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ABSTRACT This paper presents an outline of preliminary research on the use of solar energy 
greenhouse technology in Northern Manitoba communities. A test greenhouse has been erected at 
the Alternative Village on the University of Manitoba campus. This structure uses a fabric building 
approach that incorporates an integrated back wall, arch assembly and thermal blanket system. It 
comes in small sections that can be easily transported. Frames can be spaced at any distance 
based on local site conditions. The test structure uses a 1.5m (5ft) interval between frames. Heat 
provided by solar radiation during the day will be stored in a thermal mass; at night when the 
insulating fabric blanket is covering the south facing side of the greenhouse, this thermal mass will 
provide passive heating to the greenhouse. 

There are two fundamental components to this research. The first uses environmental and energy 
data from previous studies and data collected from the redesigned research solar greenhouse to 
develop a computer model. The objective is to create a tool that can be used by designers to 
evaluate energy requirements for maintaining adequate temperatures within the greenhouse for a 
given location. The second component of this research will use the research greenhouse as the 
basis of an economic study to evaluate the feasibility of using this technology in Northern Manitoba. 
An overall objective of this research is to attempt to even the disparity between the cost of local 
production and transportation of vegetables from Southern Manitoba. 
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INTRODUCTION In Winnipeg the mean hourly solar radiation on a flat surface can range from 
approximately 180 W/m2 to over 300 W/m2 with annual mean daily global solar radiation of 
approximately 14 MJ/m2 (Energy Mines Canada, 1984). The use of this readily available solar 
radiation to generate heat in solar-energy greenhouses has been demonstrated and documented 
for applications in the Winnipeg area (MB Hydro, 2007).  This greenhouse technology works well in 
Southern Manitoba. Its application in northern communities should be evaluated.   

If the solar energy greenhouse is situated in a location in Northern Manitoba such as Thompson for 
example as opposed to Winnipeg, there are two fundamental differences that have a marked 
impact on solar performance. The annual mean daily global solar radiation for Thompson is 
approximately 10 MJ/m2. Also a shift in latitude from 49o55’N for Winnipeg to 55o48’N in Thompson 
results in Thompson experiencing lower solar angles throughout the year. Furthermore, if the 
optimum solar window is considered to be the time between 9AM and 3PM then the angle the sun 
makes with respect to a south-facing greenhouse will vary, providing less solar energy with higher 
latitudes. Figures 1 and 2 contain solar charts for Winnipeg and Thompson respectively that 
illustrate this variation. The values indicated on the left-hand side of the graph represent the 
approximate solar elevations on December 21, 2009 at each location for means of comparison. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Annual solar chart for Winnipeg, MB (University of Oregon, 2007) 
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Two challenges for the use of solar greenhouse technology in northern communities include the 
total available solar irradiation and the angle the sun makes with respect to the greenhouse. Figure 
3 illustrates the range of solar elevation between December 21 and June 21 for Winnipeg and 
Thompson. While the summer months are not an issue since in all probability shading or ventilation 
will be required to reduce the temperature inside the greenhouse, it is the so-called shoulder 
seasons that are of particular interest. One of the benefits of a solar greenhouse is that it can 
increase the growing season by extending the time in the spring and fall that particular crops may 
be propagated and grown. Within the context of greenhouse use in Northern Manitoba communities 
it is not reasonable to expect that supplemental heat will not be required if the intent is to use the 
greenhouse all year. There will, however, be savings accrued if the shoulder seasons can be 
extended as much as possible through the application of energy storage in a thermal mass.  

Figure 2. Annual solar chart for Thompson, MB (University of Oregon, 2007) 
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DESIGN AND CONSTRUCTION A test greenhouse has been erected at the Alternative Village 
on the University of Manitoba campus. This structure uses a fabric building approach that 
incorporates an integrated back wall, arch assembly and thermal blanket system. It comes in small 
sections that can be easily transported. Frames can be spaced at any distance based on local site 
conditions. The test structure uses a 1.5m (5ft) interval between frames. Heat provided by solar 
radiation during the day will be stored in a thermal mass; at night when the insulating thermal 
blanket is covering the south facing side of the greenhouse, this thermal mass will provide passive 
heating to the greenhouse. 

Greenhouse Structure The Greenhouse structure consists of a tubular metal frame, a south-
facing transparent covering and the insulating wall systems.  

Greenhouse Frame The Greenhouse frame consists of piece-wise constructible metal posts and 
arches that are assembled on site. The frames are spaced 1.5m (5tf) apart. The total length of this 
greenhouse is specifiable to any multiple of 1.5m based on location and other design constraints. 
The length of the test greenhouse used in this study is approximately 15m (50ft). A series of frames 
as shown in Figure 4 are attached to tubes that run the perimeter of the structure. The tubular 
design of this structure will allow it to be used in a variety of site conditions. Typically screw anchors 
are used to provide lateral and vertical resistance for the frame. Other alternatives when screw 
anchors are not practical include concrete blocks and wedge anchors in rock. The entire free-
standing frame is assembled prior to any covering being applied. In the case of the greenhouse at 
the Alternative Village, the 15m x 7m x 4m frame took approximately three hours to construct. In 
most applications these structures are freestanding, however when a south-facing wall is available 
there is no need to use the back wall assembly. A good example of this would be a school building 
or a community health center that has a south-facing wall onto which only the arches would be 
attached. The tubular frame assembly comes apart at the interface between the arches and the 
rear truss to facilitate this application.  

Figure 3. Variation of solar elevation between Winnipeg, MB and Thompson, MB  
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The spacing of the arch sections depends upon the imposed loads in a specific location. For 
Manitoba, structural analysis already completed indicates that a nominal spacing of 1.5m on centre 
will provide the structural integrity required. The frame of the structure is the main load-bearing 
component. The frame is designed so that it can be used for a variety of site conditions and also 
accommodate options for insulating the back wall using local materials. The trussed back wall 
section is 45cm (18in) wide and the truss webs have been made horizontal (not shown in Figure 4) 
to better accommodate straw bales and log ends for stackwall construction. 

The drawing shown in Figures 5 includes the second internal arch that runs parallel to the outer 
arch that supports the exterior covering. This interior arch will be used to support the thermal 
blanket that will be rolled down during periods when solar energy is available and up during times 
when insulation is required.   

Transparent Covering The south-facing transparent covering is 12mil woven polyethylene. 
Woven polyethylene as opposed to glass was chosen for its flexibility, ease of transportation, 
durability, cost, and ease of repair. Resistance and recovery from harsh weather, wildlife and 
vandalism were taken into account in the design of this greenhouse, and particularly the 
transparent covering due to the environmental and social climates of the locations that these 
greenhouses are intended for. It is believed that the level of transparency of woven polyethylene is 
reasonably close to that of glass for this application. This will be tested using a pyranometer. The 
greenhouse frame and cover were manufactured by HiQual Engineered Structures Winnipeg. 

Figure 4. Greenhouse cross-section 
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Wall Systems The wall systems of the greenhouse are tied in structurally to the metal frame. 
Since the principal function of the wall systems are to provide as much resistance to heat flow as 
possible as opposed to providing structural support, the wall systems could be composed of any 
appropriate material, such as locally available strawbales for example. Alternatively, this wall could 
be conventionally constructed using batt insulation, strapping and cladding. For northern locations 
where boreal forest is plentiful, it is well known that stackwall construction not only provides good 
resistance to heat flow but also has substantial thermal mass (Dick, 2005). Method of wall 
insulation will be specific to each project based on availability and cost of materials and labour. A 
photograph of the south face of the greenhouse at the Alternative Village as it currently stands is 
shown in Figure 6. 

 

 
 

 

Figure 5. Interior arch 

 

Figure 6. South face of greenhouse as of May 2011 
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Passive Solar System This greenhouse makes use of a passive energy solar heating system in 
order to optimize energy efficiency and minimize the amount of supplemental heat required to 
sustain crops. The system consists of a thermal mass and thermal blanket. 

Thermal Mass The greenhouse will contain a large thermal mass along the back (north) wall. The 
material of the thermal mass is yet to be determined; gravel, sand, earth and glycol-water mixture 
are being considered. The thermal mass material will be contained along the back wall from the 
height of the minimum shadow made by the growing tables and extend as tall as possible to 
maximize solar gain. The thermal mass will absorb solar radiation during the daylight hours when 
the thermal blanket is rolled up and liberate the heat to the to the greenhouse at night, thus 
decreasing the supplemental heating costs. 

Thermal Blanket The thermal blanket will act as an insulating fabric cover for the transparent 
south-facing covering. It is supported by the interior arches of the greenhouse frame and housed on 
wheels that are fixed to roll along the arches. The fabric cover is manually opened and closed using 
a pulley system. When raised, the fabric blanket sits rolled up at the peak of the greenhouse arch. 
When the amount of solar radiation entering the greenhouse is minimal, at night for example, the 
thermal blanket is lowered to insulate the transparent and relatively uninsulated south-facing woven 
polyethylene cover. At this time heat stored in the thermal mass is reintroduced to the greenhouse, 
thus allowing the interior of the greenhouse to stay relatively warm at night. The next day when 
sunlight returns the insulating thermal cover is returned to its raised position to allow solar radiation 
to enter the greenhouse.   

ANALYSIS Previous study of solar greenhouses in Manitoba has provided thermal and energy 
performance data for such structures in and around Winnipeg. The objective of the energy-
modeling component of this research is to use these data to develop a computer model that will 
simulate greenhouse performance for given greenhouse construction materials, latitude and climate 
conditions. This model will be used to predict the energy requirements within the greenhouse for 
producing various types of vegetables at given times of the year. This information will be used to 
indicate the type of crops that could be grown and the length of growing season. 

In order to validate the computer model, the solar greenhouse at the Alternative Village at the 
University of Manitoba described in the previous section will be analyzed. Temperature, energy and 
moisture data will be collected from this structure. These data will then be used for a comparison of 
actual values from the on-site tests to predicted results from the computer model.  

To obtain the data required for modeling the energy and thermal performance of the solar energy 
greenhouse the following monitoring will be conducted: 

• Thermal Performance. Thermocouples will be installed in the back and side walls through 
their thickness, within the greenhouse area and outside the greenhouse for monitoring 
ambient temperature.  

• Solar Radiation. A pyranometer is currently installed at the Alternative Village that will 
provide site-specific solar radiation (W/m2). This device will be integrated into the data 
acquisition system. 

• Wind Speed and Direction. There are two anemometers currently in operation on site at 
the Alternative Village. These devices will be integrated into the data acquisition system.    

The objective of this process is to create a tool that can be used by designers to evaluate energy 
requirements for maintaining adequate temperatures within the greenhouse for a given location. 
The test greenhouse at the Alternative Village will then be used as the basis of an economic study 
to evaluate the feasibility of using this technology in Northern Manitoba.  

As part of this research an analysis of the input costs versus benefits will be conducted.  The input 
costs are considered to be more readily determined than the outcomes and include components 
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such as the material and installation costs of the greenhouse, as well as the supplemental heating 
cost and labor costs of running the greenhouse. Once the total expenses are determined they will 
be compared to the value of the crop that could be produced. This comparison will be done based 
on current commodity prices in various northern communities.  

In a recent news release the provincial government minister responsible for Manitoba Agriculture 
Food and Rural Initiatives (MAFRI) indicated that; “…marketing of locally grown food also creates 
more healthy options for the residents of the north.” (MAFRI, 2009).  Fundamentally the cost-benefit 
analysis should also include such intangibles as socio-economic benefits associated with 
community-based agriculture. The benefits of healthy food options in remote communities can be 
evaluated economically by analyzing health-care costs over time.  

While every attempt will be made to include these types of benefits into the analysis, the principal 
focus will be to compare the direct costs of food production and greenhouse operation with the 
value of the produced commodities. Also included within this analysis would be an evaluation of the 
amount of time the greenhouse can be used at a given latitude and climate. The economics of 
operating a greenhouse to extend the growing season are markedly different compared to full-year 
operation when supplemental heating would be required. Once a fixed cost estimate is established 
via this analysis, a break-even point can be established. Once this point is determined it can be 
used to inform the decision-making process with regards to crop type and length of greenhouse 
operation per annum. 

CONCLUSION The viability of solar energy greenhouse technology is proven in southern 
Manitoba but its use in northern latitudes requires study to establish technical and economic 
viability. With the use of a computer model, a tool will be developed for designers to evaluate the 
potential for the use of solar greenhouses in given latitudes and climates. Research is needed to 
evaluate the effect of location on the performance of solar energy greenhouses before a 
commitment to their effectiveness in northern communities can be established. While it may be 
technically possible to implement this technology in Northern Manitoba, it must also make sense 
financially. The proposed research will include an economic analysis that will examine the feasibility 
of greenhouse crop production in the north. Together these components will provide a broader 
understanding of greenhouse use in the Northern Manitoba. The overall objective of this research is 
to attempt to even the disparity between the cost of local production and transportation of 
vegetables from Southern Manitoba.
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