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Environment and Natural Resources Trust Fund 
2027 Request for Proposal 

General Information 
Proposal ID: 2027-215 

Proposal Title: Maximizing Solar Output Under Harsh Minnesotan Weather 

 

Project Manager Information 
Name: Ratul Das 

Organization: U of MN - College of Science and Engineering 

Office Telephone: (303) 523-1129 

Email: ratuldas@umn.edu 

 

Project Basic Information 
Project Summary: This project will develop and verify a novel multi-input power electronic converter optimized for solar 
energy harvesting considering Minnesota’s irradiance, temperature, wind, and snow profiles. 

ENRTF Funds Requested: $534,000 

Proposed Project Completion: June 30, 2030 

LCCMR Funding Category: Energy (E) 

 

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

As Minnesota pursues its ambitious mandate to be Carbon Neutral by 2040, the optimization of solar electricity 
generation remains a critical technical priority. A primary impediment to system efficiency is Partial Shading, a condition 
exacerbated by the state’s unique environmental profile. Beyond physical obstructions and the complex shadows 
inherent in emerging agri-voltaic systems—where livestock and crop farming co-exist with energy production—
Minnesota’s extreme climatic variability introduces significant operational challenges. Heavy snowfall, high wind 
velocities, and radical temperature fluctuations emulate the behavior of partial shading, often triggering system-wide 
bypasses that drastically reduce total power output. 
The current engineering paradox trades off between energy yield and capital expenditure. While operating solar panels 
individually maximizes potential output, the traditional implementation requires large investments in auxiliary electrical 
circuits, extensive copper wiring, and specialized printed circuit board assemblies. This hardware-heavy approach 
creates a financial bottleneck for both residential and utility-scale deployments. To meet our state's clean energy 
milestones, there is an urgent need for innovative, cost-effective alternatives to current shading-mitigation strategies. 
This proposal seeks to bridge that gap, developing resilient solar architectures that withstand Minnesota’s rigorous 
weather conditions while maintaining economic scalability. 

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. 

To achieve peak energy extraction, solar arrays utilize Maximum Power Point Tracking (MPPT) algorithms via power 
electronic converters. However, traditional system designs—which interface a single large converter with a series-
connected array—suffer from significant inefficiencies. In traditional way, low-output panels are frequently bypassed, 
leading to substantial energy loss. Furthermore, the reliance on a single, heavy-duty converter necessitates large, 
expensive components that escalate initial capital costs. While decentralized architectures (employing one converter per 
panel) can mitigate bypass losses, they introduce a large implementation cost due to high component counts. 
This proposal introduces a transformative middle ground through a novel multi-input power converter circuit. This 
innovative design interfaces with multiple panels simultaneously, performing independent MPPT on each to eliminate 
the bypass problem without the overhead of decentralized hardware. By engineering the converter to deliver a higher 
output voltage than the input panels, the system operates at a lower current for the same power generation. This 
voltage elevation is critical for large-scale deployments; it significantly reduces copper wiring requirements and 
associated resistive losses across series connections. Our solution optimizes the balance between high-performance 
energy harvesting and cost efficiency, providing a scalable pathway for next-generation solar infrastructure for 
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 enhances Minnesota’s natural resources by maximizing solar yields considering the state’s cold-weather, 
snowy and extreme conditions. By utilizing a novel multi-input power converter, the system eliminates energy-draining 
panel bypasses caused by partial shading and extreme weather. This optimization facilitates successful agri-voltaics, 
ensuring the efficient coexistence of farming and energy production. Consequently, increased solar output reduces fossil 
fuel dependency and atmospheric pollutants. Furthermore, the streamlined design reduces component counts and 
copper wiring, minimizing long-term electrical waste and supporting Minnesota’s Carbon Neutral 2040 mandate through 
sustainable material conservation. 
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Activities and Milestones 

Activity 1: Characterize Solar Irradiation and Partial Shading for Converter Design and Simulation 
Activity Budget: $59,000 

Activity Description:  
This activity will develop a comprehensive dataset on solar irradiation and partial shading across Minnesota’s landscape 
to accurately define the operating conditions, design requirements, and simulation scenarios for the proposed 
multi‑input converter. Key parameters—including solar resource profiles, characteristics of residential and industrial PV 
installations, temperature variations, and wind and snow loading—will be compiled from Minnesota Department of 
Commerce Solar Energy Data, the NREL National Solar Radiation Database (NSRDB), peer‑reviewed literature, and 
reports from industry and utility partners. Candidate deployment sites will be selected based on irradiation levels, 
environmental impact, proximity to existing electrical infrastructure, and community acceptance to ensure strong 
relevance for demonstrating partial‑shading mitigation and grid integration. In parallel, critical solar module design 
parameters—such as optimized cell count, open‑circuit voltage, short‑circuit current, and internal resistance—will be 
determined to guide array configuration. The influence of partial shading in agri‑voltaic systems and the impact of 
snowfall on system performance will also be quantified. Collectively, these datasets will establish the design 
specifications and operating envelope for the proposed converter. 

Activity Milestones:  

Description Approximate 
Completion Date 

Compile and review solar and partial shading datasets September 30, 2027 
Select and document candidate deployment sites December 31, 2027 
Determine and finalize solar module design parameters March 31, 2028 

 

Activity 2: Develop a Hardware Twin System to Emulate Solar Panels under Minnesota Operating 
Conditions 
Activity Budget: $150,000 

Activity Description:  
This activity will develop a hardware twin system that accurately emulates the electrical and operational behavior of 
solar panels under both nominal and partial shading conditions representative of Minnesota’s climate and landscape. In 
a controlled laboratory environment, an emulation platform will be constructed using off‑the‑shelf power supplies and a 
compact set of supporting electronics to reproduce PV module behavior over a wide range of solar irradiance, 
temperature, wind, and snow conditions. The system will also capture performance degradation caused by surface 
debris and nonuniform shading patterns cast on or across the panels. The resulting emulated environment will be 
essential for rigorously testing and validating the proposed energy‑harvesting converter and control algorithms under 
diverse operating scenarios, including fault conditions that can induce partial shading. 

Activity Milestones:  

Description Approximate 
Completion Date 

Develop algorithms and control for solar emulation December 31, 2027 
Design and build solar emulation hardware June 30, 2028 
Commission and utilize emulator-based PV test facilities December 31, 2028 
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Activity 3: Develop Hardware Prototypes of Multi Input Converters 
Activity Budget: $215,000 

Activity Description:  
This activity will realize the proposed multi input converter through a sequence of iterative hardware prototypes. The 
development plan comprises at least three major design iterations to progressively refine and optimize the converter 
architecture. The work will begin with a two input converter interfacing with two solar panels. In the second iteration, 
the design will be expanded to a three input, six level topology capable of delivering a substantially higher output 
voltage. The final iteration will implement a six input, six level converter, significantly increasing the system’s power 
handling, modularity, and grid integration capability. At each stage, both the number of inputs and the usable output 
voltage range will be increased, enabling systematic assessment of scalability, control complexity, efficiency, and 
reliability. This stepwise approach will capture lessons learned, correct design deficiencies, and enhance overall 
robustness. Each prototype will be rigorously validated using the solar emulation hardware developed in Activity 2 to 
ensure dependable performance under representative Minnesota field conditions. 

Activity Milestones:  

Description Approximate 
Completion Date 

Design and demonstration of two input converter prototype June 30, 2028 
Design and demonstration of three input, six level prototype April 30, 2029 
Design and demonstration of six input, six level converter and scalable extensions April 30, 2030 

 

Activity 4: System Optimization, Techno Economic Assessment, and Knowledge Dissemination 
Activity Budget: $110,000 

Activity Description:  
The final activity will integrate results from all previous tasks to demonstrate the full capability of the proposed 
converter and its impact on solar energy harvesting across Minnesota. A comprehensive techno economic assessment 
will quantify capital costs, operation and maintenance expenses, expected energy yield, and associated environmental 
benefits, providing policymakers and utility planners with clear, data driven inputs for decision making. Targeted 
dissemination efforts—including technical reports, policy briefs, peer reviewed publications, workshops, and community 
engagement events—will communicate project outcomes to utilities, regulators, and local stakeholders. This 
coordinated knowledge transfer strategy will support informed decisions on the adoption, replication, and large scale 
deployment of the proposed renewable energy technology. 

Activity Milestones:  

Description Approximate 
Completion Date 

Combined system performance optimization September 30, 2029 
Comprehensive economic analysis December 31, 2029 
Dissemination of project outcomes June 30, 2030 
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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.  
Poject outcomes will be disseminated according to the plan mentioned in Activity 4. A comprehensive techno economic 
assessment will quantify capital costs, operation and maintenance expenses, expected energy yield, and associated 
environmental benefits, providing policymakers and utility planners with clear, data driven inputs for decision making. 
Targeted dissemination efforts—including technical reports, policy briefs, peer reviewed publications, workshops, and 
community engagement events—will communicate project outcomes to utilities, regulators, and local stakeholders. This 
coordinated knowledge transfer strategy will support informed decisions on the adoption, replication, and large scale 
deployment of the proposed renewable energy technology. All publications will acknowledge  Minnesota Environment 
and Natural Resources Trust Fund. 

 

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 outcomes will be disseminated through high-impact scientific publications and conference presentations tailored 
for policymakers and government officials. Following rigorous simulation and laboratory verification of the proposed 
multi-input circuit, the concept will undergo field testing across Minnesota’s seasonal extremes. To transition from 
research to large-scale deployment, we will engage industry collaborators, government agencies, and community 
stakeholders. Future phases will be supported by renewable energy initiatives and federal grants. By continuously 
sharing analytical and practical findings, we aim to drive the widespread adoption of this technology, ensuring maximum 
statewide energy resilience. 

Project Manager and Organization Qualifications 
Project Manager Name: Ratul Das 

Job Title: Assistant Professor 

Provide description of the project manager’s qualifications to manage the proposed project.  
Ratul Das is an Assistant Professor in the department of ECE of the University of Minnesota Twin Cities (UMN TC). He 
received his Ph.D. degree from the University of California San Diego in 2022. He was an IC Design and Test Engineer at 
Efficient Power Conversion Corporation (EPC) before joining the University of Minnesota in 2025. Previously, he was 
affiliated with the Colorado Power Electronics Center at the University of Colorado Boulder from 2017 to 2019. Dr. Das 
was the recipient of a Gold Outstanding Graduate Student Researcher Award 2019 from the University of Colorado 
Boulder, a best paper award from IEEE COMPEL 2019, second prize award of student demonstration at IEEE ECCE 2029 
and an outstanding presentation award from IEEE APEC 2023. 
He is a seasoned engineer with experiences from both industry and academia. He was one of the pioneers of recent data 
center power delivery thrusts. He has also experience in designing integrated circuits using Silicon and Gallium Nitride 
(GaN) process. His team at EPC delivered the world's first commercial monolithic GaN IC. Currently he directs the 
Minnesota Integrated Power Electronics Laboratory (MinniPEL) at the UMN TC. 
His research interests include topologies, control, modeling and integration techniques related to novel converter 
including hybrid switched-capacitor, resonant, soft-switching, and modular and multi-level converters for DC-DC and AC-
DC applications. MinniPEL's recent projects include LED driver, battery charger, RF Plasma Generator and multi-output 
converter for AI processor power delivery. 
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Organization: U of MN - College of Science and Engineering 

Organization Description:  
The project will be carried out in the Department of Electrical and Computer Engineering (ECE) at the University of 
Minnesota, a leading hub for education and research in electrical engineering. The department comprises roughly 50 
faculty members and a substantial professional staff, supporting a vibrant community of more than 250 graduate 
students and postdoctoral researchers who drive its research mission. ECE’s academic programs are consistently 
recognized among the top electrical and computer engineering programs nationally and are widely regarded as the 
premier choice for electrical engineering education in Minnesota. Faculty in the department lead numerous projects 
supported by federal agencies and defense sponsors, reflecting a strong track record in cutting-edge research and 
technology translation. The proposed work will leverage the specialized infrastructure of the Minnesota Integrated 
Power Electronics Laboratory (MinniPEL), which provides advanced capabilities for simulation, prototyping, and 
experimental testing essential to the success of this project. 

  



7 

Budget Summary 
Category / 
Name 

Subcategory 
or Type 

Description Purpose Gen. 
Ineli 
gible 

% 
Bene 
fits 

# 
FTE 

Class 
ified 
Staff? 

$ Amount 

Personnel         
Principal 
Investigator 

 To provide for overall scientific leadership and 
project management and supervise and mentor 
the student researchers supported on this project. 

  36.6% 0.24  $63,203 

Graduate 
Research 
Assistants (2) 

 Two GRAs responsible to perform several tasks 
that include carrying out the proposed research, 
writing scientific papers to submit to relevant 
conferences and journals, traveling to scientific 
venues to present his/her research findings. Salary 
is $30.62 per hour, fringe benefits include health 
insurance for the full 12 months and tuition 
reimbursement benefits for the nine month 
academic year only.  Fringe is calculated 24.2% of 
salary, plus tuition reimbursement of $24 per hour 
worked (academic year = 780 hrs; summer = 260 
hrs.). The 43.36% benefits rate is the combined 
total of separate direct costs; the fringe benefit 
rate and the tuition reimbursement rate. 

  43.36% 3  $378,823 

Undergraduate 
Student 

 To support the PI and GRAs in conducting the 
proposed research 

  0% 1.5  $39,418 

       Sub 
Total 

$481,444 

Contracts and 
Services 

        

       Sub 
Total 

- 

Equipment, 
Tools, and 
Supplies 

        

 Tools and 
Supplies 

Anticipated laboratory supplies include: 
 
●      Electronic Components 
 
●      Designed PCBs 
 
●      Magnetic components 

The projects is about hardware 
demonstration of novel converters. 
This requires prototyped PCB boards 
to test and verify the simulated 
results on hardware. Laboratory 
supplies are asked for this purpose. 

    $35,456 
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●      Micro-controllers 

       Sub 
Total 

$35,456 

Capital 
Equipment 

        

       Sub 
Total 

- 

Acquisitions 
and 
Stewardship 

        

       Sub 
Total 

- 

Travel In 
Minnesota 

        

       Sub 
Total 

- 

Travel Outside 
Minnesota 

        

 Conference 
Registration 
Miles/ Meals/ 
Lodging 

Number of trips: 3; Travelers per trip: 2; Lodging 
per night: 200$; Meal/day: 100$; Airfare: 500$; 
Ground transportation: 100$; Average registration 
cost: 1000$ 

Presentation at top tier peer 
reviewed conferences 

X    $17,100 

       Sub 
Total 

$17,100 

Printing and 
Publication 

        

       Sub 
Total 

- 

Other 
Expenses 

        

       Sub 
Total 

- 

       Grand 
Total 

$534,000 
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Classified Staff or Generally Ineligible Expenses 
Category/Name Subcategory or Type Description Justification Ineligible Expense or Classified Staff Request 
Travel Outside 
Minnesota 

Conference 
Registration 
Miles/Meals/Lodging 

Number of trips: 3; Travelers per 
trip: 2; Lodging per night: 200$; 
Meal/day: 100$; Airfare: 500$; 
Ground transportation: 100$; 
Average registration cost: 1000$ 

We plan to disseminate the results of this project in top tier conferences where there 
are policyholders and decision makers present. The Top tier conference, like APEC and 
ECCE generally held outside of Minnesota. If the results from this project is accepted to 
these conferences which we believe highly probable, we will travel to present the 
results. 
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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: $534,000 

This amount accurately reflects total project cost? 
 Yes 
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Attachments 

Required Attachments 
Visual Component 
File: 01d50478-aa1.pdf 

Alternate Text for Visual Component 
The figure represents the current state of the art and the proposed solution which can maximize the the energy 
extraction in extreme Minnesotan weather... 

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

Title File 
LCCMR SPA LOC 073fead7-118.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, 
treatment, education, training, instruction, or recreation to children")? 
 No 

https://lccmrprojectmgmt.leg.mn/media/map/01d50478-aa1.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/073fead7-118.pdf
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Provide the name(s) and organization(s) of additional individuals assisting in the completion of this proposal: 

 emanston@umn.edu 

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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