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1. Impact Nugget:  The Ohio State University team is continuing our effort in developing  a decision 
support tool to assess the potential of energy can be harvested from a greenhouse to reduce reliance of 
fossil fuel for heating and cooling operations. The USDA-ARS team in Toledo, OH released Virtual 
Grower 2.5 software; over 8,000 copies have been distributed since the original release of the software.  

2. New Facilities and Equipment. CO2 control system was installed in the 6-chamber controlled 
environment facility, modeled after the 10-chamber facility in Utah State University.   

3. Unique Plant Responses.  Silicon alleviated copper toxicity stress in hydroponically grown zinnia 
plants, in part by active regulation of proteins involved in metal uptake and distribution.  Switchgrass, 
miscanthus, and wheat straw can replace up to 20% of peat in soilless media mixes, and miscanthus and 
rice hulls can supply sufficient Si for zinnia to partially tolerate powdery mildew stress. 

4. Accomplishment Summaries.  Virtual Grower software was developed to allow a user to easily build, 
in software, a greenhouse that closely matched their facility so that energy simulations could be run 
conveniently.  Virtual Grower 2.5 was released in 2009, which had plant growth simulation capabilities, 
as well as improved user interface, additional energy curtain options, more descriptions of air infiltration 
(leakage) and heating system efficiency, and real-time weather interface/predictions.  These changes 
allow a user to see the impact that optimizing in one area (heating efficiency) may have on plant growth 
and scheduling.  The software has enabled growers and engineers to more easily obtain energy audit 
information with which owners can seek funding for energy efficiency improvements.  Over 8,000 copies 
of VG have been distributed, primarily through the website www.virtualgrower.net. 

Leading Dutch researchers reported significant benefits of closed greenhouse systems including 
52% heating fuel saving. The success is partly attributed to mild weather and availability of aquifers that 
may not be the case to other geographical regions. Before adopting the energy harvesting concept for 
other regions, local climate condition and specific greenhouse structure must be considered. We are 
continuing our effort in developing a decision support tool to assess the potential of energy that can be 
harvested from user specified greenhouse types and climate conditions. For example, the potential recoverable 
heat of a greenhouse in Wooster, Ohio can contribute up to 21%, 27% and 84% of total heating needs of 
the year, 2006, with 1-day, 2-day and year-round thermal storage capacities, respectively. Although 
improvements of the predictions models are desirable, the data processing framework established for the 
heat recovery strategy evaluation is valuable for the assessment of potential benefits of semi-closed/closed 
greenhouse. 
 
5. Impact Statements.  Virtual Grower software continues to be developed by the USDA-ARS team in 
Toledo, OH.  The software allows a user to design greenhouses and simulate heating and plant growth for 
12 greenhouse crop species.  Users can optimize management strategies to save energy and improve 
scheduling.  The decision support tool under development can be used to specify internal cooling capacity 
requirements for desired greenhouse closure level. Will lead to improved energy efficiency of greenhouse 



production systems in Northern climates. Over 8,000 copies have been distributed, with typical, easy-to-
implement savings of around 20%.  
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