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ABSTRACT 

This research initiative attempts to empirically determine, with reality-based evidence from un-biased 

sources, the cost challenge, energy advantage, and expected pay-back period associated with building an 

above-code residence in Victoria, BC. In addition, this initiative created a much-needed benchmark for 

contractors to gain a firm understanding of the construction details required to achieve the various levels 

of the “Step-Code” in the newest edition of the BCBC.  It was important to gain this information specific to 

Victoria B.C. to make an appropriate estimation of the actual “cost challenge” for building above code in 

the local housing market.  This was accomplished through: a simulated tendering process with local 

contractors, an energy analysis of a case-study residence with the same floor plan, and an in-depth study 

into the variables governing time-to-amortization.  The contractors provided quotes for an “above code” 

residence (ACR), and a minimum-code residence (MCR) with the same floor plan. The results were then 

compared to the as-built construction costs of the residence.  When compared to the MCR, it was found 

that the ACR has a cost-challenge of approximately 22.5% ($74,400), an energy advantage of 22.5 

kWh/m2/yr , and a payback period of over 79 years when a fuel inflation rate of 2% is considered. However, 

many of the components in the ACR assemblies were either for aesthetic appeal (metal-roofing), or comfort 

(floor-cavity insulation), and therefore it was possible to reduce the cost-challenge to just 2.1% ($7,759), 

while maintaining an energy advantage of 15kWh/m2/yr  and step-level 3 designation.  This was dubbed 

the hybrid-residence (HR) as it employed a combination of above-code and minimum-code construction 

assemblies.  The HR has a pay-back period of approximately 16 years when the same inflation rate is 

expected in the price of fuel.  
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1. INTRODUCTION 

In the early 1970’s a group of researchers from the National Research Council of Canada (NRC) and several 

research institutions in Saskatchewan undertook an initiative to change the way homes were designed and 

built in Canada [1]. The result was the “Saskatchewan Conservation House”, a precursor to both the 

Passivehaus (developed by Dr. Wolfgang Feist in Germany) and the Canadian R2000 program (developed 

by NRCan). The Saskatchewan house was, at its time, the most airtight building in the world with a blower 

door test result of 0.5 air changes per hour (ach) at 50 Pa [1].  Although the Saskatchewan house gained 

attention world-wide, the design and construction principals were not adopted by the construction sector 

due to the step-forward it required in the accepted building codes of the time.  

Designing high performance homes is not a new concept, however with issues of climate change and global 

warming at the forefront of collective global consciousness, these concepts are once again attracting 

attention in an effort to reduce GHG production and energy consumption. Research shows that focusing 

on reducing residential building energy consumption would be an effective means to accomplish GHG 

emissions targets. In the United States 40% of all energy use is for buildings, with 22% being used for 

residential buildings [2]. This shows that residences use more energy than commercial buildings. In fact, 

about 75% of global energy use in buildings is from residential sources [2].  In 2005, residential buildings 

were responsible for 29% of global energy consumption, and 21% of the global CO2 emissions (see Figure 1 

below) [2].  Surprisingly, global CO2 emissions from household energy use is comparable to that of the 

transport industry. 

 

FIGURE 1  -  2005  GLOBAL ENERGY USE AND CO2  EMISSIONS [2] 
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Attention is now being turned to the residential-construction industry, and legislation is being implemented 

in countries around the world in an effort to make “above-code” residential buildings easier and more 

economical to build.  In British Columbia, the 2016 version of the BC Building Code (BCBC) incorporates 

“Energy Step Codes” which allow municipalities to adopt a “beyond-code” option to ensure higher building 

performance.  

The experiences of countries currently adopting similar legislation to the “step-code” show that these 

codes may be difficult to implement due, in part, to resistance from mainstream home builders. An article 

from the “Canadian Building Energy End-Use Data and Analysis Center” at the University of Alberta stated 

that most mainstream builders can be deterred from building these homes because of the specialized 

building techniques, materials needed, and the numerous real or perceived technical and cost-related 

obstacles [3]. The Department of Civil and Building Engineering at Loughborough University conducted 

feasibility study of zero-carbon homes from a home builders’ perspective.  In their research they conducted 

a survey polling the top 41 home-building companies in England and asked them to comment on the most 

influential barriers to the implementation of high performance housing developments. The respondents 

stated that technical barriers are one of the main considerations [4].  Another barrier is the fact that volume 

home builders, or spec home builders, tend to use a set of standard construction packages in their 

developments to achieve an economy of scale and reduce construction defects [4]. Building scientists and 

building envelope designers are rarely employed in the residential housing sector as it is not mandatory 

and may negatively affect the bottom line of home builders.  A lack of confidence in emerging green 

technologies was a recurring theme in the study with 76% of respondents commenting that it is a 

significant-to-major barrier.  This study also showed that only 5% of respondents commonly use high 

efficiency glazing, and just 12% said they always integrate renewable energy features in their housing 

projects [4]. However, innovation within the supply chain was also rated as a significant driver by 85% of 

respondents, implying that home builders will implement energy efficient technology, provided that it is 

incorporated into materials they are already comfortable using. 88% of respondents stated that proper 

legislation for high performance homes would be a major driver for adoption in the industry, stating that 

“making [high performance] standards mandatory would be the most effective way of driving the industry 

to build [high performance] homes. The caveat to this is that 73% of respondents also stated that the 

definition of zero-carbon homes is a significant barrier to the implementation of high performance housing 

due to its ambiguity [4].   
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A document entitled “Energy Step Code Implementation Recommendations” produced by the Stretch Code 

Implementation Working Group stated that “the development industry also has some specific concerns 

that some local governments may implement the Step Code too quickly, beyond market acceptance and 

the capacity of local industry” [5]. Due to these facts, the implementation of step codes in BC may create a 

disparity between the level of performance that the municipalities adopting the step codes will require of 

homes, and the product that home builders (particularly volume home developers) are used to producing. 

This new legislation could pose a significant burden on the residential construction sector who will have 

very little time to adapt to the change in expectations.  

There has been little research into the implementation of energy step-codes in British Columbia, primarily 

because of how recently they have been implemented. Furthermore, construction methods and details 

have not been provided to the home builders in regards to meeting each step level.  This leaves room for 

costly errors to occur during construction.  If a smooth transition from prescriptive Part-9 building (as found 

in 2012 BC codes) to more ambiguous energy step-levels is desired, the builder would benefit from a 

“benchmark” to determine what level of detail is needed to meet specific step-levels.   There needs to be 

some context in regards to the construction requirements and procedures necessary to meet higher step 

levels.  There is no such context currently available to home-builders to reference.  The main unanswered 

questions to date are: what can be done to assist builders in their decisions of which green technologies to 

adopt to meet the specified step levels? Which technologies and details can be easily implemented in the 

field? What can be done to help the builder meet new energy performance requirements using familiar 

construction practices? What can be done to assist builders in creating a product that will meet step code 

regulations?  

This study used a high-performance residence, constructed in Victoria, BC during 2015, as a case study to 

develop a “real-world” cost and energy comparison between an above-code home and a minimum-code 

home.  The high-performance residence was then compared to the BC Step-code to determine which step 

level was achieved.  The time-to-amortization was also determined for the above-code residence.  
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2. LITERATURE REVIEW 

There are several alternatives to building a typical “minimum-code”part-9 residence, Passivehouse being a 

well-established example.  There is no denying that “above-code” construction practices produce energy 

savings.  For instance, for a residence to be a certified Passivehouse the heating energy consumption must 

not exceed 15 kWh/m2a, which is a major improvement over the 70 - 80 kWh/m2 of a minimum-code 

building [5] [6]. However, this also represents a major leap above typical construction practices, requiring 

builders to receive specialized training in order to become a passivehouse builder.  The upside to building 

an above-code residence (ACR) is that it reduces energy demand and saves money in the long term.  The 

downside is that they can be more expensive to build than a minimum-code residence (MCR) and the 

payback period can be significant.  

For clarification, Part 9 of the BC building code is the building standard used in the province of British 

Columbia for residential home building [7].  It represents a “bare-minimum” construction model to meet 

structural and energy performance targets specified in the National Building Code [8], with some variations 

specific to the various climate zones within the Province.   The National Building Code is a “model” building 

code for all jurisdictions in Canada.  As a model code, the National Building Code has no legal status until it 

is adopted by a specific jurisdiction, however, it forms the basis of all of the provincial building codes.    

There have been many research initiatives to provide insights to the economic viability of above-code 

standards such as Passivehouse.  Ray Galvin provides a “reality-based” (instead of modelled) approach to 

conduct a cost-benefit analysis of Passivehouses (PH) compared to conventionally built houses (CH) [6].  It 

showed how a number of variables affect the energy consumption advantage of a PH.  It also showed that 

the amortisation time is very sensitive to variations in the estimates of the building cost, however, this study 

does not compare residences with identical floor-plans and does not provide an in-depth construction cost 

comparison of a PH and CH with identical floor plans.  Instead it uses accepted construction averages from 

across the EU to give a more general view. In the authors concluding remarks he suggested that “an 

investor-household would have to believe a PH would out-perform a CH by about 50 kWh/m2 a to think it 

would amortise in 25 years or less” assuming modest fuel price increases and discount rates of 5% and 8% 

respectively.  The author states that construction costs for building a PH rather than a CH in various 

European countries range from 0% to 17% with a mean of 8%, however, these values are not appropriate 

to use for our study as they assume a PH construction in Europe, while the study at the forefront of this 

report was with respect to some arbitrary level “above-code” as achieved by a case-study high-
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performance residence in the Victoria, BC housing market.  That is to say that the high-performance 

residence studied in this research initiative was not built to the PH standard using PH approved 

components.  In addition, PH components are more readily available in EU countries due to the close 

proximity to the manufacturing plants, which makes the standard more affordable in the EU.  

In contrast to the important work Ray Galvin produced, Audenaert et al. compare cost-challenge, energy 

consumption, and amortisation periods for PH and low-energy houses (LEH) with respect to CH with the 

same floor plan [9]. For clarification, Passivehouse (PH) refers to a residence built to the “Passivehouse 

building standard”, where a low-energy house (LEH) is a residence designed with the goal of reducing 

energy consumption, but not specifically built to meet the metrics of the Passivehouse standard. This article 

summarizes that construction cost increases for PH and LEH compared to CH are 16% and 4% respectively.  

Using modelled energy data, they conclude that the LEH break even earlier than the PH when considering 

cost challenge.  They determined that the economy of building high-performance buildings is very 

depended on the predicted cost growth rate of energy supply. However, it is unclear what the actual (not 

modeled) energy consumption of these buildings would be, and how it would affect the results of the study.  

This same study shows how different modelled and actual energy performance can be, which will greatly 

impact amortization time. In addition, the construction cost data is not representative of the Victoria, BC 

housing market.  

A study by Osmani and O’Reilly in 2009 gathered the opinions of major house builders in the UK on the 

feasibility of zero carbon homes in England by 2016. They showed that re-occurring comments among 

interviewees was that “nobody knows exactly how much it is going to cost to build in accordance with the 

[Code for Sustainable Homes]” [4].  The Code for Sustainable Homes (CSH) is a code similar to the Step-

code introduced in BC, Canada.  It can be assumed that home-builders in Victoria would have similar 

comments regarding the step-code.  

In 2015, Heffernan et al. conducted a very similar study in the UK to explore why the take-up on voluntary 

energy efficiency standards (similar to the Step-Code introduced in British Columbia) has been limited [10]. 

They site that one of the main barriers to the mass development of zero-carbon homes in the UK is still the 

perceived and real increased cost of building energy efficient. Implying that builders still have preconceived 

opinions on how much a high-performance residence will cost.  This article concluded that while drivers for 

low energy homes exist, home builders still perceive the barriers to outweigh the drivers.  The conclusion 

that can be made from this literature review is that there is a lack of “real-world” cost comparisons between 

“above-code” residences, and “conventional” residences for home-builders to rely on. 
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2.1. ENERGY STEP CODE SUMMARY 
The energy step-code is a voluntary performance standard that provides an incremental approach to 

achieving higher energy performance in both commercial and residential buildings.   Step levels are 

assigned to a building based on compliance to specific performance metrics: Mechanical Energy Use 

Intensity, Thermal Energy Demand Intensity, Peak Thermal Load, and Air-tightness.   

For part 9 buildings there are five step-levels, with Step 5 associated with “net-zero-ready” performance.  

The performance is compared to a modeled minimum-code “reference building”. 

2.1.1. REFERENCE BUILDING APPROACH  
The Reference Building Approach focuses on the buildings modelled performance.  This method requires a 

“minimum-code-reference building” to be developed to which the high-performance residence is 

compared.   

By comparing the reference model and the above code-model, it can be shown that the designed building 

will exceed the energy performance of the reference building of the same geometry and orientation.  It can 

then be stated that the building design will meet a specific step-level in the code by comparing it to each 

of the performance targets as outlined below [5].  

2.1.2. MECHANICAL ENERGY USE INTENSITY 
The Mechanical Energy Use Intensity (MEUI) is a metric that quantifies energy used by space heating, 

cooling, ventilation, and domestic hot water over one year, per square metre of useable floor area.  It is 

given in units of kWh/m2/yr.  This metric does not include plug loads, lighting, or appliances (base-loads). 

The MEUI is intended to encourage well-designed building envelopes to reduce energy use [5].  

 

2.1.3. THERMAL ENERGY DEMAND INTENSITY 
Thermal Energy Demand Intensity (TEDI) is a metric of building envelope performance measured in 

kWh/m2/yr.  This metric shows the required energy to keep the interior at a specific design temperature.  

It accounts for passive gains and envelope heat losses. The TEDI is intended to encourage well-designed 

building envelopes and optimized thermal gains from passive sources [5].  
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2.1.4. PEAK THERMAL LOAD 
Peak Thermal Load (PTL) is a metric for the energy required to condition the air in a building on a specific 

design day (the hottest or coolest day of the year). It measures the amount of energy (in W) needed to 

keep a space at a specified design temperature, per floor area of the building (m2).  It is meant to encourage 

air-tight, well insulated building envelopes that optimize the use of shading and solar-gains. It also 

promotes the use of high performing windows and doors [5].   

2.1.5. AIRTIGHTNESS  
Airtightness is the metric, given in air changes per hour at 50 Pa (ACH50), for a building’s resistance to air 

leakage through the building envelope. Airtightness can also be defined as equivalent leakage area (ELA) 

and normalized leakage area (NLA).  ELA is defined as a hole of equivalent area in the building envelope 

that would produce the same leakage rate as the ACH50 test. The NLA is the size of the ELA divided by the 

area of the entire envelope.  The ELA and the NLA are used to define the air leakage of smaller buildings 

[5].  

2.1.6. BUILDING PERFORMANCE TIERS 
The building performance tiers are divided into five sections that progress from BCBC minimum 

requirements, to Net Zero ready performance.  The structure for climate zone 4 is shown in the table below.  

 

FIGURE 2  - STEP CODE REQUIREMENTS [5] 
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Step 1: Enhanced Compliance 

The first step requires a pre-construction thermal model and post-construction airtightness test. Currently, 

the BCBC does not require a target airtightness performance level to be achieved by the builder, however 

it does assume that it falls within the range of 2.5 to 3.2 ACH50 [5].  

 

Step 2 - 4: Performance Tiers 

These steps are intended to improve the airtightness and energy performance above the BCBC minimum 

requirements [5].  

 

Step 5: High Performance 

This tier represents the highest level of performance being achieved in BC today. This step has similar TEDI 

and PTL requirements to passive-house standards, however the passive house standard for airtightness is 

0.6 ACH50 [1] [6] [5]. 

2.2. GAPS IN KNOWLEDGE 
Although there have been many research projects into the economic feasibility of passive-homes, there 

has been little research into the implementation of energy step-codes in British Columbia, primarily 

because of how recently they have been implemented.  In addition, the new step codes are not prescriptive, 

meaning they do not provide the home builder with methods and details to meet each step level.  This 

leaves room for costly errors to occur during construction, particularity in the early stages of adopting new 

step-levels.  The builder needs some sort of benchmark to determine what level of detail is required to 

meet specific step-levels if a smooth transition to the step-code is desired.   There needs to be some context 

to the construction requirements and procedures needed to meet a higher step level.  The main 

unanswered questions to date are:  

• What is the actual cost-challenge of constructing a residence to meet a higher step level in Victoria, 

BC? 

• What can be done to assist builders with the implementation high-performance construction 

details that can be easily implemented in the field?  

• Can the builder meet new energy performance requirements using familiar construction practices? 

• What are the actual energy savings associated with a higher step-level when compared to a 

minimum-code building? 

• What is the pay-back period that can be expected from building to a higher step-level? 
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2.3. RESEARCH OBJECTIVES 
The objectives at the forefront of this study were as follows:  

• Empirically determine the cost challenge for building “above-code” in the Victoria, BC housing market. 

• Create a calibrated energy model of the as-built “above-code” residence using actual energy data 

obtained from BC Hydro (electricity provider) and Fortis BC (natural gas provider).  

• Create an energy model of a “reference building” of the same floor-plan and building orientation.  

• Compare the modeled and actual performance for the residence.  

• Determine which step-level is achieved by the as-built residence.  

• Determine the “time to amortization” associated with the cost-challenge of building an above-code 

residence in Victoria, BC.  

It is worthwhile to note that this approach can be adapted for use in any climate zone to answer these 

questions.   
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3. METHODOLOGY 

In order to meet the objectives of this research initiative, this study saw the creation of two construction 

detail packages for an identical floor plan, one above-code and the other designed to minimum-code.  The 

construction drawings were adapted from design drawings created by RJC for a high-performance 

residence which was constructed in 2015.  This will be the case study residence for this report. Cost data 

was then obtained through the implementation of a simulated tendering process with two (2) reputable 

contractors in the Victoria area who were familiar with both Part 9 and “above-code” construction 

practices. This was done to create a relevant cost comparison between the high-performance residence 

and the conventional residence specific to the Victoria, BC housing market.  Ideally, there would have been 

more participants willing to provide quotes, but due to the construction boom occurring in the area, 

contractors willing to participate were few. However, the quotes that were obtained were a close match 

to the actual construction costs of the residence.  

 

Next, actual energy performance data of the high-performance residence was obtained from BC Hydro and 

Fortis BC and a calibrated energy model of the residence was created.   After the electrical consumption 

and natural gas consumption of the residence were accurately predicted by the energy-model, a reference 

building was then reverse engineered from this calibrated model by changing the building assemblies to 

what would be representative of BCBC minimum standards.  In order to ensure the model was predicting 

the consumption of a minimum-code building, it was important to ensure that environmental conditions 

within the building (such as temperature, and relative humidity) were kept consistent between the two 

models. It was also important to compare the predicted thermal resistances of the wall-assemblies to 

calculated values.  

3.1. CONSTRUCTION DOCUMENT CREATION 
Two construction-detail packages were created for a residence, one package with “above-code” wall, roof, 

and floor assemblies, as well as high performance detailing and construction components.  This residence 

will be referred to the “above-code-residence” (ACR). The other package used typical “minimum-code” 

assemblies and details, this residence will be referred to as the “minimum-code-residence” (MCR). 

Construction drawings were adapted from construction drawings made by RJC, the partnering organisation 

in this research initiative. The floor plan of the home was identical for the two residences to limit variables 

in construction costs associated with items such as lineal feet of interior walls.  All of the plumbing fixtures, 

light fixtures, interior finishes, and cabinetry were held constant to limit construction variables. It was 
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assumed that they would be built on the same plot of land.  Construction documents can be found in 

Appendix A.  

3.1.1. ABOVE-CODE DESIGN DETAILS 
Design details of a high performance residential building were adapted from original construction 

documents provided by RJC  in order to organize an above-code construction package to distribute to the 

chosen contractors.  High-performance building envelope details were designed to reduce thermal bridging 

through wall studs using continuous exterior insulation. A continuous air barrier was applied to the exterior 

to limit air-changes. High-performance – triple-glazed windows were installed to limit losses through the 

glazing.  Thermal mass was added to interior floors by adding a 1-1/2” concrete topping.  The R-values of 

the assemblies were calculated to ensure that they were all above BC-building code minimums.  The 

foundation walls were insulated with 4-1/2” of mineral-fiber insulation extending to the bottom of the 

footing.  The standing seam metal roof was designed to incorporate 8” of continuous exterior mineral-fiber 

insulation over traditional roofing plywood.   

The home was built using 2x4 studs at 16” on-center in order to increase the interior floor area and reduce 

the amount of lumber used in the exterior walls.  Due to the 1-1/2” concrete topping added to the interior 

floors, the floor joists had to be 2-2x8 in order to take the additional load.  2x4 engineered trusses were 

used in the roof assembly, although 2x12 roof joists were used in the location of the cathedral ceiling.  

Some of the above code details are provided below in order to provide an example of the design 

considerations.  
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3.1.1.1. Above-Code Base of Wall at Foundation  

 

 

FIGURE 3  - ABOVE CODE BASE OF WALL AT FOUNDATION 
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3.1.1.2. Above-Code Exterior Wall 

 

FIGURE 4  - ABOVE CODE EXTERIOR WALL [11] 

This exterior wall assembly does not include a vapor barrier as the partnering company in this research 

initiative, RJC, determined through hygrothermal simulation (WUFI) that there is no chance of 

condensation within the wall for the climate of Victoria, BC.  This is because the balance of the insulation is 

on the exterior and therefore the surfaces within the wall cavity never drop below the dew point of the air 

inside the residence. This is beneficial as it allows the assembly to dry to the interior and the exterior. This 

assembly was calculated to have a thermal resistance of R-21.6, which is 37% higher than BCBC code 

minimum.  
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3.1.1.3. Above-Code Roof Assembly  

 

FIGURE 5  - ABOVE CODE ROOF ASSEMBLY [11] 

 

FIGURE 6  - ABOVE CODE ROOF CROSS SECTION [11] 
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A major consideration during the development of the roof detail was to maintain air barrier continuity at 

the transition from the wall to the roof.  This is accomplished with closed cell spray urethane insulation 

between the double top-plate of the exterior walls and the underside of the roof sheathing. This effectively 

connects the membrane on the walls to the membrane on the exterior of the roof sheathing.  The roof 

assembly is insulated with 8” of exterior mineral-fiber insulation and a layer of drain mat provides a 

drainage plane and ventilation path. The entire assembly is fastened to the roof trusses with 12” long 

screws with rubber gaskets to seal penetrations.   

3.1.2. MINIMUM-CODE DESIGN DETAILS 
The design details for the given floor plan were then re-designed as if the home were being built to 

minimum requirements of Part-9 of the BC-building code.   The R-values of the assemblies were calculated 

to ensure compliance to BC-building code minimums. 

In this case, the walls were framed with 2x6 SPF #2 wood studs, and the floor joists are 2x10 SPF #2 as is 

typical in part-9 construction.  

 As with the above-code design, some of the part-9 details are provided and described below in order to 

provide an example of the design considerations. The full detail set for this residence can be found 

appended to this report.  
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3.1.2.1. MCR Base of Wall at Foundation  

 

FIGURE 7  – MCR  BASE OF WALL AT FOUNDATION 
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3.1.2.2. MCR Exterior Wall 

 

FIGURE 8  - MCR EXTERIOR WALL [11] 
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3.1.2.3. MCR Insulated Basement Wall 

 

 

FIGURE 9  - MCR INSULATED BASEMENT WALL 
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3.1.2.4. MCR Cathedral Roof Assembly 

 

FIGURE 10  - MCR CATHEDRAL ROOF 

 

FIGURE 11  - MCR ROOF VENT DETAIL 
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3.1.2.5. MCR Trussed Roof Assembly 

 

 

FIGURE 12  - MCR TRUSSED ROOF [11] 

3.2.  SIMULATED TENDERING PROCESS METHODOLOGY 
A simulated tendering process was undertaken with two (2) reputable contractors in the area.  These 

contractors were all familiar with both code and above-code construction.  The same information was 

provided to all contractors, namely:  

• Above-code design detail package: 

o Foundation plan, floor plan, design details, general framing details, etc…. 

o Assembly specifications. 

o List of “pull out costs” (items that do not change from AC to P-9).  

• Minimum-code detail package: 

o Foundation plan, floor plan, design details, general framing details, etc…. 

o Assembly specifications. 

o List of “pull out costs” (items that do not change from ACR to MCR) . 
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From this information, each contractor provided a cost estimate for the construction of both designs and 

the results were compared and averaged.  

3.3.  ENERGY MODELING METHODOLOGY 
Energy simulation is an important tool used when designing and building a high-performance residence.  A 

well-prepared energy model takes the variables such as environmental conditions of the building site, 

building orientation, construction materials, thermal bridging, etc… and generates an estimate of the 

energy consumption of the structure. The software tools are vital in the effort to reduce the energy costs 

of buildings.  In order to meet the requirements of the BC Energy Step code, it is necessary to perform a 

“whole-building” energy model of the proposed design prior to construction in order to demonstrate to 

local governing bodies that the building is capable of meeting or exceeding the energy performance 

requirements of the adopted step-level.   

There are many energy simulation tools available to designers, all with advantages and challenges.  

EnergyPlus was chosen for this research initiative due to the authors previous experience with the software.   

EnergyPlus is one of the most widely known energy simulation software tools.  It is the DOE’s (Department 

of Energy) open-source, whole-building energy simulation engine. EnergyPlus can be difficult to use, 

however, it is very powerful.  It does not have a visual user interface that allows users to conceptualize the 

building.  When paired with a graphical user interface (GUI) such as OpenStudio, it becomes much easier 

to use [12]. 

Based on the research mentioned above comparing several energy modelling software programs, it was 

decided that the energy models in this research project would be created using EnergyPlus in combination 

with the OpenStudio GUI.   
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3.3.1. CALIBRATED ENERGY MODEL GENERATION 

Building Geometry and Orientation 

Using the design drawings for the above-code residence, the building geometry was created using “Google 

Sketch-up”.  Google Sketch-up has an OpenStudio plug-in that allows sketch-up building geometry to be 

used by EnergyPlus.   

 

FIGURE 13  - RESIDENCE GEOMETRY 

Construction Sets 

Using published values for the material specifications from the “assembly-descriptions” within the design 

drawings, “constructions” were modeled in OpenStudio for each of the sub-assemblies within the 

residence.  “Constructions” are a build-up of materials specifications within OpenStudio that are then 

applied to the various surfaces of the Google Sketch-up generated geometric model.  For example, the 

assembly for “Exterior Wall 1” (EW1) is shown in Figure 14, below. The thermal resistance of the 

components are listed in the right-hand column in both RSI [Km2/W], and R-value [ft2 °F∙h/Btu].     
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FIGURE 14  - ASSEMBLY DESCRIPTION FOR EXTERIOR WALL 1 

The materials listed above were created within the software using material properties (specific heat 

capacity, thermal conductivity, density, etc.) and thicknesses and incorporated into a “construction: for 

EW1.   Note, only the materials that effect thermal performance were included in this construction.  

ACR R-Value Comparisons 

BC building code has minimum-values for construction assembly R-values, therefore the theoretical R-

values of the building envelope were calculated using the “series-sum method” to ensure that they meet 

BCBC code minimum standards.  The “series sum method” states that the thermal resistance of an assembly 

is the sum of all the thermal resistance in a heat-flow path [13].  For the section of the wall that is non-

homogeneous (the insulated wall-study-cavity) an equivalent resistance Req was calculated using the 

“parallel-flow method” where  𝑅𝑒𝑞 =  
1

𝑅𝑠𝑡𝑢𝑑
+  

1

𝑅𝑠𝑡𝑢𝑑
 and R is defined as described below.  

 

FIGURE 15  - RESISTIVE CIRCUIT THEORY – SERIES SUM AND PARALLEL FLOW METHODS [13] 
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The modeled thermal-resistance for the assemblies were then compared to the calculated values in the 

design drawings to ensure the model was representative of real-world parameters.  The largest percent 

difference in modeled vs calculated R-value was found to be 2.75%, which is acceptable for the purposes 

of this study. The comparisons are shown in Table 1.  

TABLE 1 – ABOVE-CODE THERMAL RESISTANCE COMPARISON 

Assembly RSI - Modelled RSI - Calculated % Diff 

EW1 3.82 3.8 -0.52 

EW2 3.63 3.73 2.75 

R1 6.44 6.32 -1.86 

R2 5.85 5.84 -0.17 

*Note: Window U-values were specified within OpenStudio 

Load Definitions 

For single family residential buildings, typical equipment load definitions for interior electrical equipment 

and lighting were both found to be 5 W/m2 [14].  

Schedule Sets 

Schedule sets create “operation schedules” for a number of parameters in the energy model such as: 

building occupancy, occupant activity level, house-equipment use, interior light use, hot-water use, and 

heating set point.  The schedule sets can be thought of an outline of user behavior within the residence. 

Schedules were created for both summer and winter occupant and equipment behaviors. The schedule 

sets are often created using a fractional schedule, meaning a percentage-use is on the vertical axis, and 

time-of-day is on the horizontal axis.   

House Electrical Equipment 

The “house equipment” schedule, which determines the use of electrical equipment within the house, was 

defined during the winter using a fractional schedule as follows:  
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FIGURE 16  - WINTER HOUSE EQUIPMENT SCHEDULE 

A spike to 70% of maximum electrical consumption between the hours of 6:00 am – 8:00 am was assumed 

as occupants get ready for the day, followed by an additional major spike between 6:00pm and 10:00pm 

as occupants come home, cook dinner, watch TV, and use other equipment around the house.  In the 

summer, it was assumed that the electrical consumption between 6:00pm and 10:00pm would be reduced 

significantly as the occupants spend more time outside enjoying the warm weather, and are less likely to 

cook or dry clothing indoors.  

Lighting 

A similar definition was applied to the interior lighting.  In the winter, it was assumed that 70% if the interior 

lights are being used in the morning between 6:00am and 8:00am, 30% are being used between 3:00pm 

and 6:00pm, and 75% are being used between 6:00pm and 10:00pm. Therefore, the interior lighting takes 

on a step function as shown below:  

80% 

70% 

30% 



26 
 

 

FIGURE 17  - WINTER LIGHTING SCHEDULE 

During the summer, lighting is not required during the majority of the day.  However, the schedule was 

defined to allow a draw of 50% maximum electrical definition (5W/m2 ) between the hours of 6:00pm and 

11:00pm, as shown in the figure below.  

 

FIGURE 18  - SUMMER LIGHTING SCHEDULE 
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Heating System 

The as-built-residence uses a natural gas heating system.  For this model two heating loops were created.  

The first loop serviced the main living areas, while the second loop serviced the garage and the heated-

crawlspace.  

 

FIGURE 19  - HEATING SYSTEM FOR MAIN LIVING AREAS 
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Service Water System 

A service water system with an electrical hot-water heater was created to supply the fixtures on each floor 

with hot water.  An average water use definition of 0.001L/s was applied to each water-use connection 

[15]. In the figure below, we can see three water-use-connections that supply the upper-floor, kitchen, and 

basement.  As can be seen from the exploded view, the upper floor water-use-connection supplies a main 

bathroom and a master bathroom.  

 

FIGURE 20  - SERVICE WATER SYSTEM 
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ACR Air-leakage Rate 

 

 
FIGURE 21  - LBL N-FACTOR CHART [16] 

The as-built residence was tested to have a blower-door test of 1.58 ACH50. The residence is 1.5 levels near 

the ocean (exposed), therefore the Laurence-Berkeley Laboratories N-factor for the residence of was found 

to be 15. Therefore, the residence has an infiltration rate of 0.105 ACHnatural (how much air-leakage can be 

expected from the envelope under the normal operating pressure of 4Pa) [16].  
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3.3.2. CALIBRATED ENERGY CONSUMPTION 
Using the actual energy data for the case-study residence (obtained from BC Hydro and Fortis BC) the 

electrical consumption and natural gas-use of the model were verified and calibrated.  The various lighting 

schedules and heating set points were then adjusted until the monthly natural-gas, and electrical energy 

consumption of the ACR energy model closely matched the actual consumption of the residence reported 

by Fortis BC, and BC Hydro. The final percent difference between modeled and reported energy 

consumption was 1.09% for the year.  The largest difference in electricity consumption of 56kWh occurred 

in June, while the largest difference in heating energy, 146kWh, occurred in October.  A monthly energy-

use comparison can be found in Figure 22, Figure 23 and Figure 24. 

 

FIGURE 22  - CALIBRATED ELECTRICAL ENERGY CONSUMPTION 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Actual [kWh] 1,415 1,211 1,166 955 748 696 684 689 745 953 1,032 1,403

Modelled [kWh] 1,362 1,163 1,171 945 725 640 660 764 758 1,006 1,060 1,363
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FIGURE 23  - CALIBRATED HEATING ENERGY CONSUMPTION 

 

FIGURE 24  - CALIBRATED WHOLE-BUILDING ENERGY CONSUMPTION 

3.3.3. MCR REFERENCE MODEL GENERATION 
In order to contrast the performance of the ACR to a residence with typical Part-9 construction, a second 

model was generated using the MCR design drawings. Schedule sets and electric loads were held constant 

between the two models.  It was assumed that the occupant’s behavior did not change between the two 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Actual [kWh] 1,524 1,108 914 222 28 0 0 83 277 526 1,330 1,440

Modelled [kWh] 1,499 1,083 914 224 30 0 0 69 217 645 1,184 1,459
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Actual [kWh] 2,939 2,319 2,080 1,177 776 696 684 772 1,022 1,479 2,362 2,843

Modelled [kWh] 2,861 2,246 2,085 1,169 755 640 660 833 975 1,651 2,244 2,822
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models. It should be noted, however, in an interview with the occupants it was stated that living in a high-

performance residence does in fact make them more aware of their energy consumption, which has led to 

a change in occupant behavior. It has been shown that occupant behavior plays a significant role in reducing 

overall energy consumption in a building.  Therefore, it is possible that the energy advantage between the 

ACR and MCR may be even more drastic than model predicts.  

MCR R-Value Comparisons 

A code-minimum reference model was reverse engineered using the calibrated energy model and the 

minimum code construction details.  The construction assemblies of the above-code energy model were 

altered to represent those found in the minimum-code construction details. The calculated and modeled 

R-values are compared in the table below. The largest percent difference in the modelled and calculated 

RSI values was found to be 4.19%, which was considered to be an acceptable error.   

TABLE 2 -  REFERENCE BUILDING THERMAL RESISTANCE COMPARISON 

Assembly RSI - Modelled RSI - Calculated % Diff 

EW1 - Typical exterior walls 2.76 2.78 -0.72 

EW2 - Insulated foundation walls 1.91 1.99 -4.19 

R1 - Cathedral roof and garage roof 4.7 4.67 0.64 

R2 - Typical trussed roof 6.94 6.91 0.43 

 

MCR Air-leakage Rate 

The ACH50 value of the residence was set as the minimum value for step-level 1 compliance, 3.5 ACH50.  

Using the same technique as described in determining the ACR air-leakage-rate, the MCR was calculated to 

have a natural air-leakage rate of 0.23 ACHnatural.  
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4. COST COMPARISON RESULTS 

4.1.  INITIAL COST COMPARISON 
The following cost table was generated based on the quotes provided by the contractors, and the as-built 

costs of the building.  

TABLE 3 -  CONSTRUCTION COST COMPARISON 

 

Contractor 1 Contractor 2 
As Built 

(2015) 

As Built 

(2017) 
 

Above Code Code Above Code Code 2015 Cost 2017 Cost 

Total Cost $443,906 $369,507 $482,660 $386,502 $455,850 $467,318 

Cost / sqft  $204 $170 $222 $178 $210 $215 

2017 Costs have been adjusted for inflation* [17] 

Although the quotes provided by the respondents were similar, Contractor-1 has lower construction costs 

in both the ACR, and MCR.  This is due to the fact that Contractor 1 is a larger construction company and is 

therefore is able to keep material and labor costs lower due to the economy of scale.  It should be noted 

that both the respondents gave quotes similar to the actual cost of building, recorded in 2015.  As expected, 

there was a cost challenge associated with building above-code.  Based on the information acquired, the 

average percent increase in construction costs was 22.5% ($85,279).  Contractor-1 had the lower cost-

challenge of $74,400. The following figure shows where the cost increases occurred, the fixed cost of 

$183,340 consistent between both buildings has been omitted to give a clearer depiction of cost 

differences between the two residences.  
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FIGURE 25  –CONSTRUCTION COST COMPARISON EXCLUDING $183,340  IN FIXED COSTS 

 

FIGURE 26  - INCREASE IN CONSTRUCTION COST BY PERCENTAGE 

As can be seen in the figures above, the majority of the cost increase in the above code residence can be 

attributed to the roof, floor, and external wall assemblies.  This is to be expected as the entire building 

envelope has been improved for energy efficiency. These assemblies were explored in further detail to 

show which sub-assemblies were responsible for the largest increase in cost.  

Above code Code Above code Code

Contractor 1 Contractor 2

Windows $26,500 $9,872 $26,500 $9,872

Roof assemblies $52,580 $19,921 $62,646 $23,166

Interior wall assemblies $10,049 $8,554 $10,869 $7,338

Floor assemblies $39,733 $23,874 $43,372 $25,742

Exterior wall assemblies $70,860 $58,749 $79,698 $66,020

Framing $60,844 $65,197 $76,235 $71,024
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Contractor 1 Contractor 2

Windows 168.44% 168.44%

Roof assemblies 163.94% 170.42%

Interior wall assemblies 17.48% 48.12%

Floor assemblies 66.42% 68.48%

Exterior wall assemblies 20.62% 20.72%
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4.1.1. ROOF ASSEMBLIES 
Figure 27 illustrates how the roofing costs differ between the two structures.  It can be seen that the roofing 

type, drainage plane, and insulation system all contribute significantly to the cost difference.  The roofing 

system of the above code residence is of much higher quality, having been engineered by building science 

professionals to ensure proper drainage, and superior insulating properties.  Design details for the two 

roofing systems can be found in sections 3.1.1.3 and 3.1.2.4 for reference.  Assembly components can be 

found in the Appendix A and B. Framing costs have been omitted for clarity.  

 

FIGURE 27  – ROOFING ASSEMBLY COST COMPARISON 

4.1.2. EXTERIOR WALL ASSEMBLIES 
Framing costs were provided by the contractors as bulk values for the entire residence, not broken down 

for sub-assemblies.  As such, the framing was ignored, and the other components in the wall assembly were 

studied in greater detail.  

Above Code Code

Contractor 1

Interior Finishes $3,165 $2,696

Insulation System $16,660 $5,347

Drainage Plane $11,155 $503

Roofing System $21,600 $7,138
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FIGURE 28  - EXTERIOR WALL ASSEMBLY COST COMPARISON 

Note: Framing costs have been omitted as they were provided as a bulk value for the entire 

residence, not broken down for sub-assemblies.  

Figure 28 shows that the primary cost differences in the exterior wall assemblies comes from the 

rainscreen/drainage plane and insulation.  In the above code residence, the air/moisture barrier is provided 

by a self-adhered product which is more expensive than traditional building paper, or traditional house-

wrap. In addition to this, the exterior of the building is covered with 2” to 3.5” of continuous insulation.  

4.1.3. FLOOR ASSEMBLIES 
It is immediately apparent that the primary cost difference in the floor assemblies comes from the addition 

of thermal massing on the main floors of the above code residence, and from the use of sound proof 

insulation within the floor cavity.  The code residence has no additional thermal massing on the main floors.  

The above-code residence employs mineral-wool batt insulation in the floor-joist cavities for the purposes 

of soundproofing and fire-proofing.   

Above Code Code

Contractor 1

Interior Finishes $3,891 $3,998

Insulation $10,345 $7,512

Rainscreen / Drainage Plane $13,919 $7,347

Cladding $42,705 $39,892
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FIGURE 29  - FLOOR ASSEMBLY COST COMPARISON 

4.1.4. WINDOW COST COMPARISON 
Window quotes for were obtained from two reputable glazing manufacturers serving the local housing 

market.  The Above code residence uses a triple glazed, low-e casement-windows with a multi-point locking 

mechanism to ensure air-tightness. While the minimum-code residence employs standard Part-9 casement 

windows.  As can be seen in the figure below, there is a cost difference of more than $16,000 between the 

two window packages.   

 

FIGURE 30  - WINDOW COST COMPARISON 

Above Code Code

Contractor 1

Finishes $5,727 $5,729

Insulation / Sound Proofing $4,563 $838

Thermal Massing $7,448 $0

Basement Ground Seal $21,995 $21,545
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4.1.5. OVERALL COST CHALLENGE 
Table 4 and Table 5 below compare the costs of the wall assemblies for the ACR and MCR provided by the 

two contractors. The cost-challenge is defined as the increase in construction costs of the ACR when 

compared to the MCR with the same floor plan. From Table 6 above, the average cost-challenge of above 

code residence is between $74,399 and $96,158, which corresponds to an average of $39/sqft. This 

represents an average increase of 22.5%.  This is higher than the values found during the initial literature 

review.   

TABLE 4 – ACR ASSEMBLY COST COMPARISONS INCLUDING FRAMING COSTS 

Above-Code Construction Costs 
  

Contractor 1 Contractor 2 

Assembly Name Assembly Description Assembly Cost Assembly Costs 

EW1* Exterior Wall $122,508 $146,045 

EW2* Exterior Wall $3,139 $3,346 

EW3 
Exterior Insulated 

Foundation Wall 

$6,058 $6,542 

F1 Floor - Garage Slab $6,428 $5,681 

F2 
Floor - Crawlspace 

ground seal 

$6,581 $9,137 

F3* 
Floor- Over 

unconditioned space 

$5,471 $6,212 

F4 
Floor- Typical floor 

assembly 

$12,267 $13,356 

F5 Floor - Main floor SOG $8,986 $8,986 

IW1* 
Interior Wall - Bedroom 

and bathroom walls 

$6,989 $7,732 

IW2* Interior walls $3,060 $3,137 

R1 * Roof- Sloped metal $36,550 $43,525 

R1* 
Roof-Sloped metal at 

cathedral 

$7,350 $8,705 

R2 Roof- Over garage $8,680 $10,416 

W Windows $26,500 $26,500 
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Total Assembly Costs 
 

$260,566 $299,320 

Fixed Costs 
 

$183,340 $183,340 

Above-Code Cost Estimate 
 

$443,906 $482,660 

Floor Area (sqft) 
 

2173 2173 

Cost / Unit Area 
 

$204 $222 

Note: The cost of the external wall assembly includes framing for the entire residence. * indicates that 

framing costs are included in EW1. 

TABLE 5 -  MCR ASSEMBLY COST COMPARISON INCLUDING FRAMING COSTS 

Minimum-Code Construction Costs 
  

Contractor 1 Contractor 2 

Assembly Name Assembly Description Assembly Cost Assembly Cost 

EW1* Typical exterior wall $118,348 $131,066 

EW2* 
Exterior-insulated 

foundation wall  

$3,666 $3,947 

EW3* 
Exterior-2x4 stone 

veneer wall 

$1,932 $2,031 

F1 Floor- Garage slab $4,553 $5,056 

F2* 
Floor- Crawlspace ground 

seal 

$8,455 $8,712 

F3* 
Floor-Above conditioned 

space 

$4,237 $6,086 

F4 
Floor- Main floor 

assembly 

$2,330 $2,562 

F5 Floor- Basement Slab $8,537 $9,413 

IW1* Interior Walls $8,554 $7,338 

R1* 
Roof - Typical trussed 

roof 

$12,490 $13,547 

R2* Roof- Cathedral roof $3,194 $3,534 

W Windows $9,872 $9,872 

Total Assembly Costs 
 

$186,167 $203,162 
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Fixed Costs 
 

$183,340 $183,340 

Minimum-Code Cost Estimate 
 

$369,507 $386,502 

Floor Area (sqft) 
 

2173 2173 

Cost / Unit Area 
 

$170 $178 

Note: The cost of the external wall assembly includes framing for the entire residence. * indicates that 

framing costs are included in EW1. 

TABLE 6 – COST SUMMARY TABLE 

 
Contractor 1 Contractor 2 

 
Above Code Code  Above Code Code  

Total Cost $443,906 $369,507 $482,660 $386,502 

Cost Challenge $74,399 $96,158 

Cost Challenge / sqft $34 $44 

Percent Increase 20.1 24.9 

As Built Cost (2015) $455,850 

As Built Cost (2017) $467,318 

 

TABLE 7 -  PERCENTAGE OF TOTAL COST CHALLENGE BY ASSEMBLY 

 
C1 C2 Average 

 
Percentage of Total Cost Challenge [%]  [%] 

External Walls 10.4 19.6 15.0 

Floor 21.3 18.3 19.8 

Interior Walls 2.0 3.7 2.8 

Roof 43.9 41.1 42.5 

Windows 22.3 17.3 19.8 

 

Some of these components are either for aesthetic appeal (metal-roofing), or comfort (floor-cavity 

insulation), and therefore it may be possible to reduce the cost-challenge significantly while maintaining 

high-energy performance simply by choosing to use combination of above-code and minimum-code 

assemblies instead. However, a sacrifice in air-tightness will likely result from omitting some of the high-

performance components.  
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5. ENERGY COMPARISON RESULTS 

Using the calibrated energy models, a comparison of the building energy consumption was conducted and 

can be found in Figure 31 - Figure 33.  It was found that the ACR had a 6.3% reduction in electrical energy 

consumption and a 22.5% reduction in overall energy consumption.  What was very exciting was the 40.2% 

reduction in heating energy consumption.  When put into a metric of “energy-advantage” this represents 

a decrease in yearly energy consumption of 22.6kWh/m2/yr (5,530 kWh/yr).   It is evident from this 

comparison that the improved building envelope is extremely effective in reducing heat lost through 

thermal bridging and air-leakage.  The percentage reductions in energy consumption can be found in Table 

8. 

 

FIGURE 31  - ELECTRICAL ENERGY COMPARISON BETWEEN THE ACR AND MCR 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Above Code [kWh] 1,362 1,163 1,171 945 725 640 660 764 758 1,006 1,060 1,363

Minimum Code [kWh] 1,408 1,204 1,268 1,020 789 640 660 813 806 1,052 1,105 1,409
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FIGURE 32  - HEATING ENERGY COMPARISON OF THE ACR AND MCR 

 

FIGURE 33  - COMBINED ENERGY COMPARISON OF THE ACR AND MCR 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Above Code [kWh] 1,499 1,083 914 224 30 0 0 69 217 645 1,184 1,459

Minimum Code [kWh] 2,332 1,784 1,583 500 122 0 0 160 503 1,176 1,867 2,270
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Above Code [kWh] 2,861 2,246 2,085 1,169 755 640 660 833 975 1,651 2,244 2,822

Minimum Code [kWh] 3,740 2,988 2,851 1,520 911 640 660 973 1,309 2,228 2,972 3,679
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TABLE 8 -  PERCENT REDUCTIONS IN ENERGY USE 

 
Above Code 

[kWh] 

Minimum Code 

[kWh] 

% Reduction 

Yearly Electrical Energy 8,239 8,794 6.3 

Yearly Heating Energy  7,352 12,297 40.2 

Total Yearly Energy Consumption 18,972 24,472 22.5 

 

5.1. HYBRID CONSTRUCTION MODEL  

5.1.1. HYBRID-MODEL COST ANALYSIS 
If the ACR design details are studied closely, it can be observed that there are many components that are 

included that would not be required for increased energy performance.  An example of this is the floor-

cavity insulation, which is meant to act as an acoustic barrier. It is a reasonable assumption that the floors 

in the residence act as adiabatic boundaries, and therefore, the amount of insulation within the floor cavity 

doesn’t have an effect on thermal performance.  If the roofing-system is considered, it can be noticed that 

a typical Part-9 attic-style roof has a similar thermal performance to the cathedral roof-systems of the ACR 

and would be much simpler to construct.    

A model was analyzed that attempted to preserve the necessary energy-performance details of the ACR, 

while trimming away over-designed, or un-necessarily expensive construction components un-related to 

improving energy performance.  It was thought that a model which employs the above-code exterior walls, 

minimum-code roof, minimum-code floors, and minimum code windows is likely to achieve similar energy 

performance to the ACR. This model will be referred to as the “hybrid-residence” (HR) for the remainder 

of this report.   

By creating a model employing the above-code exterior walls, minimum-code roof, minimum-code floors, 

and minimum code windows, the cost-challenge was reduced by approximately $66,640, meaning that 

similar energy-performance to the ACR was thought to be possible at a cost challenge of only 2.1%, or 

$7,759 (based on the construction cost estimates provided by Contractor-1).   

5.1.2. HYBRID-MODEL ENERGY ANALYSIS 
The HR was created in Energyplus / OpenStudio and compared to the ACR.  Recall that the airtightness 

value of the ACR was found through testing of the as-built residence to be 1.58 ACH50.  Air-tightness in the 
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HR was reduced to the minimum value of 2.5 ACH50 required for conformance to step-level 3. This means 

the HR was modeled to have a natural air-leakage rate of 0.167 ACHnatural.  It is likely that this level of 

airtightness could be maintained considering that the high-performance exterior wall assembly this model 

employs uses a self-adhered continuous exterior air/moisture barrier. Combine this with a traditional caulk-

and-seal polyurethane vapour barrier and airtight-drywall technique and it is likely that this residence could 

out-perform the minimum 2.5 ACH50 required for step-3 compliance.  

The energy-advantage of the HR was found to be 15.14kWh/m2/yr (3,709 kWh/yr) and the energy required 

to heat the HR was reduced by 26% when compared to the MCR.   The following figures depict a comparison 

in energy requirements between the ACR, HR, and MCR.  

 

FIGURE 34  - ELECTRICAL ENERGY CONSUMPTION COMPARISON BETWEEN ACR,  HR, AND MCR 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Above Code [kWh] 1,362 1,163 1,171 945 725 640 660 764 758 1,006 1,060 1,363

Hybrid Model [kWh] 1,369 1,168 1,178 949 725 640 660 771 765 1,012 1,067 1,370

Minimum Code 1,408 1,204 1,268 1,020 789 640 660 813 806 1,052 1,105 1,409
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FIGURE 35  – HEATING ENERGY COMPARISON BETWEEN THE ACR, HR, AND MCR 

 

FIGURE 36  - COMBINED ENERGY COMPARISON BETWEEN ACR,  HR, AND MCR 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Above Code [kWh] 1,499 1,083 914 224 30 0 0 69 217 645 1,184 1,459

Hybrid Model [kWh] 1,797 1,342 1,166 321 44 0 0 90 310 838 1,432 1,748

Minimum Code 2,332 1,784 1,583 500 122 0 0 160 503 1,176 1,867 2,270
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Above Code [kWh] 2,861 2,246 2,085 1,169 755 640 660 833 975 1,651 2,244 2,822

Hybrid Model [kWh] 3,166 2,510 2,344 1,270 769 640 660 861 1,075 1,850 2,499 3,118

Minimum Code 3,740 2,988 2,851 1,520 911 640 660 973 1,309 2,228 2,972 3,679
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FIGURE 37  - TOTAL YEARLY ENERGY COMPARISON BETWEEN THE ACR, HR, AND MCR 

5.2. STEP-CODE COMPARISON  
Both the ACR and HR best the minimum-code MEUI by greater than 20%, and therefore both meet the 

requirement for step-3 compliance, thereby confirming that similar energy performance can be expected 

from the HR and the ACR. The three models are compared to the energy-step code in Table 9 and Figure 

38. From the comparison shown in Table 10 it can be seen that the HR represents a 15.2% reduction in 

total energy consumption for the year while the ACR represents a 26.2% reduction.   

TABLE 9 -  STEP-CODE COMPARISON TABLE 

 
Above Code Minimum Code Hybrid Code 

Energy Model ✓ ✓ ✓

Airtightness 1.58 3.5 2.5 

MEUI [kWh/m2/yr] 52 74 59 

TEDI [kWh/m2/yr] 30 50 37 

Step Level Achieved 3 1 3 

 

Above-Code Hybrid-Model Minimum-Code

Energy Consumption 18,941 20,762 24,471
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FIGURE 38  - FINAL STEP-CODE COMPARISON FOR THE ACR,  HR, AND MCR 

TABLE 10 -  CONSUMPTION COMPARISON 

Consumption Comparison 
Electrical Energy Consumption   Electrical Energy Consumption 

Above Code [kWh] 11,620   Hybrid Code [kWh] 11,672 

Minimum Code [kWh] 12,175   Minimum Code [kWh] 12,175 

% Reduction 4.6   % Reduction 4.1 

          

Heating Energy Consumption   Heating Energy Consumption 

Above Code [kWh] 7,352   Hybrid Code [kWh] 9,089 

Minimum Code [kWh] 12,297   Minimum Code [kWh] 12,297 

% Reduction 40.2   % Reduction 26.1 

          

Total Consumption   Total Consumption 

Above Code [kWh] 18,972   Hybrid Code [kWh] 20,761 

Minimum Code [kWh] 24,472   Minimum Code [kWh] 24,472 

% Reduction 22.5   % Reduction 15.2 

Minimum code 

Above code 

Hybrid Model 
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6. TIME TO AMORTIZATION 

As it was determined that the ACR and HR achieve the same step-level classification, the cost-challenge 

used in the time-to-amortization study will be that of the HR, $7,759. It is more likely that an individual 

building a new home would desire to save the additional $66,600 if similar results can be achieved for 

significantly less.  

6.1. BASIC COST COMPARISON 
The basic cost-benefit analysis of the HR compared to a MCR can be defined by the following logic: There 

is an associated cost-challenge to build the HR when compared to the MCR.  To make it economically viable 

for the investor, the HR would need to be able to recoup the additional building costs through increased 

energy savings within a reasonable pay-back period, taken as 25 years.  The return-on-investment, or 

amortization period is the time at which the additional building costs are equal to the fuel savings of the 

residence.  

In the simplest case, this means:   

𝐶𝐷 = ∆𝐸 ×  𝑃𝑓 × 𝑡𝑁  

 

(1) 

Where:  

CD is the cost-challenge of building the HR [$CDN], ∆𝐸 is the difference in yearly fuel consumption [kWh/yr] 

between the HR and the MCR, 𝑃𝑓  is the fuel price [$CDN/kWh] and 𝑡𝑁 is the number of years to pay-back.  

Re-arranging we have: 

𝑡𝑁 =
𝐶𝐷

∆𝐸 ×  𝑃𝑓 
 

 

(2) 

Knowing the initial cost challenge of $7,759, and the yearly energy savings of 3,709 kWh/yr, the equation 

then becomes:  

𝑡𝑁  =
𝐶𝐷

∆𝐸 ×  𝑃𝑓 
=  

$7759

3709 
𝑘𝑊ℎ

𝑦𝑟
×  𝑃𝑓 

=  
2.09

 𝑃𝑓 
 

Which, when plotted, appears as follows:  
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FIGURE 39  - RELATIONSHIP BETWEEN ROI AND FUEL COST 

As can be seen from this simple example, the time to amortization is very sensitive to the price of fuel.  

Natural gas is significantly cheaper than electricity, therefore, if the residence employs natural gas as a 

means of heating, the payback period will be longer.  For example, the average cost of electricity for the 

case where the energy demands of the residence are supplied entirely by hydro-electricity, the average 

cost / kWh is approximately $0.11/kWh.  Based on the graph above, the initial investment of $7,759 will be 

recouped after 19 years.  If the residence employs natural gas as a means of heating, the average energy 

cost was calculated to be approximately $0.07/kWh.  Meaning the initial investment will be repaid after 

29.8 years.   

6.2. EXPECTED INCREASE IN ENERGY COSTS  
In reality the cost of energy will not be consistent over the pay-back period.  It is likely that the price of 

energy will rise, reducing the time-to-amortization. In fact, in Canada over the last decade, energy costs 

have increased faster than the 1.6% average rate of inflation [18].   

More realistically, the relationship between energy savings and fuel price should be thought of in the 

following terms:  

𝐶𝑅 =  ∫ 𝐸𝐴 × 𝑃𝑓(𝑡) 𝑑𝑡 

Where: 

y = 2.0919x-1
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CR is the recouped cost [$], 𝐸𝐴  is the energy advantage of the HR, and 𝑃𝑓(𝑡) is the fuel price as a function 

of time.  Assuming that the fuel price rises at some rate per year, r, 𝑃𝑓(𝑡) becomes a growth rate equation, 

taking the form:  

𝑃𝑓(𝑡) =  𝑃𝑓(0)(1 + 𝑟)𝑡 

Therefore,  

𝐶𝑅 =  ∫ 𝐸𝐴 𝑃𝑓(0)(1 + 𝑟)𝑡𝑑𝑡  

Writing in terms of an exponential for future clarity, this becomes: 

𝐶𝑅 =  𝐸𝐴𝑃𝑓(0) ∫ 𝑒ln(1+𝑟)𝑡 𝑑𝑡 

Integrating yields:  

𝐶𝑅 =  
𝐸𝐴𝑃𝑓(0)

ln (1 + 𝑟)
𝑒ln(1+𝑟)𝑡 + 𝐶 

Applying the boundary conditions of 𝑡 = 0, 𝐶𝑅 = 0 

𝐶 =  −
𝐸𝐴𝑃𝑓(0)

ln (1 + 𝑟)
 

Therefore,  

𝐶𝑅 =  
𝐸𝐴𝑃𝑓(0)

ln (1 + 𝑟)
𝑒ln(1+𝑟)𝑡 −

𝐸𝐴𝑃𝑓(0)

ln (1 + 𝑟)
 

 

 

𝐶𝑅 =  
𝐸𝐴𝑃𝑓(0)

ln (1 + 𝑟)
[𝑒ln(1+𝑟)𝑡 − 1] 

 (3) 

 

The above is a general equation to determine the amount that has been recouped after a specified number 

of years. Knowing that the recouped costs are equal to the cost challenge at some time in the future, the 

equation can be re-written in terms of the amortization time,  𝑡𝑁 as: 
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 𝒕𝑵 =

𝐥𝐧 [
𝑪𝑫 𝐥𝐧 (𝟏 + 𝒓)

𝑬𝑨𝑷𝒇(𝟎)
+  𝟏 ]

𝐥𝐧 (𝟏 + 𝒓)
 

 

(4) 

 

As an example, knowing that 𝐶𝐷 = $7759 , 𝐸𝐴 = 3709 𝑘𝑊ℎ,  𝑃𝑓(0) = $0.11/𝑘𝑊ℎ ( the average cost of 

electrical energy in the previous example), and a yearly growth rate in energy costs of 4%, 𝑡𝑁 is calculated 

to be 14.2 years.  

Using this equation, we can explore the relationship between amortization time, cost challenge, energy 

advantage, and fuel price growth rate in depth.  

6.3. AMORTIZATION TIME WITH INCREASING ELECTRICITY COST AND COST-CHALLENGE 
The charts below show amortization time plotted against the rate, r, at which electrical energy costs are 

expected to rise.  A conservative estimate for r is taken to be 2%, which is slightly higher than the average 

national rate of inflation of 1.8% over the last 20 years [19].  

The plotted levels of cost dis-advantage vary from 2.1% (that given by contractor-1) to 20%.  In this scenario, 

the initial fuel-price is $0.11/kWh (the average cost of electricity for the residence), and the energy 

advantage of the HR is 3709 kWh/yr, or 15kWh/m2/yr.   
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FIGURE 40  - AMORTIZATION TIME WITH INCREASING FUEL COST FOR VARIOUS LEVELS OF COST-CHALLENGE #1 

This chart would be useful to determine the estimated payback period of the residence based on real-world 

construction quotes given by the contractor and the expected rise in fuel costs. 

6.4. VARIATIONS IN ENERGY ADVANTAGE  
The charts below show amortization time for the high-performance residence plotted against energy 

advantage for various levels of cost challenge, and rates of fuel price increase. The energy advantage has 

been normalized using the footprint of the house in m2.  This allows the graphs to be general enough to be 

applicable to various residences of varying floorplans.   

As can be seen in Figure 41, if the cost challenge is 2.1% (as expected in the HR from contractor - 1), the 

energy advantage is 15kWh/m2/yr  (3709 kWh/yr for the floor plan used in this study), and the rate of fuel 

price increase is 2%/yr, the time to amortization is approximately 16 years (16.26 years when the equation 

is used).  For the above-code residence (as outlined earlier) with a cost-challenge of 20% and an energy 

advantage of 22.5 kWh/m2/yr (as calculated), amortization will occur after 60 years (58.29 years when the 

equation is used).  Amortization time with increasing energy advantage, EA, and fuel price increases of 4% 

and 10% are shown in Figure 41Figure 42 and Figure 43 respectively. 
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FIGURE 41  - AMORTIZATION TIME WITH VARYING ENERGY ADVANTAGE AND COST CHALLENGE #2.  

PF(0)  = $0.11/KWH, R = 0.02

 

FIGURE 42  - AMORTIZATION TIME WITH VARYING ENERGY ADVANTAGE AND COST CHALLENGE #3.  

PF(0)  = $0.11/KWH, R = 0.04 
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FIGURE 43  - AMORTIZATION TIME WITH VARYING ENERGY ADVANTAGE AND COST CHALLENGE #4.  

PF(0)  = $0.11/KWH, R = 0.10 

 

6.5. EFFECT OF INITIAL FUEL PRICE 
If the residence employs natural gas as a means of heating, the average energy cost is approximately 

$0.07/kWh, compared with the $0.11/kWh using only electricity.  This is because of how inexpensive 

natural gas is relative to electricity.  This will change the time-to-amortization of the residence as the initial 

price of fuel, Pf(0), is a variable in the amortization equation.  

The charts below show the change in amortization time when Pf(0) is set to $0.07/kWh.  The amortization 

time is plotted against energy advantage for various levels of cost challenge, and rates of fuel price increase. 

As above, the energy advantage has been normalized using the footprint of the house in m2.   

As can be seen from Figure 44, if the cost challenge is 2.1%, the energy advantage is 15kWh/m2/yr  , and 

the rate of fuel price increase is 2%/yr, the time to amortization is approximately 25 years (23.6 years when 

the equation is used).  Decreasing the initial fuel-price from $0.11/kWh to $0.07/kWh increased the time 

to amortization by approximately 7 years using a cost-challenge of just 2.1%. 
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For a cost-challenge of 5% (provided by Contractor-2), pay-back occurs after 45 years (44.4 using the 

equation). For the above-code residence with a cost-challenge of greater than 20% and a calculated energy 

advantage of 22.5 kWh/m2/yr, amortization will occur after 80 years (79 years when the equation is used), 

which is an increase of 20 years compared to the case of an initial fuel price of $0.11/kWh.  

 

FIGURE 44  - AMORTIZATION TIME WITH VARYING ENERGY ADVANTAGE AND COST CHALLENGE #5.  

PF(0)  = $0.07/KWH, R = 0.02 
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FIGURE 45  - AMORTIZATION TIME WITH VARYING ENERGY ADVANTAGE AND COST CHALLENGE #6.  

PF(0)  = $0.07/KWH, R = 0.04 

 

 

FIGURE 46  - AMORTIZATION TIME WITH VARYING ENERGY ADVANTAGE AND COST CHALLENGE #7.  

PF(0)  = $0.07/KWH, R = 0.10 
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6.6. CASH-FLOW CHARTS 
Using equation (3) the cashflow for various energy inflation rates were plotted against time to produce 

Figure 47and Figure 48.  These charts are useful to determine recouped costs of the HR after a specified 

number of years for a given initial cost of fuel.  

 

FIGURE 47  - CASHFLOW CHART FOR VARIOUS ENERGY INFLATION RATES, R #1 

 

FIGURE 48  - CASHFLOW CHART FOR VARIOUS ENERGY INFLATION RATES, R #2 
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7. DISCUSSION: IS IT ECONOMICALLY VIABLE TO BUILD ABOVE CODE 

MINIMUMS?  

Simply put, the answer to this question is: it depends.  As shown, the answer is dependent on many factors, 

most notably the cost-challenge associated with building above code-minimums, the expected energy-

advantage, the initial price of fuel used in the residence, and the expected rise in energy prices.  As outlined 

in the literature review, one of the main barriers to the mass development of higher performance homes 

is the perceived and real increase in construction costs. However, as found in this report, it doesn’t take a 

huge additional investment to achieve step-3 compliance (20% better than code-minimums) and it doesn’t 

represent as large a leap in construction practices as many home builders perceive. In-fact, it can be done 

using construction methods and practices very common in the industry today. In the example shown in this 

report, a 2.1% increase in construction costs (created by adding an exterior air/moisture barrier, 2” of 

exterior insulation, and 4” of foundation insulation), resulted in a 26.1% decrease in yearly heating costs, a 

15.2% reduction in total energy consumption, and an energy advantage of 15kWh/m2/yr (3709 kWh/yr). 

As shown in this report, simply reducing the air-leakage through the use of a self-adhered air/moisture 

barrier on the exterior, and adding a layer of continuous exterior insulation can have a big impact on energy 

savings. It seems that the industry has a resistance to accept high-performance energy targets based on a 

pre-conceived notion that it will be too different than what is currently being done, or that it will be too 

expensive. In Victoria, if an investor is not concerned with a conservative pay-back period around 16 – 25 

years, then building above code minimums will save money in the long term, so long as the cost dis-

advantage is not more than 7%.  The return-on-investment will be even shorter if the energy sector 

experiences high rates of inflation, or the initial cost of energy is high.  In locations where energy cost is 

high, such as in many parts of the EU and US, investing into above-code construction practices will pay for 

themselves relatively quickly, assuming the cost challenge can be maintained around 2% - 10%.  For 

example, the average cost of electricity in San Francisco is $0.27kWh [20]. Assume: a 7% cost challenge 

($26,000) in the construction cost of the single-family home outlined in this study, an annual increase in 

the cost of energy of 1%, and an energy advantage of 15kWh/m2/yr.  With these parameters the additional 

cost of $26,000 will be recouped after 23 years.  Using the same parameters and a 2.1% cost-challenge (as 

found in this report), the additional costs will be recouped in 7.5 years. After 25 years, a residence with a 

15kWh/m2/yr, an initial energy cost of $0.27/kWh, and a yearly energy increase rate of 1% will have 

accumulate a total of $29,147 in energy savings.  Even with an energy increase of 0%, this home would 
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accumulate $25,500 in energy savings after 25 years. As fuel prices increase, the question of economic 

viability of implanting high-performance construction details becomes a no-brainer.  

The method outlined in this report, and summarized below, can be easily applied to any geographical 

location to determine if additional investments into energy-saving building details will pay-back in an 

acceptable period of time.  This can be applied to new construction projects, and energy retrofits.   

1.) Create two construction detail packages and ask contractors to give quotes on both to get a very 

clear estimate of construction costs.  The difference between the quotes for the ACR and MCR 

becomes the “cost-challenge”, CD.  If this is an energy-retrofit, include the cost of demolition, and 

disposal.  

2.) Have an energy comparison done through energy modeling of the two proposed designs. If 

possible, ensure that the model is calibrated using actual energy data from the energy supplier. 

The difference in modeled yearly energy consumption between the ACR and MCR becomes the 

“energy advantage” EA 

3.) Determine what method of energy will be employed in the building. Use the energy models to 

determine the yearly cost of energy for the building. Use this to calculate the average initial energy 

cost, PF(0).  If the building uses a different energy source, such as natural gas, for heating, cooking, 

etc, this initial energy cost must be a weighted average cost of all energy-types employed.  

4.) Determine a reasonable average rate for the increase in energy costs, r.  In Canada, a conservative 

value is 2% as the increase in energy costs has been greater than the national rate of inflation over 

the last 10 years.  

5.) Use the amortization equation, equation (4) to determine what the estimated pay-back period will 

be.  
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8. CONCLUSIONS 

This research initiative attempted to empirically determine, with reality-based evidence from un-biased 

sources, the cost challenge, energy advantage, and expected pay-back period associated with building an 

above-code residence in Victoria, BC. In addition, this initiative created a much-needed benchmark for 

contractors to gain a firm understanding of the construction details required to achieve the various levels 

of the “Step-Code” in the newest edition of the BCBC (British Columbia Building Code).  It is important to 

gain this information specific to Victoria B.C. to make an appropriate estimation of the actual “cost 

challenge” for building above code in the local housing market.   

This was accomplished by creating two construction detail packages, one for an above-code residence 

(ACR), the other for a minimum-code residence (MCR) and undertaking a simulated tendering process with 

two reputable contractors in the area.  The energy data for the as-built, ACR (constructed in 2015) was then 

gathered and used to create a calibrated energy models of the buildings.  The energy performance metrics 

were then calculated and to determine which “Step-Level” in the BCBC step-code was achieved.  

Overall, the results of the study showed that there is an average cost increase of approximately 22.5% for 

building the ACR detail package in the Victoria, BC area.  The quotes provided by the contractors indicated 

that it would cost approximately $213/sqft to build the ACR, and approximately $174/ sqft to build the 

MCR. This corresponds to an average increase of $39/sqft for the ACR. Ideally, there would have been more 

participants willing to provide quotes but based on the actual construction costs for the ACR of 

$215.06/sqft, the quotes obtained seem sufficient.  

On average, 42.5% of this cost increase of the ACR can be attributed to the design of the roofing system, 

19.8% to the floor assemblies, 19.8% to the windows, and 15% to the exterior wall assembly. The above-

code residence was found to reduce the yearly heating energy consumption of the home by 40.2% when 

compared to the minimum-code residence. In total, the ACR was calculated to have an energy-advantage 

of 22.6kWh/m2/yr in total energy consumption and met all the requirements to achieve a step-level 3 

classification.   

It was noticed that many of the components in the ACR assemblies are either for aesthetic appeal (metal-

roofing), or comfort (floor-cavity insulation), and therefore it was possible to reduce the cost-challenge by 

approximately $66,640 while maintaining high-energy performance simply by choosing to use combination 

of above-code and minimum-code assemblies. This combination of above-code and minimum-code 
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assemblies was referred to as the “Hybrid Residence” (HR), and had a cost-challenge of just 2.1%, or $7,759 

while maintaining a step-level 3 designation.  When compared to the MCR, the HR reduced yearly heating 

demand by 26.1% and had a total energy advantage of 15.14kWh/m2/yr.  The pay-back period of the HR 

was much more realistic than that of the ACR.  If the residence relies solely on electricity for heating and 

running electrical equipment, the HR will amortize in approximately 16 years when a 2.1%/yr inflation rate 

is expected in the price of fuel.  If the home employs natural gas for heating, the expected amortization 

period is 23.47 years for the same rise in fuel prices. These numbers decrease to 14.2 years, and 19.7 years 

respectively for a fuel-price inflation rate of 4%/yr.  

By defining an equation for amortization-time, it was determined that pay-back period is very sensitive to 

the variables of energy-advantage, cost challenge, inflation rate, and initial fuel price. Energy-analysis and 

cost-analysis of the as-built structure revealed that the largest contributor to energy-performance is the 

“air-tightness” of the building envelope. This means that high-performing residences can be designed and 

built with a minimal increase to building cost.  If fuel prices are expected to rise at a rate of 2% / yr or 

greater, the investment can be recouped in a very reasonable amount of time. This report can serve as a 

benchmark for home-builders to gain a firm understanding of the level of detail required to achieve step-

level 3 performance while homeowners can use this report when designing a home, along with an energy-

model, to estimate the pay-back period of investments into energy-saving technology.  
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APPENDIX A – ABOVE CODE DESIGN DRAWINGS: 

The design drawings in this Appendix were adapted from those created by RJC for the construction of 

the high-performance residence that is the subject of this research initiative [11].  
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APPENDIX B – MINIMUM CODE DESIGN DRAWINGS 

The design drawings in this Appendix were adapted from those created by RJC for the construction of 

the high-performance residence that is the subject of this research initiative [11]. 
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x16'-1" 10'-3"
Kitchen

x10'-2" 10'-7"
Dining Room

x19'-1" 14'-1"
Living Room

x26'-7" 9' -7"
Sun Room
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4660 4660
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5-02-82-8
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0

2-6 2-8
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2-
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2-3-0

HALF WALL (TYP.)

1
A3.1

VAULTED CEILING

FLAT CEILING

6'
-1

0"

3'
-8

"

6' - 6"

1' - 2"1' - 2"
4'

-1
1"

2' - 2"

6' - 6"

2X
4

S/
L

2X
4

S/
L

2X
4

S/
L

METAL CAP
FLASHING ON
PARAPET

ENGINEERED GUARD (BY OTHER)

METAL
FLASHING
ON
PARAPET

RD RD

FRAMING NOTES:

1. ALL FRAMING TO BE IN ACCORDANCE WITH THE 2012
BC BUILDING CODE

2. ALL LUMBER TO BE SPF#2 OR BETTER UNLESS NOTED
OTHERWISE

3. ALL EXTERIOR WALL AND ROOF SHEATHING TO BE
1/2" STANDARD FIR PLYWOOD UNLESS NOTED
OTHERWISE

4. ALL EXPOSED EXTERIOR POSTS TO BE 8X8 MIN.
5. ALL LINTELS TO BE 2-PLY 2X10 U.N.O.
6. ALL CONCRETE TO BE MINIMUM 25MPa AT 28 DAYS
7. ALL INTERIOR DOORS TO BE 6'8" TALL UNLESS NOTED

OTHERWISE; PROVIDE MIN. 2-STUDS E/S AT JAMB
FRAMING

8. ALL EXTERIOR DOORS TO BE 7'0" TALL UNLESS NOTED
OTHERWISE

9. TYPICAL DOOR / WINDOW HEAD HEIGHT:
MAIN FLOOR:  7'
BASEMENT: 6'8"

10. ALL EXPOSED EXTERIOR FRAMING TO BE
PRESERVATIVE TREATED LUMBER; FIELD TREAT ALL
CUTS

11. DESIGN LOADS:
SAANICH:  Ss:  2.1kPa

Sr:  0.3kPa

PLAN LEGEND

EXISTING WALL TO  REMAIN

EXISTING WALL TO BE REMOVED

NEW WALL

ROOF OVER

POST

BEAM OVER

SMOKE DETECTOR

CO DETECTOR

DOOR SIZE

WINDOW SIZE

S

3-0

3030

DENOTES 3' - 0"

DENOTES 3'0"W X 3'0"H

C

JOIST SPAN DIRECTION
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 1/4" = 1'-0"1 Main & Upper

WALLS

EW1

EW1

EW1

EW1

R2*

F3*

R2* - CATHEDRAL CEILING ROOF DETAIL
F3* - SECTION OF ENSUIT ABOVE UNCONDITIONED SPACE
F3** - SUNROOM ABOVE UNHEATED CRAWLSPACE

F3**

1
4.2

2
4.1

6
4.1

VAULTED CEILING



Average Grade
32.3

Main Floor
33.0

Basement
31.6

Foundation
30.4

T.O. Main Walls
35.5

Second Floor
34.4

T.O. Second Walls
36.8

T.O. Basement Walls
34.1

Garage
31.3

Mean Roof
37.7

3'
 - 

6"1' - 1 1/2"

8'
 - 

1"

8'
 - 

1"

8'
 - 

1"

+/
- 3

'

1' - 1"

4 1/2" 

12"

8'
 - 

1"
1'

 - 
0"

8'
 - 

1"
1'

 - 
0"

8'
 - 

1"
4'

 - 
6 

1/
2"

5.
4

ENG. GUARD (BY OTHER)

SPRAY FOAM INSULATION
(UNVENTED ROOF
ASSEMBLY BY OTHER)

EW1

IW1EW1

R1

R1

HEATED CRAWLSPACE

FRAMING NOTES:

1. ALL FRAMING TO BE IN ACCORDANCE WITH THE 2012
BC BUILDING CODE

2. ALL LUMBER TO BE SPF#2 OR BETTER UNLESS NOTED
OTHERWISE

3. ALL EXTERIOR WALL AND ROOF SHEATHING TO BE
1/2" STANDARD FIR PLYWOOD UNLESS NOTED
OTHERWISE

4. ALL EXPOSED EXTERIOR POSTS TO BE 8X8 MIN.
5. ALL LINTELS TO BE 2-PLY 2X10 U.N.O.
6. ALL CONCRETE TO BE MINIMUM 25MPa AT 28 DAYS
7. ALL INTERIOR DOORS TO BE 6'8" TALL UNLESS NOTED

OTHERWISE; PROVIDE MIN. 2-STUDS E/S AT JAMB
FRAMING

8. ALL EXTERIOR DOORS TO BE 7'0" TALL UNLESS NOTED
OTHERWISE

9. TYPICAL DOOR / WINDOW HEAD HEIGHT:
MAIN FLOOR:  7'
BASEMENT: 6'8"

10. ALL EXPOSED EXTERIOR FRAMING TO BE
PRESERVATIVE TREATED LUMBER; FIELD TREAT ALL
CUTS

11. DESIGN LOADS:
SAANICH:  Ss:  2.1kPa

Sr:  0.3kPa

PLAN LEGEND

ROOF OVER

POST

BEAM OVER

SMOKE DETECTOR

CO DETECTOR

DOOR SIZE

WINDOW SIZE

S

3-0

3030

DENOTES 3' - 0"

DENOTES 3'0"W X 3'0"H

C

JOIST SPAN DIRECTION

HEATING  SYSTEM

FORCED AIR FURNACE

VENTILATION REQUIREMENTS

KITCHEN AND BATHROOM FANS
IN ACCORDANCE WITH 9.32.3.6:

INTERMITTENT CONTINUOUS
KITCHEN:  47L/S N/A
BATHROOM: 23L/S 9L/S

PRINCIPAL VENTILATION SYSTEM SUPPLY AIR (9.32.3.4)

DUCTED FORCED AIR SYSTEM WITH HRV

PROVIDE SUPPLY AIR TO EACH BEDROOM AND EACH FLOOR
LEVEL WITHOUT A BEDROOM

PRINCIPAL VENTILATION SYSTEM EXHAUST FAN (9.32.3.5)

TOTAL FLOOR AREA:                 204.8m2
NUMBER OF BEDROOMS:      3
PRINCIPAL EXHAUST FAN
MINIMUM AIR-FLOW RATE
PER 9.32.3.4:     28L/S

PRINCIPAL VENTILATION SYSTEM EXHAUST FAN:

HEATED CRAWLSPACE VENTILATION (9.32.3.7)

CRAWLSPACE HEAT SOURCE:

DUCTED FORCED AIR SYSTEM
TOTAL CRAWLSPACE AREA: 84.6m2

PROVIDE 1 AIR TRANSFER GRILLE TO FLOOR AREA ABOVE
FOR EACH 30m2 of CRAWLSPACE AREA
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0"

FLAT ROOF AREA

LINE OF DECK AREA

2X4 S/L
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2X4 S/L 2X4 S/L
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0' - 2"

2" HANDRAIL

2X12 STRINGER (TYP.)

M
AX

0'
 - 

5 
1/

2"

STAIR WIDTH:

MIN. 34" CLEAR
MAX. 43" WITH ONE HANDRAIL

>43" HANDRAILS ON EACH SIDE

RISE / RUN: TREAD DEPTH:

RISE: MAX. 8" TREAD:   MAX. 14"
MIN.  5"   MIN.   9 1/4"

RUN: MAX. 14" NOSING: MAX:  1 1/2"
MIN.  8 1/4"                         MAX:  1" IF BEVELED

NOTE:  DECK SURFACE
MATERIALS AND HANDRAIL /
GUARDRAIL MATERIALS SHOWN
FOR ILLUSTRATIVE  PURPOSES
ONLY
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 1/4" = 1'-0"1 Section A

 1/8" = 1'-0"3 Roof Plan

4 Typical Residential Deck Stair Configuration

WALLS

TYPICAL ROOF EAVE SCHEMATIC ROOF  ASSEMBLY1
4.6

2
4.6

T.O. Roof
38.3

F5

F3 F4

F4

EW3
F2

2
4.6

REFER TO SCHEMATIC ROOF ASSEMBLY

54.6

3
4.6

2
4.6

2
4.5

4
4.6

VENT DETAILS WHERE
REQUIRED BY PLUMBING

1
4.5

2
4.7

1
4.7

3
4.7

4
4.7

FRAME CRICKET 
INTO TRUSS



Average Grade
32.3

Main Floor
33.0

Basement
31.6

T.O. Main Walls
35.5

Second Floor
34.4

T.O. Second Walls
36.8

T.O. Basement Walls
34.1

Garage
31.3

Mean Roof
37.7

8'
 - 

1"
1'

 - 
0"

8'
 - 

1"

8'
 - 

1"

5.
4

8646

6646 5046

5-0

16-0

12 656

6'
 - 

8"

6'
 - 

8"

6'
 - 

8"
0'

 - 
6"

3'
 - 

6"

ENG. GUARD (BY OTHER)

1' - 4"

1' - 0"

1'
 - 

0"

ENG. SUPPORT CABLE  (BY OTHER)

1' - 2"
FIBRE CEMENT PANEL
CLADDING

4'
 - 

6 
1/

2"

STONE VENEER 

OPAQUE OPAQUE OPAQUEOPAQUE

Average Grade
32.3

Main Floor
33.0

T.O. Main Walls
35.5

Second Floor
34.4

T.O. Second Walls
36.8

T.O. Basement Walls
34.1

T.O. Roof

5.
4

Mean Roof
37.7

8'
 - 

1"

1'
 - 

0"
8'

 - 
1"

2-3-0

4660 4660

4619 2938 2938 4619
2036

2030

6020

4 1/2" 

12"

4 1/2" 

12"

6'
 - 

8"

1' - 4"

1' - 0"

3'
 - 

6"

ENG. GUARD (BY OTHER)

FIBRE CEMENT PANEL
CLADDING

WOOD SIDING

(TYP)

2030

EXTERIOR FINISH NOTES

SOFFIT: TYPICAL EAVE:  SHEET METAL TO MATCH ROOF
GABLE EAVE: SHEET METAL TO MATCH ROOF
U/S OF DECK: STAINED FINELINE WOOD
U/S OF ENTRY CANOPY: STAINED FINELINE WOOD

GUTTERS: 4" ROUND PAINTED PVC

FASCIA:

WINDOW TRIM:

DOOR TRIMS:
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 1/4" = 1'-0"1 Front - East

 1/4" = 1'-0"2 Rear - West

WOOD SIDING 

FIBRE CEMENT PANEL WOOD SIDING 

T.O. Roof
12"

4 1/2" 

12"

1X8 COMB FACE - PAINTED TO OWERN SPEC (TYP.)

2x4 COMB FACE ( SEE DETAIL 5-4.2)

2x4 COMB FACE ( SEE DETAIL 2-4.3)

38.3

ASPHALT SHINGLES (TYP)

WOOD FASCIA

38.3

1
4.3

3
4.2

1
4.4



Average Grade
32.3

Main Floor
33.0

Basement
31.6

T.O. Main Walls
35.5

Second Floor
34.4

T.O. Second Walls
36.8

T.O. Basement Walls
34.1

Mean Roof
37.7

3'
 - 

6"

ENG. GUARD (BY OTHER)

6646

ENG. SUPPORT CABLE
(BY OTHER)

6'
 - 

8"8'
 - 

1"
1'

 - 
0"

8'
 - 

1"

8'
 - 

1"

5.
4

1' - 6"

1' - 0"1' - 0"

3' - 3"

STAIR & RAILINGFIBRE CEMENT PANEL
CLADDING

STONE VENEER 

4'
 - 

6 
1/

2"

2-10

7'
 - 

0"

Average Grade
32.3

Main Floor
33.0

Basement
31.6

T.O. Main Walls
35.5

Second Floor
34.4

T.O. Second Walls
36.8

T.O. Basement Walls
34.1

Mean Roof
37.7

5.
4

8'
 - 

1"
1'

 - 
0"

8'
 - 

1"

8'
 - 

1"
4'

 - 
6 

1/
2"

1' - 0"

1' - 6"

4 1/2" 

12"

1' - 4"
ENG. SUPPORT CABLE
(BY OTHER)

3' - 3" FIBRE CEMENT PANEL
CLADDINGSTONE VENEER (COLUMNS)

FIBRE CEMENT PANEL

PANEL REVEAL JOINT (TYP.)
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 1/4" = 1'-0"1 Left - South

 1/4" = 1'-0"2 Right - North

WOOD SIDING 

ASPHALT SHINGLES (TYP)

ASPHALT SHINGLES (TYP)

38.3

38.3

EXTERIOR FINISH NOTES

SOFFIT: TYPICAL EAVE:  SHEET METAL TO MATCH ROOF
GABLE EAVE: SHEET METAL TO MATCH ROOF
U/S OF DECK: STAINED FINELINE WOOD
U/S OF ENTRY CANOPY: STAINED FINELINE WOOD

GUTTERS: 4" ROUND PAINTED PVC

FASCIA:

WINDOW TRIM:

DOOR TRIMS:

1X8 COMB FACE - PAINTED TO OWERN SPEC (TYP.)

2x4 COMB FACE ( SEE DETAIL 5-4.2)

2x4 COMB FACE ( SEE DETAIL 2-4.3)

T.O. Roof

T.O. Roof

R2*
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10.5m
SETBACK AS PER CURRENT RS-12 ZONING4.3

5.9

3.1

10
.5

EXISTING HOUSE

6.9

KEY PLAN:

O.S.B
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F5

TYPICAL BASE OF WALL AT FOUNDATION2
4.0

TYPICAL BASE OF WALL AT FOUNDATION1
4.0

FOAM GASKET

EW1

TYPICAL BASE OF WALL AT FOUNDATION3
4.0

SELF ADHERED MEMBRANE.
LAP ONTO DAMP PROOFING

SELF ADHERED MEMBRANE.
LAP ONTO DAMP PROOFING

SELF ADHERED MEMBRANE.
LAP ONTO DAMP PROOFING
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STEP 5

STEP 4

STEP 2

STEP 1

STEP 3

STEP 5

STEP 4

STEP 2

STEP 1

STEP 6 STEP 3

TYPICAL LIGHT FIXTURE PENETRATION

TYPICAL RAINSCREEN ASSEMBLY
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TYPICAL DECK / BALCONY TO WALL TRANSITIONTYPICAL BACKER ROD AND SEALANT2
4.2
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6
4.2

5
4.2

4
4.2

1
4.2

BACKER ROD AND
SEALANT

2
4.2

VINYL BALCONY MEMBRANE
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3
4.3

2
4.3

4
4.3

TYPICAL ENTRANCE DOOR JAMB SCHEMATIC TYPICAL ENTRANCE DOOR

TYPICAL ENTRANCE DOOR SILL

TYPICAL ENTRANCE DOOR HEAD

F5
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TYPICAL DECK/BALCONY SWING DOOR SILL
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TYPICAL DECK/BALCONY SWING DOOR JAMBTYPICAL DECK/BALCONY SWING DOOR HEAD

1
4.4

2
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3
4.4

4
4.4
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TYPICAL ROOF PEAK

TYPICAL ROOF GABLE

TYPICAL ROOF EAVE SCHEMATIC ROOF  ASSEMBLY

TYPICAL VALLEY

4.6

1
4.6

2
4.6

3
4.6

4
4.6

5
4.66

4.6

CONTINUOUS RIDGE
VENT AND PEAK
SHINGLE

STOP PLYWOOD 1" SHORT
OF PEAK ON BOTH SIDES
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CONTINUOUS RIDGE
VENT AND PEAK
SHINGLE

STOP PLYWOOD 1" SHORT
OF PEAK ON BOTH SIDES

1"
 R

IG

JO
IN

T

MAINTAIN 2" VENTILATION
GAP BETWEEN SHEATING
AND PLYWOOD

TYPICAL CATHEDRAL ROOF PEAK

2x2 SOFFIT BLOCKING

CLOSURE FLASHING
WITH 1/2" MIN
VENTILATION GAP

VENTED SOFFIT

METAL DRIP
EDGE
(SEE TYPICAL
ROOF EAVE)

TYPICAL
RAINSCREEN
ASSEMBLY

”

1" RIGID INSULATION
ROUGH CUT AROUND
INSULATION BAFFEL.
-AIR SEAL PERIMETER
WITH EXPANDING
FOAM SEALANT

5/8" OSB ROOF
SHEATHING

2 LAYERS OF 30MIN
BUILDING PAPER OR
TYPICAL HOUSE WRAP

ROOF RAFTER.
#2 OR BETTER

1/2" GYPSUM

1" RIGID XPS. TAPE ALL
JOINTS

1x3 WOOD FURRING

2x6 WOOD FRAMING

R-20 BATT INSULATION

1/2" GYPSUM

5/8" PLYWOOD SHEA

2X10 ROOF JOISTS

R-31 BATT INSULATIO

1" XPS INSULATION

MAINTAIN 2" VENTILATION
GAP UP TO ROOF VENT

TYPICAL ROOF PEAK

ROOF VENTS PLUMBING VENTS
”

5/8" PLYWOOD SHEATHING WITH H-CLIPS

2X10 ROOF JOISTS

R-31 BATT INSULATION (ADJUSTED FOR WOOD MEMBERS)

1" XPS INSULATION

0.44

22.653.82

5.000.88

30.16

26.5

5.44

4.66

DETAIL ADAPTED FROM GREENBUILDINGADVISOR.COM
FOUND AT:
http://www.greenbuildingadvisor.com/cad/detail/asphalt-roof-vented-cathedral-ceiling-1-rigid-insulation-vertical-b
oard-siding-wood-furri

4.7

1
4.7

2
4.7

3
4.7

4
4.7

9" ROXUL INSULATION

12"

VENT



CONCRETE COLD WEATHER REQUIREMENTS

CONCRETE CONSTRUCTION TOLERANCES

CONCRETE REINFORCEMENT

�

�

�

WALLS

WALL CONSTRUCTION JOINT

WALL CONTROL JOINT

EMBEDMENT / DEVELOPMENT LENGTHS

�

AND SPLICE LENGTHS

PLAN OF WALL
CONTROL JOINT

RETAINING WALL SCHEDULE

TYPICAL CANTILEVERED RETAINING WALL

GENERAL NOTES AND
TYPICAL DETAILS

S1.02



GENERAL NOTES AND
TYPICAL DETAILS

S1.03

��������	
����
���
���������

����
�����������	
�������������������������

������
����	



GENERAL NOTES AND
TYPICAL DETAILS

S1.04
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GENERAL NOTES AND
TYPICAL DETAILS

S1.05

S1.05
4

S1.05
3

S1.05
2

S1.05
1

S1.05
5

S1.05
6

S1.05
7

S1.05
8

S1.05
9

S1.05
10

S1.05
11

S1.05
12

S1.05
13

S1.05
14



FOUNDATION PLAN

S2.01

S2.01
1 FOUNDATION PLAN

1/4"-1'-0"
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 1
1"
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 - 
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"
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 - 

4"
1'

 - 
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APPENDIX C – LIST OF PULL-OUT COSTS 

This list of pull-out costs was created by RJC during the design and construction of the case-study 

residence and adapted for use in this report [11]. 



Actual Costs

Project:

Item Description
$ Est. 

Cost/unit

Number 

of units

Estimated 

Subtotal

Final Paid 

Total
ATT Electrical Temporary construction power and permit fee $470.00

Horizon Install power pole & meter $1,900.00

Horizon / BC Hydro Electrical service routed to new pole $320.00

BC Hydro Upgrade to 200 amp service $520.00

Fortis Natural gas service and meter install $120.00

Bin There Dump That Bin/dumpster services $4,400.00

Victoria Truss Trusses $4,300.00

Colonial Railings Supply and install exterior glass deck rails $5,700.00

Garage Door Depot Supply and install garage door $6,000.00

Convoy Supply new sky lights (5) $1,700.00

The Ensuite Kitchen faucet (Kohler) $270.00

Andrew Sheret American Standard Toilets (smooth sides - hidden trap) $310.00 3 $930.00

Andrew Sheret Hans Grohe bathroom sink faucets $150.00 5 $750.00

Andrew Sheret Kitchen sink (30" Blanco apron front) $885.00

Andrew Sheret Delta shower trims and hand helds (3) $1,100.00

Andrew Sheret Tub spouts $45.00 2 $90.00

Arnold's Plumbing
Rough-in plumbing and various fixtures (tubs, valves, h/w 

tank)
$20,500.00

Arnold's Plumbing Andrew Sheret invoices to Arnold's Plumbing (paid indirectly)

Home Depot Glass tub shields (2) $780.00

ATT Electrical
All electrical: Interior & Exterior (Rough and finish and 

recessed light fixtures)
$23,900.00

Grohovac New security system (hard wire only) $430.00

Four Seasons Sheet metal: Duct work $4,700.00

Four Seasons New furnace $5,500.00

Four Seasons New gas fireplace $6,300.00

Four Seasons New electric fireplace $2,000.00

Home Depot Kitchen Cabinets (Thomasville, Anson, Gypsum White) $10,000.00

Home Depot Office Cabinets (Match kitchen)

Lumberworld Cabinet door pulls $160.00

Tyndal Distributors Kitchen granite countertops $5,500.00

Tyndal Distributors Office laminate countertop $850.00

Costco Closet organizers and pantry shelving $1,500.00

Home Depot Appliances All appliances $10,000.00

Home Depot Doors Pantry doors, closet doors, metal door at interior garage wall $3,000.00

Rona Door handles (levers and for pocket doors) $300.00

Ikea Bathroom cabinets, sinks, shelves, mirrors, etc. $2,500.00

Cypress Cove Interior finishing carpentry $5,000.00

Windsor Plywood 11 doors:4 pocket doors, 3 solid, 4 glass panel $2,700.00

Windsor Plywood Trim materials $2,800.00

Coastal Painting Interior painting $10,000.00

Fuzzy Wuzzy Laminate flooring on main floor and stairs $9,500.00

Fuzzy Wuzzy Bedroom carpeting $4,200.00

Fuzzy Wuzzy Laundry room and utility room linoleum $600.00

Fuzzy Wuzzy Rec room carpet squares $700.00



Tile Town Tile for entry, mudroom and bathrooms $2,600.00

Home Depot Fireplace tile $390.00

Costco Kitchen backsplash tile $380.00

Van's Tile Tile install, Kerdi system install, heated flooring install, etc. $6,350.00

Van's Tile Supplies from Pacific Rim $3,540.00

Costco LED lights: Stairs & art nook $360.00

Costco TV wall supports $300.00

Budget Blinds Blinds installed (9 blinds on 4 windows) $2,800.00

Rona Misc lighting fixtures and bulbs $600.00

Builders Choice Supply and install interior glass deck rails, and glass shower $6,000.00

Access Loader Front yard scrape/level and bark mulch $900.00

Totals 183,340.00$    
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APPENDIX D – ENERGY DATA FROM SUPPLIERS 

The energy data in this Appendix was compiled from the Energy data obtained for the residence from 

BC-Hydro and Fortis, BC. 
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FIGURE 49  - BC HYDRO DATA FIGURES [21] 
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FIGURE 50  - FORTIS BC DATA [22] 
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