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1. INTRODUCTION

This project, “Ecosystem Services and Farm Entrepreneurship Technical Assistance,” 
was a three-year project originally planned for FY22–FY24. Due to a late start and a few 
extensions, it is being completed in early FY25. This project explored opportunities to support 
the deployment of a bioeconomy with a circular, more sustainable supply chain. Using a tool 
developed by Argonne to identify agricultural areas suitable for use in the bioeconomy, we 
sought to create opportunities in the bioeconomy as biomass producers, bioenergy users, and 
environmental entrepreneurs. We proposed to focus at the beginning on enhancing the tool’s 
capabilities, while engaging with key stakeholders to improve and expand the tool’s functionality 
for all potential stakeholders in the bioeconomy. 

We believe that expanding our tools and technologies, coupled with conversations in 
agricultural spaces, will be needed as we continue to explore how best to offer farmers whole-of-
supply-chain opportunities to participate in the bioeconomy. Through this project we have 
continued to gain a better understanding of the ways in which farmers, landowners, bioenergy 
users, and environmental entrepreneurs may approach the bioeconomy. In addition, as we 
improve our analytic toolkit, we can continue to refine our communication and the ways in 
which we can valuate the bioeconomy. Refining these tools allows us to dive deeper into 
conversations around plausible policies and drivers for future bioeconomy investment and 
engagement by stakeholders. 

By working with farmers and agricultural landowners to enable a sustainable 
bioeconomy business model, enhance their energy options, and recover resources from their 
waste streams, this project directly responds to the Bioenergy Technology Office’s (BETO) 
priorities of building a resilient energy economy. It addresses BETO’s focus on fostering the 
development and adoption of energy technologies that enable the conversion of waste to energy, 
efficient land use, and robust job creation. 

By establishing a technical assistance program that develops capabilities and practices in 
agricultural areas to implement a bioeconomy future, this program will develop an important 
linkage between technology being developed at U.S. Department of Energy national laboratories 
and the agricultural communities of the Midwest. This project focuses on farmers with lower 
productivity farmland. Because less productive lands create a more difficult revenue stream for 
conventional crops, these farmers may therefore be more open to alternative agricultural land 
management regimes. Consequently, the technical assistance program and the methodologies for 
targeting perennial bioenergy crop application on marginal land provide a distinct opportunity to 
engage with and invest in the bioeconomy in these economically stressed areas. 

Stakeholders in this project include farmers and landowners, local conservation 
organizations (NRCS, SWCS, etc.), universities, non-profit environmental and agricultural 
entities, farm consultants, environmental regulators, and industry, including the industries 
working on conversion technologies, anaerobic digestion, pyrolysis, and biochar generation, and 
the companies interested in trading or purchasing/supporting the valuation of ecosystem services 
(ES).  
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2. APPROACH

Argonne has been conducting research in perennial bioenergy crops and their associated 
ecosystem services for over a decade. This work has included field, laboratory, modeling, and 
economic analyses, and technology development. One tool under development as part of a 
separate BETO project is the Scaling Up Perennial Bioenergy Economics and Ecosystems 
Services Tool (SUPERBEEST). SUPERBEEST is a free, online geospatial tool designed to 
assist with decision making for the adoption of perennial bioenergy crops. Its purposes are to 
identify marginal farmland that is optimal for a conversion from row crops to perennials, to 
determine the ecosystem services that would result from that change, and to estimate the net 
economics of the change. 

As described below, in the current project Argonne is conducting outreach and providing 
technical assistance to farmers, landowners, and other stakeholders, and SUPERBEEST is a key 
part of the technical assistance. In order to provide this assistance and to bolster Argonne’s long-
standing outreach in the region, collaboration with outside partners with this skillset was 
prioritized. 

2.1 AMERICAN FARMLAND TRUST PARTNERSHIP 

To reach and engage with farmers, landowners, and those within the bioenergy market, 
Argonne partnered with American Farmland Trust (AFT), a national non-profit. AFT has a 
presence in the Midwest and is well-suited to connect Argonne with farming communities 
around the country. Through this partnership we performed a deep-scoping task that highlights 
both the opportunities to refine our tools and technologies to fit stakeholder needs as well as a 
realistic plan for technical assistance. We developed the foundations for region-wide 
implementation of a bioenergy system based on leveraging marginal agricultural and degraded 
land and locally generated biomass and organic wet waste to produce renewable energy that 
could be used locally. This would create an environmental entrepreneurship program to sell or 
trade the ecosystem services generated and enhance economic resiliency of the region. 

Following a successful go/no-go decision in FY23, the subsequent years allowed AFT to 
focus on providing technical assistance through workshops and direct interactions. In these 
workshops and one-on-one farmer/landowner interactions, we gathered input to refine the 
SUPERBEEST tool; determined the feasibility of bioenergy production technologies at the farm-
community scale; reached out to a range of government, non-profit, and industrial partners to 
promote tools and technologies for building the bioeconomy; and provided BETO with this final 
report on the approach, findings, conclusions, and recommendations of this study. 

2.2 FARM ENERGY CONSUMPTION SURVEY 

One of the first steps Argonne and AFT took in this project was a survey about on-farm 
energy use, energy consumption, and general interest in renewable energy technologies. This 
was sent out to landowners and farmers within Illinois in the summer of 2022. This survey was a 
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way for us to develop the groundwork in understanding farmer and landowner perspectives, 
preferences, and awareness of renewable energies, with a particular focus on bioenergy crops 
and related technologies. Additionally, this survey aimed to understand farmer opinion regarding 
the adoption of perennial bioenergy crops on marginal lands. Key demographic information was 
also an interest of this survey: age, gender, and type of farming were important information to 
learn for the project as we aim to conduct outreach to as many people in the agricultural space as 
we can. 

The “Farm Energy Consumption Survey” was the first step in connecting with farmers to 
learn more about marginal land usage and individual capacity to create new economic pursuits in 
the renewable energy space. The purpose of the survey was to assess farmers’ energy needs and 
opportunities for adoption of perennial bioenergy feedstock crops. Respondents had the 
opportunity to share energy consumption details about their current operation and indicate 
familiarity with and interest in adopting on-farm bioenergy systems. The survey also identified 
educational opportunities regarding perennial bioenergy crops that will allow AFT to refine 
outreach strategies for the duration of the project. 

The survey also looked at how farmers and landowners would be willing to participate in 
the bioenergy market. There are many possible scales within the bioenergy market, from home 
and on-farm generation and consumption of the biomass to federal markets that operate similarly 
in function to conventional commodity crops. Knowing the different scales under which our 
farmers were most interested in operating could help us better refine our tools and tailor our 
planning on outreach materials over the course of the project. 

AFT conducted this public outreach survey from July to September of 2022. AFT staff 
promoted the survey at various field days and agricultural events throughout Illinois. 
Additionally, social media campaigns helped promote the survey. Social media campaigns for 
the survey reached approximately 50,928 people with 878 post engagements. 

2.3 SURVEY RESULTS 

The results indicate the need for more education regarding renewable energy and relevant 
technologies. Explanations in survey responses show that many farmers in Illinois are not 
familiar with technologies related to anaerobic digestion and biochar production. Some 
respondents asked for workshops and seminars to learn more about them. Most of the farmers 
who participated in the survey indicated they did not produce any energy on their farm and rely 
on traditional sources for energy, such as electricity from the grid, propane, gas, and diesel, to 
power their farming operations. Aside from personal use, fuel for equipment and grain storage 
and drying operations were the primary energy needs on the farm. Of the 21% of respondents 
who indicated they were producing renewable energy on their farm, all of these systems were 
solar and wind technologies. Concerns were raised regarding capital expense, time, and labor 
related to installing and maintaining renewable energy systems on the farm. 

Farmers reported the following when asked if they would prefer to use biomass feedstock 
on-farm or sell off to a biorefinery: “Solar is providing all of my current electric energy needs. 
Anaerobic digester and kiln sounds expensive” and “I am not familiar with on-site digestion 
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chamber or biochar kiln so I would need more information on those two options before 
considering. Mainly concerned with logistics and aesthetic of both options.” 

These results helped identify general farmer opinion regarding the adoption of on-farm 
renewable energy systems and willingness to adopt perennial bioenergy cropping systems across 
a variety of farms throughout Illinois. Additionally, the survey provided insight into why farmers 
are interested in these systems and why they may not be supportive of these technologies on their 
farms. Most respondents indicated the three most important considerations for the generation and 
use of renewable energy are to reduce energy bills (22%), supplement income (17%), and fight 
climate change (10%). Farmers in support of these technologies also showed interest in the 
application of biochar on their fields. The information gathered from this survey will allow AFT 
and Argonne to refine their outreach strategies to farmers and create opportunities for education 
on the topics addressed in the survey. 

AFT’s full survey methodology and findings are provided in Appendix A. 

2.4 PERENNIAL BIOENERGY CROP OUTREACH AND ASSESSMENT PLAN 

The goal of the Perennial Bioenergy Crop Outreach Assessment Plan (2024) was to 
develop a map for the identification of priority areas combining geospatial and economic 
analysis of integrating perennial bioenergy crops at the state and Midwest regional level. AFT 
then used the map to perform an assessment of key focus areas for outreach. This helped focus 
our efforts throughout the rest of the project. 

This assessment analyzed social and agricultural land use GIS data to determine key 
areas suitable for the adoption of perennial bioenergy crops and to provide an additional income 
stream to producers, especially those in regions of less-productive farmland. All the data used in 
the Perennial Bioenergy Outreach Opportunity Assessment are publicly available. The list of 
criteria below was used in a GIS analysis to determine key geographic locations for targeted 
outreach in the Outreach Opportunity Assessment. Ranging from 1, being the highest priority, to 
5, being lowest, these data were weighed and represented as a raster across the Midwest region.  

Criterion Source Priority 

Black, Indigenous, or People 
of Color (BIPOC) producers  

National Agricultural Statistics Service (NASS) 
1 

Cropland  National Crop Land Database  2 

Low crop productivity National Commodity Crop Productivity Index (NCCPI) 3 

High erodibility factor  SSURGO (Soil Survey Geographic database) 4 

Ethanol plants  Homeland Infrastructure Foundation-Level Database (HIFLD) 5 

The results of this assessment have identified priority areas for outreach in Illinois 
specifically (Figure 1) and the Midwest region identified in the SUPERBEEST tool in general 
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(Figure 2). In both cases, the geographic locations determined for priority outreach possessed at 
least 3 of the 5 criteria listed above. Recommendations were provided on how to approach 
outreach in these areas, along with explanations as to why these areas were best suited for the 
adoption of perennial bioenergy cropping systems. Other elements to consider, in relation to the 
five criteria, were agricultural flexibility of the region (what tools and equipment may be 
available in a region), the percentage of female farmers and/or landowners, or other existing 
markets (such as poultry, dairy, or other livestock), which could have implications for water 
quality, nutrient reduction lost, or general agricultural land use. 

Figure 1. Outreach Regions of Illinois and the Percentage 
of Female Farmers/Landowners by County 

Primarily, Illinois is the focal point of the project as a basis for our studies and included 
four regions for outreach within the state. Further, AFT’s Midwest Region and Argonne National 
Laboratory are both located in Illinois. AFT is well connected to farmer and landowner networks 
in the state and, because of this, the organization was able to target outreach to specific counties 
identified in the GIS analysis. Areas included northern Illinois, southern Illinois, and the lower 
Illinois region (within the Illinois River watershed). 
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Figure 2. Cumulative Map of Outreach Opportunity Assessment 

When exploring outreach opportunities in neighboring states, AFT targeted wider 
geographic areas for targeted outreach, with some areas spanning multiple counties. This offered 
more flexibility for outreach in areas suitable for the adoption of perennial bioenergy crops 
where AFT does not have as wide a presence. These areas included central Minnesota, central 
and Southern Wisconsin, and the Kansas and Missouri border region. 

Following the assessment identifying these regions and the countries within these 
regions, demographic and agronomic information for these regions were further analyzed to 
prioritize outreach methodologies. The nature of the agricultural and demographic landscape 
would influence our outreach strategies and the type of perennial bioenergy crops workshops and 
other outreach would emphasize. In some instances, a high number of women non-operating land 
owners in an area provided a unique avenue for outreach. In others, an area with a high presence 
of hay/dairy farmers would suggest that herbaceous perennial bioenergy crops such as 
switchgrass or miscanthus may be of more use because of the similarity of harvest as 
conventional hay system. 

Lastly, we considered psychographic tendencies. This was not a limiting factor but was 
considered as an opportunity to tailor technical assistance and outreach even further. Such 
tendencies included areas with high emphasis on regenerative agriculture, native plant 
stewardship, renewable energy, or sustainability/environmental focused regions. These are not 
hard-and-fast nor are they as refined as information such as demographics, but using AFT’s 
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institutional knowledge on these matters helped provide additional context to initialize this 
engagement. 

Factoring all these elements together, AFT created a list of relevant and potential partners 
within each region, as identified in Tables 1 and 2, respectively. Following this partnership 
development guideline, they then created a timeline of the goals inherent to our project, as shown 
in Figures 3 and 4. The full report is available in Appendix B. 

Below is a list of partners AFT has engaged or worked with thus far, and with whom it 
has plans for continuing engagement in future years. 

Table 1. Existing Partners 

Partner Rationale Project Area 

University of Illinois Extension This organization’s extensive farmer network provides 
many opportunities for collaboration. 

Outreach and 
Engagement 

Savanna Institute (SI) SI has provided the opportunity to utilize their media 
channels and programming to promote the project with 
their networks. 

Outreach and 
Engagement  

University of Illinois Urbana- 
Champaign (UIUC) 

Extensive research on perennial bioenergy cropping 
systems and economics are conducted at this institution. 

Research, Outreach 
and Engagement  

UIUC Energy Farm A leading energy farm in bioenergy research. The farm has 
perennial bioenergy crop research plots and a biomass 
furnace to demonstrate small-scale bioenergy production.  

Research, Outreach 
and Engagement 

Angelic Organics Learning 
Center (AOLC) 

Has farmer networks in northern Illinois and southern 
Wisconsin as well as training resources established for 
farmers in the Midwest. 

Farm Scenarios/ 
Technical 
Assistance  

Midwest CRAFT This organization has a wide network of new and 
beginning farmers. 

Outreach and 
Engagement  

Land Conservancy of McHenry 
County 

Regularly hosts events with effective programming in their 
community and has built an extensive network of farmers, 
landowners, and local agricultural organizations in north 
central Illinois. 

Outreach and 
Engagement 

Natural Resources Conservation 
Service (NRCS) 

Knowledge of local agricultural and farm bill programs 
will provide insight into relevant cost-share opportunities. 

Technical 
Assistance 

Illinois Soil and Water 
Conservation District (SWCD) 

Local districts have extensive farmer networks that will 
support the project outreach in targeted areas suitable for 
perennial bioenergy crop adoption. 

Technical 
Assistance 

McHenry County College – 
Center for Agrarian Learning 
(CAL)  

Provides training and educational resources to local 
farmers and students focusing on small-scale, regenerative, 
and agricultural entrepreneurship.  

Outreach and 
Engagement/ 
Technical 
Assistance  
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Table 2. Proposed New Partners (to Project) 

Partner Rationale Project Area Contact Date  

Iowa Prairie STRIPS project Iowa State University project with 
broad network and outreach statewide.  

Project Expansion/ 
Collaboration 

May 2023 

The Nature Conservancy 
(TNC) 

A good resource to connect with other 
Midwest conservation agriculture-
related contacts. 

Outreach and 
Engagement  

Sept. 2023 

The Wetlands Initiative 
(TWI) 

Areas of synergy may include water 
quality improvement in impaired 
watersheds with the presence of 
perennial bioenergy crops. 

Technical Assistance April 2023 

Ecosystem Services Market 
Consortium (ESMC) 

Works on ecosystem services credit 
quantification and ways to fund 
scalable regenerative agriculture.  

Technical Assistance Has not been 
contacted yet.  

Ecosystem Services/Carbon 
Market Companies 

Consider exploring the potential to 
partner with these organizations on a 
demonstration project. 

Funding Have not been 
contacted yet. 

Green Lands Blue Waters 
Initiative 

GLBWI is Minnesota based and works 
on a variety of projects under the 
umbrella of “continuous living cover” 
ag and conservation practices.  

Project Expansion/ 
Collaboration 

August 2023 

Illinois Agri-Women An extensive network of Women in 
Illinois working in agriculture and will 
be beneficial to collaborate on 
outreach efforts. 

Outreach and 
Engagement 

March 2023 

Women, Food and 
Agriculture Network 
WFAN) 

Another network of women in 
agriculture, focused on the Midwest. 

Outreach and 
Engagement 

Has not been 
contacted yet. 
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Figure 3. Outreach and Strategy Timeline, CY2023 
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Figure 4. Outreach and Strategy Timeline, CY2024 

2.5 GROUP TECHNICAL ASSISTANCE WORKSHOPS AND INFORMATION 
SESSIONS  

 Groups of farmers, landowners, and those in professions related to conservation and 
agriculture were invited to participate in group learning sessions and technical assistance 
workshops. These in-person workshops had two main goals. First, they were to provide relevant 
information to stakeholders regarding bioenergy market and the management of bioenergy crops. 
Second, the workshops served as feedback sessions to explore how SUPERBEEST can best 
serve those interested in bioenergy crops and/or the bioenergy market. 

 Four workshops were held in total. The first two of these workshops were held in Illinois, 
with the last two held in Minnesota and Wisconsin, respectively. A total of 37 attendees came to 
these workshops. All the workshop locations were identified in the outreach and engagement 
plan as desirable for this effort. AFT partners used their existing network and their outreach plan 
to attract interested stakeholders. 

 These workshops, generally three hours long, were managed by AFT, and jointly 
presented and facilitated by AFT and Argonne (Figure 5). Following a project overview, 
facilitators discussed crop selection, management, and market opportunities and were explained 
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to the stakeholders. While all perennial bioenergy crops were discussed in the presentations, each 
workshop was customized so that the emphasis was placed on crops and particular cultivars that 
are best suited for the region. Such information included hypothetical management plans. 

Following this in-depth information regarding the crops, the market, and the concepts of 
targeted land application, landowners were provided with a worksheet on applying a targeted 
application of perennial bioenergy crops on their own farm if they had one, or on a hypothetical 
farm. This worksheet provided additional information on crop management and broke down the 
management plan by year and by season. Participants were able to take this worksheet home to 
continue working through it.  

Lastly, the tool SUPERBEEST was presented to drive home the concepts of marginal 
land identification and uses, and the implications of bioenergy crops at various scales. Prior to 
each workshop, two to three clusters of fields were identified for SUPERBEEST analysis. These 
plots of land were generally representative of the regions and had varying marginalities to 
highlight the variety of data within SUPERBEEST. Using the composite weighting visualizer, 
weights were assigned to prioritize yield issues (NCCPI), drainage/water issues (drainage class, 
flooding frequency, ponding frequency) or erosion issues (runoff), or groundwater impacts 
(nitrate leaching, pesticide leaching). Participants were asked to discuss what they saw in these 
maps: if the data made sense with their perspectives or opinion of their area, and if these 
marginal areas were plausible for the design of an agricultural system involving perennial 
bioenergy crops. 

Participants were then asked three questions to improve our understanding of 
SUPERBEEST and the ways it should be modified: 

1. With the data that are currently presented in SUPERBEEST, how would you plan for
and design for perennial bioenergy crops?

2. What other data would you like to see to make decisions about perennial bioenergy
crops at the scale you would use it?

3. How would you want to use the information generated in SUPERBEEST in your
agricultural planning?

Following these workshops, individual technical assistance was offered to anybody 
interested in generating a management plan for an area of their land. 
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Figure 5. Marlee Giacometti (AFT) Presenting at a Group Technical Assistance Workshop 

2.6 INDIVIDUAL TECHNICAL ASSISTANCE 

AFT works directly with farmers and landowners across the region to provide technical 
assistance for the adoption of regenerative farming via perennial bioenergy crops. This technical 
assistance is typically provided on a one-to-one basis as AFT recognizes that adoption of a new 
crop is not a “one size fits all” approach. Farmer goals and operations are typically very different 
across the region, so working on an individual basis allows AFT to provide service tailored 
specifically to that farm or landowner’s goals. This makes the technical service more 
personalized and more feasible for adoption of a perennial bioenergy crop. The individual 
technical assistance also offers relationship-building opportunities for technical assistance (TA) 
providers to support farmers/landowners who are interested in these crops throughout the process 
as a reliable and trusted resource. 

The report includes a SUPERBEEST assessment of the farm and the areas of interest 
indicated by the farmer/landowner. Then, the reports focus on soil type, size, and configuration 
of the marginal land to provide insight into possible perennial bioenergy crops to choose from 
and a resulting management plan. These management plans include insight into the timeline for 
establishment and harvesting, recommendations for tools and equipment to use, and regional 
information regarding the timing of harvesting and other regionalized information regarding 
establishment and local economic opportunities. 

Customized seed mixtures were designed for those interested in using a native prairie mix 
for bioenergy crop application. These were generated by AFT and localized to the stakeholder. 
For each stakeholder, three sets of mixtures were generated: a set of 9, 15, and 21 species. These 
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mixtures focused more heavily on energy-rich grass species over forbs to ensure the energy 
density potential of these planted acres. 

An example of an individual technical assistance report is provided in Appendix C. 

2.7 SUPERBEEST REFINEMENT 

Through workshops, webinars, and quarterly coalition meetings, feedback was generated 
regarding SUPERBEEST’s existing and potential functionality. In addition to these public 
meetings, a questionnaire was developed and placed on SUPERBEEST’s launch page in order to 
provide direct and discreet feedback on the tool. 

This feedback was formal in the technical workshops, as outlined above, and informal in 
the other meetings and webinars. The intent was to generate conversations about SUPERBEEST 
and its various uses at different scales via direct engagement with the tool in a live, in-person 
setting. The wide range of potential users in the various in-person and virtual workshops and 
webinars provided a holistic perspective of potential users of the tool: farmers, landowners, 
bioenergy and biomass processors, conservation researchers, and soil and water conservation 
managers. The breadth of contact created distinct opportunities to explore as many possible use 
cases as feasible. 

This information was collected and used to consider how to improve SUPERBEEST 
functionality and the underlying approach to the data. As a result, several key updates have been 
made with a list of other scheduled changes as well. Most importantly, SUPERBEEST was made 
publicly available in 2023. 

2.8 MIDWEST BIOENERGY CROP COALITION 

At the beginning of this project, we realized that much of the momentum in developing 
supply chains for lignocellulosic-based fuels and other biobased products had either died out due 
to the onset of corn ethanol in the early 2000s, or they were new and emerging markets. We 
learned of a few state-level coalitions focused on bioeconomy development, but geography was 
a limiting factor. We wanted to form a group focused on region-scale supply chain development 
as well as create a space for a variety of stakeholders to learn and share about perennial 
bioenergy crops and their end uses. Based on these needs, we formed the Midwest Bioenergy 
Crop Coalition to focus on market development, policy advocacy, and knowledge sharing for 
these feedstocks. 

The idea for the coalition was first identified through conversations with Agricultural 
Watershed Institute and other stakeholders. In these conversations, we learned that there once 
was a working group that met regularly to discuss perennial grasses and advocated for their 
adoption on the agricultural landscape, but there was no current organization to provide 
coordination and leadership for this work. It seemed like a great opportunity for AFT to bring 
this work back to the forefront, considering this project was our first time working in the 
bioenergy space. 
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Invitations to join the Midwest Bioenergy Crop Coalition were extended to key 
stakeholders that the team met with early in the project timeline. These stakeholders have 
important roles in the Midwest bioeconomy, including biomass processors, researchers, 
conservation professionals, farmers, and landowners. The farmers invited to join the coalition 
were already engaged in the project by participating in a listening session or receiving technical 
assistance and wanted to continue their involvement. 

2.9 INFORMATIVE WEBINAR ON ANAEROBIC DIGESTION 

On November 15, 2024, Argonne and AFT hosted a webinar, “Steps Toward a 
Bioeconomy: The Latest on Perennial Bioenergy Crops, Anaerobic Digestion, and Related 
Technologies.” This webinar was focused on the current research and state of the market for 
anaerobic digestion, pyrolysis, biochar, and other related technologies. Of particular interest was 
the integration of perennial bioenergy crops within these technologies, as a way to explore 
current and potential market opportunities that include these technologies. Ultimately the goal 
was to present this information to stakeholders who are interested in bioenergy crops who may 
be interested in the variety of ways they can adopt bioenergy crops for anaerobic digestion and 
related technologies, whether they are farmers interested in growing the crops or managers of 
facilities that could integrate bioenergy crops into their anaerobic digestion systems. 

Presenters represented a wide array of researchers and practitioners. A representative 
from the Bioenergy Technology Office spoke to explain BETO’s approach and vision for the 
bioeconomy. SUPERBEEST and Argonne’s overall project and approach were introduced. 
Extension agents discussed restoration agricultural practices and economic analysis of marginal 
land, and researchers explored current scientific assessments of the anaerobic and pyrolysis 
processes. Lastly, real-world applications of these technologies and products were discussed. 

The conversation moved from bioplastic production, the current state and potential 
applications of biochar, and the potential revenue streams from carbon credits and government 
cost-share programs. This created a good opportunity to engage in the breadth of the current 
bioeconomy and the ways in which those in the Midwest can participate within it. 
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3. FINDINGS

3.1 LACK OF INTEREST IN SMALL-SCALE, ON-FARM PERENNIAL BIOENERGY 
CROP APPLICATIONS 

One of the earliest findings for this project was the preference farmers and landowners 
have for the scale of perennial bioenergy crops and bioenergy energy systems. Survey results and 
conversations with stakeholders indicated that on-farm energy systems, such as anaerobic 
digesters or furnaces, are not a priority for farmers and landowners and is not an avenue that 
would attract bioenergy crop adoption. The major concerns included high anticipated capital 
costs of investing in and managing this type of equipment, and the overall complexity of 
managing a small-scale bioenergy system. Uncertainty around this management and the 
availability of feedstock and the capacity to respond to any needs of these bioenergy systems 
were a major obstacle. A new set of crops for a new market with new equipment can be seen as 
stressful, risky, and consequently a significant barrier to entry into the perennial bioenergy 
market. 

Instead, stakeholders indicated a preference for a bioenergy crop market that behaved 
similar to conventional commodity crops, where crops are grown, harvested, and shipped to a 
local distributor. In the stakeholders’ eyes, this simplifies the transition from commodity crop to 
perennial bioenergy crops, as the process would be similar, the only burden being learning new 
crop establishment and harvesting requirements. Similarly, the stakeholders were interested in 
alternatives that complemented existing harvesting cycles of conventional crops. The intent is to 
complement the existing commodity crops and not take time and energy away from these crops 
when they are most needed. Consequently, the fall/winter harvesting schedule of many of these 
perennial bioenergy crops was of interest. 

Finding this out early in the project helped shape our approach for the project’s duration. 
Workshops, technical assistance, and webinars did not focus on on-farm infrastructure and small-
scale anaerobic digester. Instead, the project focused on identifying larger market solutions. 
Exploring anaerobic digestion feasibility subsequently shifted gears away from on-farm, small-
scale use and moved towards larger-scale facilities, such as dairy operations or wastewater 
treatment plants. 

3.2 MARKET SAFETY A ND RISK REDUCTION 

Both sides of the bioenergy crop market―farmers and landowners on one side and 
bioenergy crop purchasers on the other―frequently expressed a need for a sense of stability 
before investing in something new. For growers, the concern is about the need to learn about a 
new crop and the uncertainty of any market to support it. For bioenergy market industries, 
expanding current or creating new facilities is limited by evidence of viable and interested 
growers. 

Through further discussion with stakeholders, we discovered that there are opportunities 
to address the concerns for both ends of the spectrum in something we have called ”mid-market” 
avenues. These are opportunities that can use perennial bioenergy crops for alternative 
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purposes―for example, as bedding in livestock operations, hay, a source of seedstock for plant 
distributors―that can provide economic returns from harvested biomass that are straightforward 
and local, and that tie into existing local markets. This can help solidify a region’s ability to grow 
perennial energy crops, increase the perception and acceptance of perennial bioenergy crops, and 
support a scaling up of adoption so that biofuel industries or other associated bioenergy crop 
applications can reliably invest in an area once a certain threshold of bioenergy crops is in any 
given area. 

 These mid-market opportunities are desirable for several reasons. First, they are smaller 
in scale than the biofuel industry. The amount of land required to grow enough perennial 
bioenergy crops to satisfy these mid-market opportunities is less than what is needed at the 
industrial scale. For an individual grower, this means that the scale of investment on their own 
property can be comparatively lower. 

 Second, these mid-markets consist of actual purchasers of the perennial bioenergy crops 
that likely exist and are familiar to the farmers and landowners. These include horse stables, 
livestock operations such as dairy or poultry, and even some small-scale industries that burn or 
process biomass. This reduces any fear of risk in two ways. Primarily, concerns about new or 
unknown technology and its feasibility, in the case of biofuel technology, are irrelevant to mid-
market opportunities, as these are conventional applications of a new crop. This captures the 
essence of the earlier findings in the project regarding the style of perennial bioenergy crop 
markets they would prefer. The other way this reduces a sense of riskiness is that the contracts 
are with other local and/or regional farmers/entrepreneurs rather than outside industries; the 
tangibility of the market and those involved can make the market seem more real and possible. 

 Third, there is a lower requirement for the quality of the bioenergy crop grown and the 
length of time needed to invest in the crop, greatly increasing flexibility on the farmer’s behalf. 
Most of these mid-market opportunities are not concerned about energy richness of the product, 
as the qualities of interest for things like animal bedding are more about the texture and 
absorption of the material. This means that as farmers learn to grow the crop, they aren’t at risk 
for an unsuccessful or low-quality harvest if they encounter any issues. Contracts would also be 
shorter than the contracts of bioenergy facilities, which need a significant length of time to 
ensure that their facilities can be supplied with viable feedstock over the course of many years. 
In contrast, mid-market opportunities could have contracts as short as two years, meaning that 
entering and fulfilling contract terms can be done with relatively little risk. In this way, growers 
can test the crop for a short time before deciding whether or not to continue, expand, or pull out 
of bioenergy crop production.   

 Less conventional than some of the other mid-market opportunities, existing anaerobic 
digestion facilities are a potential suitable step towards widescale perennial bioenergy crop 
adoption. While technologically these facilities can be considered less conventional and less 
familiar than animal bedding, existing anaerobic digestion facilities could use bioenergy crops as 
a co-digestate to regulate the digestion process and enhance the quality of the biogas. Suitable 
candidates are likely restricted to anaerobic digestors at livestock operations, such as dairy or 
swine, due to the manure content and scale of operation. These livestock operations could 
contract with local farmers to grow perennial bioenergy crops. While there is a certain quality 
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and energy richness necessary for the digestion process, the restrictions are lower than biofuel 
production, for example, and can be held with relatively short-term contracts. 

3.3 TRANSPORTATION AND WATERWAYS 

The cost of transporting biomass was one concern that repeatedly came up in 
conversations with stakeholders and within the coalition, regardless of user type. This is due to 
the fact that the cost per unit weight of unprocessed biomass is high, to the point that it is 
economically restrictive. Because of this, shipping via waterways has repeatedly been voiced as 
a plausible way to make transportation costs competitive. While geographically restrictive in the 
sense that proximity to navigable waterways is necessary, the cost reduction in using barges or 
other shipping infrastructure to move the biomass―processed or not―is significant enough to be 
of interest. 

The cost of transporting biomass is, by unit weight, less expensive on barges and on rail 
as compared to truck transport. Consequently, farmgate prices can be reduced and the overall 
“fuelshed,” or area where bioenergy facilities can afford to source their feedstock, can expand. 
The Midwest is well suited for this type of navigation; the Illinois, Ohio, and Mississippi rivers 
are all large navigable waterways that reach a bulk of the Midwest, and in Illinois alone connect 
most of the largest cities in the state, Chicago included, via canals. Market opportunities for 
barge shipping exists throughout the state, and the water system can provide shipping 
opportunities within Illinois and beyond.  

Barge transport can extend as far south as the Gulf of Mexico. Despite transportation 
costs, this long-distance shipping may be worth it, at least in the short term. Current export of 
biomass is occurring in the United States, with biomass of wood pellets shipping internationally 
to Europe and eastern Asia. While local biomass production is desirable and of high interest in 
the domestic development of sustainable aviation fuel, mid-market opportunities as described 
above should be explored in the meantime. If such shipping proves to be of interest, it is another 
possible stepping stone for an investment in local bioenergy markets. 

3.4 INTEREST IN SHORT-ROTATION WOODY CROPS 

Many landowners and farmers in technical assistance workshops in all states have voiced 
clear interest in short-rotation woody crops (SRWCs), such as shrub willow, over that of 
herbaceous perennial bioenergy crops such as switchgrass. Regardless of region, even if 
technical assistance workshops did not outright recommend SRWCs as a suitable bioenergy 
crop, this apparent preference persisted throughout. 

The basis of this focus on SRWCs is unclear, but presents both opportunities and 
potential issues. In areas where SRWCs are a good choice given climate and soil, this preference 
can make perennial bioenergy crop production more desirable and feasible in the eyes of 
landowners as they are already more likely to think highly of the bioenergy crop and anticipate 
beneficial returns. 
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 Conversely, where conditions are not conducive to grow these crops, there may be a 
barrier to entry if native, herbaceous, perennial grasses are seen as less desirable albeit more 
suited for the area. Any unsuccessful attempts at SRWCs may be detrimental to future adoption, 
considering it may be viewed by the general public as more desirable and effective. Work needs 
to be done to correct this difference in perception of SRWCs and herbaceous crops. 

 Specific types of SRWCs may be non-native in much of the Midwest, although sterile 
hybrids are available so that no potentially invasive species is introduced. Stakeholders interested 
in a SRWC were previously unaware of the specialized equipment that may be needed to plant 
and harvest such a crop. Planters and harvested for shrub willow, for example, do not exist in the 
Midwest. Stakeholders found this an important limiting factor to adoption but found SWRC 
adoption compelling. 

3.5 THREADING THE NEEDLE BETWEEN BIOENERGY CROPS AND CRP LAND 

 Another point of concern frequently brought up in conversations with stakeholders is the 
apparent conflict between growing bioenergy crops and having land enrolled in the Conservation 
Reserve Program (CRP). CRP land typically includes marginal or difficult-to-access areas of a 
farm, to address a myriad of concerns, such as runoff reduction or habitat enhancement. In the 
CRP program, landowners are paid an arranged sum of money to offset the cost of not producing 
anything in the areas under CRP. This is a financial incentive to provide environmental services. 
CRP is established in low-yielding portions of a field; this is similar in vision to the targeted 
application of bioenergy crops in marginal lands. 

 The overlap of purpose means that many of the same lands best suited for CRP would be 
desirable for perennial bioenergy crops. This prompted stakeholders to ask a simple question: if a 
landowner can be paid money to not actively farm a small amount of land at all under a 
preexisting government program to provide environmental services, why would they risk 
actively farming an entirely new crop instead? To make it appealing, the profit of perennial crops 
(which carries a risk just like any other crop) not only would have to match the CRP payment, 
but also would have to surpass the additional labor and equipment costs to ensure profitability. 

 Many stakeholders expressed that ecosystem services payments, such as CRP, are a 
viable means of achieving environmental goals and are successful in encouraging landowners 
and farmers to adopt desirable environmentally sound agricultural practices. They believe the 
same could be true about perennial bioenergy crops, the apparent counterintuitive competition 
with CRP notwithstanding. If payments for ecosystem services complemented the sale of 
perennial bioenergy crops, then landowners would take notice. 

3.6 INTEREST IN FINANCIAL AND/OR PLANTING ASSISTANCE 

 Financial assistance for bioenergy crop adoption in any capacity was not included as part 
of the project. Many interested stakeholders inquired about the possibility of financial support for 
test plots, but the project was unable to provide this to them. This was often a barrier for 
implementation for farmers and landowners who were interested in adopting a perennial 
bioenergy crop. While this may be a barrier for most conservation management activities, the 
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risk associated with a lack of financial assistance in combination with a lack of familiarity with 
bioenergy crops in general may be particularly strong. 

If financial assistance or other free services were offered to support the adoption of a 
perennial bioenergy crop, there may have been an increase in interest for technical assistance 
under this project. 

3.7 DISCREPANCIES IN KNOWLEDGE, EXPERIENCE, AND GOALS OF 
BIOENERGY CROPS AND BIOENERGY TECHNOLOGY 

One key takeaway regarding all stakeholders was a distinct variance in knowledge and/or 
experience of bioenergy crops and the developing technology of the bioenergy/biofuels industry. 

Early in the development of the coalition, the intention was to cover many high-level 
needs to advance the adoption and policy advocacy related to perennial bioenergy crops. 
However, it was hard to refine goals to create actionable outcomes, given the large scope of the 
coalition and of the project itself, as well as the varying levels of expertise on the subject. This 
made coalescing around high-level goals and objectives difficult as the coalition needed to relate 
to the knowledge and experience of a large variety of stakeholders. In the future, focusing on a 
smaller number of key items and objectives may be a better solution to make meaningful 
progress. 

There is a steep learning curve related to individual feedstocks, end use technology, and 
policy. Varying levels of knowledge across members in this coalition created challenges to move 
forward on key pieces related to policy advocacy. AFT recognizes that policy is often a driving 
force to incentivize farmers to adopt conservation practices, and many of the policies at play are 
centered around biofuel feedstocks like corn and soybean, but not perennial crops that provide 
environmental benefits and viable feedstocks for this same technology. 

Regarding existing projects that are related to bioenergy crops and bioenergy technology, 
there are many inconsistencies across organizations and states related to projects, policy, and 
production of perennial bioenergy crops. This creates barriers to adoption and incentivization on 
a broad scale. Finding common ground across the coalition was a challenge because many 
members work across states in the Midwest region that have varying practice standards, policy 
incentives, etc., relating to the scaling up of the bioeconomy. 

3.8 SUPERBEEST ACCEPTABILITY 

Stakeholders found SUPERBEEST’s data interesting and useful as a tool to explore 
perennial bioenergy crops and marginal land classifications, particularly because it is free to use 
and does not require registration. Participants have identified several key points regarding data 
comparison and the use of data outside of SUPERBEEST. 

There were frequent requests for direct carbon valuation and GREET®-related 
assessments to be conducted within SUPERBEEST. The intent would be to understand the 
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effectiveness of adoption on a particular site, given various constraints on site and in regard to 
shipment. 

Potential users also indicated that transportation network data could be informative in 
terms of access to and siting of facilities for industries that use biomass. This would include road, 
highway, and rail access and distance calculations using these networks. 

Stakeholders have expressed interest in being able to export the report and associated 
raster generated by SUPERBEEST into a geospatial file. The most frequently suggested format 
for this, aside from the existing pdf report, is as a kml file. This way, the data can easily be used 
in other agricultural planning technology or geospatial software. 

Stakeholders were also interested in data regarding potential markets, such as carbon 
credit trading or renewable natural gas figures. 

3.9 MID-SIZE ANAEROBIC DIGESTION AND PYROLYSIS 

Anaerobic digestion, pyrolysis, and other related technologies exist at multiple scales, 
from personal, on-farm work to heat a home or barn, up to an industrial scale of processing. 
Stakeholders have stated in workshops and surveys that small-scale implementation is not 
desirable. The associated costs and work to learn, operate, and maintain these technologies is not 
of interest. Expanding the scope and scale of these technologies increases their perceived 
suitability to our Midwestern stakeholders. 

According to stakeholder engagement and feedback during Argonne’s webinar “Steps 
Toward a Bioeconomy: The Latest on Perennial Bioenergy Crops, Anaerobic Digestion, and 
Related Technologies,” there are scales of implementation that are of interest to Midwest farmers 
and related stakeholders. Primarily the interest lies in mid-market opportunities, reflecting 
intentions outlined previously. In these systems, likely livestock operations that need to manage 
manure and other waste, there is an incentive to use perennial biomass as a co-digestate. Whether 
the livestock operators grow the crops to add as co-digestate themselves or contract with local 
farmers to do so, there is a consistent demand for these crops. 

Byproducts of anaerobic digestion and pyrolysis are also compelling to 
stakeholders―primarily biochar. This byproduct, which can be a soil amendment in lieu of, or in 
conjunction with, conventional fertilizers, can provide a local economic incentive for farmers. 
Biochar is becoming a larger focus of regenerative agricultural practices as a key opportunity to 
reduce leaching and enhance nutrient and soil retention in Midwestern farms. 

An important benefit farmers and landowners see in anaerobic digestion and related 
technologies is the potential longevity of the investment. These facilities are perceived to be 
more stable than biofuel processors or other existing mid-market opportunities, as many 
stakeholders are familiar with such facilities, whether or not these facilities are currently utilizing 
perennial biomass in their digestion processes. In addition, contracts would extend across several 
years. This immediately offsets the trepidation regarding the fact that perennial bioenergy crops 
are generally not producing profit in the first 1–3 years of production, given the particular crops. 
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4. CONCLUSIONS 

 Overall, the project has proven fruitful in its engagement and in its tool development. The 
team has been flexible regarding the direction that stakeholders, whether they be coalition 
members, workshop attendees, or survey respondents, indicate where the bioeconomy can best 
serve them. We have worked to create a tool and a series of workshops that explain what we 
know, providing opportunities for us to share our knowledge with and to learn from stakeholders. 
We have integrated what we have learned into our approach towards analyzing marginal lands 
and their relationship to the bioeconomy, and we have developed a framework for charting a path 
forward in regard to policies and in support of farmers and other stakeholders. The following 
sections will explain this path further: 

4.1 SUPERBEEST ACCESSIBILITY AND DATA 

 To best support decision making in a difficult, developing market, SUPERBEEST―with 
its developing economic capabilities―will need to make clear the conventional long-term and 
mid-term market opportunities of perennial bioenergy crops for all of those along the supply 
chain. Providing landowners and farmers with information about local and/or regional companies 
that use biomass in any capacity (whether for biofuels, anaerobic digestion, biochar or pyrolysis, 
bedding for livestock, etc.) is important to reduce uncertainty regarding the viability of any given 
perennial bioenergy crop. Integrating anaerobic digestion facilities to the list will also enhance 
these capabilities. 

 Transportation costs are very important regarding biomass and can be a limiting factor 
for cost viability. Consequently, analyzing and communicating these costs is important in 
decision making around bioenergy crops and bioenergy facilities. SUPERBEEST’s next phase 
should integrate distance and transportation costs, particularly for rail and waterways, 
considering stakeholder feedback has shown heightened interest in these transportation methods. 

 Accessibility is also about making the tools intuitive. Through the course of this project 
we have noticed that SUPERBEEST may have two separate distinctions that should be 
represented by two different user interfaces: 1) SUPERBEEST analysis for individual farms 
and/or fields and 2) SUPERBEEST analysis for a large geospatial area. The prior framework is 
conducive for farmers and landowners who want to explore bioenergy crop production on their 
own land; the latter is for those in the bioeconomy or researchers interested in regional 
assessments of these regenerative agricultural measures. Streamlining the experience for these 
two different types of users can make the data more meaningful and easier to understand. 

 Refining the valuation is another important component to enhance in SUPERBEEST. 
Stakeholders across the board ask about the potential for ecosystem services or finer details 
regarding payments. Significant research and modeling are ongoing with regard to these 
estimates; the process is not straightforward. nor is there consensus on the valuation process. 
Despite that, creating ballpark estimates that are clearly accessible to the public may be 
beneficial and lend credence to the rest of the tool. 
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4.2 PERENNIAL BIOENERGY CROP MARKETS SHOULD MIMIC EXISTING 
COMMODITY CROP MARKETS 

 Farmers have indicated an interest in perennial bioenergy crops if the market and 
structure of growing, harvesting, and selling the crops are similar to the commodity crop market 
structures they are accustomed to. Consequently, the process should look like corn and soybean 
in that the producers are selling to a larger market. Producers are not interested in local, self-
contained distribution systems and managing local energy systems. Similarly, there should be 
security across multiple years to protect from risk, especially in the establishment year(s) of 
these perennial bioenergy crops. 

 Farmers and landowners appear to be somewhat flexible regarding establishment and 
harvesting contracts. In regard to perennial bioenergy crops, opportunities exist for farmers to 
lease the land to a third party who can manage the crops on their land. This is similar to existing 
practices and is reflective of current biogas facilities using anaerobic digestion in places like 
Iowa and northern Missouri. This strategy is particularly attractive because it offsets 
uncertainties regarding unfamiliarity with the product; the landowners reduce the typical risks of 
a new crop by entrusting the care and management to a third party. As familiarity grows, interest 
in growing the crops directly may arise, but third parties provide stability and comfort through a 
guaranteed contract. 

 This practice will require a scaling up of the supply chain, as unprocessed biomass is 
expensive to transport due to the ratio of weight to energy. Smaller storage and processing 
facilities distributed across the landscape would minimize the landowner’s cost of shipping 
harvested biomass to a processor. For the sake of biofuel processors as well, minimizing the 
weight of goods transported is cost- and energy-effective. 

4.3 CRP AND PERENNIAL BIOENERGY CROPS ON MARGINAL LANDS SHOULD 
NOT BE AT ODDS WITH EACH OTHER 

 CRP is a highly normalized practice with farmers and landowners to allow them to 
engage in environmentally desirable management behavior without sacrificing profits or 
investing in novel management practices in marginal or undesirable tracts of land within a field. 
The targeted application of perennial bioenergy crops in marginal lands should be 
complementary or reconfigured in some manner to better synergize with CRP. 

 Feedback from technical assistance workshops, the Midwest Bioenergy Coalition, and 
other webinars have all raised the question regarding this accidental competition between CRP 
land and other regenerative agricultural methods. Stakeholders would often state that it did not 
seem worth the effort to improve environmental conditions through the risks of farming a new 
crop, when they could instead achieve similar benefits with a steady payment that involves little 
to no management on their end, particularly with no need to harvest and sell from CRP land. 

 Consequently, SUPERBEEST’s efforts to explore other incentives for growing bioenergy 
crops on marginal lands, such as ecosystem service payments, will be valuable to offset, or at 
least make payments more compelling. In addition to market rate prices for biomass, such 
payment plans could make the adoption of biomass crops more compelling and more profitable 
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than entering land into CRP, prices of maintenance and harvest notwithstanding. Highly 
marginal lands would likely garner higher ecosystem service payments due to the likely higher 
reduction of nutrient loss, soil retention, and/or carbon sequestration. In other words, these 
highly marginal areas are where ecosystem service payments could pay more per acre because 
these regenerative practices have a greater impact. Therefore, these highly marginal lands with 
higher ecosystem service payments may be more likely to be converted to perennial bioenergy 
crops as the per-acre payment may be higher than CRP payments, while areas of low marginality 
may be more competitively paid by CRP. 

4.4 THERE NEED TO BE POLICIES IN PLACE TO PROVIDE MULTI-YEAR 
STRUCTURAL SECURITY FOR FARMERS, WITH VISIBLE MARKETS 

Policies should be developed to encourage the adoption of perennial bioenergy crops, 
regardless of whether the crops are currently being grown for biofuel or related bioenergy 
technologies. Farmers have indicated that this type of perceived security is valuable, as it is a 
tangible, visible offset to risks associated with growing biomass for bioenergy and related 
markets. The first risk is simply the risk of working with a new crop: growing, maintaining, and 
harvesting it. Farmers know they will have to acquire innumerable personal day-to-day and 
seasonal practices and strategies, regardless of the amount of technical assistance they receive. 
Second, working within a new market implies differences in harvesting techniques, schedules, 
learning and building new relationships, and exploring new opportunities as they arise. 
Compared to the well-reinforced structures of conventional corn and soybean, this certainly can 
appear risky. 

Multi-year structural security is necessary to offset the unknowns and perceived risks 
and/or barriers. Stakeholders have stated that this type of security will allow them the flexibility 
to try something new, especially when first-year bioenergy crop harvest likely comes at a loss, if 
the crops can be harvested at all. Stakeholders also indicated that this security comes through 
contracts and market structures that are similar to preexisting agricultural markets. While small-
scale, on-farm processing of biomass may provide ”security” in the sense of energy stability, this 
is not a type of security or resiliency stakeholders identified as necessary. Instead, multi-year 
contracts set up with a purchaser or distributor is highly desirable; farmers and landowners 
would like to see their crops grown, harvested, and transported off their farm. 

Consequently, creating policies that support mid-market opportunities (or at least creating 
opportunities for existing mid-market opportunities to connect in a formal market) may be 
helpful for the bioeconomy in the long run. Creating a network or distribution hub for biomass 
may simplify the process, creating an easier way for potential purchasers of biomass (processors 
of biogas, biochar, or animal husbandry operations are interested in biomass for bedding or waste 
management, etc.) to reach out to farmers. Currently these markets rely heavily on person-to-
person interaction to develop such relationships. A system or structure built to expedite these 
relationships can help encourage growth in this sector in straightforward ways. Identifiable 
structures and mechanisms for those interested in the bioeconomy is itself an advertisement of 
the faith and credibility of the market. 
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4.5 EXPLORE THE INTEREST IN SHORT-ROTATION WOODY CROPS 

 As previously mentioned, many stakeholders come to our workshops and webinars with 
an expressed interest in SRWCs. The same enthusiasm was not apparent for switchgrass and 
other herbaceous crops, though once they’d attended a technical assistance workshop, 
individuals were more open to explore miscanthus and switchgrass. This is evident in 
individualized technical assistance, where many landowners sought out these herbaceous crops. 
This is a fairly ubiquitous interest across all states in which we have worked. 

 Exploring how and why this opinion is so consistent may be necessary to better 
understand the perceived barriers, opportunities, and desirable elements of adopting perennial 
bioenergy crops. As a result, policies can be tailored to address these apparent enthusiasms about 
SWRCs; perhaps focusing bioeconomy investments in areas where SWRCs are practical or 
communicating herbaceous bioeconomy opportunities in ways that align with whatever makes 
SWRCs desirable to stakeholders. In order to do so, we recommend further workshops and 
webinars to explore stakeholder perceptions on biomass crops and regenerative agriculture as a 
whole. 

4.6 GROWING THE MIDWEST BIOENERGY COALITION TO CONTINUE 
PURSUING THE GROWTH OF THE BIOECONOMY 

 Our collaboration with American Farmland Trust has proven fruitful in engaging with a 
wide audience. In particular, the Midwest Bioenergy Coalition has been an important component 
of this engagement. This coalition has created a collaborative space to share news, updates, and 
compelling research in the field, and fomented a dialogue with individuals representing a wide 
array of facets of the bioeconomy. 

 Continuing to attract more people to the coalition, strengthening its purpose and level of 
collaboration, and creating more tools for discussion are all important ways we can connect and 
enhance relationship building and strategies to strengthen the bioeconomy. These conversations 
will change as time goes on, but it is important for those interested or currently involved with the 
bioeconomy to stay up to date and aware of each other in the Midwest. 
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Executive Summary 
American Farmland Trust (AFT) is a national organization dedicated to protecting farmland, keeping 
farmers on the land, and promoting sound farming practices. AFT’s Midwest regional team focuses on 
areas of conservation agriculture such as but not limited to farmland protection, ag policy, watershed 
focused conservation, smart solar siting, and crop diversification. AFT is collaborating with Argonne 
National Laboratory (ANL) to broaden crop diversification and farm resiliency efforts in Illinois. This 
collaboration will explore opportunities to support the Illinois agricultural community through the 
deployment of a bioenergy supply chain and to create opportunities for biomass producers, bioenergy 
users, and environmental entrepreneurs. These opportunities aim to provide economic and 
environmental resiliency to farms. 

Energy Survey 
In the first step in assessing the current state of the Illinois bioeconomy, AFT and Argonne National 
Laboratory employed the “Farm Energy Consumption Survey.” This survey aimed to reach farmers in 
Illinois to assess the state of energy usage on farms throughout the state. Additionally, this survey 
sought to understand farmer opinion regarding the adoption of perennial bioenergy crops on marginal 
lands. Key demographic information was also an interest of this survey: age, gender, and type of farming 
were important information to learn for the project as AFT aims to conduct outreach to a wide variety of 
farmers and landowners in Illinois agriculture. The infographic below highlights the key findings of the 
survey. 
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Recommendations 
The key findings of this survey will allow American Farmland Trust to refine its outreach strategies and 
recommendations for the Perennial Bioenergy Crop Diversification Project. The following 
recommendations will further goals and objectives throughout the duration of the project: 

• Most farmers indicated they would rather sell biomass produced on their farm to biomass
refineries. With this insight, AFT will refine its outreach strategy to recommend various biomass
processing opportunities to farmers in the area and focus efforts to connect interested farmers
with available biomass processing facilities.

• It is recommended that AFT and Argonne National Laboratory continue to promote the project
while simultaneously educating farmers on areas of perennial bioenergy crop production and
biomass utilization. Many farmer respondents indicated they are unfamiliar with concepts
related to biomass feedstock processing.

• Due to lack of representation in Southern Illinois, it is recommended that AFT focus outreach
efforts in that region to fully understand general farmer opinion on the concepts presented in
the survey.

Limitations/Impact 
Key limitations of this survey were primarily due to representation of survey respondents. Geographic 
range of the state was limited to the north and central regions of the state. Farmer representation was 
low in the southern half of the state. Additionally, the total number of respondents was a limitation to 
the representation of these survey results as it does not accurately represent the breadth of agriculture 
in Illinois. Going forward, these limitations can be mitigated through optimizing outreach and 
promotional efforts to maximize reach of survey completion.  

Background 
In recent years, there has been a noticeable increase in the diversification and installation of alternative 
energy sources. This increase also coincides with the emergence of the potential for a robust 
bioeconomy in the Midwest.  This includes renewable power technologies and organic waste streams 
from agricultural activities to create energy through processes like anaerobic digestors for combined 
heat and power generation, biochar production for soil amendment and heat generation, and 
renewable natural gas (RNG). AFT’s collaboration with Argonne National Laboratory strives to 
acknowledge this shift with a project that aims to connect with and provide technical assistance to 
farmers who wish to transition marginal or unproductive areas of their land to grow perennial bioenergy 
crops. This effort seeks to repurpose marginal lands using perennial crops to provide additional 
economic opportunities while boosting farm resiliency. The crops recommended for this transition 
include switchgrass, miscanthus, native prairie mixes, shrub willow, and poplar. These perennial 
bioenergy crops are harvested for their biomass feedstock to generate fuel for heating, electricity, and 
biochar. This feedstock offers farmers the opportunity to sell to biorefineries in the region or process 
the biomass on their farm with energy producing technologies.  

Objectives 
This project explores how to support the transition of marginal land to grow perennial bioenergy crops. 
This project also aims to provide additional economic opportunities for farmers in Illinois through the 
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adoption of these crops. The “Farm Energy Consumption Survey” was the first step in connecting with 
farmers to learn more about marginal land and individual farm capacity to create new economic 
pursuits in the renewable energy space.  The purpose of the survey was to assess farmer needs and 
opportunities for adoption of perennial bioenergy feedstock crops.  Respondents had the opportunity to 
share energy consumption details about their current operation and vocalize familiarity and interest in 
adopting on-farm bioenergy systems. The survey also identified educational opportunities in the 
agricultural community on perennial bioenergy crops that will allow AFT to refine outreach strategies for 
the duration of the project.  

Methodology 
To gather information about the energy needs and interests of Illinois farmers, AFT and Argonne 
National Laboratory conducted a survey on the energy production and consumption on Illinois farms. 
AFT conducted this public outreach survey from July to September of 2022. AFT staff promoted the 
survey at various field days and agricultural events throughout the state. Survey marketing encouraged 
participation by selecting four random farmers to receive honorarium for responding to the survey at 
the time of closing. Additionally, social media campaigns helped promote the survey. Social media 
campaigns for the survey reached approximately 50,928 people with 878 post engagements.  

Results & Discussion 
The survey was open to the public from July to September 2022. 61 farmers responded, answering 26 
total questions. The majority (76%) of respondents identified as male farmers, while 18% identified as 
female farmers, and 5% preferred not to disclose their gender. Of the respondents,98% identified as 
white. The farmer respondents of this survey range widely in age diversity. The chart below indicates the 
broad range of age diversity amongst farmer respondents. Results indicate that younger farmers are 
more likely to produce energy on their farms and use on-farm renewable energy systems compared to 
respondents over the age of 55, who would prefer to sell biomass to an offsite refinery.   

Farmers identified growing a diverse range of commodities such as corn and soy (56%) and livestock 
(11%) to a variety of other crops. Farming operations of respondents ranged widely in revenue, ranging 

<35
17%

35-44
18%

45-54
11%

55-64
21%

65-74
27%

75+
6%

Figure 1 Chart showing age demographic of farmer 
respondents. 
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from under $10,00 annual gross sales, to over $1,000,000. Survey respondents operate farms located in 
42 counties spanning a broad range of Illinois agriculture. Representation in southern Illinois counties 
was lesser than the northern half of the state. The map below identifies the counties that received at 
least one response.  

The results indicate the need for more education 
regarding renewable energy and relevant technologies. 
Explanations in the survey responses show that many 
farmers in Illinois are not familiar with technologies 
related to anaerobic digestion and bio-char production. 
Some respondents asked for workshops and seminars to 
learn more about them. 

 Most of the farmers who participated in the survey 
indicated they did not produce any energy on their farm 
and rely on traditional sources for energy such as 
electricity from the grid, propane, gas, and diesel to 
power their farming operations. Aside from personal 
use, fuel for equipment and grain storage and drying 
operations were the primary energy needs on the farm. 
Of the 21% of respondents who indicated they were 
producing renewable energy on their farm, most of 
these systems were solar and wind technologies. 
Concerns were raised regarding capital expense, time, 
and labor related to installing and maintaining 
renewable energy systems on the farm. Farmers 
reported the following when asked if they would prefer 
to use biomass feedstock on-farm or selling off to a 

biorefinery: “Solar is providing all of my current electric energy needs.  Anaerobic digester and kiln 
sounds expensive” and “I am not familiar with on-site digestion chamber or biochar kiln so I would need 
more information on those 2 options before considering. Mainly concerned with logistics and aesthetic 
of both options.”  

NOTE: The opinions expressed in this survey are not representative of all farmers in Illinois. This data is also 
subject to rounding errors as a result of multiple-choice formatting. Therefore, some questions will have a total 
percentage above 100 percent. 

The key findings from this survey are as follows: 

• The median monthly energy cost of farmer respondents is $375.
• Most respondents (71%) do not produce energy on their farm.
• Of the 31% of farmers who claim to generate renewable energy on their farms, only 6%

generate between 75-100% of the energy needed for their farm operations.
• Most farmers (73%) would prefer to sell their biomass harvest to a processor over using an

anaerobic digestor or biochar kiln.
• Primary barrier to the adoption of bioenergy crops is (lack of) availability of biomass off takers.

Figure 2 Highlighted Illinois Counties showing 
geographic range of survey respondents. 



A-9

• 44% of farmers indicated they would only consider siting renewable energies on land not
suitable for crop production or pasture as well as on marginal fields. The other 56% of
respondents noted they would consider investing in renewable energy if it provided additional
income or if it provided other benefits to their farms such as soil health and resiliency.

• 54% of respondents identified having marginal lands on their farms.

These results helped identify general farmer opinion regarding the adoption of on-farm renewable 
energy systems and willingness to adopt perennial bioenergy cropping systems across a variety of farms 
throughout Illinois. Additionally, it provided insight into why farmers are interested in these systems, as 
well as why they may not be supportive of these technologies on their farms. Most respondents 
indicated the three most important considerations for the generation and use of renewable energy are 
to reduce energy bills (22%), supplement income (17%), and to fight climate change (10%). Farmers in 
support of these technologies vocalized interest in the application of biochar on their fields. The 
information gathered from this survey will allow AFT and Argonne National Laboratory to refine their 
outreach strategies to farmers and create opportunities for education on the topics addressed in the 
survey.   
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Appendices 
A. Survey Responses 

1. In what county is your farm located? If multiple, please choose additional counties in the 
following questions. 

Montgomery    
Jasper  
Peoria 
Bureau 
Woodford 
Will, Cook 
Dekalb, Lee 
LaSalle, Livingston 
Jefferson, Perry 
Douglas, Edgar 
Henry, Mercer, Knox 
Macoupin  
Macoupin 
Fulton 
Macoupin 
Iroquois 
McDonough 
Effingham, Christian 
Effingham, Fayette 
Carroll, Ogle 
Fayette 
Will 
Cook 
Montgomery 
Douglas, Champaign 
Henry 
Cook, Carroll 
Bureau 
Livingston, Woodford 
Kane 
Winnebago 
Macoupin 
Madison 
Warren 
Kankakee 
LaSalle 
Bureau 
Macon 
Lasalle 
Peoria 
McDonough, Schuyler 
Dekalb, DuPage 
Champaign 
Logan, McLean 
McHenry, Lake 
Ogle 
Christian 
Henry 
Ford, Chatsworth 
McHenry 
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McHenry 
Lake 
Livingston, Pike 
Livingston 
Tazewell 
Iroquois, Ford 
Ford 

 

2. How do you use energy on your farm? Please select all that apply. 
Figure A-2. Energy Produced on Farm 
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3. How much do you spend per month on average for energy consumption on your farm? 
Figure A-3. Monthly Energy Costs   

         

4. How has the average cost per kWh of your farm operation changed in recent years? 
Figure A-4. Energy Cost Change   
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5. What kind of energy do you consume on the farm? Please check all that apply. 
Figure A-5. Type of Energy Consumed on Farm    

 

 

6. Do you generate any renewable energy on your farm? Please check all that apply. 
Figure A-6. Type of renewable energy produced on farm.
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7. Please provide a short summary of your renewable energy operation (if any). Examples 
include size, typical energy production, equipment. 
Table A-7. Explanation   

17kw solar  

most land is now timbered, either old growth or planted in the last 20 years of so. 

Solar system 

Just recently installed solar panels at 2 farm locations 

Solar panel on side of shop 

17kw solar system 

250 kW solar array 

We have solar panels and are in a net metering agreement with Ameren IP so that we are credited 
for extra power produced during daytime and those credits are available for use when we're not 
generating enough with the solar panels.  This is typically only at night or on very overcast days. We 
typically generate 30 to 45KWH per day except on the shortest days of winter. 
We have a 20Kilowatt solar system to offset electrical and heating options for the house and sheds 

We have a recently installed solar array that provides ~50% of our electricity needs since our 
electricity supplier has unfavorable net metering terms and we don't have a battery system. The 
house has a geothermal heating/cooling system. We also use diesel for our equipment and have shop 
heated by a wood burning furnace. 
Solar panels on house 

None, but interested 

Roof solar on home, connected to grid. Small solar battery for electric fences 

Use wood burning stove to heat farm shop through renewable wood 

 

8. If you generate renewable energy on your farm, what percentage of the energy consumed 
on your farm is renewable energy? This can be solar, wind, biomass/wood pellets, biogas, 
geothermal, etc. 
Figure A-8. Amount of renewable energy consumed on farm    
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9. Please check any of the following that apply to using renewable energies on your farm to 
generate electricity for on- and off-farm use:  
Figure A-9. Use preference of renewable energy on- and off-farm    

 

*Please note this data is a result of multiple choice formatting. 
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10. Do you have any marginal farmland that is typically low-yielding and unprofitable, and that 
you would consider for other uses, such as bioenergy crops (e.g., switchgrass, miscanthus, 
willow, poplar). 
Figure A-10. Identification of Marginal Land  

 

Table A-10. Explanation   
We have 20 acres of prairie grass currently; 
Land is in a suburban area that also is hilly. Not sure if land would work? 
Market availability 
I would consider areas of fields that are very difficult to manage with large equipment 
In Pike Co. used for hunting 
Very wet flooded acres. Landlord would probably not approve or would want income from it. 
Already enrolled in CRP 
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11. Bioenergy crops (e.g., switchgrass, miscanthus, willow, and poplar) can be converted into 
biofuel at a refinery, which can be used as a fuel source similar to gasoline, or they can be 
used in an on-farm anaerobic digestion chamber or biochar kiln to generate heat and/or 
electricity directly.  

 
If these opportunities were available to you, which would you be more interested in 
investing in? Please rank your choice from most preferred (1) to least preferred (3).  
Figure A-11. Ranking of Biomass Utilization.  

 

*Please note this data is a result of multiple choice formatting. 

 

12. Please explain your ranking choices in the previous question. 
Table A-12. Explanation  

3 sounds complicated 
I would prefer to be energy self-sufficient and not have to rely on anything else so when the SHTF my family 
and I will still be ok. 
I do not have extra time 
Do not want anything extra placed on the farm even though in the long run it may make me more money, it is 
just a space issue on the farm. 
not interested in on site usage 
I don’t have the time to manage on on-site source 
I'm not interested in investing in infrastructure that I'm not familiar with. I would rather provide raw material 
to someone who knows how to make the infrastructure work. 
Would prefer not to have to deal with another process on farm. 
No use for Wind turbines or solar . 
I don't have time or money to invest in stuff like that. 
Convert that biochar close to home and use biochar to recharge the soil. 
Would prefer to sell off farm and not have additional infrastructure 
Possibly to be used for old blueberry plants and pine bark. 
Bio refiner to generate income.  An anaerobic digester to generate energy. 
Use what is easy. 
Don’t want to process on my farm. 
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Until I have more knowledge on these options I will stay with this ranking. 
Solar is providing all of my current electric energy needs.  anaerobic digester and kiln sounds expensive.   
moving the crop offsite would be easiest 
I’m assuming I could use the biproduct of the first 2 as fertilizer. 
Not really interested in any of the above 
Simplicity 
Can add biochar to fields 
Easiest and least labor. 
None of these sound attractive. 
Any new crop would have logistics and storage problems that I would not want to deal with.  Biochar could be 
used on farm 
Whatever is the LEAST labor-intensive! 
I would prefer another source of income and then would consider it for personal use. 
I am not familiar with on-site digestion chamber or biochar kiln so I would need more information on those 2 
options before considering. Mainly concerned with logistics and aesthetic of both options.   
I am looking at building more on-farm energy systems to offset more use. 
Sounds like the least work. 
I’m not really sure what any of these are or how they would work. This is just a guess on my part at this time. 
The size of field and distance for machinery needed. 
My operation is too small to make anything other than selling to a biorefinery feasible. 
We already have a relatively energy efficient operation and room to expand our solar array if it makes 
financial sense, so the biggest benefit we would see is using marginal land for a different use. We probably 
have 70~140 acres that would be a better fit for a perennial biomass crop instead of annual crops. If there 
was an available market that made economic sense we switch to that system. 
I think it's proven that this is not an economically successful venture. 
Simplest and lowest capital investment. 
Easier to sell it than have infrastructure to process it. 
Streamline 
I'd prefer anything on a small scale - a kiln or chamber. 
Unsure of particular ranking; all seem very useful. 
Assuming the cost to set up systems, ranked by capital investment (cost) 
Don't have available labor for digester or kiln. 
Nearing retirement - not looking for MORE work. 
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13. Which of the following services or information would help you decide whether to use 
energy sources other than those you are currently using? Please check all that apply.  
Figure A-13. Information needed for renewable energies decision making.   
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14. Which factors are most important to you when considering the generation and use of
renewable energy on your farm? Please select all that apply.
Figure A-14. Most important factors of renewable energy.

15. Please add any other questions or comments that you might have on this subject or subjects
relating to onsite renewable energy production that you would like to see more of.
Table A-15. Explanation 

No use for Wind Turbines or Solar. 
$ 
Not a fan of windmills or large-scale solar panel farms. These have too many long term drawbacks. 
Full life cycle analysis of various renewable and "clean" energy sources as well as recycling and what happens after 
the useful life of some of these structures. 
This is great!  
I am interested in solar farms designed with grazing of small ruminants among the solar panels to generate 
additional production of food while generating electricity. 
Energy systems and wildlife impacts. 
Would like to learn more about all of this. Don’t know much about anything like this right now. 
I might consider installing solar panels to offset some electric costs or participating in a wind farm project. 
Need to be shown opportunities of energy sources via seminars, zoom. 
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16. Please choose the option that best describes your role in the farm operation:
Figure A-16. Most important factors of renewable energy.

17. Which of the following do you primarily grow or raise on your farm? Please check all that
apply.
Figure A-17. Crops & livestock grown by respondents.
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18. If you have livestock, please provide details on what kind and the amount. 
Table A-18. Explanation 

I don't have any yet but looking to get animals in the near future 
70 head beef cow calf 
Beef and sheep and horses 
Organic 
24 Black angus cows 
Hogs 3600 finisher; Beef cows 80 
Cows 
Farrow to finish 220 sows 
10 head of cows 
In CRP currently 
Alfalfa 
60 stock cows, finish around 80 fat cattle/yr 
Beef steers  5. Sheep 10  hogs 10 
I don't own the cattle but during the grazing season I have between 70 and 80 head of yearling heifers and other 
stocker cattle. 
6 stock cows graze the pasture 
50 cow calf, 3sows and pigs, 50 chickens 
Not right now but I plan for 100% pastured hogs in 2023. 
Chickens 
small sheep flock; 15-20 head of breeding ewes 
Custom feed pigs, 4100 nursery pigs 

 
19. In 2021, what was your approximate gross revenue from farm sales? 

Figure A-18. Annual gross farm sales revenue.  

 

 
 

 

0

2

4

6

8

10

12

14

Re
sp

on
da

nt
s



  

A-23 
 

20. How many acres, on average, were a part of the farm operation over the past 3 years? 
Figure A-20. Total acreage of farm operations.  

 

21. Of those total acres, how many are owned? 
Figure A-20. Total owned acres.  
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22. Of those total acres, how many are rented? 
Figure A-21. Total rented acres.  

 

23. Please select your age from the ranges below. 
Figure A-23. Age demographics of respondents.  
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24. How would you describe your gender identity? 
Figure A-24. Gender demographics of respondents.  

 

25. What categories best describe you? 
Figure A-24. Race demographics of respondents 
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26. Have you ever served on active duty in the U.S. Armed Forces, Reserves, or National Guard? 
Figure A-25. Military service of respondents  
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Abstract 
The Outreach Opportunity Assessment was conducted by American Farmland Trust to determine the 
best geographic locations to conduct targeted outreach for the Perennial Bioenergy Crop Diversification 
Project. This assessment analyzed social and agricultural land use GIS data to determine key areas 
suitable for the adoption of perennial bioenergy crops and to provide an additional income stream to 
producers from historically underserved groups. The results of this assessment have identified priority 
areas for outreach in Illinois and the broader Midwest region. Priority areas for outreach in Illinois were 
identified in the Northern, Southern, and the lower Illinois River regions of the state. As the project 
expands to the broader Midwest region, key areas identified for targeted outreach were the border 
region of Kansas and Missouri, Northern Illinois and Southern Wisconsin, and Central Minnesota. 
Recommendations were provided on how to approach outreach in these areas, along with explanations 
as to why these areas were best suited for the adoption of perennial bioenergy cropping systems.  

Executive Summary 
American Farmland Trust (AFT) is a national organization dedicated to protecting farmland, keeping 
farmers on the land, and promoting sound farming practices. AFT’s Midwest regional team focuses on 
areas of conservation agriculture such as but not limited to farmland protection, policy, watershed 
focused conservation, smart solar siting, and crop diversification. AFT is collaborating with Argonne 
National Laboratory (ANL) to broaden crop diversification and farm resiliency efforts in Illinois. This 
collaboration will explore opportunities to support the Illinois agricultural community through the 
deployment of a sustainable supply chain and to create opportunities in the bioeconomy for biomass 
producers, bioenergy users, and environmental entrepreneurs. These opportunities aim to provide 
economic and environmental resiliency to farms and agricultural communities.  

The Perennial Bioenergy Crop Diversification Project is currently in its second year of a three-year 
funded project timeline. While outreach efforts have been conducted broadly across the state of Illinois, 
as the project furthers, outreach will be refined to specific geographic areas to reach farmers most 
effectively in geographic areas best suited for the adoption of perennial bioenergy cropping systems. 
Crops such as switchgrass, miscanthus, native prairie mixes, and shrub willow are perennial bioenergy 
crops promoted for this project. Outreach for this project is still focused within the borders of the state 
of Illinois. As the project evolves, outreach efforts may expand to the broader Midwest region as this is 
an area of the United States that is most suitable for perennial bioenergy crop production and in most 
need of improved conservation agriculture practices to reach regional sustainability goals. To determine 
these geographic areas, AFT conducted an outreach opportunity assessment to best support and 
identify outreach efforts to recommend as the project timeline furthers.  

Assessment Description & Rationale 
To determine the best geographic locations to target for continued meaningful outreach and farmer 
technical assistance, AFT conducted a basic GIS analysis called the “Perennial Bioenergy Crop Outreach 
Opportunity Assessment.” This assessment will help AFT utilize Department of Energy funds effectively 
and efficiently while accomplishing the project goals. The goals of the assessment were to analyze data 
parameters specifically related to land suitability for perennial bioenergy crop diversification in Illinois 
and the Midwest region. Additionally, this assessment explored the potential to offer additional 
economic opportunity to historically underserved farmers in the region. Demographic data was also 
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analyzed in relation to existing biomass conversion facilities that may accept perennial biomass as a 
feedstock.  

Assessment Parameters/Criteria 
Farmers and rural homeowners can grow, harvest, and use or sell perennial bioenergy crops to help 
accomplish several goals outlined in Argonne’s Technical Assistance Operating Plan. These goals aspire 
to improve upon environmental and socio-economic areas as well as achieve diversity, equity, inclusion, 
and justice goals to address historical and present-day inequities in society and in agriculture. AFT 
identified the following parameters or criteria below to represent these goals and guide the outreach 
assessment. 

1. Geographic Boundaries
Illinois

Illinois is the primary state in the analysis due to the central location of Argonne National 
Laboratory and the AFT Midwest Team. AFT has a strong network of partners in Illinois, which 
allows for many outreach opportunities.  

Other Midwest States 

Other states reviewed in the assessment include the remaining Midwest states identified in 
Argonne’s project proposal: Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri Nebraska, 
North Dakota, Ohio, South Dakota, and Wisconsin.  

2. Agricultural Producers Likely to Adopt Non-Conventional Methods
AFT used the National Agricultural Statistics Service (NASS) operator database to identify
women and minority farmers and non-operating landowners (NOLs) to prioritize outreach and
technical assistance. Nearly 50% of farmland in the U.S. is owned or co-owned by NOLs, AFT
explored options for identifying women non-operating landowners (WNOLs), as they may be
interested in encouraging their farmer operators to grow perennial bioenergy crops. Evidence
suggests that these farmer groups are also more likely to adopt conservation and/or non-
conventional commodity crop methods.

3. Marginal Land Characteristics
AFT incorporated marginal land data from various public sources to provide the marginality
criteria for the analysis to address existing environmental challenges associated with
underproductive farmland. The marginal types of data included in this assessment are:

• USGS SSURGO Highly erodible lands (HELs)
• National Commodity Crop Productivity Index (NCCPI)

4. Ethanol Facilities / Biomass Processing Locations
To encourage large scale use of perennial bioenergy crops as an alternative feedstock to corn
ethanol, AFT has identified and prioritized ethanol and biomass processing locations in this
assessment. While most ethanol manufacturing facilities currently do not accept perennial
feedstocks from dedicated energy crops, these locations are still considered in this analysis for
the potential of alternative feedstock adoption in the future. As market demand and policy
incentive for more sustainable feedstocks increase, so does the adoption of perennial bioenergy
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crops that can produce needed biomass. This can provide a local feedstock supply to facilities in 
priority areas to meet a new or growing demand. 

5. National Land Cover Database – Agriculture Crops  
AFT collected agricultural crop information from the National Land Cover Database to identify 
locations of pastureland and cultivated crops in the Midwest. Hay and pasturelands are in 
consideration for this assessment because it is understood that the equipment needed to 
manage and produce hay are synergistic with the equipment and storage needs of perennial 
bioenergy crops like switchgrass, miscanthus, and native prairie mixes. While this project does 
not seek land use change, these areas were included in the assessment to better understand 
available resources in locations suitable for adoption. 

6. Impaired Watersheds 
To address water quality problems in local waterbodies (streams or lakes) that are associated 
with agricultural sources of nutrients, sediment, pesticides, etc., AFT identified and prioritized 
watersheds that are on the EPA’s 303d List of Impaired Waterbodies.  

Results & Recommendations 
The Outreach Opportunity Assessment allowed AFT to identify key geographic areas of interest to 
prioritize outreach efforts. The below results are separated by Illinois and the Midwest region, 
respectively.  

Illinois Outreach Opportunity Assessment 
The following geographic locations are priority areas of interest that were identified in the assessment. 
A geographic area of interest matrix was created to analyze overlap in results of data criteria. This matrix 
highlights priority areas of overlap found in the Illinois and Midwest spatial analysis maps. Analysis 

https://www.epa.gov/ceam/303d-listed-impaired-waters
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criteria that is present in both maps, highlighted in Figure 1 in gold, are geographic areas that AFT will 
prioritize for outreach in Illinois.  

 

Figure 1. Illinois Assessment Results Matrix 

Area of Interest #1: Southern Illinois  
The results of the analysis suggest AFT conducts a portion of its outreach for this project in Southern 
Illinois. The results further indicate that this geographic region has land suitable for perennial bioenergy 
crop production. The landscape and soils in this region have a high erodibility factor, impaired water 
quality, and moderate crop productivity. According to the National Land Cover Database, the current 
land cover in this region is a combination of cultivated crops, pasture and hay fields, and deciduous 
forest. When considering the production of these cultivated crops as well as pasture management, it is 
expected that farmers in this region may have the capacity to adopt leafy perennial bioenergy crops 
such as switchgrass and miscanthus. The equipment needed to produce these crops is very similar to 
hay production and may be available to hay and livestock farmers and other producers in the area. The 
integration of perennial crops may offer farmers in this region the ability to improve water quality and 
boost crop productivity. Please see the maps located in the Illinois Maps Appendices 2 and 3 to review 
the GIS analysis of agricultural land that provided these recommendations.  
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The Southern Illinois region also has 
producers of interest to the study. 
Southern Illinois has 13 counties 
with a range of 12-18% of principal 
producers being female. The map 
to the left shows the highlighted 
counties with the most principal 
female producers in the region. 
Four counties in this region have a 
large presence of African American 
principal producers.  

Counties recommended for 
targeted outreach in this region 
include but are not limited to:  

• Jefferson County 
• Franklin County 
• Hamilton County 
• Johnson County 
• Perry County 
• Jackson County 
• Pope County 
• Alexander County 
• Massac County 

Figure 2. Percentage of Illinois Farms with 
Principal Female Producers 

While there is an absence of 
ethanol or biomass processing facilities in this region, there are two locations to the east near the 
Indiana border and two near the St. Louis area that may offer additional economic opportunity with 
transportation logistics taken into consideration.  

Area of Interest #2: Northern Illinois  
AFT recommends that continued outreach in Illinois is also focused on the Northern region of the state. 
NLCD data reflects that land in this region of the state is a combination of hay and pastureland, 
cultivated crops, and deciduous forest. It is understood that hay and dairy farmers in this region may 
have the capacity to adopt perennial bioenergy crops such as switchgrass and miscanthus because the 
equipment needed would already be present and available to hay and livestock farmers and other 
producers. This region is also adjacent to the Mississippi River and has impaired waters within the 
watershed. Moderate crop productivity according to NCCPI and high soil erodibility are characteristic of 
agricultural land in this region as well. The integration of perennial crops may offer farmers in this area 
the opportunity to improve water quality and boost crop productivity while providing the potential for 
ethanol facilities in the area to purchase local perennial biomass feedstocks. This would alleviate 
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transportation and other related logistics for farmers who wish to sell their harvests to processors. The 
map below shows land cover and locations of ethanol facilities in Illinois.  

Demographic data analysis also 
supports targeted outreach in this 
area. NASS operator data did not 
indicate a large presence of 
principal farm operators of 
interest. However, in Northeastern 
counties in the state have a large 
presence of female principal 
operators. While this may be a 
limitation to reaching farmers from 
this demographic, there are still 
opportunities in this area for the 
adoption of perennial crops by 
farmers in this area that should not 
be overlooked.  Counties 
recommended for targeted 
outreach in this region include but 
are not limited to:  

• Jo Daviess County 
• Stephenson County 
• Carroll County 
• Winnebago County  
• Boone County  
• McHenry County  

Figure 3. Illinois Land Cover & Ethanol 
Facilities 

Area of Interest #3: Central Illinois – Lower Illinois River region  
AFT recommends that continued outreach in Illinois is focused on the lower Illinois River region of 
central Illinois. NLCD data reflects that land in this region of the state is a combination of hay and 
pastureland, cultivated crops, deciduous forest, and woody wetlands. It is suspected that hay and dairy 
farmers in this region may have the capacity to adopt perennial bioenergy crops such as switchgrass and 
miscanthus because the equipment needed would already be present and available to hay and livestock 
farmers and other producers.  

This region is within the watershed of the lower Illinois River that flows directly to the Mississippi River 
and has impaired waters due to pesticide, sediment, and nutrient runoff. Moderate crop productivity 
and high soil erodibility are characteristics of agricultural land in this region. The integration of perennial 
crops may offer farmers in the area the opportunity to improve water quality and boost crop 
productivity. The region may benefit from the ecosystem services provided by perennial bioenergy crops 
such as preventing soil erosion and sediment loading to nearby waterways and improvement of overall 
water quality. The map in Figure 4 below shows SSURGO’s erodibility factor of Illinois soils.  
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Results of demographic analysis of 
NASS operator data support outreach 
efforts in the region, as three 
counties (Cass, Green, and Scott) 
have a moderate presence of 
principal female operators. There is 
also a large presence of African 
American producers just outside of 
the region in the greater St. Louis 
area that may also benefit from 
targeted outreach in this part of the 
state.  

Counties recommended for targeted 
outreach in this region include but 
are not limited to:  

• Brown County 
• Cass County 
• Calhoun County 
• Greene County 
• Pike County 
• Scott County 

 

 

Figure 4. Erodibility Factor of Illinois Soils 
 

Midwest Outreach Opportunity Assessment 
The following geographic locations are priority areas of interest identified in the assessment that AFT 
may use when expanding the project beyond Illinois. Areas chosen as priority outreach areas were 
determined by sighting areas of overlap found in the various GIS maps created for this assessment. 
Details on the geographic areas below will help AFT conduct meaningful and targeted outreach in the 
Midwest region. It is important to note that this analysis identified areas with larger populations of 
indigenous communities and other underrepresented groups of principal farm operators that fell 
outside of the selected priority regions. These locations were not included in the priority list for 
outreach in the region due to project feasibility and environmental characteristics that present 
challenges for productive perennial bioenergy cropping systems such as temperatures, short growing 
season, and dry land.  Due to feasibility and budget restrictions, Michigan’s upper peninsula and 
northern Minnesota were also excluded from the priority areas. A cumulative map was created to 
identify key priority areas related to data criteria that was analyzed in this assessment. 

Table 1 below includes data used in the GIS analysis to determine key geographic locations for targeted 
outreach in the Outreach Opportunity Assessment. Ranging from 1, the highest priority, to 5, the lowest, 
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this data was weighed subjectively and represented in Figure 5. This subjective weighing of the data was 
based on key goals the project aims to achieve through outreach. The geographic locations determined 
for priority outreach will possess at least 3 of the 5 data criteria.  

Data  Priority  
BIPOC producers – NASS   1 
Cropland – NCLD    2 
High Erodibility factor – SURGO  4 
Low Crop Productivity - NCCPI 3 
Ethanol Plants  5 

Table 1. List of data prioritized for representation in the cumulative map. 

BIPOC Producers 
The presence of BIPOC producers is the highest priority since reaching these producers is one of the key 
goals of the Perennial Bioenergy Crop Diversification Project. This project aims to support these groups 
of agricultural producers, including but not limited to African- American, Indigenous, women, and 
veterans, by providing additional economic opportunities and boosting farm productivity.   

Cropland  
The analysis listed cultivated cropland as the second priority. This project does not aim for land use 
change or the replacement of corn, soy, or other cultivated crops. Including cropland in this assessment 
will identify areas suitable for outreach and the adoption of perennial bioenergy crops without 
disrupting other cultivated crop production.  

High Erodibility Factor  
Areas most suitable for adoption of perennial bioenergy crops may possess marginal site characteristics 
such as high erodibility. Geographic areas selected for targeted outreach have marginalities such as high 
erodibility factor that may be remediated by perennial bioenergy cropping systems.  

Low Crop Productivity 
Perennial bioenergy cropping systems can increase crop productivity in areas that typically are low 
yielding due to marginal characteristics. Areas of low crop productivity are prioritized in this assessment 
because the implementation of a perennial crop can potentially boost overall farm productivity. 
Perennial bioenergy crops provide high yields of biomass on poorly productive soils that negatively 
affect yields of other cultivated crops.  

Ethanol Plant Locations   
While the presence of existing corn and cellulosic ethanol refineries is the lowest ranked priority for 
targeted outreach, it is valuable to include this data in this exercise. Most of the facilities included in this 
dataset currently do not accept perennial bioenergy feedstocks, it is important to note their geographic 
locations in relation to key outreach geographies. As market demand and policy incentive for more 
sustainable feedstocks increase, so does the adoption of perennial bioenergy crops that can produce 
needed biomass. This can provide a local feedstock supply to facilities in priority areas to meet a new or 
growing demand in the future. 
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The three geographic areas identified in the analysis were central Minnesota, northern Illinois and 
southern Wisconsin, and the Missouri-Kansas border region. This analysis prioritized National 
Agricultural Statistics Service (NASS) principal operator data, which weighs the presence of BIPOC 
producers against other principal agriculture producers and general population data. The county 
boundaries highlighted in yellow represent the largest numbers of BIPOC producers. While there are 
many agricultural communities around the Midwest region with diverse groups of agricultural 
landowners and operators, the project scope and feasibility require focusing efforts on specific areas. 
The cumulative Midwest map and legend are found in Figure 5 below.   
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Figure 5 Midwest Cumulative Map for Outreach Opportunity Assessment  
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Ramifications of variance in data representation  
Changing the priority levels of this data may result in a variance of geographic areas selected for 
targeted outreach. For example, subjectively weighing BIPOC producers less than the rest of the data 
criteria may result in target outreach areas with minimal presence of priority farm and landowner 
groups, but larger areas suitable for perennial bioenergy crop adoption. This data was analyzed by 
assessing visual characteristics present on the map rather than a spatial or statistical analysis. The 
cumulative map does not include all the priority areas identified within Illinois due to the regional scope 
of this portion of the assessment. As the project expands beyond Illinois, it is understood that there are 
other key areas of the region that are more suitable for adoption of these cropping systems and 
targeted outreach. Thus, many areas in Illinois were not included because they did not contain all the 
criteria that were considered for selecting priority outreach areas.  

Individual maps of the Midwest region representing key areas of outreach based on specific data criteria 
were created to provide context to the selected regions. These maps address priority areas related to 
farmer demographics, impaired water quality, erodibility, and other data included in this assessment. 
However, not all data is represented in the cumulative map. Please see individual Midwest maps in the 
Appendix for additional detail.  
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Midwest Area of Interest #1: Central Minnesota    
It is recommended that AFT prioritizes outreach efforts to central Minnesota as the project expands 
beyond the scope of Illinois. This area of the Midwest is optimal for perennial bioenergy crop 
diversification due to a variety of land and farmer demographic characteristics.  

 

Figure 6 Central Minnesota Outreach Priority Area 

The priority outreach area located in Minnesota includes Otter Tail and Becker Counties and 
surrounding agricultural areas. This analysis found that two of these two counties have a large 
population of BIPOC producers, according to the National Agricultural Statistics Service (NASS). Becker 
and Otter Tail counties overlap with the southern half of the White Earth Reservation, home to the 
indigenous peoples of the White Earth Band. Cropland in this region has a variety of cultivated rice, 
birch, maple, corn, soybeans, and other specialty crops. Most of the land area in these counties is 
uncultivated due to marginal land characteristics. The land in this area is characterized by low crop 
productivity according to NCCPI, and high erodibility factor according to SSURGO data. Ecosystem 
services realized by perennial bioenergy crops may address soil erosion, nutrient and sediment runoff, 
and other adverse effects to water quality while boosting crop productivity and overall farm resilience to 
economically stressed communities in this region. 

There is an ethanol plant located within the selected area determined in this analysis as well. Green 
Plains Otter Tail, LLC located in Fergus Falls, Minnesota is a corn ethanol manufacturing facility. While 



B-16 
 

this facility does not currently accept perennial biomass feedstock, it is still considered in this analysis 
for the potential of alternative feedstock adoption as the demand and incentive for more sustainable 
feedstocks become prevalent. The adoption of perennial bioenergy crops for the use of cellulosic 
ethanol production can provide a local supply to this facility as it aims to meet a new or growing 
demand.  

Midwest Area of Interest #2: Northern Illinois – Southern Wisconsin Region  
AFT recommends this project prioritizes outreach efforts in the border region of northern Illinois and 
central and southern Wisconsin. This area of the Midwest is optimal for perennial bioenergy crop 
diversification due to a variety of land and farmer demographic characteristics. As previously 
mentioned, this region contains many landscape characteristics and marginalities that provide optimal 
conditions for the adoption of perennial bioenergy crops that may improve the local environment and 
boost farm resilience in a moderately productive agricultural region of the Midwest. NLCD data indicates 
this is a diverse landscape containing swaths of deciduous forest, cultivated crops, and hay and 
pastureland. The presence of many rivers and streams in this area also increases the erodibility factor of 
soils in this region. The integration of perennial bioenergy crops would benefit this region due to the 
enhanced ecosystem services provided by crops such as shrub willow, switchgrass, miscanthus, and 
native prairie mixes.  

 

Figure 7 Wisconsin & Northern Illinois Outreach Priority Area 
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The assessment indicated that targeted areas for outreach in this region include Dane and Marathon 
Counties in Wisconsin, and McHenry County in Illinois. These counties have the highest populations of 
BIPOC principal producers in the region and have variable marginal land characteristics that negatively 
impact crop productivity.  

Nine ethanol manufacturing facilities are located within this region that primarily accepts corn 
feedstocks. While these facilities do not currently accept perennial biomass feedstock, it is still 
considered in this analysis for the potential of alternative feedstock adoption as the demand and 
incentive for more sustainable feedstocks become prevalent. The adoption of perennial bioenergy crops 
for the use of cellulosic ethanol production can provide a local supply to this facility as it aims to meet a 
new or growing demand.  

Midwest Area of Interest #3: Missouri- Kansas Border Region   
AFT recommends prioritizing outreach efforts in the border region of Missouri and Kansas as well. This 
area of the Midwest is optimal for perennial bioenergy crop diversification due to a variety of land 
marginalities, diverse agricultural landscape, and key farmer demographic characteristics that align with 
project goals and objectives. This region contains many landscape characteristics and marginalities that 
provide optimal conditions for the adoption of perennial bioenergy crops that may improve the local 
environmental and boost farm resilience in a low productivity agricultural region of the Midwest.  

 

Figure 8 Missouri & Kansas Outreach Priority Area 
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The assessment indicated outreach target areas in this region for Barry, Barton, Douglas, Miami, Osage, 
Webster, Cass, and Lawrence Counties. This region’s cultivated cropland consists primarily of corn and 
soybeans with cover crops, and other small grain rotations. Deciduous forest and grassland are also two 
other notable land covers for this area that also support this region’s suitability for the adoption of 
perennial bioenergy crops.  

US EPA has reported that nearly every waterway in the region is impaired in some way due to 
anthropogenic causes. The adoption of perennial bioenergy crops on this landscape such as switchgrass, 
miscanthus, shrub willow, and native prairie mixes may offer a variety of ecosystem services that will 
improve water quality in the region while introducing new economic opportunities to a diverse range of 
producers. This will boost farm resilience from an environmental and economic perspective.  

Eight ethanol manufacturing facilities are located within this region that primarily accept corn 
feedstocks. While these facilities do not currently accept perennial biomass feedstock, it is still 
considered in this analysis for the potential of alternative feedstock adoption as the demand and 
incentive for more sustainable feedstocks become prevalent. The adoption of perennial bioenergy crops 
for the use of cellulosic ethanol production can provide a local supply to this facility as it aims to meet a 
new or growing demand.  

Economic opportunities provided by the adoption of perennial bioenergy crops may benefit a large 
diverse range of produces from economically stressed populations. NASS operator data supports the 
prioritization of outreach in this region due to the large presence of principal female and African 
American farm operators.  

Conclusion  
This assessment has identified key priority areas for targeted outreach in Illinois to be the Northern, 
Southern, and lower Illinois River regions of the state. As the project expands to the Midwest region, this 
assessment recommends AFT conducts targeted outreach to central Minnesota, northern Illinois and 
southern Wisconsin, and the border region of Missouri and Kansas. These areas were determined to be 
the most suitable locations for the adoption of perennial bioenergy crops because of present land 
characteristics. Farmer demographics of these areas also present the opportunities to provide economic 
and environmental resiliency to farms and agricultural communities of various groups. Results from this 
assessment will be incorporated into an outreach and engagement strategy that AFT has developed for 
conducting outreach for the remainder of this project.  
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Outreach Opportunity Assessment Maps Appendix 
Illinois Maps  
*Please note Illinois maps were created using different projections which may change the overall shape of the state, but do not 
affect the outcome of the analysis.  

1. Illinois Crop Productivity and Impaired Waters 

 
Geographic areas circled in red indicate priority areas for outreach based on moderate to high crop 
productivity near areas with impaired waterways.  
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2. Erodibility Factor of Illinois Soils  

 
Geographic areas circled in yellow indicate priority areas for outreach based on high erodibility factor 
that may be improved by the implementation of perennial bioenergy cropping systems.  
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3. Illinois Land Cover & Ethanol Plants  

 
Geographic areas in red indicate priority areas for outreach based on land use variability and location of 
ethanol plants. Priority areas were determined based on presence of hay and pastureland and cultivated 
crops.  
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4. Percentage of Illinois Farms with Female Principal Operators  

 
Geographic areas in red indicate priority areas for outreach based on presence of female principal farm 
operators per county. Priority areas were determined based on areas with multiple neighboring counties 
with more than 10% of the farmer population being female. Priority areas selected took large urban 
areas into consideration but were limited to the Chicagoland area.  
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Midwest Maps  
1. HUC4 Watersheds & Impaired Waters of the Midwest 

 
Circled geographic areas indicate priority locations for outreach based on degree of water quality impairment. Priority areas were determined 
based on presence of EPA 303d impaired waters. The level of EPA water quality assessment completion was considered in order to understand 
the disproportionate cases of impaired waterways in Michigan and Ohio.  
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2. Midwest Land Cover Types & Land Cover  

 
Geographic areas circled in yellow are priority areas based on land use variability and presence of nearby ethanol and biomass processing 
facilities.  Areas were chosen that had diverse agricultural landscapes consisting of cultivated crops, grassland, and hay and pastureland. 
Locations and number of ethanol plants in the area were also considered when prioritizing key outreach locations.  
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3. Midwest Crop Productivity Priority Outreach Areas  

 
 
Geographic areas circled in yellow indicate priority areas for outreach based on low crop productivity using NCCPI data. While some selected 
areas have moderate crop productivity compared to other areas in central Illinois and Iowa, for example, considerations were made for the 
potential adoption of perennial bioenergy cropping systems. Adoption will boost in agricultural productivity in these regions.  
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4. Erodibility Factor of Midwest Soils  

 
Geographic locations circled in yellow were determined to be key priority areas in the Midwest based on high erodibility factor of soils in the 
areas. These areas were selected due to the ecosystem services and erosion prevention that could be realized by adopting perennial bioenergy 
crops in areas highly susceptible to erosion.  
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5. Midwest Farms with Operators of Spanish, Hispanic, or Latin Origin  

 

  

*Data points represent locations of ethanol plants in the 
Midwest. 
          

Geographic areas in red indicate priority 
areas for outreach based on presence of 
Latino principal farm operators on a county 
basis. Priority areas were determined based 
on areas with multiple neighboring counties 
with record of 5 of more farm operators of 
Hispanic or Latino origin. While this analysis 
identified areas with larger populations of 
farm operators, project feasibility and funding 
was considered in identifying priority areas, 
therefore excluding northern Minnesota and 
Michigan’s upper peninsula.  
 
  

Number of Farms with Spanish, Hispanic, or Latino Origin Operators as                             
Percent of Number of Farms: 2012 (25) 
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6. Midwest Farms with Female Principal Operators  

 

  

*Data points represent locations of ethanol plants 
in the Midwest. 
 
Geographic areas in red indicate priority areas 
for outreach based on presence of female 
principal farm operators on a county basis. 
Priority areas were determined based on 
areas with multiple neighboring counties with 
record of 15% or more female farm operators 
in the agricultural community. While this 
analysis identified areas with larger 
populations of farm operators, project 
feasibility and funding were considered in 
identifying priority areas, therefore excluding 
northern Minnesota and Michigan’s upper 
peninsula. 
  

Percent of Farms with a Female Principal Operator: 2012 (19) 
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7. Midwest Farms with Black Principal Operators  

 
 

 

*Data points represent locations of ethanol plants in the 
Midwest. 
 
Geographic areas in red indicate priority areas for 
outreach based on presence of African American 
principal farm operators on a county basis. Priority 
areas were determined based on areas with 
multiple neighboring counties with record of at 
least one farm per county with principal African 
American operators in the agricultural community. 
While this analysis identified areas with larger 
populations of farm operators than the selected 
priority regions, project feasibility and budget were 
considered in identifying priority areas, therefore 
excluding Michigan’s upper peninsula.  
 

 

 

 

 

  

Number of Farms with Black or African American Operators as                              
Percent of Number of Farms: 2012 (22) 
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8. Midwest Farms with Principal Operators of Indigenous Origin  

 

 

 

*Data points represent locations of ethanol plants in the 
Midwest. 
 
Geographic areas in red indicate priority areas for 
outreach based on presence of indigenous 
principal farm operators on a county basis. Priority 
areas were determined based on areas with 
multiple neighboring counties with record of at 
least one farm per county with Indigenous 
principal operators in the agricultural community. 
While this analysis did identify areas with larger 
populations of Indigenous principal farm operators 
than the selected priority regions, project 
feasibility and budget were considered in 
identifying priority areas, therefore excluding 
Michigan’s upper peninsula and northern 
Minnesota. 

Number of Farms with American Indian or Alaska Native Operators as                              
Percent of Number of Farms: 2012 (20) 
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