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EXECUTIVE SUMMARY 
 
The Geo-Heat Center conducted an assessment of the use of a geothermal well coupled to a radiant floor 
system for greenhouse heating at the planned expansion of Ward’s Greenhouse, Inc. near Oreana, ID. 
Eventual plans call for construction of a 16-acre state-of-the-art greenhouse facility that will specialize 
mainly in the raising of poinsettias and other potted flowers. The proposed greenhouse design calls for a 
concrete floor with a flood-floor irrigation system and a radiant floor heating system. The main objective 
of this project was to investigate the possibility of “loading” the concrete floor with thermal energy prior 
to the onset of cold weather.  
 
This work has been funded and completed under Midwest Research Institute, National Renewable Energy 
Laboratory (NREL) Task Order No. KLDJ-5-55052-05, “Feasibility Studies for Projects in Utah, 
Nevada, and Idaho”. 
 
Greenhouse Heating Loads and Radiant Floor Heating Performance 
Heating load calculations show that the peak heating requirement for the proposed greenhouse is 76 
Btu/hr/ft2 of floor space during a typical weather year. Use of an isolation heat exchanger between the 
geothermal water and a radiant floor heating system allows flow rates through the radiant floor system to 
be adjusted to keep acceptable temperature drops across the floor (i.e. 10 to 20oF) while extracting an 
optimum amount of heat from the geothermal water. 
 
A computer model was developed to simulate the performance of a concrete radiant floor heating system 
with a flood-floor irrigation system for plants. A computer model allows ease of processing the numerous 
interacting variables that occur simultaneously in radiant floor systems. For this study, it was assumed 
that the geothermal well could sustain a flow rate of 1,500 gpm, producing 140oF water. Model results 
show that the radiant floor system can only handle 55% of the peak load, but is capable of handling 94% 
of the total annual load. The annual cost of heating the full-scale greenhouse with natural gas at 80% 
efficiency and $1.20/therm would amount to $1.45 million. Therefore, the geothermal system would save 
about $1.37 million annually. 
 
Supplemental Heating System and Other Radiant Floor Options 
In colder climates characteristic of southern Idaho, it is typically difficult to heat an entire greenhouse 
with a radiant floor system. Temperature control of the space is also challenging due to the “warm-up” 
and “cool-down” times required for the thermal mass of the floor. Therefore, it is more desirable to design 
a baseload and peaking system, regardless of whether the well could supply enough heat to the radiant 
floor to heat the entire greenhouse. An energy efficient means to provide peak heating would be to 
cascade geothermal water from the radiant floor to water-source geothermal heat pumps, which would 
supply a forced-air system. During a typical weather year, additional annual electrical costs to operate 
water-source heat pumps would are estimated at about $22,500, while a natural gas peaking system would 
cost about $84,000 annually. 
 



ii 

Additional computer model simulations show comparable heating performance with a compacted sand 
radiant floor heating system with no flood-floor irrigation system. Relative to a concrete floor radiant 
heating system with flood-floor irrigation, the fraction of peak load handled by the sand floor decreases 
slightly to 50%, and the annual load fraction decreases slightly to 91%. This option still results in an 
attractive annual savings of $1.32 million while saving the capital cost of a concrete floor. 
 
 
Management of Geothermal Water 
The existing water right for groundwater use at the Ward property could not be used for geothermal 
heating as is because the beneficial use of groundwater for which the existing water right was obtained is 
for irrigation from April 1 to October 31. The subject property is not in a groundwater management area, 
and consequently a new water right for year-round heating could be obtained. 
 
With year-round extraction of groundwater from the well (i.e. irrigation plus partial heating uses in 
summer and large heating uses in winter), aquifer depletion can be a concern. Therefore, it would be 
prudent to plan on a groundwater injection well to replenish the aquifer with groundwater used by the 
heating system. The cost of an injection well drilled to the same depth as the production well (2,900 ft) 
would be on the order of $500,000. 
 
Recommendations 
The Geo-Heat Center recommends design of a radiant floor baseload heating system with a forced-air 
peaking system of geothermal heat pumps supplied by groundwater cascaded from the radiant floor. 
Some additional hydrogeological studies at the site are also recommended to re-affirm key design 
parameters. A step drawdown test on the well would give better insight into long-term sustainability of 
well flow rates and temperatures. Design of an injection well on the property in the downstream 
groundwater flow direction is recommended. Finally, the Idaho Department of Water Resources (IDWR) 
should be contacted in order to start the application process for a new water right. 
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INTRODUCTION 
 
The Geo-Heat Center conducted an assessment of geothermal radiant floor heating options at the 
new expansion of Ward’s Greenhouse, located near Oreana, ID in Owyhee County. This work 
has been funded and completed under Midwest Research Institute, National Renewable Energy 
Laboratory (NREL) Task Order No. KLDJ-5-55052-05, “Feasibility Studies for Projects in 
Utah, Nevada, and Idaho”. 
 
PROJECT BACKGROUND AND OBJECTIVE 
 
Ward’s Greenhouse, Inc. plans to build a 16-acre state-of-the-art greenhouse facility near 
Oreana, ID in Owyhee County, mainly specializing in growing poinsettias and other flowers. 
Heating of the facility is planned to be done with geothermal energy. A well existing on the 
property was completed in 1963, and produces about 1,500 gpm of water at approximately 140oF 
under artesian conditions. The water well log is attached as Appendix A. 
 
A preliminary engineering report on the greenhouse design concluded that the well could not 
provide enough heat for the entire greenhouse during peak load, unless the thermal energy could 
be stored in some fashion. It was therefore theorized that heat could be stored in the massive 
concrete slab floor prior to the onset of cold weather. A concrete floor is being planed for the 
facility for use with a flood-floor type irrigation system. Thus, the objective of this study is to 
determine the feasibility of using the existing geothermal well to store thermal energy in the 
greenhouse concrete slab floor.  
 
METHOD OF STUDY 
 
The methods and approach conducted by the Geo-Heat Center to accomplish the project 
objectives are summarized as follows: 
 

• Visited the existing Ward’s greenhouse facility in Garden Valley, ID and the site near 
Oreana, ID for the new expansion, 

• Obtained the water well log of the existing well and met with staff of the Idaho 
Department of Water Resources (IDWR) to review water rights, 

• Computed hourly heating loads for the proposed greenhouse using typical meteorological 
year (TMY) data for Boise, ID, 

• Constructed a computer model of the radiant floor slab to compare heating alternatives. 
 
GREENHOUSE HEATING LOAD CALCULATIONS 
 
Hourly heating loads were calculated for the proposed greenhouse using typical meteorological 
year (TMY) data for Boise, ID. Heat transfer processes included in the calculations were: solar 
heat gain, conduction through the structure, convection, infiltration, and ground conduction. 
Greenhouse construction was assumed to be an inflated double polyethylene film with gables 
and sidewalls of glazed twin-wall polycarbonate. An interior set-point temperature of 72oF was 
assumed.  
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Hourly outdoor air temperatures for a typical year in Boise, ID are shown in Figure 1. According 
to ASHRAE (2005), the heating design temperature at the 99.6 percentile is 2oF, which means 
that, over the long term, lower air temperatures could occur about 0.4% of the time (or about 35 
hours). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Outdoor air temperatures for a “typical” year in Boise, ID. 
 
 
Based on heating load calculations, the peak load of the greenhouse is approximately 76 
Btu/hr/ft2 of floor space during a typical year.  
 
RADIANT FLOOR COMPUTER SIMULATION 
 
In order to properly analyze the radiant floor heating options, we used a detailed computer model 
developed for TRNSYS (acronym for transient systems simulation software). Model 
documentation is described in a paper published in the Journal of Solar Energy Engineering by 
Chiasson et al. (2000). The advantage of such a computer model is that once developed, the 
heating performance of various scenarios can be examined. A model of this type is helpful in 
assessing situations like this where several interacting variables are involved that are difficult to 
process with manual calculations. 
 
In summary, the computer model performs an hourly energy balance on a horizontal cross-
section with embedded tubing. The top surface heat fluxes are due to environmental heat transfer 
processes. Conduction heat transfer through the concrete slab is calculated with a finite 
difference method. Hourly fluid temperatures from the slab are then determined by an energy 
balance on the fluid. Input data to the model, in addition to interior temperature data, include 
cross-section geometry and thermal properties of the slab and subsoil. The model was originally 
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developed to handle rain and snow in an outdoor environment, so the flood floor irrigation 
system was simulated as rain. The flood-floor irrigation system has a cooling effect on the floor, 
and thus represents an additional heating load. 
 
Input data to the computer model included 3/4-in. nominal diameter polyethylene tubing at 12-in. 
spacing and 4-in. depth of the center-line of the tubing below the floor surface. A 4-inch concrete 
slab was assumed, underlain by compacted sand fill and an insulating barrier. A total flow rate of 
1,500 gpm from the well was simulated at a temperature of 140oF from the well head. 
 
Radiant floor systems are typically designed for a maximum temperature drop in the heating 
fluid of 20oF so that large temperature gradients do not occur across the floor and cause uneven 
floor temperatures. This upper limit of temperature drop essentially limits the amount of heat 
transfer if the geothermal fluid were to be piped directly through the floor. One way around this 
is to use a plate-type heat exchanger and separate the radiant floor loop from the geothermal 
water as shown in Figure 2. In this design concept, flow rates through the floor can be increased 
to match heat lost through the geothermal side while maintaining acceptable temperatures drops 
across the working fluid in the radiant floor and allowing a much greater temperature drop in the 
geothermal fluid. This was the design simulated in the computer model. 
 
Results of the computer model simulation show that the concrete radiant floor system can handle 
a peak load of 41.5 Btu/hr/ft2, or about 55% of the peak load during a typical weather year. 
System temperatures and flow rates are shown in Figure 2. The average surface temperature of 
the slab under this condition is 80.7oF.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Schematic of the simulated system. 
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Although the radiant floor system can only handle 55% of the peak load, it handles 94% of the 
total annual load as shown in Figure 3, which is a graph of hourly heating loads over the year for 
a typical weather year. The annual cost of heating the greenhouse with natural gas at 80% 
efficiency and $1.20/therm would amount to $1.45 million. Therefore, the geothermal system 
would save about $1.37 million. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Hourly loads handled by the radiant floor geothermal system. 
 
 
SUPPLEMENTAL HEATING SYSTEM AND OTHER RADIANT FLOOR OPTIONS 
 
In colder climates with sunny winter days characteristic of southern Idaho, it is typically difficult 
to heat an entire greenhouse with a radiant floor system. Temperature control of the space is 
usually challenging due to the “warm-up” and “cool-down” times required for the thermal mass 
of the floor. Therefore, it is more desirable to design a baseload and peaking system, regardless 
of whether the well could supply enough heat to the radiant floor to heat the entire greenhouse. 
 
An energy efficient means to provide peak heating would be to cascade geothermal water from 
the radiant floor to water-source geothermal heat pumps, which would supply a forced-air 
system. As seen in Figure 2, the temperature of the geothermal water exiting the heat exchanger 
still has plenty of thermal energy content that could be extracted by a heat pump prior to disposal 
of the water. The heat pumps could either be a number of water-to-air heat pumps or water-to-
water heat pumps that supply fan coils. During a typical weather year, additional annual 
electrical costs to operate water-source heat pumps would amount to about $22,500. A natural 
gas peaking system at 80% efficiency and $1.20/therm would have annual energy costs of about 
$84,000. Thus, the use of a heat pump peaking system would result in annual energy savings of 
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about $61,500. 
 
Another option for radiant floor heating of the proposed greenhouse would be to lay the tubing in 
a sand bedding, covered in pea gravel or some other type of material for the floor surface. We 
simulated this scenario also, and there is some performance tradeoff between eliminating the 
flood-floor irrigation system and replacing the concrete with a lower thermal conductivity 
material (i.e. sand and gravel). The fraction of peak load handled by this option decreases 
slightly to 50%, and the annual load fraction decreases slightly to 91%. This option still results in 
an attractive annual savings of $1.32 million while saving the capital cost of a concrete floor. 
Therefore, the decision to use a concrete floor should be dictated by desired irrigation methods 
and not necessarily heating methods. 
 
MANAGEMENT OF GEOTHERMAL WATER 
 
During the course of the Geo-Heat Center’s site visit, two issues arose regarding groundwater 
management: (1) water rights and (2) geothermal water disposal. 
 
The existing water right for groundwater use at the Ward property (included as Appendix B) 
could not be used for geothermal heating as is because the beneficial use of groundwater for 
which the existing water right was obtained is for irrigation from April 1 to October 31. The 
greatest water demand for greenhouse heating would obviously be in the winter, so a new water 
right would be needed. Fortunately, the Ward property is not in any groundwater management 
area, and a new water right could be obtained. 
 
The second issue regarding management of geothermal water is disposal. Currently, groundwater 
is used in the summer where it is directed from the well to a holding pond where it cools prior to 
being used for irrigation purposes. However, in the winter when heating demands are the 
greatest, there are no uses of the groundwater for irrigation at the quantity being used (i.e. 1,500 
gpm) for greenhouse heating. This means that there are two disposal options: (a) discharge to the 
ponds for eventual disposal to the Snake River and/or (b) an injection well. Given the quantity of 
groundwater demands for greenhouse heating over the heating season and possible depletion of 
groundwater resources, it would be best management practice to inject the groundwater back to 
the aquifer through an injection well. The cost of an injection well drilled to the same depth as 
the production well (2,900 ft) would be on the order of $500,000. 
 
CONCLUDING SUMMARY AND RECOMMENDATIONS 
 
This report has examined the use of a geothermal well coupled to a radiant floor system for 
greenhouse heating at the planned expansion of Ward’s Greenhouse, Inc. near Oreana, ID. 
Eventual plans call for construction of a 16-acre state-of-the-art greenhouse facility, mainly 
specializing in poinsettias and other flowers. Some specific conclusions of this study are as 
follows: 
 

• Heating load calculations show the peak load of the greenhouse to be approximately 76 
Btu/hr/ft2 of floor space during a typical weather year.  

• With an isolation heat exchanger between the geothermal water and a radiant floor 
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heating system, flow rates through the radiant floor system can be adjusted to keep 
acceptable temperature drops across the floor while extracting an optimum amount of 
heat from the geothermal water. 

• Computer model simulation shows that concrete radiant floor system can handle a peak 
load of 41.5 Btu/hr/ft2, or about 55% of the total greenhouse peak load during a typical 
weather year. 

• While a concrete radiant floor heating system only handles 55% of the peak load, it is 
capable of handling 94% of the total annual load. With the full 16-acre expansion, use of 
geothermal energy for heating results in an annual savings of $1.37 million. 

• Additional computer model simulations show comparable heating performance with a 
compacted sand radiant floor heating system with no flood-floor irrigation system. 
Relative to a concrete floor radiant heating system with flood-floor irrigation, the fraction 
of peak load handled by the sand floor decreases slightly to 50%, and the annual load 
fraction decreases slightly to 91%. This option still results in an attractive annual savings 
of $1.32 million while saving the capital cost of a concrete floor. 

• An energy efficient means of providing peak heating would be to cascade the geothermal 
water from the radiant floor to water-source geothermal heat pumps, which would supply 
a forced-air system. The use of a heat pump peaking system would result in annual 
energy savings of about $61,500 over a natural gas peaking system. 

• The existing water right for the property where the new expansion is being planned is 
applicable to summer irrigation, and therefore would not be applicable for winter 
greenhouse heating. The subject property is not in a groundwater management area, and 
consequently a new water right could be obtained. 

• With year-round extraction of groundwater from the well (i.e. irrigation plus partial 
heating uses in summer and large heating uses in winter), aquifer depletion can be a 
concern. Therefore, it would be prudent to plan on a groundwater injection well to 
replenish the aquifer with groundwater used by the heating system. At the same depth as 
the production well, the estimated cost of an injection well is on the order of $500,000. 

 
The Geo-Heat Center recommends some additional study on the hydrogeology of the site to 
confirm details for the final design of the heating system. First, a “step test” on the well would be 
a good way to determine well shut-in pressures at various flow rates. Groundwater temperature 
should also be recorded during this test. This type of test will give better insight into long-term 
sustainability of well flow rates and temperatures. Second, siting and design of an injection well 
on the property is recommended. An injection well should be located in the downstream 
groundwater flow direction. Finally, the Idaho Department of Water Resources (IDWR) should 
be contacted in order to start the application process for a new water right. 
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APPENDIX A 
 

WATER WELL LOG FOR THE WARD PROPERTY 
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APPENDIX B 
 

EXISTING WATER RIGHT FOR THE WARD PROPERTY 
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