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Cold Climate Solar Greenhouse  

Demonstration Project 
 

Enabling year round food production in cold climates  
 

PROPOSAL 
 

Purpose: 
 
 We are proposing to design, build, operate and monitor a Chinese style 
Solar Greenhouse in Montana. The goal of this project is to significantly 
advance the ability of cold climate market gardeners to grow produce on a 
year round basis without using fossil fuel energy. 
 

Agricultural Context: 
 

Montana is a major agricultural producer in the U.S. with production 
concentrated on grains, hay and meat. In the 50’s, 70% of the food eaten 
by our population was grown in-state, but this is no longer the case.  
Farm/ranch and small town populations in Montana have been declining for 
decades with a steady migration to the larger cities. The urban population 
increasingly has gotten most of its food from other climates where growing 
conditions are more favorable. That food is very energy intensive. 

 
The one agricultural segment that has grown in recent years is the 

small farm, market gardening movement that is located adjacent to urban 
areas.  Demand for locally produced and organic vegetables has been rising 
for some time in Montana and across the country.  Those initiatives have 
penetrated into the restaurant trade, supermarkets, schools and 
neighborhood farmer’s markets.  Unfortunately, the northern states have 
harsh climates and short seasons, so vegetable production is quite stunted 
for 9 months of the year.  The goal of our proposal is to develop and spread 
a technology that will stimulate the expansion of the market gardening 
industry in Montana and across the northern tier. 



 
Background of the Building Type: 

 
Efforts to design and operate solar tempered greenhouses began in 

the 1970’s in the U.S.  Basic passive solar design concepts from the 
residential housing market were adapted to greenhouse design.  The primary 
challenge was to arrange the geometry and materials of the structure to 
manage heat loss, maximize solar input and use heat storage for 
temperature regulation.  Horticultural requirements for ventilation, humidity 
and temperature control and to provide sufficient light levels were less 
developed at that time.   These experiments generally worked well at the 
home gardener scale, but were rarely attempted for commercial production 
in the U.S., largely because the cost of energy dropped dramatically in the 
early 1980’s and remained low for several decades.  Since that time, design 
innovation has stagnated although a steady market for residential scale 
hobby greenhouses persisted. 
 

Almost completely unknown to the agricultural community in the U.S., 
the Chinese systematically adopted this model into their production.  They 
adopted the solar design principles developed in the U.S. to commercial 
scale greenhouses using low cost local materials and labor.  The Chinese 
experimented with various geometries, glazing frames and back wall 
designs.  They are currently using a 4th generation model.  Of particular note 
has been the widespread use of external insulating curtains on their 
greenhouses.  Horticultural practices were also adapted in these structures.  
Building design innovation and the development of successful growing 
regimes was aided by academic research at the university level. 
 

Currently, the Chinese have at least 3,460,000 hectares under glass 
(plastic) with 1,250,000 hectares (3,088,750 acres) using the solar 
greenhouse model.  Research indicates that net income from solar 
greenhouses is 50-125 times larger per acre than for wheat or corn 
cropping.  These greenhouses operate without external heating as far north 
as the 42nd parallel.  Above that, some heating is required. 
 

In the late 1990’s, these design concepts returned to North America 
under the impetus of a Chinese researcher at the University of Manitoba.  
Currently there are 3 imported research greenhouses under the direction of 
UM researchers and a number of smaller, owner built greenhouses used for 
commercial production in Manitoba. 
 
 
  



Project Goals: 
 

1. Encourage the expansion of agriculture in the state by developing and 
promoting a new method of food production. 

a. Expansion of local food production into the cold weather months. 
b. Produce food using as little fossil fuels as possible. 
c. Respond to the growing consumer demand for local food. 

2. Adapt a proven Greenhouse type to Montana conditions at a price that 
is cost effective for commercial growers. 

a. Modification of Chinese greenhouse materials, assemblies and 
technology to North American parameters. 

b. Design a building that uses local materials, building methods and 
skill sets. The goal is a low cost, readily built structure. 

c. Through monitoring of the completed building, fully 
understanding the thermal and horticultural characteristics of 
this building type. 

d. Document the construction process; Construction costs, 
successes, failures and lessons learned would be published.  

3. Provide technical support for horticultural use of these greenhouses: 
a. Collection, translation and dissemination of Chinese and 

Canadian solar greenhouse research for use by academic and 
agricultural communities. 

b. Compare the thermal and horticultural performance of this new 
building type to high tunnel enclosures. Compare horticultural 
output. 

c. Begin experimentation in crop varieties, rotations and seasonal 
sequencing. 

4. Promote this new building type though-out the cold climate regions of 
the U.S.  

a. Provide a Web based platform to centralize documents. 
b. Fully document the construction process. 
c. Provide ongoing performance data. 
d. Engage with the agricultural community to promote and adapt 

this method to market gardens. 
 

General Project Description: 
1. Identify a site for construction and a Market Farmer who will 

participate in the project.  Optimum site would be on private ground 
with Market Farmer participating in the cost of construction.  Market 
Farmer would carry out horticultural production & record keeping 

2. Build a commercial scale Solar Greenhouse (see the attached 
schematic design) adjacent to an existing hoop house.  Both structures 
will have similar size, orientation, and growing regimes. 

3. Document the construction costs of both structures. 



4. Instrument both structures.  Collect weather, lighting and thermal data 
for three years. 

5. Identify, research and develop alternative construction technologies 
that would improve the performance or cost of the Solar Greenhouse. 

6. Develop new growing regimes for the Solar Greenhouse that are 
adapted to a longer growing season, variable light levels and different 
internal temperature profiles. 

7. Document the comparative levels of plant productivity in the two 
structures. 

8. Fully publicize the project in an effort to popularize Solar Greenhouses 
in cold climates. 

 
Greenhouse Description: 

 Target size for a commercial scale greenhouse is 36 by 120 feet. 
 Rear wall based on metal building/pole barn construction methods 
 South wall based on hoop house framing and glazing materials. 
 East and West Walls are insulated, similar to the North Wall. 
 Perimeter ground insulation integrated into above 3 wall types. 
 Cooling by natural convection using strategically placed openings 
 Thermal mass options to provide temperature modulation. 
 Exterior mount roll-down insulated cover to be operated diurnally over 

the coldest months. 
 

Building Design Issues: 
 Adapting the Latitude based geometry of the Chinese Greenhouse to 

Montana’s latitudes 
 Choosing materials and assembly techniques suitable to Montana 

construction materials and skill sets. 
 Finding available glazing framing to fit the required geometry or 

designing/building to that need. Local wind and snow load must be 
factored in.  

 Designing dependable exterior blanket. 
 Future root zone heating project 

 
Horticultural Issues: 

 Arranging for translation of Selected Chinese Horticultural Research 
papers 

 Varietal production based on various  thermal & lighting profiles 
 Effectiveness of root zone heating for production 
 Effective crop rotations based on seasonal variation 
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