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Environment and Natural Resources Trust Fund 
2027 Request for Proposal 

General Information 
Proposal ID: 2027-298 

Proposal Title: Integrated Treatment and Metal Recovery from Mine Water 

 

Project Manager Information 
Name: Min Addy 

Organization: U of MN - College of Food, Agricultural and Natural Resource Sciences 

Office Telephone: (612) 532-0736 

Email: minxx039@umn.edu 

 

Project Basic Information 
Project Summary: Develop an integrated treatment train for mine-influenced water that combines engineered biochar 
conditioning, attached-growth microalgae polishing, and continuous microwave-assisted pyrolysis to concentrate 
dissolved metals into recoverable solid products. 

ENRTF Funds Requested: $300,000 

Proposed Project Completion: June 30, 2030 

LCCMR Funding Category: Small Projects (G) 
 Secondary 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 and In the Future 
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Narrative 
Describe the opportunity or problem your proposal seeks to address. Include any relevant background information. 

Minnesota’s Duluth Complex contains one of the largest undeveloped copper–nickel sulfide mineral resources in the 
United States and continues to be evaluated for future mining. While these deposits represent an important potential 
source of strategic metals, including copper, nickel, cobalt, and platinum group elements, sulfide ore mining raises 
significant concerns for long-term water quality. When sulfide-bearing materials are exposed to oxygen and water, 
mineral oxidation can generate sulfate-rich mine-influenced water containing dissolved metals. These waters may 
persist for decades after mine closure and require ongoing treatment to protect sensitive aquatic ecosystems, including 
downstream waters connected to the Boundary Waters and Lake Superior watershed. Even low concentrations of 
dissolved metals can have lasting impacts on these systems.  
 
Current treatment strategies primarily rely on chemical neutralization and precipitation, producing substantial volumes 
of secondary sludge and require continuous inputs. Improving treatment efficiency and reducing secondary waste could 
lessen long-term contaminant loading and management burdens across Minnesota mining-affected waters. As 
Minnesota evaluates future mining activities, there is a growing opportunity to investigate complementary approaches 
that improve metal stabilization, minimize waste generation, and support sustainable long-term water management, 
including the potential recovery of trace metals such as rare earth elements as a secondary benefit. 

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 primary objective is to reduce dissolved metal loading and improve long-term water quality protection, with 
resource recovery evaluated as a secondary co-benefit. The approach emphasizes reducing contaminant loading at the 
source rather than managing impacts downstream. This project develops an integrated treatment strategy for mine-
influenced wastewater that combines engineered biochar conditioning, attached-growth microalgae polishing, and 
thermochemical stabilization to improve metal management while limiting secondary waste generation. Biochar serves 
as a first-stage treatment to stabilize water chemistry through pH buffering, adsorption, and reduction of dissolved 
metal toxicity. Its properties will be tuned through feedstock selection, pyrolysis conditions, and particle sizing to 
optimize surface functionality, porosity, and metal-binding performance under mining-relevant conditions. Following 
conditioning, metal-tolerant microalgae will be deployed in attached-growth or biofilm-based reactor configurations to 
improve stability, scalability, biomass retention and simplified harvesting. Metal-tolerant and acid-adapted species (e.g. 
Euglena mutabilis & Chlamydomonas acidophila) will inform selection of robust biofilm communities. Harvested 
biochar–algae solids will undergo continuous microwave-assisted pyrolysis (CMAP), which provides rapid volumetric 
heating to stabilize mixed biomass, transform metal phases, and produce dense metal-enriched solids with reduced 
volume. These concentrated solids will be evaluated for hydrometallurgical extraction of copper, nickel, cobalt, and 
trace critical minerals, including rare earth 

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 generate treatment strategies improve management of mine-influenced water and protect Minnesota’s 
lakes, rivers, and aquatic ecosystems. Expected outcomes include quantified reduced dissolved metal loading, improved 
contaminants stabilization, reduced secondary waste generation compared with conventional approaches, and 
evaluation of integrated treatment for long-term water quality protection in sensitive Minnesota waters. The project will 
deliver small pilot-scale performance data and design guidance for integrating biochar–algae polishing systems with 
existing mine water infrastructure. By supporting long-term stewardship of mining-affected waters and evaluating 
recovery of valuable trace metals as a secondary benefit, the work will inform environmentally responsible mining 
practices. 
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Activities and Milestones 

Activity 1: Biochar Conditioning for Mine-Influenced Water 
Activity Budget: $112,000 

Activity Description:  
This activity will develop and evaluate engineered biochar as a first-stage conditioning treatment for mine-influenced 
wastewater. Continuous microwave-assisted pyrolysis (CMAP) will be used to produce highly porous biochar through 
rapid volumetric heating, enhancing pore development and surface functionality for metal adsorption. Minnesota-
relevant biomass feedstocks, including forestry residues (e.g., aspen and mixed hardwood chips), agricultural residues 
(e.g., corn stover), and wetland or invasive biomass (e.g., cattails), will be evaluated to support scalable and locally 
available biochar production. Biochar properties will be tuned through controlled processing conditions, such as 
temperature, residence time, and mixing rate, to optimize surface area, pore structure, and particle size. Produced 
materials will be characterized for BET surface area, functional groups, and ash content prior to treatment testing. 
Bench-scale batch and flow-through experiments will quantify removal of target metals (Cu, Ni, Co, and trace elements), 
assess pH buffering capacity, and determine optimal hydraulic retention times. To support scale-up, the activity will 
evaluate media packing behavior, hydraulic performance, and operational lifetime under continuous flow conditions, 
establishing design parameters such as media loading, contact time, and replacement frequency. The final outcome will 
be selection of an optimized biochar conditioning configuration for integration into the subsequent algae polishing 

Activity Milestones:  

Description Approximate 
Completion Date 

Produce and characterize CMAP-derived biochars from Minnesota-relevant feedstocks and establish 
relationships between processing and properties 

December 31, 2027 

Bench-scale testing and identify biochar formulations achieving stable pH buffering and measurable 
removal of metals 

September 30, 2028 

Continuous flow-through operation and determine hydraulic performance and breakthrough 
characteristics under representative mine-water conditions 

March 31, 2029 

 

Activity 2: Attached-Growth Microalgae Polishing for Metal Capture 
Activity Budget: $98,000 

Activity Description:  
Following biochar conditioning, dissolved metals will remain in the treated water at concentrations that are difficult to 
remove through adsorption alone. This activity will evaluate microalgae-based treatment as a secondary polishing stage 
that provides additional metal uptake through biosorption and biological accumulation while simultaneously 
concentrating them into a recoverable biomass stream. The activity will begin with laboratory-scale screening of metal-
tolerant and acid-adapted microalgae species reported in mining and metal-rich waters (e.g., Euglena mutabilis, 
Chlamydomonas acidophila) to identify strains or mixed communities with stable growth and high metal uptake under 
conditioned water chemistries produced in Activity 1. Selected species will then be tested in attached-growth or biofilm-
based reactor configurations designed for scalable operation. Compared with suspension systems, attached-growth 
reactors improve biomass retention, reduce washout risk, and enable simplified harvesting through periodic scraping or 
gravity settling.  Bench- and small pilot-scale testing of attached growth configurations will quantify metal polishing 
performance, biofilm productivity, and operational stability under variable loading conditions. The outcome of this 
activity will be a validated biofilm reactor configuration and optimized operating parameters and harvesting strategies 
for integration with downstream CMAP processing. 

Activity Milestones:  
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Description Approximate 
Completion Date 

Complete screening of microalgae and identify candidate strains or mixed communities under 
conditioned water chemistry. 

December 31, 2028 

Establish attached-growth biofilm reactors and demonstrate stable biofilm formation continuously 
under representative loading conditions 

June 30, 2029 

Quantify metal polishing performance, biomass productivity, and metal accumulation in harvested 
biomass at bench scale 

December 31, 2029 

Validate optimized biofilm reactor configuration and harvesting strategy for integration with 
downstream CMAP processing 

March 31, 2030 

 

Activity 3: CMAP Processing and Metal Recovery from Biochar–Algae Solids 
Activity Budget: $90,000 

Activity Description:  
This activity will convert metal-bearing biochar and harvested algae biomass into stable, concentrated solids suitable for 
downstream metal recovery. Following Activities 1 and 2, accumulated solids will contain dilute metals distributed 
across wet biomass and sorbent materials, creating challenges for handling, storage, and recovery. Continuous 
microwave-assisted pyrolysis (CMAP) will be used to thermochemically process these materials, providing rapid 
volumetric heating that reduces moisture and organic content while stabilizing carbon structure and concentrating 
metals into a smaller solid fraction. Processing conditions will be optimized to evaluate mass reduction, carbon 
stabilization, and metal enrichment efficiency. The resulting solids will be characterized for metal distribution, phase 
composition, and leachability to assess stability and recovery potential. Preliminary hydrometallurgical extraction tests 
will then be conducted to evaluate recovery of target metals (Cu, Ni, Co) and trace critical minerals, including rare earth 
elements (REEs). This activity will establish technical feasibility for coupling biological treatment with thermochemical 
concentration and provide design guidance for integrating CMAP-based solids management into future mine water 
treatment systems. 

Activity Milestones:  

Description Approximate 
Completion Date 

Optimize CMAP conditions to achieve significant mass reduction and measurable enrichment of target 
metals 

December 31, 2029 

Characterize processed solids for metal distribution, phase composition, and leachability to confirm 
stabilization and recoverability 

March 31, 2030 

Complete preliminary hydrometallurgical extraction tests and deliver technical feasibility dataset for 
scaled-up system design guidance 

June 30, 2030 
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Project Partners and Collaborators 
Name Organization Role Receiving 

Funds 
Roger Ruan UMN Co-PI Yes 

 

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 with Minnesota DNR, MPCA, researchers, industry stakeholders, and the public to support 
improved management of mine-influenced water in Minnesota. Technical results will be disseminated through peer-
reviewed journal publications, conference presentations (e.g., American Institute of Chemical Engineers, International 
Mine Water Association), and open seminars at the University of Minnesota. Data on biochar properties, algae 
performance, and metal recovery will be documented and made available through project reports. Engagement with 
Minnesota stakeholders will include attending workshops or webinars with state agencies (e.g., Minnesota DNR), mining 
industry representatives, and water treatment companies to discuss practical applications of the integrated biochar–
algae–CMAP treatment system. Samples of engineered biochar and processed solids may be shared with collaborators 
for validation testing. Public outreach will include project summaries, Center for Biorefining website updates, and social 
media posts to communicate progress and environmental benefits to Minnesota residents. All publications, 
presentations, websites, signage, and outreach materials will acknowledge support using the ENRTF logo or attribution 
language, including: “Funding for this project was provided by the Minnesota Environment and Natural Resources Trust 
Fund as recommended by the Legislative-Citizen Commission on Minnesota Resources (LCCMR).” 

 

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 results will be implemented through design guidelines, performance data, and treatment configurations that can 
be integrated into existing mine water management systems or future pilot demonstrations. Findings will be shared with 
regulatory agencies, mining stakeholders, and researchers to support evaluation of biological polishing as a 
complementary treatment approach. After project completion, additional optimization or scale-up testing will be 
pursued through partnerships with industry and through external funding opportunities, including federal programs and 
industry-supported research. Long-term implementation would be supported by mine operators as part of ongoing 
water treatment and environmental compliance efforts. 

Project Manager and Organization Qualifications 
Project Manager Name: Min Addy 

Job Title: Research Associate Professor 

Provide description of the project manager’s qualifications to manage the proposed project.  
Dr. Addy is a Research Associate Professor in the Bioproducts and Biosystems Engineering Department at the University 
of Minnesota. She has over 20 years of research experience in waste reduction, biomass-to-biofuel conversion, and 
renewable energy. Her research focuses on microwave-assisted pyrolysis for converting woody biomass, plastics, and 
other waste materials into high-value fuels and chemicals. She has also worked extensively on gasification and pyrolysis 
of waste, microalgae cultivation for wastewater treatment and biofuel production, and anaerobic digestion for animal 
manure treatment and biogas generation. In addition to her work in waste conversion and biofuels, Dr. Addy has 



6 

expertise in air quality control, particularly in the use of non-thermal plasma and microwave technologies for nitrogen 
fixation and air disinfection. Her research also extends to food safety, where she has explored the application of intense 
pulsed light to inactivate harmful bacteria and other pathogens in various food products, including non-fat dry milk, 
wheat flour, and almonds. 
 
Dr. Addy has published over 100 peer-reviewed journal articles and four book chapters. She has also taught Renewable 
Energy Technologies and Food Process Engineering for more than 10 years. She has extensive knowledge of advanced air 
purification techniques involving plasma and microwave technologies, as well as innovative methods for repurposing 
decommissioned wind turbine components through chemical processes. She has successfully led multidisciplinary 
research projects and mentoring multiple students. With extensive project management experience, she has 
coordinated research teams, overseen experimental design, and ensured the successful execution of proposed projects. 

Organization: U of MN - College of Food, Agricultural and Natural Resource Sciences 

Organization Description:  
The Center for Biorefining is a University of Minnesota research center affiliated with the College of Food, Agricultural 
and Natural Sciences and helps coordinate the University efforts and resources to conduct exploratory fundamental and 
applied research and provide education on science and technology for environment protection and circular economy; 
stimulate collaboration among the University researchers, other public sector investigators, and private investigators 
involved in biobased production technology development; promote technology transfer to industries; and foster 
economic development in rural areas. The Center’s research programs are founded by DOE, USDA, DOT, DOD, LCCMR, 
IREE, Xcel Energy, and other federal and state agencies, NGOs, and private companies. The Center is equipped with state 
of the arts analytical instruments, and processing facilities ranging from bench to pilot scale. 
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Budget Summary 
Category / Name Subcategory 

or Type 
Description Purpose Gen. 

Ineli 
gible 

% 
Bene 
fits 

# 
FTE 

Class 
ified 
Staff? 

$ Amount 

Personnel         
Professor/Faculty  PI - contract faculty (funding dependent) - Leads 

project integration and experimental design for 
the mine-water treatment train. Responsibilities 
include supervision of biochar conditioning 
experiments, evaluation of algae polishing 
performance, and coordination of treatment 
system design and analysis across project 
activities. 

  36.6% 1.2  $32,222 

Professor/Faculty  Co-PI - 9 month appointment (2 weeks summer 
salary) - Leads development and operation of 
CMAP for engineered biochar production and 
thermochemical processing of harvested biochar–
algae solids. Provides expertise in reactor 
operation and process optimization. 

  36.6% 0.15  $37,533 

Postdoctoral 
Researcher 

 Conducts day-to-day experimental work including 
biochar preparation and characterization, 
continuous-flow treatment experiments, algae 
reactor operation, microwave pyrolysis testing, 
and analytical data generation for metal removal 
and recovery. 

  26.1% 1.5  $124,917 

Graduate 
Research 
Assistant 

 Supports laboratory experimentation and sample 
preparation, including microalgae cultivation, 
water chemistry analysis, reactor monitoring, and 
preparation of solids for metal characterization. 

  24.2% 0.75  $47,082 

       Sub 
Total 

$241,754 

Contracts and 
Services 

        

       Sub 
Total 

- 

Equipment, 
Tools, and 
Supplies 

        

 Equipment Bench-scale continuous flow treatment columns 
and fittings 

Continuous-flow column systems for 
evaluating biochar conditioning 
performance and hydraulic behavior 

    $4,800 



8 

under representative mine-water 
conditions. 

 Equipment Attached-growth algae biofilm reactor modules Reactor platforms for screening and 
operating attached-growth 
microalgae polishing systems. 

    $4,600 

 Equipment LED lighting panels and control hardware for algae 
reactors 

Controlled illumination for stable 
growth of metal-tolerant algae in 
bench-scale biofilm reactors. 

    $3,400 

 Equipment Microwave-compatible quartz reactor tubes and 
fittings 

Reaction vessels for continuous 
microwave-assisted pyrolysis of 
biochar and harvested biochar–algae 
solids. 

    $4,700 

 Equipment SiC microwave absorbers, sample holders, and 
reactor inserts 

Materials enabling efficient 
microwave heating and controlled 
thermochemical processing. 

    $4,300 

 Equipment Temperature, gas-flow, and pressure monitoring 
components 

Monitoring and control of operating 
conditions during continuous-flow 
treatment and microwave-assisted 
pyrolysis experiments 

    $4,200 

 Tools and 
Supplies 

Biomass feedstocks for engineered biochar 
production, mine-water simulation reagents and 
metal salts, culture media and nutrients for 
microalgae growth, process gases for microwave-
assisted pyrolysis, analytical consumables for 
water and solids characterization, and general 
laboratory consumables 

Required for biochar conditioning, 
algae polishing, and metal recovery 
experiments. 

    $30,746 

       Sub 
Total 

$56,746 

Capital 
Equipment 

        

       Sub 
Total 

- 

Acquisitions and 
Stewardship 

        

       Sub 
Total 

- 

Travel In 
Minnesota 

        

 Miles/ Meals/ 
Lodging 

Estimated travel: 6 field visits to northern 
Minnesota mining regions (e.g., Duluth / Iron 
Range); Approx. 300 miles round-trip per visit; 
Mileage reimbursement: 1,800 miles × 

In-state travel to support mine-water 
sampling and stakeholder 
coordination. 

    $1,500 
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$0.725/mile ≈ $1,305 
 
Additional travel costs: Local travel within Twin 
Cities for coordination meetings and sample 
transport (~200 miles total) ≈ $145; Miscellaneous 
travel expenses (parking, incidentals) ≈ $50 

       Sub 
Total 

$1,500 

Travel Outside 
Minnesota 

        

       Sub 
Total 

- 

Printing and 
Publication 

        

       Sub 
Total 

- 

Other Expenses         
       Sub 

Total 
- 

       Grand 
Total 

$300,000 
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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     
   Non State 

Sub Total 
- 

   Funds 
Total 

- 

 

Total Project Cost: $300,000 

This amount accurately reflects total project cost? 
 Yes 
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Attachments 

Required Attachments 
Visual Component 
File: 69e45ee7-844.pdf 

Alternate Text for Visual Component 
This visual illustrates the proposed treatment train for mine-influenced water. Engineered biochar first conditions 
wastewater and captures metals, followed by attached-growth microalgae polishing that further removes and 
concentrates metals into biomass. The collected biochar–algae solids are processed by continuous microwave-assisted 
pyrolysis (CMAP) to stabilize materials and produce concentrated solids... 

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

Title File 
Letter of Approval to Submit ce551b82-21d.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?  
 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, 

https://lccmrprojectmgmt.leg.mn/media/map/69e45ee7-844.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/ce551b82-21d.pdf
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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: 

 Wendy Moylan, Department Finance and Riana Fletcher, Sponsored Projects Administration 

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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