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ABSTRACT A prototype passive solar greenhouse was designed and constructed in Viking, 
Alberta using structural insulated panels for the north, east and west walls with a polycarbonate 
south-facing aperture to collect light and heat for the sun. The design provided a three-season 
growing space with virtually no additional heat added. The north wall of the greenhouse utilized a 
unique hemp biofibre cement block wall that provided additional insulation as well as some thermal 
mass to absorb heat energy during the day and re-radiate the heat to the growing space at night to 
prevent freezing.  Solar incident radiation, indoor temperatures and key building component 
temperatures were measured over one year to evaluate the building performance.  Lessons 
learned will be used to design “kit” greenhouse packages of consistent cross section and variable 
length. 
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INTRODUCTION  

In the fall of 2013 a prototype passive greenhouse was designed and constructed on a farm in 
Viking, Alberta to evaluate its potential to provide a 3-season growing space without the addition of 
supplemental heat.  The 3.8 m x 7.3 m greenhouse had its east, west and north walls constructed 
from structural insulated panels with an insulating value of 6.34 RSI while the south wall had a triple 
pane polycarbonate aperture to allow light to enter the building (Figure 1). 

 

Figure 1 - Prototype solar greenhouse 

The north interior wall was lined with biofibre (hemp) cement blocks manufactured by Tekle 
Technical Services in Edmonton Alberta.  The biofibre cement block provided additional insulation 
and some thermal mass to store solar energy.  The challenge to the design is to maximize and 
store the heat collected in the winter while not overheating the space in the summer. The interior 
temperatures, solar irradiance and building select component temperatures were measured for one 
complete year to observe the temperature regulation throughout each season to determine frost 
free growing days and the performance of the heat storage wall. 

BUILDING DESIGN AND FEATURES 

The intent of the design was to create an easy to erect greenhouse kit that could be modular and 
expandable.  The structural insulated panels (SIP) were designed and manufactured in a pilot plant 
manufacturing facility from pressure treated 9.5 mm plywood covering a 38 mm x 140 mm frame 
and stud assembly with studs nominally every 600 mm.  Spray polyurethane foam was used to fill 
the cavities of the wall giving the wall an assembled nominal RSI of 6.34.  Thermocouples were 
placed within the wall at defined intervals during the manufacture to measure the temperature 
gradient through the wall assembly both on and between the studs. 

A wall of biofibre cement blocks with an RSI value of 1.83 was built on the north interior wall to 
absorb energy from the sun during the day and re-radiate the energy into the space at night.  The 
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cavities within the blocks were filled with aggregate screenings to increase the mass of the wall. 
The surface of the blocks was sealed and painted with a flat black epoxy coating (Figure 2). 

 

Figure 2 - Biofibre block construction and sealing 

Additional heat storage design features included a circuit of polyethylene tubing that was surface 
mounted on the biofibre block wall to collect excess heat and transfer heat to a below floor circuit of 
polyethylene tubing embedded into the floor.  Instead of traditional water filled barrels used to store 
heat in buildings of this type, the owner chose to fill these barrels with moist soil and grow 
strawberries to make the most use of the space. A reflective cover was added to only the lower 
portion of the wall during the summer months to reject heat and reflect light towards growing plants 
(Figure 3). A single raised bed growing container provided growing space for the other crops. 

 

Figure 3 - Black biofibre wall with polyethylene tubing, reflective summer cover over lower portion, 
strawberry barrels and thermal infrared false colour inset. 
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A single thermostatically controlled ventilation fan was mounted in the west end wall to help 
regulate inside temperatures. The building roof was designed to provide some shading of the 
thermal wall during the summer when the sun angle was highest. 

INSTRUMENTATION 

Type K thermocouples were used to measure temperatures inside the building and outside in the 
shade of the north wall.  A series of thermocouples were embedded in the wall to measure building 
component temperature.  A Kipp and Zonen SP Lite-2 pyranometer was mounted perpendicular to 
the south facing aperture to measure solar incident radiation.  All measurements were recorded on 
a Campbell Scientific CR-1000 datalogger every 5 minutes for the entire 12-month test period. 

OBSERVATIONS 

Outside temperatures were observed between -39°C in the winter and +38°C in the summer.  
Crops of peppers, herbs and lettuce were grown during the test period. The indoor temperature 
was monitored to better understand the temperature swings and extremes within the building 
(Figure 4). 

 

Figure 4 - Indoor temperatures over the 12 month test period recorded every 5 minutes. 

The inside temperature’s maximum temperature appears well regulated below 35°C using the 
installed exhaust fan for most of the year except for the period from January 1st to March 1st before 
the fan was installed and operational.  It should be noted that even during the winter months the 
inside temperature can exceed 50°C on some days without exhaust ventilation (Figure 4). Although 
this building was intended to demonstrate a design to provide adequate growing conditions without 
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the addition of supplemental heat, the grower did add a small 1500 watt electrical heater on a 
thermostat to prevent freezing of the crop from November 1st on.  Even so, the inside temperature 
of the greenhouse was above freezing for 301 days of the year from March 5 to January 2nd of the 
following year with only limited supplemental heat added.  Figure 5 illustrates how inside 
temperature was maintained as outside temperature varied.  The average temperature of the 
biofibre block wall was generally higher than the inside temperature indicating that the wall was 
contributing to heating the inside space (Figure 5). 

 

Figure 5 - Daily average inside and outside temperature for the 12-month test period.  The average 
temperature of the centre of the biofibre block is also shown. 

 

The design of the greenhouse building utilized a north wall of significant mass, painted black to 
absorb solar energy and re-radiate the energy as heat during the night.  The hemp biofibre blocks 
used for the wall had a density of 1200 kg/m3. Temperatures measured by the embedded 
temperature sensors in the wall were run through custom-written visualization animation software to 
see how the thermal wall responded to solar radiation, inside and outside temperature variations 
(Figure 6).  This software proved very useful to better understand how temperatures varied across 
a section of the building and how the building’s components interacted with the space.  
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Figure 6 - Wall temperature visualization software screen showing an inside temperature of 26°C 
when the outside temperature was -22°C in February.  The surface of the heat absorbing wall 
exceeded 40°C during the day under 900 W/m2 solar radiation. 

 

Typically the surface of the thermal wall responded quickly to an increase in intensity of sunlight but 
the centre of the biofibre block wall lagged the surface temperature between 3 and 4 hours (Figure 
7). Temperature swings with in the biofibre block wall were also attenuated when compared to the 
inside and wall surface temperatures. There were only 2 days during the one-year test period here 
the centre of the thermal wall dropped below 0°C. 
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Figure 7 - Time response of biofibre thermal wall temperatures for one day (February 23, 2014) 

 

CONCLUSION 

This preliminary study has shown that structural insulated panels can be used to construct an 
effective passive solar greenhouse suitable for the Alberta climate to provide a 3-season growing 
space.  The growing space can be protected from freezing by the use of a building insulated on the 
east, west and north sides with an incorporated solar thermal wall made from hemp biofibre blocks. 
Although the summer inside temperature could be controlled below 35°C by the use of a 
mechanical fan, energy consumption could be reduced by utilizing improved building design with 
integrated shading and a south facing glazing wall that is more vertical.  A more vertical glazing wall 
would absorb light better in the winter, shed snow and reject the summer sun that strikes the 
window at a high sun angle.   

Although the hemp biofibre blocks used were functional as a heat storage wall, heat absorption and 
retention could be improved using regular concrete with a mass of 2400 kg/m3 versus the hemp 
biofibre block with a density of 1200 kg/m3. However, the hemp biofibre block provides a potentially 
more sustainable and more environmentally friendly building material. Plans are underway to 
redesign the building kit package to increase the width of the growing space to accommodate more 
plant beds and to add an attached preparation room to the north of the growing space (Figure 8).  A 
dense solar thermal wall will separate the two spaces and moderate the temperature within the 
rooms.  The plan is to create a modular greenhouse kit package that is standardized in width but 
could be supplied in variable lengths to suit the customer’s needs. 
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Figure 8 - solar greenhouse kit concept 
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