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The relation between existing buildings and energy efficiency has become a priority when 
pursuing strategies to reduce the environmental footprint of construction. While cities around the 
world are full of existing buildings, these existing buildings now could be improved by introducing new 
technologies and construction methods in response to the changing climate realities. The alternative 
is demolition to make room for more energy efficient buildings.  
  

Toronto has experienced changes in density thanks to a hot real estate market. Pursuing 
maintaining the historical roots of the city, this document aims to define strategies on renovating 
existing buildings to make them more energy efficient, using passive systems, and therefore 
preserving their original style and cultural sustainability for the future.   
 

In the City of Toronto, most houses maintain their original Victorian Architecture 
characteristics, a style that was born and developed in England during the reign of Queen Victoria 
(1837 – 1901). It is quite common to find this architectural style in any Toronto neighbourhood, which 
was strategically planned to combine the landscape with the typical brick construction of that time.  
 

The Victorian House is again a trending style, reviving the prestige of decades ago that 
motivated the construction of entire neighbourhoods with this architectural style. For analysis at the 
neighbourhood scale, to identify patterns at a smaller scale, I have selected the “Trinity-Bellwoods” 
neighbourhood due to be an inhabitant and its large variety of styles.  
 

Due to the development of new construction methodologies (concrete and steel) and 
increasingly strict legislation, many Victorian houses are being totally transformed, losing their 
Victorian style and consequently, losing their history and authenticity. To understand the process of 
construction developed in these Toronto neighbourhoods, it was important to understand their 
history and contribution to the city’s sprawl. The Victorian house typologies are presented by a 
chronological map of Figure 1, to illustrate the years and neighbourhoods where each style has 
occurred. 
 

At the same time, an understanding of the construction methodology of this style is needed, 
to refer to the adaptations for adoption of the typology to the extreme cold weather of Toronto, which 
is much more adverse than in England; the main pathologies that have presented themselves, and 
how the pathologies might be addressed.  
 
Information was collected by a survey answered by people who live in this style of house in the Trinity-
Bellwoods neighbourhood. There were collected 25 (twenty-five) completed questionnaires. 
 
The study covers the following construction components of the house: 
 

1. Foundations; 
2. Structure; 
3. Exterior Walls; 
4. Roof; 
5. Doors and Windows. 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1 - Timeline illustrating the Victorian House Styles throughout 19th/20th centuries in Toronto. 

The survey revealed important testimony from owners of the various issues that could exist in 
these houses. Some of the most frequently mentioned the issues below: 
 

 Cold roof/attic; 

 Difficult cooling down rooms during summer; 

 Insufficient natural light in interior rooms; 

 Leaked windows and doors; 

 Defective mortar and flacked or eroded brick on exterior walls; 

 Leaking roof and water penetration; 
 
Another analysis focus on the scale of the residential unit, with the aim to study a particular 

type of house previously identified as “Bay-and-Gable”- which is a combination of different Victorian 
styles brought from the United Kingdom. This type of house has succeeded throughout history 



because it is easily adaptable to all different classes. It The key characteristic was its appealing façade 
design that was easily created adding minor and inexpensive decorative detailing to its narrow house 
frontage. The Figure 2 describes a typical Torontonian Victorian house envelope.  

 
In Toronto, during a long period prevailed a double brick wall option with lath and plaster as 

interior finish; however, the use of wood studs as a backup became the preferred system in housing 
construction early in the 20thcentury. The reason behind this is the significant increase in energy 
performance of the wall when replacing the concrete backup with wood studs (Symposium et al., 
2013). 
 

 
 

After intensive research throughout observations of renovated houses in the neighbourhood 
chosen for this study, it was noticed that there are many squandering in the use of materials, especially 
during the house structure construction and that construction speed is not optimized as it could be. 
 

However, the optimization of speed of the construction is the most important factor to be 
considered for the houses’ rehabilitation, other construction aspects, such as sustainability, are 
increasingly being prioritized. Sustainability is an important component to this study since that the 
inhabitants are pursuing to decrease demand for energy.   
 

This work outlines new strategies and techniques to the renovations that would increase the 
energy efficiency and, if necessary, replace the existing assembly components with new ones or to 
improve the thermal composition of exterior walls in order to reach a target of 40% energy savings 
when compared to original energy consumption. The target value is derived from the new goal 
proposal published by the City of Toronto, target the carbon emissions of existing and new buildings 
as key strategies to estimate change mitigation. The principles are related to a reduction of materials 
during construction, and consequently, less production of waste; use of materials with sustainable 
certification; increase of thermal value of trough the crucial areas of the house to control the energy 
loss. 
 
 
 
 
 

Most characteristic feature: strong vertical emphasis in which the lines 

of the bay, together with the narrow openings, draw the eye to 

thecrowing gable and its vigorous display of carved gableboard and 

supporting brackets. 

 

Typical tow or 

four-light sash 

windows 

 

Half-glazed paneled 

and transomed 

entrance doors 

 

Variations: Half-

Bay-and-Gable: 

- The bay fronts only 

the ground floor; 

- Often capped by an 

open fretwork dwart 

parapet; 

- Many example in 

which the bay is 

absent. 

 

Figure 2 - Bay-and-Gable house description by Cabbagetown Preservation Association.  

 



For this end, were calculated energy consumption and embodied energy for the following options: 
 

1. Traditional Victorian House without alterations of its original construction; 
2. Victorian House partial renovated. 

 
The references for calculating the values for both components are described below: 
 

Operational Energy Embodied Energy 

Using the software provided by Natural 
Recourses Canada, HOT2000, which is an 
energy simulator and design tool for low-rise 
buildings.(4) 

Based on documents that contain energy values for 
various materials used for construction and 
calculators to obtain global results according to the 
construction type, intervention and demolition.(5) 

 
From foundations to the roof, The Table 1 shows a comparison analysis of heat loss and 

consumption statistics in an Original Victorian house and a Renovated Victorian House calculated by 
HOT2000, which calculates the annual heat loss amount (MJ) for each envelope component and loss 
by air leakage and mechanical ventilation.  For these calculations, the mechanical and air leakage were 
dismissed.   

 
Table 1 - Consumption statistics for Renovated Victorian House vs Original Victorian House by 

HOT2000. 

  Original Victorian House Renovated Vicotrian House 

Component 
Area 
(m2) 

Effective 
(RSI) 

Heat Loss 
(MJ) 

% 
Annual 
Heat 
Loss 
(MJ) 

Effective 
(RSI) 

Heat Loss 
(MJ) 

% Annual 
Heat Loss 
(MJ) 

Foundation 130.16 - 11,942.69 2.54 - 5,206.17 2.34 

Exterior 
Walls 

382.72 1.09 120,532.50 25.67 3.12 38,094.99 17.12 

Roofs 107.75 0.37 80,195.43 16.69 8.88 4,057.38 1.82 

Windows 52.46 0.18 113,552.46 23.61 0.55 37,072.82 16.66 

Doors 6.4 0.39 6,766.71 1.41 0.39 6,577.39 2.95 

Floor 
Headers 

10.88 0.90 575.67 0.12 6.08 361.51 0.16 

        

Air Leakage / 
Mechanical 
Ventilation 

- - 135,988.33 28.96 - 129,319.52 58.11 

 
Comparing the heat loss results between the original Victorian and renovated one, priorities 

for improvement are clear. The key exterior component to upgrade is the roof - dropping the heat loss 
close to 15% - making this a priority intervention as per Table 1 and Figure 3. The improvement in 
energy efficiency of the house after the renovation was 1,029,664.41 MJ, or a decrease of 85% of total 
annual energy. 



 
 

 
Victorian houses behave different in different climates (United Kingdom vs Canada). To find 

strategies and adapt them for current requirements, additional lines of inquiry began to cross my 
mind. One additional area to explore would be the comparison of the energy performances for 
different houses in a graphical form that can be easily understood by any person. The current 
comparison options to address energy performance is strictly to link results by component, which 
means that exterior walls RSI must be compared with other walls, roofs with roofs and so on. 

 
The Table 2 provides the different results according to each method, and at same time divides 

the results by RSI and consequently converting to R-Value, which is the unit more currently used in 
Canada.  

 
 

 

 
 

Results seemed to be equivalent regardless of the approach, which corroborates the 
methodologies used and can be a starting point to develop a formula that could be used in further 
applications and to use to compare methods for different houses. However, the value obtained using 
the second method on renovated houses diverges from the rest. This was less desired and 
understandable mostly because using the same methodology, the R-Value obtained for an original 
Victorian house version was identical to other methods. 

Table 2 - Comparison of results from different methods to calculate House RSI. 

 Original Victorian 
House 

Renovated 
Victorian House 

Energy 
Effiiency 

Improved 

 RSI R-VALUE RSI R-VALUE % 

1st Method: RSI vs 
Envelope Area 

0.88 5 4.53 23 358 

2nd Method: RSI parallel 
(ASHRAE Fundamentals 
2009) 

0.88 5 2.56 14 188 

3rd Method: HOT2000 
Values vs Envelope Area 

0.78 5 4.53 25 417 

 

Figure 3 - Comparison of heat loss: Original Victorian House and Renovated Victorian House. 



It is concluded that the impact of insulation on RSI has influenced this value and become the 
main cause of this discrepancy, which makes some sense when considering that RSI parallel by 
isothermal planes was created to calculate framing insulate walls. Also, an original Victorian house 
can perform as an R-value 5, which is considered a poor energy efficient construction similar to a 1 in 
of high density glass fibre board or 1 in of extruded polystyrene board (XPS), as an example. It becomes 
more worrisome when products like Polyurethane closed-cell spray foam or Polyisocyanurate spray 
foam, used to insulate existing houses, have a higher R-value, independently. This assumption let me 
conclude that a current insulation board would be performing better than a whole house. On the other 
hand, a renovated house can reach a R-25, which is an important increment of thermal resistance in 
the house. Value higher than mandatory R-value for walls above grade (R-24) in additions to existing 
buildings according SB-12 (Ministry of Municipal Affairs and Housing, 2016), and close to what is 
mandatory for floors or ceilings without attic space (R-31) on the same supplementary standard. 

 
 

 
The difference between Operational Energy and Embodied Energy has been the focus of more 

and more studies in recent years, addressing concerns regarding the environmental impacts of 
buildings and construction in the overall consumption of energy and consequent emissions.  The 
operational energy has a major impact in terms of fossil fuels used for space heating and cooling, 
lighting and the operation of appliances. When the intention is to save energy by reducing energy 
consumption, decreasing the operational energy is by far the best strategy. 

 
My contribution to this matter in terms of this study is not to develop a strategy, software or 

methodology, but to calculate approximately the embodied energy consumed in the renovation of a 
Victorian house using the methods previously described. It is well known that retrofitting existing 
buildings avoids unnecessary carbon emissions associated with total demolition, minimizes material 
production as opposed to a new build, and preserves the embodied energy carried over the existing 
buildings’ life cycle, which can be considered a non-renewable energy already consumed. 

 
Calculations of embodied energy will include initial energy consumption to operate the house, 

and amount needed to improve thermal resistance, and consequently reduce the operational energy.  
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Figure 4- Comparison of Estimated Annual Energy Consumption for Original and Renovated Victorian 
Houses. 



The results show an impressive reduction of energy consumption between the two examples 
(Figure 4). In some cases it can be eight times less than the original energy consumption. These results 
are not surprising considering that it is comparing a Victorian house as it was built at end of 19th 
century, with no insulation at all, and a totally renovated house, using methods and materials in vogue 
in the current construction period. 

 
Using the results extracted from the certified software HOT2000, the table above (Table 1) 

compares the total energy including embodied and operational energy consumption of the renovated 
and unrenovated house. The first option considered the same consumption year after year, without 
alterations. The second option, the renovated house calculation, included the total embodied energy 
consumed during the renovation after one year (year 2), which is the expected time range needed to 
complete construction. On year 3, the consumption drops to the total estimated annual energy 
consumption after improving the house. 

 
The Figure 5 illustrates the progressive consumption for both cases and the inversion point 

when the renovated house start to perform better than the original Victorian house.  

 
Meanwhile, additional studies can be extracted using these calculations that would allow for 

a better understanding of the environmental impacts in different cases of study outside of existing 
houses and their renovations. It became important to extend the experience obtained through this 
process and compare it with the energy necessary to build new houses. 
 

To shift to a different level, another study was added to this document that was not 
previously defined, based on comparing the total energy (operational + embodied) necessary to 
raise a new modern, energy efficient house in the same property of the case of study by tearing 
down the existing building. After getting the total amount of energy to build a new house, the 
principle was to compare those values with the embodied energy used to renovate a Bay-and-Gable 
house, plus the annual operational energy necessary to operate the house. By comparing both cases, 
the strategy is to acknowledge how many years a new house would need to equal energy 
consumption of a renovated Victorian house. 
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Figure 5 - Evolution of Energy Consumption for Original and Renovated Victorian Houses. 



 

 
From Figure 6, we conclude that it takes 17 years before the total energy of the new house 

matches the renovated house’s consumption, which reinforces the fact that renovating an existing 
house is still being a good strategy. Not included, however, were factors such as environmental 
comfort or energy costs, which could make the new houses considered more energy efficient 
instead of the renovated houses 

 
There are some interesting facts to extract here. As initially assumed, original houses are far 

less efficient than any other case. However, the main thing to note is that a renovated Victorian house 
can equal or even perform better that a new house built in a conventional way and could be made 
even better by changing the initial target of 40% improvement for something more aggressive. 
Nevertheless, the renovated Victorian house usually continues to perform worse than an energy 
efficient house built from scratch, consuming double the amount of energy in a year. As a fact, it is 
difficult for a renovated house to equal a new energy efficient one because of the existing constraints 
when renovating, which could include decaying materials, difficulty in accessing key areas for 
construction, and so on. 

 
In conclusion, it is important to note that after the first year of renovations, the embodied 

energy expended to renovate the house is already absorbed by the incredible reduction in the house’s 
operational energy made possible by the renovation, and then some. It is important to consider 
renovating a Victorian house rather than building a new one in its place. Apart from the financial cost 
of tearing it down and building a new one, the energy consumption of a new build would equal more 
than 200% of the renovated option’s embodied energy at the initial stage, and would then need close 
to 17 years for the two options to be equal in energy. 

 
Finally, this study must not end with the results released here, but rather become the basis 

for further research on future renovations to these houses, using the strategies here described and 
proceeding with energy measurements to ratify the results. There should also be continuing study of 
the calculation methods for overall RSI described, pursuing an accurate formula that will yield more 
exact results, to better assist homeowners to understand the behavior of their houses. 
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Figure 6 - Evolution of Estimated Energy Consumption for New Energy Efficient house and Renovated 
Bay-and-Gable house.  


