Response to concerns expressed by MAC members
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June 19, 2008

General comment in the MAC Report:

"Action: Return for revision to clearly demonstrate interdependence and coordination of activities across states, and not merely a listing of activities by state.  Objectives 9, 10 and 11 also need more specifics on the methodology."

Response

The issues of interdependence and coordination are addressed below under topic 3.
Specifics on the methodology for objectives 9, 10, and 11:

Objective 9. To continue our efforts to use CFD techniques to evaluate greenhouse natural ventilation systems. 

AZ has considerable expertise in this area and will continue to use Computational Fluid Dynamics (CFD) techniques to evaluate whole greenhouse ventilation rates as well as ventilation rates in selected plant canopy zones. This approach will enable us to analyze the effect of various ventilation designs and cropping configurations especially in the canopy zone. Simulating the presence of plants in greenhouses using the porous media approach as well as the use of comprehensive solar radiation models for the CFD analysis of natural ventilation are relatively novel approaches that will be further studied. Simulations and experiments to validate CFD models that combine natural ventilation and fog cooling will be performed. AZ will also have a very active role in co-chairing the establishment of a new working group on “Computational Fluid Dynamics use in Controlled Environment Agriculture Systems” of the International Society for Horticultural Sciences. NJ has experience using CFD techniques to simulate heat dissipation in greenhouse floor heating systems. NJ will contribute to the efforts proposed by AZ.      

Objective 10. Continue efforts to improve the efficiency and effectiveness of greenhouse fog cooling systems. 

The goal of this work will be to develop and validate high-performance control strategies (using neural networks) for fogging systems that will enable or improve year-round cultivation in naturally ventilated greenhouses equipped with fog cooling systems. Sap flow measurements will be made to fine-tune the selected transpiration models that will be used in the control strategy. The dynamic responses of plants to fog cooling (transpiration, leaf temperature, stomatal conductance, etc.), the effect of fogging on plant microclimate, plant status, yield and quality will be determined. The result will be improved control strategies for fog cooling systems used in greenhouses. AZ and NJ will each conduct research in this area, share information and provide recommendations to the greenhouse industry. 

Objective 11. Improve control strategies as an alternative to existing vent control systems. 

This effort aims to develop a control strategy for the inlet control in a natural ventilation system based on the concept of the neutral pressure plane for naturally ventilated greenhouses. The approach aims to facilitate faster calculations and to establish a real-time control strategy for natural ventilation systems. However, this approach has not been used in real-life greenhouse settings because of the need for accurate pressure coefficient data that require careful measurement. We propose to implement this approach in real-life greenhouse settings because of the advancements in sensor technology: the pressure sensors are commercially available and are relatively inexpensive. Therefore, real-time measurements can be made to determine actual pressure coefficients for use in model simulations, and improved control strategies can be developed as alternatives to existing vent control systems (e.g., LaFrance, 2006; LaFrance and Brugger, 2006). Other alternatives will also be evaluated such as the use of wind direction, wind speed and outside air temperature measurements to estimate the magnitude of localized pressure coefficients. In support of this effort, the use of neural network (NN) and neuro-fuzzy (NF) models and control systems will also be evaluated. For mechanical ventilation systems, NY has developed a system of using pressure differences between the inside and outside of the greenhouse environment to control the speed of the air entering the greenhouse by adjusting the position of the ventilation window. NY's experience will support the efforts described under this objective.
Additional comments from the MAC members:

1.  Why does the project not have an economist to assess the cost effectiveness of the technology that has been developed over the years?

Response

We do have an economist as an active project member: Dr. Robin Brumfield at Rutgers University. She has identified Topics 1, 2 and 5 as particularly suited for economic evaluations:

Topic 1. a) Cost comparisons between bio-fuels and fossil fuels (fuel oil, natural gas, and propane) will be performed. These comparisons will include the different system and operational costs. b) The proposed development of a decision support system for alternative fuel heating systems will include an economic analysis.
Topic 2. The costs of nutrient delivery systems will be analyzed and compared to costs of waste water treatment systems. Such an analysis will include the costs related to:

· Converting from simple irrigation control to automated irrigation systems

· Larger storage container(s)

· Managing system to avoid leaks

· Added disease control

· Nutrient settling and aeration

· Installation and maintenance

· Changes in crop quality

· Additional management costs
Topic 5. The costs of fan-forced and natural ventilation systems will be analyzed and compared. Such an analysis will include (but is not limited to):

· The reduced cost of lower energy consumption, lower operating costs, and lower maintenance costs

· The returns resulting from higher crop yields and higher quality plants because of reduced heat and disease stress

Proposed Outputs

· Feasibility study of various energy conservation measures and alternative energy sources.

· Feasibility study on the costs and returns of improved nutrient delivery systems.

· Feasibility study on using natural ventilation systems.

Proposed Outcomes

Commercial growers will have economic data on which to base decisions regarding:
· Switching to various energy conservation measures and alternative energy sources.

· Adopting improved nutrient deliver systems.

· Using natural ventilation systems.

Proposed Milestones

· 2011 – Report on feasibility of using natural ventilation systems.

· 2012 – Report on feasibility of various energy conservation measures and alternative energy sources.

· 2013 – Report on feasibility of the costs and returns of improved nutrient delivery systems.
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2.  Is the technology transferable?  The outreach plan should be more specific, and get Extension more involved in its development.  Perhaps use technology such as eXtension's Communities of Practice where basic and applied research come up with deliverables that can be measured.

Response

Our committee has a long history of transferring technology to the commercial greenhouse industry. For example, the air-inflated double-layer polyethylene greenhouse covering system (now an ASABE Historic Landmark), greenhouse energy curtains, greenhouse floor heating, seedling transplanting mechanism, hydroponic production systems, and supplemental light control to a daily light integral. All these developments are currently used across the industry. 

The several committee members have (partial) Extension appointments and are well-aware of the issues facing the greenhouse industry and have excellent opportunities to inform the industry of the discoveries made through the research proposed. We will use the following methods for communicating results: Extension meetings, workshops, publications including news letters, fact sheets, bulletins, conference proceedings and journal articles, web sites, as well as presentations at regional and national meetings. The Extension community already implemented a system of identifying deliverables and measuring impacts (Extension Evaluation and Outcome Reporting), and that system will also be used to evaluate the value of the activities proposed under the various objectives.
We are aware of eXtension's Communities of Practice, but have not investigated its particular value to the research efforts described in this proposal. If it turns out there are significant advantages, we will certainly investigate how best to incorporate this opportunity in the work proposed.
3.  It may be useful to have a summary under each objective explaining how the activities of the individual states will come together, and not just a listing of each state's activities.  Interdependence should be clearly demonstrated.

Response

Interdependence and coordination:
Objective 1. Evaluate biomass derived fuels for greenhouse heating.

NE will be the lead station. NJ will provide information pertaining to switchgrass and landfill gas. PA will provide information pertaining to shelled corn. Historic information is available in several publications (co)authored by John Bartok (CT) and a greenhouse energy web site maintained by MI (http://www.hrt.msu.edu/Energy/Notebook.htm). NE will determine the combustible energy contents of various biofuels (supplied by various stations) using the ASTM bomb calorimetry test, and contribute to improvements to burner efficiency through sensors and controls. In addition, NE will maintain a web site on use and availability of biofuels for greenhouse heating, along with webinars on this topic.
Objective 2. Develop decision support systems for alternative fuel heating systems.
NJ will be the lead station. PA will provide information pertaining to waste plastic as an alternative fuel source. CT will provide information about wood as an alternative fuel source. NE will assist in the decision support system development.
Objective 3. Develop protocols for irrigation that maximize water use efficiency while maintaining crop growth and quality.

CT will be the lead station. GA will provide information pertaining to the use and effectiveness of volumetric water content (VWC) sensors. ME will provide information pertaining to the use of VWC sensors in automated irrigation systems, and depends on work done in GA. OH will provide information pertaining to single nutrient dosing systems, as well as non-contact plant water status monitoring techniques.
Objective 4. Develop irrigation protocols and filtration or sterilization methods for nutrient solution recirculation that minimize the effects of pathogens or toxic metabolites.

CT will be the lead station. NY will provide information pertaining to root exudates. OH will provide information pertaining to the dissolved oxygen concentration of the nutrient solution. NJ will provide information pertaining to its experiences with a recirculating ebb and flood floor irrigation system.
Objective 5. Improve volumetric water content sensor efficacy.

ME will be the lead station and will work closely with GA. OH will provide information pertaining to its experience with different volumetric water content sensors.
Objective 6. Improve sensor control of the greenhouse aerial environment (light, carbon dioxide, temperature, and moisture).

NY will be the lead station. AZ and NJ will provide information pertaining to greenhouse cooling. NE will provide information pertaining to greenhouse moisture control through the evaluation of non-contact infrared temperature sensors to monitor dew point temperatures on interior surfaces of the glazing, floor, and plant canopy. 
Objective 7. Develop greenhouse design and management protocols to maintain high nutrition values of vegetable crops grown under various environments.

AZ will be the lead station. CT will provide information pertaining to the changes in nutrient solution composition during continuous recirculation. In addition, CT will provide information pertaining to seasonal, environmental, and nutrient solution composition effects on plant metabolites.
Objective 8. Develop greenhouse design and management protocols to maximize production of beneficial compounds such as phytochemicals and biopharmaceuticals.

NY will be the lead station. NJ and AZ will provide information pertaining to their efforts to improve the quantity of antioxidants in fruits and vegetables. 
Objective 9. To continue our efforts to use CFD techniques to evaluate greenhouse natural ventilation systems.

AZ will be the lead station. NJ will provide information pertaining to its experience with CFD techniques for greenhouse floor heating.
Objective 10. Continue efforts to improve the efficiency and effectiveness of greenhouse fog cooling systems.

AZ will be the lead station. NJ will provide information pertaining to fog cooling systems for orchid production.
Objective 11. Improve control strategies as an alternative to existing vent control systems.

AZ will be the lead station. NY will provide information pertaining to its efforts using pressure differences to control ventilation inlet openings.
