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General Information
Proposal ID: 2027-471

Proposal Title: Developing High-Efficiency Catalysts for Minnesota Corn Oil-to-Fuel Conversions

Project Manager Information

Name: Gwendolyn Bailey
Organization: U of MN - College of Science and Engineering
Office Telephone: (612) 824-8095

Email: ghailey@umn.edu

Project Basic Information

Project Summary: This proposal aims to develop a new catalytic technology that will enable the conversion of distiller's
corn oil (DCO) to sustainable aviation fuel (SAF).

ENRTF Funds Requested: $299,000
Proposed Project Completion: June 30, 2030

LCCMR Funding Category: Small Projects (G)
Secondary Category: Energy (E)

Project Location

What is the best scale for describing where your work will take place?
Region(s): Metro

What is the best scale to describe the area impacted by your work?
Statewide

When will the work impact occur?
During the Project and In the Future



Narrative

Describe the opportunity or problem your proposal seeks to address. Include any relevant background information.

The aviation sector is a significant source of greenhouse gas emissions, generating approximately 2% of U.S. human-
made carbon dioxide and contributing additional global warming impacts through nitrogen oxide emissions. The
“Sustainable Aviation Fuel (SAF) Grand Challenge” is an urgent national priority to decarbonize the aviation industry and
reduce pollution by expanding domestic SAF production to 35 billion gallons—100% of projected jet fuel use—by 2050.
This initiative presents a critical opportunity for Minnesota, where surging corn yields will create a $29.5B surplus by
2050 unless new, high-value outlets are established. A promising avenue for absorbing this surplus is the
hydroprocessing of distiller’s corn oil (DCO), a high-energy byproduct of ethanol fermentation. When combined with
ethanol-to-jet conversion technologies, DCO-to-SAF would translate to approximately $60,240 additional revenue per
50-acre Minnesota farm and nearly 30% of national SAF demand by 2050. However, realizing this potential requires
significant innovations in conversion technologies to minimize carbon and energy intensity and increase product purity
and yield. Most notably, DCO and other corn-derived feedstocks present distinctive challenges due to their high oxygen
content and complex profile of impurities, and our effort proposes to develop new catalytic technologies to convert
these feedstocks efficiently.

What is your proposed solution to the problem or opportunity discussed above? Introduce us to the work you are
seeking funding to do. You will be asked to expand on this proposed solution in Activities & Milestones.

The proposed research aims to create a disruptive catalytic technology for DCO-to-SAF conversion enabled by precision
molecular metal-sulfur clusters supported on porous supports. Catalysts are the drivers of DCO-to-SAF hydroprocessing,
facilitating the critical steps involving the addition of hydrogen (H2) to hydrogenate and remove oxygen and
contaminants required to transform DCO into a premium, flight-ready energy source (Figure 1c). Unlike traditional
catalyst formulation methods that generate a random distribution of metal sites, our molecular metal-sulfur clusters act
as pre-assembled templates to ensure intimate atomic-level mixing of earth-abundant elements (including base metals
such as iron, copper, nickel, and molybdenum), allowing us to program the structure of the active phase with greater
precision. This enhanced control will allow us to interrogate a more expansive design space, which we will evaluate using
the Design of Experiments (DoE) approach—a leading mathematical methodology that will allow us to rapidly identify
high-performance catalyst formulations by examining the complex interactions between variables. We will validate our
generated catalysts under realistic industrial conditions at Shell’s state-of-the-art hydroprocessing facilities using
Minnesota-produced DCO (Figure 1e). Our vision is a scalable, Minnesota-specific catalytic platform capable of meeting
the projected 4 billion gallon DCO-to-SAF demand by 2050.

What are the specific project outcomes as they relate to the public purpose of protection, conservation, preservation,
and enhancement of the state’s natural resources?

1) Demonstration of an industry-ready, scalable, Minnesota-specific catalytic platform capable of meeting the projected
4 billion gallon DCO-to-SAF demand by 2050.

2) Catalyst validation under realistic industrial conditions at Shell's state-of-the-art hydroprocessing facilities using
Minnesota-produced DCO, to ensure resilience against impurities found specifically in Minnesota feedstocks.

3) Technoeconomic Analysis (TEA) demonstrating pilot-scale feasibility and cost-competitiveness for uptake by the
Minnesota aviation industry.



Activities and Milestones

Activity 1: Evaluation of First-Generation Catalyst Formulations to Identify Key Parameters and Lead
Candidates

Activity Budget: $100,000

Activity Description:

Activity 1 will consist of formulating a suite of precision molecular metal-sulfur clusters and adhering them onto porous
supports—including silica, transitional alumina, and zeolites—using calcination or annealing to ensure uniform metals
distribution. We hypothesize that the choice and ratio of metals and choice of support material will be major factors
influencing catalyst performance. These precision-engineered formulations will be evaluated at the University of
Minnesota in a Compact Profile Reactor (CPR) using a simple model substrate (1-octenoic acid) to establish baseline
activity (Figure 1d) and selectivity. To maximize research efficiency, we will utilize a Design of Experiments (DoE)
approach coupled with Analysis of Variance (ANOVA). This rigorous statistical framework allows us to mathematically
isolate highest-impact variables and pinpoint optimal catalyst configurations with significantly greater speed and
precision than conventional trial-and-error methods. By identifying the highest-impact parameters early, we can focus
with higher granularity on the most promising formulations, effectively narrowing the field for the second-generation
optimizations in Activity 2.

Activity Milestones:

Description Approximate
Completion Date

Formulation of a precision catalyst library tailored for high-oxygen DCO feedstocks December 31, 2027

Development of a preliminary catalyst blueprint for high-yield DCO-to-SAF conversion June 30, 2028

Activity 2: Advanced Mechanistic Analysis for Informed Catalyst Optimization
Activity Budget: $150,000

Activity Description:

To transition from broad screening to precision catalyst engineering, Activity 2 will pivot to a rigorous mechanistic
evaluation to resolve the fundamental rates and selectivity drivers governing DCO-to-SAF conversion. Lead catalysts
from Activity 1 will undergo a steady-state kinetic (rate) analysis to determine the reaction orders (rates) as a function of
hydrogen pressure and substrate (octenoic acid) concentration and evaluate whether byproducts such as water and
oxygen or contaminants such as phosphorus inhibit catalytic rates. We will further delineate the chemical drivers that
favor selective oxygen removal over unselective or deactivating side paths. These mechanistic insights will guide the
formulation of second-generation catalysts (Milestone 2), which will incorporate advanced variables such as the starting
metal oxidation states, supporting groups, and the presence of additives to fine-tune performance. DoE optimization of
both catalyst formulation and reaction parameters such as octenoic acid:hydrogen concentration, temperature, and
pressure will provide a high-resolution, multi-dimensional map of the catalyst performance as a function of the reaction
conditions and catalyst design and allow us to pinpoint the most promising catalyst formulations for further testing at
Shell’s state-of-the-art industrial facility using Minnesota-produced DCO (Activity 3).

Activity Milestones:

Description Approximate
Completion Date

Establishment of a mechanistic model to understand chemical drivers of selective DCO-to-SAF December 31, 2028

hydroprocessing

Finalize second-generation catalyst designs optimized for maximum SAF purity and yield June 30, 2029
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Activity 3: Commercial Validation of Catalysts for DCO-to-SAF Conversion and Techno-Economic
Assessment for Industrial Scale-Up
Activity Budget: $49,000

Activity Description:

Activity 3 serves as the final, decisive transition from laboratory discovery to industrial reality. We will leverage Shell’s
specialized, state-of-the-art high-throughput hydroprocessing facility to validate and optimize our lead catalyst
formulations for DCO-to-SAF conversions using Minnesota-produced DCO (Figure 1e). A portion of these studies will
begin concurrently with Activity 2, ensuring adequate time for optimizing catalytic performance against the specific
oxygen content and impurities unique to Minnesota DCO. This activity uses a proprietary parallel 16-barrel reactor
system, which will enable simultaneous evaluation of up to sixteen distinct catalyst formulations under industrial
conditions. Capitalizing on Reynolds’ expertise, we will execute a parametric optimization across a broad operational
range (up to 382°C, 2000 psig), using in-line, real-time monitoring to quantify critical performance metrics including
oxygen removal, contaminant mitigation, and SAF purity/yield. These experiments will pinpoint the lead catalyst
formulations and processing parameters required for maximum industrial performance. Finally, we will perform a
techno-economic analysis using our measured yields, energy intensities, and catalyst costs to define the commercial
viability of this technology for Minnesota's bio-economy. This phase will generate the definitive data required to
position the project to pursue private capital or major federal grants for commercial-scale deployment.

Activity Milestones:

Description Approximate

Completion Date
Industrial validation and selection of the lead catalyst-process configuration for Minnesota DCO-to-SAF December 31, 2029
Delivery of a preliminary techno-economic analysis demonstrating pilot-scale feasibility and cost- June 30, 2030
competitiveness for industrial uptake




Project Partners and Collaborators

Name Organization Role Receiving
Funds
Aditya Bhan University of Professor Bhan is a Distinguished McKnight University Professor in Chemical Yes
Minnesota Engineering and Materials Science at the University of Minnesota. He is an expert
College of in mechanistic catalysis, high pressure reactor design and operation, and
Science and hydrodeoxygenation chemistry and will lead the effort on catalyst evaluation and
Engineering lead identification.
Prof./Dr. Shell Catalysts | Prof./Dr. Michael Reynolds is a Principal Science Fellow at Shell Catalysts and No
Michael & Technologies. He has >22 years of industrial experience as a principal
Reynolds Technologies investigator and program manager leading catalytic research portfolios at Shell.
Dr. Reynolds brings access to Shell's state-of-the-art hydroprocessing facility for
high-throughput catalyst evaluation in DCO-to-SAF conversions.

Dissemination

Describe your plans for dissemination, presentation, documentation, or sharing of data, results, samples, physical
collections, and other products and how they will follow ENRTF Acknowledgement Requirements and Guidelines.

To disseminate results to researchers and other stakeholders of our catalyst technology, the foundational research
results from this project will be disseminated through peer-reviewed journals and presented at national professional
symposia. To ensure data longevity and transparency, all supporting datasets will be made freely available to the public
as Electronic Supplementary Information (ESI) through permanent journal repositories. All publications and
presentations will prominently feature the ENRTF logo and required attribution language to acknowledge the support of
the citizens of Minnesota.

To share the impacts of the research made possible through ENRTF to the public, we will proactively communicate the
environmental and economic promise of our "Corn-to-Jet" technology through two high-visibility venues:

(1) We will present dedicated technical posters at the Minnesota Ag Expo and Minnesota State Fair. These sessions will
engage the agricultural community and the general public, highlighting how DCO-to-SAF conversion adds value to
Minnesota-grown crops and protects the state's natural resources.

(2) We will launch a digital communication campaign, creating accessible infographics and project updates for the UMN
Chemistry and Chemical Engineering social media platforms (>6,400 followers) and the UMN Chemistry EleMNts
newsletter.

In accordance with funding requirements, all print and electronic media, publications, and signage—including
conference posters and digital outreach—will prominently feature the Environment and Natural Resources Trust Fund
(ENRTF) logo and required attribution language to acknowledge the support of the citizens of Minnesota.

Long-Term Implementation and Funding

Describe how the results will be implemented and how any ongoing effort will be funded. If not already addressed as
part of the project, how will findings, results, and products developed be implemented after project completion? If
additional work is needed, how will this work be funded?

Project completion is likely to culminate in the establishment of a regional startup dedicated to scaling this technology
for Minnesota’s bio-economy. Our technical validation will unlock a variety of funding sources including private capital
and major federal grants, including DOE Bioenergy Technologies Office (BETO) and the Advanced Research Projects
Agency—Energy (ARPA-e) grants for commercial-scale deployment. It will also allow us to secure National Science
Foundation (NSF) and DOE funding for fundamental research to adapt our catalyst technology to other critical energy



sectors including green hydrogen and carbon dioxide conversion ensuring a sustained, multi-sector impact beyond the
grant period.

Project Manager and Organization Qualifications

Project Manager Name: Gwendolyn Bailey
Job Title: Assistant Professor

Provide description of the project manager’s qualifications to manage the proposed project.

Prof. Bailey joined the University of Minnesota as an assistant professor in Fall 2021 and is a pioneer in atomically
precise nanochemistry. With over 12 years of expertise in synthetic inorganic chemistry, catalysis, and advanced physical
characterization, she specializes in the bottom-up assembly of molecular metal-sulfur clusters—the high-precision
building blocks of this proposal. Her high-impact nanochemistry research has been published in leading journals,
including Proceedings of the National Academy of Sciences USA and Journal of the American Chemical Society and has
garnered >50 invitations to speak at Universities and national/international symposia. Her accomplishments have
earned distinction in the form of NSERC and Resnick Sustainability Institute Postdoctoral Fellowships, the Governor
General of Canada Gold Medal, the Royal Society of Canada Alice Wilson Award, and most recently an ACS Petroleum
Research Fund Doctoral New Investigator award Prof. Bailey will leverage her established library of molecular precursors
and lead the development of next-generation, earth-abundant catalyst formulations specifically optimized for corn-
derived feedstocks.

Organization: U of MN - College of Science and Engineering

Organization Description:

The College of Science and Engineering at UMN houses 12 departments and a multitude of research centers and secured
over $1.22 billion in sponsored research funding in FY2025. The University of Minnesota has spun out more than 286
startups since the formation of the Venture Center within UMN Technology Commercialization in 2006 and is the largest
single source of startups in Minnesota, placing UMN within the top 3 of public universities in the US. The University of
Minnesota provides a world-class infrastructure for precision catalysis, anchored by Characterization Facility and the
LeClaire Dow Instrumentation Facility housed in the College of Science and Engineering. These state-of-the-art centers
provide the high-resolution diagnostic capabilities required to validate catalytic performance and provide analytical
support by expert scientists, ensuring the project's data meets the exacting standards required for industrial scale-up.



Budget Summary

Category / Subcategory Description Purpose Gen. | % # Class | $ Amount
Name or Type Ineli | Bene | FTE | ified
gible | fits Staff?
Personnel
Gwen Bailey Principal Investigator 36.6% | 0.06 $13,439
Aditya Bhan Co-PI 36.6% | 0.03 511,617
Graduate Two graduate students who will jointly complete 28.3% | 2.25 $230,871
Research Activities 1-3
Assistant
Sub $255,927
Total
Contracts and
Services
University of Internal User fees for characterization of synthesized 0.09 $12,424
Minnesota services or molecular clusters and catalyst formulations. These
Characterization | fees data will allow us to verify the purity and
Facilities (uncommon) uniformity of the materials and understand the role
of catalyst structure on performance outcome.
Sub $12,424
Total
Equipment,
Tools, and
Supplies
Tools and Laboratory supplies (e.g. glassware, gases, chemical | These supplies are essential to allow $30,649
Supplies reagents and solvents, and limited repair supplies) us to carry out the proposed research
and keep necessary equipment
operational.
Sub $30,649
Total
Capital
Equipment
Sub -
Total
Acquisitions
and
Stewardship
Sub -
Total

Travel In
Minnesota




Sub

Total

Travel Outside

Minnesota
Sub -
Total

Printing and

Publication
Sub -
Total

Other Expenses
Sub -
Total
Grand $299,000

Total




Classified Staff or Generally Ineligible Expenses

Category/Name Subcategory or Description Justification Ineligible Expense or Classified Staff Request
Type




Non ENRTF Funds

Category | Specific Source

Use

Status

Amount

State

State Sub
Total

Non-State

Non State
Sub Total

Funds
Total

Total Project Cost: $299,000

This amount accurately reflects total project cost?
Yes
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Attachments

Required Attachments

Visual Component
File: Oeaf3d21-6c1.pdf

Alternate Text for Visual Component

Data showing Minnesota corn surplus and national demand for DCO-to-SAF by 2050 and reaction scheme for converting
DCO to SAF using the proposed catalysts, along with images showing the compact profile reactor (CPR) and high-
throughput industrial reactor used to evaluate catalyst formulations....

Supplemental Attachments

Capital Project Questionnaire, Budget Supplements, Support Letter, Photos, Media, Other

Title File
Authorization letter 839801d6-b60.pdf

Administrative Use

Does your project include restoration or acquisition of land rights?
No

Do you understand that travel expenses are only approved if they follow the "Commissioner's Plan" promulgated by
the Commissioner of Management of Budget or, for University of Minnesota projects, the University of Minnesota
plan?

N/A

Does your project have potential for royalties, copyrights, patents, sale of products and assets, or revenue
generation?
Yes

Do you understand and acknowledge IP and revenue-return and sharing requirements in 116P.10?
Yes

Do you wish to request reinvestment of any revenues into your project instead of returning revenue to the ENRTF?
No

Does your project include original, hypothesis-driven research?
Yes

Does the organization have a fiscal agent for this project?
No

Does your project include the pre-design, design, construction, or renovation of a building, trail, campground, or other
fixed capital asset costing $10,000 or more or large-scale stream or wetland restoration?
No

Do you propose using an appropriation from the Environment and Natural Resources Trust Fund to conduct a project
that provides children's services (as defined in Minnesota Statutes section 299C.61 Subd.7 as "the provision of care,
treatment, education, training, instruction, or recreation to children")?

No

11


https://lccmrprojectmgmt.leg.mn/media/map/0eaf3d21-6c1.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/839801d6-b60.pdf

Provide the name(s) and organization(s) of additional individuals assisting in the completion of this proposal:
Yoko Kofuji

Do you understand that a named service contract does not constitute a funder-designated subrecipient or approval of
a sole-source contract? In other words, a service contract entity is only approved if it has been selected according to
the contracting rules identified in state law and policy for organizations that receive ENRTF funds through direct
appropriations, or in the DNR’s reimbursement manual for non-state organizations. These rules may include
competitive bidding and prevailing wage requirements

N/A
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