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Environment and Natural Resources Trust Fund 
2027 Request for Proposal 

General Information 
Proposal ID: 2027-530 

Proposal Title: Removing PFAS from Minnesota Waters Using Sunlight 

 

Project Manager Information 
Name: Tianhong Cui 

Organization: U of MN - College of Science and Engineering 

Office Telephone: (612) 626-1636 

Email: cuixx006@umn.edu 

 

Project Basic Information 
Project Summary: This project is to develop a sunlight powered system to remove and destruct PFAS in wastewater and 
environmental water, helping clean up Minnesota waters with a cheap and low-energy method. 

ENRTF Funds Requested: $365,000 

Proposed Project Completion: June 30, 2030 

LCCMR Funding Category: Water (B) 

 

Project Location 
What is the best scale for describing where your work will take place?   
 Statewide 

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

When will the work impact occur?   
 During the Project 
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Narrative 
Describe the opportunity or problem your proposal seeks to address. Include any relevant background information. 

PFAS are man-made chemicals found in groundwater, lakes, rivers, stormwater, and wastewater across Minnesota. They 
are often called “forever chemicals” because they do not break down easily and can stay in water and soil for a long 
time. PFAS can build up in the environment and human body. Long-term exposure led to health problems, including 
immune system effects, developmental harm, and higher cancer risk. In Minnesota, PFAS pollution has become a serious 
environmental and public health problem. Important sources include industrial releases, including contamination linked 
to 3M and other industrial and commercial activities. 
Current PFAS treatment methods, such as activated carbon, ion exchange, and reverse osmosis, can remove PFAS from 
water, but they usually do not destroy them. Instead, they create a smaller but more concentrated waste stream. That 
waste still needs further treatment or disposal. This often requires costly, energy-intensive methods. These systems can 
also need complex equipment, regular maintenance, and frequent replacement of treatment materials. 
Minnesota needs better PFAS cleanup tools. The state needs methods that are simple, low-cost, and low energy. A 
system that can both remove and destroy PFAS on site would reduce waste, lower cleanup costs, and help protect the 
water and people of Minnesota. 

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. 

This project will develop a solar-powered system to remove and break down PFAS in water. The goal is to create a 
simple, low-cost, and low-energy cleanup method for Minnesota waters. By using sunlight as the main energy source, 
the system can reduce operating costs and support use in a wide range of locations. 
The treatment method has two main steps. First, a solar-powered microbubble generator will produce very small 
bubbles in contaminated water. As the bubbles rise, PFAS will collect on the bubble surfaces, helping move and 
concentrate PFAS from the water to the air-water interface. 
Second, when the bubbles reach the surface and burst, they will form tiny droplets with higher PFAS concentrations. 
These droplets will be collected on cerium oxide-coated surfaces. Cerium oxide is well suited for this purpose because its 
active surface sites and redox properties can promote PFAS degradation under sunlight. In this way, the system is 
designed to both remove PFAS from water and destroy it on site. 
This project will focus on building, optimizing, and testing the treatment system, with the goal of developing a pilot 
prototype for wastewater, stormwater, groundwater, and surface water in Minnesota. 

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?  

This project will develop and test a solar-powered pilot system to remove and break down PFAS in wastewater and 
environmental water in Minnesota. Target waters include stormwater, groundwater, surface water, and contaminated 
wastewater. The project will generate new knowledge on PFAS capture by microbubbles and PFAS breakdown under 
sunlight using cerium oxide. It will also provide engineering and performance data needed for future field use at 
contaminated sites in Minnesota. This work will support cleaner water, lower-energy PFAS treatment, reduced waste, 
and better protection of Minnesota’s natural resources, drinking water, aquatic systems, and public health. 
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Activities and Milestones 

Activity 1: Develop and optimize a sunlight-powered PFAS capture and breakdown system 
Activity Budget: $153,300 

Activity Description:  
This activity will develop and improve the main parts of the proposed solar-powered PFAS cleanup system. First, we will 
design and build a microbubble system to help capture and concentrate PFAS from water. We will test different bubble 
generators and different working conditions, such as bubble size, air flow, and reactor design. These tests will be carried 
out in the lab using water with known PFAS levels and water samples that represent real wastewater and environmental 
water. The goal is to find the best conditions for stable operation and strong PFAS capture. 
At the same time, we will prepare cerium oxide materials and coat them onto surfaces that can collect PFAS-rich 
droplets formed when bubbles burst at the water surface. We will test different coating methods, surface designs, and 
material durability. We will also study how well these coated surfaces break down PFAS under simulated sunlight and 
natural sunlight. 
After the two parts are improved, we will combine them into one treatment unit. We will test how well the full system 
works together, including stability, PFAS removal, and PFAS breakdown. The results will guide the design of the pilot 
prototype in the next activity. 

Activity Milestones:  

Description Approximate 
Completion Date 

Microbubble system developed for PFAS capture and concentration June 30, 2028 
CeO₂ nanoparticle optimized for PFAS breakdown under sunlight December 31, 2028 
Microbubble and CeO₂ nanoparticle system integrated and tested March 31, 2029 

 

Activity 2: Pilot scale prototype development, demonstration, and testing for PFAS treatment 
Activity Budget: $211,700 

Activity Description:  
This activity will build and test a complete pilot-scale solar-powered PFAS treatment system based on the improved 
design from Activity 1. The system will combine solar power, a microbubble unit, PFAS droplet capture parts, and cerium 
oxide coated surfaces into one treatment platform. The work will focus on building the full system, connecting all parts, 
and making sure it operates in a stable, low-energy way. 
The pilot-scale system will be designed so key settings can be adjusted, such as air flow, bubble formation, capture area, 
and solar power input. Laboratory testing will first measure how well the system removes and breaks down PFAS, how 
stable it is during longer operation, and how durable the treatment surfaces remain over time. These tests will help 
improve system performance before pilot-scale testing. 
After lab testing, the complete pilot-scale system will be tested under conditions that represent Minnesota wastewater 
and environmental water. This work will evaluate system performance, treatment capacity, energy use, and reliability at 
a larger and more practical scale. It will also help assess future field use. The results will provide important information 
for scale-up and future deployment of solar-powered PFAS treatment systems in Minnesota. 

Activity Milestones:  

Description Approximate 
Completion Date 

Complete pilot-scale solar-powered PFAS treatment system built October 31, 2029 
Laboratory and pilot-scale testing completed March 31, 2030 
System performance, scale-up, and field use evaluated June 30, 2030 



4 

 

  



5 

 

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.  
Project results will be shared through peer-reviewed publications, conference presentations, and communication with 
Minnesota stakeholders, including state agencies, local governments, and water managers. Performance data, design 
information, and key technical findings from the solar-powered PFAS treatment system will support future pilot 
deployment and help identify suitable sites for field testing in Minnesota. The prototype and datasets will be maintained 
at the University of Minnesota to support continued research, scale-up, and technology development. Outreach 
materials will communicate the project’s value for protecting Minnesota’s water resources and public health. All 
publications, presentations, and outreach products will acknowledge support from the Environment and Natural 
Resources Trust Fund in accordance with ENRTF requirements. 

 

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?  
After this project, the developed system will support future pilot deployment for PFAS cleanup in Minnesota wastewater 
and environmental water. The prototype and test data will guide further design improvement, scale-up, and field 
testing. Partnerships with state agencies, local governments, and water managers will help identify suitable sites for 
future use. Additional work, including larger pilot studies and field deployment, will be supported through future 
funding from state and federal research programs, water quality programs, and industry partnerships. These next steps 
will help move the technology toward practical use for cleaning PFAS-contaminated water in Minnesota. 

Other ENRTF Appropriations Awarded in the Last Six Years 
Name Appropriation Amount 

Awarded 
Portable Arsenic and Nitrate Detector for Well Water M.L. 2025, First Special Session, Chp. 1, Art. 2, Sec. 2, 

Subd. 04v 
$358,000 

 

Project Manager and Organization Qualifications 
Project Manager Name: Tianhong Cui 

Job Title: Professor 

Provide description of the project manager’s qualifications to manage the proposed project.  
Dr. Tianhong Cui is a Distinguished McKnight University Professor at the University of Minnesota. He is a Professor in 
Department of Mechanical Engineering and an Affiliate Senior Member of the graduate faculty in Department of 
Electrical and Computer Engineering. He joined the faculty of the University of Minnesota in 2003. He is a Fellow of the 
American Society of Mechanical Engineering. He is also a member of European Academy of Sciences and Arts. Dr. Cui is 
an international leading expert on micro sensors and advanced manufacturing. He has 380 archived publications in 
scientific journals and prestigious conferences and 10 US patents. He is the founding Executive Editor-in-Chief for a 
Nature journal, Microsystems & Nanoengineering. He has received awards including the STA & NEDO Fellowships in 
Japan, the Alexander von Humboldt Fellowship in Germany, the Richard & Barbara Endowed Chair and the Distinguished 
McKnight University Professorship from the University of Minnesota, the Blaise Pascal Chair Visiting Professorship in 
France (named after famous French scientist Blaise Pascal), the Distinguished Visiting Fellowship from the Royal 
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Academy of Engineering and the Global Chair at the University of Bath in UK, a recent JSPS faculty fellowship at the 
University of Tokyo, and numerous best paper awards. Most recently Dr. Cui has received two NSF grants on micro 
chemical sensors for detection of water pollutants.   
Dr. Cui will serve as the PI and project manager, responsible for overseeing the project, all reports, and deliverables. He 
will supervise one postdoc to work on design, fabrication, and characterization of the proposed sensors for detection of 
PFAS in water. He will hold weekly meetings and daily technical discussions with his advisee to ensure good progress of 
this proposed work. Dr. Cui and his postdoc will also be responsible for field tests and assessment of the proposed PFAS 
sensor. 

Organization: U of MN - College of Science and Engineering 

Organization Description:  
All programs in the College of Science and Engineering at the University of Minnesota are ranked among the top 25 in 
the nation by U.S. News. The Department of Mechanical Engineering is recognized as one of the leading programs in the 
country, serving as a hub for education, research, and innovation. This project will be conducted at the University of 
Minnesota in the Technology Integration & Advanced Nano/Microsystems Laboratory (TIAN Lab), located in the 
Mechanical Engineering Building. Directed by Professor Cui, the TIAN Lab is equipped with state-of-the-art fabrication 
and characterization tools, enabling the design, production, and analysis of PFAS detection sensors. Professor Cui and his 
PhD assistant will use these facilities to develop and test the sensors. Some fabrication will take place at the Minnesota 
Nano Center, a premier facility for nanoscience and applied nanotechnology research. The Center maintains advanced 
equipment, enforces strict safety protocols, and provides training for researchers. Supported by the state, the NSF’s 
NNCI program, and industry partnerships, the Center offers academic users significantly reduced rates—often less than 
half of the actual operational cost. 

  



7 

Budget Summary 
Category / 
Name 

Subcategory 
or Type 

Description Purpose Gen. 
Ineli 
gible 

% 
Bene 
fits 

# 
FTE 

Class 
ified 
Staff? 

$ Amount 

Personnel         
Tianhong Cui  Principal Investigator   27.8% 2.4  $92,353 
Graduate 
Student (1) 

 Research Assistant   45.44% 1.5  $203,790 

       Sub 
Total 

$296,143 

Contracts and 
Services 

        

This is a budget 
for service in 
Minnesota 
Nano Center 
and 
Characterization 
Facility at the 
University of 
Minnesota. 

Internal 
services or 
fees 
(uncommon) 

This budget is for fabrication and testing of PFAS 
remediation systems. 

   0  $21,000 

       Sub 
Total 

$21,000 

Equipment, 
Tools, and 
Supplies 

        

 Tools and 
Supplies 

Materials and supplies including components, 
nanomaterials, chemicals, etc. 

These materials and supplies are for 
the construction of PFAS remediation 
systems. 

    $38,857 

       Sub 
Total 

$38,857 

Capital 
Equipment 

        

       Sub 
Total 

- 

Acquisitions 
and 
Stewardship 

        

       Sub 
Total 

- 
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Travel In 
Minnesota 

        

 Miles/ Meals/ 
Lodging 

30 trips for 2 researchers to carry out the work on 
PFAS remediation. 

These trips are essential for 
researchers to do on-site work for 
PFAS remediation. 

    $9,000 

       Sub 
Total 

$9,000 

Travel Outside 
Minnesota 

        

       Sub 
Total 

- 

Printing and 
Publication 

        

       Sub 
Total 

- 

Other Expenses         
       Sub 

Total 
- 

       Grand 
Total 

$365,000 
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Classified Staff or Generally Ineligible Expenses 
Category/Name Subcategory or 

Type 
Description Justification Ineligible Expense or Classified Staff Request 
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Non ENRTF Funds 
Category Specific Source Use Status Amount 
State     
   State Sub 

Total 
- 

Non-State     
In-Kind Unrecovered F&A calculated at 54% MTDC Support of ME facilities where research will be conducted. Secured $164,448 
   Non State 

Sub Total 
$164,448 

   Funds 
Total 

$164,448 

 

Total Project Cost: $529,448 

This amount accurately reflects total project cost? 
 Yes 
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Attachments 

Required Attachments 
Visual Component 
File: 938330fe-1f6.docx 

Alternate Text for Visual Component 
Comparision of the current and proposed technologies... 

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

Title File 
Institutional Support Letter 451eec69-ffb.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? 
 Yes, I understand the UMN Policy on travel applies. 

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?  
 No 

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 

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

https://lccmrprojectmgmt.leg.mn/media/map/938330fe-1f6.docx
https://lccmrprojectmgmt.leg.mn/media/attachments/451eec69-ffb.pdf
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 Alexandra Sullivan 

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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