The baler was tested in reed canarygrass, switchgrass, wheat straw,
and corn stover. The baler was able to produce bales with density ranging from 15 to 20
Ib./ft’, considerably denser than conventional bales of similar crop material. However,
performance issues related to feeding and crop flow currently challenge the steady-state
operation of the baler. Additionally, the high-density bales are difficult to handle,
requiring new handling tools and techniques.

* Two compression test fixtures were designed and fabricated so that either large-square or
large-round bales could be re-compressed to “double density”. The round bale fixture
was also used to reshape bales into a parallelepiped or cuboid shape to enhance transport
efficiency. Densification characteristics of switchgrass, reed canarygrass, wheat straw
and corn stover bales were then quantified. During these tests, force, energy and density
data were collected and this data used to develop models of the recompression process for
both bale types. The energy required to compress biomass bales over a relatively long
period (~20 s) is about one-tenth that required to produce bales in a conventional
plungerhead baler.

* A final drying rate trail was completed and the data collected from all eight trails was
used to develop a model of the switchgrass drying rate. Major inputs to this model are
solar insolation, vapor pressure differential, conditioning level, raking, and swath density.
This drying rate model was then used to develop a model to predict the harvest
progression of switchgrass across the fall harvest season in the Upper Midwest. The
model uses historical weather data to predict the rate at which a harvest team of a
windrower plus two-balers can complete harvest. The model was used to predict the
machinery fleet and cost required to complete a substantial switchgrass harvest campaign
in Wisconsin, lowa and Nebraska. Delaying harvest until after a killing frost substantially
reduced the acreage that can be harvested by one harvest team. A harvest that starts in

7 Annual Progress Report: August 2015 — July 2016



'ﬂ&cenusa bioenergy

sa.iastate.edu

early September improved labor utilization and efficiency, and therefore reduced costs.

A techno-economic analysis of grass feedstock logistics was completed. The model
features modules for harvest; roadsiding; storage; transport; and grinding. A normalized
supply curve model is used to estimate grass availability based on prices paid and
producer costs. The combined model was used to estimate the economic impact of some
of the harvest and storage options considered in this research, including bale size, bale
density, bale accumulation, pre-cutting at baling, and storage options. The logistics cost
of cutting, baling, storing, transporting and conducting a primary grind ranged from
roughly $55 to 75 per dry ton. This cost did not include costs for land, amortized
establishment, or fertilizer and weed control, nor did it include any profit for the
producer.

Planned Activities, Outcomes and Impacts — Year 6

= Jowa State University

8

Integration of feedstock supply chain cost analysis and machinery optimization
model into a single decision support system for producers and refinery operators.
The system will be utilized to determine the feedstock supply chain costs for different
feedstock supply chain configurations including multi-feedstock supply chains that
include both perennial grasses and agricultural residues. An analysis system will be
utilized to understand the interaction between scale of operations, producer
demographics, type and spatial distribution of biomass production, and yield on feedstock
supply costs. The expected outcome is the development of an integrated decision support
tool that can be utilized by producers and the biorefinery industry to evaluate the
feedstock supply costs for different supply chains, and determine the least cost machinery
systems for harvest, storage and transportation of the biomass material.

Field evaluation of the empirical model developed to predict the influence of
weather and swath density on in-field drying characteristics of biomass feedstock.
The models can be used to improve management of field harvest operations under
different projected weather conditions, and used to predict risk and the relative costs
related to dry matter loss in the field during harvest operations.

Development and evaluation of prototype real-time biomass moisture sensor for
switchgrass and corn stover. The moisture content of biomass materials such as corn
stover and switchgrass, have a significant effect on dry matter losses during storage and
biomass supply chain costs. Results showed that dielectric measurements have good
potential for predicting moisture content and bulk density although further investigation
is required for a wider range of frequencies, moisture content, and bulk density levels.
The expected outcome is the development of instruments for predicting moisture content
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and bulk density that can be utilized in the feedstock supply management by producers
and the bio-refinery industry.

=  University of Wisconsin

Final year research activities planned include:

* Final evaluation of the high-density experimental large-square baler.

» Completion of the storage-study for large-square bales wrapped in breathable film.

* Completion and submission for publication of seven manuscripts.

v

v

Shinners, K.J. & J.C. Friede. (2017). Enhancing the drying rate of switchgrass.

Shinners; K.J., B. Sabrowsky, R. Nicholson. & C. Studer. 2017. Switchgrass harvest
progression in the North-Central US.

Mcafee, J.M., K.J. Shinners, J.C. Friede & T.J. Kraus. 2017. Recompression of large-
square biomass bales.

Mcafee, J.M., K.J. Shinners; J.C. Friede, C.P. Walters & D.E. Flick. 2017. Twine
tension during harvest of large-square biomass bales.

Shinners, K.J. & J.C. Friede. (2017). Energy requirements to produce high-density
large-square biomass bales.

Flick, D.E., K.J. Shinners, J.C. Friede & C.M. Nigon. 2018. Producing high-density
biomass using an auger-baler concept.

Flick, D.E., K.J. Shinners & J.C. Friede. 2018. Outdoor storage of large-square
biomass bales using breathable film wrap.

Executive Summary — 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.

Co-Project Directors
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Cathy Kling, Iowa State University, ckling@jiastate.edu, 515.294.5767.

Jason Hill, hill0408@umn.edu, 612.624.2692.

Significant Accomplishments — Year 5

Iowa State University

A comparative study of the water quality effects from planting perennial feedstocks and
removing stover for biofuel production was completed. SWAT models were calibrated for
three relatively small watersheds in the Corn Belt (St Joseph watershed, Indiana, Wildcat
Creek watershed, Indiana and the Boone River watershed, Iowa) as well as a model of the
entire Upper Mississippi and Ohio-Tennessee River Basins. Similar scenarios were
developed related to stover removal and the placement of perennial grasses on cropland
including the targeting of stover removal to non-environmentally sensitive land and the
targeting of perennial grasses to environmentally sensitive areas. The results provide useful
insights about how policy might be designed to incentivize these feedstocks.

All scenarios with perennial feedstocks generate large water quality improvements for
nitrate, phosphorus, and sediment. Additionally, there was strong evidence that a significant
share of the gains could be achieved for phosphorus and sediment reductions by targeting the
environmentally most productive land. Results suggest that stover removal at rates up to 50%
do not worsen phosphorus and sediment loads significantly.

University of Minnesota

This year, we continued our investigations into the potential environmental effects of
bioenergy. We finalized our switchgrass life cycle emission inventories and submitted a
manuscript on the human health effects of changes in air quality resulting from switchgrass
production. Our analyses identified the importance of fugitive dust and fertilizer production
and use for overall impact. We also submitted a manuscript on the hydrologic and climate
change effects of increased switchgrass and Miscanthus production in the central United
States. Both manuscripts resulted from multi-year efforts in the development of the INMAP
(Intervention Model for Air Pollution) and WRF-CLMcrop-Biofuels models. We also
submitted manuscripts on the implications of increased perennial biomass production for
ecosystem services and on the fuel market rebound effect of the Renewable Fuel Standard.
Additionally, we continued investigating crop yield gaps and means of closing them.

Planned Activities, Outcomes and Impacts — Year 6

Iowa State University

"
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We hope to get review comments back on the four submitted papers soon and begin
revisions. Also, based on the findings of the scenarios undertaken in the three watershed
studies additional scenarios are being developed to evaluate the water quality tradeoffs
associated with the simultaneous use of stover and perennial feedstocks.

Nv.cenusa.iastate.edu

= University of Minnesota

Planned activities for Year 6 include continued submission of manuscripts from output of
previous quarters and continued outreach efforts to publicize the results of our work.

Executive Summary — Feedstock Conversion and Refining: Thermo-chemical Conversion
of Biomass to Biofuels

The Feedstock Conversion and Refining Objective focuses on developing a detailed economic
analysis of the performance of a refinery based on pyrolytic processing of biomass into liquid
fuels. It also produces and provides biochar to other CenUSA researchers. The team concentrates
on four primary goals:

= Develop a lignin catalytic (ZSMS5) pyrolysis response model for various temperatures and
catalyst to biomass ratios;

= Integrate the response data into a technoeconomic analysis model to assess the potential of
converting perennial grasses, lignin and other biorefinery co-products to value-added fuels
and identified chemicals via catalytic pyrolysis; and

* Provide technical and market targets to stakeholders of the commercialization objective; and
= Develop high value markets for the biochar co-product of biomass pyrolysis.
Co-Project Director
Robert Brown, lowa State University. 515.294.7943
Significant Accomplishments — Year 5

= NaOH, Et;N, and CaOH pretreatments were used with low temperature, low pressure
hydrogenation to convert four industrial lignin streams, including those from ADM and
Renmatix, to a soluble phenolic-rich oil that is flowable at room temperature and is more
readily upgraded to fuels and chemicals than solid lignin.

= Total liquid yields from ADM and Renmatix lignin reached 98.4 and 87.9 wt% respectively,
and include high-value compounds such as ferulic acid, coumaric acid, phenol, and guaiacol.
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A patent application for the process has been submitted.

nusa.iastate.edu

Planned Activities, Outcomes and Impacts — Year 6

Remaining work in Year 6 includes publishing a manuscript in a peer-reviewed journal.

Executive Summary — Markets and Distribution

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

= Evaluation of farm-level adoption decisions, exploring the effectiveness of policy, market
and contract mechanisms to facilitate broad scale voluntary adoption by farmers; and

= Estimate threshold returns that make feasible biomass production for biofuels.
Co-Project Directors

= Dermot Hayes, lowa State University, dhayes@iastate.edu, 515.294.6185.

= Keri Jacobs, lowa State University, kljacobs@jiastate.edu, 515.294.6780.

Significant Accomplishments — Year 5

To date, our objective has made progress on multiple fronts, including investigations into
threshold returns of perennial grasses compared to alternative land uses, incorporating real
option values into analyses of returns to switchgrass production, understanding producer-level
support and frictions related to perennial grass adoption decisions, and modeling cellulosic
supply under varying biomass collection schemes. The following are a few of the
accomplishments and outputs from this objective in the past year.

= To Grow or Not Grow: A Tool for Comparing Returns to Switchgrass for Bioenergy with
Annual Crops and CRP. We published a decision tool to aid producers in understanding the
relative costs and returns to switchgrass production compared with traditional land uses in
Iowa, including corn and soybean rotations, grazing, and CRP. The decision tool was jointly
developed across objectives. https://cenusa.iastate.edu/switchgrass-production-tool.

= Chad Hart (Co-PD and Objective 9 collaborator) Presentation of the CenUSA decision tool
by at the 2015 Integrated Crop Management conference.
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= Submitted research for peer review to top agricultural economics field journal — in revision
(revise and resubmit): “The Supply Curve for Cellulosic Ethanol.” Authors Chao Li, Keri L.
Jacobs and Dermot J. Hayes.

nusa.iastate.edu

= Presentation at the CenUSA Annual Meeting to highlight our objective’s accomplishment
and current works.

= Supported graduate training of PhD student, Chao Li, who is incorporating project-related
research into his dissertation.

Planned Activities, Outcomes and Impacts — Year 6

Our work during year 5 of this project suggests that less than 20 % of the available corn stover
will be delivered to the plants. This is true because plants find it optimal to transport feedstocks
as far as 50 miles rather than pay a premium that creates high participation. The intuition behind
this result is that plants realize that if they offer a premium to incentivize new suppliers they
must pay existing suppliers a similar premium. Our results show it less expensive for them to pay
additional transportation costs than to pay every existing supplier an additional premium. Given
this result, it is now clear that perennial grasses will be needed to meet the cellulosic mandate.

In Year 6 we plan to:

= Use simulation to predict the volume and value of the perennial grasses that will be needed to
meet the mandate.

= Develop outputs that aid cellulosic processors in developing estimates for collection costs
and availability of cellulosic biomass under varying assumptions relevant to the Midwest.

= Publish research in peer-reviewed journals.

Executive Summary — 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.

Co-Project Directors
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= Chuck Schwab, Iowa State University, cvschwab@iastate.edu, 515.294.4131.

= Mark Hanna, Iowa State University, hmhanna@iastate.edu, 515.294.0468.

Significant Accomplishments — Year 5

= Multiple risk model calculations were performed (using approximately 500,000 iterations)
and those results were shared in the International Society for Agriculture Safety and Health
international conference presentation.

= The probabilistic risk assessment model received additional refinements after examination of
multiple runs and after model results were presented to safety professionals. The accuracy
and precision in forecasting risk probability for different farming systems was increased.

= The risk results are that corn productions systems had a higher likelihood of human injury
(99%) than biofuel switchgrass production systems (1%) over a 10-year life cycle.

= Focusing mitigation efforts on the greatest contributing factors would cause continued
research on harvest operations of the corn production system due to the higher likelihood of

injury.
= The preparation of a manuscript for a peer review journal article that shares the development
and results of the model was begun.

Planned Activities, Outcomes and Impacts — Year 6

The finalization of the manuscript for a peer review journal article that shares the development
and results of the probabilistic risk assessment model will be completed. This manuscript will be
submitted to the Journal of Agricultural Safety and Health.

A different approach to collecting dust samples without human subjects is being explored. A
series of pilot dust samples of potentially hazards activities will be measured and analyzed.

Executive Summary — Education

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

= Develop a shared bioenergy core curriculum for the Central Region of the United States.

* Provide interdisciplinary training and engagement opportunities for undergraduate and
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and graduate students.

Co-Project Directors

Raj Raman, rajraman@iastate.edu, 515.294.0465

Patrick Murphy, ptmurphy82@gmail.com

Significant Accomplishments — Year 5

Development of On-line Curriculum. A CenUSA MOOC (massive open online course),
Introduction to Perennial Grasses for Biofuels was created in collaboration with the
Extension Objective using materials previously developed by both Objectives 8 and 9.
Existing module content from the UNL PASSel platform was transferred to a learning
management system at the Ohio State University Agricultural Technology Institute. Two
peer-reviewed journal articles were published, elucidating the education team’s experience
organizing and delivering summer undergraduate research programs and developing online
bioenergy educational materials.

Undergraduate Internship. Eleven undergraduate students were successfully placed and
mentored at CenUSA institutions: lowa State University (4 interns); Purdue University (2
interns); University of Nebraska, Lincoln (3 interns); University of Wisconsin-Madison (2
interns) from June 2 — August 4, 2016.

Two peer-reviewed journal articles were published, elucidating the education team’s
experience organizing and delivering summer undergraduate research programs and
developing online bioenergy educational materials.

Planned Activities, Outcomes and Impacts — Year 6

On-line Curriculum Course Modules. We will offer the CenUSA MOOC to the public on a
self-serve basis and evaluate course feedback data to improve future course offerings. Edit
existing module content base on outcomes from research objectives.

Undergraduate Internship. This is not a planned activity for year six of the program.

Executive Summary — 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 - 8 and 10.

Co-Project Directors
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= Jill Euken, jeuken@jiastate.edu, 515.2946286

= Sorrel Brown (Retired July 2016)

Significant Accomplishments — Year 5

The CenUSA Extension and Outreach Objective engaged in significant public contact through
a portfolio of educational events and programs, and virtual and social media outlets in Year 5 of
the project.

= Extension Staff Training/Materials Development/eXtension/Communications Team

In Year 5 the Extension Staff Training/Materials Development/eXtension/Communications
Team produced:

Making Business Decisions with Precision Data Can Encourage Perennial Grass
Production; a case study of AgSolver study authored by Susan Harlow and peer reviewed
by Marty Schmer. http://articles.extension.org/pages/73918 (Exhibit 1).

Renmatix Processes Biomass into Sugars for Industrial Use. A case study authored by
Susan Harlow and peer reviewed by Robert Brown. 4-05-2016.
http://articles.extension.org/pages/73640.

Biofuel Quality Improved by Delaying Harvest of Perennial Grass. Revised (previously
published) research summary http://articles.extension.org/pages/73615 (Exhibit 2).

Guidelines to Growing Perennial Grasses for Biofuel and Bioproducts - Rob Mitchell et.
al. http://create.extension.org/sites/default/files/Cenusa_Guide to Perennials.pdf (Exhibit
3).

CenUSA Biochar Research Flyer - David Laird and Jill Euken.
http://create.extension.org/sites/default/files/Cenusa Biochar Research 2016 flyer.pdf
(Exhibit 4).

Utilization of Mature Switchgrass as Roughage in Feedlot Diets - Chris Clark and Dan
Loy.

http://create.extension.org/sites/default/files/CenUSA Switchgrass Beef Feeding.pdf.
(Exhibit 5).

The CenUSA Legacy (video) Pam Porter.
http://farmenergymedia.extension.org/video/cenusa-legacy.

Over the course of five years, the CenUSA Extension Products/Communications Team has
produced 51 videos that are available on CenUSA’s Vimeo and YouTube sites.
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* Vimeo Usage Data

In year 5, CenUSA videos and webinars on the Vimeo site were accessed as follows:

v" Loads: 21,311.

v' Plays/views: 1,113.
*  YouTube Usage Data

In Year 5, CenUSA videos and webinars were viewed 3,948 times on the YouTube site.
¢ CenUSA eXtension Web Page Usage Data

In year 5, CenUSA videos and webinars on CenUSA eXtension page were accessed as
follows:

v’ Visitors: 11,829 new users (New + returning users = 12,751).

v' Page views: 18,284.

v' Sessions: 12,751 new + returning users (79% new sessions/1st time visits).
¢ CenUSA Web Site

v’ Visitors: 4,973 unique visitors.

v' Page views: 8,977.
* CenUSA Twitter Account

CenUSA Twitter recorded 861 followers in Year 5.
 BLADES’ Newsletter

v" Quarter 1: 851 recipients with 298 unique opens.

v Quarter 2: 877 recipients with 282 unique opens.

v Quarter 3: 858 recipients with 281 unique opens.

v" Quarter 4: 852 recipients with 278 unique opens.
Producer Research Plots/Perennial Grass/Producer and Industry Education Team
In Year 5 the Producer Research Plots/Perennial Grass/Producer and Industry Education
I
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Producer Research Plots/Perennial Grass/Producer and Industry Education Team

In Year 5 the Producer Research Plots/Perennial Grass/Producer and Industry Education
Team:

*  Worked with producers and farm managers to maintain nine on-farm demonstration plots
in Iowa, Minnesota, Nebraska, and Indiana.

* Collected data from the CenUSA on-farm demonstration plots to share with the CenUSA
research team.

* Held field days and tours at the CenUSA on-farm demonstration plots as well as
informational meetings for producers, reaching a total of 1,635 producers and agricultural
industry leaders.

* Administered and analyzed surveys to document learning and behavior change (see
quarterly reports for data).

Economics and Decision Tools Team

In Year 5, the Economics and Decision Tools Team continued fine-tuning the CenUSA
Switchgrass Decision Tool and promoted the tool to producers and agricultural industry
leaders. The Switchgrass Decision Tool was used as follows:

* There were 363 individual downloads of the CenUSA Switchgrass Decision Tool pdf
(http://www.extension.iastate.edu/AgDM/crops/pdf/al-29.pdf).

* There were 405 individual completions of the CenUSA Switchgrass Decision Tool
(http://www.extension.iastate.edu/AgDM/crops/html/al-29.html (click on xIs file).

Public Awareness/4-H and Youth Team
In Year 5, the Public Awareness/4-H and Youth Team:

* Continued development and pilot testing of CenUSA’s youth curriculum and learning
materials at lowa State University and Purdue University.

* Trained 208 adults to use the CenUSA Bioenergy youth educational materials.

* Reached 3,259 youth in workshops, camps, classrooms, and field days using CenUSA
youth curricula/materials.

1
1
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= Public Education/Master Gardener Program

The Public Education/Master Gardener Program project was completed in Year 4 of the
project. In year 5, the team has compiled all the research data generated by the biochar
demonstration plots in Years 1-4; the data is currently being analyzed by a statistician. The
final report should be finalized by the July 2017.

= Extension Administration Team

» Taught two sessions at Extension National Association County Agricultural Agents
Conference. The sessions, attended by more than 200 agricultural extension educators
from throughout the United States focused on:

v" The potential for growing perennial grasses for biomass and bioenergy.
v" CenUSA’s resources for agricultural producers/industry leaders.

* Presented a session on CenUSA’s “Citizen Science” work at the National Energy
Education conference in Washington D.C. for 40 educators.

» Negotiated budgets and deliverables with Nebraska, Indiana, Minnesota, Wisconsin
CenUSA Extension program teams for the project’s no-cost extension year.

» Coordinated the efforts of the CenUSA Extension/outreach teams.
* Developed, edited and published a brochure on bioenergy grasses.

* Developed evaluation instruments for the CenUSA Extension teams and summarized
survey results.

* Hired and mentored a summer intern to do CenUSA C6 app updates.
* Developed the CenUSA “Legacy” publication.

* Developed CenUSA exhibit, handouts and secured staffing for the exhibit on CenUSA
switchgrass feeding trials for the 2016 Hay Expo.

* Developed exhibit and handout materials for the International Biochar Initiative
conference (August 22-26, 2016).

* Hired a graduate student in Agricultural Education (evaluation focus) to fill a vacancy
caused by a team member’s retirement.

e (Collected data from CenUSA Extension team members and wrote the Extension sections
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quarterly and annual reports and provided a presentation covering CenUSA outreach
initiatives at the Year 5 CenUSA Annual meeting.

Planned Activities, Outcomes and Impacts — Year 6

= Develop, Produce and Post the Final CenUSA Fact Sheets, Research Summaries,
Videos, and BLADES Newsletter Articles.

Reach an additional 300 producers, industry leaders, educators, and agency personnel
with information about perennial grasses, biochar and renewable energy.

Continue to share the Perennial Grass Decision Tool with producers and assist them with
completing the tool.

Host event and share CenUSA information with congressional aides and federal agency
staffers.

Finalize the CenUSA C6 curriculum, iBook, app and youth learning modules covering
perennial grasses, carbon cycling, and biochar utilization.

Prepare and submit applications for teacher renewal credit and graduate credit for the C6
BioFarm teacher training program to be held in June, 2017.

Train 24 teachers/Extension Educators to use the C6 BioFarm Y outh materials; video
record the sessions and prepare an on-line teacher training program to be used for
teachers to earn teacher renewal and graduate credit in the coming years.

Executive Summary — Commercialization

The Commercialization Objective was initiated in Year 4 to evaluate near and long-term
commercialization prospects for products produced from perennial grasses grown on marginal
land. It involves two commercial partners, ADM and Renmatix, who are evaluating CenUSA
feedstocks in their conversion processes.

Co-Project Directors

= Tom Binder, Tom.Binder@adm.com, 217.451.4228.

= Frank Lipiecki, Frank.Lipiecki@renmatix.com, 609.220.5370

11
11
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Objective 10A. ADM
= Significant Accomplishments — Year 5

* NaOH, Et;N, and CaOH pretreatments were used with low temperature, low pressure
hydrogenation to convert four industrial lignin streams, including those from ADM and
Renmatix, to a soluble phenolic-rich oil that is flowable at room temperature and is more
readily upgraded to fuels and chemicals than solid lignin.

* Total liquid yields from ADM and Renmatix lignin reached 98.4 and 87.9 wt%
respectively, and include high-value compounds such as ferulic acid, coumaric acid,
phenol, and guaiacol.

* A patent application for the process has been submitted.
= Planned Activities, Outcomes and Impacts — Year 6

Remaining work in Year 6 includes publishing a manuscript in a peer-reviewed journal.
= Publications

Rover, M., P. Hall, R. Smith & R.C. Brown. 2016. Application of Low Temperature, Low
Pressure Hydrogenation to Liquefy and Stabilize Lignin Streams. Presented at American
Chemical Society National Meeting, San Diego, CA, 13 Mar.

Objective 10B. Renmatix
= Significant Accomplishments — Year 5
These are the main activities that have been accomplished during Year 5 of the project:

* Development of a conceptual manufacturing process and techno-economical evaluation
for the commercial production of C5 and C6 sugars from switchgrass and corn stover.

* Lignin production from switchgrass and corn stover for its conversion into value added
products.

» Conversion of switchgrass hydrolysates to single cell oils using oleaginous yeast strains
and two-stage culture system (in collaboration with Bruce Dien at the USDA ARS).

* Development of a conceptual manufacturing process and techno-economical evaluation
for the commercial production of C5 and C6 sugars from switchgrass and corn stover.

1
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* Task 10c-3. Development of a Conceptual Manufacturing Process and Techno-
economical Evaluation for the Commercial Production of C5 and C6 Sugars from
Switchgrass and Corn Stover.

sa.iastate.edu

A conceptual manufacturing process was developed to produce C5 and C6 monomeric
sugars from switchgrass and corn stover. This conceptual process was then used to
estimate high-level economics for capital and operating costs and the results were
compared to those for processing woody biomass. The main economic implications from
the analysis were as follows:

v" Good amount of sugars is present in perennial grasses for conversion to product.
v" Perennial grass sugar yields at pilot scale were close to those for woody biomass.

v Switchgrass had somewhat less lignin present to supply energy for the process vs.
wood.

v" Feedstock cost projected to be higher than woody biomass at this time. Further
feedstock logistics optimization could reduce this.

v" Estimated capital costs of a plant based on perennial grasses appear higher than that
for one based on woody biomass due to need for added preprocessing units, and for
removal of higher inorganic content.

v' Estimated operating costs of a plant based on perennial grasses appear higher due to
expenses for removal of higher levels of inorganics in grasses and supplementing
energy needs due to no bark and less lignin vs. a plant based on woody biomass.

v" Lignin valorization as a co-product could add significant benefit to economics and
potentially offset additional costs.

e Task 10c-4. Lignin Production from Switchgrass and Corn Stover.

Lignin samples from switchgrass and corn stover were produced successfully in
Renmatix’s Plantrose® pilot plant and shipped to Iowa State University. These samples
will be tested for conversion into value added products by Robert Brown.

In addition, lignin from switchgrass and corn stover that was produced in the pilot plant
was tested at Renmatix’s labs to check its performance as a partial replacement for
adhesive for wood panel production. Results were encouraging as both lignins provided
bond strength on veneer test samples that were similar to commercial resins used for
wood panel production. Lignin produced by Renmatix’s Plantrose® process
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could deliver significant co-product value for a biorefinery plant benefiting the overall
economics if used as a partial replacement for adhesives in wood panel manufacturing.

A study was finished during Year 5 regarding structural characterization of native lignin
in corn stover (CS), switchgrass (SG) and big blue stem (BBS). Lignin preparations were
isolated from all 3 non-wood biomasses for their characterization by advanced NMR
methods. First, the 2D NMR values were normalized per the sum of syringyl, guaiacyl,
and p-hydroxyphenyl (S+G+H) units for relative comparison according to the current
most popular methodology. The results were further translated into an absolute mode per
100 aromatics (Ar, aka mole %) using °C NMR as the reference. The °C NMR and *'P
NMR have also provided additional structural information. This information is relevant to
understand lignin transformations through Renmatix’s Plantrose® technology.

* Conversion of Switchgrass Hydrolysates to Single Cell Oils using Oleaginous Yeast
Strains and Two-stage Culture System in Collaboration with Bruce Dien (USDA
ARS).

Samples of C5 and C6 sugar streams were sent for testing to CenUSA collaborator Bruce
Dien. The goal was to produce neutral lipids and analyze them for suitability for
conversion to biojet fuel, and biodiesel. L. tetrasporus achieved high lipid yields from
Renmatix sugars and performed equally well on glucose and xylose enriched fractions.
Results were found to be exciting. The results were better or comparable to most other
reported results on different hydrolysates.

Future Directions

There are several points that could be addressed to improve the economics for processing
perennial grasses using Renmatix’s Plantrose® technology.

* Develop lignin co-product applications to positively impact economics. Preliminary data
suggests that lignin has potential in adhesive formulations for wood panel applications.

* Develop means to lower capital and operating costs through more efficient ways to deal
with structural and non-structural inorganics. Perennial grasses have one order of
magnitude higher amount of structural inorganics. Downstream processes may need to be
changed/transformed to meet biorefinery feed specs.

» Conduct longer trial run in the demonstration plant with perennial grasses to better
establish performance.

* Secure downstream partner for sugar and tailor sugar product to their needs.

1
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Also, lipid scouting tests were conducted at USDA-ARS with positive results towards the
conversion of Renmatix sugars to neutral lipids as a precursor for biojet fuels. Based on these
preliminary results the following activities are proposed as future ARS tasks to promote lipid
yield through culture optimization:

* Medium development (C:N).
» Batch versus two-stage versus fed-batch
Using 2-stage, NCAUR lab has reported lipid titers > 20g/1; the highest ever reported.

* Characterize different sources of sugars (e.g. crops) and sugar enrichments (e.g. xylose
versus glucose).

» Extract lipids and characterize fatty acid profile to determine suitability to biofuel.
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Agro-ecosystem Approach to Sustainable Biofuels Production via the
Pyrolysis-Biochar Platform (AFRI-CAP 2010-05073)

Fourth Quarter Report: May 1, 2016 — July 31, 2016
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. Becky Staedtler (ISU Bioeconomy
Institute) provides assistance with project financial matters.

Year 5 Highlights
=  New Publications Aimed at Producers

Two new outreach efforts aimed at producers were released in Year 5. Our Markets and
Distribution Objective collaborated with our Extension and Outreach Objective to develop
and market 7o Grow or Not Grow: A Tool for Comparing Returns to Switchgrass for
Bioenergy with Annual Crops and CRP. The tool is designed to help producers understand
the relative costs and returns to switchgrass production compared with traditional land uses
in Iowa, including corn and soybean rotations, grazing, and CRP
(https://cenusa.iastate.edu/switchgrass-production-tool).

The Extension Objective also completed the Guidelines to Growing Perennial Grasses
brochure (Exhibit 4).

= CenUSA Bioenergy Advisory Board

Our Advisory Board continues its strong performance. Advisory Board attendance at the
Year 5 annual meeting was high. The Advisory Board continued its practice of providing
written feedback on project activities. Many members of the Advisory Board have indicated
an interest in continuing to serve should CenUSA continue beyond its sixth year of funding.

*  Year 5 Meeting — Iowa State University

The Year 5 annual meeting was held Ames, lowa at lowa State University (July 28-29, 2016)
(See Exhibit 7. Year 5 Annual Meeting Agenda). CenUSA Project Director Ken Moore
hosted the meeting.

= Executive Team Meetings

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 documents to be viewed by
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all participants, enhancing communications and dialogue among participants. Tom Binder,
the Advisory Board chair also attends these meetings on behalf of the Advisory Board.

=  Financial Matters

The Administrative Team continues to monitor all project budgets and subcontracts to ensure
adherence to all sponsor budgeting rules and requirements. We will request a No Cost
Extension as provided for by the project sponsor USDA-NIFA and are exploring the
availability of supplemental funding to continue the pursuit of the CenUSA vision.

We submitted our Year 6 reapplication package in the spring of 2016 and plan on applying
for additional USDA-NIFA funding in September 2016.

Germplasm to Harvest
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 was on the establishment of new breeding and evaluation trials.

1. Significant Accomplishments Summary

*  Successfully developed initial NIRS calibrations for biomass quality traits that include
multiple species of warm-season energy grasses. This represents the first step toward the
development and public dissemination of NIRS calibrations for biomass quality traits that
can be used across a wide range of warm-season grasses and possible production
environments.

* Developed two new late-flowering switchgrass populations and two new late-flowering
big bluestem populations with biomass yield estimates about 25-30% higher than for
‘Liberty’ switchgrass.

2. Planned Activities

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

Conduct routine plot maintenance.

* Feedstock Quality Analysis (Bruce Dien — ARS Peoria and Akwasi Boateng — ARS
Wyndmoor)
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v Determine chemical composition for first of two harvest year sample sets for
switchgrass grown in Arlington, Wisconsin. Determine differences based upon
variety, fertilizer loading, and harvest maturity.

v" Begin to optimize pretreatment conditions for before mentioned switchgrass samples
for enzymatic conversion to sugars at low solids loading.

v" Finalize manuscripts on field studies looking at the impact harvest time has on
conversion, biochemical and thermochemical.

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

v Complete the arthropod survey publication.
v" Begin writing the electronic feeding monitoring and choice study publication.

v Monitor switchgrass plots for the earliest indication of infection by rust fungi and
collect environmental data associated with the onset of rust.

v" Determine the species of rust fungus in switchgrass plants exhibiting very early
indications of rust.

3. Actual Accomplishments

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

v Conducted routine plot maintenance.

v" Finished collecting 2015 data from field-trial collaborators.

v" Completed all preparations for fall 2016 biomass harvesting.
* Feedback Quality Analysis (Bruce Dien and Akwasi Boateng)

v Determined chemical composition for first of two harvest year sample set for
switchgrass grown in Arlington, Wisconsin.

v Completed optimization of pretreatment conditions for the before mentioned
switchgrass samples for enzymatic conversion to sugars at low solids loading and
completed enzymatic conversion experiment.

v Manuscripts were finalized and submitted for publication to BioEnergy Research
examining the impacts harvest time had on biomass conversion through both
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biochemical and thermochemical routes.

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

v’ Katie Keller successfully completed her thesis and is preparing the thesis chapters for
publication.

v Evaluating additional switchgrasses for resistance to greenbugs and yellow sugarcane
aphid.

v" Completed monitoring of switchgrass plots for the onset of rust and recorded
environmental conditions in switchgrass canopies during the growing season in
Nebraska. Found onset (second week in July) to be two weeks later than in 2014 and
2015. This may be related to higher than normal temperatures during the latter part of
June.

v" Found Puccinia emaculata to the first and primary rust fungus to be active in
Nebraska switchgrass plots. This finding is in contrast with findings from 2015 in
which Uromyces graminicola was the first species to infect switchgrass. The
difference between years may be related to the species have different temperature
requirements for infection and temperatures varying between years during late June
and early July.

4. Explanation of Variances
None to report.
5. Plans for Next Quarter
* Breeding and Genetics (Mike Casler and Rob Mitchell)
v Conduct fall biomass harvests on field trials.

v Harvest seed on new polycrosses of selected switchgrass and big bluestem
populations.

* Feedstock Quality Analysis (Bruce Dien and Akwasi Boateng)

v Begin compositional analysis on ‘Liberty’ switchgrass samples harvested at various
heights at two different maturities.

v" Finalize manuscripts on field studies looking at the impact fertilizer rate and type and
harvest time has on conversion, biochemical and thermochemical.
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¢ Pathology and Entomology (Tiffany Heng-Moss and Gary Yuen)
v' Finalize resistance-screening studies.
v" Finalize arthropod survey publication.

v" Complete writing of a paper describing differential resistance to rust disease among
switchgrass populations.

6. Publications, Presentations, and Proposals Submitted

* Field productivities of Napier grass for production of sugars and ethanol. 2016. Invited
presentation at 252nd American Chemical Society National Meeting, Philadelphia,
Philadelphia, PA. 21 Aug.

» Serapiglia, M.J., C.A. Mullen, A.A. Boateng, B. Dien & M.D. Casler. 2016. Impact of
harvest time and cultivar on conversion of switchgrass to fast pyrolysis bio-oils.
Submitted to BioEnergy Res. Aug.

» Serapiglia, M.J., B. Dien, A.A. Boateng & M.D. Casler. 2016. Impact of harvest time and
switchgrass cultivar on sugar release through enzymatic hydrolysis. Submitted to
BioEnergy Res. Aug.

» Serapiglia, M.J., C.A. Mullen, A.A. Boateng, B. Dien & M.D. Casler. 2016. Impact of
harvest time and switchgrass cultivar on conversion to sugars and pyrolysis oils using
biochemical and thermochemical routes. Presented at: 252nd American Chemical Society
National Meeting, Philadelphia, PA. 21-24 Aug.

» Serapiglia, M.J., A.A. Boateng, D.K. Lee & M.D. Casler. 2016. Switchgrass harvest time
management can impact biomass yield and nutrient content. Crop Sci. 56(4):1970-1980.

https://dl.sciencesocieties.org/publications/cs/abstracts/56/4/1970. doi:
10.2135/cropsci2015.08.0527.

* Ying M., C. Jochum & G.Y. Yuen. 2016. Use of a PCR diagnostic system revealed
switchgrass rust epidemics caused by two pathogen species differ in temporal dynamics.
Poster presented at: North Central Division APS Meeting, St. Paul, MN. 8 Jun.

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
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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.

= Jowa State University

Development of a biochar module within the APSIM cropping systems model is a major
CenUSA Objective 2 accomplishment. The first version of the APSIM Biochar Model has
been published (Archontoulis et al., 2016). The biochar module is currently under formal
review by the APSIM oversight committee and assuming it passes review the biochar module

will be made publically available in the next APSIM release through the APSIM web site
(https://www.apsim.info/).
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Fig. 1. Relationship between volatile matter (%VM) determined by the ASTM method and the modified
method developed by Aller et al. (in review) for 22 biochars.

Although the first version of the APSIM biochar module has been developed, work continues
on calibration, validation, and updating of the biochar module. The APSIM biochar module
requires input values for multiple variables to characterize biochar quality. Included among
the needed input variables are the fraction of labile C in a biochar and the C:N ratio of the
labile fraction. Quantitative estimation of the labile C fraction in biochar is currently based
on volatile matter (VM) content of the biochar as determined by proximate analysis. The
proximate analysis method was originally developed for assessing the value of charcoal as a
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fuel. We have determined that the standard proximate analysis method (ASTM D1762-84)
gives inconsistent results with biochars (Fig. 1). Therefore, we designed and completed a
study to evaluate the proximate analysis method and develop a revised method that gives
consistent results with biochars (Aller et al., in review). The revised proximate analysis
method provides a standardize procedure for estimating the labile biochar fraction, which is a
critical input parameter in the APSIM biochar module.

No method exists for determine the C:N ratio of labile fraction of biochar; however, this ratio
is another critical input parameter for the APSIM biochar module as it is used to predict
whether a biochar amendment will cause net N immobilization or mineralization. To develop
methods to determine the C and N content of the labile biochar fraction we are currently
comparing the amount of C and N released from biochar by various chemical and physical
extraction procedures with the amounts of biochar C and N mineralized by microorganisms
during laboratory incubations. Specifically, the amounts of C and N released by both mild
and harsh acid and base extractions and by proximate analysis are being tested. In this on-
going study, we are using nine fresh biochars produced from five biomass feedstocks
(hardwood, corn stover, soybean stover, switchgrass and macadamia nut shells) using four
pyrolysis techniques (slow, fast pyrolysis, gasification, and autothermal fast pyrolysis). The
laboratory incubations are being conducted for the same biochars in microbially inoculated
quartz sand. The only C input other than the biochar is '*C-labled glucose, hence mineralized
biochar C is isotopically distinguishable from the glucose C used to stimulate microbial
activity and co-metabolism. We anticipate that the results of this on-going study, scheduled
to be completed during Spring 2017, will identify the optimum analytical procedure for
determining the total C, total N, and C:N ratios in the labile biochar fraction, which are
needed as input parameters for the new APSIM biochar module. We have completed analysis
of general physico-chemical properties of studied biochars (Table 1), X-ray diffraction (Fig.
2) and scanning electron microscopy analyses (Fig. 3). These results show that biochar ash is
composed of quartz, calcite, and sylvite, higher electrical conductivity (EC) for fast pyrolysis
biochars relative to slow pyrolysis biochar, and lower specific surface area for fast pyrolysis
biochars relative to slow pyrolysis biochars. Scanning electron microscopy study suggests a
decrease of relic cell wall structure following harsh acid and base treatments (Fig. 3). These
results suggest will be related to the mass loss, during various chemical and physical
treatments and biological incubations.

1
1
1
1

31 Annual Progress Report: August 2015 - July 2016



%emusa bioenergy

Table 1: Physical and chemical properties of biochars used in the investigation of labile biochar

fraction.
Biochar pH EC CEC AEC SSA TotalC  TotalN Ash
name uScm™) (cmol.kg™) (cmolskg') (m*g™) (%) (%) (%)
HF 5.2 348 (1.2) 10.9(0.7) 1.9 (0.14) 1771 67.4 0.09 15.44
(0.05) (1.1) (0.09) (0.001)  (1.96)
HS 7.0 212.1 3.2 (0.3) 2.5(0.12) 193.6 76.6 0.4 7.02
(0.1) (0.8) (0.7) (0.43) (0.001)  (0.09)
SF 8.4 2916 6.9 (0.9) 0.35 (0.05) 91.6 53.1 0.63 56.9
(0.02) (10.2) (3.2) (0.1) (0.01) (4.57)
SS 9.5 1723 13.1 (0.8) 1.02 (0.4) 312.9 71 0.98 15.25
(0.02) (12.7) (4.8) (0.36) (0.01) (1.1)
SG 9.8 1942.3 20.9 (0.5) 3.07 (0.17) 174.5 63.4 0.02 30.4
(0.01) (18.2) (1.7) (1.67) (0.004) (0.5)
CF 8.4 1781 40.8 (1.5) 2.1 (0.5) 193.4 52.4 0.46 48.7
(0.04) (10.8) (6.2) (0.5) (0.01) (4.6)
CS 9.9 2960.3 19.8 (0.6) 2.5 (0.05) 281.7 69.8 0.125 9.1
(0.04) (19.3) (6.4) (0.2) (0.01) (0.09)
MNS 6.7 156.1 14.6 (0.9) 11.5 (0.4) 233.7 79.5 0.93 2.1
(0.07) (2.1) (5.5) (0.45) (0.01) (0.21)
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Fig. 2. X-ray diffraction patterns of the biochars used in the investigation of the labile biochar fraction.
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Fig. 3. Scanning electron micrographs showing the effect of various chemical treatments on the
morphology of the biochars used on the study of labile biochar fraction.

The ability of the APSIM biochar module to accurately predict agronomic and environmental
impacts of adding a specific biochar to a specific soil requires mechanistic understanding of
how various biochars age (changes in physical and chemical properties) in soil environments.
We developed a method for rapid laboratory aging of biochars, which will allow us to
anticipate chemical and physical changes in biochar properties that might occur in an
agricultural field over extended periods of time (Bakshi et al., 2016). Furthermore, we are
currently preparing a report on how biochar age under field conditions influences soil quality
(Aller et al., in review), using data obtained from the long-term rotation plots that include
four different ages of biochar (1, 2, 3, and 4 years).

An ability to estimate the impact of soil biochar amendments on the nitrogen cycle is critical
to the success of the APSIM biochar module. The first release of the APSIM biochar module
is based on assumptions that the biochar impact on the N cycle is similar to the impact of
biogenic soil organic matter on the N cycle. We are testing this hypothesis in another on-
going study that is quantifying the influence of biochar on mineralization of organic N and
nitrification of NHy. Preliminary results showing net mineralization and nitrification are so
far consistent with the hypothesis (Fig. 4). The fertilizer used in this study was, however,
"N-labeled and on-going isotope analysis will allow us to quantify total N mineralization
and nitrification and distinguish N by source, fertilizer versus soil organic matter.

1
1
1
1
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Fig. 4. Change in extractable nitrate and ammonium concentrations during incubations of three soils
amended with various biochars with and without NH, fertilization.

Activities Update

v Sorenson Farm Long Term Rotation Plots

In Spring 2016, surface (0-10 cm) soil samples were collected from all 208 subplots.
At this time, a total of 96 subplots contained biochar, with 36 of these subplots having
biochar field aged 4 years and field aged 3 years, 20 of these subplots having biochar
field aged 2 years, and 4 of these subplots having biochar field aged 1 year. These soil
samples are contributing to a larger study that is investigating the effects of biochar,
biochar age, and cropping rotations, as well as their interactions, on a series of soil
physical and chemical properties. These new cores, collected in 2016, were analyzed
for bulk density (g/cm3), pH, EC, total C, total N, and Mehlich III extractable
phosphorous (P) and potassium (K). Final statistical analysis is pending but results in
general indicate that biochar decreases bulk density and increases total soil C, soil
C/N ratio and pH. Biochar age has a minimal effect on the soil chemical properties
measured. Crop rotations that contain switchgrass have a larger impact on soil
chemical properties compared to the more conventional systems of corn-soy and
continuous corn. Data also point to possible biochar age by crop rotation interactions,
however, this must be investigated further.

> Validation of Saxton and Rawls (2006) Pedotransfer Functions for Biochar
Carbon
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The study goal is to provide validation of the pedotransfer functions developed by
Saxton and Rawls (2006) through the analysis of field collected soil cores. Our
specific objectives are 1) to determine if biochar carbon has the same influence on
soil water parameters as biogenic SOM, 2) revise the Saxton and Rawls (2006)
soil water characteristic equations to account for biochar, and 3) update and verify
the validity of pedotransfer functions at estimating soil water parameter based on
OM and texture to a depth of 90 cm.

To address these objectives, we collected 40 soil cores using a hydraulic probe to
a depth of 1.2 m following harvest in fall 2015, and eight more cores in spring
2016. Cores were collected from nine different field sites distributed across five
climatically distinct regions of the state of lowa (central, northwest, southwest,
northeast, and southeast). Soil cores were sectioned into five depth increments (0-
5, 5-15, 15-30, 30-50, 50-90 cm) and subsamples (n=225) were analyzed for
water retention (at -0.33, -1, -3, -5 bar), saturation point, bulk density (g/cm3),
texture, and organic matter content. Data analysis and writing are ongoing and
expected to be completed by the end of 2016.

v" Armstrong Farm System Plots - Biochar and Cropping Systems Effects on
Fertility of Soil

Soil samples were collected in Fall 2014 and Fall 2015 from Armstrong fields by
depth 0-5 and 5-15 cm. All these samples were air dried, sieved through 2mm sieve
and analyzed for Mehlich III extractable nutrients. There was a significant difference
in soil K and Cu concentration (biochar reduces Cu availability in soil, Fig. 5) found
in soil treated with biochar to non-biochar plots as given in the table1 below. The
table also showing a cropping system and depth effect on soil P and K distribution.
According to Table 2 depth effect was significant.

The results suggest that biochar may bind Cu reducing bioavailbilty of Cu for crops.
Our results suggest that soil biochar amendments might be a means of remediating
soils contaminated with phytotoxic levels of copper. Copper phytotoxicity has been
observed for citrus crops grown in sandy soils in Florida that received copper
fungicide treatments for multiple years. On-the-other hand our results also suggest
that biochar treatments could cause copper deficiencies for crops grown in soils that
have low intrinsic copper levels.

1
1
1

35 Annual Progress Report: August 2015 - July 2016



*ﬁ' Hoenergy

5-15cm

s
o
wclw . T wolw
wNoclar i o cla
0
Co HD LD 0

Croppmg a’ﬁvm Cropping systam

g}.;g
—

=2
LS~ =

=

Mehdich Cumg kg

Mehlich Cu

Fig. 5. Effect of biochar on soil Cu by soil depth under different cropping systems. Where HD, LD and SG
are high diversity prairie, low diversity prairie and switchgrass respectively.

Table 2. Results of statistical analysis showing the effects of cropping system, biochar, year and soil depth on
Mehlich Il extractable nutrients for the Armstrong systems plots for almost all elements except Mg.

Armstrong Field

Effect P K S Fe Mg Ca Mn Zn Cu
Crop 0.03 0.005 >0.05 >0.05 >0.05 0.046 >0.05 >0.05 >0.05
Biochar > 0.05 0.02 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 0.01
Year >0.05 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Crop*Year 0.003 <0.0001 0.043 > 0.05 >0.05 0.039 0.0002 >0.05 >0.05
Biochar*Year >0.05 0.02 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
Depth <0.0001 <0.0001 0.012 0.0021 >0.05 0.0045 <0.0001 <0.0001 0.013
Crop*Depth > 0.05 0.013 >0.05 > 0.05 >0.05 >0.05 >0.05 >0.05 >0.05
Depth*Year  >0.05 0.04 >0.05 >0.05 >0.05 >0.05 0.02 >0.05 >0.05

=  Purdue University
*  SWAT Modeling

A SWAT model for Upper Mississippi River Basin (UMRB) was developed, calibrated
and validated using data from this project and USGS. The calibrated model was used to
evaluate impacts of various bioenergy production scenarios on hydrology, water quality
and ecosystem services. We also evaluated the impacts of climate change and variability,
including impacts of drought on UMRB water quality, crop yield and hydrology.

v" We developed a fuzzy logic based method to identify suitable marginal lands for
bioenergy crop production. Using this method and SWAT model, we have evaluated
the impacts of bioenergy crop production on marginal lands.
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v" We developed a method to simulate the hydrologic/water quality impacts during the
establishment period of perennial bioenergy grasses including Shawnee switchgrass
and Miscanthus.

v" We hosted two undergraduate student interns at Purdue University. These students
worked on field data collection, processing and laboratory analysis using bioenergy
plots at TPAC East. The results were presented at the project meeting.

v" We presented project results at multiple conferences. In addition, a number of peer
reviewed journal articles have been published or in the review process.

* Biophysical Research and Analyses

Table 3. Biomass yield and concentrations of moisture, total ash, nitrogen (N), phosphorus (P), and
potassium (K) in biomass averaged over harvests obtained from 2010 to 2014. Best management
practices were used for all systems including selection of N fertilizer rates. The least significant
difference (LSD) at the 5% level of probability is provided. Systems differed significantly in all
measures. Although sorghum and maize had similar biomass yields, these annual systems differed
in all other attributes other than N. Shawnee switchgrass and the prairie had similar total ash, N,
and P, but these systems differed significantly in yield, moisture, and K. Miscanthus had the
highest biomass yield, and low N and P concentrations.

Biomass System o N Biomass Moisture Total Ash N P K
Fertilizer

kg/ha kg/ha a/kg a/kg a/kg a/kg ag/kg

Maize 160 13456 268 27 10.9 1.77 4.4

Prairie 0 2598 217 66 5.9 0.83 1.8

Sorghum 160 13124 607 60 11.4 1.51 7.5

Switchgrass 50 7224 298 57 5.6 0.88 3.4

Miscanthus 50 21791 414 39 4.6 0.42 4.3

LSD 5% 2038 51 5 1.3 0.17 0.9
I
I
I
I
I
I
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Table 4. Mass of moisture, total ash, nitrogen (N), phosphorus (P), and potassium (K)

1
1
1
1
1
1
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removed with each biomass harvest averaged over 2010 to 2014. Values are the
product of biomass yield and concentration data in Table 3. Best management

practices were used for all systems including selection of N fertilizer rates. The least
significant difference (LSD) at the 5% level of probability is provided. Systems differed
significantly in all measures. Removal of moisture and ash were greatest with sorghum
and Miscanthus, and least in the prairie system. Biomass N and P removal was highest
with the annual systems (sorghum, maize) that received the highest N fertilizer rate,
and least in the unfertilized prairie. K removal was highest in sorghum and Miscanthus,
low in the prairie and switchgrass, with maize intermediate. These high K
concentrations were positively associated with high total ash concentrations found in

these biomass systems.

Biomass System

Fertilizer

kg/ha

Maize 160
Prairie 0
Sorghum 160
Switchgrass 50
Miscanthus 50

LSD 5%

kg/ha
3311

523
8067
2201
8939
1039

Moisture Total Ash

kg/ha
344
160
756
394
842
83

kg/ha
143
15
143
39
102
21

kg/ha
24

20

kg/ha
61

95
27
94
16
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Scatterplot of Moisture kg/ha vs Biomass, kg/ha
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Fig. 6. Scatterplot of Moisture kg/ha vs Biomass, kg/ha.

Figure 6 shows the mass of water in freshly harvested (not field dried) biomass (biomass
yield x moisture concentration from Table 3) increased with biomass yield with all
systems except maize. The late-maturing sorghum cultivar had the highest moisture
removal at all biomass yield levels. The locally adapted maize hybrid matured in a timely
fashion and moisture removal was constant (approx. 3000 kg/ha) irrespective of biomass
yield suggesting that low yield maize plots had higher water concentrations. The high R*-
values for switchgrass and sorghum (>0.82) indicate that biomass yield, and not variation
in moisture concentration in the biomass was the primary factor influencing moisture
removal by these systems.

1
1
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Scatterplot of Tot. Ash, kg/ha vs Biomass, kg/ha
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Fig. 7. Scatterplot of Total Ash, kg/ha vs. Biomass, kg/ha.

Figure 7 shows total ash removed in biomass (the product of ash concentration and
biomass yield; Table 3) was associated with biomass yield in all systems. Ash removal
increased with biomass yield in a similar fashion for the unfertilized prairie (largely big
bluestem) and Shawnee switchgrass, and both slopes (ca.0.054) were higher than other
systems. Ash removal by maize was relatively low and least responsive (slope=0.014) to
increases in biomass yield. Ash removed in biomass of sorghum and Miscanthus also
scaled with yield, driven by the high ash concentrations in sorghum and the high biomass
yield of Miscanthus (Table 3).

1
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Scatterplot of Nitrogen kg/ha vs Biomass, kg/ha
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Fig. 8. Scatterplot of Nitrogen kg/ha vs. Biomass, kg/ha.

Figure 8 shows nitrogen removal in biomass (N concentration x biomass yield; (Table 3)
increases with biomass yield in all systems. Like total ash removal (Fig. 7) N removal by
the prairie and Shawnee switchgrass were similar, driven largely by variation in biomass
yield. At comparable yield levels N removal by Miscanthus was lower than sorghum and
maize, the latter systems getting the highest N fertilization rate (Table 3). While N
removed by the maize system was closely associated with variation in biomass yield
(R2=0.74), N removal by sorghum was not closely associated with biomass production

(R2=0.15).
/!
/!
/!
/!
/!
/!
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Fig. 9. Scatterplot of P, kg/ha vs. Biomass, kg/ha.

Removal of phosphorus (P) in biomass (P ¢

oncentration x biomass yield; Table 3) was

associated with biomass yield in a similar fashion for all systems except Miscanthus.
Although the slopes of the regressions for the prairie and Shawnee switchgrass are lower

than those for maize and sorghum, the data

for all four systems falls in generally the same

region of the plot and could easily be described by the same relationship. In contrast,

although P removal in Miscanthus biomass
association is low (R*=0.18) and the amoun
the other systems.

1
1
1
1
1
1
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Scatterplot of K, kg/ha vs Biomass, kg/ha
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Fig. 10. Scatterplot of K, kg/ha vs. Biomass, kg/ha.

Potassium (K) removal in biomass (K concentration x biomass yield; Table 3) scaled
with biomass yield in all systems. Although the R*-values varied four-fold (0.20 to 0.86),
maize, sorghum, Miscanthus, and Shawnee switchgrass had similar K removal patterns
(slopes ~0.0045 to 0.0064). By comparison, the prairie accumulated less K per unit of
biomass (slope =0.0025).

* Year 6 Planned Activities

Harvesting has begun and will continue through the first quarter of the No Cost Extension
Year 6. Biomass samples will be analyzed for nutrients and carbohydrate pools as
resources allow. Soil samples will be obtained/analyzed post-harvest from studies where
NPK nutrition is a variable of interest. Data analysis is on-going and manuscript writing
continues.

= University of Illinois Urbana-Champaign
* Year 5 Accomplishments

"
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v Biomass was harvested on September 16, 2015 for H1 (post anthesis stage) and H3
treatments (alternate H1 and H2), and on Dec 18, 2015 for H2 (after killing frost)
treatment.

v Biomass yield for each plot was estimated, and tissue samples were processed for
future chemical analyses. All plant tissue samples were shipped to University of
Nebraska-Lincoln on Feb 17, 2016.

v Biomass yields varied depends on N fertilization rate, harvest timing, and species.

v All plots were burned to minimize weed competition on March 21, 2016 and Nitrogen
was fertilized on April 7, 2016 for the growing season 2016.

Fig. 11. A factor analysis plots (H1, H2, and H3) showing different growth stages on September 13, 2015.
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Fig. 12. Effects of N rate on biomass yield of High diversity mixture (BBxINxSOG), bioenergy switchgrass
(Bio Switch), prairie cordgrass (IL102), Miscanthus x giganteus (MXG), switchgrass (Shawnee) and
prairie cordgrass and big bluestem mixture (IL102xBB) grown on wet marginal land in Urbana, IL during
2014 and 2015. Biomass yields were averaged across harvest treatments.
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Fig. 13. Effects of harvest timing (H1: post anthesis stage, H2: after killing frost, H3: alternate H1 and H2)
on biomass yield of high diversity mixture (BBxINxSOG), bioenergy switchgrass (Bio Switch), prairie
cordgrass (IL102), Miscanthus x giganteus (MXG), switchgrass (Shawnee), and two-way mixture
(IL102xBB), grown on wet marginal land in Urbana, IL. Biomass yields were averaged across N rates.
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Fig. 14. Effects of N rate on biomass yield of High diversity mixture (BBxINxSOG), bioenergy switchgrass
(Bio Switch), prairie cordgrass (IL102), Miscanthus x giganteus (MXG), and switchgrass (Shawnee)
grown on wet marginal land during 2014 and 2015. Biomass yields were averaged across harvest
treatments.
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Fig. 15. Effects of harvest timing (H1: post anthesis stage, H2: after killing frost, H3: alternate H1 and H2)
on biomass yield of high diversity mixture (BBxINxSOG), bioenergy switchgrass (Bio Switch), prairie
cordgrass (IL102), Miscanthus x giganteus (MXG), and switchgrass (Shawnee) grown on wet marginal

land in Urbana, IL. Biomass yields were averaged across N rates.

Year 6 Planned Activities

v" Q1. Biomass harvest for H1 and H3 treatments of the growing season 2016.

Q2. Biomass harvest for H2 and H3 treatments of the growing season 2016.

v
v" Q3. Biomass yield data analysis and biomass sample process.
v

Q4. Final report preparation and submission.

= University of Minnesota

46 Annual Progress Report: August 2015 — July 2016

Becker

Overall, the Becker plots looked outstanding in early 2016. Rainfall was adequate and
growth was robust. N fertilizer treatments were applied in split application on Becker’s
excessively-drained loamy sand soil, with the first application on May 26 and the second
on June 29. Legume-grass and forb-legume-grass. The Year 5 near-anthesis harvest was
conducted on August 4, 2015, and the post-frost harvest was conducted on October 26,
2015. The alternating harvest treatment was harvested with the near-anthesis treatment in
2015. Dry matter yields are given in Figure 16. Samples were dried, ground, and sent to

UNL for further analysis.
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Fig. 16. Biomass yields (+SE) for 2015 at Becker, Minnesota. LD = low diversity grass mix, LD + legumes
= LD plus three legume species, CRP = locally adapted Conservation Reserve Program polyculture of
grasses, legumes, and forbs.
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Fig. 17. Biomass yields (+SE) for 2015 at Lamberton, Minnesota. LD = low diversity grass mix, LD +
legumes = LD plus three legume species, CRP = locally adapted Conservation Reserve Program
polyculture of grasses, legumes, and forbs.
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An early spring provided an early opportunity for weed control at Becker. 2.4 lbs/ac of
Mesotrione with 2.83 Ibs/ac glyphosate was applied over all of the plots, including
polycultures. Only weeds had emerged; no planted species were growing at that time.
The Becker plots looked great in 2016. Rainfall was adequate and growth was robust. N
fertilizer treatments were applied in split application on Becker’s excessively-drained
loamy sand soil, with the first application on May 26 and the second on June 29.
Legume-grass and forb-legume-grass polyculture plots were hand-weeded on June 24,
but little weed pressure was evident following herbicide application in March.

Lamberton

The plots at Lamberton also looked exceptional in early 2016. The grass-only plots were
sprayed with 32 ounces/ac of 2,4-D on May 18. N fertilizer treatments were applied on
May 24. The near-anthesis harvest was conducted on August 5, 2015, and the post-frost
harvest was conducted on November 2, 2015. The alternating harvest treatment was
harvested with the post-frost treatment in 2015. Dry matter yields are given in Figure 17.
Samples were dried, ground, and sent to UNL for further analysis. The plots at
Lamberton looked great in early 2016, also. The grass-only plots were sprayed with 32
ounces/ac of 2,4-D on May 18, and N fertilizer treatments were applied on May 24.

= USDA-ARS, Lincoln

Accomplishments
v" Monitored growth on all plots.
v’ Sampled greenhouse gases (GHG).
v' Harvested cool-season annuals and anthesis harvest material.
Current Status
v Factor Analysis Plots
» Being monitored.
» Yield data for 2012-2015 is being summarized.

» Samples collected in 2012, 2013, 2014 and 2015 have been processed and are
being scanned and predicted.

v System Analysis Plots

» Samples collected in 2012, 2013, 2014 and 2015 are being scanned and predicted.

48 Annual Progress Report: August 2015 - July 2016
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» GHG samples from 2013-2015 are being summarized.

» VOM and elongated leaf height data are being summarized.

» Anthesis harvest for the harvest height and harvest date study was completed.
» Field-scale plots are being prepared for harvest.

v" The Crop/Livestock/Bioenergy Production System Demonstration site in eastern
Nebraska was leveraged to get additional funding through the new SDSU NIFA-CAP
to increase sampling intensity and graze this site in 2016-2019. Fields were
monitored.

* Plans for Next Quarter
v Complete post-frost harvests.
v" Scan and predict biomass samples forwarded from other locations.

v" Finalize the scanning and predicting of 2012, 2013, 2014 and 2015 Nebraska biomass
samples.

v Analyze and summarize field data.
v Collect samples for GHG emissions at scheduled intervals.
v" Submit manuscripts on CenUSA projects.
= USDA-ARS, Madison
* Key Findings - Year 5.

Delayed harvest, until after killing frost, increases sugar yield and conversion to bio-oils
via fast pyrolysis. For some switchgrass cultivars, the loss in biomass yield was
sufficiently small that the increase conversion efficiency far offset the loss in yield to
result in greater production of energy products on a per-hectare basis.

¢ Plans for Year 6.

We will complete one more year of harvesting and write three manuscripts on the
switchgrass harvest date x nitrogen rate study.

= Publications, Presentations, and Proposals Submitted

« Aller, D., S. Bakshi & D. Laird. 2016. Modification of proximate analysis method for
biochars. J. Analy. Appl. Pyrolysis. (In review).
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« Aller, D., R. Mazur, K. Moore, R. Hintz, D. Laird & R. Horton. 2016. Biochar aging and
crop rotation impacts on soil quality. (In preparation).

* Archontoulis, S.V., I. Huber, F.E. Miguez, P.J. Thorburn & D.A. Laird. 2016. A model
for mechanistic and system assessments of biochar effects on soils and crops and
tradeoffs. GCB Bioenergy 8: 1028-1045.
http://onlinelibrary.wiley.com/doi/10.1111/gcbb.12314/full. doi: 10.1111/gcbb.12314.

« Bakshi, S., D.M. Aller & D.A. Laird. 2016. Comparison of the physical and chemical
properties of laboratory- and field-aged biochars. J. Environ. Qual. 45(5):1627-1634.
https://www.researchgate.net/publication/301675850 Comparison of the Physical and
Chemical Properties of Laboratory and Field-Aged Biochars.doi:
10.2134/jeq2016.02.0062.

+ Bonin C.L. & E.A. Heaton. 2016. Seeding mixture choice, not biochar application,
impacts establishing plant community attributes in native perennial biofuel plantings.
Submitted to Agric. Ecosyst. Environ.

* Chaubey, I, C. Raj, J. Frankenberger, J.J. Volenec & S.M. Brouder. 2015. Integrated
assessment of bioenergy land use and climate change on ecohydrologic response in the
Midwest USA. Presented at: Synergy in Science, Meeting of the Amer. Soc. Agron. Crop
Sci. Soc. of Amer.-Soil Sci. Soc. of Amer. Minneapolis MN. 17 Nov.
https://scisoc.confex.com/scisoc/2015am/webprogram/Paper96171.html.

« Chaubey, I. & R. Cibin. 2016. Bioenergy-driven vulnerability and sustainability
assessment in the Midwest USA. Presented at: ASABE International Conference,
Orlando, FL. 20 Jul.

« Cibin, R., I. Chaubey & B. Gramig. 2016. Conservation practice strategies for
economically and environmentally sustainable corn stover harvest for biofuel production
in Indiana. Presented at: ASABE Annual International Meeting, Orlando, FL. 17-20 Jul.

« Cibin, R., I. Chaubey, M. Helmers, K.P. Sudheer, M.J. White & J.G. Arnold. 2016.
Improved filter strip representation in SWAT model. Environ. Modeling Soft. (In
review).

« Cibin, R., I. Chaubey, R.L. Muenich, K.A. Cherkauer, 1. Panagopoulos, 1., P.W. Gassman
& C.L. Kling. 2016. Ecosystem service evaluation of futuristic bioenergy based land use
change and their uncertainty from climate change and variability. J. Amer. Water Res.
Assoc. (Accepted).

« Cibin, R., E. Trybula, I. Chaubey, S. Brouder & J.J. Volenec. 2016. Watershed scale
impacts of bioenergy crops on hydrology and water quality using improved SWAT
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model. GCB Bioenergy 8(4):837-848. doi: http://doi.org/10.1111/gcbb.12307.

Dierking, R.M., D. Allen, S.M. Brouder & J.J. Volenec. 2016. Yield, biomass
composition, and N use efficiency during establishment of four Miscanthus x giganteus

genotypes as influenced by N management. Biomass Bioenergy 91:98-107.
http://dx.doi.org/10.1016/j.biombioe.2016.05.005.

Feng, Q., I. Chaubey, B. Engel, C. Raj, K.P. Sudheer & J. Volenec. 2016. Marginal land
suitability analysis for switchgrass, Miscanthus and hybrid poplar in the Upper
Mississippi River Basin (UMRB). (In review).

Feng, Q., I. Chaubey, Y. Her, R. Cibin, B. Engel, J. Volenec & X. Wang. 2015.
Hydrologic/water quality impacts and biomass production potential on marginal lands.
Environ. Modelling Soft. 72:230-238. doi: http://doi.org/10.1016/j.envsoft.2015.07.004.

Fidel, R.B., D.A. Laird & T.B. Parkin. 2016. Effect of biochar on soil greenhouse gas
emissions at the laboratory and field scales. (In preparation).

Fidel, R.B., D.A. Laird & T.B. Parkin. 2016. Impact of biochar organic and inorganic C
on soil CO; and N,O emissions. J. Environ. Qual. (In review).

Fidel, RB., D.A. Laird & T. B. Parkin. 2016. Impact of six lignocellulosic biochars on
CO; and N,O emissions from two soils. GCB Bioenergy (In review).

Gassman, P.W., A. Valcu, C.L. Kling, Y. Panagopoulos, R. Cibin, I. Chaubey, C.F.
Volter & K.E. Schilling. 2016. Assessment of cropping scenarios for the Boone River
watershed in North Central Iowa. J. Amer. Water Res. Assoc. (In review).

Mitchell, R. 2016. Invited reviewer: 2016 Billion Ton Volume 2, US DoE, Washington,
DC, 11 May.

Mitchell, R. 2016. Invited participant: Conference Welcome & Introduction: Back to the
future: a perspective from the central USA, World Bioenergy Congress & Expo, Rome,
Italy, 13 Jun.

Mitchell, R. 2016. Invited Presentation: Herbaceous perennial feedstocks for marginally-
productive landscapes in the central USA, World Bioenergy Congress & Expo, Rome,
Italy, 13 Jun.

Mitchell, R. 2016. Commercialization opportunities for herbaceous perennial feedstocks.
Invited presentation: Northeast Woody/Warm-Season Biomass Consortium, State
College, PA. 26-27 Jul.
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* Qjeda, J.J., J.J. Volenec, S.M. Brouder, O.P. Caviglia & M.G. Agnusdei. 2016.
Evaluation of Agricultural Production Systems Simulator (APSIM) as yield predictor of
Panicum virgatum and Miscanthus x giganteus in several US environments. GCB
Bioenergy.
http://onlinelibrary.wiley.com/store/10.1111/gcbb.12384/asset/gcbb12384.pdf:jsessionid
=BD27D63D348098D00213D50063A81BDD.f04t04?v=1&t=iweOnaej&s=dc997939d1c
511402a9103929¢5e850f2d0f470. doi: 10.1111/gcbb.12384. doi: 10.1111/gcbb.12384.

* Omani, N., I. Chaubey, P. Li, Y. Panagopolous & M. White. 2015. Assessing sensitivity
of UMRB agriculture and water resources to past and current drought. Presented at:
SWAT Conference, West Lafayette, IN. 12-14 Oct.

« Panagopoulos, Y., P.W. Gassman, C.L. Kling, R. Cibin & 1. Chaubey. 2016. Assessment
of large-scale bioenergy cropping scenarios for the Upper Mississippi and Ohio-
Tennessee River basins. J. Amer. Water Res. Assoc. (In review).

»  Rogovska, N., D.A. Laird & D.L. Karlen. 2016. Corn and soil response to biochar
application and stover harvest. Field Crops Res. 187:96-106.
http://dx.doi.org/10.1016/j.fcr.2015.12.013.

» Serapiglia, M., B. Dien, A. Boateng & M.D. Casler. 2016. Impact of harvest time and
switchgrass cultivar on sugar release through enzymatic hydrolysis. BioEnergy Res. (In
review).

» Serapiglia, M., Dien, B., Boateng, A. & M.D. Casler. 2016. Impact of harvest time and
cultivar on conversion of switchgrass to fast pyrolysis bio-oils. BioEnergy Res. (In
review).

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

Research activities planned:
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Continued analysis of data collected during drying experiments and validation empirical
drying prediction models developed from laboratory and field experiments.

Continued development and evaluation of prototype real-time biomass moisture sensor
for switchgrass and corn stover.

2. Actual Accomplishments

A journal paper titled Estimating dry matter and composition change due to rainfall
during field drying of switchgrass and corn stover (Authors: A. Khanchi, and S.J. Birrell)
has been accepted for publication in the Journal of Biosystems Engineering.

In the past quarter, experiments were conducted in the environmental chamber to
calculate the equilibrium moisture content for switchgrass between the temperature range
of 10 to 19 °C and varying relative humidity of 50 to 90%. A model was developed to
predict the equilibrium moisture content of switchgrass in the above-mentioned
temperature and humidity range, which was lacking in the literature, and is necessary for
development of drying rate models.

Four drying rate models were also finalized to predict the moisture change in switchgrass
based on environmental conditions and swath densities. Two of these models were
developed for seed development stage (Aug. and Sept.) and two were developed for seed
shattering and seed shattered stage (Oct. and Nov.) of switchgrass maturity. Out of the
two models for each maturity stage, one was used for predicting moisture change in day
conditions and other was used for night conditions. During day time conditions in both
maturity stages, solar radiations and vapor pressure deficit (VPD) were positively
correlated with drying rate whereas, wind speed and swath density were negatively
correlated. During night conditions in both maturity stages, VPD was positively
correlated and swath density was negatively correlated with drying rate. Effect of wind
speed was however positive in seed developed stage and negative in seed shattering and
seed shattered stage of maturity. Moisture content predicted by models were in good
agreement with the moisture change observed in the experimental field drying studies.

However, the models developed in the present study do not predict the moisture gain
during rainfall events. Further experiments are required to estimate the gain in moisture
and drying after a rainfall event.

Research on the development of sensors capable of predicting moisture content and bulk
density of biomass feedstocks based on the dielectric measurements continued during this
quarter. The development and design of the electronics for real-time biomass moisture
sensor is continuing.
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3. Explanation of Variance

No variance in planned activities has been experienced.

4. Plans for Next Quarter

Research activities planned during next quarter include:

Development and validation of biomass “drying prediction models” to predict relative
increase in biomass moisture levels during a rainfall event and subsequent drying profile
after the re-wetting of biomass materials. This will require additional laboratory testing
that includes re-wetting events.

Continued development and evaluation of prototype real-time biomass moisture sensor
for switchgrass and corn stover.

5. Publications, Presentations, and Proposals Submitted

A peer reviewed journal paper Estimating dry matter and composition change due to
rainfall during field drying of switchgrass and corn stover (Authors: A. Khanchi and S.J.
Birrell) has been accepted for publication in Journal of Biosystems Engineering.

Sharma, B., E. Brandes, A. Khanchi, S. Birrell, E. Heaton & F. E. Miguez. 2015.
Evaluation of Microalgae Biofuel Production Potential and Cultivation Sites Using
Geographic Information Systems: A Review. BioEnergy Res. 8(4):1714—1734.
http://link.springer.com/article/10.1007%2Fs12155-015-9623-0. doi: 10.1007/s12155-
015-9623-0.

University of Wisconsin

1. Planned Activities

Our goals for this quarter included:

54

Complete work on modifying an experimental high-density baler and conduct initial field
evaluation.

Compress large-square bales and quantify pressure-density relationship.

Continue to assess the economic viability of the various grass harvest and processing
options using economic modeling.

Conduct an evaluation of how bale density affects twine tension in large square bale.

Submit an additional two manuscripts for publication review.
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2. Actual Accomplishments

*  An experimental baler from an independent inventor was redesigned and modified to
improve its performance. The baler was then tested in reed canarygrass, switchgrass, and
wheat straw. The baler was able to produce bales with density ranging from 15 to 20
Ibs./ft’, considerably denser than conventional bales of similar crop material.

Performance issues related to feeding and crop flow remain that prevent the baler being
operated at steady-state. These issues will be addressed during an off-season re-design.
Once steady-state baling can be achieved, it will be possible to assess the specific power
requirements of making high-density bales with this new, experimental machine.

» The bale press intended to recompress large square bales to double density was
redesigned and modifications completed. Biomass bales of switchgrass, reed canarygrass,
wheat straw and corn stover have been recompressed. Force, energy and density data
were collected so that a model of the recompression process can be developed. The
energy required to compress biomass bales over a relatively long period (~20 s) is about
one-tenth that required to produce much less-dense bales in a conventional plungerhead
baler.

+ The large square bale remains the dominant package for biomass crops. Plastic twine is
used to secure material in the bale and limit re-expansion. As bale density increases, more
costly twine with greater tensile strength is required to withstand the bale forces, which
adds to harvest costs. The cost of twine can exceed $3 per dry ton, which is almost 25%
of the total cost of baling. Twine failure and broken bales anywhere in the logistics
system adds considerably to the delivered costs due to the additional (inefficient)
handling required to deal with broken bales. We have developed a system using bending
beam load cells to measure twine tension as the bale is made. The system was used when
harvesting reed canarygrass, switchgrass, native grasses, and sorghum across a wide
variety of bale densities. Models of twine tension as a function of bale density have been
developed.

+ Previously collected drying rate data was used to develop a model of switchgrass drying
rate. Major inputs to this model are solar insolation, vapor pressure differential,
conditioning level, raking, and swath density. This drying rate model was used to develop
a model to predict the harvest progression of switchgrass across the fall harvest season in
the Upper Midwest. The model uses historical weather data to predict the rate at which a
harvest team of a windrower plus two-balers can complete harvest. The model was used
to predict the machinery fleet and cost required to complete a substantial switchgrass
harvest campaign in Wisconsin, lowa and Nebraska. This work was part of that
completed by our undergraduate research intern.
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3. Explanation of Variance

Work continues on manuscripts, but progress is slower than desired.
4. Plans for Next Quarter

Our efforts in the next quarter will include:

« Complete field evaluation of the experimental high-density baler in switchgrass and corn
stover.

» Compress large square bales of switchgrass and corn stover and quantify pressure-density
relationship.

+ Continue work on twine tension for large square bales.
» Conduct an outdoor storage study of large square bales covered with breathable film.

+ Finish data collection on the energy required to create conventional high-density large-
square bales.

« Complete manuscripts for publication review.
5. Publications, Presentations, and Proposals Submitted

Lacy, N.C. & K.J. Shinners. 2016. Reshaping and recompressing round biomass bales. Trans
ASABE. 59(4):795-802. doi:10.13031/trans.59.11778.

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.
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= 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.
Iowa State University
1. Planned Activities

The first two broad tasks under the System Performance 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.

2. Actual Accomplishments

e 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 (European Review of Agricultural Economics). 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 2015. That
paper describes the results of baseline and a conservation practice placement to evaluate
the water quality effects at the landscape level.

* A paper submitted to the NAREA association journal concerning tradeoffs between food,
fuel and water quality in a watershed with limited availability of land has been accepted
for publication. We assess empirically how agricultural lands should be used to produce
the highest valued outputs, including food, energy, and environmental goods and
services. We explore the efficiency trade-offs associated with allocating land between
food and bioenergy. We use a set of market prices and non-market environmental values
to value the outputs produced by these crops. Finally, we explore the degree to which
using marginal land for energy crops is an approximately optimal rule.

*  Working with colleagues from Purdue, four papers have been submitted to a special issue
of the Journal of the American Water Resources Association related to water quality and
watershed scale modeling of biofuel crop adoption (see abstracts in Exhibit 1). In a policy
focused overview paper, the implications and value of watershed-based modeling of the
productive potential and water quality impacts associated with multiple cellulosic biofuel
cropping systems are discussed. This paper has received positive reviews and has been
resubmitted for a final decision. The three companion papers study large-scale conversion
of cropland to switchgrass, Miscanthus or corn stover removal, targeting of those three
biofuel cropping systems to cropland landscapes identified as marginal based on slope or
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other criteria, and/or a large-scale evaluation of cellulosic biomass potential and water
quality impacts of switchgrass and corn stover removal across the Upper Mississippi and
Ohio-Tennessee River Basins. The potential for policy design to improve the
performance of these systems based on the findings of these modeling studies is
identified.

* An NSF workshop on the food, energy, water nexus was held at lowa State University
(Oct. 11-12, 2015).

e A white paper has been completed entitled “Research needs and Challenges in the FEW
System: Coupling Economic Models with Agronomic, Hydrologic, and bioenergy
Models for Sustainable Food, Energy, and Water Systems.” The link for the white paper
1s http://www.card.iastate.edu/few/research-needs-and-challenges-in-the-few-system.pdf.

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

We hope to get review comments back on the four submitted papers soon and begin
revisions. Also, based on the findings of the scenarios undertaken in the three watershed
studies additional scenarios are being developed to evaluate the water quality tradeoffs
associated with the simultaneous use of stover and perennial feedstocks.

5. Publications, Presentations, and Proposals Submitted

« Cibin, R., I. Chaubey, R.L. Muenich, K.A. Cherkauer, P. Gassman, C.L. Kling & Y.
Panagopoulos. 2016. Ecosystem Services Evaluation of Futuristic Bioenergy-based Land
Use Change and Their Uncertainty from Climate Change and Variability. J. Amer. Water
Resour. Assoc. (Tentatively accepted).

* Gassman, P.W_, A. Valcu, C.L. Kling, Y. Panagopoulos, C. Raj, I. Chaubey, C.F. Wolter,
& K.E. Schilling. 2016. Assessment of Bioenergy Cropping Scenarios for the Boone
River Watershed in North Central Iowa, United States. J. Amer. Water Resour. Assoc. (In
review).

« Kling, C.L., I. Chaubey, C. Raj, P.W. Gassman & Y. Panagopoulos. 2016. Policy
Implications from Multi-Scale Watershed Models of Biofuel Crop Adoption across the
Corn Belt. J. Amer. Water Resour. Assoc. (Tentatively accepted).

1
1
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« Panagopoulos, Y., P.W. Gassman, C.L. Kling, R. Cibin, R.& 1. Chaubey. 2016.
Assessment of Large-scale Bioenergy Cropping Scenarios for the Upper Mississippi and
Ohio-Tennessee River Basins. J. Amer. Water Resour. Assoc. (In review).

University of Minnesota

1.

I

I

I

I

Planned Activities

Planned activities for this quarter include continued work on Task 4 (Evaluate the Life Cycle
Environmental Consequences of Various Bioenergy Landscapes) and Task 5 (Employ the
Modeling Systems to Study the Design of Policies to Cost Effectively Supply Ecosystem
Services from Biomass Feedstock Production).

Actual Accomplishments

This quarter, we worked on finalizing and revising manuscripts related to the output of
previous quarters. Two papers, supported in part by CenUSA, were published. See below.

Explanation of Variance

No variance has been experienced.

Plans for Next Quarter

Continued submission of manuscripts from output of previous quarters.
Publications, Presentations, and Proposals Submitted

= Hill, J, L. Tajibaeva & S. Polasky. 2016. Climate consequences of low-carbon fuels: The
United States Renewable Fuel Standard. Energy Policy. 97:351-353.
http://dx.doi.org/10.1016/j.enp0l.2016.07.035.

= Noe, R., E. Nachman, H. Heavenrich, B. Keeler, D. Hernandez, & J. Hill. 2016.
Assessing uncertainty in the profitability of prairie biomass production with ecosystem
service compensation. Ecosystem Services 21(A):103—-108.
http://www.sciencedirect.com/science/article/pii/S221204161630095X. doi:
10.1016/j.ecoser.2016.05.004.
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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.

1. Significant Accomplishments — Biochar Characterization

60

Pyridinium groups and protons adsorbed on condensed aromatic carbon are pH
dependent sources of AEC. By contrast oxonium groups are independent of pH, and
hence are the primary source of AEC under alkaline conditions.

The concentration of oxonium groups on biochar surfaces increases with peak pyrolysis
temperature but is independent of biochar surface area.

Oxonium groups with an exposed a carbon are subject to nucleophilic attack by OH
groups and thus are not stable under alkaline conditions, however bridging oxonium
groups which do not have an exposed o carbon are resistant to nucleophilic attack by OH
and will persist in soils for extended periods of time even under alkaline conditions.

Treatment of biomass feedstocks with AlCI; prior to pyrolysis can be used to produce
biochars with surface coatings of amorphous AI(OH)s. The Al surface coatings are a
source of pH dependent positive surface charge, however the aluminol groups have a
high point of zero net charge (~ pH 9). Aluminol surface coatings can be used to increase
biochar AEC under neutral and mildly alkaline conditions.

Treatment of biomass feedstocks with FeCls prior to pyrolysis generally did not result in
formation of Fe surface coatings as the Fe tended to crystallize forming separate
crystalline phases. Therefore, the FeCls treatments had lesser effects on AEC than the
AICl; treatments.

The maximum temperature during pyrolysis and the presence of silica and alkali and
alkaline earth cations in the feedstock influences the mineralogy of the crystalline iron
phases that formed during pyrolysis FeCl; treated feedstocks.

Annual Progress Report: August 2015 - July 2016

nusa.iastate.edu




‘ ,gcenusa bioenergy

61

Zerovalent iron was formed by high temperature pyrolysis of FeCl; treated feedstocks
that contain low levels of ash.

The stability of zerovalent iron formed during high temperature pyrolysis of FeCl; treated
feedstocks depends on particle size and exposure.

A new procedure for producing macroporous carbon supported zerovalent iron was
developed. These materials were shown to be effective for reductive dehaligenation of
trichloroethylene (TCE) in a pulsed flow column experiment.

Four sources of biochar alkalinity (carbonates, surface organic functional groups,
functional groups on soluble organic compounds, and other inorganic compounds such as
oxides, hydroxides and phosphates) were identified and quantified for a diverse series of
biochars. Methods for measuring these diverse forms of alkalinity were developed.

Changes in physical and chemical properties of biochar during simulated laboratory
weathering (aging) were compared with changes that occurred during field weathering. A
method for rapid laboratory weathering of biochar was developed.

A biochar module for the APSIM cropping systems model was developed. The model
systematizes current understanding of the influence of biochar amendments on the
physical, chemical and biochemical properties of soils and the resulting impact on
agronomic and environmental outcomes.

The use of biochar and bio-oil cofiring fuel (BCF) was found to reduce power plant
emissions. We estimated that a 35% BCF to coal mixture would meet the emission
reduction requirements of the Clean Power Plan. Economic analysis suggests that a $67.3
per ton of CO; equivalent carbon price would provide enough incentive to make BCF
power competitive with industrial electricity prices.

The production of biochemicals and hydrocarbon chemicals can be cost competitive with
transportation fuels under select market conditions. A biochemical biorefinery has lower
capital cost than a comparable biofuel facility - $166 vs. $317 million for a 2000 ton per
day plant and achieves high yields of asphalt binder, dextrose, and calcium acetate.
Despite their lower market value, these products achieve better returns than transportation
fuels during periods of low energy prices.

An integrated biorefinery capable of generating biofuels, biochemical, hydrocarbon
chemicals or a mixture of these provides economic flexibility. Our analysis indicates that
the added costs of the integrated biorefinery can be justified by the increase in the
expected IRR and reduction of project risk.

Annual Progress Report: August 2015 - July 2016

sa.iastate.edu



ﬁceﬂusa bioenergy

* Organic functional groups on the surfaces of biochar that are sources of positive charge
and hence anion exchange capacity (AEC) have been identified as pyridinium groups,
oxonium groups, and the protons retained by pi electrons on surfaces of condensed
aromatic carbon.

nusa.iastate.edu

* The dependence of biochar AEC on pH, feedstock and pyrolysis conditions has been
documented.

2. Explanation of Variance
No variance noted.
3. Plans for Next Quarter

Work will continue on writing, revising an ultimately publishing all remaining manuscripts
for the project. An Intellectual Property Disclosure and Record (IPDR) form will be filed
with ISU Office of Intellectual Property and Tech Transfer relative to the development of
macroporous carbon supported zerovalent iron.

4. Publications, Presentations, and Proposals Submitted

* Archontoulis, S.V., I. Huber, F.E. Miguez, P.J. Thorburn & D.A. Laird. 2016. A model
for mechanistic and system assessments of biochar effects on soils and crops and trade-
offs. GCB Bioenergy. http://onlinelibrary.wiley.com/doi/10.1111/gcbb.123 14/full. doi:
10.1111/gcbb.12314.

e Bakshi, S.; D.M. Aller, D.A. Laird & R. Chintala. 2016. Comparison of the physical and
chemical properties of laboratory- and field-aged biochars. J. Environ. Qual. 45:1627-
1634. doi: 10.2134/jeq2016.02.0062.

* Dang, Q., M.M. Wright & R.C. Brown. 2015. Ultra-Low Carbon Emissions from Coal-
Fired Power Plants through Bio-Oil Co-Firing and Biochar Sequestration. Environ. Sci.
& Tech. 49(24):14688-14695.

* Dang, Q., W. Hu, M. Rover, R.C. Brown & M.M. Wright. 2016. Economics of biofuels
and bioproducts from an integrated pyrolysis biorefinery. Biofuels, Bioprod. Biorefining
10:790-803. http://onlinelibrary.wiley.com/doi/10.1002/bbb.1681/abstract. doi:
10.1002/bbb.1681.

e Fidel, R.B., D.A. Laird, M.L. Thompson & M. Lawrinenko. 2016. Characterization and
quantification of biochar alkalinity. Chemosphere. (In press).

e QGraber, E.R., L. Tsechansky, R.B. Fidel, M.L. Thompson & D.A. Laird. 2016.
Determining Acidic Groups at Biochar Surfaces via the Boehm Titration. In: Singh, B.,
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Camps-Arbestain, M., Lehmann, J. (Eds). Methods of Biochar Analysis. CSIRO
Publishing, Melbourne, Chapter 8. (In press).

* Hu, W,, Q. Dang, M. Rover, R.C. Brown & M.M. Wright. 2016. Comparative techno-
economic analysis of advanced biofuels, biochemicals, and hydrocarbon chemicals via
the fast pyrolysis platform. Biofuels 7(1):57-67.

e Lawrinenko, M., D.A. Laird, R.L. Johnson & D. Jing. 2016. Accelerated aging of
biochars: Impact on anion exchange capacity. Carbon 103:217-227.

e Lawrinenko, M., J. van Leeuwen & D.A. Laird. 2016. Sustainable pyrolytic production of
zerovalent iron. ACS Sustainable Chem. Eng. (In review, submitted Sep. 2016).

e Lawrinenko, M., Z. Wang, R. Horton, D. Mendivelso-Perez, E.A. Smith, T.E. Webster,
D.A. Laird & J. van Leeuwen. 2016. Macroporous carbon supported zerovalent iron for

remediation of trichloroethylene. ACS Sustainable Chem. Eng. (in review, submitted Oct.
2016).

e Lawrinenko, M., D. Jing, C. Banik & D.A. Laird. 2016. Aluminum and iron biomass
pretreatment impacts on biochar anion exchange capacity. In preparation for Nat. Chem.

* Li, B, O. Longwen, Q. Dang, M. Pimphan, S. Jones, R.C. Brown & M.M. Wright. 2015.
Techno-economic and uncertainty analysis of in situ and ex situ fast pyrolysis for biofuel
production. Bioresour. Tech. 196:49-56.

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

* Planned Activity A. Spatial Model of Biomass Supply
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We will continue work on a spatial model of biomass supply.
* Planned Activity B. Economic Feasibility of Grasses

We will continue work on the economic feasibility of grasses by modelling the cost
optimization problem of a unique plant under different market structures. Initial findings
suggest that residues from agriculture will not be available in sufficient quantities to meet
the mandate at relatively low prices, and this will provide an opportunity for perennial
grasses.

2. Actual Accomplishments
* Planned Activity A. Spatial Model of Biomass Supply

Completed. Hayes and Jacobs worked with industry partner DuPont to identify optimal
market segmentations for biomass collection systems and contracting. This work is
completed and we are preparing a paper for submission to a peer-reviewed journal.

* Planned Activity B. Economic Feasibility of Grasses
Ongoing.
3. Explanation of Variance
None.
4. Plans for Next Quarter

Our team will continue work on Planned Activity B (Economic Feasibility of Grasses) above,
and also expand our work to estimate, under operational and land productivity assumptions
from Iowa, the production requirements for perennial grasses in lowa and the cost of
obtaining perennial grass feedstocks sufficient to meet the mandate. A working paper for
ISU’s Center for Agricultural and Rural Development (CARD) is planned, authored by
Jerome Dumortier, Nathan Kauffman, and Dermot Hayes.

5. Publications, Presentations, and Proposals Submitted

* Chao L., K.L. Jacobs & D.J. Hayes. The Supply Curve for Cellulosic Ethanol. Submitted
for peer review to top agricultural economics field journal. Currently in revision (revise
and resubmit).

* Presentation at the CenUSA Annual Meeting to highlight our objective’s accomplishment
and current works.

1
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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.

The risks of air/dust exposure.

Task 1. Managing Risks in Producing Biofeedstocks
* Planned Activities

The technical paper will be presented at the International Society of Agricultural Safety
and Health conference in Lexington KY during June. The preparation of the manuscript
for a peer review journal article that shares the results of the model should be completed
and submitted to a selected journal.

* Actual Accomplishments

In June 2016, we presented a technical paper (ISASH Paper No. 16-03) at the
International Society of Agricultural Safety and Health conference in Lexington,
Kentucky. There were several questions from the audience that we used to modify the
comparative risk assessment model. This also provided excellent feedback necessary for
the developing a successful manuscript for publishing.

The modifications from the ISASH actually significantly change the output of the
comparative risk assessment model. While the results are consistent that the corn
productions systems had a higher likelihood of human injury than biofuel switchgrass
production systems over a 10-year life cycle, the magnitude difference calculated is
different. Now corn productions systems had a likelihood of 99% (compared to the
previous 82%) versus the biofuel switchgrass production systems likelihood of 1%
(compared to the previous 18%) over a 10-year life cycle (Fig. 18). It is more pronounced
that corn production systems have a higher likelihood of human injury.

We have started preparation of a peer review journal article that shares the results of the
model.

1
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Fig. 18. Modified difference in worker injury risk output frequency distribution from the comparative risk
assessment model based on calculation using 500,000 iterations.
¢ Explanation of Variance
None to report.
¢ Plans for Next Quarter

The preparation of the manuscript for a peer review journal article that shares the
development and results of the model will be finalized. This manuscript will be submitted
to the selected journal.

* Publications, Presentations, and Proposal Submitted

Ryan, S. J., Schwab, C. V. & G.A. Mosher. 2016. Comparing worker injury risk in corn
and switchgrass production systems: Results from a probabilistic risk assessment model.
International Society for Agriculture Safety and Health. International Meeting Normal,
IL. ISASH Paper No. 16-03.

2. Task 2 — Assessing Primary Dust Exposure
* Planned Activities
Receive approval for modifications to the human subjects study.

¢ Actual Accomplishments
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Approval was not obtained at the time of this report. However, a different approach to
collect dust samples is being explored.

/W.cenusa.iastate.edu

* Explanation of Variance
None to report.
* Plans for Next Quarter
Collect some pilot test dust samples.
* Publications, Presentations, and Proposal Submitted

No publication, presentations or proposal submitted from this task.

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 follows:

= 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. Curriculum Development
1. Planned Activities

*  Module 3. Harvesting. Complete all edits to the existing Moodle lessons and submit to
industry partner for review prior to submittal for publication.

* Module 13. Preprocessing of biomass feedstocks. Refine and add content to existing
rough draft.

* Module 14. Biochemical conversion
v Complete edits of Moodle lessons for pretreatment, hydrolysis and fermentation.

v" Complete filming and editing activities for anaerobic digestion lesson and make all
parts of the lesson script available for creation of the Moodle lesson.

e  Module 15. Thermochemical Conversion
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Integrate video content into PowerPoint content script.

*  Module 17. Introduction to Conversion
Complete draft content.
2. Actual Accomplishments
¢  CenUSA MOOC - Introduction to Perennial Grasses for Biofuels

v Repackaged modules lessons with supporting materials from Objective 9 into a
curriculum for the CenUSA MOOC.

v Added additional features to the course environment including a discussion board,
live chat area for students and an area to “ask an expert” about course content.

v Submitted IRB documentation for approval to collect evaluation data for MOOC
participants and received conditional approval.

* Module 3. Harvesting.
Additional edits were made to the Moodle lesson.
*  Module 14. Conversion Modules.
Additional edits were made to the Moodle lessons.
3. Explanation of Variance
No variance was experienced.
4. Plans for Next Quarter
* CenUSA MOOC
v" Secure final IRB approval for evaluation activities.

v" Make MOOC active to the public and ran marketing campaign to increase
participation.

* Module 3. Harvesting and Module 14. Preprocessing Operations for Bioenergy
Feedstocks.

Complete internal review of content.

5. Publications, Presentations, and Proposals Submitted
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None to report this period.
Subtask 2A: Training Undergraduates via Internship Program
1. Planned Activities

* Finalize all logistics of student travel, lodging at lowa State and all partner institutions
(University of Wisconsin, Madison, University of Nebraska, Lincoln, and Purdue
University), and administration of stipends.

* Provide mentor training using a 15-minute video (created by Raj Raman). We will share
the 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 June 1, 2016 with the arrival of the students. Run the orientation
at Jowa State the following four days, send students to appropriate lab placements for
start date on June 6, schedule weekly meetings (June 6 — Aug 1) with student interns to
discuss progress, face-to-face for ISU students and virtual (via Zoom) for partner-
placement students.

* Jowa State University's Research Institute for Studies in Education (RISE) will
administer a pre-program survey to assess students on June 2. This provides a baseline
for program evaluation.

* The ISU-based interns will participate in a team-building canoe trip on the Des Moines
River on Saturday, June 4.

* All partner-placed students will return to Iowa State in the last week of the program in
preparation 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 Thursday, August 4.

2. Actual Accomplishments

* Finalized all logistics including the following: 1) student travel to lowa State for the
orientation on Thursday, June 2 — Sunday, June 5 as well as travel for the students with
placements at four partner institutions, (University of Nebraska, Lincoln, University of
Wisconsin — Madison, and Purdue University). 2) housing for students placed at lowa
State as well as the partner institutions; 3) orientation events and speakers (safety
training, ethics seminar with case studies, and lab tours) all scheduled; 4) and
administration of stipend payments and cash advance provided during orientation.
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Figure 19. 2016 CenUSA Undergraduate Interns

* Shared link of mentor training video (15-minute video created by Raj Raman) with the
internship mentors (faculty/grad student/post doc) on May 5 giving them ample time to
view the video. Followed up with a combined face-to-face (for ISU-based mentors) and
virtual (via WebEx for partners) meeting on May 19 to clarify any questions and
concerns in preparation of the students’ arrival.

* Launched the program on June 1 with the arrival of the students. Conducted orientation
on Wednesday, June 2 — Sunday, June 5 that included an overview and expectations of
the program, lab safety training provided by lowa State University’s Environmental
Health and Safety personnel, lab research documentation training, an energy overview
lecture by Raj Raman, a half day bioethics seminar and case studies by Dr. Clark Wolf of
Iowa State University, and lab tours.

* Jowa State University’s Research Institute for Studies in Education (RISE) administered
a pre-program survey to assess students on June 2. This provided a baseline for program
evaluation.

* The ISU-based interns participated in a team-building canoe trip on the Des Moines
River on Saturday, June 4.

* Students placed at partner institutions (University of Nebraska, Lincoln working with Dr.
Virginia Jin, Dr. Rob Mitchell, and Dr. Marty Schmer; University of Wisconsin, Madison
working with Dr. Mike Casler and Dr. Kevin Shinners; and Purdue University working
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with Dr. Indrajeet Chaubey) departed lowa State University on June 6 to begin their host
lab placements through August 3.

Scheduled weekly meetings (June 8 — July 27) with student interns to discuss progress,
face-to-face for ISU students and virtual (via WebEx) for partner-placement students.

3. Explanation of Variance

None.

4. Plans for Next Quarter

Coordinate the return of partner institution placed students to lowa State University on
August 3, 2016.

On August 4, all CenUSA student interns will participate in a morning program
celebration reception and 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:

v’ Assess the program’s activities.
v’ Evaluate immediate program successes and challenges.

v Promote continued interest in the program by alumni after they complete their
research experience.

v' Track the career paths of our graduates.
On August 5, all student interns depart lowa State University.

Finalize and process all payments related to the internship program.

5. Publications, Presentations, and Proposals Submitted

None to report in this period.

Subtask 2B — Training Graduate Students via Intensive Program

Nothing to report as this was strictly a Year 2 and a Year 4 program activity. No forward
planning is required.
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Subtask 2C —Subtask 2C — Training Graduate Students via Monthly Research Webinar
1. Planned Activities

This series will no longer be offered; however graduate students will be invited to participate
in critical project meetings as objectives disseminate findings in this final year.

2. Actual Accomplishments

None as this was strictly a PY1 - PY4 program activity. No forward planning is required.
3. Explanation of Variance

None.
4. Plans for Next Quarter

None as this was strictly a PY1 - PY4 program activity. No forward planning is required.
5. Publications, Presentations, and Proposals Submitted

Raman, D. R., B.N. Geisinger, M.R. Kemis & A. de la Mora, A. 2016. Key actions of
successful summer research mentors. High. Educ. 72:363.

http://link.springer.com/article/10.1007/s10734-015-9961-z. doi: 10.1007/s10734-015-9961-

4

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:
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* Production, harvest, storage, transportation.
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* Social and community impacts.
* Producer and public awareness of perennial crops and biochar agriculture.
* 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).

= 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
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.

= [Extension Staff Training/eXtension Team
* Planned Activities

v" Continue maintenance of the eXtension CenUSA index
(http://articles.extension.org/pages/72584/resources-from-cenusa-sustainable-
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production-and-distribution-of-bioenergy-for-the-central-usa).

Update indexes of all journal publications that will be published through the final
quarter of CenUSA project. Reorganize as needed to provide bioenergy info into the
future once the project has closed.

Complete and post the CenUSA Legacy video.

Publish two new fact sheets (Potential Producer Adoption of Switchgrass Production
by Richard Perrin and Susan Harlow; and AgSolver: Return on Investment Farming
by David Muth and Susan Harlow).

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

Publish May edition of BLADES newsletter.

* Actual Accomplishments

The CenUSA Extension reached a total of 4439 people this quarter via the activities
described below:

v

v

Continued maintenance of CenUSA eXtension index.
Completed production and editing of CenUSA Legacy video and posted to Vimeo.

Published Making Business Decisions with Precision Data Can Encourage Perennial
Grass Production: A Case Study of AgSolver
(http://articles.extension.org/pages/73918/making-business-decisions-with-precision-
data-can-encourage-perennial-grass-production).

Shared information from CenUSA via eXtension Farm Energy Social Media sites.

CenUSA “Legacy” publication work is ongoing, with feedback from CenUSA
Objective leaders.

The CenUSA Extension team reached a total of 4439 people this quarter via the
activities described below.

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

» 4784 page views by 3,564 users; 79% of those are new sessions, averaging 1.2
pages per session.
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» Compared to last quarter, page views are down slightly (6%) and users are down
5%. As summer is historically a slump period, a comparison to same quarter last
year shows page views and users up 11% and 16% respectively.

» Traffic sources are 86% search engines (“organic”, Google, etc.), 9% directed
traffic and 5% referring sites. Efforts continue to optimize publications for search
engines.

» The top nine states accessing CenUSA articles were Michigan, Texas, Illinois,
California, lowa, Minnesota, Pennsylvania, North Carolina, Virginia and
Wisconsin; with use from throughout the US and world; England and Ontario
consistently top international use.

v Vimeo. During this quarter, the 51 CenUSA videos available on Vimeo have had 238
plays or views on our Vimeo site or on a web site that embedded a CenUSA video.
The 51 videos also had 4,897 loads, 4,369 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 1,214 times between May 1, 2016 and July 31, 2016. 737 views were from
the United States. Demographic analytics report an audience that is 83% male and
17% female. The top 3 represented age groups were 25-34 (44%), 35-44 (17%) and
45-54 (17%). 97% of the videos were viewed on their associated YouTube watch
page (each video has a unique “watch ‘age”). Users find our videos through various
avenues, which are referred to as ‘traffic sources”. Our top 4 traffic sources for this
quarter include: YouTube search, YouTube suggested videos, referrals from other
web sites and direct URL usage. Thirty-five percent of our views came from users
accessing videos suggested by YouTube. YouTube search accounted for 29% of our
views. Referrals from outside YouTube (google search or access through external
web sites) account for 17% of video views. Direct URL usage accounted for 5% of
video views.

v" CenUSA Web Site. The CenUSA web site had 1,026 visitors this quarter. These
visitors logged a total of 2,363 page views during 1,258 sessions. Page views are the
total number of pages that visitors looked at during their time on the site. A session
qualifies as the entire time a user is actively engaging with the site. If activity ceases
for an extended period, and the user returns, a new session is started.

75 Annual Progress Report: August 2015 - July 2016



ﬁceﬂusa bioenergy

v

Twitter. Twitter traffic consists of followers who subscribe to our account and
“follow” our tweets (announcements). During this quarter, our tweets were retweeted
a total of 149 times. Followers tagged CenUSA tweets as a favorite 91 times, and
mentioned us 111 times. CenUSA bioenergy also has 861 followers currently, up
from 802 followers last quarter.

Facebook. By the end of July 2016, CenUSA’s Facebook page had 248 likes, up
from 232 the previous quarter. Our most liked post from this quarter received 4 likes.
The highest daily reach of the quarter had a total reach of 124 individuals.

BLADES Newsletter. The CenUSA communications team released one newsletter
this quarter in May (see: http://blades-newsletter.blogspot.com/p/april-2016.html).
This issue of BLADES featured stories related to lignin, a farewell to retiring
CenUSA team member Sorrel Brown, safety, developing biomass storage methods,
and “Listening in with CenUSA” (interviews with CenUSA advisor Tom Binder,
ADM; and former CenUSA intern Rachael Ostrem). The May newsletter is available
at http://blades-newsletter.blogspot.com/p/april-2016.html The May 2016 newsletter
was sent to 852 people, with 278 unique opens. This puts our newsletter open rate at
32.7% which is slightly higher than the industry average of 32%.

Explanation of Variance

v

Reviewers for the Research Summary on Potential for Farmer Adoption of
Switchgrass Production made substantive editorial suggestions and the summary is
currently being revised.

Journal publication references to post on the eXtension and CenUSA index will be
“captured” from this fourth quarter report.

Plans for Next Quarter

v

v

v

Continue development of content and graphics for the CenUSA legacy fact sheet.
Continue development of the pyrolysis video.

Publish the fact sheet, Research Summary on Potential for Farmer Adoption of
Switchgrass Production by Richard Perrin and Susan Harlow.

Update indexes to include journal publications that will be published through the final
quarter of CenUSA project. Reorganize index as needed to provide bioenergy info
into the future once the project has closed.

Launch CenUSA Bioenergy MOOC and gather analytics data.
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Continue maintenance of eXtension and CenUSA index.

* Publications, Presentations, Proposals Submitted

v

Making Business Decisions with Precision Data Can Encourage Perennial Grass
Production. http://articles.extension.org/pages/73918/making-business-decisions-
with-precision-data-can-encourage-perennial-grass-production.

Lignin: Using the Entire Plant. http://blades-newsletter.blogspot.com/p/april-
2016.html.

= Producer Research Plots/Perennial Grass/Producer and Industry Education Team

¢ Planned Activities

v

v

v

Indiana

Monthly plot sampling.
Iowa

» Maintain on-farm plots.

» Hold spring field day at CenUSA plot near Crawfordsville, [owa on June 23,
2016.

» Begin planning and marketing for fall field day, to be held September 8, 2016.
Minnesota
» Maintain on-farm plots.

Organize and present at Crops Field Day at the University of Minnesota
Southwest Research and Outreach Center.

Nebraska.

» Mow alleys at both CenUSA demonstration and research sites.

» Control weeds as needed at both CenUSA demonstration/research sites.
» Provide presentations about CenUSA project upon request.
>

Maintain CenUSA field demonstration area at both Husker Harvest Day and State
Fair sites.

» Plan and conduct CenUSA youth camps using CenUSA C6 materials.
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» Hold spring field day at CenUSA plot near Crawfordsville, [owa on June 23,
2016.

» Begin planning and marketing for fall field day, to be held September 8, 2016.
* Actual Accomplishments
v Indiana

» We sampled ‘Liberty’ and ‘Shawnee’ switchgrass weekly from mid-May through
July for growth characteristics at the Trafalgar and Roann sites.

» We presented a session at the 4-H Energy Workshop at the Throckmorton-Purdue
Agricultural Center for 24 participants (half male and half female).

» At Trafalgar, a growth box was put in place so switchgrass roots could be
examined. Also, s grass drill that was donated by Truax was assembled and
installed in the exhibit.

» While staging switchgrass samples, we contacted 20 individuals and acquainted
them with the CenUSA project.

v Towa
» We maintained on-farm plots.

» We held a spring field day at CenUSA plot near Crawfordsville, lowa on June 23,
2016. Fifty people attended (5 females and 45 males).

» We began planning and marketing for the September 8, 2016 field day.
v" Minnesota

» We held Crops Field Day at the University of Minnesota Southwest Research and
Outreach Center. We presented information about switchgrass production. Fifty-
nine people attended the field day (15 farmers, 1 Extension Educator, 8
local/state/federal agency employees, and 13 “others” which included University
of Minnesota personnel, ag industry representatives and landowners). Thirty-
seven participants completed the post meeting survey:

o “After participating in the field day, do you have a better understanding of the
benefits of producing and using perennial grasses for bioenergy?” Yes = 36;
No =0; Maybe = 1.

o “Would you try planting perennial grasses for bioenergy if a market for them
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>

develops in your area?” Yes = 18; No = §; Maybe = 2; 2 respondents wrote in
“NA/not a farmer”.

We organized and conducted a tour of CenUSA on-farm plots for the University
of Minnesota Nutrient Management Team Workshop. A total of 13 people
participated in the tour (10 males and 3 females).

v" Nebraska

>

>
>
>

We mowed alleys at both CenUSA demonstration/research sites.
We controlled weeds as needed at both CenUSA demonstration/research sites.
We made presentations about CenUSA project upon request.

We maintained the CenUSA field demonstration area at both Husker Harvest Day
and State Fair sites.

CenUSA Presentations

o West Omaha Diamond Kiwanis Club, Omaha, Nebraska.
o Gold Kiwanis Club, Lincoln, Nebraska.

o Lincoln Rotary Club, Lincoln, Nebraska.

More than 500 youth participated in CenUSA C6 youth activities at camps/events
this summer in Nebraska, and used the C6 BioFarm app. Ninety-two percent of
the participants were White; 4% Hispanic; 3% Black, and 1% Asian. We asked
them survey questions prior to, and after, the CenUSA session. Thirty percent
indicated the C6 BioFarm activity increased their excitement about science.
Comparing before/after responses, there was a 100% increase in the students
indicating they know what a renewable resource is. Some quotes from kids when
asked what they learned included:

o “Switchgrass can live for 5-7 years.”

o “Switchgrass catches bad stuff in the riverbanks.”
o “Switchgrass is best by riverbanks.”

o “Farmers can plant switchgrass.”

o “Renewable energy can be used again and again and doesn’t pollute the earth.
Nonrenewable is the opposite.”

79 Annual Progress Report: August 2015 - July 2016

cenusa.iastate.edu




Nv.cenusa.iastate.edu

%emusa bioenergy

o “Renewable resources can be used over and over.”
* Explanation of Variance
None occurred.
* Plans for Next Quarter
v' Indiana
» We will continue sampling switchgrass until physiological maturity.

o We will present at the Indiana Biofuels Teacher Training on September 28,
2016.

o We will take harvest measures from all plots at Trafalgar and Roann.

o We will showcase CenUSA at the Indiana Biomass Energy Working Group
meeting on November, 2016.

v Towa

» We will include switchgrass plot information as part of September 8, 2016 field
day at the SE Research Farm.

» We will harvest and record yields on switchgrass plots in late October 2016.
v" Minnesota

We will participate in the Buffer Science and Design Symposium (a joint outreach
effort of the University of Minnesota, NRCS and the Minnesota Board of Water and
Soil Resources).

v" Nebraska

» We will visit with producers about CenUSA project at Husker Harvest Days field
demonstration site.

» Depending on weather conditions, we may harvest CenUSA research and
demonstration sites at both on-farm locations.

» We will provide additional CenUSA presentations upon request to civic groups.

» We will conduct additional CenUSA/C6 Youth activities at Nebraska Applejack
Festival.
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Publications, Presentations, Proposals Submitted

We submitted an abstract for an oral presentation at the 2016 Soil Science Society of
America Conference in Phoenix.

=  Economics and Decision Tools

81

Planned Activities

v

v

Continue promotion of the CenUSA switchgrass decision tool.

Conduct outreach presentations with landowners and farmers by sharing information
about growing perennial grasses and their potential use as feedstocks for
biofuels/bioproducts.

Conduct an economic impact analysis of various biomass crop production and
processing alternatives, including corn stover and switchgrass.

Complete and publish articles (in professional and extension/outreach channels)
sharing results of the CenUSA study of 1100+ farmers in the North Central region
regarding their willingness to produce switchgrass for biomass.

Actual Accomplishments

v

We continued promotion of the CenUSA switchgrass decision tool. The tool was
downloaded and completed as follows:

» May =18
» June=18
» July=7

We prepared components for outreach meetings scheduled for August 2016 in
southern lowa with landowners and farm operators to discuss perennial grasses, cost
of production, potential markets, environmental impacts.

We conducted an economic impact analysis of various biomass crop production and
processing alternatives. We prepared and presented a session to share the analysis for
south central Minnesota, for the Seven Mile Creek New Agricultural Bioeconomy
Project. A total of 20 people attended the meeting (15 males and 5 females; all white).

We prepared the first draft of the fact sheet Potential Producer Adoption of
Switchgrass Production by Richard Perrin and Susan Harlow which has been peer
reviewed and is under revision.
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v" We prepared a news release for distribution in farm media about Potential Producer
Adoption of Switchgrass Production: http://agecon.unl.edu/cornhusker-
economics/2016/prospects-switchgrass-energy-crop.

* Explanation of Variance
None.
* Plans for Next Quarter

v Conduct outreach meetings for landowners and producers in southern Iowa to include
a unit on perennial grass production and economics.

v" Continue promotion of the switchgrass decision tool.

v’ Assist with plans on decision where to locate new alfalfa hay plantings in watersheds
to maximize environmental benefits.

* Publications, Presentations, Proposals Submitted

v’ Perrin, R. K., Fulginita, L. E. & M. Alhassan. 2016. Prospects for switchgrass as an
energy crop. Cornhusker Economics, August 21, 2016. Department of Agricultural
Economics, U. of Nebraska, Lincoln.

v' Perrin, R. K., Fulginita, L. E. & M. Alhassan. 2016. Biomass from Marginal
Cropland: Willingness of North Central US Farmers to Produce Switchgrass on
Marginal Fields. (Under review).

Health and Safety

Information from technical meeting and research presentations on safety risk management
comparison between row crop and perennial biomass has been gathered. We have started
work this quarter on preparing a new bulletin to summarize the research results from the
CenUSA Health and Safety Objective.

Public Awareness/Horticulture/eXtension/4-H and Youth Team
*  Youth Development
v Planned Activities
» Indiana

Provide training on CenUSA Renewable Energy curriculum for adult leaders and
plan and conduct CenUSA youth outreach events.
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> lowa

@)

@)

Host workshops for adult leaders and youth using the CenUSA C6 curriculum.

Hire, train and mentor two CenUSA interns to complete C6 game
development and release the game for Android and IOS platforms and
develop the game as a web app. Train science and Vo-Ag teachers (grades 7-
12) to use the curriculum; as well as conduct outreach events using C6
curriculum.

Submit the curriculum to the lowa Extension and Outreach Curriculum
Review for approval for use in the lowa State University Extension and
Outreach system.

v Actual Accomplishments

> Indiana

@)

@)

16 adult leaders (8 male and 8 female) to use the CenUSA Indiana Renewable
Energy curriculum.

A total of 78 youth (38 male and 40 female) participated in CenUSA
Renewable Energy events.

= Teens Teaching Youth: Bioenergy Training Workshop (May 2016).
= 4-H Academy — Renewable Energy Workshop (June 2016).
= 4-H Round Up — Career Day (June 2016).

Work continues towards completion of edits on CenUSA Biofuels curriculum,
and on plans for a fall workshop on the same topic.

Manuscript is under development for a peer reviewed journal.

> lowa

@)

@)

The C6 BioFarm game was updated and improved to more closely mimic
agricultural production processes and realities (i.e. current commodity prices).
The updated version was approved for, and released on the ITunes App store.
Teacher professional development for use of the C6 BioFarm curriculum and

game was conducted for Agriculture Education teachers and science teachers
(grades 7-12).

Iowa CenUSA team members provided a C6 curriculum and C6 BioFarm
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training session at the North Carolina Agricultural Education Conference in
Greensboro, North Carolina. Ninety-two North Carolina Agriculture
Education teachers participated (58 males and 44 females; 15
underrepresented). The teachers have access to all the curriculum materials
via the lowa 4-H website and can download the game from the Apple Store.

v Explanation of Variance
None noted.

v Plans for Next Quarter
» Indiana

o Continue work on curriculum, app finalization, finalizing online learning
modules and planning for the September 2016 workshop.

o Continue to foster partnership in Indiana 4-H for Teens Teaching Y outh:
Bioenergy.

o Continue to work towards completing CenUSA goals by the end of the
funding period.

> lowa

o Release the revised C6 BioFarm curriculum and conduct formal review of the
materials. C6 BioFarm game development will continue with an emphasis on
expanding platform access to include Android and 10S.

o Begin planning and recruiting teachers for two, one-week training programs in
June, 2017 for Vo-Ag and STEM teachers.

v Publications, Presentations, Proposals Submitted

Towa: C6 curriculum: http://www.extension.iastate.edu/4h/content/c6-biofarm.

Broader Public Education/Master Gardener Program

This part of the project was completed at the end of Year 4. There will be one final summary
publication from the project which summarizes all the data from the CenUSA Biochar
demonstration gardens. We anticipate all the data will be analyzed by the end of the 2016
calendar year. We will prepare a publication summarizing the four-year study with the
analysis.

Evaluation and Administration
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* Planned Activities
v" Collect information from CenUSA Extension teams and prepare reports.

v" Develop exhibit and schedule staffing for 2016 Hay Expo (June 22-23 at the Farm
Progress site west of Ames, lowa). Exhibit to focus on CenUSA beef feeding trials
with switchgrass.

v" Develop exhibit and handout materials for the International Biochar Initiative
conference August 22-26, 2016 in Corvallis, Oregon.

v" Coordinate development of CenUSA “Legacy” publication. Hire graphic artist and
solicit input from CenUSA task leaders.

v Continue support for development of CenUSA C6 Youth app, videos. Mentor student
interns hired (on non-CenUSA funds) to:

o Conduct C6 Youth outreach programming in Iowa and North Carolina; and
o Update/expand the C6 BioFarm app.

v" Begin planning and recruiting for two, one-week training program for Vo-Ag and
STEM educators using CenUSA C6 curriculum and C6 BioFarm materials.

v" Plan and recruit congressional aides and federal agency staffers to attend a tour at ISU
on August 16, 2016; include information about CenUSA in the program.

v’ Hire graduate student to handle evaluation/survey analysis for final year of the project
(due to Sorrel Brown retirement).

v" Meet with CenUSA Extension teams to plan and budget for project wrap-up
activities.

v" Plan for final expenditures of CenUSA Extension funds.
* Actual Accomplishments
v" We collected information from CenUSA Extension teams and prepared reports.

v" We developed the exhibit and scheduled staffing for 2016 Hay Expo (June 22-23 at
the Farm Progress site west of Ames, lowa). The exhibit focused on CenUSA beef
feeding trials with switchgrass (see attached publication developed for the event).

v" We developed an exhibit and handout materials for the International Biochar
Initiative conference August 22-26 in Corvallis, Oregon (See Exhibit 9).
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We secured graphic artist and input for CenUSA “Legacy” publication.

We planned and recruited congressional aides and federal agency staffers to
participate in a biofuels tour at lowa State University on August 16, 2016.

We hired a graphic artist and editor to work on C6 curriculum (see:
http://www.extension.iastate.edu/4h/content/c6-biofarm). We met with groups of
STEM teachers to introduce the materials and solicit feedback.

We hired a graduate student who specializes in survey design and evaluation to
complete final evaluation activities for the Extension activities.

We worked with CenUSA Extension team members to finish up programming for the
project.

We planned for final expenditures of CenUSA Extension funds.

* Explanation of Variance

None.

* Plans for Next Quarter

v

v

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

Finalize “Legacy” publication.
Complete editing of C6 curriculum.

Continue planning and recruiting teachers to participate in the training programs in
June 2017.

Host congressional aides and federal agency staffers at ISU on August 16th; include
information about CenUSA on the program.

Meet with all CenUSA Extension teams to continue planning and orchestrating to
meet deliverables in CenUSA work plan.

Collect information from CenUSA team members and prepare reports.

Objective 10. Commercialization

Sub Objective 10A. Archer-Daniels-Midland

1. Actual Accomplishments

86 Annual Progress Report: August 2015 - July 2016



nusa.iastate.edu

%enusa bioenergy

» The Acetosolv biomass fractionation process was used to fractionate perennial grasses
developed as part of the project, provided by Rob Mitchell, USDA-ARS.

« ‘Liberty’ switchgrass, low diversity mix perennials, and big bluestem handled and
fractionated with the same efficiency, yields and product distribution as those from corn
stover, which was the baseline feedstock for the Acetosolv process.

+ As-received Miscanthus was difficult to feed into the reactor due to stalk rigidity, but
once chopped processed similarly to the other feedstock types.

2. Explanation of Variance
None noted.
3. Plans for Next Quarter
None. This part of the project is complete.
Sub-Objective 2. Renmatix
1. Planned Activities

* Task 10c-3. Development of a conceptual manufacturing process and techno-economical
evaluation for the commercial production of C5 and C6 sugars from switchgrass and corn
stover.

A conceptual manufacturing process was developed to produce C5 and C6 monomeric
sugars from switchgrass and corn stover. This conceptual process was then used to
estimate high-level economics for capital and operating costs and the results were
compared to those for processing woody biomass.

* Task 10c-4. Lignin production from switchgrass and corn stover.
2. Actual Accomplishments

Lipid scouting tests were conducted at USDA-ARS with positive results towards the
conversion of Renmatix sugars to neutral lipids as a precursor for biojet fuels. Based on these
preliminary results, the following activities are proposed as future ARS tasks to promote
lipid yield through culture optimization:

e Medium development (C:N).
* Batch versus two-stage versus fed-batch.

e Using 2-stage, NCAUR lab has reported lipid titers > 20g/l; the highest ever reported.
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e Characterize different sources of sugars (e.g. crops) and sugar enrichments (e.g. xylose
versus glucose).

» Extract lipids and characterize fatty acid profile to determine suitability to biofuel
3. Explanation of Variance

We developed a collaboration opportunity with the USDA-ARS laboratory.
4. Plans for Next Quarter

The following activities have been proposed to explore ways to improve the economics for
the processing of perennial grasses using Renmatix’s Plantrose® technology:

* Hemicellulose sugar release test on a feedstock mix of switchgrass and corn-stover
during hot water extraction (hemicellulose hydrolysis). The goal is to decrease the cost of
the feedstock by mixing a relative cheap biomass (corn-stover) with an expensive one.
The impact on sugar yields will be evaluated.

* Evaluate lignin as a potential partial replacement in adhesive formulations for wood panel
applications. The suitability of a phenol-formaldehyde (PF) and crude lignin adhesive
system will be tested on small oriented strand boards (OSB) panels. The Canadian CSA
0437.2 testing standard will be used.

5. Publications, Presentations, and Proposals Submitted

None submitted.
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