
In-situ thermal resistance testing of an energy efficient 
building envelope in the Canadian Arctic 

Carsen Banister1[0000-0002-8055-0824], Michael Swinton1, Travis Moore1, and Dennis Krys1 

1 National Research Council Canada, Ottawa ON K1K 4R7, Canada 
carsen.banister@nrc.ca 

Abstract. A structural insulated panel (SIP) demonstration house was 
commissioned in Iqaluit, Nunavut, Canada, along with instrumentation to assess 
thermal performance. Instrumentation panels were developed to perform in-situ 
measurements. Laboratory testing was completed to confirm the accuracy of the 
instrumentation panels and measure the thermal resistance of the insulation 
panels at various mean temperatures. In-situ testing confirmed the variability in 
R value with temperature seen in laboratory testing. The thermal resistance 
decreases with decreasing temperature, which is of concern in this particularly 
cold climate. Regardless, the envelope thermal performance was consistently 
superior to a 2” x 6” (38 mm x 89 mm) wood stud construction with batt 
insulation. The in-situ R value of the SIP varied from approximately RSI 4.4 
(R25) to RSI 5.3 (R30) between October, 2016 and April, 2017. The cumulative 
apparent R value was also calculated according to the method defined in ISO 
9869, resulting in values of RSI 5.07 (R28.8), 4.84 (R27.5), and 4.97 (R28.2) 
for the wall, floor, and ceiling modules, respectively. 
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1 Introduction 

The far north of Canada presents tough challenges in terms of housing and building 
construction. Remoteness causes increased cost of supplies and labour (Roszler, 
2005). The extremely cold climate causes increased heating costs and durability 
issues leading to health problems (Minich et al., 2011). This intent of this project is to 
investigate the performance of a structural insulated panel (SIP) system that can be 
manufactured in remote communities. The housing technology studied in this work 
seeks to relieve several of the adverse conditions experienced in Canada’s remote and 
northern communities. 

A demonstration house was commissioned in Iqaluit, Nunavut, Canada by 
Qikiqtaaluk Corporation, the Inuit birthright corporation of the region. Qikiqtaaluk 
Corporation is interested in housing solutions that are durable, rapidly constructed, 
energy efficient, and can be manufactured in the territory. Iqaluit is a city of 7,740 
which lies on Baffin Island in the Canadian Arctic at 64°N 59°W. The average annual 
Celsius heating degree days for Iqaluit over the 24 years preceding the year 2017 was 
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9,693 (Environment and Climate Change Canada, 2017), approximately double the 
heating degree days of Ottawa, Ontario, Canada, which is located at 45°N 76°W. 

The purpose of the house was to demonstrate the technique of constructing with 
structural insulated panel systems in a cold climate such as Nunavut and to assess its 
energy performance in the Iqaluit climate. 

The interior dimensions of the demonstration house are approximately 4.5 m by 
5.4 m and the building is partitioned into three spaces: a bedroom, a washroom, and a 
utility space. The construction consists of a 15 cm thick panel system which is highly 
insulating, in comparison to buildings further south, at an R value of RSI 4.53 (R25.7) 
at -20°C exterior temperature, +20°C interior temperature. The key to this being a 
high performance building is that it balances the aspects of low air leakage, 
modularity, prefabrication, and minimal thermal bridging to give high overall 
performance of the integrated system. 

2 Methods and Materials 

A custom instrumentation module was developed, built, laboratory tested, and field 
installed to measure the thermal resistance of the building envelope in-situ at the 
Iqaluit site. The instrumentation module consists of a 1 m squared calibrated 
expanded polystyrene (XPS) sheet, a heat flux transducer (HFT), and several 
redundant thermocouples on either side of the instrumentation module. R value can be 
calculated via two different techniques: one using the HFT and the temperature 
difference across the building envelope (Equation 1) and a second using three 
temperature readings across the envelope and module along with the known R-value 
of the instrumentation module (Equation 2).  

 𝑅𝑤𝑎𝑙𝑙 = Δ𝑇wall
𝑞

 (1) 

 𝑅𝑤𝑎𝑙𝑙 = 𝑅reference ⋅ Δ𝑇wall
Δ𝑇reference 

 (2) 

Where 𝑅wall is the thermal resistance of the wall assembly, Δ𝑇wall is the temperature 
difference across the wall assembly, 𝑞 is the heat flux across both the wall assembly 
and the instrumentation module, 𝑅reference is the thermal resistance of the 
instrumentation module, and Δ𝑇reference is the temperature difference across the 
instrumentation module. 

The R-values of the four instrumentation modules built were measured according 
to ASTM C518 in March 2016, enabling calibration of the measurement technique. 
The four individual RSI values measured were 3.26, 3.25, 3.32, and 3.32 K·m2/W for 
the 1 inch (25 mm) nominal specimens. Since conditions are not steady-state for the 
in-situ measurements, heat flows and driving forces must be summed up over a 
sufficiently long period, as per Equation 3 later in this paper. 

The evaluation consisted of first testing a sample wall panel’s thermal resistance in 
the laboratory at various mean temperatures using the ASTM C1363 Guarded Hot 
Box (GHB) test method and the ASTM C518 Heat Flow Meter test method. A full 
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scale square 2.44 m (8’ x 8’) wall sample was received from the manufacturer for 
testing in the GHB and is shown in Fig. 1, along with heat flow instrumentation 
installed. A close-up photo of one of the instrumentation modules installed on the 
wall sample tested in the GHB is shown in Fig. 2. A 0.61 m x 0.61 m specimen was 
used for the Heat Flow Meter test method. Both specimens consisted of a 
polyisocyanurate core encased in a fiberglass shell. 

 
 

 
Fig. 1. Four instrumentation modules mounted on the 6” wall sample. 

 

 
Fig. 2. An individual instrumentation module mounted on the wall sample tested in the GHB 

After the laboratory testing, the instrumentation modules were installed on-site in 
Iqaluit on the demonstration house in April 2016. The completed demonstration house 
in Iqaluit is shown in Fig. 3, along with one of the installed instrumentation modules 
shown in Fig. 4. The house is supported on the permafrost by a multipoint foundation 
frame system. The oil tank at the side the right of the house is not used; heating is 
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provided by wall-mounted electric infrared heating panels. The door shown is the 
only point of entry/exit and there are a total of three windows installed in the house, 
all of which are quad pane with an additional fifth, unsealed protective pane on the 
outboard side. 

The airtightness of the house was measured, since uncontrolled ventilation is a 
major source of energy usage for the building stock in Canada. In addition, excessive 
air leakage, whether due to lack of an air barrier system or defects, can cause 
durability and/or comfort issues.  
 

 
Fig. 3. Qikiqtaaluk demonstration house in Iqaluit 

 

 
Fig. 4. Floor instrumentation module installed on site 
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3 Results 

3.1 Airtightness Testing 

Two air leakage tests were conducted on the house on June 1, 2016, which found the 
airflow rate at 50 Pa of pressure difference to be an average of 425 L/min (15 CFM). 
The individual test results were very consistent, reading 396 and 453 L/min (14 and 
16 CFM) at 50 Pa. The reported air leakage rates of 0.27 and 0.32 air changes per 
hour (ACH) at 50 Pa is notably lower than the maximum prescribed by the R2000 
program of 1.5 ACH @ 50 Pa (Natural Resources Canada, 2012), meaning that the 
demonstration house is very airtight. It is also lower than the target of less than 0.6 
ACH50 set by the Passive House Institute and compares very favourably to a 
conscientiously constructed wood stud frame test house of similar size built in 
Grenoble, France, which had a measured 0.67 ACH50 and had no windows (Piot, 
Woloszyn, Brau, & Abele, 2011). This highlights the very high airtightness of the 
demonstration house built and tested in this work. 

Ventilation. Although a highly airtight building is desirable because it limits 
uncontrolled ventilation, the shelter would require a ventilation system under regular 
occupancy. The recommended ventilation rate based on ASHRAE 62.2 was reported 
as 354 L/min (12.5 CFM) (Nunavut Housing Corporation, 2016). It should be noted 
that 50 Pa of pressure difference will not steadily occur for this building, hence the 
need for a ventilation system if regularly occupied. Further, since occupancy could at 
times be higher than assumed by ASHRAE 62.2, demand-controlled ventilation based 
on carbon dioxide and relative humidity may be a suitable strategy. This would also 
have the added benefit of reducing or pausing ventilation during times of low or no 
occupancy, which could have pronounced energy savings due to the extremely cold 
climate. This is an area of future work for this housing technology. 
 
3.2 Laboratory Testing of Thermal Performance 

The sample installed and tested in the GHB allowed comparison between the R-value 
measurements of the GHB and the instrumentation panels measuring in-situ R-value. 
Since the instrumentation panels each have both a heat flux transducer and 
thermocouples across the instrumentation panel, the R-value can be calculated via two 
different methods for each panel (denoted as HFT and TC, respectively). The results 
of these comparisons between each calculation method and the GHB result are shown 
in Fig. 5. 
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Fig. 5. Results of the instrument panels compared to Guarded Hot Box test 

The comparison between panels, calculation methods, and the GHB result are all very 
consistent. Maximum deviation between all results is R1.3, or about 5%, which is 
similar in variation to the GHB uncertainty of 6%. 

Effect of Mean Temperature on Thermal Resistance. In addition to the above 
comparisons, the performance of the panelized wall was measured for two cold side 
temperatures in the GHB and for five different average temperatures in the heat flux 
meter apparatus in accordance with ASTM C518.  

This enabled analysis of the impact of mean temperature on R-value on the 
building panel and these results are presented in Fig. 6. An approximate correlation 
was derived based on the lab results and the expression is reported in the figure. The 
relationship was used to predict the R-value of the field results in Iqaluit based on 
exterior temperature. This provided a ready means to check the expected field results, 
based on the more reliable laboratory test data. 
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Fig. 6. Correlation of the lab test results of R-value and cold side temperature 

The results from both ASTM C1363 and ASTM C518 consistently show decreasing 
thermal resistance with decreasing mean temperature below a value of 25°C, a 
phenomenon that is known to occur in certain polyisocyanurate foams due to 
condensation of the blowing agents at decreasing mean temperatures. The thermal 
resistance (RSI) of the building panels evaluated ranged from 5.41 m2 K/W at a mean 
temperature of ~24°C, to 4.10 m2 K/W at a mean temperature of ~-7°C. 

Comparison to Wood Stud Construction. The results of the two GHB tests are shown 
in Fig. 7 in comparison to two previous laboratory tests of 2” x 6” wood stud wall 
assemblies with batt insulation undertaken at the National Research Council Canada. 
This comparison shows the overall higher performance of the SIP wall, regardless of 
the decrease of its R-value with decreasing exterior temperature. 

The comparison readily shows that the SIP construction performs notably better 
than the wood stud construction, by over 30% at -20°C exterior temperature and by 
about 18% at -35°C exterior temperature. This suggests an overall annual thermal 
transmittance of the SIP being about 20-25% less than the wood stud construction. 
Not included here are the energy savings resulting from reduced uncontrolled air 
leakage in the case of the SIP compared to wood stud construction, which are 
expected to be significant due to the extremely cold climate. 
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Fig. 7. R-value comparison of SIP wall and previously measured 2” x 6” wood stud walls. 

3.3 In-Situ Testing of Thermal Performance 

Heat Fluxes. The measured heat fluxes through the floor, wall, and ceiling are shown 
in Fig. 8. It should be noted that the heat fluxes of wall and roof are negative at points 
in time during the summer period, indicating a direction reversal of heat flow. This is 
due to solar gains on the walls and roof that raised the respective exterior surface 
temperatures above interior surface temperatures, resulting in heat gain by the 
building. The heat flux of the floor stays positive throughout summer, meaning that 
the floor continually loses heat throughout the year.  
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Fig. 8. Monitored heat flux through the floor, wall, and ceiling. 

Total Heat Loss. The heat fluxes of each component were summed over the entire 
monitoring period with the resulting total heat loss per square meter shown for each 
component in Table 1. Assuming a cost of electricity of 60¢ per kWh (Canadian 
dollars) (Qulliq Energy Corporation, 2017), the unit heating cost of these components 
ranges from a low of $22.14/m2 per year for the southwest wall to $25.86/m2 per year 
for the floor. 

The total heat loss of the wall and roof can be compared to the heat loss through 
the floor as shown in the two last rows of Table 1. Although there are small 
differences in the apparent R-value of these components, as discussed in the next 
section, it is presumed at this point that the savings in heat loss for the wall and the 
ceiling compared to the floor are mostly due to solar gains on the exterior component 
surfaces, since the exposed floor receives no direct solar gains (only reflected 
radiation). 

Table 1. Total heat flux through the floor, wall and ceiling for April 25, 2016 to April 24, 2017. 

 Floor Wall Ceiling 
Total heat loss per surface 
area since start, (kWh/m2) 

43.1 ± 2.2 36.9 ± 1.8 38.7 ± 1.9 

Cost of heat per surface 
area @ $0.60/kWh, ($/m2) 

$25.86 ± 1.32 $22.14 ± 1.08 $23.22 ± 1.14 

Heat loss compared to floor - 86% 90% 
Savings relative to floor - 14% 10% 

 

Cumulative R-Value. The in-situ measurements enabled the monitoring of the heat 
flux across the building envelope at multiple locations. Measurement of the 
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temperatures across the envelope enables the calculation of cumulative thermal 
resistance, 𝑅𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒. This is performed according to Equation 3, in accordance with 
(International Standards Organization, 2014). 

 𝑅𝑐𝑢𝑙𝑢𝑚𝑎𝑡𝑖𝑣𝑒 = ∑(𝑇𝑖𝑛−𝑇𝑜𝑢𝑡)
∑ 𝑄𝑜𝑢𝑡

 (3) 

Where 𝑇𝑖𝑛 is the interior surface temperature, 𝑇𝑜𝑢𝑡  is the exterior surface temperature, 
and 𝑄𝑜𝑢𝑡  is heat flux positive in the outward direction. Since the measurements are in-
situ and the conditions are ever-changing, the calculation must be performed using 
summations over a suitably long period of time in order to dampen out and eliminate 
the transient heat transfer effects. 

The cumulative R-value approaches a steady value over time, since it is a ratio of 
the summation of temperature difference driving force divided by the summation of 
heat transfer. The final values for cumulative apparent R-value at the end of the full 
year of monitoring for the wall, floor, and ceiling are presented in Table 2. 

Table 2. Cumulative apparent R-values of SIP components over full year of monitoring. 

Component Cumulative apparent RSI 
(K·m2/W) from April 25, 2016 to 

April 24, 2017 

Cumulative apparent R-value 
(hr·ft2·F/BTU) from April 25, 2016 to 

April 24, 2017 
Wall 5.07 ± 0.26 28.8 ± 1.5 
Floor 4.84 ± 0.25 27.5 ± 1.4 
Ceiling 4.97 ± 0.25 28.2 ± 1.4 
Average 4.93 ± 0.25 28.0 ± 1.4 

 
In the above table, it can be seen that the 3 measured components had very close 
cumulative apparent R-values. The floor is the most reliable reading, since it is 
minimally affected by solar gains, which prevent accurate calculations during some 
hours of the year for the wall and ceiling. The maximum difference between each of 
the component values are within the uncertainty of the method based on the accuracy 
of the heat flux meters and thermocouples. 

The average cumulative apparent RSI value of 5.07 (R28.0) for all components for 
an annual average floor outdoor surface temperature of -6.5°C for the monitoring 
period in Iqaluit is in agreement with the Guarded Hot Box lab result for the full scale 
specimen of RSI 4.51 (R25.6) at -20°C (see Fig. 6). 

4 Summary and Conclusions 

A demonstration house constructed out of structural insulated panels was 
commissioned in Iqaluit by Qikiqtaaluk Corporation. Instrumentation panels to 
measure in-situ thermal performance were developed and installed by the National 
Research Council Canada and a full year of monitoring was completed. The insulation 
panels were laboratory tested, along with the instrumentation panels, prior to 
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deployment in the field. The laboratory tests demonstrated that the instrumentation 
panels functioned accurately and consistently. In addition, the typical behavior of 
polyisocyanurate foams’ decreasing thermal resistance with decreasing temperature 
was demonstrated. 

Monitoring has been conducted for over a year at the time of writing, with many 
temperatures and heat fluxes being measured throughout the house. Cumulative 
apparent R-values were consistent between the wall, floor and ceiling, with an 
average of about R28 between all the components. These field measurements are also 
consistent with the performance expected based on lab test results. It was seen that the 
R-value performance drops to a minimum of approximately R24 as the outdoor 
temperature drops to -30°C or below; however, the performance is restored as 
temperature regains. Ongoing monitoring is planned in order to evaluate long-term 
performance. 
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