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1. Introduction

This comprehensive table illustrates the energy-saving benefits of various R-Values, representing insulation effectiveness. As R-Values increase, energy losses 
decrease significantly. Additionally, the table presents power percentages for a 400W solar panel in different orientations—South, West, East, and North. These 
percentages highlight the net annual power production in relation to the net energy loss. It is noteworthy that higher R-Values not only minimize energy losses 
but also increase the relative effectiveness of solar power generation. For instance, in Toronto at R-1, the solar panel produces 27% of the net energy loss in 
the South, 22% in the West, 22% in the East, and 11% in the North. However, at R-50, the relative power generation soars to 1366% in the South, 1116% in the 
West, 1107% in the East, and 545% in the North. Make informed decisions to maximize energy efficiency and harness the full potential of solar power with our 
insightful analysis. 

2. R-Value & Solar Energy Generation In Different Locations

While the R-Value focuses on energy loss through insulation, BIPV systems primarily concentrate on energy generation through solar radiation. The two 
concepts are not directly convertible, but a comparison can be made to understand their combined impact on a building’s energy performance.
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Toronto Annually Per SQFT BIPV Compensation Factor (Equivalent) 400W

R-Value Winter Heating 
Loss (kWh)

Summer Cooling 
Loss (kWh)

Net Energy 
Loss (kWh) South West East North
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Los Angeles Annually Per SQFT BIPV Compensation Factor (Equivalent) 400W

R-Value Winter Heating 
Loss (kWh)

Summer Cooling 
Loss (kWh)

Net Energy 
Loss (kWh) South West East North
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Houston Annually Per SQFT BIPV Compensation Factor (Equivalent) 400W

R-Value Winter Heating 
Loss (kWh)

Summer Cooling 
Loss (kWh)

Net Energy 
Loss (kWh) South West East North
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New York Annually Per SQFT BIPV Compensation Factor (Equivalent) 400W

R-Value Winter Heating 
Loss (kWh)

Summer Cooling 
Loss (kWh)

Net Energy 
Loss (kWh) South West East North
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Miami Annually Per SQFT BIPV Compensation Factor (Equivalent) 400W

R-Value Winter Heating 
Loss (kWh)

Summer Cooling 
Loss (kWh)

Net Energy 
Loss (kWh) South West East North

Our calculation process involves utilizing heating degree days (HDD) and cooling degree days (CDD) to determine the values in question. HDD and CDD are 
derived by calculating the average daily outdoor temperature (in °C/°F) and measuring the difference from a reference temperature of 18°C/65°F. By summing 
these values over the course of a year, we obtain an understanding of the heating and cooling requirements. In the case of Toronto in 2022, there were 3676°C 
(6616.8°F) HDD and 434°C (781°F) CDD. You can find this information in the provided links for Canada and the USA.

Canada: https://toronto.weatherstats.ca/charts/hdd-yearly.html
USA: https://www.weather.gov/wrh/climate

Using these HDD and CDD values, we can proceed to calculate the winter heat loss and summer cooling loss, with the net power energy loss being the sum 
of both. The formulas we employ are as follows:

To determine the annual energy production of a solar panel per square foot, we take into account the number of sunlight hours a city receives throughout the 
year. Using Toronto as an example, the respective annual energy production values (in kWh) per square foot for different orientations are as follows:

West

East

North

South

11.61 kWh

11.52 kWh

5.67 kWh

14.11 kWh

Orientation Annual Energy Production Per SQFT
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Lastly, we calculate the BIPV (Building-Integrated Photovoltaics) compensation factor. This factor is obtained by dividing the annual energy production of the 
solar panel by the net power energy loss, expressed as a percentage. It illustrates the solar panel’s power generation relative to the insulation’s performance.

3. Climate Variation And Insulation By Location

The climate varies in each city, and these variations are categorized into different zones based on the number of heating degree days. Each zone has specific 
insulation requirements. To determine these requirements, you can refer to the following sources: 

1. For Canadian cities, such as Toronto: https://www.homedepot.ca/en/home/ideas-how-to/home-repair-and-maintenance/how-to-choose-insulation.html 

2. For cities in the United States: https://codes.iccsafe.org/content/FEC2017/chapter-4-re-residential-energy-efficiency  
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City Climate Zone Insulation Requirements

When it comes to windows, a typical double-glazed window has an R-Value of 3.7, while a triple-glazed window has an R-Value of 4.3. With these values, you 
can calculate the expected heat loss for different window-to-wall ratios using the formula:

WW
x
=NetEnergyLoss

Wall
*WW

x
+NetEnergyLoss

Window
*(1-WW

x
)

Where WW
x
 would be the window wall ratio (WW

0.2
 = 0.2)

Here is the data for annual heat loss (kWh/sqft) based on different window-to-wall ratios for each city and window glazing type:
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Window Glazing 0.2 0.3 0.4 0.5 0.6 0.7

Toronto
Double Pane

Triple Pane

4.7

4.3

5.9

5.3

7.0

6.3

8.2

7.2

9.4

8.2

10.6

9.2

Los Angeles Double Pane

Triple Pane

1.6

1.5

2.0

1.8

2.4

2.1

2.7

2.4

3.1

2.7

3.5

3.0

0.8

11.7

10.2

3.9

3.3

Houston Double Pane

Triple Pane

3.1

2.9

3.6

3.3

4.1

3.7

4.6

4.1

5.2

4.6

5.7

5.0

6.2

5.4

Miami Double Pane

Triple Pane

4.3

4.1

5.1

4.6

5.8

5.2

6.5

5.8

7.2

6.4

8.0

7.0

8.7

7.6

New York Double Pane

Triple Pane

3.8

3.5

4.7

4.2

5.6

4.9

6.4

5.7

7.3

6.4

8.2

7.1

9.1

7.9

City Window-Wall Ratio Annual Heat Loss (kWh / SQFT)

Additionally, you can calculate the BIPV (Building Integrated Photovoltaics) compensation factor for different cities and window glazing types. The 
compensation factor considers a smaller amount of BIPV as the window size increases. Please note that these calculations do not account for solar heat gain 
through a window.
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City BIPV Compensation Factor

4. Implications For Sustainable Design

 
By comparing the energy loss of a building based on its R-value with the potential energy generation of BIPV, we can gain valuable insights into the overall 
energy dynamics. In some cases, the energy loss of a building can be significantly offset by the energy generation capabilities of BIPV systems. Research 
suggests that BIPV can potentially offset the building’s energy loss by a factor of 130X, highlighting the significant impact these integrated solar solutions can 
have on a structure’s energy efficiency. 

The ability of BIPV systems to counterbalance energy loss in a building is of great importance in sustainable design. By integrating renewable energy 
generation directly into the building envelope, we can effectively reduce the reliance on external energy sources and minimize the overall environmental 
impact. Additionally, the integration of BIPV systems can contribute to the reduction of greenhouse gas emissions and foster a more sustainable and resilient 
built environment.
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