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Environment and Natural Resources Trust Fund 
2027 Request for Proposal 

General Information 
Proposal ID: 2027-473 

Proposal Title: Pulse of the Plant: Smart Greenhouse Lighting Control 

 

Project Manager Information 
Name: Nathan Eylands 

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

Office Telephone: (406) 579-0553 

Email: neylands@umn.edu 

 

Project Basic Information 
Project Summary: We will use autonomous plant-feedback sensors to optimize greenhouse lighting and heating, 
enabling highly energy-efficient production, land conservation, and climate resilience for Minnesota's year-round food 
producers. 

ENRTF Funds Requested: $816,000 

Proposed Project Completion: June 30, 2030 

LCCMR Funding Category: Resiliency (A) 

 

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 agricultural sector faces escalating threats from climate instability and extreme weather. While 
greenhouses are vital for climate adaptation, they currently face a "resiliency paradox": the structures required to 
protect crops are themselves vulnerable due to extreme energy dependence. In northern climates supplemental lighting 
and heating in greenhouses comprise approximately 80% of variable production costs (Harbick & Albright, 2016), making 
year-round food security susceptible to energy price spikes and grid instability. 
This vulnerability is exacerbated in today’s volatile geopolitical climate. International conflict, tariffs, and potential 
blockages disrupt the global supply chains that Minnesota relies on for fuel and fertilizer, rendering energy-intensive 
food systems a state-level security risk.  
Furthermore, traditional agriculture requires vast acreage, putting pressure on Minnesota’s remaining natural lands. 
This project presents a comprehensive, engineered solution: an autonomous, plant-driven interface driven by plant 
electrophysiology. By monitoring real-time biological stress signals, our system will optimize light and heat, reducing 
energy consumption by 30%. This efficiency will enable high-density, minimal-footprint production that can be sited on 
marginal or urban land, alleviating pressure for land-use conversion of forests and prairies. By optimizing these 
environments, we can protect Minnesota’s natural resources through reduced carbon emissions, land conservation, and 
enhanced local food security. 

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 address the energy and climate vulnerabilities of greenhouse production in Minnesota, we propose the Plant Pilot: an 
engineered Internet of Things (IoT) interface designed to stabilize and scale year-round food production. Where current 
greenhouses rely on static timers and threshold controls, we are seeking funding to build a system that makes lighting 
and heating decisions based on the real-time performance of the crop itself, combined with climate and utility data from 
Minnesota. 
We seek funding to translate this fundamental research into a practical tool. We will validate low-cost plant impedance 
sensors to monitor crop photosynthetic performance, integrating these biological signals with localized weather data 
and Minnesota-specific peak demand utility pricing logic. This ensures energy use is optimized both for plant health and 
economic efficiency. For final validation, we will partner with UMN RSDP to modernize existing Deep Winter 
Greenhouses to create a blueprint for high-density, low-carbon production in northern latitudes like Minnesota. This 
solution enhances local food security, regardless of land arability, while insulating it from both climatic instability and 
global supply chain disruptions. 

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?  

Greenhouses provide superior natural resource protection by eliminating fertilizer runoff into watersheds and 
maximizing food density per acre compared to traditional-field farming. However, high energy demand often 
compromises their economic viability. This biofeedback system addresses this bottleneck by transforming the plant into 
a precision conservation tool that reduces energy grid strain in the state. By slashing supplemental lighting and heating 
costs, we ensure these sustainable systems remain profitable. This approach achieves the state's mission: preserving 
agricultural land, conserving energy resources, and protecting Minnesota’s watersheds from nutrient pollution while 
securing a resilient, local food future. 
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Activities and Milestones 

Activity 1: Correlate photosynthetic performance with electrical measurements 
Activity Budget: $295,020 

Activity Description:  
Establish a predictive relationship between real-time plant electrical signals and photosynthetic performance to define 
the biological parameters for autonomous greenhouse lighting control. 
To address the "resiliency paradox," we must move beyond static timers and identify a biological feedback loop. While 
high-end laboratory equipment, such as Pulse Amplitude Modulation (PAM) fluorometry, can measure light-use 
efficiency, it is too complex and costly for commercial-scale deployment. In this activity, we will use PAM fluorometry as 
a gold-standard reference to calibrate low-cost electrical impedance sensors. 
We will create low-cost real-time monitoring stations where high value greenhouse crops (micro-tomatoes and 
strawberries) serve as both the biological subject and the sensor. By applying varying light and temperature stimuli, we 
will correlate changes in electrical conductivity with actual photosynthetic output. This work will identify the specific 
"electrical fingerprint" of a plant reaching its light saturation point, providing the foundational data required for 
autonomous, energy-efficient control logic. 

Activity Milestones:  

Description Approximate 
Completion Date 

Identify optimum probe position to capture photosynthetic performance of micro-tomatoes September 30, 2027 
Establish the specific combination of electrical signals and environmental variables that predict 
maximum photosynthetic efficiency 

January 31, 2028 

Validate and adapt electrical signal models for strawberry production to ensure multi-crop system 
versatility 

July 31, 2028 

 

Activity 2: Engineering the "Plant Pilot" Autonomous IoT Control Architecture 
Activity Budget: $262,977 

Activity Description:  
Develop an autonomous IoT interface that synchronizes real-time biological feedback with localized weather forecasting 
and grid-pricing logic. 
This activity transitions the project from biological discovery to an engineered solution by establishing a cloud-
connected control framework. While Activity 1 identifies the biological fingerprints of plant stress, Activity 2 builds the 
physical and digital cockpit of the Plant Pilot. We will deploy IoT infrastructure including sensor nodes and weather-
responsive controllers designed to pull real-time weather  forecasts and Minnesota-specific peak power utility 
schedules. 
By the spring of 2029, we will integrate the validated electrophysiological signals directly into the control logic. This rapid 
integration ensures that the Plant Pilot can autonomously steer greenhouse lighting and heating systems based on real-
time metabolic demand rather than static timers. This proactive approach eliminates energy waste across the annual 
production cycle and prepares the system for full-scale deployment in the 2029-2030 winter cycle. 

Activity Milestones:  

Description Approximate 
Completion Date 

Install the integrated IoT hub and localized weather node in the research greenhouse October 31, 2027 
Program the communication bridge to pull and process real-time weather for predictive climate 
management 

December 31, 2027 
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Map Minnesota peak-demand pricing schedules into the controller to trigger autonomous load-
shedding events 

February 28, 2028 

Integrate plant electrical signals lighting control May 31, 2028 
Conduct trials of Plant Pilot autonomous system in research greenhouse May 31, 2029 

 

Activity 3: On-Farm Trials in Coordination with UMN Deep Winter Greenhouse Project 
Activity Budget: $258,003 

Activity Description:  
This activity aims to modernize an existing passive-solar Deep Winter Greenhouse with autonomous controls to 
demonstrate a low-cost, low-carbon model for year-round food production. 
In coordination with the University of Minnesota Regional Sustainable Development Partnerships (RSDP), this activity 
scales the Plant Pilot from controlled research environments to a functional farm setting. We will begin by modernizing 
an existing Deep Winter Greenhouse (DWG) with the Plant Pilot IoT infrastructure. The objective is to enhance the 
traditional passive-solar design by adding precise, plant-driven automation for supplemental lighting. Ongoing research 
(Eylands) funded by MDA has shown significant yield increases are achievable when DWGs incorporate lighting systems.  
The system will operate autonomously, utilizing the plant electrical signals and weather-predictive logic refined in 
Activity 2 to ensure that any added energy is used with maximum efficiency and generates profitable yield benefits. We 
will monitor system reliability, ease of operation for the producer, and total energy savings and incorporate it into a 
public-facing dashboard. This activity serves as the final proof-of-concept, proving that modernizing passive structures 
with biological feedback can provide a low-carbon, cost-effective blueprint for Minnesota’s winter food security. We will 
have a greenhouse field day to showcase functionality to local greenhouse operators. 

Activity Milestones:  

Description Approximate 
Completion Date 

Retrofit existing DWG with IoT sensors, weather nodes, and autonomous control actuators August 31, 2028 
Integrate the Plant Pilot control system July 31, 2029 
Quantify energy savings and crop yield of retrofit system with passive DWG and public dashboard April 30, 2030 
Greenhouse Field Day: dissemination event showing a working prototype in a commercial DWG setting May 31, 2030 
Publish Plant Pilot Toolkit and host a field day for RSDP stakeholders to demonstrate the June 30, 2030 
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Project Partners and Collaborators 
Name Organization Role Receiving 

Funds 
Bryan Runck University of 

Minnesota 
co-PI Yes 

Rajesh 
Rajamani 

University of 
Minnesota 

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.  
Community & Producer Outreach – A centerpiece of our dissemination effort will be a Greenhouse Field Day hosted in 
collaboration with the University of Minnesota RSDP Extension. This event will take place in a commercial partner Deep 
Winter Greenhouse that will be the host of the project’s on-farm trial. The event will specifically target Minnesota’s 
controlled environment greenhouse network, providing growers with a hands-on demonstration of biofeedback sensors 
(Plant Pilot) in a low-energy production environment. To ensure ongoing transparency and utility, we will develop a 
public-facing energy-saving dashboard integrated directly into the existing UMN Deep Winter Greenhouse webpage. 
This dashboard will provide real-time visualizations of kWh reductions, allowing stakeholders to see the live impact of 
the biofeedback loop. Additionally, we will produce a non-technical manual, the "Plant Pilot Toolkit”, designed as a 
practical toolkit for greenhouse managers to implement these sensors without requiring an engineering background. 
Professional & Academic Exchange – Technical results will be disseminated through high-impact didactic seminars at the 
American Society for Horticultural Science (ASHS) Annual Conference and the NCERA-101 Multi-State Committee on 
Controlled Environment Technology and Use. These venues will allow for rigorous peer review of our bio-logic 
algorithms. The research will be formalized through three or more peer-reviewed publications in journals such as 
HortTechnology or Frontiers in Plant Science. To bridge the gap between academia and the commercial market, we will 
publish a series of articles in high-circulation trade publications, including HortiDaily, Inside Grower, and the Minnesota 
Farm Bureau’s publication Land & Life magazine, ensuring that Minnesota’s innovations in sustainable lighting reach the 
global CEA industry. All materials and presentations will prominently feature the Environment and Natural Resources 
Trust Fund (ENRTF) logo as required. 

 

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?  
The technology will transition to Minnesota greenhouses through open-source algorithm releases and integration into 
the Deep Winter Greenhouse network. We will advocate that biofeedback systems are included in Gov. Tim Walz’ 
Energy Conservation and Optimization Act, providing growers with energy rebates. Long-term stewardship is ensured by 
the University of Minnesota’s commitment to hosting the project’s digital dashboard and manuals. Future funding will 
target USDA-NIFA and DOE grants, using LCCMR data as a foundation for federal expansion. Future proposals will seek to 
expand the biofeedback system’s capabilities by adding additional greenhouse control factors including temperature, 
irrigation, and CO2 dosing control. 

Project Manager and Organization Qualifications 
Project Manager Name: Nathan Eylands 

Job Title: Assistant Professor 
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Provide description of the project manager’s qualifications to manage the proposed project.  
Dr. Nathan Eylands is an Assistant Professor of Controlled Environment Agriculture (CEA) in the Department of 
Horticultural Science at the University of Minnesota. His expertise lies at the critical intersection of plant physiology and 
technology adoption, making him uniquely qualified to lead this LCCMR-funded research into biofeedback-controlled 
greenhouse systems. 
 
Dr. Eylands earned his Ph.D. from Cornell University, where his research focused on the photobiological responses of 
crops to light spectrum and intensity. His academic foundation is rooted in understanding how plants perceive and 
process light signals, knowledge that is fundamental to translating electrophysiological data into automated lighting 
commands. His work frequently utilizes advanced sensors to monitor gas exchange and chlorophyll fluorescence, 
providing him with a sophisticated understanding of the internal clock and stress signals of high-value crops. 
 
Prior to his appointment at UMN, Dr. Eylands gained extensive experience in Resource Optimization and Precision CEA. 
His background in research and commercial production makes him uniquely qualified for this management role. His 
research lab at the University of Minnesota investigates how LED lighting strategies can be manipulated to trigger 
specific crop outcomes. Furthermore, his experience managing commercial hydroponic operations ensures that the 
project’s output is not just theoretical but produces tangible outcomes for Minnesota’s commercial growers. 

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

Organization Description:  
The University of Minnesota’s Department of Horticultural Science is a premier research institution dedicated to 
sustainable food systems. The project will utilize the state-of-the-art Plant Growth Facilities on the St. Paul campus, 
which feature climate-controlled greenhouses and specialized growth chambers for plant science. This infrastructure, 
combined with UMN's history of managing high-impact research projects, provides the technical support and 
administrative oversight necessary for the successful completion of this innovative energy-conservation research. 
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Budget Summary 
Category / 
Name 

Subcategory 
or Type 

Description Purpose Gen. 
Ineli 
gible 

% 
Bene 
fits 

# 
FTE 

Class 
ified 
Staff? 

$ Amount 

Personnel         
Lead PI 
(Eylands) 

 Project management, experimental design, student 
advising and supervision, data analysis 

  36.6% 0.24  $43,567 

HORT 
Research 
Assistant (2) 

 Horticulture graduate student: carry out horticulture 
research design, collect and analyze data. PhD 
student, Mr. Christopher Nieters) will begin work in 
project Y1 before transitioning to another graduate 
student in project Y2-3. Fringe benefits include 
tuition and health care. 

  24.2% 1.5  $160,757 

HORT 
Laboratory 
Technician 

 Horticulture research support: ordering materials, aid 
in experimental setup, equipment calibration, 
inventory management 

  32.3% 0.3  $28,277 

co-PI 
(Rajamani) 

 Experimental design, student advising   36.6% 0.12  $50,369 

ME 
Research 
Assistant 

 Mechanical Engineering graduate student: carry out 
engineering experimental design, collect and analyze 
data. Includes health and tuition benefits. 

  24.2% 1.5  $199,480 

co-PI 
(Runck) 

 Experimental design, student advising, oversee 
system integration, build out databases and 
dashboards 

  36.6% 0.03  $5,732 

RSDP 
Grower 
Liaison 

 Connect and manage RSDP grower network for on-
farm trials and field day 

  32.3% 0.05  $4,666 

GEMS Staff 
Engineer 

 Oversee systems integration and build the full stack 
application, integrate software and hardware 
systems 

  32.3% 1.38  $177,215 

GEMS Staff 
Field 
Operation 
Manager 

 Support student deployment of sensing devices   32.3% 0.2  $22,491 

       Sub 
Total 

$692,554 

Contracts 
and Services 

        

       Sub 
Total 

- 
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Equipment, 
Tools, and 
Supplies 

        

 Tools and 
Supplies 

Fertilizer Plant nutrition for plant growth 
experiments 

    $290 

 Tools and 
Supplies 

Seed Plant seed for plant growth 
experiments 

    $800 

 Tools and 
Supplies 

Substrate Hydroponic plant growth substrate for 
plant growth experiments 

    $890 

 Tools and 
Supplies 

Chemicals Sulfuric acid and potassium hydroxide 
(pH buffers) 

    $200 

 Tools and 
Supplies 

Microprocessors (6) Serve as the "brains" of the control 
system 

    $1,500 

 Tools and 
Supplies 

Motors and mechanical supplies for shade control (6) Key actuation systems for lighting 
control 

    $3,000 

 Tools and 
Supplies 

Printed circuit boards and electronic accessories (12) Needed for interfacing between 
sensors, instrumentation, and 
microprocessors 

    $1,500 

 Equipment Sensing nodes (10) Sensor nodes complete with sensors 
for soil moisture, temperature, 
humidity, and barometric pressure to 
be used as communication devices and 
data loggers. 

    $49,150 

       Sub 
Total 

$57,330 

Capital 
Equipment 

        

  Electrical impedance device (1) To monitor electrical impedance 
signals within living plant tissue. 

X    $10,000 

       Sub 
Total 

$10,000 

Acquisitions 
and 
Stewardship 

        

       Sub 
Total 

- 

Travel In 
Minnesota 

        

 Miles/ Meals/ 
Lodging 

Funds will cover: 200 miles round-trip (200 x 
$0.70/mile = $140), per diem ($110 x 2 days = $220), 
and lodging ($150/night). A total of 6 trips will be 
taken by 1 person [($140+220+150)x6 = $3,060) 

During Y3 of the project, researchers 
will need to make multiple overnight 
travel excursions to deploy and 
maintain the Plant Pilot hardware in a 

    $3,060 
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commercial Deep Winter Greenhouse 
to fulfill Activity 3 objectives. 

 Miles/ Meals/ 
Lodging 

Mileage for 7 trips (1,379 total miles x $0.725/mile) Travel for RSDP Grower Liaison 
(mileage only) to visit and 
communicate regularly with DWG 
commercial grower. 

    $1,000 

       Sub 
Total 

$4,060 

Travel 
Outside 
Minnesota 

        

       Sub 
Total 

- 

Printing and 
Publication 

        

 Publication Publication of 3 peer-reviewed manuscripts, average 
cost $2,500 

As part of successful completion of the 
project's Dissemination Plan, open-
access peer-review publications will be 
written. 

    $7,500 

       Sub 
Total 

$7,500 

Other 
Expenses 

        

  Greenhouse and growth chamber rental Plant growth experiments will be 
conducted in greenhouses and growth 
chambers owned by the Minnesota 
Agricultural Experiment Station. These 
spaces are rented by the researchers. 
Funds will cover 3 years of one 
greenhouse space (200 square feet) at 
a rate of $0.0419 per square foot per 
day ($9,176) and one reach-in growth 
chamber (8 square feet) at a rate of 
$0.50 per day ($4,380). 

    $13,556 

  Computer/Storage Subscriptions Google Cloud Platform or a comparable 
cloud provider will be used with the 
Minnesota Supercomputing Institute 
resources for data hosting, processing, 
and integration. This includes using 
GEMS Sensing services, a mature IoT 
platform based out of the University of 
Minnesota. 

    $30,000 
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  Greenhouse Field Day Expenses Provide commercial DWG grower with 
a stipend for their time and efforts 
($500) and provide food and 
refreshments ($500) for participants; 
location may not have food and 
hydration options and length of 
programming will be over a mealtime. 
Expected participation: approximately 
25, accounting for $20/participant. 

    $1,000 

       Sub 
Total 

$44,556 

       Grand 
Total 

$816,000 
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Classified Staff or Generally Ineligible Expenses 
Category/Name Subcategory or 

Type 
Description Justification Ineligible Expense or Classified Staff Request 

Capital Equipment  Electrical impedance device (1) While the UMN Controlled Environment Agriculture Eylands (CEA) lab currently possesses 
one electrical impedance device, the acquisition of a second unit is scientifically 
mandatory for the successful completion of this project for the following reasons: 1) to 
provide statistically significant data, we must run a treatment group (biofeedback-
controlled) and a control group (standard-timed) concurrently and 2) validating a 
biofeedback loop requires a sufficient sample size. One device limits us to monitoring a 
single representative plant. A second device allows for simultaneous multi-plant data 
logging, ensuring the Bio-Logic algorithm is responding to a consistent biological trend 
rather than a single outlier plant's signal. 
Additional Explanation : As outlined in the Project Narrative, the Pulse of the Plant 
program is designed as a long-term research trajectory. Following this initial LCCMR 
proposal, this equipment will be used to expand the capabilities of the algorithm to 
include additional environmental factor control (i.e., temp, irrigation, CO2) in 
greenhouses. Furthermore, we hope to use this device as a didactic tool for UMN 
Extension workshops where we will provide visual demonstrations of the Plant Pilot bio-
logic algorithm. Finally, we intend for this research to acquire additional funding that will 
continue the use of this device (useful lifespan approx. 7-10 years). 
 

  



12 

Non ENRTF Funds 
Category Specific Source Use Status Amount 
State     
   State Sub 

Total 
- 

Non-State     
   Non State 

Sub Total 
- 

   Funds 
Total 

- 

 

Total Project Cost: $816,000 

This amount accurately reflects total project cost? 
 Yes 
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Attachments 

Required Attachments 
Visual Component 
File: 8daf6b6a-8f1.pdf 

Alternate Text for Visual Component 
This visual provides a workflow of the project: tapping into plant electrical signals and extracting local weather, using 
that information to drive greenhouse environmental control decisions, and finally implementing a pilot in on-farm trials 
at a commercial scale deep winter greenhouse.... 

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

Title File 
UMN Office of Sponsored Projects Endorsement c77e5d04-d59.pdf 
Letter of Collaboration - RSDP 3134533a-d05.pdf 
Letter of Support - Wagner's Greenhouses 3dd26496-dc9.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/8daf6b6a-8f1.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/c77e5d04-d59.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/3134533a-d05.pdf
https://lccmrprojectmgmt.leg.mn/media/attachments/3dd26496-dc9.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: 

 Dave La Fave, UMN Horticultural Science; Sue Kilber, UMN Agronomy and Plant Genetics; Sarah Hulke, UMN 
Office of Sponsored Projects 

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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